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SAFETY PRECAUTIONS

SAFETY PRECAUTIONS

The following warning and caution noticesillustrate the style used in Varian manuals for
safety precaution notices and explain when each typeis used:

you see this symbol, refer to the relevant manual for the information referred to

f This symbol might be used on warning labels attached to the equipment. When

by the warning label.

WARNING:

CAUTION:

Warnings are used when failureto observeinstructions or precautions
could result in injury or death to humans or animals, or significant
property damage.

Cautions are used when failure to observe instructions could result in
serious damage to equipment or loss of data.

Warning Notices

Observe the following precautions during installation, operation, maintenance, and repair
of the instrument. Failure to comply with these warnings, or with specific warnings
elsewhere in Varian manuals, viol ates safety standards of design, manufacture, and
intended use of the instrument. Varian assumes no liability for customer failure to comply
with these precautions.

WARNING:

WARNING:

Persons with implanted or attached medical devices such as
pacemakers and prosthetic parts must remain outside the 5-gauss
perimeter from the centerline of the magnet.

The superconducting magnet system generates strong magnetic fields that can
affect operation of some cardiac pacemakers or harm implanted or attached
devices such as prosthetic parts and metal blood vessel clips and clamps.

Pacemaker wearers should consult the user manual provided by the pacemaker
manufacturer or contact the pacemaker manufacturer to determine the effect on
a specific pacemaker. Pacemaker wearers should a so always notify their
physician and discuss the health risks of being in proximity to magnetic fields.
Wearers of metal prosthetics and implants should contact their physician to
determine if adanger exists.

Refer to the manuals supplied with the magnet for the size of atypical 5-gauss
stray field. This gauss level should be checked after the magnet isinstalled.

Keep metal objects outside the 10-gauss perimeter from the centerline
of the magnet.

The strong magnetic field surrounding the magnet attracts objects containing
steel, iron, or other ferromagnetic materials, which includes most ordinary
tools, electronic equipment, compressed gas cylinders, steel chairs, and steel
carts. Unless restrained, such objects can suddenly fly towards the magnet,
causing possible personal injury and extensive damageto the probe, dewar, and
superconducting solenoid. The greater the mass of the object, the more the
magnet attracts the object.

Only non ferromagnetic materials—plastics, aluminum, wood, nonmagnetic
stainless steel, etc.—should be used in the area around the magnet. If an object

01-999344-00 A 0207 VnmrJ Imaging User Guide for VnmrJ 2.2B 13
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WARNING:

WARNING:

WARNING:

WARNING:

WARNING:

WARNING:

WARNING:

is stuck to the magnet surface and cannot easily be removed by hand, contact
Varian service for assistance.

Refer to the manual s supplied with the magnet for the size of atypical 10-gauss
stray field. This gauss level should be checked after the magnet isinstalled.

Only qualified maintenance personnel shall remove equipment covers
or make internal adjustments.

Dangerous high voltages that can kill or injure exist inside the instrument.
Beforeworking inside a cabinet, turn off the main system power switch located
on the back of the console.

Do not substitute parts or modify the instrument.

Any unauthorized modification could injure personnel or damage equipment
and potentially terminate the warranty agreements and/or service contract.
Written authorization approved by a Varian, Inc. product manager is required
to implement any changes to the hardware of a Varian NMR spectrometer.
Maintain safety features by referring system service to a Varian service office.

Do not operate in the presence of flammable gases or fumes.

Operation with flammabl e gases or fumes present creates the risk of injury or
death from toxic fumes, explosion, or fire.

Leave area immediately in the event of a magnet quench.

If the magnet should quench (sudden appearance of gasses from the top of the
dewar), leavethe areaimmediately. Sudden rel ease of helium or nitrogen gases
can rapidly displace oxygen in an enclosed space creating a possibility of
asphyxiation. Helium will displace air from thetop of aroom and cold nitrogen
can displace air from the lower levels of aroom. Do not return until the oxygen
level returnsto normal.

Avoid helium or nitrogen contact with any part of the body.

Cold gasses or liquids (helium and nitrogen) contacting the body can cause an
injury similar to a burn. Never place your head over the helium and nitrogen
exit tubes on top of the magnet. If cold gasses or liquids contact the body, seek
immediate medical attention, especialy if the skinis blistered or the eyes are
affected.

Do not look down the upper barrel.

Unless the probe is removed from the magnet, never look down the upper
barrel. You could beinjured by the sample tube asit g ects pneumatically from
the probe.

Do not exceed the boiling or freezing point of asample during variable
temperature experiments.

A sample tube subjected to a change in temperature can build up excessive
pressure, which can break the sampletube glass and causeinjury by flying glass

VnmrJ Imaging User Guide for VnmrJ 2.2B 01-999344-00 A 0207
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SAFETY PRECAUTIONS

and toxic materials. To avoid this hazard, establish the freezing and boiling
point of a sample before doing a variable temperature experiment.

Support the magnet and prevent it from tipping over.

The magnet dewar has a high center of gravity and could tip over in an
earthquake or after being struck by alarge object, injuring personnel and
causing sudden, dangerous release of nitrogen and helium gasses from the
dewar. Therefore, the magnet must be supported by at |east one of two methods:
with ropes suspended from the ceiling or with the antivibration legs bolted to
the floor. Refer to the Installation Planning Manual for details.

Do not remove the relief valves on the vent tubes.

Therelief valves prevent air from entering the nitrogen and helium vent tubes.
Air that enters the magnet contains moisture that can freeze, causing blockage
of the vent tubes and possibly extensive damage to the magnet. It could also
cause asudden dangerousrelease of nitrogen and helium gasesfrom the dewar.
Except when transferring nitrogen or helium, be certain that therelief valvesare
secured on the vent tubes.

On magnets with removable quench tubes, keep the tubes in place
except during helium servicing.

On Varian 200- and 300-MHz 54-mm magnets only, the dewar includes
removable helium vent tubes. If the magnet dewar should quench (sudden
appearance of gases from the top of the dewar) and the vent tubes are not in
place, the helium gaswould be partially vented sideways, possibly injuring the
skin and eyes of personnel beside the magnet. During helium servicing, when
the tubes must be removed, follow carefully the instructions and safety
precautions given in the manual supplied with the magnet.

Caution Notices

Observe the following precautions during installation, operation, maintenance, and repair
of the instrument. Failure to comply with these cautions, or with specific cautions
elsewhere in Varian manuals, viol ates safety standards of design, manufacture, and
intended use of the instrument. Varian assumes no liability for customer failure to comply
with these precautions.

CAUTION:

CAUTION:

Keep magnetic media, ATM and credit cards, and watches outside the
5-gauss perimeter from the centerline of the magnet.

The strong magnetic field surrounding a superconducting magnet can erase
magnetic media such as floppy disks and tapes. Thefield can aso damage the
strip of magnetic mediafound on credit cards, automatic teller machine (ATM)
cards, and similar plastic cards. Many wrist and pocket watches are also
susceptible to damage from intense magnetism.

Refer to the manual's supplied with the magnet for the size of atypical 5-gauss
stray field. This gauss level should be checked after the magnet isinstalled.

Keep the PCs, (including the LC STAR workstation) beyond the 5-
gauss perimeter of the magnet.
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SAFETY PRECAUTIONS

CAUTION:

CAUTION:

CAUTION:

Avoid equipment damage or data loss by keeping PCs (including the LC
workstation PC) well away from the magnet. Generally, keep the PC beyond
the 5-gauss perimeter of the magnet. Refer to the Installation Planning Guide
for magnet field plots.

Check helium and nitrogen gas flow meters daily.

Record the readings to establish the operating level. The readings will vary
somewhat because of changes in barometric pressure from weather fronts. If
the readings for either gas should change abruptly, contact qualified
maintenance personnel. Failureto correct the cause of abnormal readings could
result in extensive equipment damage.

Never operate solids high-power amplifiers with liquids probes.

On systems with solids high-power amplifiers, never operate the amplifiers
with aliquids probe. The high power available from these amplifiers will
destroy liquids probes. Use the appropriate high-power probe with the high-
power amplifier.

Take electrostatic discharge (ESD) precautions to avoid damage to
sensitive electronic components.

Wear grounded antistatic wristband or equivalent before touching any parts
inside the doors and covers of the spectrometer system. Also, take ESD
precautionswhen working near the exposed cable connectors on the back of the
console.

Radio-Frequency Emission Regulations

The covers on the instrument form a barrier to radio-frequency (rf) energy. Removing any
of the covers or modifying the instrument may lead to increased susceptibility to rf
interference within the instrument and may increase the rf energy transmitted by the
instrument in violation of regulations covering rf emissions. It is the operator’s
responsibility to maintain the instrument in a condition that does not violate rf emission
requirements.

16
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Introduction

Thismanual describesthe general procedures used for imaging and localized spectroscopy
experiments on Varian, Inc. NMR spectrometers using the VnmrJ 2.2B imaging interface.

Chapter 1, “Setting Up an Imaging System,” describes the steps necessary for setting
up a spectrometer for imaging experiments. Most of procedures in this chapter are
done during system installation, and need not be repeated.

Chapter 2, “Running an Imaging Study,” describes the typical stepsin setting up and
running a VnmrJimaging study.

Chapter 3, “Prescan,” describes the prescan functions, their purpose, experimental
setup, and outcome.

Chapter 4, “Protocolsfor Imaging,” describes some of the pul se sequencesfor imaging
available in Varian NMR spectrometers.

Chapter 5, “Image Viewing and Review Queue,” describes the image display and
manipulation tools and the Review Queue.

Chapter 6, “Interactive Image Planning,” describes the interactive image planning
functions available in VnmrJ.

Chapter 7, “Image Processing in VnmrJ,” describes the image processing functions
available in VnmrJ.

Chapter 8, “Math Processing,” describes the Image Math software, whichisused in
conjunction with the VnmrJ Math Tool.

Chapter 10, “CS| Data Processing,” describes atool for easy processing of chemical
shift image data (CSl).

Chapter 9, “Digital Eddy Current Compensation,” describes the digital eddy current
compensation (DECC) module and decctool, the associated software interface.

Chapter A, “VnmrJImaging Interface,” describes the VnmrJimaging interface.
Chapter B, “Locator,” describes the VnmrJ Locator.

Chapter D, “NMR Imaging Concepts,” describes the basic concepts necessary to
understand MRI experiments.

Chapter C, “DICOM® Conformance Statements,” describes the DICOM conformance
statement for VnmrJ.
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Notational Conventions

The following notational conventions are used throughout all Varian NMR manuals:

Typewriter-like characters identify VnmrJ and UNIX commands, parameters,
directories, and file names in the text of the manual. For example:

The shutdown command isin the /etc directory.

The same type of characters show text displayed on the screen, including the text
echoed on the screen as you enter commands during a procedure. For example:

Self test completed successfully.

Text shown between angled bracketsin a syntax entry is optional. For example, if the
syntax is seggen spuls<.c>, entering the“ . ¢” suffix is optional, and typing
seggen spuls.c or seqgen spuls isfunctionally the same.

Lines of text containing command syntax, examples of statements, source code, and
similar material are often too long to fit the width of the page. To show that aline of
text had to be broken to fit into the manual, the lineis cut at a convenient point (such
asat acommanear the right edge of the column), abackslash (\) isinserted at the cut,
and the line is continued as the next line of text. This notation will be familiar to

C programmers. Note that the backslash is not part of the line and, except for C source
code, should not be typed when entering the line.

Because pressing the Return key is required at the end of almost every command or
line of text you type on the keyboard, use of the Return key will be mentioned only in
cases whereit is not used. This convention avoids repeating the instruction “ press the
Return key” throughout most of this manual.

Text with achange bar (like this paragraph) identifies material new to VnmrJthat was
not in the previous version of VnmrJ. Refer to the VnmrJ Release Notes for a
description of new features to the software.

Purpose of This Manual

Thismanua should instruct both new and experienced users. If you are a new user, this
should be your reference for imaging and localized spectroscopy applications. Because we
want to spare new usersthe duplication of effort required tolearn both old and new, we have
explicitly left out references to the older methods in most of this manual .
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chapter 1. Setting Up an Imaging System

Sectionsin this chapter:
® 1.1*Configuring VnmrJ for Imaging,” this page
® 1.2*"System Settings for Using Imaging Pulse Sequences,” page 20
® 1.3*"Setting the gcoil Parameter,” page 21
® 1.4*"Setting Parameters for Imaging Pulse Sequences,” page 22
® 1.5"Using Single-Pulse Sequence for Initial Setup,” page 23
® 1.6 "“Cadlibrating the Pulse Length,” page 24
® 1.7 *Parameters Not Normally Used for Imaging,” page 24

Thischapter describesthetypical stepsin setting up VnmrJimaging system before running
an imaging study.

1.1 Configuring VnmrJ for Imaging

This section describes how to configure VnmrJ for imaging:
® “Verifying Imaging SoftwareisInstalled,” page 19
® “Setting Up Imaging User Accounts,” page 20

The imaging software must be installed before configuring an NMR system for imaging.
Imaging software includes macros, menus, parameters, and executable used for imaging.
Selecting the option Imaging_or_Triax in General optionsduring VnmrJinstallation (see
the manua VnmrJ Installation and Administration) installs the imaging software.
Imaging_Sequencesis a Passworded option. The password is provided on a certificate
that isincluded if the Imaging_Seguences option is purchased.

Verifying Imaging Software is Installed

Open aterminal window and type the following command and verify that the imaging
software was installed:

ls /vnmr/imaging

The software is|oaded if the following libraries and directories are present: decclib,
eddylib, gradtables, shuffler, and templates. If the softwareis not present,
follow the procedure in the manual VnmrJ Installation and Administration, but check only
Imaging_or_Triax. Optionally check Imaging_Sequences and supply the required
password.
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Chapter 1. Setting Up an Imaging System

Setting Up Imaging User Accounts

Refer to the VnmrJ I nstallation and Administration manual for instructions and information
on setting up all user accounts.

1.2 System Settings for Using Imaging Pulse Sequences

20

This section lists the necessary actions to be taken before using imaging pul se sequences.
® “Turning on the Air or Water Cooling Turned,” page 20
® “Turning on the Gradient Amplifier,” page 20
® “Turning on the Shim Power Supply,” page 20
® “Creating a Gradient Calibration File,” page 20
® “| oading Eddy Current Compensation Files,” page 21
® “Calibrating rf Pulse,” page 21

Turning on the Air or Water Cooling Turned

Air or water cooling systems must be enabled for gradient experiments. Cooling is
necessary to remove the heat buildup in the bore of the magnet caused by the use of gradient
and shim coils. Gradients systems are usually equipped with protection devices to detect
and shut down the amplifier in the absence of either air or water flow.

Turning on the Gradient Amplifier

The gradient amplifier must be turned on and enabled before proceeding with the initial
setup procedure. Be awarethat X1, Y1, and Z1 shimming is done with the gradient coils and
that the amplifiers can generate a small dc offset current that must be corrected by
shimming.

Turning on the Shim Power Supply

The shim power supply must be turned on for shimming purposes during experiments. Air
or water cooling is employed to remove the excess heat buildup in the bore of the magnet
from high shim currents. Turn off the shim power supply if the air or water cooling isturned
off or the system is not used for extensive periods.

Creating a Gradient Calibration File

Imaging systems can be equipped with either a single gradient coil or multiple gradient
coils. To set up the gradient calibration file, see 1.3 “ Setting the geoil Parameter,” page 21.

The gradient calibration information, or file, corresponding to each coil must exist in the
/vnmr/imaging/gradtables directory. Calibration files for Varian supplied coils
areincluded in thisdirectory. Use the creategtable macro to create custom gradient
calibration file.
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1.3 Setting the gcoil Parameter

Loading Eddy Current Compensation Files

Use the decctool program (open Tools-> System Settings and click on Gradients and
ECC), described in Chapter 9, “Digital Eddy Current Compensation,” to load the
appropriate file on systems equipped with digital eddy current compensation (DECC).

Calibrating rf Pulse

The rf pulse calibration and pulsecal entry must be done as described in section 1.6
“Calibrating the Pulse Length,” page 24. Therf coil must be set as described in “ Selecting
an RF Cail,” page 22.

Imaging sequences expect the rf calibration information to be present inthe pulsecal
file. The rfcoil parameter must be initialized to an entry inthe pulsecal file

1.3 Setting the gcoil Parameter

Imaging spectrometers are often equipped with multiple interchangeabl e gradient sets for
different sample sizes and experimental requirements. Each gradient set requires a
corresponding calibration entry in the directory /vnmr/imaging/gradtables. A
calibration fileis created for each gradient set at initial system installation and islocated in
thegradtables directory

Users with administrator privileges, such as vnmrl, have write permission to /vnmr /
imaging/gradtables and can create anew gradient table, edit a gradient table, or
delete a gradient table the macro creategtable, asfollows:

1. Accessthe VnmrJ command line.

2. Enter creategtable.
The following popup window is displayed:

b Gradient Tables

Select System Gradient Coil

115_60_HD

Add Gradient Tahle
Edit Gradient Table
Delete Gradent Table

| Edi. |[ undo | close [ abandon |

3. Enter abrief description of the new gradient coil to help in identifying this
gradtables entry in the future; for example:

Main Actively Shielded Gradient

Click on Close to close the window to write the new coil name.
Enter creategtable.

Select the new coil (or an existing coil to edit).

Click on the Edit Gradient Table button or click on the Delete Gradient Table
button to remove a gradient coil (system will not prompt for a conformation).

N o g &

8. Enter the usable bore size, in cm, for this gradient set. Thisvalueis used only as an
internal check for areasonable field of view.
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9. Enter the maximum gradient strength, in gauss/cm, for the gradient set.

10. Enter therisetime, in us. Remember that Varian gradient hardware isinstalled with
alinear slew-rate limitation that is dependent on the gradient set.

11. Click on Close to write the values.

12. Click on Close to save the results to new coil name or save the edited values to the
existing coil name.

The new gradient calibration is now ready to use. Update the configuration parameter
sysgcoil toreflect the hardware status.

1. Enter thecommand setgcoil (file), where £ile isthe appropriate
gradtables filename, for example, setgcoil ('asg33').

This has the effect of setting sysgcoil to the samefile name, but in this special
case, it also updates the configuration file as well.

2. Asnew parameter setsareretrieved, and asother experimentsarejoined, the system
updates gradient calibration parameters to new values. To verify this, enter gmax?
and trise? to seethat they have the correct values for your gradient hardware.

Both gmax and trise are updated when anew parameter set isloaded or when joining a
different experiment. One exceptionisjoining an experiment that hasgcoil parameter set
to the value of sysgcoil. After updating the gradient calibration parameters of an
existing entry in gradtable do one of the following:

® Manualy update gmax and trise in the current experiment and othersthat have
gcoil settothe sysgcoil value.

® Runmacro gcoil ineach case.

1.4 Setting Parameters for Imaging Pulse Sequences

22

This section lists the actions that must be done before running each imaging pulse
sequence.

® “Selecting an RF Coil,” page 22
® “Adjusting the Receiver Gain,” page 23
® “Setting Low Pulse Power,” page 23

Selecting an RF Coil
This section describes how to set the RF coil .
1. Click onthe Sart Tab and select the prescan panel.
2. Select therf coil from the RF coil menu in the hardware section.

The rfcoil parameter to be selected from one of the entriesin the pulsecal filefor
imaging sequences.

The pulse calibration information, determined in 1.6 “ Calibrating the Pulse Length,” page
24, is communicated to the system through the r£ coil parameter. The automated pulse
sequence setup routinesuse rfcoil to obtain information about probe performance from
pulsecal and to set pulse powers (e.g., the two rf pulsesin SEMS).
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1.5 Using Single-Pulse Sequence for Initial Setup

Adjusting the Receiver Gain

Imaging samples generally produce excessive NMR signalsthat often saturate thereceiver.
Lower the gain if the ADC overload error message is displayed. Additional attenuation
might be need to further attenuate theincoming signal. Usepresig="'h' parameter (not
available on human imaging systems) to set 30 dB attenuation in software. Use
presig="'1" to disable the attenuation.

Setting Low Pulse Power

Imaging spectrometers are usually equipped with high-power rf amplifiers. Make sure that
the pulse power is set sufficiently low to avoid any damage to the rf coil. The maximum
power that can be applied can berestricted by the system configuration settings (conf ig).

1.5 Using Single-Pulse Sequence for Initial Setup

This section describes the procedure for initially setting up imaging experiments using a
single-pulse sequence.

Use theinitial setup procedure to ensure that the system is functioning properly and to
determine the rf calibration parameters. The rf calibration parameters, such as transmitter
frequency and power, can be used for subsequent imaging experiments after the initial
setup has been completed. Repeating the initial setup procedure is required in some cases
when the sample or coil is changed.

1. Position the sample in the center of the magnet.

2. Tunethe probe.

Different imaging samplesinfluence the tuning of the probe depending on the size,
composition, and position within the rf probe.

3. Usethesingle pulse sequence spuls to check for the NMR signal. Load the spuls
protocol into the Study Queue, or, in the main menu, select Scans -> Single Pulse.

The spuls macro can be used to load the default parameters suitable for imaging
rather than for high resol ution spectroscopy. Initially use asufficiently wide spectral
bandwidth to avoid aliasing of the proton signal.

4. Shim, if necessary.

Shimming isnot critical for someimaging experiments. Linewidthsranging from 50
Hz to afew hundred hertz yield good images. Typical linewidths for imaging
samples such as plant and animal tissues are about 50 Hz to 150 Hz. Improved field
homogeneity can produce better results. Good magnet homogeneity is critical for
some experiments, such as echo planar imaging (EPI), gradient echo multislice
imaging (GEMS), and spectroscopic imaging.

5. Usethe Set Frequency button on the Acq page to set the transmitter frequency on
resonance.
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1.6 Calibrating the Pulse Length

This section describes how to initially calibrate the 90° pulse performance of a particular
combination of probe and sample, and to enter that information into the pulsecal file.

1. Useasimple pulse-acquire sequence (e.g, spuls), set the power level to intermediate
range (typically, set tpwr to about 50).

2. Determineeither the 90° or 180° pulselength by arraying the pulselength (e.g., pw).
Either value works for this procedure, but a 180 is easier to determine and is less
likely to produce an ADC overload condition.

Click on the Start Tab and select the prescan panel.

3
4. Select acoil from the menu in the hardware region.
5. Click on Acquire.

6

Enter the 90° pulse length, and tpwr in the RF Pulse region.
Example:

A180° pulse length is800 psec at tpwr of 50. Enter aname (e.g., 1ic) inthe RF coil entry
box, enter 400 in the Pulse length entry box and 50 in the power level entry box. Thefile
in the system directory, /vnmr/pulsecal, is updated if system RF coil box is checked.

1.7 Parameters Not Normally Used for Imaging

Parameters not normally used on a horizontal bore system can lead to artifacts or inability
to run imaging sequences if they are set incorrectly. Check the following parameters on
horizontal bore imaging systems.

load Determines how shim values are updated, i.e., if they are obtained from
the software settings in the current experiment or from the actual existing
hardware setting, refer to the Command and Parameter Reference for
more information.

solvent Setsolvent='none' inal experiments, including spuls, for
consistent frequency settings. Most imaging experiments are run
unlocked. Failure to do thisresultsin an incorrectly referenced resto
parameter and possible positional errors in images.

homo Set homo= 'n' for imaging experiments to disables time-shared
homonuclear decoupling.

lock lock="n"'— thefield/frequency lock must be turned off on
microimaging systems

stepl in percent -- set to the shim step size for calibrating X, Y, and Z shims.

Typically set to about 5%. Set shim step size to about 0.5-1% for high
power gradients (e.g., 40 G/cm).

step2 in percent -- set to the shim step size for calibrating the second order
shims. Typically set to about 10-20% depending on the sensitivity of the
shims. Set the shim step size to about 1% for high power shims.
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chapter 2. Running an Imaging Study

Sectionsin this chapter:

® 2.1*Running aNew Study,” this page

® 2.2*"Creating Protocols,” page 30

® 2.3"Reviewing aPrevious Study,” page 31

® 2.4*Continuing aPrevious Study,” page 31
This chapter describes the typical stepsin setting up and running a VnmrJ imaging study.
Sections' Making aNew Protocol,” page 30and “Making a Composite Protocol,” page 30
describe the tools used to make composite protocols and new protocols. Refer to Appendix

A, “VnmrJ Imaging Interface,” for reference information about the VnmrJimaging
interface. Refer to Appendix B, “Locator,” for more information about using the Locator.

2.1 Running a New Study

A study isa collection of scans run on the same subject, generally within the same session.
The currently active (open) study is shown in the Study Queue, which isbelow the L ocator
in the vertical panel on the |eft side of the screen.

The following procedures outline the steps needed to complete a study for the first time.
Two or more stages may be required to define the image orientation and position for the
area of interest. Thefirst imageisan initial scoutimage. It is used to accurately define the
final target image.

® “Starting a Study,” page 26

® “Acquire a Scout Image,” page 26
® “Shimming,” page 28

® “Acquire Scans,” page 28

® “Queue Scans,” page 29

® “Finish the Study,” page 30
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26

Starting a Study o |
Locator
Set up new study as follows: 47 [Show sl imaging protocols
containing all scans created bywarian
1. Select Clear Sudy from the Sudy e
Options menu at the bottom of the Sname v | npe = Lsnmomy =]
Study Queue, as shown in Figure 1 to fe3d basic head
fsems basic head
Clear the Sudy Quaje gegcdi . Easwc head Protocol
gems | basic  hea list
2. Definethesubject by name, weight, etc. e E Eg .
in the fields shown in Figure 2 in the profield bae  head
Subject Info page. Soout | besie hesd
se3d hasic head
3. Select Sort Protocol in the Locator. s beic  heat  m
Click onthe §2 iconand select Sort e
Protocol. Adjust the sort as necessary. i20 52c) scown
Study
4. Double-click or drag-and-drop al the Queue
appropriate protocols from the Locator
to the Study Queue, see Figure 1. Ao ouene | Start Queve Study
® Rearrange the order of aprotocol “wsomo | S Options

by clicking on it and dragging it
higher or lower in thelist in the
Study Queue.

Figurel. Study Queue

® Remove aprotocol from the Study Queue by dragging it into the trash can.

® Copy anindividual scan (child of a protocol) by holding the Control key while
dragging the scan to a different place in the Study Queue.

The study is now setup and ready to run.

Start‘ Acquire‘ Prucess‘ Image‘

Subject Info | -Animal rProject
Prescan Anirnal 1D [ Title
Prescan Adv Marme Investigater -]
Prescan Setup|| Anatormy ,— Operator imager
i Wieight i] [+]
:_ﬂ:;zal Shim Ge.nder. -l —I;;a:r:\:\lrare .
Orientation -| (gl
- Gradient coil  Performa_xYZ

Study ID S _20051220_02
Data will be saved in  fexporthomelimagenynmmrey sidatals_20051220_

Figure2. Study Panel

Acquire a Scout Image
Drag and drop ascout protocol onto the graphics canvasto accurately plan the target image.

Thedefault scout protocol isbased on agradient echo sequence (gems) with afield-of-view
(FOV) of 100 mm, slice thickness of 2 mm, matrix size of 256x128, te=10, and tr=20. The
scout protocol acquiresasingle slice in each of the three cardinal panesin order: axial,
coronal, and sagittal. The scan takes a few seconds. Any image sequence may be used.

1. Make surethe correct rf coil is selected — on the Prescan page of the Sart tab.
2. Go to the Plan viewport.

3. Click the Plan button on the right side of the tool bar.
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2.1 Running a New Study

Sg Plan ereﬂ Revie I

4. Make sure the scout protocol isin the Sudy Queue.

Select the scout protocol in the Locator and drag it into the Study Queue if it is not
in the Study Queue.

5. Loadthe scout scan by double-clicking it in the Study Queue or by dragging it to the
Plan viewport.

6. Click onthe Acquiretab to open the Acquire folder.

7. Enter the appropriate settingsin the Scan, Plan, and Advanced pages, see Figure 3.

The common parameters are on the Scan page. |mage prescription and spatial
control are on the Plan page. L ess common parameters and acquisition control ison
the Advanced page.

8. Click Start Scan to run the scout protocol.

9. Click on Current button to view the scout images as they are acquired.

-Acquire|--‘ e 090 |

Scan rSean Parameters ———— -Scan Options rFOV & Sli
Plan TR ms _ =R Ech Orientation  axial |
TE _Min = 75 _|Rarnp Sarmpling Readout [0 i
pdvanced| | orages T | _|Navigatar Fhase |
Options Durnrmy Scans [2 _|IR ROOffzet [0 mm
Repetitions [ | _ | Diffusion Slices m—
Shots - _|FatSat Gap 1.0 i
Data Matrix (ROXPE)  Fract k-space | Extemal Trigger Thickness 0.0 i
'l .l .l Slice Offset [0 gl
a1492
k-space order |
Comment | RF Coil ITiin
Protocol leld Gradient Performa_XYZ

Start| Acquire ‘ Process| Image ‘ | Prescan | Prepare to s(an_-

Scan rFOv Slah Display Options ———— 2|
e " Orientation Current = I Thickness 0.00 rmm Clear Display: ‘
vance ;
--- % of Ipe2 Save Milesione

Options FOY  Offsat » ? |

Readout [0.00  [0.00  mm Fosition 0.00 mm [] Display Axes

Phase |0.00 mm ] [ Center an FOY []2D wiew

Phasez [0.00  [0.00  mm Yz Sty =

Angles (psi, phi, theta)

0.0 0.0 IO 0

Marking | Addvalume |
0l i [D] ]

[ e FFERESS FGE| |- | - I
Scan rAcquisition—————— _
Plan Mucleus Hroton v|
\advanced|| @ksFrequency 483816 MHz Show RF & Grad
cptions Obs OITSEII - Hz

Spectral idth 2013 Hz

Acquisition Tirme  [1022.36° ms

Receiver Gain 24 dE

presig |

Glim — %

Glim PE — %

seqeon -

Figure 3. Setting Up to Acquire a Scot Image
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Shim the system after the scout images are acquired. The scout protocol moves to the top
when the acquisition is started if it was not the first protocol listed in the Study Queue.

Shimming

Global Shimming

Manual global shimming is necessary for experiments that do not use voxels (i.e., slice or
volume selective, the spuls protocol).

Acquire Scans

Run other protocols:

1
2.
3.

7.

Start‘ Acquire‘ Prucess‘ Image‘ e 0|

Click the Plan button to open the Plan viewport.
Click the Plan button in the upper right area of the screen.

Drag the protocols from the L ocator to the Study Queue.

Protocols can be acquired in any order, independent of their position in the Study
Queue.

Verify the required protocols are listed in the Study Queue.

Double-click on the completed scout scan in the Study Queue or any completed
imaging scans.
Select multiple completed scans for planning:
a. Loadthefirst scan by double-clicking the completed scan in the Study Queue.
Thisunloads any previously displayed images.

b. Add other completed scans by dragging them into the graphics area.
Double-click the protocol to execute and load the parameters into the parameter
page.

Open the Acquire folder.

Scan rAcquisition—— _
Plan Mucleus Priton v|
Adbvanced ObsFreguency 499816  MHz
sl A e Show RF & Grad
P Spectral Width 8013 Hz
Acguisition Time  [1022.36° ms
Receiver Gain 24 dB
presig v|
Glirn %
Glim PE %
SeqCon
8. Set the Scan parameters on the Scan page or set the detailed acquisition parameters
on the Advanced page.
9. Planthe dlices on the Plan page.

Refer to Chapter 6, “Interactive Image Planning,” for more information on image
planning.
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10. Click Acquire Profile to see areadout projection.

11. Click Start scan to begin the scan.

A delay of several seconds from clicking Start scan until the sequence begins
acquiringistypical. Thisisdueto cal culationsin the sequence and the downloading
of the acquisition instructions. Click Prepare to scan begin calculations before
starting the scan. Wait for completion of the calculations. Click Start scan and start
the scan will immediately. Start scan must be clicked after clicking on Prepare to
scan. The acquisition status field displays Ready when the calculations are
complete and the scan is ready to start.

RF Watts: Channel 1
10s: 0.0 Smin 0.0

12. Go to the Current viewport to view the images as they are acquired.

Protocol s are shuffled up in the Study Queue asthey are executed; acquired scans are listed
in the order of acquisition from the top of the Study Queue. Study data is saved
automatically asit is acquired.

The scan time shown for each protocol in the Study Queueis only updated when you sel ect
the option Scan Time in the acquisition menu or when you click Start Scan. Scan Time also
executes the calculation part of the sequence and is a convenient way to check the
combination of parameters.

Continue to prepare and plan subsequent protocols in the Plan viewport while the current
scan is acquired.

Queue Scans
A series of scans may be queued and run in the Study Queue.
1. Click the Plan button in the upper right area of the screen to open the Plan viewport.
2. Add the protocols you want to run to the Study Queue.
3. Queue scansindividualy.
a.  Double-click the protocol to queue.
b. Customize any parameters.
c. Click the Add to Queue button.
Protocoals are shuffled up in the Study Queue as they are queued.
4. Repeat step 3 for all scans to queue.

5.  Select Queue All from the Study Options menu to Queue al scans in the Study
Queue.

6. Remove scans from queue individually.

a.  Double-click the protocol to remove from the queue.
b. Click the Remove from Queue button.

7. Select Unqueue All from the Study Options menu to remove all scans from the
queue all scans in the Study Queue.

8. Click the Sart Queue button.
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The queued protocols are loaded one by oneinto the Current viewport and runin the
order in the Study Queue.

9. Click the Current button in the upper right area of the screen to open the Current
viewport and view scans as they run.

10. Follow step 1 through step 5 to queue more scans in the queue while it isrunning,

11. Follow step 6 and step 7 to unqueue scans from the queue while it is running,.
Once a scan has started acquiring, it cannot be unqueued.

12. Do thefollowing to review data while the queue is running.

a. Click the Review button in the upper right area of the screen to open the
Review viewport.

b. Double-click on the completed scan of interest.

Finish the Study

Click Clear Study in the Sudy Options menu and save the current study and start a new
study.

2.2 Creating Protocols

Protocols are predefined parameter sets. We distinguish between a basic protocol that
consists of asingle parameter set (e.g., T2wt), and acomposite protocol that isacollection
of basic protocols. Refer to Chapter 4, “ Protocolsfor Imaging,” for detailed descriptions of
each imaging protocol. This section describes how to make protocols.

Making a New Protocol

1. Load aprotocol to use as a basis for the new protocol.

2. Settheparametersinthecurrent panel. [~ NewProiocol__________ =
3. Click onthe Edit menu, select Create :F::'I" o '::n J
Protocol, and select M ake New IR
PrOtOCO| ) Make protocaol
4. Definethe protocol attributesin the Make a protocal from the current set of parameters.

New Protocol window,.

[ Edi. ][ undo | ciose [ abandon |[ Hep |

5. Click Make protocal. If the protocol
already exists the button reads Update protocol.

Making a Composite Protocol Wz Eomposia Frooed]

Protocol Title: lsems

A composite protocol isacollection of basic | ., ... — |
protocols with order information, OwWnership, | s or nstomy: |
creation date, etc. A composite protocol does e
not create new basic protocols, but instead
points to the selected basic protocols.

Make a protocol from all of the scans in the queue.

[ Edir.. |[ unde | ciose | abandon || Hep |

1. Click onthelocator § and select
Sort Protocaols.
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Drag one or more protocols into the Study Queue.

Click on the Edit menu, select Create Protocol, and select M ake a Composite
Protocol.

Define the protocol attributes in the Composite Protocol window.

Click on Make protocol. If the protocol aready exists the button reads Update
protocol.

2.3 Reviewing a Previous Study

A previous study can be reviewed as follows.

1
2.

Make sure no scans are running.

Click the Review button in the upper right area of the screen to open the Review
viewport.

Select Sort Studiesin the Locator. Click onthe §2 and select Sort Studies.Adjust
the sort as necessary.

Drag and drop the desired study from the Locator to the Study Queue to load the
study.

Double-click on an acquired protocol node to load and view the data.

2.4 Continuing a Previous Study

A previous study can be continued and scans added to it by loading the previous study as
described above (Reviewing a Previous Study) and selecting the Continue study option in
the Study Options menu at the bottom of the Study Queue.

A previous study can be continued as follows.

1
2.
3.

Make sure no scans are running.
Click the Plan button in the upper right area of the screen to open the Plan viewport.

Select Sort StudiesintheLocator. Click onthe §2 and select Sort Sudies. Adjust
the sort as necessary.

Drag and drop the desired study from the Locator to the Study Queue to load the
study.

Select the Continue Study option in the Study Options menu at the bottom of the
Study Queue.

Follow the proceduresin “ Acquire Scans,” page 28 or “Queue Scans,” page 29.
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chapter 3. Prescan

Sectionsin this chapter:
® 3.1*Automated Prescan,” page 33
® 3.2*"Prescan Functions,” page 35
® 3.3"Manual Prescan,” page 39
® 3.4*"Cail Table,” page 42
® 3.5"Other Prescan Parameters,” page 44
® 3.6 “Setting Up and Calibrating 3D Gradient Shimming,” page 44
® 3.7 “Troubleshooting,” page 48

This chapter describes the prescan functions, their purpose, experimental setup, and
outcome.

The Start folder initialy displays the Prescan page of the five pages: Subject I nfo,
Prescan, Prescan Adyv, Prescan List and Prescan Setup in the Start folder.

Start| Acguirs ‘ F‘rocess| Irnags ‘ ,E
Subject Info | FRun————— rHardware rFrequency rUser List
i — RF coil: main - Hloffset:  0.00 Hz []Use this list
Ml I | e o < | | |Fat offset: 000 Hz 1. shim
e 2. 1re
. =]
Cosm Power
2. power
50 Dmgiee pule aplimized betwsen
L Gan 4 gain
-72.25 and -72.25dB .
5. specific
_ Slice Selection rshim
Orientation Ll v || | shimMethod  [rastman [ |
Ad d Offzet 0.0 mm OX, Y, Z 0 1st+ 2nd
vance FO 0.0 mm Frojections [z [w]
Modify Setu| Thickness 0.0 mm || tau delay 0.0 ms M’_I

3.1 Automated Prescan

Prescan is run in one of three automated modes that are selected on the Prescan pages:
® “Full Prescan,” page 34 — A standard, full prescan.

® “User List)” page 34 —You can define alist of prescan functionsto execute in the
specified order.

® “Single Prescan Mode,” page 34 — Execute any one of the above described prescan
functions.

Prescan returns to the target sequence and restores the imaging parameters selected at the
end of any of the automated prescans.
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Clicking the Prescan button in the Acquire action bar runs either afull prescan or the user
defined list, depending on whether the Use thislist checkbox has been selected on the main
Prescan page.

Full Prescan

A full prescan isinitiated either through the Prescan button on the Acquire action bar or
through the Full button on the main Prescan page.

A full prescan (default list) invokes the prescan functions in this order:
1. Center Frequency
2. Shim
3. Center Frequency (repeated after shim)
4. Power Calibration
5. Receiver Gain
6

Sequence specific prescan (if the sequence calls for it)

User LISt -User List
1. Click Usethislist to run Prescan or Full using auser-defined | ;7=
list of prescans. 2.freq
3. powver
2. Click Modify to edit the list. o gain

. specific

Thebutton Clear List resetsthelist to an empty list The
Remove Last Item button removesthe last list entry. Items are
added to the list by clicking the buttons under Add to Prescan.

The user defined prescan runs in the order specified by the user and £
does not provide any checks or controls to ensure a meaningful —_—
execution order.

Single Prescan Mode

Single mode prescan alows execution of individual prescan functions
in an automated manner. The operator can invoke any of the prescan
functions — frequency, shim, power, and gain — by clicking on the
respective button in the Run group on the main Prescan page.

Initializing Parameters for Prescan

There are three types of parameters used by the prescan routines:
® Protocol parameters - saved inthe. par file
® Coil table parameters - savedinthe Coil Table file
® Global parameters

The protocol related parameters can bemodified inthe Acquirepageand savedinthe. par
file by clicking on the Update params button. Most of the Coil Table parameters

(related to the rf coil) appear in the Prescan Setup page and they are updated by clicking
on the Update button on that page. The Global parameters are not associated with an rf or
gradient coil so their values are used by the prescan routines until they are modified. Global
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3.2 Prescan Functions

parameters take precedence over the other parameters. The default parameters for the
prescan routines must be set correctly during installation of anew rf coil or elsethe prescan
experiments will fail. Most of the prescan parameters appear in the prescan setup page.
Theprescan init macro initializes the prescan parameters to default values. Enter a
value in the entry box corresponding to Set defaultsand Pwr Limit to execute the
prescan_init macro. The power limit refers to the maximum power level (percent of
maximum) that will be used during the prescan power calibration routine

3.2 Prescan Functions

VnmrJ provides the prescan functions, frequency, power, shimming, and gain. A default
parameter set isinitially loaded when running the frequency, power, or shimming prescan
functions. Such coil-specific parameters defined on the Prescan Setup page are updated
depending on the specific rf cail that is used.

A separate parameter set is not loaded when running the gain prescan function. The actual
scan parameters and pulse sequence is used.

® “Center Frequency,” page 35

® “Shimming,” page 36

® “Power Calibration,” page 38

® “Receiver Gain Adjustment,” page 39

Center Frequency

Center frequency prescan is designed to locate the main resonance frequency. Typically, it
isonly necessary to perform this prescan once at the beginning of a study, or following any
changesin the shims.

The resonance frequency depends on the local field strength. Shimming of the magnet
shifts the frequency making it necessary to re-run center frequency after shimming.

Experimental Setup

The center frequency is determined using a non-selective pulse-and-acquire experiment.
The default parametersarein prescanfreq. par, and the coil-dependent parameters
that are set in the Prescan setup page are RF power, receiver gain, and a flag to specify a
slice selective frequency prescan. A 4ms sinc pulse is used, in the slice selective case, to
select the slice specified in the main Prescan page (orientation, offset, FOV, and thickness).

Result

The detected center frequency is stored in the global variable <tn>offset and used in al
subseguent scans, where <tn > is the observe nucleus. For example, when observing
protons, tn="H1"' and the center frequency is stored in the parameter H1lof fset.

The frequency prescan routine a so determines the frequency of fat as an offset relative to
water. The fat offset is stored in the global parameter Prescan FatOffset.
Prescan FatOffset defaultsto 3.35 ppm if afat peak isnot detected.

The detection of the fat peak requires areasonably good shim wherethe main (water) peak
does not show any dlitting (single sharp peak), and the water and fat peaks are well
separated. Poor shimming can result in peak splitting and hence misinterpretation of the
spectra by the center frequency prescan. A fat peak is detected if the magnitude of the fat
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peak exceeds the fat threshold. The fat threshold is a percentage of the magnitude of the
water peak and can be adjusted on the Prescan Setup page (typically 5-10%).

Shimming

Shimming isaprocess of adjusting thelocal magneticfield to produce ahomogeneousfield
within the sampleregion. Two shimming methodsimplemented in VnmrJ: 3D image based
method (ge3dshim) and FID-shim (quickshim). The ge3dshimisbased onfield
mapping, a more advanced shimming techniques than quickshim, and alows a user to
shim on aselected sampleregion. Itis particularly suitablefor techniquesthat are sensitive
to field homogeneity such as localized spectroscopy and EPI. Setup procedures for
ge3Dshim are more complicated than quickshim and, depending on the application
and sample being used, is not usually recommended for routine (prescan) shimming
operations. The quickshim protocol is limited to global shimming involving only the first
order (X, y, and z) shims. It is afast and simple method suitable for general shimming.

Shimming using 3D shim method require specification of the slice or voxel region for
shimming. Thisis done manualy using the Plan page in the Acquire folder and a scout
image. Select either avoxel or aset of slicesto bring up abutton Savefor shimming. Both
methods acquire data over alarger region, but only attempt to optimize the shims within
the specified shim region.

The 3D gradient shim method requires careful calibration of the shims, see, 3.6 “ Setting Up
and Calibrating 3D Gradient Shimming,” page 44. A default parameter set for shimmingis
first saved asdescribed in 3.3 “Manual Prescan,” page 39. The shim parameters most often
changed by the user between iterations appear on the Prescan Setup page. The shimming
procedure isusually repeated multiple times with different shim parametersto improve the
field homogeneity.

The procedure for shimming is more complicated than for the other prescan functions.
Applications such as localized spectroscopy, CSl, EPI, etc. require different strategies for
shim optimization. Run the protocol in the interactive mode, see “ Autoshimming
(Interactive Mode),” page 81, for these applications.

Experimental Setup for Quickshim
® “Shim Calibration,” page 36
® “Saving Parameters for Prescan,” page 37
® “Prescan Shimming,” page 37

Shimming using either the Quickshim and 3D shim method require specification of the
dlice or voxel region for shimming. Thisis done manually using the Plan page in the
Acquire folder and ascout image. Select either avoxel or aset of slicesto bring up abutton
Save for shimming. Both methods acquire data over a larger region, but only attempt to
optimize the shims within the specified shim region.

Quickshim requires calibrating the shim polarity and saving a default set of parametersfor
use during the shimming procedure prior to using the Prescan shim routine.

Shim Calibration

The calibration step sets the polarity of the shim coils is done automatically on VNMRS
systems. Follow the "Shim Calibration" section described in the quickshim protocol for
other systems.
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Saving Parameters for Prescan
1. Load the quickshim protocol.
2. Set up the parameters as described in “ quickshim,” page 102. Typical parameter

values are:
Parameter Typical value
TR 30 ms
pw 10 psec.
flip 4 deg
Datasize 256
Spectralwidth 20,000 Hz

3. Click on Acquire Spectrum button to obtain a spectrum and verify parameters.

4. Click on the Save Prescan Params button to save the current parameters to the
parameter file:
~/vnmrsys/parlib/prescanquickshim.GCOIL.RFCOIL.par.

These parameters are associated with the currently sel ected gradient and rf coils. The
parameter defining the shim step sizeis set in the Prescan Setup page during the
prescan operation.

Prescan Shimming

Select the Prescan page.

Select the quickshim method for shimming.

Click on Shim Settings button.

Choose one or more iterations by selecting a check box.

Eal A i

Specify a shim step value (del) for each iteration. Typically, set it to 500 to 200
DAC units for the first iterations and 100 to 50 DAC units for the final iterations.

5. Click on the Shim button on the Prescan page to initiate Prescan shimming.
Previously saved experimental parameters are read in and the data acquisition
begins. The new x, y, and z shim values are determined and the hardware is updated.
During each shim cycle the shim settings corresponding to the maximum signal is
loaded.

6. Click on the Shim button to repeat the shimming procedure if necessary.

Each first order shim is arrayed and a set of spectra are collected during the quickshim
procedure. The optimum shim value is determined by picking the largest peak. The shim
spectra are also displayed on the screen for diagnostic purposes.

Limitations
® Shimming using the quickshim procedureis limited to first order shims.
® The quickshim protocol uses hard pulses, so the whole sample areais chosen for

shimming.
Experimental Setup for 3D Shimming

1. Prior to shimming save the default experimental parameters as described in 3.6
“Setting Up and Calibrating 3D Gradient Shimming,” page 44.

2. Define the shim voxel or slices for shimming:
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a.  Acquire ascout image plan the voxel (for localized spectroscopy).
b. Click on the Save Voxel for Shimming button in the Plan page to save it.

The region (slab) defined by the slicesis used for shimming if slices are
planned. This step is not needed for global shimming.

3. Choose the 3D option in the Prescan page for 3D image based shimming.

4. Click on the Shim Settings button to view the shim parameters and display the
Prescan Advance page.

Set the following shimming parameters:
® The number of iterations
® Shim selection: 1st order (X,Y,Z), 1st and 2nd order, etc.
® Shim region: Voxel, Slab, or Global
® Tau (field encoding delay)

5. Click the Shim button to start shimming. Previously saved experimental parameters
areread in, dataacquisition started, and new shim values are calculated for the shim
region of interest. The procedure is repeated as necessary if multiple iterations are
chosen.

Result

Variation of thefield the Shim region of interest is cal culated after datacollection. The shim
currents needed to minimize the field inhomogeneity are determined and the shim settings
updated using the shim calibration maps.

Power Calibration

Prescan power calibration calibrates the transmitter power for a 90 degree RF pulse.

Experimental Setup

The power calibration is determined using a profile in a slice-selective spin-echo
experiment (mems with a single echo), where the coarse RF power is set to acertain level
and the fine power arrayed.

The coil-specific parameters for the power prescan that are specified in the Prescan Start
page are TR, coarse RF power (enter the maximum coarse power for the 180 degree pulse),
and starting point, step size, and number of stepsfor the fine power array. Shown below the
entry fieldsisthe actual range of power levels that will be sasmpled for the RF pulses. The
fine power array should be set up such that the profile intensity goes through both a
maximum and a minimum for the processing to work optimally. Otherwise awarning
message may be given.

Theslice used for calibration is specified on the main Prescan page. Power prescan usesthe
frequency prescan receiver gain.

Result

The power prescan fits the signal intensities to a second-order polynomial and uses the
maximum of this polynomial as the correct 90 degree pulse power setting.

The result of the transmitter power calibration isentered into thepulsecal fileinthe
user'slocal vnmrsys directory.
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Receiver Gain Adjustment

Receiver gain adjustment is the scaling of the receiver gain to ensure that the receiver and
ADC will not be overloaded during data acquisition.

Experimental Setup

The receiver gain needs to be adjusted using the exact pul se sequence and acquisition
parameters used for the target scan. There is no particular gain prescan sequence. The
execprescan macro isinvoked, prior to executing the gain prescan, if the parameter
execprescan exists. Thismacro sets up the number of k-space lines acquired, steady
state scans, etc., to ensure a proper signal for the gain calculation. If execprescan does
not exist, only asingle echo at the center of k-space is acquired (nv=0).

Result

Scaling is performed on the acquired FIDs collected during the execution of the selected
sequence. The gain prescan isdesigned to handle more than one echo or FID, in which case
the receiver gain is scaled to the largest echo or FID acquired.

The scaling will adjust the receiver gain in such away that the signal is scaled to the
maximum receiver resolution multiplied by a gain scaling factor that is specified on the
Prescan Setup page (atypical value is 80% or 90%). A scale factor of 100% may result in
receiver overflow since the sampled echo / FID can vary slightly.

3.3 Manual Prescan
Manual prescan allows manual execution of either the center frequency, shimming, or
power prescan.
® “Frequency,” page 40
® “Power,” page 42
® “3D Shimming,” page 40

The parameters for manual prescan are retrieved on the Prescan Adv page, Figure 4, by
clicking one of the buttons under Retrieve Data/Params.

o |

Subject Info

etrieve Data/Para

Prescan-Shim Parameters

Prescan Frequency Method 30 |
PrESCan Aty Power ltaration w o ] ]

Prescan Setup
W anual Shim

Shims -y Z) vI 1-(iyz) v| 1-(y7) v| 1-(yz) v|
Region global vl global vl global vl global vl
Delay 50.0 0.0 200 20.0

Shim

Close |

\ Retrieve previous prescan data and parameter values

Figure4. Prescan Adv Page
Saved data and parameters are retrieved, processed for inspection and subsequent manual

execution, if the prescan of choiceis run as part of an automated prescan. Only the
predefined parameters are retrieved if the prescan has not previously been run.
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Frequency

Running the frequency prescan in the manual mode allows modification of the following
parameters on the Scan page in the Acquire folder: TR, RF pulse width, acquisition
bandwidth (sw), acquisition time, number of data points, transmitter power and offset,
receiver gain, and slice definition (orientation, offset, and thickness).

The Scan page, Figure 5, also contains buttons to manually Acquire and Process prescan
data

The Update params button saves the current parameter set into the user'svaomrsys/
parlib directory, and any subsequent automated frequency prescan uses this parameter
set as a starting point.

The Return to Study button restores the original scan parameters.

.Acquire‘--| ETesran | Preparetuscan| StartEran -

Scan(Sequence: prescanfreq PRESCAN -FREQUENCY

Basic Parameters Scan Options ———— Hardware Control Action
TR 1000.00 s Orientation Auial vl RF Coil  main Acquire
Fulse Width |0.00 us _ |Slice Select Power an Process
Sin 20000 Hz Thickness mrn || Gain 30

Update Params
Acg Time 200.0 ms Giffsat ’—mm Sty 42,8655 MHz
Acg Points 2000 Offset 00 Hz Retum to Study

Figure5. Frequency Prescan Acquire Page

3D Shimming

Thefollowing section describes the procedure for setting up and running the 3D shimming
method interactively. The Manual Prescan mode allows the user to optimize and save a
parameter set for subsequent usein Prescan shimming. The Manual Prescan mode a so can
be used to interactively shim the sample and to optimize parameters.

3D shimming setup and calibration are described in 3.6 “ Setting Up and Calibrating 3D
Gradient Shimming,” page 44. For more details on the ge3dshim protocol, refer to
“ge3dshim,” page 67.

1. Plantheregion of interest (ROI) for shimming.

a. Load ascout image and Plan avoxel or slice region prior to shimming.

The volume (slab) defined by the slice region is used for shimming if slices
are planned.

b. Click on the Save for Shimming button in the Plan page to save the shim
ROI. This step is not required for global ROI shimming.

Select the 3D shimming method in the Prescan page, see Figure 6.
L oad the 3D shimming parameters.
Click on the Advanced button to open the Prescan Adv page, Figure 7.

a ~ wDN

Click on the Shim button to load the default parameters.
The parameters are loaded from prescange3dshim gcoil rfcoil.par.
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Start|Acquire|Process‘lmage| | m
Subject Info Run Hardware rFrequency rUser List
re RF cail main Hloffset: -3,421.00 Hz Use this list
Prescan Adv —— Gradient coil. 205 1205_... Fat Offset: 0.00 Hz 1. shim
Prescan Setup 2 e
Manual Shim ‘Power .
2. power
S5 Degies pulie aplimiced belwesn
4. gain
24.75 and 36.80 dB
5. specific
Slice Selection |/3nim N
Qrientation Avial b Shim Method 30 b
Offset Lo i 1 hterations
Advanced Fav 1200 m
Modify Setup Thickness 20 m Shim Settings Modi

/

Figure 6. 3D Shimming Prescan Page

Parameters from the system file, prescange3dshim. par areloaded if
prescange3dshim gcoil rfcoil.par doesnot exist.

oo
S(art|Acqu|re Process ‘ Image| Prescan | Frepare to scai __
ige3dshim Slice FOV
flan Readout  tmm) [70.0 —
g‘ﬁq tr (ms) [20.0 [ gating PE mmy [50.0 — shim |
I -
Mnalyze|te tms} .0 PE2 mm) [50.0 _ Scan Time |
Settings RO offset @nm) 0.0
Map Averages 1 Orientation sagittal :
RF coil main
[Data Matrix
RO x PEXPE2 [o [w (52 =[5 =]\ 0
Position thm) [-2 -2.8 0
Size nm) |8 i 8

Figure 7. Prescan Acquire Page for Shimming

6. Click Acquire Profile to show a profile along the z-direction.

This can be used to check the experimental parameters such asthe receiver gain and
SNR.

7. Check and set the parameters. Refer to “ge3dshim,” page 67.

8. Set the Shim parameters.

Choose the 1st or low order shims and use ashort del value (field encoding delay)
if theinitial field inhomogeneity is poor. Set parameters for multiple iterations if
necessary. A general strategy isto start with the low order shims with short de 1
values. Increase del and include the higher order shims as the homogeneity
improves.

9. Click on the Shim button to start acquisition.

Do not click on the Start Scan button to initiate shimming. New shim settings will
be calculated and loaded after each iteration.

10. Save (optional) the default parameters for subsequent use by the Prescan-Shim
routine (see Section 2.2) by clicking on Save Params.

Note that when shimming during the Auto Prescan mode the Shim iteration
parameters mentioned in (step 8) are set from within the Prescan Advance page.

11. Optional: return to the previously loaded Study protocol by clicking on Return to
Sudy or by clicking on the protocol node in the study area.
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Power

Running the power prescan in the manual mode allows modification of the parameters.
Course or fine power array (starting point, step size, and number of steps) can be set up.

The buttons on the Scan page have similar functionality as for the frequency prescan with
the addition of a Display button that Fourier transforms the current data and displays the
data array.

3.4 Coil Table

The coil table isatext file containing important acquisition parameters for each rf coil.
Prescan will use the coil table to determine starting values for most of the functions and
automatically update the table if small changes, < 20%, occurred. The user is queried, to
accept or rgject the update, if prescan detectsthe need for larger changes. The coil tablefile
(CoilTable) islocated in the vnmrsysdirectory.

® “Selecting a Coil,” page 42
® “Adding or Modifying an RF Coil,” page 42
® “Coail Setup,” page 43

The coil table contains 17 entries for each rf coil defined on the system.

Selecting a Coil

Select the rf coil on the Prescan or Prescan Setup page, Figure 8.

Page Select cail

Prescan Select the coil from the RF coil pull-down menu in the Har dware field.
Prescan Setup  Select the coil from the RF Coil pull-down menu in the Select Coil field.

S(art|Acqu|re| Prg% ﬂ
Subject Info Select Coil Frequency Calibration ~Power Calibration
Prescan RF Coil main RF Power H a8 ||TR 1500.00 ms
Hagoaff b o e Lcam 4 Pulse witth 4000 us
Manual Shirm New Entry lice Selective Coarse Power (180) |43 dB
(et Starting fine power 1000
5 ulm‘ % of 500 - Step size fine 200
Fele 1028 ol ma Murnber af Steps 16
General Settings S$him  Range (a0} 2475 - 36.80 ob
Set Defaults & Power 100 % Shim Methad |30 - ‘ Range (180) 30,75 - 42.80 dif
SMR Thresholel 20.0 1 ferations rSlice Selection————
Fat Thrashold 25.00 Qrientation Axial v|
Max Num of Tries |1 Shim Settings Offset 0.0 e
¥ Log Ewents ¥ Display Data FOY 120.0  mm I
v Cleanup Thickness 2.0 mm

Figure 8. Selecting a Coil on Prescan Setup Page

Adding or Modifying an RF Coil
1. Click onthe Start tab.
2. Select the prescan panel.
3. Click onthe M odify Setup button.
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Add an RF Caoill
1. Click onthe New entry button in the Select Coail region.
2. Enter acoil name.
3. Enter all required information in the Prescan Setup page fields.
4. Click on the Save button.

Modify an Existing RF coill
1. Select an existing coil from the drop down menu next to RF Cail.
2. Enter all required changes in the Prescan Setup page fields.
3. Click on Update.

Some knowledge or estimate of reasonable coil table valuesisrequired. If the coil table
values are unknown, starting values can be determined by entering conservative values
(i.e., low transmitter power and long TR's) and repeatedly running the prescansinthesingle
prescan mode, until areasonable result is obtained.

Remove an Existing RF coil
1. Select an existing coil from the drop down menu next to RF Cail.

2. Click on Remove.

Coil Setup
Obtain prescan parameters for the power calibration as follows:
1. Usealong TR (1000-2000ms).

2. Enter the maximum power the RF-coil can handle without damage into the entry
field for power coarse in the Power Setting field. If value is unknown start with a
small coarse power setting (50 to 55).

3. Set thefollowing: fine power 100; Step size 100; and Number of Steps 22 for the
fine power.

4. Click Power on the main Prescan page.

5. Inspect the resulting spectra to ensure that there are at least three (3) points before
the maximum and at least four (4) points after the minimum.

Problem Solution

Too few points after the minimum Increase the number of steps or coarse power
Too many points after the minimum Reduce coarse power or number of steps
Too few points before the maximum Reduce the coarse or starting fine power

Too many points before the maximum Increase the starting fine power

Multiple maxima Reduce the coarse power

Minimais very close to the maximum Reduce the step size and possibly increase the
(less than four points apart) number of steps

6. Click Update, every time parameters are changed.

7. Repeat, until the power prescan completes successfully.
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3.5 Other Prescan Parameters

Other prescan parameters are set on the Prescan Setup page, in the General Settings

group.
S(art|Acqu|re|Process‘lmage| | ﬁ
Subject Info  -Select Coil ——————— -Frequency Calibration ~Power Calibration
Prescan RF Coil rnain RF Power IEW TR 1500.00 ms
Prescan Ady
ET—— Update Rermave Gain 4 Pulse width 4000 us
Marual Shim New Entry slice Selective Coarse Power (180) |43 dB
(et Starting fine power 1000
5 ulm‘ % of 500 - Step size fine 200
Fele 1028 ol ma Murnber af Steps 16
General Settings Shim | Range(90) 2475 - 36,80 o
( Set Defaults & Power 100 % Shim Methad |30 v‘ Range (180) 30,75 - 42.80 dif
SMR Thresholel 20.0 1 ferations rSlice Selection————
Fat Thrashold 25.00 Qrientation Axial v|
Max Num of Tries |1 Shim Settings Offset 0.0 e
¥ Log Ewents ¥ Display Data FOY 120.0  mm I
v Cleanup Thickness 2.0 mm

SNR Threshold Enter an absolute value for the SNR, below which the prescan functions
will return with an error. This could happen if, e.g., the RF coil is not
connected correctly or the RF amplifier is not turned on.

Fat Threshold Enter athreshold for the signal intensity of the expected fat peak relative to
the size of the water peak. If no peak if found around the expected fat
frequency with a sufficiently large signal, the default value of -3.5ppm is
used.

Max Num of Tries Enter alimit to the number of iterations allowed. The prescan functions
will attempt to iterate until a sufficiently large SNR is obtained, by
increasing the receiver gain and transmitter power.

Display Data Check to display the frequency and power prescan data after it is processed
(in the Plan viewport). Receiver gain data or sequence specific prescan
datawill not be displayed.

Log Events Check to log of events during in the prescan_log filein the user's vnmrsys/
prescan directory for both troubleshooting and eval uation of the system
performance.

Cleanup Check to ensure removal of temporary files created during prescan. Itis

highly recommended to | et the Cleanup checkbox checked, unless errors
occur, in which case the temporary files may explain the errors.

3.6 Setting Up and Calibrating 3D Gradient Shimming

This section describes how to set up and calibrate 3D gradient shimming. To run the 3D
gradient shimming, refer to “ge3dshim,” page 67. For information about running 3D
gradient shimming as part of prescan, refer to “3D Shimming,” page 40.

Acquiring Shim Calibration Maps

1. Placeacylindrical bottle or sphere containing doped water in the center of the
magnet. The sample defines the region of interest for the autoshimming routines.
The shim field maps are measured in the sample region only; it is not possible to
shim outside this region.

Note: Makesurethatthe proper decctool fileisloaded. Thesamedecctool filemust
be used for subsequent shimming because the gradient and the shim scaling (gain)
factors are set in decctool file. A copy of the decctool file will be saved in $home /
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vamrsys/gshimdir/decc file.GCOIL.RFCOIL for future reference.
Load the same gradient calibration file (gcoil) when calibrating the shims and
during autoshimming.

2. Shim the sample manualy using the SPUL S sequence and save theresult in afile
named start (svs ('start')).

Alternatively, use the Shim page, Figure 9, in the Sart folder.
Start|Acquire|Process‘lmage| | a
S:ebsj::glnfo FID Shim 1 B E3 1]><l E3 1] Save Shims
Erescan Ady —I ‘ (%ZC E3 1]21 E3 1] Sawve Milestone
W o] §§ jl Retrieve Milestane

%—'1] Save as Retrigve
% im file
‘ gzn = Shim fil
Recr gain l—
Figure9. Manual Shim Page
3. Set the frequency on resonance.
4. Cadlibrate the rf power as usual.
5. Load the ge3dshim protocol.
6. Check and set the imaging parameters for 3D gradient shimming.

Set up the parametersasin aregular 3D gradient echo sequence (GE3D). The TR
and flip angles are chosen to maximize signal and minimize saturation effects.
Sagittal orientation is selected because the sampleis usually extended along the z
axis. A larger FOV and size along the read dimension could be specified without
sacrificing scan time. The following parameters will result in atotal scan time of
about 2 min. when TR is set to 50 ms. The parameters which are relevant for
shimming are displayed in the Shim, Acg, and Map pages of the Acquire folder.

Typica parameters:

tr 25-100 msec. tr must be sufficiently long to avoid the duty cycle limit
on the gradient and/or RF hardware and to avoid saturation effects.
flip 1-10 deg.

Matrix  64x32x32
orient  sagitta
te 2-4 msec
nt 2

The FOV (Field Of View) parameter is chosen to cover the sample used.
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7. Set the parameters for mapping the shimsin the Map page of the Acquire folder.

10.
11
12.
13.
14.

Shim selection

Field encoding
delay

Intensity
threshold

Typical Parameters:

Shim change (XY 2)

The shims to be mapped are selected from the shim
selection menu. For example, select 1-(XY Z) for 1st order
shims or 1&2 for 1st and 2nd order shims and so on. The
step size for calibrating the shims are defined in percent.
The step size for the 1st order shimswill usually be alower
because they are driven by the high power gradient
amplifiers (and not by the shim power supply unit). In the
example below, 1st order shims are mapped by setting a
shim DAC to avaue approximately 5-10% of the
maximum shim DAC value. For high-power gradients,
(>40 G/cm) and shims, reduce the step size to about 1%.

del refersto the delay for encoding the residua BO field.
delref ischosen so that the phase change during that
period iswithin +/-180 degrees, i.e. no phase aliasing has
occurred during that period.

Threshold is the intensity threshold, in percent, used in
analysis. All signals below this value will be ignored. This
isuseful to avoid errors caused by poor SNR. The datawith
the longer TE is used to determine the threshold map (or
mask). Shim set sensitivity is set in DECCTOOL

5-10% (about 1% for >40 G/cm)

Shim change (2nd order) 10-20% (1-2% for shim coils < 12 cm)

del
delref
Threshold

2-5 msec
0.25t0 0.3 msec
10-20%

Select the shims (1& 2) to be mapped:.

1-(XY2) 1st order shims

1&2 2nd order shims

12&3 1st, 2nd and 3rd order shims
1& 72 X,y,z and z2 shims

all all shims

Check the profile and optimize the receiver gain.

Collect atest image and check the image quality and SNR.

Click the Test image button to collect and display the images.

Click on the Edit menu.

Select Create Protocol.

Select M ake New Protocol.
The shim protocols can be recalled and used later during autoshimming.

Generating a Shimmap

1. Click Acquire Shimmap to acquire the shimmap data.
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The shim file, start, is loaded and data acquisition begins. Three data sets are
collected corresponding to tau=0, delref, and del for each of the shims
selected. Thetotal scantimeis:

total scan time = (no of shims selected+l) * 3 * scan time
scan_time isthe acquisition time for asingle 3D gradient echo data set.
All thedatafiles (. £id and.£df files) are saved in the directory:

Shome/vnmrsys/gshimdir/data.

Click Gener ate Shimmap to generate the shim calibration filein gshimdir/
calib directory. The shim maps are generated after data acquisition is complete if
the check box is checked.

Saving the Shimmap Files

Thefil

€ shimmap.GCOIL.<NAME>. f, containsthe shim calibration field map. The

parameter file, shimmap .GCOIL.<NAME> . param iSalso generated at this stage.
<NAME > is specified by the user to identify the shimmap files. The abovefilesare used by
thegs_calc macroto calculate the shim currents needed during auto shimming. The . £
and . param files are created in the user'slocal directory, Shome /vnmrsys/

gshimdir/calib.

Copy shimmap filesinto the system directory /vnmr/gshimdir/calib if theareto

be used by other users.
Start| Acguire ‘ F‘rocess| Image ‘ | Prescan | Prepare 1o scan[_- i
glc:': ge3dshim ;S;n:::nn::t: ge3dshim T rufile
Shim Acquisition Froton w Pulses Soft pulse slab select Scan time
Analyza

) Acquire Test Imag
Observe frequency  (MHz) 439 839 Wicith {us) cquire Test Image
Save Prescan param
Settings ORsere offset Hz) Shape
Map Spectral width Hz) Power (clE)
Arguisition time (ms) Flip

Receiver gain {olB)
AWEFANES
Delays Crushers (G/fom) (ms)
Dumrmy scans
r (ms) gerush
SECEOn
te (msy
presig lowy -

Start‘Acquwre|Process||mage| ‘ Prescan Prepare 10 scan_-

g‘c;: rShim Calibration—— rShimmap Parameters
heg % Shim selection 182
Shim Generate Shimmaps | [] Shim step-1 % Gz |10
M Shim step-lll % (xz,v2) [5.0
~Display Shim step-I¥ % (xyx2y2) [10.0
Base field map Phase delay, del (ms) 1.0
W Ref. delay, delref {ms) 0250 x I
Display |BO.r1.mag
e — sz [+ Threshold % 15.0

Orientation [PE-re2 [+]
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3.7 Troubleshooting
Turn on Display of prescan results as well as Log Events on the main Prescan page and
rerun the prescan that fails. Visual inspection of the spectrawill often reveal the problem.
® “No Water Peak Detected,” page 48
® “No Fat Peak Detected,” page 48
® “No 90 or 180 Degree Pulse Found,” page 48
® “(Odd Looking Power Calibration Curve,” page 49

No Water Peak Detected

The frequency prescan is usually very robust. There are only afew reasons why no water
peak is detected:

® No samplein the coil

® The coil is not connected

® The RF amplifier is not turned on
® Transmitter power too small
Pulse width too small

® The spectral width istoo small.

® Defective hardware

Make sure that the equipment isturned on and that the coil is properly connected. Then run
frequency prescan again.

No Fat Peak Detected

The common reasons for not detecting afat peak:
® Poor shim, causing a poor separation and distinction between the water and fat peaks.

® Secondary (additional) peaks. Repeat shimming and check the appearance of the
spectrum.

Frequency prescan does not detect the fat peak:

® Reducethe Fat Threshold. Very small fat peaks might well be below the Fat Threshold
and therefore ignored by the prescan.

No 90 or 180 Degree Pulse Found

Generally, thisis dueto incorrect settingsin the coil table or hardware problems. See
Chapter 1, “Setting Up an Imaging System,” for setting up the power calibration
parameters.
No 90° pulse found:

® Improperly tuned RF coil — resultsin avery large power requirement for a 90° pulse.

® More power is needed. If power limit is being approached, increasing the pul se width
in the default power prescan parameter set and rerun the prescan.
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Odd Looking Power Calibration Curve

The envelope of the profiles
is supposed to be afairly
symmetrical and smooth
looking curve, as an example
shows.

A very asymmetric curve
could be due to saturation
effects or mistuning of the
coil. Try running the prescan
with amuch longer TR, or
tune the coil. Setting the
power limit to a high value can also produce strange results. Always use lower power
settings when setting up for anew coil. Gradually increase the power limit.

01-999344-00 A 0207 VnmrJ Imaging User Guide for VnmrJ 2.2B 49



Chapter 3. Prescan

50 VnmrJ Imaging User Guide for VnmrJ 2.2B 01-999344-00 A 0207



chapter 4. Protocols for Imaging

Sectionsin this chapter:
® 4.1 *"Imaging Protocols,” page 51
® 4.2 *"Standard Sequence Options,” page 114
® 4.3"Commands, Macros, and Parameters,” page 116

This chapter describes some pulse sequences for imaging available on Varian NMR
spectrometers. Familiarity with basic spectrometer operations; such as shimming and
tuning are assumed and not included in this chapter. More detailed descriptions of all
commands, macros, and parameters are in the online help VnmrJ Command and Parameter
Reference.

4.1 Imaging Protocols

® “ct3d,” page 51

® “epi,” page 52

® *“fse3d,” page 60

® “fsems,” page 62

® “ge3d,” page 65

® *“ge3dshim,” page 67
® “gems,” page 91

® “mems,” page 95

® “press,” page 96

® “profileld,” page 100
® “quickshim,” page 102
® ‘“scout,” page 104

® “gse3d,” page 104

® “sems” page 105

® “gpuls” page 106

® “steam,” page 108

® “tagcine,” page 110

ct3d

The protocol ct3d isa 3D experiment primarily used for microimaging. The ct3d
experiment alows for echo timesin the sub-millisecond range because it uses a non-
selective excitation, followed by phase encoding in al three directions and acquisition of
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only asingle data point. The ct refersto the constant time between the excitation and any

data point.
.
= pe
|
1 pe2
f pe3

|

|

|

|

}: » ADC
te

Advantages of ct3d

The ct3d iswell suited for high resolution imaging of small samples with very short T,
such as polymers or solids.

Limitations of ct3d

Long acquisition time. The ct3d suffers even more so from along scan time than se3d
because of the phase-encoding in al 3 directions. For example, with atr of 100msand a
matrix size of 32x32x32, the total scan time is about 1 hour.

Running the ct3d Sequence

Useashort t r (10ms) and asmall matrix size (32x32x32) to reduce the scan time. You can
increase the image (digital) resolution by setting fn, fn1, and £n2 to, e.g., 128x128x128.
See the ge3d protocol ( “ge3d,” page 65) for adescription of the image orientations.

ct3disapptype="im3D"'.

Options for ct3d
Click Show profile on the Acq page to obtain a profile of the object.

epi
® “Advantagesof EPI,” page 53
® “Limitations of EPI,” page 53
® “Running the Sequence,” page 55
® “Options,” page 55
® “Optimizing EPI,” page 58
® “Processing of EPI Data,” page 60

EPI (Echo Planar Imaging) is a routine imaging application for very rapid collection of
imaging data and for functional MRI. EPI enables monitoring of changes occurring within
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fractions of a second and is less affected by motion and flow-induced artifacts than other
imaging methods.

EPI

SS

ro

pe

EPI with diffusion

AN

A A .
A A
A A

pe

Advantages of EPI
® Rapid imaging data collection, typically 25-100 ms.
® EPI isless affected by motion and flow-induced artifacts than other methods.

® EPI isparticularly advantageousin applications where alarge number of images must
be acquired in ashort amount of time, or for monitoring rapid changeswithin fractions
of asecond, such as:

Functional MRI (fMRI)
® Perfusion studies using bolus tracking

¢ Diffusion tensor imaging
® Time-course studies

Limitations of EPI

EPI images are prone to severe artifacts and is seldom used for routine or diagnostic work.
® “Image Distortions,” page 54
® “Low Resolution,” page 54
® “Reduced Signal-to-Noise Ratio,” page 54
® “Increased Gradient Requirements,” page 55
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54

® “Eddy Current Compensation,” page 55
® “Oblique Slices,” page 55

Image Distortions

EPI echoes evolve as afunction of time unlike the conventional spin-warp sequence. This
evolution meansthat if different resonances (e.g., oil and water) are present in the sample,
each of the echoes in the echo train is also chemical shift encoded.

Phase modulation caused by the chemical shift effect interferes with the phase correction
routines used to correct for the echo shifts along the T,-direction. The phase correction
routine that is used to calculate the phase maps is unable to distinguish the difference
between phase shift caused by incorrect alignment of echoes and phase shift caused by
chemical shift. Therefore, the phase-encode dimension represents both chemical shift and
spatial dimensions, which result in multipleimages or ghosts corresponding to the different
chemical shift componentsin the sample.

Magnetic field susceptibility effectsareaserious
limitation in EPI because they behave like
chemical shift effects. Susceptibility effects are
caused by either inhomogeneous fields in the
main magnet or susceptibility gradients caused
by the sample and other materialsinthevicinity.
These effects are al so phase encoded and appear
as frequency-shifted components in the phase-
encode dimension, often leading to severe
distortionsin theimage. Therefore, shimming is
an important part of the EPI setup procedure.

Image distortions (ghost artifact)

Shimming on the slice should give better results than the usual single-pulse method. A
sequence such asprofileld can beused for shimming ontheslice. Whenprofileld
is used, the echo or FID is detected after selectively exciting the slice region.

Susceptibility artifacts due to By inhomogeneity in EPI can be reduced by minimizing the
effective te and the total readout time. Several factors can accomplish this:

® Minimum te option.

® Multishot (for examplenseg =4, 8, 16) with along t r and acouple of dummy scans.

® Reduce the matrix size (nv and np).

® Increase sw.

® Useramp sampling ON.

® Linear k-space encoding may be somewhat superior to centric.

Low Resolution

The matrix size for single-shot EPI isusually limited to about 64x64 or 128x128 to keep
the data acquisition time short resulting in EPI images of low resolution. Higher resolution
images can be obtained through multi-shot EPI at the cost of increased total acquisition
time and possible artifacts.

Reduced Sgnal-to-Noise Ratio

Acquisition time following each excitation is typically 25 to 100 msin an EPI experiment.
Thissignificantly longer acquisition time than for conventional imaging sequences results
inimagesthat are heavily T,* weighted, have asignificant loss of signal, and yield images
with inherently lower signal-to-noise than conventional images of the same resolution.
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Increased Gradient Requirements

Very strong and rapidly switching gradients are essential in EPI experiments to reduce the
acquisitiontime. The gradient hardware (gradient coil and gradient amplifiers) must deliver
high gradient strengths and short rise and fall times for the readout gradients.

Long gradient duty cycles and large gradients for relatively long periods of time
(particularly during time-course experiments) are required of the gradient hardware.

Eddy Current Compensation

Eddy currents create undesirable fields in the magnet region and result in image artifacts.
Actively shielded gradients and eddy current compensation hardware minimize eddy
current effects. Reducing the slew rate (increasing t ri se) reducesthe eddy currents at the
cost of increased acquisition time and image distortions.

Oblique Sices

Oblique slices suffer from severe ghosting in EPI due to the current implementation of the
readout and phase encoding gradient waveforms,.

Running the Sequence

The epi sequence is amulti-slice, multi-shot, spin/gradient Echo Planar Imaging (EPI)
sequence.

Click on the Acquire tab and select the Advanced page to view or change the acquisition
and receiver parameters. The Direct Digital Receiver imposes certain limitations to how
closely spaced individual echoes can be acquired - error messages are generated if these
limits are violated. The following are typical settings for the receiver parameters:

® Minimum echo spacing at least 100us (spacing is automatically be increased if the
minimum islarger due to duration of phase encoding blips)

® Time Correction off (primarily used for back-predicting FIDs to avoid artifacts from
digital filter rampup)

® Datapoint size 16 bit

® Sampling Rate SMHz (first downsampling stage)

® Filter Coefficients 5 (defines steepness of digitd filters, which istypicaly not a
limiting factor in imaging)

The Advanced page has the buttons Test Scans, for acquiring aseries of data setswith the
phase correction turned off (typically for debugging purposes), and Show RF & Grad, that
open up the RF pulsesand Gradients pages containing all the information about RF pulses
and gradients used by epi.

The Prescan page has parameters for optimization of the sequence, described in more
details below. The epi sequenceis apptype="'imEPI"'.

Options
® Standard sequence options — see “ Standard Sequence Options,” page 114
® “Minimum TE,” page 56
® “Multishot,” page 56
® “Phase Encoding Scheme,” page 56
® “Rampsampling,” page 57
® “Navigator,” page 57
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56

® “Diffusion Weighting,” page 57
® “Gradient Waveforms,” page 57
® “Other acquisition parameters,” page 58

Option Controlled by variable  Typical value
Automatic calculationof mMin TE ~ minte 'n' or 'y'
Repetitions, Time series image and images > 2
Multi-shot nseg 1, 2, 4
Phase encoding scheme ky_order 1v, '¢', 'lr' or 'cr'
Spin echo/Gradient echo spinecho 'y' or 'm!'
Ramp sampling rampsamp 'y' or 'm!'
Navigator echo navigator 'n' or 'y!'
Inversion Recovery ir 'n' or 'y!'
Diffusion weighting diff 1 or o0

Fat suppression fatsat 'n' or 'y!'
Minimum TE

Selectingthe TE Min check box (minte = 'y')forcesthe sequenceto usethe minimum
TE possible and updates the te parameter.

Repetitions

The number of repetitions controlsthe number of images acquired in aseries of images (for,
e.g., bolusinjection or fMRI). Repetitions must always be 2 or more, since the first data set
is areference scan.

Repetitions uses the parameter images. Setting images>1 automatically arrays the
parameter image and setsthe parameter image t00,1,1,1,.... (with asmany total elements
as images specify). Setting images=1 sets image=1. Actua image datais acquired if
image = 1.A reference scan (no phase encoding) is acquired if image = 0.

With images>1, thefirst acquired data set is not a proper image but rather a reference
scan. A phasemap acquired in thisway is part of thetotal data set and is saved with the data.
Alwaysset images >= 2 (theonly exception iswith diffusion, see below). If
images = 1, no phase correction is performed.

Manua manipulations the image array and intersperse zeros among the onesis possible
using the processing function (recon_all) to automatically use the most recently
acquired reference scan to phase correct subsequent image scans.

Multishot

The limitations of gradient strengths, resolution, and long acquisition times can be
overcome by running EPI as an interleaved, multi-shot experiment, where multiple EPI
echo trains are collected. Each of the echoes represents segments of k-space data and they
are combined to generate the complete k-space dataset during the post processing stage.
However, thistype of experiment is no longer a single-shot method. Thetotal scantimefor
interleaved EPI sequencesis increased by TR* nseg, where nseg is the number of
interleaved segments.

Phase Encoding Scheme

The order of which k-space istraversed (phase encoding direction) in multishot
experiments is given by the parameter ky order.
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ky order canbeeither '1' forlinearor 'c' for centricordering, or '1r' and 'cr'
for linear and centric in the reverse directions. Linear ordering means that acquisition is
started at the edge of k-space, working towards k=0 and out to the opposite edge. With two
shots, each shot samples every 2nd linein k-space, with 3 shots, every 3rd line etc. Centric
ordering can only be used with an even number of shots; each shot starts at the center of k-
space and works towards the edges, skipping nseg /2 linesif nseg > 2.

The sequence generates tables for phase encoding ordering on the fly. These tables are
found in the user's tablib, in afile that is named using the numbers nv, fract_ky, and
nseg, aswell as 1in for linear ordering or cen for centric ordering. Example, for
nv=128, fract_ ky=64, single shot centric ordering: epi nv128 fé64 cen4

The tables are used for re-ordering of data prior to Fourier Transformation.

If the parameter pe _table exists (integer), it will be set to an array specifying the phase
encoding step ordering.

Rampsampling

Rampsampling refersto the acquisition of image datawhile the readout gradient isramping
up or down, although skipping acquisition during the duration of the phase encoding blips.
The datais acquired in anon-linear manner, such that the dwell time between points may
differ on the ramp, but the gradient integral between points remains the same to ensure
constant steps in k-space.

Navigator

Check the Navigator check box on the Scan page to select anavigator echo. An extraecho
is collected with no phase encoding prior to acquisition of the actual image data. This echo
is used to correct for phase variations, typically caused by motion, throughout a series of
images.

Diffusion Weighting

Checking the Diffusion check box on the Scan page to turn on Diffusion Weighting. Go
to the Options page to specify the diffusion parameters see “ Diffusion,” page 115.

The two diffusion gradients may be placed on either side of the 180 degree refocusing
pulse, or both before the 180 pulse, depending on TE. If TE/2 isvery long (relative to
tDELTA, the separation of the diffusion gradients), they will be placed both before the 180
degree pulse. This can happen if the readout train and therefore TE islong.

Gradient Waveforms

The epi sequence uses the shaped gradient library to generate the foll owing gradients, saved
invomrsys/shapelib:

Shape Description

epiro The entire readout train

epipe All phase encoding blips, including zeros during acquisition

rorl Initial readout dephaser

perl Initial phase encoding dephaser

ssl Slice selective gradient for excitation

ssrl Refocusing of slice selective

ss21 Slice selective gradient for refocusing, if spin-echo option is selected
ssil Slice selective gradient if inversion recovery option is selected
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Shape Description
diffl Diffusion gradients, if diffusion option is selected
crushl Crusher gradient if fat saturation option is selected

These shapes are overwritten every time the sequenceis executed (i.e., clicking on Scan
Time or selecting Show pulse sequence (dps) from the Acquisition main menu selection).

The displayed relative amplitudes of the shapes do not reflect their relative amplitude
during acquisition, they are all scaled to full amplitude (dac value 32767).

Other acquisition parameters

Additional parametersfor all of the above options are shown in the Options page.

Optimizing EPI

Ideally al echoes appear at the middle of the acquisition window. Nonideal behavior of
gradients and spurious gradient fields (from local inhomogeneity and eddy currents, etc.)
influence the amplitude and phase of odd and even signalsin differently. The echo positions
of the odd and even echoes shift increasingly away from the center of the acquisition
window throughout the echo train causing phase shifts between the odd and even echo
signals. Incorrect matching of odd and even echoes cause one of the more common and
artifactsin EPI images, half FOV ghosts. Half FOV ghosts appear along the phase-encode
dimension. The ghost image appears shifted from the primary image by half the FOV the
images. Shown in is an optimized image and a ghost image.

Well optimized Image showing ghost artifact

Figure 10. Effectsof Optimization of the Images Produced

Figure11. Well-optimized Reference
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Specific EPI imaging gradients must be optimized in order to compensate for non-ideal
gradients and minimize the ghosting. Gradient optimization accomplished by analyzing a
reference scan, see for an example of awell-optimized reference scan:

A reference scan is an entire dataset, but acquired with the phase encoding gradient turned
off. Thus, every single echo should in principle have the exact same phase and occur at the
exact same time, but due to gradient imperfections and local inhomogeneities, thisis not
necessarily the case. The parametersgroa, grora, and tep are adjusted in order to
ensure this condition.

These parameters are automatically adjusted, when you click the epi setup auto button.
Initially, the adjustment parametersarereset to all zeros, then areference scanisdone, from
which values for the adjustment parameters are calculated. Subsequently, a second
reference scan with new values is acquired and displayed. Several iterations of groa (for
horizontadl tilt) and tep (for zipper effect, echo shift) are needed before they are optimized.
Click the buttons adj. tilt or adj. shift, respectively, to cal culate new values and click epi
setup manual to acquire another reference scan with the new values. The data acquired with
either of these setup procedures is not saved with the study.

Examples of the reference scan and image with tep and groa incorrectly set are shown
in
EPI reference scan

with gradient delay
(tep) incorrectly

EPIreference scan
with groa
incorrectly set

Figure12. Improperly Set valuesfor tep and groa

The sample reference scans, seein , small stepsare noticeablefromthefirst to the
second echo. Thisis primarily due to small, residual eddy currents that get into a steady
state after the first couple of lobes in the readout train. In order to force this steady state
before starting dataacquisition, use the parameter ssepi to run afew gradient |obesidentical
to the other readout gradients before starting acquisition.
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Use the following adjustment parameters (on Prescan page inthe Acquire folder) for this
EPI sequence:

Adjustment . . ) .

par ors Functionality For adjustment of Typical values

groa added to gro, G/cm horizontal tilt 010 0.05 (positive or negative)
grora added to gror, G/cm vertica shift 1.0 (positive or negative)

tep propagation delay, us Zipper effect 0to 100us

ssepi dummy gradients at Step at thefirstone  1to2

beginning of readout train  or two echoes

Processing of EPI Data

The standard V nmrJ processing uses the recon_all function (see the Command and
Parameter Reference manual) and all settings are specified on the Recon page in the
Process fol der.

® “Phase Correction,” page 60
® “Raw Data,” page 60

Phase Correction

Even after optimization, “Optimizing EPI," page 58, phase variations throughout the data
set due to local field inhomogeneities may remain causing cause severe distortion and
ghosting. Use the unencoded reference scans (acquired when image=0) and compute a
phase map that is applied to each slice of theimaging data. Estimate the phase maps using
one of the following methods:

® POINTWISE — Directly compute the phase of each point in each echo (default).

® PATIRWISE —Useeven and odd echo pairs of the reference scan to generate alinearly-
fit phase estimate correction and applied to only the even echoes of the imaging data.

® LINEAR — Fit the phase of each profile (normalized by the profile of the center echo)
to alinear model in aregion of sufficient signal for each echo and extrapolate the
model to generate a point-by-point phase map.

® QUADRATIC —Similar to Linear, but a second-order polynomial model is used.
® CENTER_PAIR - Useeven and odd echo pairsoccurring at the center of the train to
generate 2 linearly-fit phase estimate (see Linear) correction and apply to even and odd
echoes in the imaging data.
Raw Data
Click onthe Raw data page and select to view k-space datafor aparticular slice and array
element.

Note: Always save the data prior to running the manua preprocessing. Preprocessing
(echo reversal and petable reordering) may change the data structure such that
recon_all nolonger produces correct images.

fse3d

® “Advantages of fse3d,” page 61
® “Limitations of fse3d,” page 61
® “Running the fse3d Sequence,” page 62
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® “Options for fse3d,” page 62

The fse3d protocol is a 3D variation of the fsems protocol.
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Advantages of fse3d

The fse3d is a good alternative to both the ge3d and the se3d experiments. It is much less
prone to susceptibility artifacts than ge3d, but much faster than se3d due to the segmented
data acquisition.

The fse3d is well suited for:
® High-resolution To-weighted images (long te, long tr)
® Imaging of regions of high susceptibility
® Scanswhere high signal-to-noiseis critical

Limitations of fse3d
® SAR
® The fse3d experiment may be restricted by SAR limits.
® Mixed Contrast
® The contrast in an fse3d image is usually not a straight-forward T2- or T1-contrast.

Long Acquisition Time

Although the fse3d experiment is faster than the se3d, it is still arelatively lengthy
experiment, due to thelong tr —typically in the order of 3-4 seconds — necessary to alow
the spins to return to equilibrium between excitations.

3D Limitations

The £se3d experiment suffers from the same limitations in terms of wrap-around and
limited extraction capabilities as ge3d ( “ge3d,” page 65).

ADC Overflow

Because the fse3d sequence uses non-sel ective pulses with a 90° flip angle in an amost
fully relaxed system, it islikely to cause ADC overflow. On animal systems, this can be
avoided by setting the parameter presig="h".
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Running the fse3d Sequence

The parameters specific to £se3d arethe same asfor fsems ( “fsems,” page 62):

Parameter  Description Typical Value
etl the echo train length 4or8

esp the echo spacing (time between echoes) 10to 20 ms
kzero the echo that shall be assigned to the center of lor2

k-space (values between 1-et1)

Preparation of the sequence resultsin the generation of atablefor specification of the order
of k-spacelines (seealso “gems,” page 91). The name of the table is defined as:
fse<nv>_ <etl> <kzero>

The advantage of choosing a large number of echoes (large et 1) isthe obvious reduction
in scan time but at the expense of reduced signal-to-noise or image resolution. A lower
kzero value gives spin-density weighted images, while alarger kzero value gives
To-weighted images.

Additional acquisition parameters, such as the rf pulse definitions, bandwidth, acquisition
time and number of dummy scansis set on the Advanced page. See “ge3d,” page 65 for a
description of the image orientations.

The sequence, fse3d, isapptype="'im3Dfse"' .

Options for fse3d
Acquire Profile
Click Acquire profile on the Advanced page to obtain a profile of the object.

This function temporarily sets the number of phase encode stepsto zero (nv=0), which
signals to the sequence to acquire a single echo under the readout gradient but without any
phase encoding. Thiswill acquire a profile for each echo in the echo train. Use cf to select
which echo in the echo train you wish to view and transform it, for example: c£=1 ft.

fsems
® “Advantages of fsems,” page 62
® “Limitations of fsems,” page 63
® “Running the fsems Sequence,” page 64
® “Options for fsems,” page 64
® “Optimizing fsems,” page 65
The fsems protocol is afast spin echo multi-slice experiment where you can select the

number of echoesin an echo train as well as decide which echo will be the center of
k-space.

Advantages of fsems

Thefast spin echo is afaster experiment than the conventional spin echo because multiple
phase encode lines are acquired following each excitation.

Spin echoes are regenerated by applying multiple 180° refocusing pul ses and minimizing
signal loss dueto T,*.
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Thefast spin echo iswell suited for obtaining high-resolution anatomical imagesin a short
scan time.

Limitations of fsems
® “Specific Absorption Rate (SAR),” page 63
® “Mixed Contrast,” page 63
® “Artifacts,” page 63
® “Long Acquisition Time,” page 64

Specific Absorption Rate (SAR)

Acquiring the data using multiple 180° pulsesresultsin is a significant deposition of rf
power. On human imaging systems the can conflict with Specific Absorption Rate (SAR)
limits specified by the FDA.. If the SAR limit is exceeded, the hardware will abort the
acquisition with the error message SAR limit exceeded.

Mixed Contrast

The signal in an fsems experiment is usually a mix of the spin echo produced by the
90°-180° pulse pair and the stimulated echo caused by non-ideal 180° pulses.
Consequently, the contrast in an fsemsimage is usually not a straightforward To- or Ty-
contrast.

The kzero parameter, which specifies the echo closest to the center of k-space, can be
used to change the contrast in images. For example, kzero=1 will give a spin-density
weighted image, whilekzero=et1 gives a T,-weighted image.

Artifacts

T, decay creates asignal modulation that is distributed in k-space by the echo ordering
scheme as multiple fsems echoes are acquired per excitation pulse. Thisresultsin edge
replication, ghosting, or blurring. Another source of fsems artifact is the combination of
spin echoes and stimulated echoes that can be misaligned due to imperfect gradient areas
or other sources of phase variation, which can also result in edge replication, or banding.
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Long Acquisition Time

Although the fsems experiment is faster than the conventional spin echo, itisstill a
relatively lengthy experiment. Thelong tr istypicaly in the order of 3-4 seconds (3-5
times T;) and necessary to allow the spinsto return to equilibrium between excitations.
Running the fsems Sequence

The parameters specific to fsems are listed in the following table:

Parameter  Description Typical Values
etl echo train length 4or8

esp echo spacing (time between echoes) 10to 20 ms
kzero echo that shall be assigned to the center of k-space 1 or 2

(valuesbetween1and et1)

tep propagation delay caused by gradient hardware. 50 to 100 us

Preparation of the sequence resultsin the generation of atablefor specification of the order
of k-spacelines (refer to “gems,” page 91). The name of the table is defined as:
fsems<nv> <etl> <kzero>

The advantage of choosing a large number of echoes (large et 1) isthe obvious reduction
in scan time but at the expense of reduced signal-to-noise or image resolution. Changing
kzero will change the image contrast. kzero=1 gives spin density weighted images,
whereas a higher kzero value gives T, weighted images

The parameter petable specifieswhich tableisused for dataordering (see “gems,” page
91). Additional acquisition parameters, such asthe rf pulse definitions, bandwidth,
acquisition time and number of dummy scansis set on the Acq page.

The tep parameter can be used to center the echo within the acquisition window. tep is
the position of the echo, in microseconds, from the center.

The fsems sequenceis apptype="'im2Dfse"' .

Options for fsems
® “Inversion Recovery,” page 64
® “Show Profile,” page 64
® “Steady-State Scans,” page 65

Inversion Recovery

The spin echo sequence can be preceded by an inversion recovery (IR) pulse. The IR option
is controlled through the checkbox on the Scan page; this setstheflag irto 'y' or 'n'.
When IR is activated, the inversion time (t 1) is entered on the Scan page.

Show Profile
Obtain aprofile of the object by clicking Show profile on the Acqg page.

This function temporarily sets the number of phase encode stepsto zero (nv=0), which
signals to the sequence to acquire a single echo under the readout gradient but without any
phase encoding. This will acquire a profile for each echo in the echo train. To view all
profiles, enter flashc ft dssh. Toview aspecific profile, for example the second
profile, enter flashe £t (2).
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Seady-Sate Scans

The parameter ssc isused to force the pulse sequence to run ssc number of times prior
to the actual experiment.

Optimizing fsems

Readout Gradient

Optimizing the readout gradient:
The readout gradient can be optimized through the parameter grof. It will be multiplied
onto the calculated readout dephaser and istypically within the range 0.99 to 1.01.

Set up an array of values and click Show Profile on the Acq page.

Thisacquires aset of profiles (onefor each echo in the echo train) for each value of grof.
Use c £ to select which echo in the echo train you wish to view and do the £ t, for example:
cf=1 ft dssh. Select the best profile and set grof accordingly.

ge3d
® “Advantages of ge3d,” page 65
® “Limitations of ge3d,” page 66
® “Running the Sequence,” page 66
® “Options for ge3d,” page 67
® “Options for ge3d,” page 67

The ge3d protocol isa 3D version of the gradient echo that allows you to obtain atrue 3D
image in a short time. ge3d uses a selective rf pulse for excitation followed by phase-
encoding in two dimensions and readout in the third.

ro

re

pe2

te

Advantages of ge3d

Asistrue for the 2D version, ge3d uses a single excitation pulse at areduced pulseflip
angle so a shorter repetition time (t r) can be used, thus reducing the time necessary for
obtaining the image data.

The ge3d experiment is therefore very well suited for the following:
® High-resolution 3D images with extraction of images in any of the cardinal planes
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® 3D angiography (see angio3D protocol)
¢ 3D contrast agent enhancement studies

Limitations of ge3d
® “Susceptibility Effects, Signal-to-Noise,” page 66
® “Extraction Planes,” page 66

Susceptibility Effects, Sgnal-to-Noise

The ge3d experiment suffers from the same limitations in regards to susceptibility effects
and reduced signal-to-noise as the gems experiments (refer to “gems,” page 91).

Extraction Planes

It is only possible to extract slices from the 3D datain the cardina planes, axial, corond,
or sagittal.

Running the Sequence

Set sequence timing parameters (TE, TR, number of averages, number of dummy scans,
and pulseflip angle) and the FOV/slice parameters on the Scan page. Typical valuesfor te
and tr are 3-5ms and 10-30ms (single-slice), while the pulse flip angle usually isin the
range 5-30°. A minimum TE and TR can be applied by checking Min TE and Min TR,
respectively. A minimum TR may cause a gradient duty cycle error.

Thesdliceselective gradient isalwaysapplied in the second phase encoding direction (PE2),
i.e, it limitsthe extent of the sample in the second phase encoding dimension. The
thickness of the slice selective slab can either be givenin mm or as a percent of the FOV in
PE2 (on the Plan page). The center of the slab always coincideswith the center of the FOV
in PE2.

Additional acquisition parameters are set on the Advanced page. A page displaying the RF
pulse and gradient parameters can be brought up by hitting the button Show RF & Grad.

Select the Scan page to select the orientation (orient) of the 1% extraction (ROXPE) of 2D
dlicesfrom the 3D data. Thisorientation is automatically extracted upon completion of the
data acquisition. Further extraction in any of the cardinal orientations can be done on the

Extract page in the I mage folder.

The following tables define which direction is assigned to readout, first and second phase
encode directions; thistable is essentially identical to that for 2D imaging, where the slice
select direction has been replaced with a2nd phase encode direction (see“ gems,” page 91):

orient Readout Phase encode Phase encode 2
Axial Y X 4
Corona Z X Y
Sagittal 4 Y X

Consequently, the orientations extracted depend on the value of orient:

orient RO x PE RO x PE2 PE x PE2

Axial Axid Sagittal Coronal
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orient RO x PE RO x PE2 PE x PE2
Coronal Coronal Sagittal Axial
Sagittal Sagittal Coronal Axial

The ge3d sequence is apptype="'im3D"'.

Options for ge3d
® Standard sequence options — see “ Standard Sequence Options,” page 114
® “Phase Encoding Rewinding,” page 67
® “RF Spailing,” page 67

Phase Encoding Rewinding

Because the spins are not allowed to return to equilibrium between excitations, it may be
necessary to rewind the phase introduced by the phase encoding gradient after acquisition
to achieve a steady state condition. With phase encoding rewinding (PE rewind), agradient
of the same amplitude but opposite polarity of the phase encoding step isapplied following
data acquisition.

Phase rewinding is controlled by the variable rewind, whichcanbesetto 'y' or 'n".

RF Spoiling

The short tr used in the gems sequence may cause image distortions due to a non-steady
state condition resulting in residual transverse magnetization. To alleviate this, gradient
pulses (for T1 weighting) or RF spoiling phase modulation (T2 weighting) and rf spoiler
pulses (Zur, Y., Magnetic Resonance in Medicine, 21, 251, 1991) are usually employed in
the pulse sequence to minimize such artifacts.

The RF spoiler iscontrolled by the parameter r £ spoil, which can be set to either *y ' or
'n'.

ge3dshim
® “Advantages of ge3dshim,” page 68
® “Limitations,” page 69
® “Acquiring Shimmaps,” page 69
® “Generating Shimmaps,” page 70
® “Sample Effects on Shimming,” page 70
® “Choosing the Field of View (FOV),” page 71
® “Setting the Optimal Data Matrix Size,” page 71
® “Setting the Optimal Shim Step Size,” page 71
® “Quick Procedureto Obtain Z2 Frequency Shift,” page 79
® “Autoshimming (Interactive Mode),” page 81
® *“Saving Parameters as a Protocol,” page 84
® “Shimming for Localized Spectroscopy,” page 84
® “Shimming for Imaging,” page 85
® “Monitoring the Progress During Autoshimming,” page 86
® “Transmitter Frequency,” page 88

01-999344-00 Draft A Final_edits_011907 VnmrJ Imaging User Guide for VnmrJ 2.2B 67



Chapter 4. Protocols for Imaging

68

¢ “Eddy Current Problem,” page 88

® “Fat-Water Problem,” page 88

® “Viewing Field Maps and Images,” page 89

® “Omitting Shims from Calculations,” page 90
® “Notes,” page 90

® “References,” page 91.
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The GE3DSHIM method is an autoshimming method based on field mapping using a 3D
gradient echo sequence. The first part of the procedure involves measuring the field
produced by each of the shim coilsusing the GE3DSHIM protocol. The resulting field map
or shim map is used to determine the optimum shim currents for shimming asample. A any
errorsin the shimmap cause the shim current cal cul ations and the shimming procedure to
fail. Thissection, using examples, describesthe stepsinvolved in generating and analyzing
the shimmaps.

The 3D gradient shimming routines are based on measuring the rate of change of phase
between two 3D gradient echo images taken at two echotimes, te and te+del. Theecho
time difference, del, causes a phase difference between the images as aresult of residual
magnetic field (BO inhomogeneity) within the sample. Thefrequency or field isdetermined
by calculating the rate of change of phase from the two images.

phase = arctan(I/R) (radians) [Eg. 1]
where R and I refer to the real and imaginary components in the image.
The frequency is measured by calculating the rate of change of phase:
frequency = phase/tau (radians/sec) [Eq. 2]
tau isthe echo time difference between the two images.
Thefield, B, is directly proportional to the frequency:
frequency = y*B [Eq. 3]
yisthe gyromagnetic ratio (rad/sec/T)

Advantages of ge3dshim
® GE3DSHIM isafast and automated shimming procedure for imaging or spectroscopy.
® Multiple iterations are supported.
® Shimming over a user-defined sample region is supported.
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Easy specification of the shim region of interest when planning slices for imaging or
voxels for spectroscopy.

Robust phase unwrapping improves the reliability of field measurements.
Works with all available shim coils.

Limitations

The problem of phase-wrap is a serious limitation.

A seriouslimitation of thisapproach is that the phase can only be measured from zero
to + I1. Larger phase changes, > I, cause aliasing or phase-wrapping. Additional
(phase unwrapping) routines are necessary to determine the true phase and frequency.
In the current implementation an additional dataset is collected. The use of this
additional field map was found to significantly improve the reliability of the field
measurement.

The phase change measured using equation (1) returns avaue in the range of + I
Phase changes greater than + T1. cause aliasing or phase-wrapping and cannot be
directly measured from the experiment. All field mapping routines use an experimental
or data processing scheme to unwrap the phase and determine the true phase or
frequency. An additional dataset with an echo timesetto te+delref iscollected
wheredelref isashort delay in the order of 300 usec. The phase change during the
field encoding delay, delref, must beless than 11 Thisis verified by viewing the
corresponding field maps.

The recommended matrix size is 64x32x32 complex points.

The orientation of the image must be set to sagittal when acquiring data for the shim
map.
Any orthogonal orientation can be used for shimming once the shim map is obtained.

The shims are not be updated if the shim limit exceeds 32K and the program aborts the
shimming process.

Selecting regions with poor SNR result in unreliable phase (or field) measurements.
Thisisavoided by setting an intensity threshold.

Acquiring Shimmaps

Follow the proceduresin “ Acquiring Shim Calibration Maps,” page 44 and acquire
shimmaps. The following steps are executed by the acquisition macros:

1
2.
3.

Load the start shimfile.
Create the shimmap parameter file, shimmap.gcoil .param.

Collect the base map datasets, base.1.fid,base.A.fidandbase.B.fid
corresponding to echo times, te, te+delref, and te+del respectively.

Base map refers to the residual field within the sample.
Select the shim coil and set the shim offset.

Collect the shimmap datasets, shim.1.£fid, shim.A.fidand shim.B.fid
corresponding to echo times, te, te+delref, and te+del respectively. (shim
refersto the name of the shim, for e.g. x1, y1, etc.).

Reset the shim vaue.
Repeat step 4 to step 6 for each of the shim coils selected.
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Generating Shimmaps

Follow the proceduresin “ Generating a Shimmap,” page 46 and acquire shimmap data.
The following steps are executed by the acquisition macros:

1

9.

Generate the phase (.p) and magnitude (.mag) images from the base datasets.

base.1l.fid => base.l.p, base.l.mag
base.A.fid => base.A.p, base.A.mag
base.B.fid => base.B.p, base.B.mag

All signals (and noise) below agiven threshold areignored toimprovethereliabilit.y
of the field measurements. Thebase . B. mag fileis used to determine the signal
threshold. All signals below the threshold are set to zero and ignored in subsequent
calculations.

Generate the phase difference images.

base.A.p - base.l.p => base.A.wf

base.B.p - base.l.p => base.B.wf
The phase difference images may show discontinuities due to phase wrapping.
Determine the true phase images by unwrapping the phase.

base.A.wf, base.B.wf => base.f

Generate the phase (.p) and magnitude (.mag) images from each of the shim datasets.

shim.1l.fid=> shim.1l.p, shim.1l.mag
shim.A.fid=> shim.A.p, shim.A.mag
shim.B.fid=> shim.B.p, shim.B.mag

Generate the phase difference images.
shim.A.p - shim.l.p => shim.A.wf
shim.B.p - shim.l.p => shim.B.wf

Determine the true phase images by unwrapping the phase.

shim.A.wf, shim.B.wf => shim.f*

Remove the residual basefield in the sample to obtain the field map generated by
the shim coil .

shim.f* - base.f => shim.f

Repeat (4) - (7) for each of the shim coil selected.

10. Concatenate each of the shimmap filesinto asingle file, shimmap.gcoil. f.

11. Generate FDF (. £d£) files for viewing purposes.

Sample Effects on Shimming

Thegradient echo sequenceis sensitiveto field inhomogeneity. The magnetic susceptibility
gradients caused by the sample leads to signal loss from T2* effects. Select a suitable
sample and shim it well, using a shim method such as FID-shim or FASTMAR , prior to
starting the shim calibration experiment.

Use a sphere or along cylindrical sample for calibration experiments. A spherical sample
is easier to shim than a cylindrical sample and resultsin a more homogeneous reference or
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base field map. Sampl e defines the extent of the shim calibration maps and the region over
which the shim calculations are performed. Regions outside this region and below a
specified intensity threshold are ignored in the shim calculations. Use a spherical sample
for the mapping processif the shimming isto be performed primarily for head imaging. The
head must be positioned within the mapped region during the autoshimming procedure.

Use acylindrical sample to map alarger region along the z-axis. The nature of
susceptibility field gradients at the air-sample interface depend on the geometry and
orientation of the sample with respect to the main field. Increasing the length of the sample
minimizes the effect of susceptibility effects at ends of the sample. Large field gradients
near the ends of the sample can make manual FID shimming difficult. Useafield mapping
technique, if available, and shim the central part of the sample before mapping the shims.

A largewater sample may cause difficulty in tuning the probe dueto sampleloading effects.
Another limitation of large, conductive solutions, particularly at high field, is the signal
variations acrossthe sample dueto diel ectric effects. Under these conditionsit is preferable
to use anon-conductive material such asacetone. (Mineral oil isnot recommended because
it contains two broad CH3 and CH, resonances.)

Choosing the Field of View (FOV)

Choose a FOV parameters (1ro, 1pe and 1pe2) that covers the active region of the RF
coil in use. The FOV along the z-direction is selected to avoid aliasing of the image from
the region near or outside the ends of the RF coil. A typical RF coil extends along the z-
dimension. The preferred sagittal image orientation and readout direction applied along the
z-gradient allows collection of more data points to ensure sufficient digital resolution
without increasing the scan time.

Samples with awide range of sizes aretypically used inimaging. Collect separate
shimmaps for each range of sample sizes (e.g. mouse, rat, rabbit) to ensure sufficient digital
resolution in the shimmaps for improved reliability and accuracy in the autoshim analysis
routines.

Setting the Optimal Data Matrix Size

The optimum matrix size used for GE3BDSHIM is 64 aong the readout and 32 along each
of the phase encoding dimensions. Increasing the phase encode dimension size increases
the data acquisition time. Increasing the matrix size increases the data memory size and
processing time.

Setting the Optimal Shim Step Size

During the shim calibration step, each of the shim (DAC) values is offset by a known
amount and the field map (Ft) is measured. The field map includes the field produced by
the shim coil (Fs) and theresidual field (Fb) withinthe sample. To obtain thefield produced
by the shim coil the base field map (Fb) must be subtracted:

Fs = Ft - Fb [Eq. 4]

The shim offset values are specified through the parameters, step-1 to step-1V. Step-1, for
example, isthe shim offset used for calibrating the x, v, and z shimsand Step-11 isthe offset
for the z2 shims, etc. (The shim offsets for the 3'd and 4™ order shimsare specified in the
macro, gs_acgshimmap.)A small step size will result in lower sensitivity in the field
maps generated because of the small phase change induced during the phase encoding
delay. A large value can contribute to signal lossin theimages dueto T2* effects. The step
parameters must therefore be chosen based on the sensitivity of each of the shim coils. A
number of factors affect the sensitivity of the shims:
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® Efficiency (Gauss/cm/A) of the shim/gradient coil (refer to the manual on the shim/
gradient system)

® Strength of the shim power supply driving the (higher order) shim coils
® Gradient amplifier and the gain setting for the x, y and z shimsin DECCTOOL.

Experimental Example

The system, Table 1, and experimental parameters, Table 2, used for generating the shim
calibration maps for this study are given below:

Table 1. System Components for the ge3dshim Example

Component Description

System 4.7T (200 MHz)

Sample 58mm OD, 18 cm long plastic bottle containing doped water (T1 = 1s)
RF coil 63 mm ID birdcage coil

Gradient coil Magnex 205/120/S, 120 mm 1D, 40G/cm

Shim PSU RRI 5 Amp

Gradient PSU Copely Model 220, 200 Amp, 300V

Table 2. Parameters for ge3dshim Example

Parameter Value

Shim gain in DECCTOOL 2%

Shim Step size for x,y,z, and z2 shims 1%

Shim Step size for xz and yz shims 2%

Shim Step size for xy and x2y2 shims 5%

Referencedelay, delref 0.25msec

BO field encoding delay, del Imsec (typical range 1 to 4 msec)

TR 20 msec (typical range 20 to 50 msec)
TE 4 msec (typical range 2 to 4 msec)
Averages 1 (typical range: 1to 4)

A long cylindrical sample was used to map each shim coil within the entire rf coil. A scout
image was used to verify the sample position in the 12 cm gradient/shim coil. The sample
was shimmed manually (FID shim) using the 1% and 2" order shims to about 25 Hz
linewidth and the shim parameters saved in the staxrt file for use during the shim
calibration procedure.

Experimental parametersfor collecting shimmaps using GE3DSHIM are shownin the Scan
and Acq pages. (The voxel information isnot used.) The total scan time was about 10 min.
The delref and del delays were set to 250 psec and 1 msec respectively. The x,y, and z
shims, for example, were mapped by offsetting shim values by 1% of the maximum (i.e.
32K x 0.01 DAC units). The other shim step sizes used in the study are shown in the Map

page.
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The imaging parameters used for this study are shown in Figure 13.

Scan page

Acq page

Map page

4.1 Imaging Protocols
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Figure 13. ge3dshim Example Scan, Acq, and Map pages

Shimmap Generation

Prior to acquiring the shimmaps it is useful to acquire atest image, see Figure 14. The
image can be used to identify problems associated with sample positioning, SNR, aliasing,
receiver overflow, etc. and to setup and optimize the imaging parameters. Figure 14, isa
test image using the GE3DSHIM routine, showing sagittal (RO-PEL) planes. The intensity
variation in theimagesis caused by dielectric effects (high intensity near the center of the

sample) and RF field inhomogeneity.

Figure 14. Sagittal (RO-PEL) planes
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Shimming the sample using only the first and second order shims is sufficient for most
imaging applications. Theshim calibration isinitiated using the Acquir e shimmaps button
in the Acquire-Map page. The field mapping routine collects two datasets with echo time
valuessetto te and te+del. A small valueof del (thefield encoding time) causes small
phase changes resulting in low sensitivity (SNR) in the field map data. A large del value
can cause phase wraps and loss of SNR in the image due to T2* effects. In the present
implementation an additional (reference) dataset with an echo time of te+delref is
taken and used in the phase unwrapping routine to determine the true phase change. It is
assumed that no phase wrapping occurs during the period delref and it isusually set to
about 250sec.

First the field variation within the sample is measured and is referred to as the base field
map. Then each shim coil is offset by a specific shim-DAC value and the experiment
repeated. The shim offset is specified using the parameters, Step-1 to Step-1V. Because the
sensitivity of each of the shimsvary it is necessary to specify different shim offset values
for each of the shims during the mapping experiment. The offsetsfor thex, y, and z, are
determined by the Step-I parameter. Similarly, Step-11 (z2), -I11 (zx, zy), and -1V (xy, X2y2)
are used for the second order shims.

Three datasets are collected at echo times, te, te+delref, and te+del for each shim
calibration map. If the 1% and 2" order shims are selected for shim mapping, atotal of 27
datasets are acquired - 3 base datasets, 3x3 1% order shim datasets and 5x3 2" order shim
datasets. The total data acquisition timeis: 27xTRXNTXNVXNV2 (NT isthe number of
averages and NV and NV 2 are the number of phase encoding steps).

Shimmaps are cal culated after data acquisition is completed if the Gener ate shimmaps
option isselected. Clicking on the Gener ate shimmaps button generatesthe base field map
and the individual shim field maps. During the shimmap calculations the field map
produced by each of the shims are generated as 3-dimensional (FDF) image files. The
image files can be viewed easily using the Acquire-Map panel and can help the user to
identify problemsand to check the quality of the shimmaps. The base field map showsthe
residual field variation across the ssmple and is shown in Figure 15 and Figure 16.

30

Figure15. Sagittal planesfrom the (Base) Field Map

The regions near the ends of the sample show alarge field variation indicating
susceptibility effects in these regions or higher order field inhomogeneity in the magnet.
The large field variations at the ends can cause signal 1ossin these regions in the resulting
images. During shim calibration experiments, offsetting the shim currents can add to the
base field further exaggerating the signal loss. The loss of signal at the edges will reduce
the size of the resulting field map. It istherefore necessary to shim the sample well before
proceeding with the calibration. The large field gradients at the ends can be minimized by
using a shorter RF coil and/or by using an extended sample. A spherical sample will also
help to avoid the end effect problem but it will also limit the size of the shimmaps along the
z axis.
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Figure 15, sagittal planes from the (base) field map produced by the sample. Darker areas
correspond to negative values and the lighter areas to positive values. Signals below the
threshold value are ignored and represented by zeroes (gray background). The ends of the
sample show alarge field variation (see also Figure 16) because the sampleis extended
along the z-axis making it difficult to shim well over the whole sample.

Figure 16 showsthefield variation along the z-direction. A line profile wastaken along one
of the sagittal planes shown in Figure 15. Theintensity axis corresponds to the phase
difference (AP radians) between the two reference images taken with echo times te and
te+del. Thefrequency iscalculated from the rate of change of phase, (AP /del) radians/
sec. Thefield is directly proportional to the frequency (Equation 3).

Line Profile: RO1# 1
Line Coordinates (pixeis) osh
Start: (-0.30, 17.57)
End: (64.00,17.57) D4
Length: 120.56 cm
Max: 0.5575

Intensity

_|Show MIP 0.3f
_ |Update While Moving
W Show¥=0

ol
Seve graph in L . v . .

0 20 40 B0 B0 100 120
lineProfile Distance {crm)

Figure 16. Field Variation in z-Direction

Figure 17 through Figure 25 show shimmaps corresponding to some of the first and second
order shim coils. The shimmaps must be carefully inspected for any unusual patterns or
artifacts. The field maps should show agradually varying three dimensional function with
sufficient SNR as shown in these examples. The parameters used for collecting the
shimmaps are listed in Table 2.

Figure 17, the z-shimmap. Sagittal planes taken from z1c.f.fdf file showing the field
variation produced by the z-shim coil.

Figure17. Sagittal Planes from zlc.f.fdf file

Figure 18, line profile, from Figure 17, along the z direction shows alinear variation of the
z-shim field. The intensity axis represents the phase change (in radians) caused by the z-
shim coil. The smooth profile indicates good SNR.
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Figure 18. Line profile from Figure 17, along z-Direction

Figure 19 Shimmap (z2c.f.fdf) corresponding to the z2 shim coil.

Figure 19. Shimmap (z2c.f.fdf) of the z2 Shim Caoil

Figure 20 showsaline profile along the z-direction taken from Figure 19. When the z2 shim
isapplied during the mapping experiment afrequency (B0) shift occurs causing the profile
to be offset aong the vertical axis. A procedure for removing the BO shift is described in
“Field drift and BO shift caused by Z2,” page 79.
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Figure20. LineProfile Alongthe Z-Direction, from Figure 19

Figure 21, sagittal (RO - PE) planestaken from the 3D xz-shimmap.

Figure2l. XZ-Shimmap, Sagittal (RO - PE) Planes
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Figure 22, line profile taken from one of the planes shown in Figure 21. The profile does
not appear smooth because it is not interpolated properly dueto limited digital resolution

and should not be interpreted as low SNR.
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Figure22. Line Profile From aPlanes Shown in Figure 21

Figure 23, sagittal (RO-PE1) planes taken from the x2y2 shimmap.

Figure23. X2Y2 Shim Map Sagittal (RO-PE1) Planes

Figure 24, transverse (RO-PE1) planes taken from the x2y2 shimmap
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Figure24. X2Y2 shim Map Transverse (RO-PE1) Planes
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Figure 25, aline profile taken from the image shown in Figure 23.
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Figure25. Line Profile From Figure 24

Figure 26, the phase difference image, yz.B.wf.fdf, showing the phase wrap problem near
the ends of the coil. Noticethe abrupt phase changes when the phase difference exceeds the
+/- TT limit, see also Figure 27.

Figure 27, the line profile taken from Figure 26 illustrates the phase jumps. The phase
unwrapping routine, gsphasetofield, determines the true phase form this data.

Intensity

4 & B
Distance {crm)

Figure27. LineProfilefrom Figure 26

Generating the Shimmaps

Clicking on Gener ate shimmaps generates the shim calibration map in the users home
directory, Shome /vnmrsys/gshimdir/calib/shimmap.f.gcoil. An
additional copy of thefile, shimmap.gcoil. f.date isalso saved. Dateis the date
when the file was created. The shimmap.gcoil . param file contains the parameters
which are used by the analysis routines.

Specifying an ID or namefor the shimmap filein the Settings pageisoptional. The optional
string specified by the user are contained in the .£ (shimmap.gcoil.ID. f)and
.param files.
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The shimmap files are also copied to the system directory; /vanmr/gshimdir/calib,
if theuser isvnmr1 (the system hardware administrator) and provides global accessto these
files for shimming.

Field drift and BO shift caused by Z2

The z2 shim offset can cause a zero order field shift (BO) resulting in afrequency shift of
the water resonance. This does not pose a problem in most of the shim coilsused in the
animal imaging systems. The z2 induced zero order field shift can be a problem with larger
shim cails such as those used in human imaging and some older shim coil designs. These
coils require afew seconds or even minutes for the field to stabilize. The shim field must
stabilize before proceeding with field mapping experiments.

The z2-drift and z2-field shift can be quantified using the macrosget z2drift and
get_ z2z0 asdescribed in the manual under the Fastmap Protocol. After running the
get_z2z0 macro thefile, z2z0.gcoil, containsthe frequency shift (Hz) per shim
DAC offset. Thisvalue must be entered in the Settings page. Theget z2drift macro
generatesthefile z2drift .gcoil showing the frequency of the water resonance at
various times after setting an offset on the z2 shim. The shimmap acquisition macros,
(gs_acgshimmap and gs_acglshimmap) include adelay of 10 sec (default)
whenever the z2 shim is changed for the field and shims to stabilize.

Quick Procedure to Obtain Z2 Frequency Shift

1. Shim asample (e.g. spherical phantom used for system tests) and obtain a single
pulse spectrum using the spuls protocol.

2. Placethecursor on theline and set the reference frequency display to zero using one
of the following procedures:

® Process => Display => Reference line, Zero

3. Savethe current shim settings using one of the following procedures:
® Start => Manual Shim => Save Milestone

4. Offset the z2 shim value by 1000 dac unitsin the Manua Shim page.
5. Click on Acquire Spectrum.

6. Movethe cursor to the peak and record the cursor frequency (cr) displayed on the
screen, this value including its sign is the frequency shift.

7. Thez2 shift (HzZ/DAC_unit) is given by:
z2z0 = frequency shift/(z2 shim offset)
z2z0 = cr/1000

8. Enter the z2z0 value in the Acquire => Settings page in the ge3dshim protocol.

9. Reset the original shims by retrieving the saved shim file:
Start => Manual Shim =>Retrieve Milestone.

Optional Zero Filling

Selecting the Zerofill option on the settings page, Figure 28, doubles the digital resolution
of the shimmaps by zero filling the time domain signal. The option is useful when working
with small voxels because it adds more data points to the characterization of thefield
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variation resulting in better analysis. Select Zerofill option prior to acquiring the shimmap
data. Thefile shimmap.gcoil.param iscreated when the shimmap is created.
Scan ige3dshim

Plan
A

Shim Options Defaults
Aﬁa‘ize [] Calculate and set Hloffset Soft pulse shape gauss []5oft pulse [ ] slat select
M [ I Weasure and set Hloifset Soft pulse width {us) 4000.0
ap
Hard pulse width {us; 10.0
Zeraofill shim/field maps P sy

Reference delay, delref {msec) [0.25
Intensity threshald (3 15.0

22 frequency shift (Hz/DAC) 0.000
Shimmap name shimmap. 205 _12 05 _Single

Shimmaps available shimmap. 2051205 Single.f M|

Figure 28. Selecting Zerofill Option for ge3dshim

Usethefollowing procedurefor post acquisition zerofilling if zerofill flag wasnot set prior
to data acquisition:

1. Editthefile shimmap.gcoil.param and changethe datasize
from64 32321
t0 128 64 64 2

2. Select Zerofill.

3. Click on Generate Shimmaps.

Acquiring a single shimmap
During the shim-mapping experiment it may sometimes be necessary to repeat the
measurement for a single shimmap. The following section describes the steps involved:

1. Load aparameter set that was used to collect the original shimmap dataset, for
example, base.1.fid. The experimental parameters must be kept the same as
the parameters used in the original experiment.

2. Select the map to be acquired, either the shim name or base, in the Map page.

3. Change the shim step size if necessary.
Do not change any of the other acquisition parameters.

4. Click on Acquire a map.

5. Modify the shimmap.gcoil.param fileif necessary to include the new shim
offset.

6. Click on Generate Shimmap to regenerate the shimmap file.

Only the shim step size can be changed. Changing the shim step requires editing and editing
the new valueinthefile, $home /vnmrsys/gshimdir/calib/
shimmap.gcoil.param, prior to step 6. During step 2 a parameter file

shimmap 2.paramisgenerated for reference and thisfile can be copied for usein step
5 asfollows:

)

% cp shimmap 2.param S$home/vnmrsys/gshimdir/calib/
shimmap.gcoil.param
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Autoshimming (Interactive Mode)
The ge3dshim protocoal is used for 3D gradient shimming. The Shim page of the Start
folder, Figure 29, contains the interface for shimming operations.

Scan ge3dshim
Plan

lAe Autoshim Shimfiles
I — bl SeLe

Analyze Load shimfil
Settings Calculate Shims S::e sshil:']n‘lfiII:
Map Load Shims =

Restore Shims QEE"} all shims

Shim Parameters
] ] ]

Shim selaction 182 |w| 182 || [182 [+] 122 [+]

Shim region woxel \vl global \vl global \vl global \vl
Phase delay, del(ms) 1.0 2.0 2.0 4.0

Figure29. Interface for ge3dshim Shimming

Thefirst step isto calibrate the shims, as described in 3.6 “Setting Up and Calibrating 3D
Gradient Shimming,” page 44. The shim DA C vaues are changed by a particular value and
the resulting 3D field map generated by each shim is calculated. During the shimming
process the BO field is measured and the shim currents (DA C values) needed to minimize
the field are calculated and the shims updated.

3D autoshimming can be performed either in the Prescan mode or in the I nteractive mode.

® Prescan mode default parameters are predefined and initiated by the Shim button
during Prescan operations.

® Theinteractive mode allowsthe user to intervene and control the shimming procedure.
The interactive mode is useful when encountering samples that are difficult to shim
because a cautious and step by step procedure may be necessary for optimizing the
shims.

Make sure that the DECCTOOL file and the gradient calibration files are the same ones
used during the shim calibration procedure described in the previous section before
proceeding with the autoshimming routines. The shim and gradient scaling (gain) are setin
the DECCTOOL file.

There is no generalized, universal procedure for autoshimming because the field
inhomogeneity is affected by the magnet and the sampleitself. The protocol determinesthe
size and region that is shimmed making the interactive mode preferable to the prescan
option for shimming.

Multiple iterations of the autoshimming routines are sometimes requiring if the field
homogeneity is poor. A general approach to shimming under those circumstancesisto start
shimming using thelow order shimsin asmaller region of interest (ROI) and then gradually
include the higher order shims while increasing the shim ROI.

Autoshimming can be done by a single button action. The number of shims, the shim ROI
and the number of iterations can be specified by the user. The region for shimming can be
specified by the user as:

Global Theregion used for shim calculation is determined by the volume defined
by thefield of view (i.e., lLro*1pe*1pe?2).
Voxel The shim region is defined by the voxel parameters. Thisoption is useful

for shimming arestricted area within asample as in localized
spectroscopy. The voxel area can be specified by using the Plan routines.
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Slab

The shim region is defined by the Slice parameters. In this case the
volume defined by the slices is used for shimming. For slab shimming,
the slices are specified by using the Plan routine.

Experimental Procedure

1
2.

Note:

L oad the ge3dshim protocol into the Plan Viewport.

Set up the parametersasin aregular 3D gradient echo sequence.

The matrix sizeisusually set to 64 x 32 x 32, similar to the shimmap matrix size,
the FOV is chosen to cover the sample of interest, and the image orientation to an
orthogonal plane.

Check the profile by clicking on Acquire Profile and optimize the receiver gain.
Set the gain lower in anticipation of an increase in the signal asthefield
homogeneity improves.

Set the transmitter frequency on the water resonance using Frequency-Prescan.

Thefrequency is set based on the field map calculations or by running the frequency
prescan measurement at the end of the shimming routine if one of the optionsto
update H1loffset is checked in the Settings page.,.

Select the shimsto be used for autoshimming. Only the shimsthat were mapped (see
“Generating the Shimmaps,” page 78) can be selected.

1-(XYZ) 1% order shims

1&2 1%t and 2" order shims

1& 722 X,y,z and z2 shims

12& 3 18, 27 and 3™ order shims
all all shims are selected

Reducethedel and delref valuesif theinitial magnet field homogeneity is poor.
Longer del values can result in signal losses due to T2* effects. If in doubt collect
a3D image (using Acquire Test Image) with t e setto te+del and check theimage.
Typical valuefor del isbetween 1 to 5 msec.An additional phase map is collected
using amuch smaller BO encoding delay, delref. delref isusualy setto
about 0.25 to 0.5 msec and assumes the phase change during this delay is within
+180°.

Select the region of interest for shimming:

Global  Theregion of theinterest is defined by the Field of view parameters,
lro*1lpe*1lpe2 intheabove case

Voxel Region of interest for shimming is done by planning avoxel using a
scout scan.

Scout image must be axial, sagittal, coronal, or one of the other
orthogonal planes. Display a scout image (by double clicking on a
previously collected scout image) and use the Plan page to Add a
voxel and define the voxel region of interest. Click the Save for
Shimming button to save the voxel information for use during the
shimming procedure.
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11

Note:

12.

13.
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Slab Defining the volume containing the slices the region for shimming
when planning slices for imaging.
Planning slices whilethe currently loaded protocol isge3dshim will
modify the FOV parameters. To avoid modifying the FOV
parameters, load the protocol to run, for example, GEMS or EPI. Plan
the slices using the scout image and save the slice volume information
by clicking Save for Shimming.

The shim ROl information is saved intheuserdir/prescan/ directory. It will
be retrieved and used during the analysis by the gs_calc macro.

Set Threshold (typically 10-20%) to avoid low signal-to-noise regions.
Click Shim to start the autoshimming procedure.

Check the Calculate Shimsand the L oad Shimsoptionsto calculate load new shim
values immediately after data acquisition without user intervention.

Click Calculate Shimsto calculate the optimum shim settings.

Calculation results are written into the filein vimrsys/gshimdir/data/
gshim.out. Theresults are also displayed Acquire-Analyze page, see Figure 30.

Scan

= Display
Flan
Acq Shim Yoxel Information Field map
St Waouxel shape: rectangular Worer
wean| OxEl dimension (pts) - r=-63,63, p=-31,31, s=- —mae.
na vz e (PRI Shim region
Settings| |paints in voxel(fraction) - 462504063 Display | [f0map acquired [w [BO.rlmag
Map
() Phase @ Magnitude

BO Field Map Statistics

RMS deviation - 1429 Hz Orientation PE-PEZ_| |

Peak dewviation - 67.78 Hz —

Shim ROI

Calculated Field Map

RMS dewviation - 1.22 Hz L .

Peak deviation - 4.81 Hz Display Test Image

Predicted change - 81.45 % Generate shim ROl

Display shim ROl

Figure 30. Shim Map Shim Calculations

Click L oad Shimsto update the shims.

New shim values are not |oaded into the hardware if any of the shim limits are
exceeded. Repeat the calculation (step 8) by choosing different shims and/or shim-
ROI.

Verify the shimming results by running the SPUL S protocol (for global shim) or a
localized spectroscopy sequence, e.g. PRESS, (for voxel shim). Inthelatter casethe
spectrum must be taken from the same shim-ROI. It is convenient to run in the test
mode by clicking Acquire spectrum to collect and view the spectrum in the Plan
Viewport. If alarger shim ROI ischosen, use agradient echo image of that region to
evaluate the progressin shimming.

Refer to “Monitoring the Progress During Autoshimming,” page 86.

Repeat step 8 through step 12 for shimming different ROIs or for experimenting with
different shim parameters using the data set acquired in step 7. Reduce the shim ROI and/
or use lower order shims during the iteration if the shim limits are exceeded.

The L oad Shims option |oads the new, calculated, shim values. Click the Restore Shims
button to restore the origina shim values.
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Setting up for Multiple Iterations

Each sampledistortsthefield differently. Interactively set the shim parameters and monitor
the progress of the shimming as described in the previous section. Up to 3 or 4 iterations
might be required to achieve optimum results. Automate the processfor agiven application
by setting up the parameters for multiple iterations.

The numbers of iterations required typically depends on the initial shim condition and
sample. Use shim settings corresponding to a spherical phantom of similar volume as a
starting point when shimming with an unfamiliar sample in the magnet.

Repeating the shimming procedure for convergence is usually necessary. Convergenceis
experimentally verified in localized spectroscopy by checking the linewidth of the water
peak as described in “ Shimming for Localized Spectroscopy,” page 84.

Start shimming in a small region using the 1st order shimsif the initial field homogeneity
is poor. Gradually increase the size of the region of interest and include the higher order
shims.

Specify parameters for up to 4 iterations and press the Shim button to execute each shim
iteration automatically.

Setup for multiple iterations as follows:
1. Select the shim parameters for each iteration.

2. Click the check boxes above the selection can be used to enabl e the parameters. For
example:

Shim selection  1-(xyz) 1&2 1&2 12&3
Shim region voxel voxel  global global
del (msec) 1.0 20 4.0 6.0

Theinitial voxel shimmingisdoneusing thefirst order shimswiththedel value set
to 1 msec. The second iteration is done using first and second order shimsin the
same voxel region and with del set to 2 msec., etc.

3. Pressthe Shim button.

Saving Parameters as a Protocol
To Save the current parameters as a protocol:
1. Click on the Edit menu.
2. Select Create Protocol.
3. Select Make New Protocol.
4. Savethe ge3dshim protocol (or update if it already exists).

Shimming for Localized Spectroscopy

1. Setup and save the Shim parameters (Protocol) as described in the previous section.
For localized spectroscopy, voxel selection should be chosen.

L oad, for example, the PRESS protocol.
Setup the parameters for PRESS.
L oad the Scout image and plan the voxel.

o &~ w N

Save the voxel parameters (click Save for shimming).
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During autoshimming the field inhomogeneity in the voxel region is measured and
the shims set accordingly.

Collect areference PRESS spectrum of water from the ROI and check its linewidth.

Monitor the progress of autoshimming experimentally by following the changesin
linewidth of the water signa asfollows.

a.  Click onthe Acquire Spectrum button to collect a spectrum in the Plan
viewport.

b. Placethe cursor line near the peak and click onLinewidth to obtain thewidth
at half height.

L oad the ge3dshim protocol.

Set the parameters for autoshimming as described in the previous section on
Autoshimming. The Voxel shim region must be selected.

Click the Shim button to shim the VVoxel region.

Theroutines will collect the field maps, cal culate the new shim values, and load the
shims.

L oad the PRESS sequence from the study queue and check the linewidth of water as
instep 7.

Repeat step 8 and step 10 as necessary.

Shim using thefirst order (X,Y,Z) shimsif theinitial shimispoor and reducethe del value
to about 1 msec. Add the second order shims and increase the del value to about 2-5 msec
when the homogeneity isimproved. Automate the procedure by setting up parameters for
multiple iterations.

Shimming for Imaging

Specify the slice region (slab) or the whole imaging volume (global) when shimming
during imaging experiments. Define the shim ROI using voxel parameters, see” Shimming
for Localized Spectroscopy,” page 84.

1

2
3.
4

L oad the protocol to be run, for example, EPI, or GEMS.
Using the scout image plan the slices for imaging as usual.
Save the slice region (slab) for shimming by clicking Save for shimming.

Do not plan the slice/slab region whilethe ge3dshim protocol isloaded. The FOV.
parameterswill be modified if the ge3dshim protocol isloaded while planning the
slice/slab region.

Defining the shimming region to be avoxel:
a.  Select avoxel regions such that regions of little interest are neglected in the
shimming process.

Avoid regions with large magnetic susceptibility effects, flow, motion,
chemical shift effects(e.g. fat signals, nasal and ear cavitieswhen doing brain
imaging). These regions can lead to erroneous phase measurements.

b. Click Savefor shimming.
Image planning is not necessary if global shimming is chosen. The whole field of

view region, lro*1pe*1lpe2,inthe shimming sequence (ge3dshim) isused as
the shim-ROI.
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7. Loadthe ge3dshim protocol from the study queue.
8. Check and set the shimming parameters.
9. Click the Shim button.

GE3DSHIM Procedure Summary
1. Acquire 3D datasets:
BO.1.fid, Ate=0

BO.A.fid, Ate=delref
B0.B.fid, Ate=del

2. Fourier transform and generate the magnitude (.mag) and phase-angle (.wf) images:
BO.A.mag, (Image A)
BO.B.mag, (Image B)

BO.A.wf, (Phase 1)
BO.B.wf, (Phase B)

3. Unwrap the phase using the phase-angle images to give the true phase which is
proportional to the field.

BO.f (Acquired field map)

4. Reformat (re-grid) the B0 . £ datato match the shimmap file.

BO.rl.f (field map)

5.  Usethe shimmap data to calculate the shim currents needed to minimize the field
deviation and save the results in the text file: gshim. out.

6. Load the new shim settingsinto the hardware.

Monitoring the Progress During Autoshimming

Shimming progress can be verified experimentally by checking the water linewidth (voxel
spectroscopy) or gradient echo image quality.

During autoshimming thefile, userdir/gshimdir/data/gshim. out, givessome
useful information regarding the progress of shimming. The output can be viewed in the
Analyze page of the Acquire folder. During multiple iterations, the output will be saved in
the files, gshimZl.out, gshim2.out, etc. A good indication of convergence is the change of
shim values listed in the gshim.out file. Another parameter isthe RMS deviation givenin
Hz. This parameter is a good indication of the NMR signal linewidth from the shim ROI.
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Shim Change

z0 -43 - frequency offset (Hz)

x1 -192 - predicted change in shim (DAC) values for the X shim
v1 13

z1l 417

XZ -20

vz 166

z2 27

Xy 1240

x2y2 1114

BO Field Map:

Matrix - 64 32 32

FOV - 25.00 16.00 16.00
Phasedelay - 8.00

Threshold - 1430601859072.0 x 10.0%
Shim Field Map:

Matrix - 64 32 32

FOV - 25.00 16.00 16.00
Phasedelay - 5.00

Number of shims mapped - 8

Number of shims defined - 8

Shim Voxel Information:

Voxel shape: rectangular

Voxel dimension (pts) - r=-31,31,

-Maximum Intensity x Threshold

-B0 encoding delay, del
-No. of shim field maps measured
-No. of shims used in calculations

p=-15,15, s=-15,15
- read, phase, and slice

Points in voxel (fraction) - 3918/60543

B0 Field Map Statistics:
RMS deviation - 6.67 Hz
Peak deviation - 74.12 Hz
Calculated Field Map:

RMS deviation - 5.70 Hz
Peak deviation - 78.42 Hz

-valid points within voxel/totalpoints

-Measured field within the shim ROI
-Frequency range

-Predicted field after shimming

Listing of the file, shimmap.gcoil.param

The shimmap.gcoil.param fileissaved intheuserdir/gshimdir/calib/ directory,
when the shim calibration maps are generated. The file contains the parameters used when

the shim calibration maps were generated.

The shimmap and the corresponding parameter file are named shimmap.gcoil.ID. £

and shimmap.gcoil.ID.parm. The .

1D refersto an optional user defined label for

identification purposes. It is specified in the Acquire-Settings page.

The number (1) in the MAP column of each row (shim) indicates the shimmap was
measured and included in the shimmap.gcoil. £ file. A number in the ADJUST
column of each row (shim) isaflag to include (1) or exclude (0) a shim during

autoshimming.
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#DATASIZE

64 32 32 1 Read, phae#l, phase #2, zerofill factor (1 or 2)
#FOV-MM

25 16 16

#DELAY-MSEC

5.0 B0 encoding delay, del
#THRESHOLD-PERCENT

10

#REFERENCE-DELAY-MSEC

0.5

#NO-OF-SHIMS

15

#SHIM OFFSET UNITS MAP ADJUST
x1 3200 DAC 1 1

vl 3200 DAC 1 1

zl 3200 DAC 1 1

XZ 8000 DAC 1 1

vz 8000 DAC 1 1

z2 3200 DAC 1 1

Xy 8000 DAC 1 1

x2y2 8000 DAC 1 1

x3 8000 DAC 1 1

v3 8000 DAC 1 1

z3 8000 DAC 1 1

xXz2 8000 DAC 1 1

yz2 8000 DAC 1 1

ZXY 8000 DAC 1 1
ZX2y2 8000 DAC 1 1

Transmitter Frequency

Set the transmitter on the water resonance prior to starting the shimming routine. Small
frequency offsets (100Hz or less) are not going to cause a problem except when selective
excitation is used, see “Fat-\Water Problem,” page 88.

During the shimming process the frequency of the water resonance shifts. The shift can be
significant for some systems when the Z2 and Z4 shims are adjusted. Selecting the option
Measure and Set Frequency on the Settings page to start the Prescan-Frequency routine
before each shim iteration and compensate for the field shift. Run the Prescan-Frequency
routing from the Prescan page to save the parameter set as a default for the current study.
Selecting the Calculate and Set Frequency option uses the field map information to
determinethefrequency shift and set thetransmitter frequency (Hloffset). TheZOvaue
inthegshim. out filerefersto this frequency shift.

Eddy Current Problem

Pulsing the gradients causes eddy currents to be generated within the bore of the magnet.
Theresidua eddy current fields after compensation are usually negligible for most
practical applications but can be detected by field measurement experiment. Shimming
methods cannot distinguish between static field inhomogeneity and eddy current effects
erroneous shim corrections may be calculated. Eddy current effects can be cancelled by
setting nt =2. This doublesthe total scan time. A general strategy might beto set nt=1
initially, when the field inhomogeneity is usually poor, and set it to nt =2 during the final
iterations.

Fat-Water Problem

Samplesthat do not include signals from fat in the shim-ROI (such as brain) do not require
fat suppression.
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Shimming routines measure the phase changes from two images. The phase changes from
chemical shift effectsin sampleswith two or more chemically shifted components (e.g. fat
and water) obscure the phase measurements. Limiting the fat signal is necessary during
autoshimming routines since water is used for mapping the field in imaging samples. Two
methods of limiting the signal from fat are:

1. Selectively exciting the water signal with asoft pulseisaconvenient way to limit or
avoid the fat signal. Excite the water selectively in the ge3dshim sequence by
changing the excitation pulse to a 4-10 msec. gaussian pulse and place the
transmitter frequency (H21offset) exactly on the water peak. The frequency-prescan
routines set the frequency on the tallest peak (typically the water peak). The longer
pulse length requires an longer te which can result in greater T2* signal loss.

2. Select the Fatsat option on the Scan page of the Acquire tab.

Selecting this option allows the use of short and hard excitation pulses resulting in
shorter echo times.

Viewing Field Maps and Images

View the field maps generated by the shimming routines for debugging purposes. Field
maps produced showing artifacts the shimming routines do not work. All field maps are
generated inthe vimrsys/gshimdir/data/ directory. For example, z1.f.fdf contains
thefield map produced by the z1 shim. Similarly, B0 . £ . £d£ correspondsto thefield map
generated during shimming. Load and view the field maps by typing the name of thefile,
e.g. Bo. £, and clicking Display image in the Map page or by clicking on FieldM ap.

View the images. The 3 images collected during the fiel dmap measurements are named,
B0.1.mag.fdf,B0.A.magfdf and B0.B.mag. £df, corresponding to tau=0,
delref, and del respectively.

Thefield maps must appear asgradually varying functions. Any abrupt changes going from
positive to negative frequency indicates a phase warp. Reduce the de1 and repesat the
experiment if phase wraps appear within the shim ROI.

Low signal in the shim ROI indicates signal loss due to T,* effects — reduce the del,
te, and/or the threshold.

Click on Shim ROI (B0 .mask . £d£) to view the shim ROI used in the fieldmap
calculations select the image. The image corresponds to the points which are within the
shim ROI and with intensities above the threshold level.

Select images using the image selection menu on the Analyze page. Phase A refersto the
phase-angle image corresponding to the echo time delref and PhaseB refersto the
phase-angle image corresponding echo time de1.The BO field map is generated by
unwrapping the Phase B image.

Use the image sel ection menu on the Shim page to select the magnitude and phase-angle
images:

BO map acquired BOo.f.fif Ate=del
Image B Magnitude image B0O.B.fdf Ate=del
Image A Magnitude image BO.A.fdf Ate=delref
Phase B Phase-angleimage BO.B.wf.fdf Ate=del
Phase A Phase-angleimage BO.A.wf.fdf Ate=delref

Image Mask  Segmented shim-ROI
Test Image Magnitude image testimg. fdf
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A BO fieldmap acquired with FOV parameters that are different from the shimmap FOV
parameters are reformatted to match the shimmap data. Click on the Fieldmap button to
display the reformatted BO map: BO.rl.f.fdf

Omitting Shims from Calculations

Edit the shimmap.GCOIL.param fileinthe vamrsys/gshimdir/calibor /vnmr/
gshimdir/calib directory to ignore specific shims from the standard shim selection
option. This parameter file is generated when the shim calibration maps are acquired. The
following file was collected when the shim selection was set to 1& 2. To ignore the x2y2
shim, set the MAP and ADJUST flagsto 0 and click Generate Shimmap. Shim that are
not mapped are not used in shim calculations.

Listing of the shimmap.GCOIL.FOV.paramfile

#NO-OF-SHIMS
8

#SHIM OFFSET UNITS MAP ADJUST
x1 3200 DAC 1 1
vl 3200 DAC 1 1
z1 3200 DAC 1 1
Xz 6400 DAC 1 1
YZ 6400 DAC 1 1
z2 3200 DAC 1 1
Xy 6400 DAC 1 1
xX2y2 6400 DAC 0 0

Shimming on an Arbitrary Shim-ROI

Definean arbitrary region by using the ROI drawing tools. Select ther oi option on the Shim
page to use the previously selected Shim-ROI for shimming.

1. Click on the Acquire button and acquire a test image.

2. Settheimage orientation to Sagittal and the matrix sizeto 64x32x32 (thesizeis
similar to parameters used in the shimmap).

3. Click on Display Test Image button on the Analyze page.
4. Select the images to be used to draw the ROI using the MMB.

5. Draw theregion of interest using the ROI tools.
Draw the same or different ROI’s on the images sel ected.

6. Click on Generate Shim ROI to save the ROI information.
7. Select theroi shim region for shimming on the Shim panel.

Notes

® Eddy currents can introduce additional field gradients. This can have an undesirable
effect on gradient shimming. Eddy currents are minimized by proper preemphasis
adjustments. Eddy currents can aso be minimized by increasing the slew time of the
gradients and reducing the peak amplitude of the gradients.

® Error messages from the C programs used in autoshimming are not printed in the
VnmrJwindow. Select the window and enter the following to display the messages on
a specific shell window:

)

% tty
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/dev/pts/6

Enter the following on the VnmrJ command line:
vomrjemd ('tty', '/dev/pts/6"')

All VnmrJrelated error messages, including those from the autoshim binary programs
will be printed in the above shell window. Thisis useful when debugging.

® Thege3dshim.log isgenerated during the shim calculations and placed in the
directory: ~/vnmrsys/gshimdir/data/. Contained in thefileisinformation on
the shim parameters and the intermediate files generated during the shim calculations.
Thefile is useful for trouble-shooting problems during autoshimming.

® A minimum of three points are required along each axisto represent the field with a
proper pixel resolution. The pixel resolution in both the shimmap and BO map must be
considered.

® Reduce or start with alower the receiver gain when doing multiple iterations. The
signal strength increases as the field homogeneity improves with each shim iteration.

® Theshim calculationswill fail asaresult of errorsinthe BO field measurementsarising
from phase wrap during the delref interval.

® The shimming routine will fail if the SNR is not sufficient for accurate BO field
measurements.

® Collectindividual shim mapsfor each sample sizethat will be used to insure sufficient
data points are used to represent the field changes over the shim ROI.

® Set the transmitter frequency on the water resonance prior to running the gradient
shimming routine.

® Check and set the transmitter frequency after loading a new set of shims. Z2 and Z4
shimstend to introduce a large BO field component causing the resonance frequency
to be shifted.

References
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gems
® “Advantagesof gems,” page 92
® “Limitations of gems,” page 92
® “Running the sequence,” page 93
® “Optionsfor gems,” page 93

The protocol gemsis a gradient echo 2D multi-slice acquisition technique. Common
variants of gemsinclude FLASH™ (phase incoherent, T, weighted) and GRASS™ (phase
coherent, T,* weighted). Thegems protocol allowsrelatively fast acquisitions (lessthan 10
seconds per image) and short echo time (about 3 to 5 ms).

This protocol is provided as part of the Imaging _Sequences software accessory that
requires separately purchased license and password. If it doesn't appear inthe L ocator when
sorting protocols, install the Imaging_Sequences from the VnmrJ CD.
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Advantages of gems

A single excitation pulseis used in the gradient echo sequence and allows the use of a
reduced pulse flip angle and a shorter repetitiontime (tr). The dataisacquired in lesstime
and high resolution images are obtained in a few seconds.

The gradient echo is therefore very well suited for the following:
® scout scan
® angiography (see angio protocol)
® contrast agent enhancement studies

Limitations of gems
® “Susceptibility Effects,” page 92
® “Reduced Signal-to-Noise Ratio,” page 92
® “Nonsteady-State Artifacts,” page 92

Susceptibility Effects

During the te delay, the spinsareinfluenced not only by T2, but & so susceptibility effects
resulting in rapid loss of phase coherence of spinsin inhomogeneous regions (T2*).
Consequently, gems may suffer from signal loss and possibly image distortions in regions
of large susceptibility gradients. Thisis especially true at high fields.

T2* effects can be minimized by shimming or by reducing the te delay. Alternatively, the
susceptibility effects can be reduced by reducing the slice thickness and/or the pixel size
(i.e., increasing the matrix size or decreasing the FOV), since the loss of phase coherence
is directly related to phase variations within a pixel.

Reduced Sgnal-to-Noise Ratio

Theuse of asmaller rf flip angle and short t r in agradient echo experiment results alower
signal-to-noise than that of a spin echo experiment with similar experimental conditions
(see“sems,” page 105).

Nonsteady-Sate Artifacts

The short t r used in the gems sequence tends to cause a non-steady state condition
resulting in some residual transverse magnetization. Subsequent rf and gradient pulses can
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generate stimulated echoes or other spurious signalsthat can severely distort the resulting
images. Crusher pulses (gspoil) and ro rf spoilers are used to minimize these artifacts.

Running the sequence

Set sequence timing parameters (te, tr, number of averages, number of dummy scans, and
pulse flip angle) and the FOV/slice parameters on the Scan page. Typica valuesfor te and
tr are 10ms and 30ms (single-slice or 50-200ms for multi-slice), while the pulse flip angle
usualy isin the range 5-30°. A minimum TE and TR can be applied by checking Min TE
and Min TR, respectively; however, be aware that minimum TR may cause a gradient duty
cycleerror.

Additional acquisition parameters, such as the RF pulse parameters, receiver gain, and
crusher gradient amplitudes are set on the Acq page.

The correl ation between image orientation and direction of gradientsand the corresponding
Vnmr parameters psi, phi and thetais defined by the following matrix:

Readout Phase encode Sice select (psi,phi,theta)
Axial Y X z (0,0,0)
Coronal Z X Y (0,0,90)
Sagittal z Y X (90,0,90)

In 2D image display, the readout direction is always vertical, while the phase encoding
direction is horizontal.

Notice, that if the gradient coil hasalow duty cycle, you may need to reduce the maximum
gradient allowed for refocusing and readout gradient by entering a smaller number for

Glim, typically in the range 30-75% (of maximum). In addition, you can reduce the spoiler
gradient by checking the Gspoil checkbox, thereby forcing it to use the value you can enter.

The gems sequence is apptype im2D.

Options for gems
® Standard sequence options — “ Standard Sequence Options,” page 114
® “Flow Compensation,” page 93
® “Phase Encoding Rewinding,” page 93
® “RF Spailing,” page 94
® “Gradient Limitation,” page 94
® “Spoiler Gradient,” page 94
® “Table-Ordered Data,” page 94
® “Show Profile,” page 94

Flow Compensation

Selecting Flow Compensation applies flow compensating gradients a ong both the readout
and slice select directions. This may increase the minimum TE.

Phase Encoding Rewinding

Because the spins are not allowed to return to equilibrium between excitations, it may be
necessary to rewind the phase introduced by the phase encoding gradient after acquisition
to achieve a steady state condition. With phase encoding rewinding (PE rewind), agradient
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of the same amplitude but opposite polarity of the phase encoding step isapplied following
data acquisition.

Phase rewinding is controlled by the variable rewind, which can be set to'y' or 'n'.

RF Spoiling

The brief tr used in the gems sequence may cause image distortions due to a non-steady
state condition resulting in residual transverse magnetization. To alleviate this, gradient
pulses (for T1 weighting) or RF spoiling phase modulation (T2 weighting) and rf spoiler
pulses (Zur, Y., Magnetic Resonance in Medicine, 21, 251, 1991) are usually employed in
the pulse sequence to minimize such artifacts.

The RF spoiler is controlled using the parameter rfspoil, which can be set to either 'y' or 'n'.

Gradient Limitation

Glim is ascaling factor on the maximum system gradient strength, which is applied to
refocusing, spoiler, and readout gradients. If the gradient coil hasalow duty cycle, you may
need to reduce glim.

Spoiler Gradient

A spoiler gradient is always applied at the end of the sequence. Checking or unchecking
Gspoil does not disable this spoiler gradient, but rather enables user control of the spoiler
gradient amplitude. If Gspoil isunchecked, the maximum allowed gradient is applied. The
duration of the gradient, t spoil, is unaffected by the checkbox.

Table-Ordered Data

It is possible to acquire data from gems in nonmonotonic order by using an external AP
table to control the order. The tableis selected through the parameter petable. If petableis
the blank string or the letter 'n' or 'N', no table is used and the datais acquired in monotonic
order. If petable isanon-empty string, e.g., petable="'gems128', the sequence will
use the table in the file gems128.

The table file must include the table t1 which much contain as many integers as there are
phase encode steps in the protocol, ranging from -nv/2 to nv/2, however in arbitrary order.
The integers determine the order of the phase encoding steps.

Using atable allows you to play out the phase encode gradients starting from the center of
k-space (centric ordering) or specify partial k-space acquisition.

Show Profile

A profile of the object can be obtained by clicking the button [Acquire profile] on the Acq
page. This function temporarily sets the number of phase encode steps to zero (nv=0),
which signals to the sequence to acquire a single echo under the readout gradient but
without any phase encoding. The above matrix defines which axisto acquire the profile
along (readout). For example, to obtain aprofileaong Y, select axial, for aprofileaong Z,
select coronal. Since none of the predefined orientations have readout along X, you must
select axial and manually set phi=90 (on the Plan page) in order to get aprofile aong X.
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mems
® “Advantages of mems,” page 95
® “Limitations of mems,” page 95
® “Running the Sequence,” page 96
® “Optionsfor mems,” page 96

The mems protocol isa multi-echo experiment, where a series of spin echoes are acquired
following a single excitation. Each echo is acquired following a 180° pulse, resulting in a
series of images with increasing echo time that can be used for quantitative T,
measurements.

SS

ro

pe

4 >e » loop pe times
te/l2 te/2 a

Advantages of mems

The mems sequence allows you to sample a number of echoes with increasing echo time
following asingle rf excitation. The datais subsequently sorted such that all phase
encoding lines acquired at a certain echo time are used to produce an image with a certain
effective te.

The mems sequence is primarily used to obtain multiple images with increasing te for
guantitative measurement of T, in arelatively short time.

Limitations of mems
® “Long Acquisition Time,” page 95
® “Artifacts,” page 95

Long Acquisition Time

The primary limitation of the mems (and sems) sequence isthe long scan time. The spins
must return completely to equilibrium in order to maintain the T,-weighted contrast and
avoid ghosting. A typica tr inthe order of 3-4 seconds resultsin atotal acquisition time
in the order of minutes for high resolution images.

Artifacts

Artifacts caused by theinterference of the spin-echo and stimulated echoes affect the mems
sequence. Crusher pulses are usually applied to eliminate the spurious signals.
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Running the Sequence

Set TR on the Scan page, typically in the order of 3000 ms, or select Min TR for
calculation of the minimum TR value.

The echo times can either be set manually or automatically to the minimum possible. The
Min TE checkbox sets the first echo time, TE, to the minimum. The Min ESP checkbox
calculates the minimum spacing between the first and second echo, and sets the second
echo time, TE2. If the EQ-ESP checkbox is checked, the echo spacing between echoes two
and three, three and four, etc, are automatically set equal to the spacing between echoes one
and two. Notice, that the first echo time, TE, is not the same as the echo spacing. The first
echo time isthe Vnmr parameter te, whereas subsequent echo times are defined as an
arrayed parameter, te2.

An unfortunate side-effect: When manually defining echo times, it is possible to get into a
situation where the minimum echo time reported by the sequence appearsto get longer and
longer, every time you enter anew value. Thisisrelated to are-calculation of the
acquisition bandwidth and thus acquisition time, based on the minimum TE.

Specify athk/thk?2 ratio when defining the FOV and slice parameters. thk/thk?2 it theratio
of the thickness of the excitation (90°) pulse to the subsequent refocusing (180°) pulses.

Additional acquisition parameters, such as the rf pulse definitions, bandwidth, acquisition
time and number of dummy scans are set on the Acq page.

The mems sequence is apptype im2D.

Options for mems
® Standard sequence options — see “ Standard Sequence Options,” page 114
® “Flow Compensation,” page 96
® “Gradient Limitations,” page 96
® “Show Profile,” page 96

Flow Compensation

Selecting Flow Compensation applies flow compensating gradients along either the
readout or the slice select direction, or both. Notice, that this in turn may increase the
minimum TE.

Gradient Limitations

Glim is ascaling factor on the maximum system gradient strength applied to refocusing,
spoiler, and readout gradients. Reduce glim for gradient coils with alow duty cycle.

Show Profile

A profile of the object at each echo time can be obtained by clicking the button Show
profile on the Acq page. Thisfunction temporarily sets the number of phase encode steps
to zero (nv=0), which signal s to the sequence to acquire a single echo under the readout
gradient but without any phase encoding. By default, it displaysthe profilefor the first echo
time. View the subsequent profiles by entering the command cf=<echo numbers> ft,
or al of them at once by entering f1ashc ft dssh.

press

The press protocol is used to obtain a 1D NMR spectrum from alocalized region, with or
without water suppression. press is based on a double-spin echo.

VnmrJ Imaging User Guide for VnmrJ 2.2B 01-999344-00 Draft A Final_edits_011907



4.1 Imaging Protocols

tel/2 tel/2 te2/2 te2/2 |

® “Advantagesof press,” page 97
® “Limitations of press,” page 97

® “Running the Sequence,” page 97
® “Water Suppression,” page 98

Advantages of press

The press experiment offers higher sensitivity advantages over the steam experiment.

Limitations of press

Outer Volume  The three slice selective pulses not only excite signals within the

Contamination  voxel, but also regions within the slice plane. Imperfections in the
pulses result in unwanted signalsin the transverse plane, which can
lead to artifacts in the spectrum. Carefully placed crusher pulses can
be used to destroy the undesired signals. An eight pulse phase cycling
schemeisused in press to cancel out the unwanted signals and
minimize artifacts in the spectrum.

J Modulation The evolution of spinsin the transverse plane causes the phase of the
J-coupled spins to modulate as a function of te and te2. This may
result in a spectrum that cannot be easily phase corrected.

Running the Sequence
1. Loadthe sequence and adjust parameters:

a. Load the press protocol from the Sudy Queue.
b. Load ascout image and define the voxel ROI using the Plan page.
c. Settheechotimeson the Scan page.

d. Select the Advanced page to set additional parameters, including spectral
width (sw), acquisition time (at), and number of data points (np).

2. Acquire a spectrum and reference the water peak:

a.  Click Acquire Spectrum onthe Advanced page to acquire a non-suppressed
test spectrum. This acquires and displays a spectrum without adding an entry
to the Study Queue. Use this spectrum to reference the water to 4.7 ppm.

b. Position the cursor exactly on the water peak.
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c. Click Set water reference.
3. Repeat step 1 and step 2.
4. Click Set freq at cursor to set the transmitter frequency on the water peak.
5.  Set the receiver frequency to center the spectrum on, for example, water:

a.  Click Acquire Spectrum onthe Advanced page to acquire a non-suppressed
test spectrum.

b. Position the cursor exactly on the water peak.
c. Click Receiver ref under the header Offsets on the Advanced page.

Clicking Set freg at cursor setsthe global transmitter frequency, H1lof £ set, at the cursor
location. The offset displayed with Receiver ref isan offset relativeto the transmitter offset.
Start Scan automatically setsthe receiver frequency (tof) to the correct absolute

frequency.

The outer volume contamination can be reduced by applying a crusher gradient. The
amplitude (gcrush) and duration (t crush) are set under Crusher s on the Advanced
page; they arereferred to as te crushersand are typically set to 1-3G/cm and 2-5ms.

The phase cycling scheme consists of 8 steps.

The press sequenceisapptype="'imlD' .

Water Suppression

Water suppression is achieved by applying a selective RF pulse at the water frequency
followed by a spoiler gradient. Three water suppression methods are available:

* WET
® VAPOR
®* DRY

Water suppression is activated through a check box on the Scan page; this setsthe flag
ws="y"'. To set the water suppression frequency (wsfrq) on the water resonance:

1. Click Acquire Spectrum on the Acqg page to acquire a non-suppressed spectrum.
2. Position the cursor exactly on the water peak.
3. Onthe Advanced page, click Suppression under the header Offsets.

The DRY water suppression schemeisa CHESS method (Moonen et al, JIMR 88, 28, 1990),
consisting of three consecutive rf pulses centered on the water frequency followed by
spoiler gradients applied prior to the 90° excitation pulse. The amplitude (gspoil) and
duration (tspoil) of the spoiler gradients are set under Crushers on the Acq page; they
are referred to as CHESS crushers and are typically set as follows..

Parameter Typical Value
gspoil 1-3G/cm
tspoil 2-5ms

WET is an alternative water suppression method using four saturation pulses and is an
extension of the CHESS method. The flip angles of each of the pulsesis optimized and
followed by gradient pulses with decreasing area. WET may be superior to CHESS in
experimentswithlarge rf inhomogeneities, uncertainty intherf offset, or large T, variations
across the sample.
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Optimizing Water Suppression
To optimize water suppression pulses for localized spectroscopy:
® Obtain ascout image.
® Plan the voxel.
® Shim the voxel region using alocalized shimming method such as GE3DSHIM.

The following parameters can be manipulated to optimize the water suppression:

® Shim — Good shimming, alinewidth of lessthan 10 Hz, is necessary for good water
suppression.

® Flipangle
® rf pulse power
® Delay after thefirst rf pulse

The pulse width isinversely proportional to the bandwidth of the water suppression pulse.
A pulse width of 10 msresultsin a suppression of signal in arange of 100 Hz. A well
shimmed system allows the use of a water suppression pulse with a narrower bandwidth,
i.e., longer pulse, and reduces the effect on the rest of the spectrum.

CHESS Optimization

1. Array boththecoarse and fine power levels, satpwr and satpwr £, of the CHESS
pulses to optimize the water suppression.

2. Pressthe Optimize button on the Water Suppr page (- gure 31) to optimize the water
suppression pulse power (or flip angle) by:
® Setting the transmitter frequency on the water peak
® Doing a coarse power adjustment
® Doing afine power adjustment

Sean -Suppression Method -RF Pulse

Plan Suppression on Bandwidth [200.00 Hz  Cursars
Ve WET = Flip Angle [30.00 degx  |L00

Water Suppr
Shape  [sinc
Inter-pulse delay  [0.00 ms
i v Duration [F9 80 ms

Power 2467 dB

Linewidth

[Crushers Flip Angle 2000

TE 5 00 4 00 -star, end 0.00 0.00
ws ':5 00 |:4 00 d1 delay 0.00  ms
-start, end 0.00 0.00

Figure 31. Water Suppr Parameter Page

WET and VAPOR Optimization

Optimize the flipangl e adjustment interactively and select the proper minimum. The
flipangle adjustment procedure for WET and VAPOR water suppression is as follows.

1. Setthe nominal flip angle to 90 deg. and the flip angle factor to 1.0.
2. Click on Optimize - flip(C).

This measures and sets the transmitter frequency on water then arraysthe flip angle
factor from 0.3t0 1.7 in 0.1 unit steps.

3. Pick the optimum null.

The optima null (Figure 32) isthefirst signal going from negative to positive at
spectrum #8.
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a. Enter the correct flip angle factor manually if the routine does not
automatically pick the correct minimum.

b. Select Parameter arraysin the Acquisition Menu in the tool bar.
c. Enter parameter name, fliparray.
View the arrayed parameter.

Optimal null

Figure32. Optimizing the Delay

4. Optimize the power level by clicking on Optimize - flip(F).

Thestep sizefor theflip anglefactor isset to 0.01 for fine adjustment. Theflip angle
factor is chosen as described in

Optimize the delay after the last rf pulsefor WET and VAPOR water suppression schemes
to further minimize the water signal as described below.

1. Optimize the power level (flip angle) caibration first.

2. Select the smallest negative signal in or

3. Setthe start and end values for the delay (e.g. 0 to 4msec).
4. Click on Optimize - delay.

Thewater signal should go from anegative signal to a positive signal. The minimum
signal will be picked by the routine. The parameter, dlarray, is used in the
experiment and can be viewed by selecting Parameter arraysentry inthe Acquisition
menu.

5. Repeat if necessary.

profileld

The profileld protocol isused for testing and calibrating the scanner for imaging. Itisbased
on a spinecho imaging sequence (sems) and gives a one dimensional profile along the
readout axis. Slice selection is used but phase encoding is disabled. The image orientation
defines the read axis as shown below.

Orientation Read axis dSice
Axial y z
Axial90 X

Coronal z y
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Orientation Read axis Sice
Coronal 90 X y
Sagittal

Sagittal 90 y X

Advantages of profile1ld
® Testsrf and gradient functionality
® Checks the position of the sample in the magnet
® Cadibratestherf pulse

Running the profileld sequence

1

2
3.
4

Initialize the imaging parameters in the scan page.
Set TRto 3to5times T1 to alow for T1 relaxation.
Set TE to 20-30 ms.

Set the field of view and slice parameters in the Scan page or the Plan page.

Thefield of view along the read dimension should cover the region of interest along
that direction.

Set additional parametersrelated to the bandwidth; rf pulse, receiver gain, etc. using
the Advanced page.

Click on the Acquire Profile button on the Scan page to view a profile.

Calibrating the RF pulse

1

Calibrate the power using the spuls protocol when setting up a new rf coil.

This enters an approximate power calibration value isinto the calibration file,
pulsecal.

Initialize the imaging parameters as indicated in section, “Running the profileld
sequence,” page 101.

Obtain a sagittal profile and center the sample in the magnet if necessary.

Set theimage planeto axial. This orientation selectsan axial slice at the center of the
rf coil and avoids the B1 field variation (fall-off) at the ends of the coil.

Set the power limit, in dB, for the 180° pulse during power calibration. (63 dB isthe
maximum rf power generated by the amplifier. Reducing the power level by 3dB
resultsin halving the rf power output.)

Click on the Acquire profile button and optimize the receiver gain and other
parametersif necessary.

Click on the Calibrate Power button to initiate the power calibration.

During power calibration ten profiles are collected by arraying the 90° and 180°

pulse power levels simultaneously. The optimum power level isdetermined from the
largest profile and printed in the message window. The profilesare a so displayed on
the graphic screen for verification. Reset the power limit and repeat the calibration
if the profiles do not show a gradual increase to a maximum followed by a decrease.

01-999344-00 Draft A Final_edits_011907 VnmrJ Imaging User Guide for VnmrJ 2.2B 101



Chapter 4. Protocols for Imaging

Options

Select the appropriate amplifier if the spectrometer is equipped with both high and low
power rf amplifiers by checking the entry on the Scan page.

quickshim

Introduction

The quickshim protocol is used to shim a sample quickly using the first order (x, y and 2)
shims. The procedure is similar to the FID shim method used for shimming a sample. The
quickshim protocol uses a basic pulse-acquire sequence. An array of spectra are collected
for arange of shim settings and the optimum shim setting is chosen based on the tallest

peak. The procedureisrepeated with smaller shim settings if necessary. The protocol takes
advantage of thefast responding X, y and z gradients to determine the optimum shim val ues.

Advantages
® Fast — thex, y, and z shims optimized in about 10 seconds
® Single mouse click to start after setting the initial parameters
® Multiple iterations supported

Limitations
® Shimming — limited to x, y, and z shims

® Not alocalized shimming procedure — non-selectiverf pulse excitesthewhole sample

Running the quickshim protocol
1. Load the quickshim protocol.

2. Set up the acquisition parameters as in the case of spuls protocol.
Typica parameters are:

TR 52 ms

TE 0.5ms refers to the pre acquisition delay
Flipl deg flip angle

Width 4us pulse width

Datasize 512 complex data points acquired
Averages 1

Spectral width 10000

Signal level low presig parameter

3. Acquire a spectrum and optimize the transmitter frequency and receiver gain.
4. Reduce the gain to avoid receiver overflow during the shimming process.

5. Set the shim parameters:

Typica settings:
Load Shim on
Iteration on on
Shim step 500 50
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The x shims are arrayed from -5000 to +5000 DA C units with a step size of 500 units and
spectrais collected using these settings. The optimum shim setting corresponding to the
maximum peak height is chosen and loaded into the hardware. Then the procedure is
repeated for they and z shims. Thewhole procedure is repeated using astep size of 50 units
during the second iteration.

Shim Calibration (Inova Systems Only)

Calibratethe polarity of the shims prior to running the quickshim protocol. Each of theshim
coils on the system must be calibrated using the procedure described bel ow. Save the
calibration filein thelocal ($home /vnmrsys/gshimdir) or system (/vnmr/
gshimdir/) directory. Namethefilegshim.gcoil . cal where gcoil refersto the
current gradient coil name. The file contains two lines:

#XYZ_POLARITY
111
Click on the Set Shim Polarity button on the Settings page on VNMRS systems.

Shim Calibration - Alternate method

This section describes a more convenient method to determine the shim polarity. It is not
necessary to position the sample inside the probe as described in the previous section.

1. Placeaspherical sampleinthe magnet.
Set dl the shimsto zero by clicking on the Zero all shims button in the Shim page.
Load the spuls protocol.

2
3
4. Usethe Manual FID Shimming panel and shim using only X, Y, and Z shims.
5. Make anote of the shim values.

6

Create atext file, gshim.gcoil.cal, inthe Shome/vnmrsys/gshimdir
directory, where gcoil refers to the gradient coil name.

Thefile should contain the following text:
#XYZ_POLARITY
111

7. Load the quickshim protocol.

8. Click on Zero all shims button.

9. Set up for shimming as described earlier.

10. Choose asingle iteration and suitable shim step size.

11. Click on Load shims button if the option is not already selected.

12. Check the X, Y and Z shim values on the Settings page and compare them to the
values obtained in step 5.

13. Changethesign of the polarity valuesinthegshim.gcoil. cal fileif thesign of
the calculated valueis opposite to that obtained in the Manual FID routine.

In the following example,

X, 'Y, Z shim values, using manual shimming: 1350 -517 45
X, Y, Z shim values, using quickshim method: ~ -1350 500 100
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change the contents of the gshim.gcoil.cal fileto:
#XYZ_POLARITY
-1 .11
WARNING: If the optimum shim value is close to zero, it may not be possible to
determine the shim polarity accurately because of small fluctuations

in the shim value measurements. The quickshim routine with smaller
step size should give a more accurate shim measurement.

scout

Scout isavariation of the gems protocol (see “gems,” page 91) specifically designed for
obtaining aquick scout image. The protocol obtains a single slice at the isocenter of the
magnet in each of the cardinal planes, axial, coronal, and sagittal, in that order, using te/
tr = 10/20 ms and matrix size 256x128, resulting in atotal scan time of about 12 sec.

Typical FOV parameters for scout:
Human imaging 300 mm
Animal imaging 100 mm
Microimaging 30 mm

se3d
® “Advantagesof se3d,” page 104
® “Limitations of se3d,” page 105
® “Running the se3d sequence,” page 105
® “Optionsfor se3d,” page 105

The se3d protocol is a 3D variation of the sems protocol.

ro

te/2 te/2

Advantages of se3d

The se3d experiment gives artifact-free 3D images of high quality and signal-to-noise. The
se3d experiment iswell suited for:

® High-resolution T;-weighted images (short te, short tr)
® Imaging of regions of high susceptibility
® Scanswhere high signal-to-noiseis critical
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Limitations of se3d

Long acquisition time

The primary limitation of the se3d sequenceis the long scan time (sems has the same
limitation) that effective limits the resolution in the two phase encoding directionsto 32 or
64, even at areduced repetition time. An experiment with matrix size 128x64x64 and
TR=1s, the total scan timeis 69 minutes.

3D limitations

The se3d experiment suffers from the same limited extraction capabilities as ge3d.

ADC overflow

Because the se3d sequence uses non-selective pulses with a 90° flip angle in an almost
fully relaxed system, it islikely to cause ADC overflow. On animal systems, this can be
avoided by setting the parameter presig="'h'. Thesignal can also be reduced by adding
a 10 db attenuator on the receiver port.

Running the se3d sequence

See section “ge3d,” page 65 for adescription of theimage orientations. Set TR to 3-5times
T1 of the sample to avoid image artifacts.

se3disapptype="'im3D' .

Options for se3d
® Standard sequence options — see “ Standard Sequence Options,” page 114

sems
® “Advantages of sems,” page 106
® “Limitations of sems,” page 106
® “Running the sems Sequence,” page 106
® “Optionsfor sems,” page 106

The sems protocol is a spin echo multi-slice experiment resulting in high quality images.

SS

ro

pe

te/2 te/2 ﬂ
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Advantages of sems

The spin echo experiment gives high quality, artifact-free images of high resolution and
signal-to-noise ratio. The spin echo isvery well suited for:

® High-resolution To-weighted images (long te, long tr)
® High-resolution T,-weighted images (short te, short tr)
® Imaging of regions of high susceptibility

® Scanswhere high signal-to-noiseis critical

Limitations of sems
® “Long Acquisition Time,” page 106
® “Ghosting Artifacts,” page 106

Long Acquisition Time

The primary limitation of the spin echo sequence isthe long scan time. Because the spins
should be allowed to return completely to equilibriumin order to maintain the To-weighted
contrast and avoid ghosting, the t r is typicaly in the order of 3-4 seconds, resultingin a
total acquisition time in the order of minutes for high resolution images.

Ghosting Artifacts

Running sems with areduced t r (<2000 ms), for example to obtain T;-weighted contrast
or to reduce total scan time, often results in ghosting artifacts.

Ghosting artifactsresult from residual transverse magnetization experiencing subsequent rf
pulses and gradients, producing signals that are out of phase with respect to the primary
spin echo signal. Running dummy scans and establishing a steady-state condition for the
spins will minimized ghosting.

Running the sems Sequence

Run the sems protocols as follows:

1. Set sequence timing parameters (te and tr) and the FOV/dlice parameters on the
Scan page.

Typica values:
® te=30ms
® tr =3000 ms

2. Set additional acquisition parameters, such asthe rf pulse definitions, bandwidth,
acquisition time, and number of dummy scans on the Advanced page.

The sems sequence apptype iSim2D.

Options for sems
® Standard sequence options — see “ Standard Sequence Options,” page 114

spuls
® “Advantages of spuls,” page 107
® “Limitations of spuls,” page 107
® “Running the spuls Sequence,” page 107
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® “Optionsfor spuls,” page 107

The spuls protocol asimple protocol consisting of an hard (non selective) rf pulsefollowed
by acquisition.

Advantages of spuls

The spuls protocol iswell-suited for the following:
® Obtaining a non-localized spectrum of the entire object for evaluation of global shim
® Global, manual shimming
® Setting the global transmitter frequency
® Cadlibration of anew rf coil

Limitations of spuls

Samplesthat are very inhomogenous may cause the local frequency and shim
characteristics to vary significantly throughout the sample. Using spuls for shimming or
setting the transmitter frequency may yield results that are too coarse for specific
sequences.

Running the spuls Sequence

All relevant acquisition parameters (TR, number of data points, averages, etc.) are set on
the Scan page.

The spuls sequenceisaglobal acquisition and often resultsin a very large signal and
possibly ADC overflow. On animal systems, the parameter presig, (seethe Command
and Parameter Reference manual) can be set to high to automatically insert a 30dB
attenuator on the preamp and thus bring the signal down to a manageable level.

Using presig in slice- or volume-selective imaging experimentsis usually not necessary
where the signal isreduced due to both the limited volume and the encoding of the signal
through gradients.

Use the check box Calculate Power in the RF Pulse group to select whether the RF pulse
power level is calculated automatically based on the specified flip angle, or to specify the
power level explicitly in dB. With the latter option, the flip angle is grayed out to signify
that it isno longer applicable.

The spuls sequenceisapptype="'imlDglobal’.

Options for spuls
® “Setting the global transmitter frequency,” page 107
® “Calibration of rf Power - Coarse,” page 108
® “Calibration of rf Power - New RF Cail,” page 108

Setting the global transmitter frequency

Determinethe global transmitter frequency automatically by clicking onthe Set frequency
button. A spectrum is acquired from which the global water frequency is determined from
the largest peak; the global variable H1offset is set to this frequency. Subsequently, another
acquisition is done using this frequency as the transmitter frequency.

Alternatively, position the cursor on top of the desired peak and click on Freq at cursor,
which causes H1offset to be set to the cursor frequency.
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Calibration of rf Power - Coarse

Use the Calibrate button under Calibrate RF for coarse calibration of the rf power. This
function will set up an array of therf pulse width between the two values entered above the
button. Keep the command line open during this calibration. The operator is prompted via
the command line whether to update the pulsecal file or not at the end of acquisition.

Calibration of rf Power - New RF Coil

1. Specify aname associated with the coil/sample to set up the power calibration on a
new rf coil.

For example, type RFCOIL="'mouse coil' inthe command line.
2. Uncheck the Calc. Power check box on the Scan page.
3. Click onthe Acquire button to initialize the parameters and acquire a spectrum.

4. Click onthe Set Frequency button to set the transmitter on resonance or set the
cursor on the resonance peak and click on the Freq at Cursor button.

5. Define the pulse width range start and end values for the power calibration.

The pulse width range and power level must be chosen such that the signal goes
through aminimum corresponding to a 180° pulse. The calibration routine searches
for the minimum signal and associates it with the 180° pulse.

6. Click onthe Calibrate button to initiate the power calibration routine.

Ten spectra are collected and displayed in the graphics area. The smallest signal is
assumed to be the 180° pulse. The calibration routine prints the pulse width
associated with the minimum signal. Verify that the minimum signal corresponds to
the 180° pulse. amessage is printed if the rf coil name is already present in the
pulsecal database:

Pulsecal entry "mouse coil" already exists

Do you want to replace it? (y, n or g to quit now) :
Type "y" to update the pulsecal file with the new value
and "g" (or <returns>) to quit.

7. Repeat step 6 with new parameters.

For example, after determining the approximate 180° pulse width, set the pulse
width range close to the 180° pulse to obtain a more accurate pulse width.

steam
® “Advantages of steam,” page 109
® “Limitations of steam,” page 109
® “Running the steam Sequence,” page 109
® “Optionsfor steam,” page 110
The steam protocol is used to obtain a1D NMR spectrum from alocalized region, with or

without water suppression. The protocol steam is based on a stimulated echo type of
experiment, and thus suffers from a lower signal-to-noise as compared to press.

This protocol is provided as part of the Imaging _Sequences software accessory that
requiresseparately purchased license and password. If it doesn't appear inthe L ocator when
sorting protocols, install the Imaging_Sequences from the VnmrJ CD.
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Advantages of steam

The steam experiment offers some advantages over press:
® Shorter echo times because steam only has one effective echo period.

® |esssenditive to imperfectionsin the rf calibration and homogeneity due to typically
cleaner dlice profilesof 90° pulsesrelativeto 180° refocusing pul ses, and thus generally
a better defined voxel.

® Optimized water suppression dueto water suppression pulses during the mixing period
(TM)

Limitations of steam

Reduced Sgnal-to-Noise

A factor of 2 loss in signal-to-noise with steam.

J Modulation

The evolution of spinsin the transverse plane causes the phase of the J-coupled spinsto
modulate as a function of te. This can result in a spectrum that cannot be easily phase
corrected.

Running the steam Sequence

1. Onthe Scan page:
® Set theechotime (te) toasmall value, e.g., 10-30 msto reduce T, signal loss.
® Set the mixing time (tm) to 10-40 ms.

2. Click onthe Advanced page and adjust spectral width, acquisitiontime, and number
of data points as necessary.

3. Click Acquire Spectrum to acquire atest spectrum.

Thiswill acquire and display a spectrum without adding an entry to the Study Queue. Use
this spectrum to reference the water to 4.7 ppm as follows:

1. Click Acquire Spectrum on the Advanced page to acquire a non-suppressed
spectrum.

2. Position the cursor exactly on the water peak.

3. Click Set water reference.
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4. Repeat steps 1-2 and click Set freg at cursor to set the transmitter frequency on the
water peak.

The receiver frequency can be set manually in order to center the spectrum on, e.g., water:

1. Click Acquire Spectrum on the Advanced page to acquire a non-suppressed
spectrum.

2. Position the cursor exactly on the water peak.

3. Click on the Advanced page and click Receiver ref under the header Offsets.

The offset displayed with Receiver ref isan offset relative to the transmitter offset.
Start Scan automatically sets the receiver frequency (tof) to the correct absolute
frequency.

Clicking Set freg at cur sor setstheglobal transmitter frequency, Hlof fset, at the
cursor location.

The outer volume contamination can be reduced by applying a crusher gradient. The
amplitude (gcrush) and duration (t crush) are set under Crusher s on the Advanced
page; they are referred to as te crushersand are typicaly set to 1-3G/cm and 2-5ms.

The phase cycling scheme consists of 8 steps.

The steam sequenceis apptype="'imlD' .

Options for steam
® Standard sequence options — “ Standard Sequence Options,” page 114

® Water Suppression — Activate water suppression with the check box on the Scan
page. Follow the water suppression setup in “\Water Suppression,” page 98.

tagcine
® “Advantages,” page 110
® “Limitations,” page 111
® “Running the sequence,” page 111
® “Options,” page 111

Tagcineis a gradient echo sequence for looking at phases of the cardiac cycle and
reconstruction of the images for creating CINE views of the beating heart.

Advantages

Acquisitions for one phase encode step are repeated on one slice for a number of images
(controlled by the parameter ne). Each acquisition corresponds to different phases of the
cardiac cycle. The same phase encode step is acquired for ne cardiac phasesin the next R-
R interval for next slice.

The processis repeated for the next phase encode step after a particular phase encode step
isacquired for all cardiac phasesand all slices. Acquisitions aretriggered at the same phase
in the cardiac cycle using a heart monitor. The sequenceisalso useful to follow the motion
of something with a periodic cycle.

Provisions in the sequence for tagging provides a way to visualize the displacement of
various areas of the heart. RF tagging pulses are used to place parallel stripes or orthogonal
grid tagsin the images. Deformations of the tags during the cardiac cycle progressesarefor
evaluation myocardial motion, fluid flow, or other properties of the object. Tags are sinc

VnmrJ Imaging User Guide for VnmrJ 2.2B 01-999344-00 Draft A Final_edits_011907



4.1 Imaging Protocols

modulated rf pulses preparation pulses (see WU et al, MRM 2002, 48(2), 389-393) applied
before each slice's cardiac phase loop. Spatial separation and width of the tags are
controlled from the Options panel for the sequence.

Additional features of the sequence are: spatial saturation pulses and fat saturation pulse
(both can bewith the tagging pulses), T2 prep, and IR prep. Relaxation of the magnetization
continues as the cardiac phase loop plays. Each successive cardiac phase image has a
somewhat different contrast. The change in contrast is very pronounced for short T2 and
the T2 preparation may be almost entirely gone by the last echo in the cardiac phase |oop.
Using adouble inversion recovery (DIR - Black Blood contrast) suppresses the bright
signal from blood and enhance visualization of the heart tissue.

Limitations

Tagcinewas designed for cardiac imaging and functions similar to the normal gems
sequenceif the number of cardiac phasesisset to 1 but isnot asversatile asgems. Tagcine
is sensitive to T2* and shimming. The preparation pulses are followed by the acquisition
of atrain of cardiac phasesto provide T1- or T2- like contrast. Contrast changes in each
cardiac phase limits the usefulness of the prepul ses and the sequence is not suitable for
guantitative measurements of T1 or T2. Do not run tagcine with both IR and T2 prep at the
same time — select one not both.

Running the sequence

A series of gradient echoes acquired on asingle slice each with the same phase encode step
in acardiac phaseloop isthe base segment of the sequence and is repeated for the next slice
and cardiac phase. The phase encode step is incremented and the process is repeated after
all cardiac phasesfor al slices are acquired for a phase encode step. The parameter for the
number of acquisitions (cardiac phases) for each sliceisne.

The sequence is normally run with the echo time (te) set to its minimum value (click the
minte check box on the Scan page) but not with minimum TR. A mintr buttonisprovided.
Set the number of cardiac phases or Frames on the options page. Three special delay
parameters are provided on the Options page:

® R-Rdelay (variable name, rrdelay) — auser supplied parameter that inputs the
nominal length of the cardiac phase cycle (from R waveto R wave). Itisused in the
sequence to calculate how many distinct cardiac phases can be acquired before the
cardiac cycle begins again, assuming no delay between the acquisition of one phase
and the next.

® |nterphase delay (variable name, idelay) — providesadditional delays between the
cardiac phase acquisitions.

® Delay after thetrigger (grsdelay) —delaysthestart of theacquisition of the cardiac
phase data. This delay is accessed on the options panel in the Delay after entry.

Additional acquisition parameters, such as bandwidth, acquisition time, and dummy scans,
are accessible on the Advanced page.

Options

Tagging

The tagging option is accessed via the Options panel. Tags are applied in the readout
direction, phase direction, or both to create atag grid. Spatial separation and spatial width
of the tags are set from the entries on the Options panel. Entry option for: rf train width,
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rf pulse width, and rf flip angle are aso provided (refer to Wu et al, MRM 2002, 48(2),
389-393 for using these parameters).

IR(T1 prep)

This option uses slice selective 180° pulses, crusher gradient pulses, and inversion time to
produce T1-weighted contrast. The inversion pulses for each slice are sequential, followed
by the inversion time for each, followed by the segments for each dlice in such away that
the inversion time is the same for each slice. Typically the inversion times are long (e.g.
800 ms) to allow all the inversion pulses to be played out before the segment acquisitions
start. Thisimplementation restricts the number of slices for short (e.g. 150 ms) inversion
timesand is why tagcine is not recommended for short inversion time (STIR) experiments.

DIR (Black Blood)

Usethe DIR (doubleinversion recovery) to suppress the signal from blood and make heart
tissues easier to visualize. A non-selective inversion pulse and slice selective inversion
pulse are applied prior to the inversion delay. Theinitial non-selective pulseinverts all the
signals and the slice selective inversion pulse flips the spinsin the imaging slice back to
equilibrium state. An inversion delay, T1 null, is chosen to null the signal from blood
during T1 relaxation.

T1 null =T1 blood* 0.69

Signals from blood entering the imaging slice during the subsequent gradient echo
sequence are substantially suppressed.

T2prep

This option plays out a slice-selective 90-te/2-180-te/2-90 sequence before each segment
acquisition. There are refocusing lobes for the 90 slice selects, and butterfly crushers
around the 180° slice selective pulse. Additional crushers are played out after the second
slice selective 90° pulse. These prepul ses put magnetization into the xy plane, let it evolve
according to T2, then store the T2-weighted magnetization aong the z-axis. Since the
segment acquisition follows immediately, the effects of T1 relaxation are minimal in
influencing the contrast in the image.

Fat Saturation

Thesignal fromfat is suppressed using Fat Saturation. Check the Auto checkbox to usethe
prescan fat frequency. L ocate the frequency prescan at fat frequency or a user defined
frequency entered. A flip angle and pulse duration for the chemically selective pulse entry
is optional.

Spatial Saturation

Up to six spatial saturation bands of arbitrary orientation and thickness may be positioned
from the Plan page. The Spatial Sat checkbox enables or disables the spatial saturation
bands without affecting the positioning of the bands.

Show Profile

A profile of the object can be obtained by clicking the Pr ofile button on the Advance page.
The phase encoding is disabled and etl echoes are acquired for each slice. Thelast profile
acquired is displayed automatically. Use the Process => Display page to view the profiles.
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Imaging parameters

Crushers and spoilers are very important to the correct operation of the tagcine sequence.
Listed below are the parameters for the various crushers and spoilersin the sequence.

Parameter Function

gspoil, tspoil Spoilers at the end of each gradient echo acquisition in the
segment

gcrush, tcrush Crush after each inversion pulse (T1 prep)

gcrusht2, tcrusht2 Crushers following the 90-180- 90 sequence (T2 prep)

gcrush t2180, Symmetric "butterfly" crushers around the 180 in T2 prep

tcrush t2180

gcrushfs, tcrushfs Crushersfollowing afat saturation pulse

gcrush mtc, tcrush mte  Crushersfollowing an MTC pulse

gcrush sat, tcrushsat  Crushersfollowing spatial saturation pulses

Parameters accessed from the Advanced page:

Parameter ~ Function

pl Segment rf pulse width

plflip Flip angle for p1 pulse- usually arelatively small tip angle (e.g. 10 °).
p2 90° rf pulse width, used for T2 prep

p2flip Tip angle for p2 (usually 90°)

p3 Non slice selective, inversion pulse used with DIR option

p3flip Tip angle for the non slice selective pulse (usualy 180°)

pi Inversion pulse used in T1 prep and in T2 prep

piflip Tip angle for the inversion pulse (usually 180°)

Parameters accessed from the Scan page:

Parameter ~ Function

tr Overall repetition time for the sequence

te Echo time for each individual acquisition

ne Number of frames, or cardiac phases, or echoes, to be acquired

ti Inversion time -used in the IR option, defined as the time from the middle of the
180° pulse to the middle of thefirst rf pulse of the segment

tet2 Echo time for the T2 prep. Determines T2 contrast
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4.2 Standard Sequence Options
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® “Inversion Recovery,” page 114

® “Magnetization Transfer,” page 114
® “Fat Saturation,” page 114

® “Spatial Saturation,” page 114

® “Show Profile,” page 114

® “2D Projection,” page 115

® “Tria Spectrum,” page 115

® “Diffusion,” page 115

® “Gradient Limitation,” page 116

The options that are available in most but not all sequences. Refer to the specific protocol
for alisting of options available in that sequence.

Inversion Recovery

Check the I R check box on the Scan pageto turn on inversion recovery. Go to the Options
pageto specify theinversion time (TI in milli-seconds) or click on Acquisition onthe main
menu bar, select Array, and specify alist of Tl values (parameter ti, in seconds).

Magnetization Transfer

Magnetization Transfer Contrast (MTC) is obtained by applying along RF pulse (typically
6-8ms) with alarge RF power (specified as alarge flip angle) at an offset of several kHz.
Go to the Options page to specify the flip angle, rf pulse duration, and transmitter offset.

Fat Saturation

Check the Fat Sat check box on the Scan page to turn on fat suppression. Go to the
Options page to specify the flip angle (typically 90°), rf pulse duration (usually 6-12ms,
depending on the line width of the fat signal), and transmitter frequency for the fat
saturation pulse. If the Auto offset check box is selected, the frequency found during the
standard Frequency Prescan is used, otherwise any valuethat isentered into the Offset field
is used for the transmitter offset.

Spatial Saturation

Check the Spatial Sat check box on the Scan page to turn on spatial saturation band. Go
to the Plan page to define the saturation bands graphically.

Show Profile

Select the Advanced page and click on the Acquire profile button. The parameter
profileissetto'y' (or 'yy' for 3D experiments) and asingle echo (per slice) under the
readout gradient without any phase encoding isacquired. The 2D and 3D imaging sequence
datais displayed in the Plan Viewport.
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2D Projection

3D sequencesrun by clicking the 2D projection button on the Advanced page result in data
acquisition with phase encoding turned off in the second or PE direction resulting in a
projection image. The datais displayed in the Plan Viewport.

Trial Spectrum

Clicking on the Trial Spectrum button on the advanced page using localized spectroscopy
sequences acquires a spectrum in the Plan Viewport. The datain the Plan Viewport can be
evaluated for quality or optimization of the parameters without moving to the Current
Viewport.

Diffusion

Check the Diffusion check box on the Scan pageto turn on Diffusion Weighting. Go to the
Options page to specify the diffusion parameters. Diffusion weighting is obtained by
applying two gradientswith identical duration delta (5, parameter tdelta) and amplitude
(gdiff), separated by the DELTA (A, parameter tDELTA). The gradients have the same
sign in the case of a spin-echo type of sequence (sems, stems, and epi with spinecho
option), or opposite sign (epi with gradient echo option).

Entry of any of gdiff, tdeltaor tDELTA on the Scan page 5.2 ) S
results in the cal culation of the corresponding b-values b = y 6 gdiff (A - Q
according to the Stejskal-Tanner equation:

The maximum b-valueis printed in the message window and givenin ¥mm2. The b-values
are written to the fdf header upon completion of the acquisition and can be utilized for
calculation of the Apparent Diffusion Coefficient (ADC).

Diffusion weighting along different directionsis obtained by selecting one of the available
diffusion schemesin the Diffusion Scheme menu on the Scan page:

Parameter Function

Off diffusion gradients turned to zero

Readout diffusion gradient applied along the readout direction

Phase diffusion gradient applied along the readout direction

Slices diffusion gradient applied along the readout direction

All diffusion gradient applied along al three directions simultaneously.
Notice, that thisis not the same as atrace ADC map

Dual diffusion tensor acquisition with 2 gradients on simultaneously

Dual (2) also diffusion tensor acquisition with 2 gradients on simultaneously, but
repeated twice with all gradient amplitudes reversed in sign for the second
repetition

All of these options call macros for setting the diffusion gradient multiplication factors
dro, dpe, dsl tovaluesintherange[-1.0; 1.0].

The checkbox for diffusion sets the parameter di f £ to turn diffusion weighting on (1) or
off (0).

Turning diffusion on but selecting the Off schemeisnot equal to turning diffusion off. The
differenceisin the sequence timing. With diffusion on, thetime t de1ta isinserted for the
diffusion gradients, regardless of the diffusion factors. With diffusion off, tdelta isnot
inserted for the diffusion gradients.
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The epi and stems sequencesreturns the entire b-matrix as well asthe trace of the b-matrix.
The elements of the b-matrix are given in the parametersbvalrr, bvalpp, bvalss,
bvalrp,bvalrs, andbvalsp, respectively. The b-matrix is then given by:

bvalrr bvalrp bvalrs
b = |pvalrp bvalpp bvalsp
bvalrs bvalsp bvalss

The trace of the b-matrix is returned in the parameter bvalue:

bvalue = bvalrr + bvalpp + bvalss

Cross-terms between imaging gradients and diffusion gradients make a negligible
contribution for the sems sequence and only the theoretical value of b is calcul ated.

Gradient Limitation

A gradient coil with alow duty cycle requires areduction in the maximum allowed
refocusing and spoiler gradients. Enter a smaller number for Glim (parameter g1 im) on
the Advanced page, typically in the range 10-50% (of maximum gradient).

Limit the maximum gradient used for phase encoding by entering a number for Glim PE
on the Advanced page (parameter g1 impe). The parameter gl impe doesnot exist for al
protocols. Create the parameter entering create ('glimpe', 'real') onthe
command line.

4.3 Commands, Macros, and Parameters

Table 3 contains information about the commands, macros, and parameters that are used
with imaging pulse sequences.

Table 3. Imaging Pulse Sequence Commands, Macros, and Parameters

Command Function

dconi Interactively adjusts 2D data displays

dssh Displays an arrayed set of spectra, stacked horizontally

flashc Converts compressed GEM S data set into standard VNMR file format. Needs
to be executed only once on a data set

ft Fourier transforms 1D data

ftad Fourier transforms 2D data

Macro Function

dmi Displays multipleimagesin VNMR

decctool Opens tool to set eddy current, slew rate, and related parameters, using digital
eddy current compensation (DECC)

ecctool Opens tool to set eddy current, slew rate, and duty cycle using computer-
controlled analog eddy current compensation hardware

array Arrays anumeric parameter
filter Sets a gaussian filter for image processing
findpwr Calculates power levels using a sems profile and updates the pul secal file
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Table 3. Imaging Pulse Sequence Commands, Macros, and Parameters (continued)

Command Function

findpw Measures 180° pulse length and updates the pul secal file

ftnf Processes compressed data. It is equivalent to the command £t ('nf ') and
can be used for processing compressed data

ga Acquires and Fourier transforms data

gems L oads default parameters

go Submits experiment to acquisition

imprep Sets up rf pulses, imaging, and voxel selection gradients

ldrf Setsresto equal to transmitter offset frequency determined by setof. The
value of resto ischanged accordingly. Offset frequency is saved in the global
frequency file $SHOME /vnmrsys/Hloffset by the setof macro.

movetof Sets tof parameter to that specified by cursor

offset Sets frequency offset corresponding to cursor location

plan Defines slice parameters using a reference image

pulsecal Loads rf pulse power calibration parameters

rt Retrieves FIDs from a directory (e.g., filename. fid)

rtp Retrieves parameters from a directory (e.g., filename.par)

setarray Setsan array of values for a given parameter

setgn Sets receiver gain

setof Sets reference frequency for imaging (H1 offset)

spuls L oads default single pulse sequence parameters relevant for imaging

svE Saves current parameters and FID datain adirectory (e.g., filename.fid)

sSVp Saves current parameters in adirectory (e.g., filename.par)

Parameter Function

di Setsfirst delay length in standard two-pulse sequence and other pulse
sequences

fliplist Contains alist of pulse flip angles, in degrees

fn Selects Fourier number in read dimension

fnl Selects Fourier number in phase dimension

gcoil Specifies physica gradient set currently installed, and allows updating of
gradient characteristics. gcoil isadatabase file containing gradient
calibration values from the /vnmr/imaging/gradtables directory.

Hloffset Global proton resonance frequency

homo Enables homodecoupling control for first decoupler

lpe Specifies length (field of view) in cm along phase dimension

1lro Specifies length (field of view) in cm along readout dimension

np Sets number of points (rea and imaginary) in readout dimension

nt Sets number of averages

nv Sets number of phase encoding steps. If nv is set to zero, a profile along the
read dimension is obtained

orient Defines orientation of imaging plane by setting the three commonly used

orientations: (1) sagittal (' sag'), perpendicular to X axis; (2) coronal
('cor"), perpendicular to Y axis; and (3) transverse (' trans'),
perpendicular to Z axis It isalso possible to set the orientation to an arbitrary
(oblique) plane by using the p1an macro. For a more detailed description of
orient, see Chapter 9, “Parameters.”
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Table 3. Imaging Pulse Sequence Commands, Macros, and Parameters (continued)

Command Function

pl Calculates length of excitation pulse, in usec

plpat Specifies shape of excitation pulse

pcmapapply Apply Phase Correction Map to Data (C); used in echo planar imaging

pcmapclose  Close Phase Correction Map (C); used in echo planar imaging

pcmapgen Generate Phase Correction Map (C); used in echo planar imaging

pcmapopen  Open Phase Correction Map (C); used in echo planar imaging

presig Selects preamplifier signa level (not available with human imaging systems)

pad Specifies a preacquisition delay

pss Specifies dice position in cm. Can be entered manually or viathe plan macro.

pw Specifies rf pulse width, in psec.

resto Specifies resonance transmitter offset frequency, in Hz. It must be set so that
the transmitter is on the resonance frequency of the imaging component,
usually water. 1dof can be used to set this value from the global value in
Hloffset.

rfcoil Contains rf pulse calibration entry in pulsecal file. Thelocal rfcoil
parameter isinitialized from the global RFCOIL parameter

tcapply Apply table conversion reformatting to data

tcclose Close table conversion file

tcopen Open table conversion file

te Specifies echo time, in sec. For GEMS, it is usually set to lessthan 0.01 sec to
minimize T,* effects

thk Specifies dice thickness, in mm

tpwr Specifies pulse power output, in dB units. 63 dB is the maximum value

tpwrl Specifies pulse power for the excitation pulse. The imprep macro setsthe
pulse power to the value specified by £1iplist. For GEMS, set tpwrl to
correspond to a 10° to 20° flip. If the tpwr1l vaueisreduced by 6 dB, the flip
angleis reduced by 50%. For example, reduction in the power by 12 dB
correspondsto aflip angle of 22.5° (90°/4). £1iplist providesaeasy way to
change the flip angle.

tr Specifies recycle time, in sec. It must be set to allow for spinsto return to their

equilibrium state. For GEMS, it can be reduced to about 0.025 sec to 0.1 sec
because of the low flip angle (5° to 30°) used for excitation.
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Sectionsin this chapter:
® 5.1 *Image Display and Manipulation Tools,” on page 119
® 5.2 *Review Queue and Organizing Images,” on page 120
® 5.3"Image Annotation Editor,” on page 124
® 5.4*"Regionsof Interest,” on page 125
® 5.5%Using and Creating Accelerator Keys,” on page 126
® 5.6 “Drag and Drop on Graphics Canvas,” on page 130
® 5.7 *Review Queue Command (aipRQcommand) Options,” on page 130

5.1 Image Display and Manipulation Tools

Locations of the display and manipulation tools are shown in Figure 33. Refer to “\/nmrJ
Imaging Interface” on page 197, for afull description of the VnmrJ interface and icons.

p Show all imaging pretecols containing alk
scans created by varian and me
on any date
51 S24 53

2l name ¥ | wpe = | anatomy = |

epi basic head

fastmap bazic head
fseld basic head
fzams bazic head
ge3d basic head
ge3dshim bazic

gerns basic head

!

¢ epi
[4 sec] epi

Addd 10 Queue | Start Queue |

Study Options I~

clear RO select

[aingg_[v]| displayl 1) o Claute Review queue - minimized
T | clear display ﬂ

Figure 33. Image display and manipulation tools
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5.2 Review Queue and Organizing Images
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The review Queue (RQ) is used to organize and view images in the Review Viewport.
® *“| oading Datainto Review Queue” on page 120
® “Removing Datafrom Review Queue” on page 120
® *“Table Columns’ on page 120
® “Toolsin Review Queue’ on page 122

The Review Queue (RQ) maintainsalist of scans currently loaded inthe Review Viewport.
Scans loaded in RQ are manipulated in the same way entries are manipulated in the Study
Queue (SQ). Studies or scans are added to the RQ from the Locator (from sorting Studies
or NMR data) or from the current SQ. The parent nodein RQ correspondsto the study from
which the data originates. Sub nodes correspond to each loaded scan and not necessarily
the entire study.

Drag and drop scansto a different locations in the RQ to change their order. Nodes are
updated or parent nodes are added as necessary. A parent node always correspondsto the
originating study. Each scan is assigned a sequential group number asit isloaded. The
group number is updated as the order of scans in RQ changes by dragging and dropping
within RQ.

Loading Data into Review Queue

The choice of operation depends upon the objective.

® Add datato the RQ list — drag and drop a study or scan from the Locator or SQ into
the RQ. The node isinserted where the datais dropped (if the datais not currently in
the RQ).

® Add datato the RQ list and display the imagesin a certain frame — drag and drop a
study or scan from the Locator or SQ into the frame. The node is added to the end of
thelist (if the datais not currently in the RQ). Images are displayed starting from the
frame where the data is dropped.

® Add datato the RQ ligt, retrieve fid and parameter, and display the images — double
click ascanin the Locator or SQ. The node is added to the end of the list (if thedatais
not currently in the RQ). The fid and parameters are retrieved.lmages are displayed
starting with the first frame.

® Reload imagesalready inthe RQ — sel ect images using the menu on the RQ tool panel
and click the reload button.

Removing Data from Review Queue

® Removedatafrom RQ and any related images that were displayed — drag astudy, scan
or image from RQ to the trash.

® Removeit from RQ and the image from the display — Select the drag tool ﬂ from
the graphics bar and drag the image from the frame to the trash can.

Table Columns

A nodeis created in a hierarchical structure of study =>scans(s) =>image(s) when a study,
scan, or image is|oaded to Review Queue. The study level is attached to a scan wheniit is
loaded. Both the scan and study levels are attached to an image when an image is loaded.
The node is added to current RQ. Multiple studies can be loaded and each study may
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contain multiple scans of images. A scan is treated as a group (of images). The RQ table
has 12 columns.

Column

Description and Operation

name

group

display

images

frames

slices

echoes

Name of studies, scans and images as tree nodes in RQ. The parent node
corresponds to the originating study.

Double click on the node to expand the node all the way down to the
individual images. Double click on the node to collapse.

Rearrange nodes by dragging and dropping the names with left mouse
button. Parent nodes are updated as needed.

A node is copied if the control key is held while dragging and dropping
the node RQ. Any parent nodes are also copied when copying a node.

The number assigned to the scan (group) reflects the order of the scan in
the RQ. Images in the scan have two index numbers: local index (1 to n,
the total number of images in the group) and a global index that changes
when the scansin the RQ are rearranged. Image indices are used for image
selection. Set aipNameFrames=2 (global) or aipNameFrames=3
(local) and click Display in RQ to display the indices in the image frame.

This field shows group numbers and number of imagesin agroup. A
group isascan (by default). A group containsimages from the same study
and same scan. When aimagein group A isdropped to group B, it is
added to group B only if group A and B have the same scan and study
names, otherwise the image (of group A) are inserted in group B with its
original scan and study names. Group B will be split in to two groups,
each with their scan and study names.

This column contains check boxes for selecting groups for display. If a
box is checked, images in that group will be displayed when clicking the
display button. (see “Toolsin Review Queue” on page 122 and “Image
Selection” on page 123).

This column contains editable text fields where images in agroup are
selected by local image index of the group, see “Image Selection” on
page 123.

This column contains editable text fields where frames are selected to
display a group of images. Frames are selected by frame numbers, rows,
or columns, see “Image Selection” on page 123. If auto layout is
checked, as many frames as specified will be laid out, otherwise images
are displayed in the current layout. If more images are selected than
current number of frames, the images are displayed in multiple batches.

If aframe is selected by more than one group, and these groups are
selected to display at the same time, images will be overwritten.

Check the box to sort theimages in the group by slices or uncheck the box
to sort by echoes (or arrayed images).

For example, if images are sorted by slices, and 1-2 are selected, images
slice001image001echo001 and slice001image002echo001 are displayed,;
if images are sorted by arrayed images (or echoes) and 1-2 are selected,
slice001image001echo001 and slice002image001echo001 are displayed.

This column are editable text fields where slices are selected, see “Image
Selection” on page 123.

This column are editable text fields where echoes are selected, see
“Image Selection” on page 123.
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Column Description and Operation

array Thiscolumn are editable text fieldswhere arrayed images are sel ected, see
“Image Selection” on page 123.

ns number of slices for a scan or slice index for an image

ne number of echoes for a scan or echo index for an image

na array size for ascan or array index for an image

Tools in Review Queue
RQ tool panel islocated below the RQ table.

Tool Description

clear RQ button ~ Remove all images from Review Queue and unloads all images
from the browser.

select menu Select images to reload:
All in RQ —all imagesin the RQ
Selected in RQ — reload selected imagesin RQ
Select... —images listed in the select field
Displayed — currently displayed images

reload button Rel oads sel ected images

select field Enter images for display using “Image Selection” on page 123.
The display, images, and frames field in the RQ table are
automatically updated.

display button Display selected images in RQ. If there are more images or frames
than current frame layout, images are displayed as batches. This
button sets ai pDisplayMode = 2 (display images selected in
Review Queue) and rgsort = 0 (do not globally sort images
according to slices or scans, use frames selected in Review Queue).
left/right arrows  Display previous/next batch of imagesin selected RQ.

auto checkbox Check to enable auto layout. The number of frames as specified in
Review Queue are created automatically to display the selected
imagesin asingle batch of images.
Uncheck to disable auto layout and use current frame layout .

clear display Clear image display and uncheck all selected groups.

button

expand/minimize Toggle Review Queue table between expand and minimized.

name aroup |display|_images | frames

= angio3d:GL(1) 0 1-1  1-
Review Queue

[l 1 [ ID
dear RQ. select all
displey Qato ||

clear display

—Expand view

reload

name group | display|_intages | frames son | sh[es | echoes | array | ns | ne | na

e-anmd Ly 1= 1\ 1-1 1-1 1 1 1

_dearRey | ot |
n d\s |ay [auta
reload || eardlispay] —— Minimize view
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Image Display
Display images choices:
1. Doubleclick on the image datain the L ocator, SQ, or RQ.
The images starting from the first frame are displayed.

2. Drag and drop the datato a frame.
Theimages starting from that frame are displayed.

Image Selection
All viewports and images are maintained in the following tree structure:
studies/groups/images.

Images are selected using selection mode which has the following options:
Option result

for all images

for images of a selected group (by click an image of that group)
for images selected in RQ

for images of selected frames

for images selected by a string

for images displayed

for images selected by previous command

N O OB 0N B

Selection mode 5 (select images by a string) has the following syntax and arguments:

g<number, number, . ..>- (image) [frame]

g<number, number> number is the group number or the number of each group
who's image and frame fields are to be set the values for

image and frame.

(image) set the value of the image field for each group specified in
group to thisvalue. If no valueis supplied, RQ table value
is used.

[frame ] set the value of the frame field for each group specified in
group to thisvalue. If no valueis supplied, RQ table value
is used.

Examples:

gl-(l-ns*ne*ma:3) setsthe images field of all groups to 1-ns*ne*ma:3

gl,3(1-2) sets the image field of groups 1 and 3 to the value 1-2

‘1- select dl loaded images

‘gl,3(1-)"’ select al imagesin groups 1 and 3

‘gl, 3’ select all imagesin groups 1 and 3 as selected in RQ

table

‘gl[lrllg2[r2]g3[r3]’  select selected imagesingroup 1inrow 1, group 2 in
row 2, and group 3 inrow 3

g3(1-) [9-] setstheimagefield of group 3to 1 and the framefield
to9
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If group is not specified, the () for image selection can be omitted and the number will
imply global indices of all loaded images.

5.3 Image Annotation Editor

The Imaging Annotation Editor, Figure 34, provides the tools designing new templates or
modifying existing templates.

N
:
Tool panel e Image window
\ =

Type of element. none
Style of elernent:  StdPar ~ || Edit Styles

- Editor Panel
/

Grid Number 50
Template: Full vl save | Load || Remove Preview | Close

Figure 34. Image Annotation Editor

Start the image annotation editor:
1. Select Layout tab.
2. Click on Edit to start the Image Annotation Editor.

The Imaging Annotation Editor window is divided into three areas:

® Image window — the grid area that represents the image. The resolution of the grid is
30x30 by default. Thisis changed in the Grid Number field in the Editor panel.

® Tool panel —a ong theleft side of thewindow holdstools for creating new components
and buttons.

® Editor panel —along the bottom of the window allows editing of the selected
component.

Annotation components are listed below:

Group A Group is arectangular container that holds a grouping of compo-
nents. A group can be dropped at any location of the image window,
where it is docked to one of eight compass rose locations: North,
Northeast, East, Southeast, South, Southwest, West, Northwest.

L abel A rectangular area for either a short text string or an image icon. To
display both text string and an imageicon, two labels are used.

Textmessage  Text field displaysthe value of a parameter, or an expression. Param-
eters need to exist in a FDF header, or the procpar file of the scan.
Select commonly used parameters from the Parameter s menu on the
upper-right corner of the editor panel. Parameters not found in the
FDF header, procpar file, or not have avalue, are displayed as an
empty string.

The Template menu lists the templates located in:
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$vnmruser/templates/vnmrj/annotation

Svnmrsystem/templates/vnmrj/annotation

Theloca template is shown if atemplate existsin both locations.

5.4 Regions of Interest

Regions of Interest (ROIs) are user-specified areas on the images. You can draw several
general shapes of ROIs:

Regions (polygons) D‘ , ovals (ellipses) g , and boxes (rectangles) g
define areas interior to the drawn figures.

Points ﬂ lines M , and curves (or polylines) a define just the area directly
underneath the drawn lines.

Drawing ROIs

Draw regions — Enter the mode for the desired shape and then drawing the figure by
clicking the left mouse button and dragging the mouse to shape thefigure. Release the
mouse button to complete the ROI creation.

Draw curves or regions — Drag the mouse creates a continuoustrail of vertices along
the path of the cursor. Releasing the mouse button and then |eft-clicking draws single
vertices. End the creation of acurve or region by clicking the middle mouse button or
double-clicking with the left button.

Constrain linesto be horizontal, vertical, or 45° — Hold down the Shift key and drag
one end of the line. Boxes or ovals can be forced to be square or circular by holding
down the Shift key while dragging the mouse.

Modify existing ROls — press the |eft mouse button down on a vertex and drag the
vertex to anew position. An ROI can be moved by dragging on any side of the ROI
figure, far from avertex. In the case of avery small ROI or a curve or region with
continuous vertices around its perimeter, hold down the Shift key while moving the
mouse to keep vertices from being selected.

Modify curve and region ROIs by adding or deleting vertices— Add avertex: Hold
down both the Control and Shift keys and click on aline position on the segment to
place the new vertex. Delete a vertex: drag it on top of a neighboring vertex.

Selecting ROIs

Select or deselect ROIs. When an ROI is selected, it is marked by having a small square
drawn at each vertex. An ROI can be selected by going into Select mode M , moving the
mouse near the ROI's boundary, and |eft-clicking. Besides sel ecting the ROI, this action
deselects any previously selected ROIs.

Hold down the Shift key and clicking the left mouse button on an ROI selects or
deselects it and puts all ROIs into the same state.

Hold down the Control key and click the left mouse button on an ROI selects or
deselectsit and puts all ROIs bound to it into the same state. ROI s that are not bound
to the selected/deselected ROI are not affected.

Click the middle mouse button to toggle between the ROI sel ected/deselected state
without affecting other ROIs.

The ROI s section tab enables you to select or deselect all ROIs at once.
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Deleting ROIs

Delete an individual ROI by clicking on it with the right mouse button. To delete the ROI
and all ROIsthat are bound to it, hold down the Control key and click the right mouse
button. To delete all ROIs, hold down Shift key and click the right mouse button on any
ROI. You can a so delete ROIs with the Delete Selected button on the ROI tab.

Binding ROIs
Create identical ROIsin al of the selected frames as follows:
Choose Bind ROI Creation in the Settings panel.

When you create a group of ROIsthis way they remain bound together afterwards.
Modifying one ROI modifiesthem all, even if all frames are not selected. However,
itis possibleto individually select or delete ROls.

Redraw bound ROIs dynamically as upon modification any one ROI.
1. Select the Max Tracking ROI's menu.
2. Select the number of ROIs that will be dynamically updated.
Choose0 to completely turn off dynamic updating.

3. Select Bind ROI creation and specify one of the following:
® Other ROIs bound to the one being draw on are selected after being created.
® Other ROIs bound to the one being draw on are unselected being are created.

Use the ROI Numbering menu to control the display of ROl humbers on the image.
1. SelectIn Box.

2. Enter number labelsin ablack rectangle to make it more visible.

5.5 Using and Creating Accelerator Keys

® “Typesof Accelerator Keys' on page 126
® *“Using Accelerator Keys’ on page 128
® *“Creating Accelerator Keys Requiring Focus” on page 128
An accelerator key combines of one or more key strokesto accomplish an action associated

with amouse click over on button or as shortcuts for frequently used commands used.
Access to the commands on a particular panel are not restricted by accelerator keys.

Types of Accelerator Keys

® Standard accelerator keys
These keys work anywhere within the VnmrJ window once the VnmrJ window is
selected and require one modifier key (Alt or Ctrl) or two modifier keys (Ctrl and Shift)
followed by an alpha (a, b, c ...) or numeric (1, 2, 3,+,- ...) key.
An example is the accelerator key combination for Zoom/Pan: Ctrl+Shift+s.
Accelerator keys supplied with VnmrJ 2.2A are located in:
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/vnmr/templates/vnmrj/interface./KeyStrings.txtandlistedin
Table 4. The Ctrl and Control keys are the same key.

Table4. Standard Accelerator Keys

Function Accelerator Key Command or macro executed
Refresh Ctrl+L aipDisplay ('redisplay')
Select Ctrl+Shift+S aipSetState (1)
Zoom/Pan Ctrl+Shift+Z aipSetState(8)

Vertical Scale Ctrl+Shift+V aipSetState (2)

Draw Point Ctrl+Shift+P aipSetState (3)

Draw Line Ctrl+Shift+L aipSetState (4)

Draw Box Ctrl+Shift+B aipSetState (5)

Draw Oval Ctrl+Shift+O aipSetState (10)

Draw Curve Ctrl+Shift+C aipSetState (6)

Draw Region Ctrl+Shift+R aipSetState(7)

Image Math Ctrl+Shift+M aipSetState (100)

+ Ctrl+Shift+right-click-on-image  stepMovie ('+")

Ctrl+Shift+left-click-on-image

stepMovie('-")

® Keys that function only on a specific graphics area or widget.

These keysare active following the selection of a specific graphics areaor widget (this
isreferred to as focus) and can be single or multiple letter accelerator keys. Modifier

keys are not required.

Focus is gained by single clicking on the graphic area or widget to make it active.
Selecting any other area graphics area or widget move the focus to the new area and
makes the new area active. Only one graphics area or widget is active at any time.
Table 5 has examples of accelerator key requiring focus on a specific area or the
graphics screen or widget. The Function, Key Sroke, and Command as shown as they
appear in fields in the Acceleratorkey Editor.

Table 5. Examples of Accelerator Keys and Commands

Function Key Sroke or [KEY] Command

(label="string” ) (key="<key(s)") (cmd=" command<options>")

ds DS[N] ds([n])

re-process RP process

deleterois [DELETE] aipDeleteRois

delete selected frames [BACKSPACE] aipDeleteData ('selected!')

display imgnand amp; forward, [N]S[N] RQdisplay (' [n] -

skip n, start from clicked frame : [n] ['+aipClickedFrame+'-]1")

display img nin clicked frame [N][ENTER] RQdisplay (' [n] ['+aipClickedFr
ame+']")

display img n &amp; forward [N]F RQdisplay (' [n] -

start from clicked frame ['+aipClickedFrame+'-]")

display all images A[ENTER] RQdisplay ('1-[1-1")

display all imgsingroupnstart  A[N] RQdisplay ('GI[n] (1-

from clicked frame
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128

Table 5. Examples of Accelerator Keys and Commands

Function Key Sroke or [KEY] Command
(label="string” ) (key="<key(s)") (cmd=" command<options>")
add arow AR aipAutoLayout=0

aiplitWindow (aipWindowSplit [1
1+1, aipWindowSplit[2]),
RQdisplay ('batch', rgnext)

display selectedimgsingroupn  G[N] RQdisplay ('GI[n] (1-
start frame clicked frame ) ['+aipClickedFrame+'-]")

Using Accelerator Keys

Accelerator keys are shortcuts for frequently used commands or actions. There are two
types of accelerator keys:

1
2.

1

Standard accelerator keys
Click anywhere within the VnmrJwindow and make the window the active window.
Press and hold the modifier key (Alt or Ctrl) or keys (Ctrl and Shift) and an alpha (a,
b, c...) or numeric (1, 2, 3,+,- ...) key.

Keys requiring selection or focus.
Select an object (the graphics canvas, region within the graphics canvas, or widget)
by moving the cursor over the object.
Theintensity of some objectswill change when the cursor is over the object to

indicate that focus is now on the object and other objects require clicking with the
left mouse button before the focus is on the object.

When the graphics areahasthe focus, the key stokes are accumulated in abuffer, key
strokes are matched an accelerator key(s), the command is executed, and the buffer
isemptied. Unmatched key stokes sequences are accumulated in the buffer until one
of thefollowing events has occurred: an accel erator key stokes sequence is matched
to acommand, time has expired, or the Escape key is pressed.

Type an accelerator key or keys.

Creating Accelerator Keys Requiring Focus

“Basic Rules for Accelerator Keys’ on page 128
“Creating Accelerator Keys’ on page 129

The most logical use of accelerator keysisto display images in frames selected by mouse
click. Table 4 contains examples of multiple letter accelerator keys for display of selected
images starts from the frame user clicked before typing the keys.

Basic Rules for Accelerator Keys

The most useful accelerator keys have one letter key or one letter key plus numbers if
desired. Using multiple letters for an accelerator is allowed.

A letter used as a one letter accelerator key can not be used as the first key of any
multiple key stroke accelerator. The buffer reads each key asit is entered, matches key
to acommand, and empties the buffer. Multiple key accelerators mush have unique
sequences of key strokes.
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® Accelerator keys patterns must be:
letter key or letter keys—a, aa, abc ...
letter key or letter keys and number key or number keys—bl, cbl, dc23, ...
number key or number keys—4, 56, 742, ...
number key or number keys and letter key or letters— 6a, 8cha, 321cha, ...
Letter and number keys cannot be interweaving (a3d is not an allowed key stroke).

Creating Accelerator Keys

Table 5 was derived from the file mapping key stocks to commands supplied with VnmrJ
2.2A islocated in:

/vnmr/templates/vnmrj/interface/acceleratorKeyTable.xml.

The contentsof acceleratorKeyTable.xml are modified or edited using the
Acceleratorkey Editor asfollows:

1. Loginaseither agenera user (to create local user accelerator keys) or asvnmrl (to
create global accelerator keys).

2. Start VnmrJd.

3. Enter vhbmrjcmd('edit', 'acceleratorKeys')

The Acceleratorkey Editor window starts.

4. Click on the Editor tab.

Editor consists a table showing existing accelerator keys that are defined by three
entries: label, keys, and cmd.

® label —aname for the keys
® keys —combination of key stoke(s) that will be map to a command.

Keys are not case sensitive. Strings representing a special keys are placed in
square brackets sothelettersare not interpreted literally asmultiple singlel etter
key strokes. The following are the special keys that can be used:

[n] [ctrl] [shift] [alt] [meta]
[space] [enter] [backspace] [delete]

® cmd —vnmr command executed by the accelerator key(s). The command string
is case sensitive.

5. Do one of the following:
® Modify an existing acceleration key.
a.  Clicking (selecting) the row representing the accelerator keys in the table.
Thelabel, keys, and cmd will be shown in editable fields below the table.
b. Make changesto any or all the fields.
® Add anew accelerator key(s).
a.  Click on any row in the accelerator keysin thetable.
Thelabel, keys, and cmd will be shown in editable fields below the table.
Remove the existing key combination from the keys row.
Define aunique key combination for the new command.
Remove the existing label from the 1abel row.

® 2o o

Enter atable for the new command.
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f. Remove the command from the ecmd row.

g. Enter the new command (command are case sensitive and follow standard
vnmr/vnmrj syntax).

6. Selectthe Preference tab.

7. Set the time out for the buffer.
The default time out for the buffer is 2.0 seconds.

8. Set the key stroke time out.
Thekey stroke time out default is 0.5 second.

Key stoketime out applies only to numerical keys. Setting the key stroke time out to
less than 0.5 seconds allows interpretation of multiple digit numbers as part of
accelerator key and not interpret individual number key strokes. are, i.e., if two or
more numerical keys are to be interpreted as one number, the delay between these
key stokes should be lessthan 0.5 sec., otherwise only the first numerical key stroke
will be interpreted.

5.6 Drag and Drop on Graphics Canvas

Drag and drop on graphic canvas provides atool for direct manipulation of the images on
the screen. Images can be moved to an available frame, copied to an available frame, or
deleted. The display arrangement using drag and drop of imagesis not remembered by RQ
and will be lose when the data set is reloaded and displayed.

1. Layout theimages so that there are empty frames (except when deleting an image).
2. Select the & tool and moveit over the desired image.
3. Choose one of the following operations on the image:
® copy — hold the control key and |eft click, drag and drop into an open frame
® delete— hold the control key and left click, drag and drop into the trash can
® move — left click, drag and drop into an open frame

5.7 Review Queue Command (aipRQcommand) Options
The aipRQcommand is used by VnmrJ and the macros RQaction and RQ display for
working with images. Functions of aipRQcommand are the following:

® *“|oading and Selecting Images’ on page 130

® “Displaying Images’ on page 132

® “Deleting and Removing Images’ on page 134

® “Manipulating Images and Other Functions’ on page 135

Loading and Selecting Images

® *“| oading Specified Images’ on page 131
® *“Selecting Specified Image or Images” on page 132
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Loading Specified Images

Images are loaded and displayed only if path isafile or frameToStart isspecified.
If pathisadirectory and frameToStart isnot specified the image isloaded but not

displayed.

Syntax
aipRQcommand ('load',path, <node>, <x, y>)
aipRQcommand ('load',path, <node>, <frameToStarts)

(
(
aipRQcommand ('load',path, < nodes)
(
(

aipRQcommand ('load',path, < frameToStarts)
aipRQcommand ('load', path)
Arguments Value Comment
path directory of £df If path isadirectory, image directories are|oaded
files. recursively. Each image directory is agroup.
If recondisplay inthe procpar fileisN and N
> zero, every N images will be selected (i.e., 1-:N)
for display, otherwise all images will be selected.
If the number of selected imagesis> rgImageN-
odes, thefirst N image will be selected by default.
If rgImageNodes isnot defined or is zero, N is
100;
node RQ node above which the new nodes will be inserted.
" default — an empty string and datais appended not
inserted.
<#tH> id in the form of study group image (study number
group number image number) representing the RQ
node
Examples 100 — first study
12 0 — second group of first study
121 — first image, second group of first study.
frameToStart Frame to start the display. Frame numbers start
from 1 to rows* columns.
1 default
0 Usefirst available frame (first empty frame or the
first frameif there are no empty frame).
<0 abs (frameToStart) will beused. Current
display is erased.
X,y L ocations of the graphic area where the image(s) are dropped. Frame 1 is

used if x, y isout of the range.

Related

The following command
aipRQcommand ('load', path, <frameToStart>)
works the same as commands:

aipLoadFile (path, <frameToStarts>)
aipLoadDir (path, <frameToStarts))
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Selecting Specified Image or Images

The aipRQcommand ('select') command uses selection mode and selection string
defined by parametersaipDisplayMode anduserselectionif selection isnot

specified.
Syntax
aipRQcommand ('select', <selection>, <globalSorts)
Arguments Value Comment
selection First syntax
'all’ select all images
'rq' default — select images selected in RQ
'frames’ select imagesin selected frames
'group select imagesin the same group of a selected
frame.
selection Alternate syntax
'1-'or'all’ select al images
'‘gl(1-)" all imagesin group 1
'gl(1-9) [3-]1" images1-9ingroup 1 starting from frame 3
'gl-(1-:2)" every other imagesin all groups.
globalSort 0 sort by scansif selectionisnot 'rg' or
and alternate selection syntax
1 default — sort by scans
2 sort by slices

Displaying Images
® “Displaying Images by path” on page 132
® *“Displaying Images by selection” on page 133
® “Displaying Images by key” on page 133
® *“Displaying Images by batch” on page 134

These commands load and display the data and is equivalent to using the two commands,
aipRQcommand ('load!',...) and aipRQcommand ('display"').

Displaying Images by path

Syntax
aipRQcommand ('display', path, <node>, <x, y>)
aipRQcommand ('display', path, <node>, <frameToStarts>)

aipRQcommand ('display', path, <frameToStarts)

(
(
aipRQcommand ('display', path, <nodes)
(
aipRQcommand ('display', path)
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Arguments  Value Comment

path directory of £4f files  If path isadirectory, image directories are loaded
recursively. Each image directory is a group.
If recondisplay intheprocpar fileisN and N > zero,
every N images will be selected (i.e., 1-:N) for display,
otherwise all images will be selected.
If the number of selected imagesis> rgImageNodes,
the first N image will be selected by default.
If rqImageNodes isnot defined or is zero, N is 100;

node RQ node above which the new nodes will be inserted
default — an empty string and data is appended not
inserted.
<tHt> id in the form of study group image (study number group
number image number) representing the RQ node
Examples 100 —first study

12 0 — second group of first study
121 —first image, second group of first study.

frameToStart Frame to start the display. Frame numbers start from 1 to
rows* columns.
1 default

Use first available frame (first empty frame or the first
frame if there are no empty frame).

<0 abs (frameToStart) will beused. Current display is
erased.
X,y row #, column # Locations of the graphic area where the image(s) are

dropped. Frame 1 isused if x,y isout of the range.

Displaying Images by selection

Syntax
aipRQcommand ('display', <selection>, <globalSorts, <layoutMode>)

This command is equivalent to:

aipRQcommand ('select',...) plus
aipRQcommand ('display', 'selected',...)
Command equivalents of aipRQcommand ('display', 'all') are:

aipDisplay and aipDisplay('all').

Displaying Images by key

Syntax

aipRQcommand ('display', key, <globalSort, layoutMode>, <x, y>)

aipRQcommand ('display', key, <globalSort, layoutModes,
<frameToStart>)

aipRQcommand ('display', key, <globalSort, layoutModes)

aipRQcommand ('display', key, <x, vy>)

aipRQcommand ('display', key, <frameToStarts)

aipRQcommand ('display', key)
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Arguments value comment
key dir +' '+ name +'0'
globalSort 0 sort by scansif selection isnot
'rqg' or and alternate selection
syntax
1 default — sort by scans
sort by slices
layoutMode 1 is default auto layout
frameTo- Frame to start the display. Frame
Start numbers start from 1 to rows* col-
umns.
1 default
0 Use first available frame (first

empty frame or the first frame if
there are no empty frame).

<0 abs (frameToStart) will be
used. Current display is erased.
Displaying Images by batch

This command display the specified batch or current batch of images. When not in auto
layout mode, there may be more than one batch of images.

Syntax

aipRQcommand ('displayBatch', <batchs)

Deleting and Removing Images
® “Deleting Images From the Browser” on page 134
® “Removing Images From the Browser” on page 135

Deleting Images From the Browser

This command del etes images from the Browser. Images may be selected.

Syntax
aipRQcommand ('delete', node/path/key/'all')

Argument  Value Comment
'delete! Delete images
node RQ node
path directory of £df

files
key dir +' '+ name +' 0'
'all! Deletes all images
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Removing Images From the Browser

This command operates on single images or multipleimages and both del etesimages from
the Browser and removes images from the RQ.

Syntax
aipRQcommand ('remove', node/path/key/'all') — multipleimages
aipRQcommand ('remove', x, y) — singleimages
Argument  Value Comment
'remove' Delete images from the Browser and RQ
node RQ node
<tHtt> id in the form of study group image (study number
group number image number) representing the RQ
node
Examples 100 — first study
12 0 — second group of first study
12 1 — first image, second group of first study.
path directory of £df
files
key dir +' '+ name +' 0'
'all! Removes all images
X,y row #, column # Remove image frame specified by location x, y.

Manipulating Images and Other Functions
® “Moving Nodes’ on page 135

® “Moving aFrame’ on page 136

® “Coping aNode or aFrame” on page 136
® *“Setting Node Attributes’ on page 137
® “Getting Node Attributes’ on page 137
® “Getting Other Attributes’ on page 138
® “Getting Image Selection” on page 138

® “Reloading Selected Images’ on page 138

® “Unselecting RQ display check boxes’ on page 138

Moving Nodes

Move nodel before node2 inthe RQ.

Syntax

aipRQcommand ('move', nodel/path/key, node2)

Argument

'move'
nodel
path

Value Comment

Move nodel beforenode?2
source node number  Node to be moved
directory of node to be move

01-999344-00 A 0207 A 0207 135



Chapter 5. Image Viewing and Review Queue

Argument  Value Comment

key dir +' '+ name +' 0' of nodetobemoved
node2 target node number node above which the new nodeswill be inserted.

Moving a Frame

Move image frame specified by x1, v1 to the frame specified by x2, y2 inthe graphics
window.

Syntax

aipRQcommand ('move', x1, yl, x2, y2)
Argument  Value Comment

'"move' Move (drag) the image to the specified location in
the graphi cs window.

x1, vyl row #, column # source frame
X2, y2 row #, column # target frame

Coping a Node or a Frame

Make a copy of nodel and insert it before node2 (drag and drop a node while holding
the cntrl key).

Syntax
aipRQcommand ('copy', nodel/path/key, node2)— node copy in RQ.

aipRQcommand ('copy', x1, vy1, x2, y2) — singleframe copy in graphics
window.

Copy using the mouse — ctrl/drag an image to a different frame

Argument Value Comment

'copy' Move (drag) the image to the specified location

x1, y1 row#, column# source frame

path directory of £df If path isadirectory, image directories are |oaded
files recursively. Each image directory is a group.

If recondisplay inthe procpar fileisN and N
> zero, every N images will be selected (i.e., 1-:N)
for display, otherwise all images will be sel ected.
If the number of selected imagesis> rqgImageN-
odes, thefirst N image will be selected by defaullt.
If rqImageNodes isnot defined or is zero,N is

100;
key dir +' '+ name +' 0'
x2, y2 row #, column# target frame

136 VnmrJ Imaging User Guide for VnmrJ 2.2B 01-999344-00 A 0207



5.7 Review Queue Command (aipRQcommand) Options

Setting Node Attributes

Set the attribute values of a RQ node

Syntax

aipRQcommand ('set', <gid/node/path/key/'all's>, attribute,

value)
Argument

'set!
gid

node

path

key

'all!
attribute

value

Getting Node

Value Comment
group id

<tHtt> id intheform of study group image (study number
group number image number) representing the RQ
node

directory of £4f files

dir +' '+ name +' 0'
all images

Editable column  examples:

of the RQ table display, images, frame column
yes / no

1-:2

9—

Attributes

Get the attribute value of anode (study, group, or image).

Syntax
aipRQcommand ('get', gid/node/path/key, attribute) :value
Argument  Value Comment
'get' Get the attribute or parameter value
gid group id
node <tHtt> id in the form of study group image (study number
group number image number) representing the RQ
node
path directory of £df
files
key dir +' '+ name +' 0' of the RQ node
attribute
value
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Getting Other Attributes

Syntax

aipRQcommand ('get', name) :value

Argument Value Comment
'get' Get the attribute
name numOfgroups

numOfstudies

batches

batch

Getting Image Selection

Return current image selection in valid selection syntax.

Syntax

aipRQcommand ('getSelection') :value

Reloading Selected Images

Syntax

aipRQcommand ('reload', <mode>, <selection>)
Argument Value  Comment

'reload' Reload selected image

<mode > default isthe value of the parameter reconMode
All images

Images of selected group

Images selected in RQ

Images of selected frames

Uses<selection>

Images displayed

<selections> default isvalue of parameter rgselection

o 00~ WN P

Unselecting RQ display check boxes

Syntax
aipRQcommand ('unselectDisplay')

Unselect al display check boxesin RQ.
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chapter 6. Interactive Image Planning

Sectionsin this chapter:

® 6.1, “Scan Types,” this page

® 6.2 "“General Features,” on page 140

® 6.3 "Sarting Image Planning,” on page 141

® 6.4"Using Marksin Image Planning,” on page 141

® 6.5"Overlays,” on page 142

® 6.6 “Display Options,” on page 144

® 6.7 “Copying Current Planning to a New Protocol,” on page 145

® 6.8 "Saving and Retrieving Prescriptions,” on page 145

® 6.9“Commands,” on page 145
Interactive image planning enables you to plan new image scans (target scans) using
previously acquired scans as the scout images. The orientation, location, and field-of -view
(FOV) of scansare determined by graphically manipulating overlays of target scans on one

or more scout images (see Chapter 7, “Image Processing in VnmrJ” on page 149 for more
information on displaying images).

6.1 Scan Types

Four types of scans, see Table 6, can be planned using Image Planning: slices, radial,
volume, voxel, and 2D CSl.

Table 6. Scan Types

Scan Type Description

Slices Slices have the same orientation and FOV. The location of dlices varies only
by slice position (pss), i.e., thelocation is shifted along the axis that is
perpendicular to the plane (the z axis). By default, the slices are equally
spaced, but the space can be adjusted by diding the slices aong the z-axis or
by deleting selected slices.

Volume A 3D volumeis astack of equally spaced scans with the gap implicitly set by
the size of the second phase-encoded dimension. Since individual scans
cannot be adjusted independently, a 3D volume is represented as a box
without showing individual slices.

Voxel Voxels are represented the same as volume but with smaller FOV.

2D CSl 2D CsSl scans are slices with two phase-encoding axes, i.e., the axes are 1pe
and 1pe2 instead of 1pe and 1ro asthey arefor slices.
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Chapter 6. Interactive Image Planning

6.2 General Features

Plan page

140

The interactive image planning interface, shown in Figure 35, consists of the following
features:

® Overlays on the scout images that graphically represent target image scans and which
can be interactively manipulated.

® A plan control panel for menus, action buttons, display options and parameter entries.

Overlays

t
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Figure 35. Interactive Image Planning Interface

Scout Images

Any previously acquired images can be used as scout images and multiple images can be
displayed for planning. Double-clicking acompleted scan in the Study Queue (whileinthe
Plan viewport) will clear the display and load those images. Dragging from the Study
Queue onto the graphics area adds images from the scan to the display without clearing
already displayed images.

Overlays

The intersection of the planned target image orientation and position with the displayed
scout imagesis shown as acolor overlay (stripes or center lines) on the images. When you
manipulate an overlay on one scout image, the intersections with other images are updated
in real time. The scout images for planning can have arbitrary orientation. The appearance
of overlaysdepends on the orientation of the scout images, i.e., the same target scans might
look different on different scout images. The 3D representation of the target scans can also
be shown to get a better perspective of the orientation. Other display options are described
on page 144. The prescription (planning) can be saved as amilestone and be called back
any time for the same protocol or for different protocols in the same study. Planning can
also be directly copied to a different protocol.
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6.3 Starting Image Planning

6.3 Starting Image Planning

To start interactive image planning:

a > wbdh e

Select the Plan viewport.

L oad and display scout images if no scout images are displayed.
L oad the next scan if it is not already loaded.

Click on the Acquiretab and select the Plan page.

Select alocalization type from the L ocalization menu.

The Localization menu contains alist of default localizations (or scan type, see
section 6.1 “Scan Types,” on page 139):

Select an image orientation from the Prescription menu, Table 7.

The Prescription menu contains a list of default prescriptions, plus prescriptions
automatically saved for each node of the study. The following default prescriptions
are available:

Table 7. Image Planning Prescription Menu Options

Prescription  Description

Current Current prescription parameters are used to determine the overlays of the
target image scans.

Axial Orientation of the target scansistransverse (theta=0, psi=0,phi=0).

Coronal Orientation of the target scansis coronal (theta=90,psi=0, phi=0).

Sagittal Orientation of the target scansis sagittal (theta=90,psi=90, phi=0).

3 Planes Acquire the 3 cardinal orientations: axial, coronal, sagittal, in that order
(theta=0,90,90,psi=0,0,90,phi=0,0,0).

Milestone If amilestone prescription is ever saved in the current workspace, it is read
and shown; otherwise nothing is shown. If anew milestone is saved during
planning, when you click Milestone again, planning is restarted with the
|atest milestone.

Shim Voxel  For fastmap shimming, avoxel needsto be selected asthe shimregion. This
selection retrieves the last saved voxel for fastmap shimming.

Usethe add dlices button to start planning. After selecting a different localization, the add
slices button changes to add voxel, add 2D CSl, etc. accordingly. This button creates an
overlay that is perpendicular to the selected scout image. The added slices are oriented and
placed so the marks are maintained by one of the dlices.

6.4 Using Marks in Image Planning

The position and orientation of aslice may aternately be specified by marking up to three
points at arbitrary locations on one or more images. Marked points may be placed on
images having different slice pointer or orientation. Use the following procedure to mark
image features with up to three marks:

1

Click on marking in the Plan page.

The cursor changesinto a pencil.

Click the left mouse button on the image to mark the image.
To remove the mark, click the right mouse button.
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Chapter 6. Interactive Image Planning

No marks are used — Click the add slices button to add the target scans at the center
of the selected scout image. The scans are oriented the same way as when one mark is
used.

Onemark isused — Theorientation of the planeisnot defined and is chosen arbitrarily
chosen as perpendicular to the image plane with the first phase encoding axis of the
target and scout image planes parallel.

Two marks are used — The target plane has one degree of freedom, i.e., the rotation
about the axis defined by the two marks. The orientation is chosen so the plane is
perpendicular to the image or one of the images if the marks are on two different
images.

Three marks are used — The slice plane is uniquely defined. Orientation of the target
scan isthe same as the image if all three marks are on the same image.

All cases— Thetarget scans are centered at the center of the marks (average position
of the marks). The position is constrained to ppe=0 if ppeisnot checked

Mark isplaced ontheoverlay of target scans— That mark is considered used. Clicking
the add slices button adds an overlay without using the mark to determine the
orientation of the target scans. Placing one mark and click add slicesto add astack add
the mark to the stack and is now used.

Clicking add slices again, places a stack in the center of the scout image. Marks can
be used for voxel saturation bands and other |ocalizations.

Positioning and Orienting Scans

Marks determine only the initial position and orientation of the scans. Fix the scans at he
current position by double clicking on the mark and turing the mark into a pin. A stack
anchored by one pin cannot be moved but can be rotated about the pin. Use two pinsto fix
the position and orientation of a stack.

Double-clicking the mark toggles it between pin and mark.

Removing Marks

Click the mark with right mouse button to remove a mark.

6.5 Overlays

Click on the Select tool k| to select and move an overlay; resize, rotate, and remove a
scan; select and move aslicein a stack; or change the slice order in a stack.

“Selecting an Overlay” on page 143
“Resizing an Overlay” on page 143
“Rotating an Overlay” on page 143
“Moving an Overlay” on page 143
“Selecting and Moving a Slice” on page 143
“Changing Slice Order” on page 144
“Removing Overlays’ on page 144

142 VnmrJ Imaging User Guide for VnmrJ 2.2B 01-999344-00 A 0207



6.5 Overlays

Selecting an Overlay

Click the overlay to select (or activate) an overlay. The outline of the selected stack is
highlighted.

Resizing an Overlay

Resize a scan by dragging a corner or edge of the overlay.

Resizing in Two Dimensions
Resize the target scans as follows:

1. Placethe cursor over acorner.
A red box appears and the corner is highlighted.

2. Hold down the left mouse button to grab the corner.

3. Drag the corner to resize the overlay.

Resizing in One Dimension

The following procedure is another way to resize a scan.

1. Placethe cursor on one of the edges of the outline polygon. The edgeis highlighted.

2. Click and drag the highlighted edge to resize the overlay with the rest of the edges

fixed. Use the right mouse button to symmetrically resize the overlay.

Fix the gap between slices when resizing a stack by checking the button fix gap or fix
angle. Slices are added or removed to keep the gap constant. The gap is changed to keep

the number of slices constant if fix gap is not checked.

Rotating an Overlay
Rotate an overlay as follows:

1. Placethe cursor over acorner.
A red box appears and the corner is highlighted.

2. Pressthe right moue button.
Thered box will become ared circle.

3. Dragthecircular handle to rotate the overlay about its center.

Rotate an overlay about an arbitrary point by marking and double clicking the point.

The point becomes a pin that anchors the rotation axis.

Moving an Overlay

Move an overlay (and a mark) as follows:
® Drag it with the left or right mouse button.
® Hold down the shift key and drag the object with the left mouse button.

Selecting and Moving a Slice

Select adlice of a stack by double-click on the slice.
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Chapter 6. Interactive Image Planning

A selected slice can be moved along the z axis of the stack (or rotated about the axle of the
radial scans). Remove the selected slice by clicking on the Delete button. Restore a stack
can to the origina spacing and number of slices with the Restore stack button.

Changing Slice Order

Slices of astack (including radial) are sequentially ordered by default. Click on the Show
order button to show the slice order,. Alternate the order of the slices using the menu on
the lower-right corner of the Plan panel.

Removing Overlays

Use the Delete button to remove a selected overlay or aslice of the overlay or remove all
overlays at once using the Clear button.

6.6 Display Options

Thedisplay options arelisted in Tzble 8 and are applied to the selected stack (i.e., overlays
of the stack on all images). Display options are applied to the first stack (most likely the
only stack) if no stack is selected. Any combination of display optionsis allowed. For
example, intersection, 3D view, 3D axes, show order, andfill stripescan be all applied at
the sametime.

Table 8. Display Options

Display Option _—

Check Box Description

intersection By default, this box is checked. It turns on/off the display of the
intersection overlay.

3D view Check this box to show the 3D view of the scans. Thezaxisis
differentiated by the intensities of the color. Closer (away from the
screen) isbrighter, farther (into the screen) is darker. The highlight and
handles of an overlay are not affected by 3D display because the
manipulation of the scansis based on the 2D intersection overlay.

3D axes Check this box to show the 3D axes of the outline of the scans. The axes
arelabeled as1ro and 1pe.

show order Check this box to show the slice order without going into the “ change

order” mode.
stripes/center lines Check this box to toggle between slice omitted and center line displays.

When the intersections of the target scans appear as overlays on the scout
images, they are represented by one or more 2D polygons by default. If
the target planes are perpendicular to the scout images, the intersections
are stripes or rectangles. In other cases, the shape of the intersection is
less predictable. The dices can be represented by planes without
thickness, i.e., the overlay is the center lines of the slice.

fill stripes Check this box to show stripes as empty or filled (solid). By default,
stacks, volumes, voxels appear as empty stripes or boxes. Saturation
bands appear as filled stripes.
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6.7 C

6.8 S

6.7 Copying Current Planning to a New Protocol

opying Current Planning to a New Protocol

The current planning is automatically copied to the new protocol when a new protocol is
retrieved from the Study Queue. Current planning is not automatically copied when data or
parameter sets areretrieved. Click the refresh button in the Plan panel to copy planning to
the current parameter setting.

aving and Retrieving Prescriptions

Save current planning with the save milestonebutton. Planning can be called back any time
in the current workspace. Planning is saved to afile in the directory of the current
workspace. To save planning to a user-specified file or retrieve planning from a user-
specified file, use the command:

gplan('savePrescription',path)

or
gplan('LoadPrescription',path)

6.9 Commands

The Plan page associates a menu, button, entry, etc. with commands that facilitate
interactive image planning. All image planning commands take the following form:

gplan (function name, argl, arg2,...)
The command gplan isused instead of the macro iplan to avoid conflict with iplan.

function name isthe name of an image planning function surrounded by single
quotation marks.

argl, arg2, ... areargumentsfor the function, if relevant.

Functions

Many function names contain the word stack, because internally all types of planning are
represented by stacks. Radial scans are a stack with the slices varied by fan angle instead
of by the shift dlong z-axis as aregular stack. A volumeisastack with asingle thick slice.
A voxel isasingle thick slice stack ten times smaller than volume. A saturation band isa
single slice stack without FOV.

The codes for different types of planning status are listed in the following Table 9.

Table 9. Planning Status Codes

Code Type

Regular stack
Radial scans
Volume

Voxel
Saturation band
2D CSl

a b WO N B O
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Image planning functions listed in Table 10 can be executed by the gplan command. If
the type is not specified, the parameter iplanDefaultType is used.

Table 10. Image Planning Functions

Function

Action

addAstack (int type)

alternateSlices (int mode)

clearStacks ()

deleteSelected ()

deleteSlice()

disCenterLines ()

disStripes ()
endIplan ()
getActiveStacks ()

getCoronal ()

getDefaultSize ()

getDefaultSlices ()

getDefaultStacks ()

getDefaultThk ()
getGapMode ()
getMilestoneStacks ()

getPrevStacks ()
getSagittal ()

getTransverse ()

loadPrescription (char* path)
refresh

removeAstack (int index)
restoreStack ()

saveMilestoneStacks ()

savePrescription (char* path)

setDefaultSize (float size)

146
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Adds a stack of the given type.
type=0, typeisnot given,
type =—1, the default type will be used.

If mode=0, restores the order.
mode=1 alternates sices.
mode=-1, toggles between the two modes.

Deletes all stacks.

Deletes selected stack or slice (only oneis selected
a atime).

Deletes selected slice.

Shows intersection overlay of stack as center lines
or stripes.

Shows intersection overlay of stack as stripes.
Ends image planning.

Starts planning with overlays calculated from
current parameters.

Starts planning with overlays determined with
default parameters and coronal orientation.

Gets default FOV.

Gets default number of slices. Used to update an
entry. Because default parameters are not variable,
they can be accessed only through functions.

Starts planning with overlays determined from
default parameters and orientation of scout image.

Gets default thickness of slices.
Returns gap mode.

Starts planning with overlays determined from
saved milestone parameters.

Starts planning with previous parameter set.

Starts planning with overlays determined with
default parameters and sagittal orientation.

Starts planning with overlays determined with
default parameters and transverse orientation.

L oads prescription from a given file.
Redraws/refreshes overlays.

Removes the stack with the given index. Stack
indices begin with zero. If index isnot given or
index=-1, the selected (active) stack is deleted.

Restores stack to its original spacing and number
of slices.

Saves current planning as a milestone prescription.
Milestone issaved in both memory and to afile.

Saves current planning to agiven file.

Sets default size (FOV) to size. All dimensions
are set with the same size.
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Table 10. Image Planning Functions

Function

Action

setDefaultSlices (int ns)
setDefaultThk (float thk)
setDefaultType (int type)
setDisplayStyle (int mode)

setDraw3D (int mode)

setDrawAxes (int mode)

setDrawInterSection (int

mode)

setDrawOrders (int mode)

setFillPolygon (int mode)

setGapMode (int mode)

setMarkMode (int mode)

setValue (char* paramName,
float value, int index)

startIplan (int type)

Set default number of slicesto ns.
Set default thickness of dicesto thk.
Set the default type to type

Show stripes or lines

mode=0, shows stripes

mode >0, showslines

mode=-1, toggles between the two style.

Show/hide 3D view of scans.

mode=0, does not show 3D
mode >0, shows 3D

mode=-1, toggles between the two modes

Show/hide 3D axes of scan outline.
mode=0, does not show
mode >0, Shows

mode=-1, toggles

Turn on/off intersection overlay.
mode=0, does not show intersection
mode >0, Shows intersection
mode=-1, toggles

Show/hide slice order.
mode=0, does not show
mode >0, Shows
mode=-1, toggles

Show empty/filled stripes.
mode=0, shows empty
mode >0, showsfilled (solid)
mode=-1, toggles

Fix/unfix gap mode.
mode=0, gap isnot fixed
mode >0, gap isfixed

Remove/activate one mark each time it is executed.
mode=0, remove mark

mode >0, activate mark

If al marks (maximum number is 3) are removed
or activated, it does nothing. When amark is
activated (mode >0), cursor changes into a pencil.
Clicking a graphic area places a mark on the area
and the cursor turns back into an arrow.

Sets parameter values.

Start/restart image planning with the Active
prescription, and sets the default type as type.
type=0, type notgiven

type =-1, type determined by current parameters.

The parameters listed in Table 11 are used in image planning. The current value of these
parameters is updated when an action is complete (e.g., planning isinitialized or restarted,
astack is added, the display isrefreshed, or the mouse is released after manipulating the

overlay).
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Table 11. Image Planning Parameters

Parameter Description
gap Gap between dlices.
lpe FOV of first phase encoding dimension, used for 1ope, vox1.
lpe2 FOV of second phase encoding dimension, used for 1pe2, vox3.
lro FOV of read out dimension, used for 1ro and vox2.
ns Number of slices.
phi Euler angle, used for phi, sphi, vphi.
psi Euler angle, used for psi, spsi, vpsi.
ppe Shift of stack center dong first phase encoding dimension.
Used for ppe, pos1.
pro Shift of stack center aong readout dimension. Used for pro, pos2.
pss Shifts of slicesaong z axis.
pssO Shift of stack center along z, the axis perpendicular to the plane.
Used for pss0 and pos3.
radialAngles Fanangleof radial dices.
theta Euler angle, used for theta, stheta, vtheta.
thk Thickness of slices or saturation bands (satthk).
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Sectionsin this chapter:
® 7.1"“Image Processing Controls,” on page 149
® 7.2"“Image Processing,” on page 159
® 7.3"“Processing Images,” on page 161
® 7.4"Advanced Image Processing Commands,” on page 166

Datain a Sudy panel datais automatically processed into images and the images are
displayed at the end of the scan. This chapter explains how to modify the display of the
images.

7.1 Image Processing Controls

The image processing panels provide tools for manipulating image display, anaysis, and

printing.

Locator

® “|ocator” on this page

® “Layout” on page 150

® “Movie” on page 152

® “Region of Interest — ROI” on page 152

® “Image’ on page 154

® “|/O" on page 157

® “Acquisition Parameter POPUP” on page 158

Locator
hel el holdsth d d. if pShOWﬁDatarun byeveryone

The ocatorpan ol ds the stu y queue and, | on any date

the review pOFt Isactive, the review queue. ﬂJﬂJﬁJ
o segfil > | filename = | time_run = |
Sems image. 4T o
sarms Tlrat L
Sarms sems_01 2001-11-02
shZpul p3linvive
shZpul c13.4T
shZpul p31.4T
s2pul QDCE =
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Layout

The Layout tab is used for selecting which images are displayed in which layout.

Frame Layout

The Frame Layout area provides buttons to quickly select one of the commonly used
layouts: 1, 2, 3, 2x2, 3x3, 4x4.

L]

Select
layout

Rows
Columns
Layout
Save

Delete

Slider bar

Display

Auto button. Automatically layout B %
enough framesto display the images. vt R —

Menu selection of user saved layouts O mf m e

Enter the number of rowsin alayout E} EJ !J et

Enter the number of columnsin alayout | -

Columns 4
Shows name of the current layout Uyourmame: [4x5 Sae | Delere
Save aframe layout with the default row | ****
X Selected in RQ ~ | son by slices -|

column name or enter anamein the Lay-
out field and click the Save button.

Display Refresh
. Clear Frames Clear Selected
Delete a saved layout by selecting the o Dies i M ~ T st
selected frame layout Annotations
None | Edit |

Select tool alows the user to select Bt
frarn% v Show Frame Mumbers

PR — —— :Ifthere are more
swnaen 1 images than frames

in the current layout, a slider bar
appears. Images are displayed in batches
corresponding to the frame layout.

Click the slider and display the next batch of images

You can choose which images to display.

Menus

Display

sort (global)

Item Description

All Display al imagesin the review queue.
Selected Displays imagesin selected frames.
Frames

Selected in Display the images selected
Review Queue

Select... Opens the text entry field Specific. Enter image
selections for display in the field next to Specific.

Drop down menu to select multiple scans

no sort Display images in frames specified in the review
queue.

sort by scans  Display images by scans.

sort by slices  Display images by slice — use if multiple scans are
selected.
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Buttons

Display
Clear Frames
Delete Data

Refresh
button

Clear Selected

Delete
Selected

Annotations

Description

7.1 Image Processing Controls

Display the images selected from the menu.
Clear the selected frames.
Delete (unload) the data from review queue.

Refresh the display.

Clear the image from selected frame without unloading the data.

Delete (unload) the data associated with selected frame.

Select an annotations options.

Menu
selections

Editor button
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Full

Medium

None

Short

Subject info
Opens

I maging Annota-
tion Editor, refer
to “Image Annota-
tion Editor” on
page 124.

A listing of most imaging parameters.

Short + TE/TR/FOV
No annotations at all.
L/R,A/PI/S + image number

Name, ID, age.
v -
MNew 4 T %&' é
Group T o
i o
MNew T : T
Table e T H
1 i
MNew ) =
Label ﬁ,g’ '3 %55
ki i
Kl A sty
Textrnessage %:
I
v| Show Ori f
Clear Selected
Clear All
VARIAN

none
StdPar Bt

Type of element:

Style of element: Edit Styles

Parameters: |rank

Crid Number |80

Template: |Full - Save Load Remove

Preview
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Movie

Use the Movie tab to setup images for amovie display. The movie appearsin the frame
selected when starting the movie. The Operate on menu selection determines the frames
or images used in the movie.

Operate on

Framerate

Repeat

Movie buttons

Show Graphics

All — use all images. — # x
Selected Frames — use the ¥
images selected frames.

Enter a value or use the up/down

Operate on All v‘

Frame rate |0 imagesfsec ﬁ

arrows. Enter the new frame rate ﬂ ﬂ E ﬂ
and click the play button to enter Movie Settings

anew frame rate while the movie i A

is playing.

The = and ®| buttons step the images one at atime either
backward or forward if the frame rate is set to 0.

Checked — the movie runs until you click the stop or pause button.
Unchecked — the movie stops at the last frame.

<l Play moviein reverse.
*| Stop play.

| Pause play.

»| Play movie forward.

Checked — displaysimage ROIl's and annotations associated with that
image. Unchecked — displays only the images.

Region of Interest — ROI

ROI Panel

The ROI tools are described in 5.4 “Regions of Interest,” on page 125. The ROI is scaled
in size with the image as the operator zooms in/out or pans. Changing the image intensity
scaling does not affect the ROI (s). Changing the frame layout (e.g., from asingleframeto
3x3) moves and scales the ROI appropriately. The operate on menu button determines

which images are affected when creating new ROIs or when an ROl isretrieved from afile.
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Menu or Button

Operate on menu

Select All
Deselect All
Delete Selected
Delete All
Statistics

Stats List
Refresh

Select Path:
menu
Select Path: field

Retrieve
Delete

Save

ROI Settings

Setting

Bind ROI Creation
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7.1 Image Processing Controls

Descri pt| on ROL
Select ROI
Operate on All hd
All
Selected Frames "r.J \.J D.J DJ O.J Dj
Selected in RQ Select Al | Deselect All |
Delete Selected J Delete All |
% ECt . Statistics Refresh
Group... —Stats Listod
) | User Defined ROI
D|q)| ayed Select Path: current exp >
% a:t a” RO' S |fhume]imager4]vnmrsvs[expUROIs
Select ROIs
DeseIeCt a” ROIS Retrieve | Delete |
Delete selected ROIs Save new ROl as ——
e save
Delete adl ROIs ez
. . . ROI Settings
Opens awindow displaying: + Bind RO Creation
» Select ROl on Creation
o Rol Stansn CS » Select Bound ROis
) . Histogram Bins 100 >
LIS ng| e point Max Trarking ROIs Al -
. . ROI Mumbering on -
information -

® Histogram for asingle squére, circle, or polygon
® Profilefor astraight or curved line
® Plot for multiple selected ROI's

Use this window to do the following:

® Segment an ROI to clear either the ROI or the
background.
® Associate the statistics with a specific file.
Display the contents of the file with the ROI statistics.
Redraw images and ROIs. ROI segmentation cannot be undone.

Reloaded images into the review view port and apply a new
segmentation.

Select apath — current exp or current study from the drop down
menu. The selected path is displayed in the Select Path field below
themenu. A path must be selected or afull path from root entered in
the Select Path field before a user defined ROI can be saved,
retrieved or deleted.

Retrieve user defined ROI to images specified using the operate on
menu.

Delete user defined ROIsthat are currently selected. The Delete and
Backspace keys on the keyboard also del ete currently selected ROIs

Save selected ROIsto afilein the path specified in the Select Path
field. Select the ROI by clicking on it with the select tool k.

Function when Setting is Selected or Value Specified

Bind all ROI's. All ROI's move and change in unison.
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Select ROI on Creation ROl is selected asit is drawn
Select Bound ROI’s All ROI’s created on multiple images are selected when

they are created. Un-check the box to select only the current
active ROI.

Histogram Bins Specify the number binsin histogram statistics
Max tracking ROI's Specify the maximum number of ROI’s that can be bound
together.
ROI numbering Turn on ROI numbering. Un-check to turn off numbering.
Image

The Image tab contains controls for modifying the image intensity, zoom, and rotations.

VS Mode Selected from Operate On Menu
® “Individua” on page 154
® “All” on page 154
® “Displayed” on page 155

® “From Header” on page 155

® “Group” on page 155
® “Selected in RQ” on page 155

Individual

Appliesto individual images or frames.

Selection

Rescale
Load

Mouse action
V'S Page

Al

Operation

Auto scaeis applied to each loaded image.

Auto scaeis applied to each image as it isloaded.

Scaling is applied only to selected image.

Changes are applied to all images in selected frames or all imagesiif
no frames are selected.

Default values are shown on the V'S Page and determined by one of the following:
—from the first selected frame with an image

—from the first frame with an image defines the default if no frames are select
—not changed if there are no images are displayed

Selection
Rescale

Load

Mouse action
V'S Page

Operation
Setsthe scaling of all loaded imageto the current defaults or applies

adefault of 0.1if no scaling is defined.

Scale new images using current default. If no default is defined,
auto scaling is applied to the first image and scale values applied to
succeeding images

Applies scaling to all images

Appliesto all loaded images
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7.1 Image Processing Controls

Applies to images currently displayed.

Selection

Rescale
Load
Mouse action

From Header

Operation

Apply common auto scaling values to currently displayed images.
Apply auto scaling to loaded images.
Apply to displayed image

Appliesthe VS for images saved in the auxiliary FDF header file. These files have the
same name as the data file and add extension.aux to the file name, e.g.

image001.

fdf .aux.

Users with write permission can save auxiliary head files and any user can read the

files.
Selection

Rescale
Load

Mouse action
V'S Page

Group

Operation

Apply VS setting saved with each image to all |oaded images. Images
that do not have a V S setting file are not affected.

Usethe saved V Sfile to scaetheimages, if thefile does auto scal e the
first image and apply the values to the remaining images.

Apply to selected image.

Apply to al images in selected frames or all images if no frames are
selected.

All images in acommon directory.

Selection

Rescale
Load

Mouse action
V'S Page

Selected in RQ

Operation

Auto scal e each loaded group and apply the scaling to each image in
the group.

Auto scaleis applied to the group containing a new image. Thisis not
recommended for large groups of images.

Appliesto al imagesin the group.

Apply to all images in selected frames or all images if no frames are
selected.

Applies to images defined in the RQ

Section

Rescale
Load

01-999344-00 A 0207

Operation

Apply common auto scaling valuesto all imagesin the (OG).

All images are resca ed to a common value when anew imageis
added. Thisisnot arecommended practice. Load the new imagesin a
new OG and rescale them. Images not in the OG are auto scaled indi-
vidually. Removing image from the OG does not affect the scaling of
the remaining images.
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Mouse action
VS Page

Applies scaling to all images in the OG.

Appliesto all imagesin selected frames. Any image included in the
OG are also scaled. If no frames are selected, changes are applied to
all loaded images.

Intensity, Zoom/Pan, and Rotate/Flip

Eiuetltgn or Selection and Description Intensity Scaling
.’,i" ’np&ratﬂ on  Individual -
ﬂ Select frames tool Auta scale Save scaling
| Switch to image intensity scaling mode. -
Mouse up/down — image intensity RN 0538
Mouse left/right —contrast View Colomap |
Auto scale Adjusts the window and level so that the | “**™/"*"
middle 98% of the histogram spans from J Z:um tfactor #
black to white. If the bottom part of the it
window is less than 5% of the window | "e=/te
width, the bottom of the window issetto = a¢e N f-‘
0 |ntensty (bl a.Ck) Display Settings
Selecting agroup of images adds the i T —
pixels from all the imagesto the
histogram and then auto scales.
Save scaling  Savesthe current scaling to the auxiliary
FDF header filesand isretrieved when
From
Header is selected from operate drop down menu.
Dynamic Check to scale images during mouse movement or un-check to scale
Scale after mouse button is rel eased.
Tracking
Min Data Image data corresponding to black
Max Data Image data corresponding to white
View Open Image Colormap window, see “\/ Scale-Adjusting Contrast and
Colormap Intensity,” on page 162
LY Switch to zoom mode.
Zoom factor  Enter avalue to change the zoom factor. Click the left/right mouse
buttons to zoom in/out. Drag holding the middle mouse to pan
Dynamic Pan  Check to zoom images during mouse movement or un-check to zoom
Tracking after mouse button is rel eased.
Rotate/Flip The allow you to rotate, flip, or mirror the image.
Extract group Active only if 3D imaging datais loaded.
Refer to “Extract—Loading 3D Image Data” on page 162.
Display Settings
Option Selection Description
Orientation Neurological  Display the left side of the patient is on the |eft side
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Radiological Display theright side of the patient is on the left side
of the screen.

Pixel order Display is determined by the acquisition order of the
data set.

Interpolation Typical screen resolution is higher than the image
resolution. Use one of the following options to
determine how the acquired image is displayed.

Replication Default mode. The intensity of the image pixel is
replicated in all the appropriate screen pixels.

Linear Linear interpolation between neighboring screen
pixels producing a smooth transition between image
pixels.

Quadratic Quadratic interpolation between neighboring screen

pixels a smooth transition between image pixels.

I/O

Set up printing options for printing to a file or printer for hardcopy output.
® “Printing” on page 157
® “DICOM” on page 158
® “Math” on page 158

Printing
Button or field  Selection and Description pr.m.ng_
. . . Select Region Graphics Area b
Selected Graphics Area— print graphics area P o : -
Region Selected Frames — print selected frames | "
VnmrJ Screen — print entire VnmrJ
screen Orientation ® Landscape
Fortrait
B Select File to send output to file. O —
w5 Entera path or click Browse... and e page
select a path. Print
Select output format: [Save FOF files —
JPEG, GIF, TIFF, or BITMAP save
e Select Printer for hardcopy output [oeoM =
Select Orientation —
Orientation (@ Landscape DICOM storage
B Landscape or Portrait DICOM setup

Half Page

Duatter Page Select Print Size—
Full , Half , or Quarter Page

Print Send output to either the printer or to file as selected in Print to.

Save FDF files  Save selected images and new FDF files with the user supplied
filename. The filename and directory are shared between Save FDF
filesand Printing to afile.
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DICOM
Save image datain DICOM storage format.

Menu Selection Description
Select Allin RQ Stores all images in the review queue.
Selected Frames Stores images in selected frames.
Selected in Review Stores the images selected through the entry
Queue fieldsin Review Queue.
Select... Open text entry field Select images. Enter
image selections in the field.
Group Stores all images in the group
Displayed Stores all images currently displayed
DICOM Sends DICOM filesin the DICOM image archive server for storage

storage

DICOM setup  Opens the setup popup — refer to the VnmrJ Installation and
Administration manual for more information.

Math

The Math panel provides tool to perform image arithmetic by entering simple math
expressions or functions. See Chapter 8, “Math Processing,” page 169 for information
about Image Math.

Acquisition Parameter POPUP
Display acquisition parameters for selected image.
1. Click and hold the right mouse button while the pointer is over theimage of interest.

A popup window containing the acquisition parameter for the image will appear
after approximately three seconds.

2. Click anywhere on the VnmrJ screen (not on the popup) to dismiss the popup.
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7.2 Image Processing

Access most of the image processing tools from the |mage panel.

Q

B
Image 5& Cursor modes
processing P

T X
G238 image | |___cancel e |

s | || _seecai |

" 2 stan | —
Deselect Al | | Daselect al | sop gl | | Ll ded A 3
e i - Rows f humber P
Delete Selected| A | s Al e = Ay

r ﬁ Rate o

Re-process | Selected | (et
. ipea |~
oisplay_| | F ——rc

\ Operations

Use the panel to perform the following image processing operations. For descriptions of
these operations, see section 7.3 “Processing Images,” on page 161.

® Utilities panel hasthe controlsfor image and movie display. Useit to select and delete
ROIs and images.

® V/scale enablesyou to control the “vertica scale” (intensity and contrast) of images.
® Point info showsinformation about “ Point” ROIs.

® Lineprofileshowsinformation about “Line: and “Polyline” ROIs, including aplot of
image intensity as a function of distance along the line.

® Satistics showsinformation about all ROIs, including histogram plots. Use it to
segment images or ROIs and save statistics summary to afile.

® Sat List showsfile of summary statistics.

® Image Math performsimage arithmetic, either with simple expressions or externally
defined processing functions.

® Settings adjusts properties of the image processing interface.

Most routine actions are accessed from the Utilities panel and various defaults set with
Settings panel. The remaining operations are for more specialized actions.

Using Cursor Modes

Image Processing has different “ cursor modes’ to perform different operations. Change
modes by selecting one of the buttons a ong the | eft-hand side of the VnmrJ canvas or use
an accelerator key combination to enter each mode; the accel erators are printed in the tool
tipsfor the buttons. For example, control+shift+V enables the Vertical Scale mode..
Table 12 shows the key combinations for all modes.
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Table 12. Key Combinations

Button Mode Key Combination Function
ﬂ Select control+shift+S SelectsaROI.
. Vscale control +shift+V Adjusts vertical scale of
images.
g Zoom control+shift+Z Magnifies and “ pans’
images.
ﬂ Point control +shift+P Draws a point or cursor.
1
M Line control+shift+L Draws a straight line.
a Curve control +shift+C Draws a polyline.
g Box control+shift+B Draws arectangular box.
g Ova control +shift+O Draws an oval.
> ‘ Polygon control +shift+R Draws a polygon.
%” Drag Enter drag mode in review
mode queue.
Return Go to image display menu.

©

Selecting Frames

The appropriate mode for most operations is Select, which isthe only mode that showsthe
normal arrow cursor. Select aframe by going into Select mode and moving the mouse
inside the frame of the image to change, but near the edge of the frame. The frame changes
color when the mouse is correctly positioned.

® Select aframe— Click the left mouse button near the 5= smmis
edge of the frame. Any other frames that might have  seaje Binding. o ;
selected will be deselected. Small corner tabs appear g ynaric St ale Tracking
on the frame to show that it is selected.

Frame Mumbers: |Qn | #
® Toggle between a frame's selected or deselected state orentation 10T =
without affecting the selection of other frames —
Click the middle mouse button on aframe. Interpolation: - [EEE

® Toggle between the selection or deselection state of all
frames — Hold down the Shift key and click the left  Figure 36. Showing Frames
mouse button on a frame. This action makes all other
frames match the state of the frame that you clicked on.

® Show the frame number of each frame in itslower-right corner — Click on the
Settingsselection, shownin Figure 36. Inthel mage Display Properties section, click
on Frame Numbers and select On.

® Select or deselect al frames at once — Use the buttons on the Utilities panel.
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7.3 Processing Images

Use the following controlsin the | mage panel to process images:

“Utilities—Controlling Image and Movie Display” on this page
“Extract—Loading 3D Image Data’ on page 162

“V Scale-Adjusting Contrast and Intensity” on page 162

“Point Info—Getting Information on Point ROIS’ on page 164

“Line Profile-Getting Information on Line and Curve ROIS’ on page 164
“ Statistics—Getting Information About ROIS” on page 165

“Stat List—Seeing Statistics’ on page 165

“Image Math—Entering Math Expressions or Functions’ on page 165

“ Settings-Adjusting Image Processing Properties” on page 166

Utilities—Controlling Image and Movie Display

Uset

he controls in the Utilities section, Figure 37, of the Image panel to display images.

Study| Acquire| F'rocess| Image|

Litilities -Mode ROIs ~Frames - Rotate — | Movie - Data Display

Pii':ri‘leﬂm (@ Select Select Al Select All Start Selectview | /| renesh
Werical Scale _ Prey Mext

Line Profile ﬁZDDI’TI"PEI‘I Deselect &l Desslect Al Stop 4 4 First 1

Statistics yDraw Point Rows [1 Murnber [0

StatList | _jDrawLine Delete Seledied ebl S cols [3 step [0

\mage Math| _IDTaw Cure

Settings

_JDraw Box -Dsta ~Unload Dtz
_Draw Cval m Q
_Draw Region L Selected
lrmage ath Display Al

Rate ,T

(Frames’ s)

- Graphics Output

Plot
Save as ineg ¥

N e T 9] 2

Figure 37. Utilities Panel

The Data Display section contains the primary viewing controls. Click on Select view to

seea

menu of choices for specifying the number of image frames into which you want the

canvas divided. If none of the choicesis what you want, use the Rows and Colsfields to
specify an arbitrary matrix of frames. By default, the number of frames determines the
number of images that will be displayed. Click on the Next button to see the next group of
images.

Set N

umber to apositive vaueto limit the number of images shown. Zero isignored and

all the images the frames allow are displayed. Set Step to avalue (2, 3, etc.) to show only

every

second, third, etc. image. Press the Retur n key or click on Refresh to seethe result.

Seeing Specific Images (Movie-Step)

Use the M ovie-Sep buttons control which image are seen in each frame.

1
2.

Select the frame to change in the M ovie section of the panel and in the Sep line.

Click the— or + button to cycle through the avail able images or move the mouse to
the desired image while holding down both the Control and Shift buttons and | eft-
clicking or right-clicking the mouse to select the frame and changestheimage in one
operation.
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Removing Data (Unload Data)

Unload datathat is not wanted it so that it will not show when cycling through the images.
Click on Unload Data-Selected to remove the data shown in the selected frames, or
Unload Data-All to remove al data

Rotating Images

Changethe displayed orientation of imagesin the Rotate section of the Utilities panel. The
buttons rotate (positive angle is counter clock wise rotation) or flip the image in various ways
suggested by the button labels. These actions always apply to al the selected images (also
see the Orientation selection in the Settings panel, shown in Figure 41).

Cycling through Images

The Movie section in the Utilities panel controlsviewing of the loaded imagesin a
cinematic loop. Thisfunction cyclesthrough all the loaded imagesin the selected frame at
aspecified rate. Any previous vertical scale and zoom adjustments are not preserved in the
movie.

Extract-Loading 3D Image Data

Loading a 3D data set enables the Extract group of the layout folder. Use this page to
extract 2D dlices from the 3D data set. To extract images, do the following steps:

1. Choose an orientation.
2. Enter the range of dlice numbers and the slice increment.
3. Click on Extract Slicesor Extract MIP.

The MIP (Maximum Intensity Projection) is an image that is synthesized from all the
specified slices by setting each pixel to the maximum value of that pixel over all the slices.
Slice numbers run from 1 to the number of slices. A suggestion for the maximum slice
number isprinted to theright of the L ast Sliceentry box. It is based on the number of slices
in that orientation in the current experiment which will commonly be the same size as the
loaded data set.

VScale—Adjusting Contrast and Intensity

Adjust the contrast and intensity (window and level) of images with the middle mouse
button. Clicking the middle mouse button on an image sets the image contrast to make the
point under the cursor white. Hold down and drag the middle button to adjust both the
contrast and intensity. Dragging the mouse back and forth changes the contrast; dragging it
up and down changes the intensity. To automatically scale an image, hold down the
Control key and click anywhere on the image with the middle mouse button.

An additional feature isavailable by going into the Vertical Scale mode !h The cursor
becomes a sun. In this mode, the left mouse button duplicates the actions of the middle
mouse button. Furthermore, clicking the right mouse button makes the selected point
appear as black.

Vertical scaling might affect only the image that you click on or it might affect multiple
images. Control how many images are vertically scaled with Scale Binding in the Image
Display Properties section of the Settings panel. Choose All Frames to make scale
changes apply to all the displayed images. Choosing Selected Frameschanges al selected
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images when clicking on any selected image. Selecting Off limitsrescaling to the image
that are clicked on.

Detailed control of vertical scalingisavailablein theV Scale panel, shownin Figure 38. To
open the panel, click on VScale.

Setup‘ Prepare‘AEqu\rE| JPTDEESS‘ Output| \mage‘ ‘

[ U;‘”“fs Vscale i pata[o Max Data [0.0202744 Stale Binding Selected Frames = |
cale

Point Info

Line Profile Image Scales Differ
Statistics
Stat List
Image Math
Settings

log {Number of pixels)

0 001 0.0z noz 004 0.05 0.06 0.07 0.0& 003

Data Value

Update

Figure 38. Image Colormap Window

Use the controls in the V Scale panel to:

® Manually set the data values that correspond to the black and white levels
(respectively, Min Data and M ax Data).

® Modify the shape of the data-value-to-intensity-transfer-function to enhance the
contrast at the low or high end of the intensity scae.

The V Scale page has agraph that shows, asared line, the data val ue (on the x-axis) versus
screen intensity (on the y-axis). In the background, the graph has a histogram showing the
(logarithm of the) number of image pixelsin each interval of data values. All the selected
images are included in the histogram. If no images were selected, all the displayed images
areincluded in the histogram. Use the mouse to drag the control points on the graph.
Changesthat you make in this panel apply to al the selected images or, if you do not select
any images, to al displayed images. The Scale Binding menu in the VVScale page is
duplicated in the similarly named portion of the Image Display Properties section on the
Settings page.

Magnifying the View

Click on g to enter the zoom mode (the cursor becomes a magnifying glass) and
magnify the view of a specific region of an image by zooming in on it.

Zooming In

Click the left mouse button on a point in an image to zoom in on that point. Each click of
the mouse button increases the zoom scale by a factor selected in the Settings panel. Use
the Zoom Factor menu in the Zoom and Pan section to select the magnification factor.

Zooming Out

Click the right mouse to zoom out by the same factor.

Centering a Zoomed Image

Recenter theimage in the frame (pan) by holding down the Shift key, clicking the left
mouse button, and dragging the image or by dragging the image with the middle mouse
button.
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Zooming and Panning Multiple Images

Bind panned and zoomed images so that when one image manipulated the changes are
made to all other images or selected images.

1. Select the Settings panel.

2. Select the Binding menu in the Zoom and Pan section.
3. Select Off, Selected Frames, or All Frames.
4

Select whether “bound” images track the image being panning in real time or are
only updated when the mouse button is rel eased.

Point Info—Getting Information on Point ROIs

Study| Acquire | Process | Image |

Uilities -Mode

Scale | G gelect
Fointino |- svertical Scale
Line Profile|  ZoomiFan
Statistics _Draw Point
Stat List JDraw Line
Image Math| JCTaw Curve

Draw By
cetings |
g _Draw Oval

Peint Info: ROI# 1

Intensity: 0.0002529

Data Coordinates: (48.06, 98.44) voxels
Labk Coordinates: (0.83 -1.79,-2.08) cm

_JDraw Region
J\mage M ath

Figure 39. Point Info Panel

This section of the Image panel, shown in Figure 39, shows additional information about
point ROIs. Theinformation is about the point that was most recently created, modified, or
selected with aleft mouse click. The Intensity (datavalue), Data Coordinates (X, y position
in the data matrix), and L ab Coordinates (position with respect to the magnet isocenter) are
displayed for that point. If you draw a second point, the panel also shows the distance
between the current point and the previous point that had data displayed. Both the actual
distance in 3D space is shown and the distance from the projection of the previous point
onto the current image plane.

Line Profile—Getting Information on Line and Curve ROIs

This section of the | mage panel, shown in Figure 40, shows information that is specific to
line and curve ROIs. The information is about the line or curve that was most recently

created, modified, or selected with aleft mouse click. The primary display isaplot of data
values along the line. For lines, selecting the Show M1 P toggl e button switches the profile

Study| Acquire| Process ‘ Image|

Litilities Line Profile: ROl #

Scale Line Coordinates ipixels)
Foint Info Start: (11,57, 16.19) nos -
ine Profile | =y 103,07, 107,69
Statistics 004 F

Length: B.74 cm
Mas: 0.0553

Stat List
Irnage Math
Setlings | Show MIP

Intensity

| Update While Moving

RE Show ... 001 - 1
Full
Save graph in; Ok L L L L L L L =
0 05 10 15 20 25 30 35 40 45 50 55 60 65
lineP rofile Distance (or

Figure40. Line Profile Panel
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display to a maximum intensity projection of image intensities onto the line. Clicking the
Save graph in button saves the plot data in afile with a specified name. If you areina
study, thefile is put the current study directory; otherwise, the data goes into the current
experiment directory.

Statistics—Getting Information About ROIs

This panel shows information about selected ROIs. If you select only one ROI, it displays
ahistogram of the intensities (or data values) within that ROI (see “Scatterplots’ on page
165if you select more than one ROI). In addition, Satisticslists various summary statistics
about the ROI such as mean voxel data value, area, and volume of the ROI. The statistics
and the graph are updated when the ROI is modified. If you select Dynamic Update, the
statistics and graph are updated in real time as you drag around the ROI.

Histograms

Select the resolution of the histogram (the number of intensity binsthat it is divided into)
from the Settings panel. The range of intensities covered can be selected in the Statistics-
Histogram limits section of the Statistics panel. This setting specifies the range of values
plotted on the x-axis of the histogram plot. It also limitswhich voxels are considered in the
printed ROI Statistics values. Voxelswith datavalues outside of the limits are not included
in the averages or in the area or volume calculations.

Segmenting Images

Set cursorson the histogram to indicate arange of intensitiesto keep while voxel swith data
values outside this range are reset to zero. Set the left and right cursor positions by | eft-
clicking or right-clicking the mouse on the histogram plot. Then click on one of the Do
segmentation of: buttons at the bottom of the panel.

® Images operates on all selected images and zeros all voxels in the image with values
outside the range.

® The ROl sbuttons zero all the voxels outside the specified range and operate on all
images with a selected ROI. ROl s (Clear Bkg) also zeros everything outside of the
selected ROIs, whilethe ROl s (K eep Bkg) button preservesall voxelsthat are outside
the selected ROIs.

Scatterplots

Select more than one ROI and the Statistics panel displays a scatterplot showing some
summary statistics as afunction of ROI. Use the Scatter plot Axis Values menusto select
what to plot. Save the graph data (for either histograms or scatterplots) in atext file by
clicking the Save graph in button.

Stat List—Seeing Statistics

Save the summary statisticsin atext file by first filling in afile name and then clicking the
Save stat in button. View the contents of thisfile by clicking on the Stat List button.

Image Math—Entering Math Expressions or Functions

The Math panel provides tool to perform image arithmetic by entering simple math
expressions or functions. See Chapter 8, “Math Processing,” page 169 for information
about Image Math.
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Settings—Adjusting Image Processing Properties

Use the Settings panel, shown in Figure 41, to adjust properties of the image processing
interface.

Stuny| Acquire | Process | Image ‘

Utilities ROl Zoom an dPan Image Display P roperties Data Output ———————————————
Scale R Eind ROl Creation Binding: o Fi Scale Binding: o Fi Format: FDOF i
ED'anl.nf';I R Select RGIon Creation _ | Dynarnic Pan Tracking R Cwvnamic Scale Tracking Bits 22 | |
ine Profile
Select Bound RQis Tvpe Float
= Zoom Factor: 1.414 | 7| Frame Mumbers:  ©n Fa P z
Stat List bz Tracking Rols: 10 | #
Irnage Math . (RIS Orientation Fixel Order s
et ROl Murmbering: on Fd | Dynamic Ulsdliis
SIS Interpolation:
Murnber of Bine 100 - (d Replication i

Figure4l. Settings Panel

The Orientation button enables you to select the orientation of displayed images.

® Selecting Pixel Order showsthe fast datadirection from left to right and the slow data
direction from top to bottom.

® Neurological putsthe subject’sright to the right of the screen.
® Radiological putsthe subject’s right to the left of the screen.

The Interpolation button in the | mage Display Properties section of the panel enables
selection of how displayed screen pixel intensities are interpolated when the data voxels
cover more than one screen pixel. Click the arrow to see more interpolation choices. The
selection Replication shows each data voxel in a solid color. Linear or Quadratic
interpolate pixel values between nearby data points.

Zoom and Pan Settings

Adjust the behavior of the Zoom/Pan mode g with the controls in the Zoom and Pan
section of the Settings page. Use the Binding menu to choose whether changes made to
oneimage affect only that image, apply to al images, or apply to all selected images. Only
the selected image with the cursor on movesin real time while dragging the mouse and
panning an image to move many images at once; the other images are updated after the
mouse button isreleased. Select Dynamic Pan Tracking to make all images updatein real
time. Use the Zoom Factor menu to choose how much to zoom in or zoom out when you
click theleft or right button.

7.4 Advanced Image Processing Commands

Table 13 lists advanced image processing commands.

Table 13. Image Processing Commands

Command Function

aipDeleteData aipDeleteData unloadsal image datafrom memory and clears

or

the screen. aipDeleteData ('sel') deetesdatathat is

aipDeleteData('sel') displayed in the selected frames and clears the selected frames. If

166

the same data is deleted in two frames (only one of which is
selected), the datais till available aslong as it remains displayed
in that frame. But, it will be unloaded from memory as soon as that
frameis cleared or another image is displayed.
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Table 13. Image Processing Commands (continued)

Command Function

aipDeleteFrames Clears the screen.

aipDeleteRois Deletes all selected ROIs.

aipDisplay Displays as many of the loaded images as will fit in the existing

aipDisplay('all"')

aipDisplay('redisplay’')
aipDisplay('batch’

[, "first] [, 'last]
[, 'mext'] [, 'previousl]
[, *show'])

aipExtract(['xy'|'yz'|'x
z'], first slice [,
last_slice [, incrll)
aipExtractMip (['xy'|'yz"
|'xz'], first slice [,
last_slice [, incrll)
aipFlip (0 | 45 | 90 |
135)

aipLoadDir (dirpath)

aipLoadFile (filepath)

aipMathExecute
or
aipMathExecute (parname)

aipPrintImage

aipRotate (90 | 180 | 270
| -90)
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frames. If there are no existing frames, it splits up the screen into at
least aipFrameDefaul tMax frameswith a split that is
appropriate for the aspect ratio of the first image.

Clears the currently displayed data, resplits the screen into enough
frames to show all the loaded images, and displays all the images.
Makes a screen split that is appropriate for the aspect ratio of the
first image.

Redraws everything exactly asit was last drawn.

Displays a“batch” of images in the existing frames according to
the values in the parameter aipDisplay[1:3].

'show' must be present for anything to actually be displayed.
'"first!' initidizesthe display to thefirst batch of images.
'last' initializesthe display to the last batch of images.
'next' updatesaipDisplay[1] (the number of the first
image to show) to show the next batch before the images are
displayed. Updating is done after any £irst or last operation.
'previous' updatesaipDisplay [1] to show the previous
batch before the images are displayed. Updating is done after any
first or last operation.

The order of the argumentsis unimportant. Normally, use ' show
aoneto do aredisplay function, or oneof the first/last/next/
previous optionsplus ' show'.

Extracts 2D dices from a 3D data set.

Extracts a Maximum Intensity Projection from a 3D data set.

Reflects the image display about an axis with the specified
orientation.

Loads all images in the specified directory. It does not del ete
aready |oaded data. Image files must be in FDF format.

Loads an image in the specified file. It does not delete already
loaded data. Image files must be in FDF format.

Executes an Image Math expression. Without an argument, it
executes the current expression. With a string argument, it
interprets the string as the name of a GLOBAL string parameter
and uses the string stored in that parameter as the math expression.

Sendsthe imagesin all selected framesto a DICOM printer. The
displayed area of the datais scaled according to the value of the
aipPrintScale parameter, whichisin percent. That is, if the
display part of the image measures 120 by 150 voxels on the
original data, and aipPrintScale=200, and an image of 240
by 300 pixelsis sent to the printer. The current vertical scaling is
also applied to the printer image.

Rotates the image counter-clockwise by the indicated number of
degrees. (The arguments 270 and - 90 are equivalent.)
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Table 13. Image Processing Commands (continued)

Command

Function

aipSegment ('r[oi] ")
or
aipSegment ('i[mage] ')

aipSelectFrames ('all' |
'none')

aipSelectRois('all"' |
'none')

aipSetDebug
aipSetExpression
aipSetState (mode number)
aipSetVsFunction
aipSomeInfoUpdate
aipSplitWindow

aipSplitWindow (n)
aipSplitWindow(r,c)
aipSplitWindow(n,w,h)

aipSplitWindow('all"
[,w,h])

aipStatUpdate
aipTestListener
aipTestMouseListener

aipWriteData

continueMovie (speed)
resetMovie (speed)
startMovie (speed)

stepMovie ('+' | '-')

stopMovie

Performs image or ROI segmentation on selected ROI's or images.

Selects or deselects all frames, depending on whether the argument
isall (thedefault) or none.

Selectsor deselectsall ROIs, depending on whether the argument is
all (the default) or none.

Not for general use.

Not for general use.

Sets the mouse mode to the given integer value.

Not for general use.

Updates the line profile and point information.

Clears the screen and splitsit into some number of windows. With
no arguments, it splits the screen into enough frames to display all
the currently loaded data, up to the limit specified by the user
("aipFrameDefaultMax") . You might get afew moreframes
if that is the efficient way to split up the screen.

Splits the window into at least n frames.

Splits the window into r rows by ¢ columns.

Makes at least n frames, splitting the screen optimally for images
with an aspect ratio of w/h (width and height).

Makes at least enough frames to display all the loaded images.
Specify w (width) and h (height) to specify an aspect ratio of w/h.
The default aspect ratio is 1.

Recdl culates the data for the ROI Statistics page.

Not for general use.

Not for general use.

Writes out selected images in various formats. The format is
controlled by the parameter aipWriteFmtConvert. Theoutput
fileis named according to the parameter aipWritePath, which
is appended with a serial number indicating the selected frames that
it came from. The string parameter aipWriteFmtConvert
contains aformat ID, followed by a space, followed by a shell
script to convert FITS output datainto the desired format. The
script uses “$1~ to signify theinput fileand “$2~ to indicate the
base path of the output file. The script should append an
appropriate suffix to the output file, such as . gi £.

Continues movie from frame where st opmovie command was
issued.

Stop movie and end movie mode, reset conditions to state prior to
the start of the movie.

Shows amovie of selected imagesin the first selected frame. The
framerate is speed frames per second.

Goesto the next (+) or previous (-) framein amovie.
Stops a currently running movie.
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chapter 8. Math Processing

Sectionsin this chapter:
® 8.1, “Opening Image Math,” this page
® 8.2, “Image Math Expressions,” on page 170
® 8.3, “Image Math Functions,” on page 171

® 8.4, “Thefit Program,” on page 179
® 8.5, “Signal-to-Noise Ratio, Ghosting, and Related Functions,” on page 186

® 8.6, “Problems with Image Math,” on page 190
Operations in image math are defined as either expressions or functions:

® Expressions are specified by typing any legal C expression into thel mage M ath page,
using symbols such as #5 to specify images. The expression is applied to each data
pixel, and each output data pixel value isafunction of the values of the corresponding
data pixelsin the input images. Operations can involve an arbitrary number of input
images, aswell asthe X and Y coordinates of the data pixel within the image.

® Functions are used for operations that cannot be specified in a single expression and
are written in the form of a C subroutine.

Image math works on either 2D or 3D data sets. The image operands must all be the same
size for operations with expressions.

8.1 Opening Image Math

To run Image Math, do the following:

1. Click on Image M ath to open the Image Math page.
Star(‘ Acquire ‘ Process| Image ‘ ‘ Cancel m

Mode

Select
Wertical Scale
Zoom/Pan
Draw Point
Draw Line
Draw Curve Executs
Draw Box
Draw Oval
Craw Region
® |mage Math

Lilities
Waeale
Paoint Info

Image Math

Line Profile
Statistics
Stat List

#1|

Settings

2. Do either of the following:
® Type an expression or function in the field. T ———En

Math Expression

® Select Math from the vertical panel, click on e B
Select Sample Syntax menu, and retrieve a -
predefined function and use it as an example. —

3. Specify which images are to be operated on by the !
expressions or functions.
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Images are specified by their graphic frame (Gframe) numbers using symbols (such
as #n) in which n is the number of a Gframe containing an image. The graphical
frame number and image numbers may not be the same.

4. Usethefollowing procedure to automatically enter Gframe numbers:

a.  Openthelmage Math page.
b. Click the mouse cursor inside a Gframe.

The number of that frame is entered in the Image Math equation area at the current
cursor location. If the cursor is positioned just after a#, only the Gframe number is
entered, and any preexisting number is deleted; otherwise, a# and the Gframe
number are inserted.

8.2 Image Math Expressions

170

Lega expressionsarein the form of standard C expressions, with the image specifiers, #n,
treated like “float” type C variablesin evaluating the expression. For example, the
following expression cal cul ates the average of the images in Gframes 1, 2, and 3 and puts
the result in Gframe number 4:

#4=(#1+#2+#3) /3

Click on the Execute button to carry out the operation after typing the expression. The
expression is evaluated for each data pixel to calculate the output image.

Thefirst time an expression is entered and executed, it is edited and inserted into a

C program, which isthen compiled and stored in the directory $INITDIR/math/
expressions/bin asadynamicaly loadablelibrary. Thislibrary isthen linked to the
running VnmrJ program, and the input images are passed to the routine containing the
user’s new expression. This routine calculates the output image and then returnsto VnmrJ,
which loads it into the appropriate Gframe. Finaly, the library is unloaded. If the same
expression is used a second time, possibly with different image numbers, the compilation
step is skipped in the above sequence, because the precompiled program can be used.

Variables Used in Image Math Expressions

Certain variables can be used in an expression. Variables 1, j, and k respectively contain
the column, row, and plane of the current data pixel, as shown in this example:
#3 = abs(i-j)<30? #1 : #2

This expression copiesa 60 pixel wide diagonal band of image #1 into Gframe #3 and sets
the rest to image #2. An expression should not modify 1, j, or k.

The C construct “ expression0? expressionl:expression2” is a compound expression that
returns the value of expressionl if expression0 istrue (or nonzero) and the value of
expression2 otherwise. The variables width, height, and depth contain the number of
columns and rows in the image. For example, the following expression copiesimage #1 to
Gframe #2, leaving a 6-pixel-wide border of zeros around the edge:

#2=1>5&&1<width-6&&]>5&&J<height-62#1:0
An expression should not modify width, height, or depth.

These 1, j, k—width, height, and depth—variables appear to make it possible to construct a
synthetic image without any input image. However, some input image isrequired in order
to establish image parameters such aswidth and height, aswell aseverything elsethatisin
the file header, for example:
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#2=(#1,exp (- ((width/2-1i) * (width/2-1i) + (height/2-7) *
(height/2-3))/2500.0))

This expression creates a Gaussian spot in the middle of the image that is 100 data pixels
wide. The output image has the same shape and size asimage #1. Note that the denominator
2500 iswritten in floating point (2500.0) so that the division does not give truncation errors
and that the exp () function gets afloat type argument, as it expects.

The C construct “var=(expressionl,expression?)” is used in the previous example.
Expressionsin parentheses are evaluated | eft to right and only the value of the last
expression iskept. So, in this case, var is set equal to the value of expression2. In this
example, the value expressionl is only adummy to give the program information about the
imageformat, but it could affect thefinal value; for example, var= (x=2,x+3) setsvar
equal to 5 and x equal to 2.

Finally, there are variables available for temporary storage that are not preassigned any
values. Thevariablesx, y, z, and r [0] through r [99] are available for you to store
floating point values. Thevariablesii, jj, kk,andn [0] throughn [99] areinteger
variables. These variables can be used for efficiency, to avoid recal culating complicated
expressions, as in the following example:

#2=(#1, x=width/2-1, y=height/2-7j, exp (- (x*x+y*y)/2500))

In this example, unlike the previous example, 2500 is written as an integer, because
temporary variables x and y are floats that force the division to be done in floating point.
Using temporary variables like this often makes expressions more readable.

8.3 Image Math Functions

Sometimes you might need to perform an operation that cannot be put into asingle

C expression; such cases require user functions. An Image Math function is distinguished
from an expression simply by whether the first field to theright of the equals sign isthe
name of an existing function. The following example shows how user function foo is
activated:

#11 = foo ##1-8 "bar" 7

The expression calls foo; passes it images 1 through 8, the string bar, and the number 7
as input; and puts the output of foo in frame 11.

Image Math function specifications are not parsed as C expressions, so the syntax format

is not strictly defined. Use the style in the last example to assure compatibility with future
versions of image math. Doubl e quotation marksare required around every string argument
to be passed.

Specifying Images in Functions

Image Math functions allow lists, or “vectors,” of images to be specified. The following
form isthe most general form for specifying an image vector:

# (image list)

image list isalistof frame numbers separated by commas, and optionally including
ranges of frame numbers denoted by hyphens.

The statement:
#11 = maxof #(1,3,8-10,6)
returns the maximum of images 1, 3, 8, 9, 10, and 6.
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172

The simple #3 notation, as used in Image Math expressions, specifies a vector with one
element, and isequivaent to # (3) . If the vector only contains one range of consecutive
frame numbers, it can be abbreviated as ##1-10.

A construction like #1 #3 #8 #9 #10 #6 does not specify a vector of images but rather
Six vectors, each containing one image. Programs, such asmaxof, treat the two cases
identically, but others, such as £1t discussed on page 179, do not.

Image Math functions can also produce more than one output image. Specify the output
images as an image vector:
##11-12 = maxof ##1-10

Inthisexample, maxof writesthe maximum intensity imageto frame 11 and writesamap
of which image had the maximum intensity for each pixel in frame 12. The following
construction produces only one output image; the #12 frame isignored:

#11 #12 = maxof ##1-10

A vector of imagesis specified any of three ways:
® #1 specifiesavector with one element.
® #4#1-10 specifiesavector with a single range of image numbers.
® #(1-10,21,31) specifiesavector with an arbitrary list of images.

Creating a New Image Math Function

Defining the maxof function involves defining a function called mathfunc in afile
named maxof . c. (The processissimilar to defining auser pulse sequence by defining the
pulsesequence functionin afile named after the sequence.) Function files are kept in
thedirectory SINITDIR/math/functions/src. Thefollowing procedureis an
example of how you would definethefilemaxof . ¢, shownin Figure 42, in that directory.

Entering a File Header

First, enter the following line at the beginning of the file:
#include "imagemath.h"

imagemath.h declaresthe global variables and functions needed to access the input and
output images (imagemath . h also includes the most commonly needed standard UNIX
headers, including math . h).

Defining the mathfunc Function

Next, definethe mathfunc function. mathfunc first checks to seeif the input being
passed isvalid. If theinput is not valid, mathfunc returnsaFAL SE value to the caller (if
the function encounters no errors, mathfunc should return TRUE). Be aware that

nbr infilesand input sizes differ areglobal variablesdeclared in
imagemath.h and get set before themathfunc () subroutineiscalled.

Themaxof math function also callsthewant output () routineto ensurethat thereis
someplace to put the first output image; want output (n) returns TRUE if you have
asked for the nth output image. The first image numberis"o".

Setting |mage Dimensions

Input images are al the same size (input_sizes differ iSFALSE) storetheir
common dimensions are in the global variables img width, img_height, and

img_ depth. Theproduct of thesethreevariablesisin img size. Functionsthat handle
input images of different sizesrequirethearrays in_width[], in height [],

in depth([],and in_size []. These arrays determine the width, height, depth, and
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/*@ (#)maxof.c 1.3 06/27/97

#include "imagemath.h"

int

mathfunc ()

{

if (nbr_ infiles<l || input sizes differ
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int i;
int j;
int imgnbr;
float ymax;

return FALSE;

create output files(2, in object[0]);

for (i=0; i<img size; i++){

imgnbr = 0;
ymax = in datal[0] [1];
for (j=1; j<nbr_infiles; j++){
if (ymax < in datalj] [i]){
ymax = in datalj] [i];
imgnbr = j;
}
}
out datal[0] [1]
if (want_output (1)) {
out datal[l] [i] = imgnbr + 1;

ymax;

return TRUE;

Figure42. maxof.c File

Allocating Memory

Pixel Looping

® img size hasthe number of pixels per input image.

® nbr infiles hasthe number of images.

8.3 Image Math Functions

(c)1997 Varian Associates*/

| | twant_output (0)) {

size for each individual image (unless otherwise mentioned, all arrays start indexing from
0, intypical C fashion).

Thecreate output files () function allocates memory for al the requested

outputs, making them all the same size as the input images. maxof£ limits the number of
output images to two, and gives images header characteristics like those of the first input
image.

Themaxof function then loops over al the pixelsin the input images:

Thenbr infiles variable hasthe total number of imagesin all input image
vectors. To accessindividual image vectors, use the variadblenbr _image vecs,
which provides the number of image vectors, and the array in_vec _len|[], which

provides the number of images in each vector.

® in datalj] [1] hasthe ith pixel in the jth input image.
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The maximum valuein the ith pixel iswritten to the first output image, addressed as
out datal[0] [1]. Check the desired output number O at the beginning of the
routine when defining mathfunc. Determine if output number 1 isrequired and, if it
isrequired, write the index of the image with the maximum value in output image
number one.

IN DATA (i, j, k) referencesthe kth pixel of the jth image in the ith vector.

Compiling a New Function

Creating and compiling anew Image Math function is done manually. Familiarity with the
basics of the make utility is a prerequisite for users who write their own math functions.
Back upthe SINITDIR/math/functions/src directory before preceding. All of the
original filesare availablein: /vnmr.

Create a function using the following procedure:

1

Create afilethat definesthefunctionmathfunc (e.g., myfunc. c¢). Thisfile must
resideinthe $INITDIR/math/functions/src directory

Edit the make file to add myfunc. ¢ to the list of source files.
Themake files for various operating systems are:

® Solaris— makemathfunc

® Linux — makemathfunc. lnx.
Themake macro variable USRSRC isalist of the source filesfor simple user
programs, those that only involve one sourcefile.
Use atext editor to modify the definition of USRSRC inthefilemakemathfunc
to include the new function, for example: USRSRC = maxof.c myfunc.c
Put a backslash (\) as the last character on the line to continue on the next lineif the
list exceeds asingle line.

Add atarget section in the make file that performsthe same task asthe other simple
filetargets; copy one of the existing targets and replace the file name as appropriate:
Example, the target section for snr is:

snr: ufuncs.o snr.o
S(CC) -o snr -m32 -fPIC ufuncs.o snr.o $(LIBFLAG)
rm -f $(BINDIR)/snr
In -s $(SRCDIR)/snr $(BINDIR)/snr

For afunction called myfunc, the target section becomes,

myfunc: ufuncs.o myfunc.o
$(CC) -o myfunc -m32 -fPIC ufuncs.o myfunc.o
S (LIBFLAG)
rm -f $(BINDIR) /myfunc
In -s $(SRCDIR)/myfunc $(BINDIR) /myfunc

Note how all instances of the string snr are changed to myfunc (7 times). Note
also that per the rules for makefiles, atab character —not spaces—must precede the
commands in the target sections.

Make sure that the file Makefileis asymbolic link to makemathfunc for Solaris,
or makemathfunc. 1nx for Linux

Edit thefile.

Enter the following command: make depend

174 VnmrJ Imaging User Guide for VnmrJ 2.2B 01-999344-00 A 0207



8.3 Image Math Functions

This command updatesthe list of files that the program depends on and changesthe
makemathfunc file (awarning £it . ¢ includesuserfit . c more than oncel
appears, whichisnormal.). Enter make depend only after you change#include
directivesin afile or change the makefile itself.

8. Enter make myfunc to compilethemyfunc routine.

Variables, Macros, and Functions Available to User Functions

This section lists global variables, macros, and functions for use in mathfunc routines.

Global Variables

Except where noted, global variables areinitialized before mathfunc iscaled.

int nbr_ image_vecs

int in vec len[]

int vecindx[]

int nbr infiles

int input sizes differ
int img width,

img height,

img depth,img size

int in widthl[],

in height [],

in depth[],in sizel[]

FDFptr in object[]

float *in datal]

int pixel indx

int nbr_ strings

char *in strings/(]

int nbr_ params
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Number of image vectors passed to the user’s program.

Array of lengthnbr image vecs giving the number
of images in each input image vector.

Array of lengthnbr image vecs givingtheindexin
thein object [] andin_ data[] arraysof the
first member of each image vector. Therest of the
members of a given vector sequentially follow in those
arrays.

Number of input imagesin all the image vectors put
together.

Set to TRUE if the input images are not all identical in
size. If theimages are all the same size, it is set to FAL SE.

If all input images are identical in size, these arrays have
their dimensions. The img_ size isthetotal number of
data pixels.

If input images vary in size, use these arrays to get the
sizes of the individual images. The dimension of these
arraysisnbr infiles.

Array of dimensonnbr infiles containing pointers
to dl the input image structures, and which can be treated
either as asingle array, containing every input imagein
every image vector, or as several arrays placed “end-to-
end,” one for each image vector. The starting index of
each vector in thewhole array isgiveninvecindx [].

Array of dimensonnbr infiles containing pointers
to all the input data arrays, and which can be treated either
asasingle array, containing every input image in every
image vector, or as severa arrays placed “end-to-end,”
one for each image vector. The starting index of each
vector in thewhole array isgiveninvecindx [].

Used inthe £1t program to indicate which pixel is
currently being £1 t. It can be referenced by the user’s
FUNCTION, JACOBIAN, or GUESS routines.

Number of strings passed to the user’s function.

Array of dimensonnbr strings containing pointers
to dl the strings passed to the user’s function.

Number of numerical constants passed to the user’s
function. Inthe £it program, thisismodifiedinfit.c
so that it does not reflect any threshold va ue that might
have been passed.
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float in params[]

int nbr_outfiles

int out width[],
out height[],
out depth[], out sizel]

FDFptr out object []

float *out datall

Macros

IN DATA (vec,img,pixel)

TRI_ELEM (matrix,row,col)

Functions

FDFptr clone ddl

FDFptr create_ ddl

int create_output_ files

176 VnmrJ Imaging User Guide for VnmrJ 2.2B

Array of dimensonnbr strings containing al the
numerical values passed to theuser’sfunction. Inthe £it
program, this variableis modified in £it . ¢ sothat it
does not reflect any threshold value that might have been
passed.

Number of output files that caller has requested from user
function. Inthe £ it program, this variable can be
adjusted downward if more output files are requested than
£ it knowshow to supply.

Arrays of dimensionnbr outfiles tha havethe
size of each output image. These arrays areinitiadized to
match the size of the last input image, but you can adjust
them beforecalling create output files().

Array of dimensonnbr outfiles containing
pointersto all of the output image structures. It is
initializedby create_output files().

Array of dimensonnbr outfiles containing
pointersto all of the output image data arrays. It is
initialized by create output files().

References pixel number pixel inimage number img
in input image vector number vec.

(In £1it routinesonly). If matrix storesthelower
triangle of a symmetric matrix, references the matrix
element in row row and column col. Requires row
>= col.

Makes an identical copy of the image structure

old ddl.If dataflag isFALSE, only the header
values are copied, otherwise the data are also copied.
Function Prototype:

FDFptr clone ddl (FDFptr old ddl,
int dataflag)

Creates an image data structure of the given width, height,

and depth, and returns a pointer to the structure. Function

Prototype:

FDFptr create ddl (int width, \
int height,int depth)

Createsupto n output £iles (actualy, just data

structures in memory). File sizes are given by

out _width[],out height [],

out depth[] arrays. Thisfunctionloads

out object [] andout data [] with pointersto

the data structures and data arrays, respectively. Function

Prototype:

int create output files (int n,

FDFptr cloner)
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void *getmem Equivalent to systemmalloc () function, except that
any memory allocated this way is freed when the user
function is done. size isthe number of bytes of
memory to allocate. Function Prototype:
void *getmem (size t size)
CAUTION: Donot use free () torelease memory
allocated by getmem () .

int want_ output Returns TRUE if output image number n is requested. If
three images are specified for output in the Image Math
command line, vant _output (n) returns TRUE if
0<=n<=2; otherwise, this function returns FAL SE.
Function Prototype:
int want output (int n)

get_header_int Gets the value of an integer-type header variable. The

variable name isread from the image referred to by

handle. Thevalue of the variableis put into the integer

pointed to by pvalue. Returnsalogically true

(nonzero) value on success, and alogically false (zero)

value on failure. Function Prototype:

int get header int (handle, \
name,pvalue)

FDFptr *handle;

char *name;

int *pvalue;

get_header double Gets the value of an double-type header variable. The

variable name isread from the image referred to by

handle. Thevaue of the variable is put into the

location pointed to by pvalue. Returnsalogically true

(nonzero) value on success, and alogically false (zero)

value on failure. Function Prototype:

int get header double (handle, \
name,pvalue)

FDFptr *handle;

char *name;

double *pvalue;

get_header string Gets the value of an character-array-type header variable.
The variable name isread from the image referred to by
handle. A pointer to the character string is put into the
location pointed to by pstring. Returnsalogically
true (nonzero) value on success, and alogicaly false
(zero) value on failure. Function Prototype:
int get header string(handle, \

name,pstring)

FDFptr *handle;
char *name;
char **pstring;
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get header array int

get header array double

get_header_ array string

get image width

get image height

get image depth

get object width
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Gets the value of one element of an integer-array type

header variable. The index member of the variable

name isread from the image referred to by handle.

The value of the element is put into the location pointed

to by pvalue. Returnsalogically true (nonzero) value

on success, and alogicaly fase (zero) value on failure.

Example:

int get header array int \

(handle,name, index, pvalue)

FDFptr *handle;

char *name;

int index;

int *pvalue;

Gets the value of one element of a header variablethat is

an array of doubles. The index member of the variable

name isread from the image referred to by handle.

The value of the element is put into the location pointed

to by pvalue. Returnsalogically true (nonzero) value

on success, and alogically fase (zero) value on failure.

Example:

int get header array double \
(handle,name, index, pvalue)

FDFptr *handle;

char *name;

int index;

double *pvalue;

Getsthe value of one string from a header variable that is

an array of strings. The index string from the variable

name isread from theimagereferredto by handle. A

pointer to the character string is put into the location

pointed to by pstring. Returnsalogically true

(nonzero) value on success, and alogically false (zero)

value on failure. Example:

int get header array string \
(handle,name, index, pvalue)

FDFptr *handle;

char *name;

int index;

char **pstring;

Returnsthe number of pixelsin the fast image dimension.

Function Prototype:

int get image width (handle)

FDFptr *handle;

Returns the number of pixelsin the mediumimage

dimension. Function Prototype:

int get image height (handle)

FDFptr *handle;

Returns the number of pixelsin the slowimage

dimension. Function Prototype:

int get image depth (handle)

FDFptr *handle;

Returns the width of the region imaged, in centimeters.

Function Prototype:

double get object width (handle)

FDFptr *handle;
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get _object height Returns the height, in cm, of the region imaged. Function
Prototype:
double get object height (handle)
FDFptr *handle;

get_object depth Returns the depth of the region imaged, in centimeters.
Function Prototype:
double get object depth(handle)
FDFptr *handle;

get dll data Returns a pointer to the array of floats that represent the
image. Function Prototype:
float *get ddl data (handle)
FDFptr *handle;

8.4 The fit Program

The £it program is provided as ageneral-purpose routine to fit a function to a series of
images. Output is one or more images that give the parameter value as a function of pixel
location. Add new functional forms to be fit, as described in “ Adding New Functional
Forms’ on page 181.

For example, torunthe £ it program on T, data, type the following statement in the Image
Math window:

##11-17 = £it ##1-8 "tl" "tiv .01

Look at the first two fields:

® #4#11-17 specifiesthe number of output images, in this case, seven. These images
contain, respectively, the three parameters of the fits, the RM S residuals, and the
formal sigmas of the parameters. Reduce calculation time by asking for fewer output
images. In this example, images that not asked for are not calculated. In practice,
residuals take negligible timeto calculate, and parameter sigmas increase the
calculation time by less than a factor of two.

® Thefirst field to theright of the equal sign (=), in this case, £it, isthe name of the
programto run. Since it existsin $INITDIR/math/functions/bin, Image
Math does not try to parse the name as an Image M ath expression.

The remaining fields are passed to the £it program:
® ##1-8 isthelist of input images.

® t1 isthetypeof fit required. (t 1 doesnot need to bethefirst string parameter. Rather,
the first string that names aknown fit type is taken as the fit type specification.)

® tiistheindependent variable of thefit, whosevalueisfoundin the header of theinput
images. Often, the desired independent variable values are put in the header when the
image files are created (with svib), because any arrayed parameters will have their
valuesput in. If the header parameter name happensto be the same asthefit type, enter
the same string twice.

® Parameter . 01 isthe threshold value. Pixelsthat have valuesin all the images with
absolute va ue less than the threshold return zeroes in the output images. The default
isO.

Other string arguments can be entered on the command line:

® Thestring quick can be used to force nonlinear fitsto bypass the iterative fitting
procedure and use the initial guess for the parameter values as the final result.
Depending on the accuracy of theinitial guessfunction, thisresult might be useless, or
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nearly as good as the results of the nonlinear fitting procedure. quick is also useful
for checking the accuracy of a guessing function.

The string noderiv directs the nonlinear fitting routine not to use derivatives of the
fitting function with respect to the parameters that might be provided. In this case, the
fitting routines will estimate derivatives numerically from finite differences. This
option is mainly useful for testing.

Thestringsprev or noprev areusedtoforcetheUSE_ PREVIOUS PARAMETERS
flag on or off. Be awarethat prev breaksthe abst1 and absqgt 1 routines, because
their guess routines modify the data.

Types of Fits

Showninthe Table 14 arethetypesof fitsavailable t 1, gt 1, abst1, absqgtl, t2, adc,
and shames?2:

Table 14. Fit Types

Fit Parameters

Name Functional Form PO P1 P2
tl y=(M(0) -M,) *exp (-t/T1) +My T1 M (0) M,
qtl y=A* (1-2*Q*exp (-t/T1)) T1 A Q
abstl y=| (M(0) -M) *exp (-t /T1) +M, | T1 M(0) M,
absqgtl y=|A* (1-2*Q*exp (-t/T1)) | T1 A Q
t2 y=M(0) *exp (-t /T2) T2 M (0)

adc y=M,*exp (-b*ADC) ADC Mg
shames2 y=BV*SBV *exp (- BV PS

t*alpha) +PS*SBV _* (l-exp (-
t*alpha))/ (alpha* (1-hct))

t1 and gt 1 are alternative formulations for three parameter fits to T, data.

abstl and absgt 1 are alternative formulations for three parameter fits to absolute
value T; data.

t2 isastandard two-parameter fit to T, data.

adc isatwo-parameter fit to diffusion weighted images. Thefitted parameters are the
Apparent Diffusion Coefficient and the reference level.

shames? isatwo-parameter fit for image enhancement by a contrast agent as a
function of time. The fitted parameters are for blood volume and permeability. There
are three fixed parameters that can be set from the command line: alpha, SBVO0, and
het. The following command is an example:

#11=fit ##1-8 "shames2" "x" 0.01 0.136 0.13 0.37

In this command line, the first constant (0 . 01) isinterpreted as the threshold level;
any pixelswith an absolute intensity less than this value are not fit, but given zero
values in the output images. Thisfirst constant isread by the basic fitting routine; any
further constants can be read by the user function.

The next example sets the following parameter values:

alpha=0.136
SBV0=0.13
hct=0.37

These parameters are al so the default values.
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Pass additional images on the command line. Thefirst extraimage isused asabaseline
reference; itspixel valueis subtracted from all the normal input images. Thefollowing
command is an example.

#11=fit ##1-8 #9 "shames2" "x"

The £it routine uses #9 asthe reference image. Up to three more additional images
can be specified to set pixel dependent valuesof alpha, SBVO0, and het; thesevalues
override any “constant” values specified on the command line, such as:

#11=fit ##1-8 #9 #10 "shames2" "x"

Now, the £it routine sets alpha differently for each pixel, according to the valuein
image #10. The £it routine also uses #9 for a baseline.

User variables are defined in the second section of afitting fileas static (local to the current
file). However, on compilation, al your xfit . ¢ filesare combined with £it . ¢ into one
file, so names should be unique among all fitting functions.

Adding New Functional Forms

Additional functional forms can be handled by supplying a C language file that definesthe
function and how to fit it. Take the following steps to add new fitting functions:

1. Createafileof Csourcecode containing your fitting function. Theformat of thisfile
isdescribed in detail in “Function Definition Files” on page 181.

2. Editthefileuserfit.c toincludeyour new file.
3. Make surethat thefileMakefile isasymbolic link to makemathfunc.

4. Entermake depend toupdatemakefile to recognize your new file.

The command make depend changesthemakemathfunc file (awarning
fit.c includes userfit.c more than once! appears, whichis
normal). Enter make depend whenever you change #include directivesin a
file or changethe makefile itself.

5. Enter make fit to create the new version of the £it program.

Whenever you click on the Execute button in the | mage M ath panel, the current version
of £it isloaded and executed.

Function Definition Files

By convention, your fitting files should be named xxxfit . ¢, where xxx is the type of
fit. For example, thefilet1fit . c isdivided into two sections with preprocessor
directives:

#ifdef FUNCSELECTION

first section

#else

second section

#endif

The first section contains a fragment of C code that selects the type of fit; several macros
are defined to make the job easier (macros are indicated by ALL CAPITAL letters.) The
following exampleistaken from t1fit.c:
IF_FITCODE ("t1l") {

N_PARAMETERS = 3;

FIT TYPE = NONLINEAR;

FUNCTION = exp_ function;
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JACOBIAN = exp jacobian;
GUESS = exp_guess;
PARFIX = tl parfix;

return TRUE;

}

These macros are defined in the following table:

IF FITCODE

N PARAMETERS

FIT TYPE

FUNCTION

JACOBIAN

Comparesyour fit type string to a given string, and executes the
following lines, enclosed by braces, { }, if the strings match. (Case
differences are ignored in the comparison.) The bracketed lines show
what needs to be done in case of a match.

Set to the number of parametersin the fit. In this case, the number of
parametersisfixed, but it could depend on arguments on the Image Math
line.

Set to one of the following values:

LINEAR isafunction in the following form:

y = C(x) + PO*f0(x) + P1*fl(x) +

where PO and P1 are the parameters to be estimated, and the constant C,
(which might depend on x) and the functions £ 0 and £1 of the
independent variable x are the samefor every pixel. LINEAR problems
are solved by calculating your “design matrix” (containingthe fn (x) at
each x) and inverting it to get a matrix that transforms a vector of
observed (y - C) vauesinto a vector of parameter values. Thus, matrix
inversion needs to be done only once, and the cal culation for each pixel
simply involves subtracting the constant C from the observed y values
and doing a matrix multiply.

LINEAR_RECALC_OFFSET isthe same as LINEAR, except that C can
be afunction of pixel number. In

y = C(x) + PO*f0(x) + P1*fl(x) +

your FUNCTION iscalled with a zero parameter vector for each pixel in
order to reevauate C (x) .

LINEAR_RECALC isalsothe sameasLINEAR, but now both C and the
fn functions can be afunction of pixel number. This means that you
must construct a new design matrix and invert it for each pixel.

NONLINEAR (the default) is used for functions that do not have any of
the previous forms. The most desirable functions might be in this
category.

Set to the name of the subroutine that calcul ates the function values. The
specifications for this function are on page 183.

Always optional and is useful only for NONLINEAR functions. It is set
to the name of the subroutine (supplied by you) that calculates
derivatives of the function with respect to each parameter. If ayou do not
provide aroutine, derivatives are estimated by the nonlinear fit routines.
Providing derivatives normally only dightly speeds up fit routines.
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GUESS Used only for NONLINEAR functions. It is set to the name of aroutine
(supplied by you) that calculates an initial guessfor the parameter val ues.
Sometimes, fixed initial guesses might work for all sets of data. In such
cases, you can omit setting GUES S and instead specify default values
with the following command
set default parameters(3, 0.0, 1.0, 0.0);
where the first argument, 3, isthe number of following arguments; the
remaining arguments are the default values. You must provide at least as
many values asthere are parametersin thefit. If completely fixed guesses
do not work, but the same guess can be used for every pixel in the image,
you can specify the command
GUESS = fixed guess;
which allows theinitial guesses to be passed on the command line. These
guesseswouldben parameters constants after the constant for the
threshold value.

USE PREVIOUS Used only for NONLINEAR functions. Setting to TRUE should speed up

PAEAMETERS the fit if theroutine uses afixed guessor if the GUESS functionislikely

- to be very far off; for example:

USE_ PREVIOUS PARAMETERS = TRUE;

This command means that the first pixel isfit with the values from the
GUESS function or fixed guess values, but that subsequent pixels use the
parameters from the last successful fit for the guess. If the fitting routine
fails with these previous parameters, the GUESS function or fixed guess
values are used to try the fitting routine again. This option can speed up
the overall fit time by an order of magnitudeif theinitial guessis not very
accurate. For most data, if it is possible to find an initia guess that will
make thefit converge (even if it takes many iterations), an initial guessis
almost as good as using an accurate guessing function.

PARFIX Set only if the parameters in the functional form specified in the
FUNCTION are different from what you want to be reported. This
method isusedint1fit . ¢, wherethe functional form of thefitisy
= PO + P1 * exp(x * P2) butthe parameters reported are for
thefitofy = P2' + (P1' - P2') * exp(-x/P0').
Therefore, t1_parfix calculatesthe estimated P! from the
estimated Pn, and also cal culates new covariances. Writing aparfix
routine involves extrawork, but the routine might be an advantage over
having to specify different functions for fits that are equivalent but use
different parameters.

return TRUE; Must be entered before the closing brace, }.

Additional information can beincluded beforethe return TRUE; statement, asshownin
afragment of the shamesfit.c filein Figure43. Inthisfragment, FIT TYPE ismade
to depend on the number of image vectors passed, and additional numerical parameters on
the command line (after the threshold value) are used to set values of variables used in
calculating the function. Note that thenbr params variableis set to the number of
numerical values on the command line after the threshold value. User variables are defined
in the second section as“ static” (local to thecurrent file). However, on compilation, all your
xfit.c filesare combined with £it . c into onefile, so names should be unique among
all fitting functions.

The second sectionin an xxxfit . ¢ file contains the user-supplied functions that are
mentioned in the first section. First, there is FUNCTION, which calculates the values of
your fitting function. FUNCTION istheonly routine needed for any of the varietiesof linear
fits. It calculates a vector of y values given avector of x values and a vector of parameter
values. Figure 44 isan example. Notethat the nparams variableis not used in thisroutine
because exp function isonly used for three-parameter fits. Fitting an nth order
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#ifdef FUNCSELECTION
IF FITCODE ("shames2") {
N_PARAMETERS = 2;
FUNCTION = shames_ function;
switch (nbr_ image vecs)

case 1:
FIT TYPE = LINEAR FIXED;
break;
case 2:
FIT TYPE = LINEAR RECALC_ OFFSET;
break;
default:
FIT TYPE = LINEAR RECALC;
break;
1
if (nbr params > 0) alpha = in params|[0];
if (nbr params > 1) sbv0 = in params[1];
if (nbr params > 2) hct = in params([2];

return TRUE;

}

#telse /* not FUNCSELECTION */

/* Constants for Shames model */

static float alpha=0.136; /* Time Const for [CA-plasmal signal decay */
static float sbv0=0.13; /* Initial value of [CA-plasmal] signal */
static float hct=0.37; /* Hematocrit */

Figure43. Fragment of shamesfit.c File

static void
exp function (int npoints, /* Nbr of data points */
int nparams, /* Nbr of parameters-NOT USED */
float *params, /* nparams parameter values */
int nvars, /* Number of indep variables-NOT USED */
float *x, /* npoints*nvars values of indep vars */
float *y) /* Function values OUT */
{
int 1i;
for (i=0; i<npoints; i++){
y[i] = params[0] + params[l] * exp(x[i] * params[2]);
1
1

Figure44. FUNCTION Specifications

polynomial, for example, nparams, specify the order. Similarly, nvars is not used
because exp function only dealswith one independent variable.

JACOBIAN isthe second routine. Given vectors of parameter values and x values,
JACOBIAN calculates the partial derivative dy/dp at each x value for each parameter.
Note that it returns what looks like the transpose of the Jacobian asit is usually defined.
Thistransposition is the result of the underlying fitting routines, which are derived from
Fortran routines. Compared to C, Fortran stores arrays in transposed order. The definition
of aJACOBIAN routineis shown below.

184 VnmrJ Imaging User Guide for VnmrJ 2.2B 01-999344-00 A 0207



8.4 The fit Program

static void

exp jacobian(int npoints, /* Nbr of data points */
int nparams, /* Nbr of parameters */
float *params, /* nparams parameter values */
int nvars, /* Number of indep variables */
float *x, /* npoints*nvars values of indep vars */

float **dydp) /* Derivative values OUT*/

int 1i;
for (i=0; i<npoints; i++){

dydpl0] [1] = 1;
dydp[1] [1] = exp(x[i] * params[2]);
dydp[2] [i] = dydp[1] [i] * x[i] * params[1];

}
}

Thethird routineis the GUESS function, which isrequired for nonlinear fitsand isusually
the most difficult routine to define. Accurate first guesses will usually speed up the fit
considerably, aswell as ensurethat it does not convergeto a spuriouslocal minimum. Since
the guess algorithm is idiosyncratic for each function, you determine how the function is
defined. The signature of the function is shown below.

static int

exp guess (int npoints, /* Nbr of data points */
int nparams, /* Nbr of parameters-NOT USED */
float *params, /* Parameter values OUT */
int nvars, /* Number of independent vars-NOT USED */
float *x, /* npoints*nvars values of indep var */
float *vy, /* npoints values of dependent variable */
float *resid, /* Quality of fit OUT--OPTIONAL */
float *covar) /* Covariance matrix OUT--OPTIONAL */

For anexampleof atrivial guessfunction, seefixed guessinthefilefit . c.Notethat
thereturned values resid and covar areoptional, which means that you must test these
pointersto verify that they are nonzero before trying to store values.

TRI_ELEM Macro

The covariance matrix containsonly (nparams * (nparams+1)) /2 values, rather
than nparams*nparams. Only thelower triangle of thissymmetric matrix isstored. The
storage order is:

c(o,0), c(1,0), c(1,1), Cc(2,0), C(2,1), C(2,2), C(3,0),

TheTRI_EL EM macroisprovided to easily reference any element of amatrix storedinthis
format. Thesyntax TRI _ELEM (mat, row, col) referencesthe element of the matrix at
the row and column. This macro requires that row be greater than or equal to col.

PARFIX Routine

With PARFIX, estimated parameters can be combined to form estimates for other
parameters that were not explicitly fit. There are some potential pitfalls involving the
covariances between parameters. For example, the estimate of the sum of two parametersis
E[p0 + pl] = E[p0] + E[pl]

but, the estimated value of their product is
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E[p0 * pl] = E[p0] * E[pl] + Covar[p0O, pll

Thisvalueisthedirect result of the covariance definition. Because calculating the variance
of the newly synthesized parameters can be fairly complex, avoid using PARFIX routines.
Instead, directly write functions in terms of the parameters you actually want to know.

8.5 Signal-to-Noise Ratio, Ghosting, and Related Functions
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® “Signal-to-Noise Ratio (snr)” on page 186
® “Stability (stats)” on page 188

® “snrme” on page 189

® “object” on page 189

® “circ” on page 190

® “filter” on page 190

Signal-to-Noise Ratio (snr)

The snr function measures the signal, noise, and ghosting level, Signal-to-Noise Ratio
(SNR), and Percentage Image Uniformity (PIU).

Usage
#output frame = snr #input frame N R "comment"

The snr function takes as input two optional numbers:

® N — thesize of amean filtering kernel applied to the input image(s) prior to anaysis,
it defaultsto 11 for 128x128 (or larger) images and to 5 for smaller images.

® R—thepercent of the diameter of the object that is used to measure the PIU; it defaults
to 80%.

® "comment" A string input reflected in the output text to distinguish results from
different analyses.

Example:

#2 = snr #1 "axial" (asingleimage)

#2 = snr #1 3 "ax5" (asingleimagewith a3x3 filter kernel)

#2 = snr #1 5 100 "axial" (asingleimagewith5x5filter, using 100% of object)
##4-6 = snr ##1-3 "cor" (3images)

The snr function assumes areasonable amount of signal in all images but does not assume
the images are of the same object or orientation, see Figure 45 for an example.

Use the function snrme to analyze a series of multi-echo images of the same object but
with varying intensity (see below).

Output

A filtered image with radius as used for PIU analysis is output for each input image. The
number of output and input frames must beequal. All pixels outside of the object are zeros,
except for asingle pixel in the center of the maximum ghost which is maintained in order
to facilitate manual inspection of the ghost location.
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Figure45. SNR Input and Output images

The following numbers are reported:

Intensity Levelsfor signal, noise, and ghost (multiplied by 100)
SNR (and SNR according to the NEMA standard)

Ghosting as percent of signal

The pixel location of the maximum ghost

Percent Image Uniformity

Minimum and Maximum signal (multiplied by 100), and the pixel location of these
signals.

All calculated values are printed in the Text Output window of the Process folder and
appended to thefile"SNR_measurements. txt" inthe current directory.

Algorithm

1. Theobject isidentified through a simple histogram analysis a gorithm, which
separates signal from noise, assuming two primary peaks.

2. Thenoiselevel (meanN) is calculated as the average intensity in 4 regions outside
the boundaries of the object: top left corner (outside the object), top-right, bottom-
left, and bottom-right. We could use all "non-image" pixels, but thisincludes
ghosting.

3. Theinput imageisfiltered with a mean-function using an NxN filter kernel. The
default is 11 (5 for smaller images) for a 10x10 or 5x5 ROI.

4. Thesignal level is determined as the maximum signal (maxS) found in the object in
the filtered image.

5. Theghosting level is determined as the maximum signal (meanG) found outside of

the object but in the same band in the phase encoding direction in thefiltered image.

The SNRis calculated as the maximum signal divided by the noise (maxS/meanN).

NEMA standard SNR divides the maxs by the true standard deviation of the noise, so0.
Assuming a gaussian distributed noise with mean 0 (zero) and standard deviation s0O, the
magnitude noise will follow a Rayleigh distribution with mean 1.253s0 and standard
deviation 0.665s0. The NEMA SNRis calculated as: maxS/ (meanN/1.253).
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The ghosting isreported as the maximum intensity (meanG) in the region that falls outside
the boundaries of the object in the phase encoding direction in thefiltered image (minusthe
noise level) divided by the average signal level ( (meanG-meanN) / (maxS).

The Percentage Image Uniformity iscalculatedas (1 - (maxS-minsS) /
(maxS+minsS) ) *100, wheremaxS andmins arethe largest and smallest values within
the object in the filtered image.

Stability (stats)

The stats function measures the standard deviation and peak-to-peak variation asafunction
of the mean signal intensity within a series of images.

Usage
#output_frame = stats ##input frames N R "comment"

The stats function takes as input two optional numbers:

® N — thesize of amean filtering kernel applied to theinput image(s) prior to anaysis,
it defaultsto 11 for 128x128 (or larger) images and to 5 for smaller images. Entering
0 (zero) bypasses the filtering.

® R — the percent of the diameter of the object that is used to measure the average
standard deviation within the object. The default is 80%.

® "comment" A string input reflected in the output text to distinguish results from
different analyses.

The number of output frames must be at least 1 and no more than 4, see for an
example of the output.

Example:

#101 = stats ##1-60 (statistics onimages 1-60, one output image)
#101 = stats ##5-60 (skip thefirst 4 images)

##101-102 = stats ##5-60 (two output images)

##101-104 = stats ##5-60 (four output images)

| |
&;1‘ ﬁ;gulvg; Process Image| Canol | Provess m
Recon
Wigighting |*
Interactive
Text Output| eesx-

Show Text
Sequence Manual
Clear |

Figure46. Stats: Input and Output Images
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Output
The stats function can output up to four images:
1. Standard deviation as percentage of mean
2. Peak-to-peak as percentage of mean
3. Mean
4. Standard deviation (absolute value)
The following numbers are reported in the Text Output window of the Process folder:
® Standard deviation as percentage of mean averaged over the object
® Average peak-to-peak as percentage of mean (if peak-to-peak output imageis selected)
® Appends calculated valuesto the file STAB_measurements.txt in the current directory.

Algorithm

The object isidentified through an analysis similar as for the snr function. The mean,
standard deviation, standard deviation as a percentage of mean, and peak-to-peak asa
percentage of mean are calculated on a pixel-by-pixel basis within the object.

The center 4 pixelsareignored (values set to zero), by default, to avoid affects of DC
artifacts on the result. The optional argument, nodc, forcesinclusion of the center pixels.

Limitations of the Image Analysis Functions

® Reported numbers may not reflect the values over the entire object if the object is not
circular (e.g., asagittal view of abottle).

® Consequently, the cal culations may report erroneous numbers for any of the following:
Pronounced dielectric effect leading to large signal inhomogeneities

Histogram analysis from a signal/noise yields a threshold that is too large resulting
underestimating the size of the object.

® The part of the object that falls outside of the circular region may be interpreted as
ghosting, leading to avery large ghosting level.

® Reduced SNR and ghosting level and potentially negative ghosting reported if there
are artifactsin the corner regions of theimage and the estimated noiselevel istoo large.

snrme
Similar to snr, except that the object isidentified on the first image a one and the object

limits applied to all subsequent images.
Usage

#output frame = snrme #input frame N R "comment"

object

The object isidentified through a simple histogram analysis algorithm, and the object
boundaries (top- and bottom-most row, |eft- and right-most columns) are determined.
Output is an image with the background set to zero.

01-999344-00 A 0207 VnmrJ Imaging User Guide for VnmrJ 2.2B 189



Chapter 8. Math Processing

Usage

#2 = object #1

circ

The object isidentified as with the object function, but the output is the approximated
circular object. Optional input isthe percentage of the radius to use as the object.

Usage
#2 = object #1 R
R isthe percentage, default 100%.

filter

Theinput image isfiltered with a mean-function using an NxN filter kernel.

Usage
#2 = filter #1 N
N defaults to 11.

8.6 Problems with Image Math

Run-time Errors

Image Math has no automatic run-time validation of math operations. Check data values,
as shown in these examples:

#1=(#2==0)20:#1/#2

#2=sqgrt (fabs (#1))

#5=(#1<=1.0e-6)?1log(1.0e-6) :1og (#1)

#5=1og (#1<1.0e-6?1.0e-6:#1)

If a user function has bugs (such as using uninitialized pointers) that result in memory
violations, the entire VnmrJ programis core dumped. Core dump files result because, while
your function isrunning, it is actually part of VnmrJ.

CAUTION: Before performing possibly illegal operations, check data values.

Image Math expressions can bewritten that will kill Vnmrd, e.q. #2 = #1 + * (f1loat *) 0

CAUTION: Be careful when programming and testing new user functions.

Run-time error messages might be found in the console window and a core dump file can
bein the current VnmrJ directory.

Compilation Errors

Image Math does not generate alegal C program if anillegal expression is entered and the
message line shows: Math: Program did not compile

Compiler errors are also written into the console window.
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chapter 9. Digital Eddy Current Compensation

Sectionsin this chapter:
® 90.1*The DECC Module,” this page
® 9.2"Theory of Preemphasis,” this page
® 9.3"Using the Decctool Interface,” page 193

This chapter describes the digital eddy current compensation (DECC) module and
decctool, the associated software interface. DECC is used in microimaging, horizontal
imaging, and whole-body imaging.

9.1 The DECC Module

The DECC module consists of the DECC board, the Smart DAC (SDAC) board, and
associated cables (a power supply is sometimes also supplied with the modulein certain
standalone situations.) A functional block diagram is shown in Figure 47.

DECC relies on digital signal processing technology to create appropriate compensating
signals, the calculation being based on parameterized compensation requirements applied
to thedigital signal from the gradient waveform generator boards (WFGSs). The parameters
are sent to the board over the APbus. The compensating signal is scaled as appropriate and
added into the main gradient signal on the SDAC, and sent out to the gradient power
supplies.

The SDAC board is an improvement over previous versions of gradient DAC boards; the
following signal strength and/or conditioning controls can now be set via the APbus:

® Shiminput scaling

® DECCinput scaling

® Risetime (slew rate)

® Qutput gain

® Qutput polarity
The SDAC board is alow-power current driver that is used for compensating BO shifts.

When BO shifts are too large for this on-board current driver, ajumper setting turns the
signal into voltage mode so that an appropriate external current amplifier can be used.

9.2 Theory of Preemphasis

This section is a brief theoretical description of preemphasis (also known as eddy current
compensation), the module, the software, and afew key terms. Referred to other NMR and
MRI literature for more background. This chapter does not provide any descriptions of
methods for measuring eddy current effects.
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Figure47. DECC Module Block Diagram

Measuring Two Samples

Sample | islocated at the center of the gradients (center of X, Y, and Z) and sample |
centeredin X and Y but offset from the Z center. The assumptions used in this example are:
the samples are point-like, have very narrow linewidths. and the NMR frequency for each
sample can be measured at any time and independently of each other.
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9.3 Using the Decctool Interface

Apply asimple pulse-acquire (to either sample) at atime T following a BO field gradient
pulse, as shown in Figure 48. Applying arf pulse-acquire sequence that is short compared
to the gradient and eddy current times and vary the time T between the gradient and the rf
pulse resultsin a series of spectra with the spectral lines offset from the zero-gradient
spectrum that converge to the zero-gradient frequency at long T times.

—> |+

Gradient J—|

rf Pulse |_|

Acquire rU\W

Figure48. RF Pulse-Acquire Seguence

The empirical relation ship between the line frequency of time T is as follows:

N T/ 7,
} [Eq. 5]

f(T) = fo{lT(ElAke

Ay and 1y are characteristic of conducting structures of the magnet within which the eddy
currentsreside. A can be negative for shielded gradients. Eddy currents act to oppose the
field (Lenz'slaw) that caused them. Each of the magnet’s conducting structures giverise to
atermin the summation in Equation 5.

Eddy current fields contain two major components; a BO component and a gradient
component (first order or linear term). Each component consists of a set of termswhich
decay according to Equation 5. BO terms are independent of spatial position and influence
the NMR signal at sample | and Il equally. Linear or gradient terms influence the NMR
signal differently depending on the magnitude of the gradient field at | and 11. The samples
in thisexample are along the z axis and the Z gradient is pulsed and yields terms known as
Z—>7 main terms. Terms resulting in the BO shift are known as the Z—>B0 terms.

Gradients arise in the z axis (or cross terms) from gradients applied along one of the other
axesinstead of along the z axis. X—>Z cross terms arise from a pulse applied aong the x
axis. Y—>Z cross terms arise from a pulse along the y axis.

Eddy current effects result from variety of main terms, cross terms, and BO terms, all of
which can be corrected with DECC.

9.3 Using the Decctool Interface

This section describes how to use the decctool interface.

Modifications using DeccTool can only be make by the system hardware administrator,
typically thisisvnmrl. Any investigator can used the tool to view a gradient coil
calibration. The systems reads the information imbedded in the gradient coil 1D, loads the
correct gradient calibration file when the gradient coil is changed, and makesthe necessary
configuration changesto VnmrJ.
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Opening decctool

1. Click on Tools on the main menu.

2. Select System Settings...

3. Click on Gradients and ECC to open DeccTool, see Figure 49.

_ = DeccTool = Value of the
Main parameter i Gradient Coil: None ———————————— parameter:
entry tabs s sysgcoil

Cross terms for
selected axis

x> x| R (R

Amplitude

Time constant
Enable

Tau [ms]
0.001
0.001—

0.001=
0.001=
0.001
0,001

Amplitude [%]
0.001
0.001—
0.001
0.001—
0.001—+
0.001+

L

Compensation—F~
terms
. Load J Save I
Text fields T EoCEle .l
Unmodified) Version: 0 Purge

Close

Figure49. decctool Window

4. Clickinthe ECC Filefield to activate it. Type a name of your choice, then click on
the Save button. Do this step now before proceeding.

Loading and Saving Files

The name of the magnet gradient coil, which is the value of the sysgcoil parameter
(None in Figure 49), isshown at thetop of the decctool window. The master file name used
internally to hold the ECC vaues is named after the coil used. Compensation parameters
are associated with the coil-magnet combination in use.

The values for the parametersin the master file are displayed when the decctool window
opens. No name in the ECC Filefield. Create a scratchpad file for the parameter settings
operations by entering afilenamein the ECC Filefield.

The L oad and Save buttons are enabled. L oad and Save buttons operate on the scratchpad
file and simultaneously overwrite the master file. Do not click on the Load and Save
buttons before reading the following sections and learning how to uses the interface.

Loading a File
1. Enteranameinthe ECC Filefield or click the pulldown menu arrow ﬂ to select
afile.
Select a specific version of afile by including aversion number extension in the file
name (e.g., test . 7). Thelatest version isloaded if no version number is provided.
2. Click on Load.

The parameters in the parameter-entry panels are simultaneously loaded from the
file named in the ECC Filefield and a so saved to the master file.
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9.3 Using the Decctool Interface

Saving a File

1. Enteranameinthe ECC Filefield or click the pulldown menu arrow g| to select a
previously named file.

2. Click on Save.

The parameters in the parameter-entry panels are simultaneously saved in the file
named in the ECC Filefield and in the master file.

Previous copies are kept and named with an extension incremented by one from the
previous version. The number of the current version islisted below the ECC File
pulldown menu.

Delete old copies of files by clicking on Pur ge.

Version number inthe ECC Filefield isignored and thefileis saved with aversion
number one higher than the highest existing version.

Starting Experiments

The Save & Go button performs the same operation as the Save button and starts the
current experiment. Become familiar with the operation of decctool before using the
Save & Go button.

The Save & Go button runsthe macro deccgo that performs ago command by default.
Change the operation of deccgo by either writing anew deccgo macro or by defining a
deccgo parameter executed by the default deccgo macro.

Example: Make Save & Go execute the au command. Enter the following in the input
window:

string('deccgo')
deccgo="'au'

Modifying X,Y, and Z Compensation Parameters

Tabs indicating provide access to each of the five main parameter entry panels:
® X — x-channel parameter entry (with four subpanels)
® Y — y-channel parameter entry (with four subpanels)
® Z — z-channel parameter entry (with four subpanels)
® Limits— set duty-cycle and risetime
® Scale— set various gains

Changing Time-Constants and Amplitude Values

The X, Y, and Z parameter entry panels are select using the tabs to and open a subpanel.
Each subpanel has four tabs for the cross terms effecting the gradient.Change the time-
constant and amplitude values as follows:

1. Clickon X, Y, and Z parameter tab to select a subpanel of cross terms.
2. Click on athe tab representing the cross term of interest.

3. Place acheck in the box under the Enable column to select time-constant and
amplitude pair.

The message at the bottom of the decctool window has changes from (Unmodified)
to (M odified) after check box to change a time constant and amplitude is changed.
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4. Set atime constant by entering a number in thefield under Tau (ms) or click on the
up or down arrowsto the right of the entry field.

The message at the bottom of the decctool window has changes from (Unmodified)
to (M odified) after atime constant and amplitude is changed.

5. Hit Return after typing avaue.

6. Setan amplitude by entering anumber in the field under Amplitude(%) or click on
the up or down arrowsto the right of the entry field.

7. Hit Return after typing avaue.

8. Repeat step 3 through step 6 for each time-constant and amplitude pair that will be
used to define the cross term up to the maximum pairs allowed in each panel.

9. Repeat step 2 through step 6 for each cross term of interest.
10. Repeat step 1 through step 9 for each parameter panel as required.
11. PressLoad.

Values displayed in the various text fields that are the same as the master file are
unmodified. Values that have changed from the master file are modified.

Selecting or Deselecting Values

Place a check in the box under the Enable column to make athe time-constant amplitude
pair active. Removing the check from the box makes the pair inactive. Disabling
(unchecking) the time-constant amplitude pair sends values of zero for that particular ECC
term to the system.

Setting Rise Time and Duty Cycle

Use the Limits panel to set Rise time (slew rate) and Duty cycle. These settings occur on
the SDAC board. Duty cycle sets alimit for the gradient pulses—if the duration exceeds
thisvalue, an error signal is generated.

Setting Gains
The Scale panel is used to set various gains on the SDAC board.

The ECC gain setting affects the ECC signal coming into the summing junction on the
SDAC board where the ECC is combined with the main gradient signal. The value in the
X,Y, and Z parameter entry values fixes the amplitude correction that is applied to the
gradient and is generally not affected by the ECC scale factor in the Scale window. If the
ECC scale does need to be changed, the values of the ECC parameters do not need to
change. The purpose of having this scalefactor availableisrelated to resolution of the DAC
creating the compensation waveform, and only in rare circumstances is the scale factor of
concern.

The Shims scale factor controls the gain of the incoming shims. The x1, y1, and z1 shims
are summed into the gradient signal on imaging systems.

Overall scale setsthe gain onthe entire set of signals—gradients, compensation, and shims.
Thisisused mostly to correctly set the size of the image for the applied demand gradient.
It accepts negative values, so it can also be used to reverse the polarity of the gradient
signal.

Closing decctool

Click on the Close button at the bottom of the decctool window to close decctool.
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Appendix A. VNmrJ Imaging Interface

The VnmrJ interface is shown below. This chapter describes major areas of the interface.
Details about the procedures, operations, etc. controlled through the interface are
documented in this and other manual.

7 Buttons for:

Menu bar o — s :
System toolbar— | Ql -l @ — Graphics
User toolbar e reves — ViEWPOrts
/5.20070112_01
ertical tool . -
panel and 7 [__Plan | Current
tabs: Locator o s Graphigs canvas
Study e controls
Queue : 25
Review
Queue
Layout
: o
Movie sty optos Parameter
ROI e e S mas o . panels
Image R mostas ¢ 1151 1 e Gradient coll 115.60_HD
110 Sl e Dura i o saved i homefimagerdhers st 207011201
Math reloag | cleadispad ¥ ! : c
Trash can L e |IE e D fea sy fomefimagerpmmrysdsajsciests 20070112 01 ——Eardware
ar
— Parameter tabs

Parameter pages

® A.1“Main Menu Bar,” page 198

® A.2“System Tool Bar,” page 202

® A.3“User Toolbar,” page 203

A.4*Hiding and Showing the Toolbars,” page 203
A.5“Locator,” page 204

® A.6“Study Queue,” page 204

® A.7“Review Queue,” page 204

® A.8“Graphics Toolbars,” page 205

® A.9“Advanced Function Bar,” page 209
® A.10"Graphics Canvas,” page 210

®* A.11*Viewports,” page 210

® A.12*Folders,” page 211

® A.13"Action Controls,” page 211

A.14 “Hardware Bar,” page 211
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A-l Maln Menu Bar File Edit Miew Acquisition Tools Help

The main menu bar for the account administrator provides the following items:
® “FileMenu Selections,” page 198
* “Edit,” page 199
® “View,” page 199
® “Acquisition,” page 200
® “Tools,” page 201
® “Help,” page 202

File Menu Selections

The menu selections are for the File menu are: .

Menu Items Descriptions

New Workspace  Make anew workspace of the next available workspace number.

Open Opens up thefile T
nav|gatlon Win_ Choose Home Directory| fhomefwalkup4 /vnmrsys fdata
dow to the locate Dir 1 | Dir 2 | Dir 2 [ Dir 4 |
the required file Look In: | T fidiip ~| =] [ =] [ ac]
: . I Dosy [ dept.fid [image.4Tfid [} ODCE.fid
C!ICk the file and [ heart.dat Cifid1d.fid [ menthol.fid [ p31.4Tfid
C||Ck on the Opm gmonkey‘dat gﬂdZd.ﬂd Bmixture‘ﬁd gPSI‘mwvo‘ﬁd
button tO Open or ¢13.4T.fid fid2da.fid NOCED.fid tldata.fid
dragand drop the File Name: | |
fileonto the Files of Type: | fic v
graphics screen. | open || cancel |
Saveas... Opensthefilenav- [= =]
|gat|on W| ndOW tO Cheose Home Directory| fhomefwalkupd /vamrsys/data '|
the locate the Dir 1 | Dir 2 | Dir 2 | Dir 4 |
required directory. soei (D =ttt e
. ’ 1s_20060913_01
Enter afile name 5 rrpstudy
inthe Save asfield
and click OK to
Save. File Name: | |
Files of Type: | fid -
Save Cancel
Auto Save Saves data using directories specified in Save data setup. ..

Savedata setup ... Opensthe Save Data Setup window — customize where datais
saved and customize the file naming, see “ Setting Up Study Data
Directories and Templates,” in the VnmrJ Installation and
Administration manual.

Printers... Opens a window
for selecting print-
ersand plotters.

Only printers and plotters defined through VnmrJ Admin are dis-
played, see the manua Host Computer Setup for VnmrJ for infor-
mation about connecting printers and plotter

Exit VnmrJ exits VvV nmrJ.
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Edit

A.1 Main Menu Bar

The Edit menu selections are:.

Edit Menu I tems

Create protocols
Tool Bar

Display options...
Par ameter Pages...
Viewports
Annotation...

Edit config profile...

View

Descriptions

See“Making aNew Protocol,” page 30 and “Making a Com-
posite Protocol,” page 30.

Opens the tool bar editing tool. Refer to the VnmrJ System
Administration manual for more details.

Opens awindow for setting symboalic colors and fontsin the
interface.

Opens the parameter panel editing tool.

Opens the Viewport Settings panel to set the number of
viewports. Select aradio button from 1 to 9 to set the number of
viewports, see“ Viewports,” page 210 for more details.

See“ Annotations,” page 151.
Opens the Edit User Config Profile window.

The View menu selections are:

View Menu ltems

Command Line

Experimental Panel
Parameter Panel
Sudy Queue

L ayout

Movie
ROI
Image

1/0
Toolbars

System Tool bar

User Tool bar

01-999344-00 A 0207

Descriptions

Displays the command line if it is hidden — account owner
only.

Adds the experiment panel to the vertical panel protocol tab.
Opens the horizontal parameter panels if they are hidden.
Adds the study queue panel to the vertical panel protocol tab.

Layout tab isused for selecting which images are displayed in
which layout, see “Layout,” page 150.

Movie tab to setup images for amovie display, see “Movie,”
page 152.

ROI tools see 5.4 “Regions of Interest,” page 125 and “Region
of Interest — ROI,” page 152.

Image tab contains controls for modifying the image, see
“Image,” page 154.

Printing and DICOM options, see “1/0,” page 157.

Opens a pop-out menu. Place check next to atool bar to show
the tool or remove the check to hide the tool bar.

UHESEO0 e Wl @5 Referto

“System Tool Bar,” page 202 for adescription of system tool
bar functions.

M - '.‘ Plan Curmng Review
Refer to" User Toolbar,” page 203 for a description of system

tool bar functions.
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View Menu Items Descriptions

Graphics Toolbars See " Graphics Toolbars,” page 205.
Dl
| i O e -]

sl d dde 3

J*,:INQ;IJUJ j\*ﬁ\ ”Elﬂ[ﬁ@lj JStacked spectra tool bar
‘ @)« Imaging tool bar

1D Spectra toolbar

Hardware Toolbar

Temp | spin | Lock

Probs
HCNl;DS - ﬂ g!l

Acquisition

The Acquisition menu selections are:.

Menu ltems Descriptions

Parameter arrays... Open Array Parameter window

Array definition Array Parameter
region Param _Name[ _ Description 2 _ \ Size [ Order \ Onforr_ |
ni Number of increments in 1st indir... 128 0 On
Arrayed — Phase selection 2 1 On
parameter fields
Array Size: 256 Total Time: 0:0:-1
UnArray Mew Array
. Active Pararm: phase Current Value: li
Status region—— z
Pasition [ Value
Array limits _ - 1 1
. Array Size: 12 | 2 2
reglon First Value: :1 .. |
Increment: 16 |
Last Value: '2
Inc. Style... Linear
Randomize
Array
elements
window
Window controls- | close || Abandon |

Window Region
Array definition
Arrayed parameter field columns:
Parm Name — enter name of arrayed parameter.
Description — displays text description of array.
Size —displays number of steps or incrementsin the array.

Order — displays precedence for running the array — double
click in the field and enter the array order. Arrays with
sequential numbers create afull matrix (array A x Array B)
and each array can be adifferent size. Arrays with the same
order number (and the same size) creates a diagonal array.

On/Off — Array isused / array not used
Fields and buttons
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Menu ltems

A.1 Main Menu Bar

Descriptions

Array Size field — shows size of selected array.
Total Time field — shows estimated time to compleat the array.

UnArray button —remove selected parameter from the list of
arrayed parameters.

UnArray button —add new row to list of arrayed parameters.

Satus — show active parameter during acquisition and parameter’s

current value.
Array limits
Array Sizefield —enter the size of the array and press return.
First Value— enter the starting value of the array and press return.
Increment — enter the array increment and press return.
Last Value —enter the ending value of the array and press return.
Inc. Style ... button — click and select linear or exponential.

Randomize button — click to toggle between arandom and
ordered array.

Array elements

Change the value of the array element by double clicking on the
value of the array element associated with the array position,
entering a new value, and pressing Enter.

Window buttons

Use Study
Queue

Abort
Acquisition

Tools

Edit—Not active.

Undo—Click to undo click again to restore the change.
Close—Closes the window.

Abandon—Closes the window and removes all entries

Check this box to enable the study queue and to facilitate building
aprotocol.

Data acquisition is stopped.

The tools menu selections available are:

Menu Items

Update locator

Descriptions

Opens a submenu that provides choices for updating
the different parts of the L ocator.

Import filesto locator Opens awindow for importing filesto the locator.

System Settings...

Opens the System Settings window, which enables you
to set system parameters.

System Settings Window tabs and Buttons
System config button — inactive if user is not the system administra-

tor, typically vnmrl.

Gradientsand ECC... button — Starts Decctool, see “ Digital Eddy Current
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Menu Items Descriptions

Gradient Tables ... button— opens Gradient Tables window with a drop down
menu listing of available systems coils. Click on the desired
coil and click on close to select the coil.

System tab Application mode — Walkup, Standard, or imaging.
Receiver gain used by gtune (0-60) — enter avalue in
thefield.

Autosave data after acquisition Check box: enabled
if checked

Trash study node preferences

— set options from drop down menu:

® Customized study nodes:
deleted, skipped, or not allowed.

® Completed study nodes:
not allowed, skip, delete

Display/Plot tab Process data on drag-and drop — Check box:
enabled if checked.
Set display from plotter aspect ratio (wysiwyg) —
Check box: enabled if checked.
Spectrum updating during phasing (0-100) — set
the percentage of the display that is updated during
interactive phasing. 100 is recommended
M ax # of pens— number of plotter pensto use

Show Tooltips — Opens awindow for saving the cur-
rent locator view — check box: enabled if checked.
Max # of itemsto show in locator—enter avaluein
the field.Values larger than 2000 slow the locator
response. Refer to appendix on locator administration
in the VnmrJ I nstallation and Administration manual
for more information on working with the database.

Display only matching itemsin locator — check box:
enabled if checked.

Day Limit of filesin Locator (neg = forever) —
Enter avalue.

Turn off locator— check box to turn the locator off.

Browser ... Opens a VVJ Browser window to navigate and search
directoriesfor files.

L ocator ... See “Locator,” page 213.

Help

Starts VnmrJ online help. The help files must be loaded from the VnmrJ Manuals CD. Or,
the CD must beleft in the CD-ROM drive.

A.2 System Tool Bar S EECC B o M

Thetool bar isdirectly below the menu bar. These buttons provide quick accessto common
functions. Thetool bar and buttons can be edited. Click on Edit and Select Tool to start the
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A.3 User Toolbar

editor, refer to VnmrJ I nstall ation and System Admini stration manual for moreinformation.
The following tools are the default available in this tool bar:

Button Function

Create a new work space.

Open the file browser to locate adirectory, select afile, and load thefile.
Click on the file to load and click on the Open button to load the file
into the current workspace (experiment).

Save As... Opensafile browser to locate a directory, name afile, and
save a data set. Enter afile name in the File Name: field, select the file
type from the drop down menu, and click on the Save button.

Open the display options Styles and Themes window.

-

-n

Cancel command.

Stop acquisition.

Show the fid display toolbar.

Show the spectrum display tool bar.

Show the 2D datatoolbar (grayed out if the data set is 1D).

Show image display tool bar

EOEE D QK

A3 USGI’ T00|bal" ﬂg - l“ WCurreng Re\a'ew_l

Button Function

Save the current screen layout (graphics, a parameter

jg panel, locator sizes). Click on one of the buttons and press
the mouse button for five secondsto save the layout. Click
on the button again to return to the saved layout.

t‘ I—Plan Curreml Reviewl . Plan, Current, and Review viewports.

A.4 Hiding and Showing the Toolbars
1. Click on View from the main menu.
2. Select Toolbars.

3. Check on atoolbar nameto togglethe tool bar on (place a check mark to the left of
the toolbar name) or off (remove the check mark to the left of the toolbar name).

A tool bar with an X at the bottom can be hidden or closed by clicking on the X.
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A.5 Locator

The locator provides access to data sets, experiments, shim sets, and commands, see
Appendix B, “Locator” for more information about the locator.

A.6 Study Queue

The Study Queueis used to set up and view studies. The Study Queue holds alist of scans
or protocolsthat have been previously acquired or are set up for future acquisition. Scans
can be acquired in any order, independent of their position in the Study Queue. Study data
is saved automatically asit isacquired. As scans are run, they are shuffled up in the Study
Queue so that scansthat have been run are listed in the order they were run at the top of the
Study Queue. However, if you skip any scans within a composite protocol, those skipped

scansremain in place.

A new study isinitiated by selecting Clear Study from the Study Options menu at the
bottom of the Study Queue. Clear Study closes the previous study and clears the Study
Queue, which becomes available for anew study. A study identification tag is
automatically generated and assigned to the study.

Each scan in the Study Queue can be in one of seven states:

® Ready —the protocol has just been loaded from the Locator, but not yet viewed by the
operator.

® Customized — the operator has at some point loaded this protocol into the Plan
viewport to view or modify parameters, but has not submitted the protocol for
acquisition.

® Active — currently loaded into the Plan viewport.

® Queued — protocol is queued for acquisition when the Start Queue button is pressed

® Executing — actively acquiring data.

® Completed — acquisition completed successfully and data is available.

® Error —the protocol was submitted for acquisition but an error occurred and the
acquisition did not complete.

® Skipped — the protocol was dragged to the trash.

As soon as aprotocol is submitted for acquisition, it ismarked with alock icon to indicate
that the parameters can no longer be modified. If the scan completes successfully, it is
marked with a spin-echo icon to indicate that it contains actua data.

A.7 Review Queue

The Review Queueis atool for organizing and viewing images. Refer to 5.2 “Review
Queue and Organizing Images,” page 120, for more details.

[ [aia] meges |

G118) | [i-151

Review Queue

Expanded view
» cl
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A.8 Graphics Toolbars

A.8 Graphics Toolbars

The graphics control bar for the active viewport is to the right of the graphics canvas. Use
the buttonsin the bar to control the interactive display in the graphics canvas.The graphics
control bar isto theright of the graphics canvas. Toolbar actionsinclude integral displays,
phasing, threshold adjustments, and other actions.

® “Common Graphics Display Toolbar Controls,” page 205
® “1D Display Spectrum Toolbar Controls,” page 205

® “Display FID Toolbar Controls,” page 206

® “Imaging and nD Display Tools,” page 206

Common Graphics Display Toolbar Controls

The following tools are common to 1D, nD, and fid display toolbars.

Icon Description
Zoomin

%

A

q Zoom out

j Select zoom region
EI Redraw display

@| Return to previous tool menu

1D Display Spectrum Toolbar Controls

Icon Description

H I Two cursors in use, click to toggle to single cursor

ﬂ One cursor in use, click to toggle to two cursors

1
o4

"W Click to expand to full spectral display
Pan or move spectral region
Integral displa

7 ri €9 splay

Display scae

Toggle threshold on or off

Phase spectrum
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Display FID Toolbar Controls

Icon Description

"
i

I Two cursors in use, click to toggle to single cursor
HJ One cursor in use, click to toggle to two cursors

- W Click to expand to full fid display
1

J
i L

‘ m Showing real and zero imaginary - to show only real

Pan and stretch

Showing real and imaginary - click to zero imaginary

‘ H Showing real only — click to show real and imaginary.

Toggle scale on and off.

ot
Phase fid

wdk

Imaging and nD Display Tools
® “Imaging Tool Bar,” page 206
® “Imaging Tools Menu Selections,” page 207
® “nD Graphic Tools,” page 208

Imaging Tool Bar

Icon Description

@ Imaging tools, click to start imaging tool bar.

Tool bar handle - grab and drag tool bar to any location within the VnmrJ

screen.

ﬂ Select

E Image scaling.
] Select zoom region.
-H Draw apoint.

v Draw aline.

DJ‘ Draw acurve
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A.8 Graphics Toolbars

Icon Description

u‘ Draw a box.

Draw an oval

Draw aregion.

Q
o
ﬂ Drag an object.
@|1|

Return to previous menu.

Close tool bar. Click to close the tool bar.

Imaging Tools Menu Selections

Icon Description

@ Imaging tools menu select.
w
E Image scaling.

_‘ﬁ Manual image scaling
;H Automatic image scaling

QL‘ Zoomin

E Open frame layout sub-menu

[J1Frame
mE'Ftsmes
ms..Frnrms
m2x2 Frames
ia'ﬁ Frames
Ixman-miic

‘ ﬁ Open region of interest tools sub-menu.

-H Draw apoint.
Y Draw aline.
d‘ Draw acurve
u‘ Draw abox.
d Draw an oval
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Icon Description

Draw aregion.

D

Show Statistics
Select All
Delete All
ﬂ Open rotation tools sub-menu.

NRotate Counterclockw
ﬂRotate 180 degrees
JIRotate Clockwise

€ Flip Left/Right

I Fiip Up/oown
NFIip diagonal

ﬂFIip diagonal

> I Open movie tools sub-menu.

Start movie.
id

Stop movie
—
Open annotation sub-menu.

None

Short
Medium
Full
Subject-Info

nD Graphic Tools

lcon Description

ﬂ Box cursorsin use, click to toggle to dual cursor

_ lD | Dual cursor in use, click to toggle to box cursors
|J- :

. ‘ Click to expand to full fid display
_j Pan and stretch

‘ ﬁ Show trace

‘% Show projections

Clickon to horizontal maximum projection across the top of the 2D
| =5 display.
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A.9 Advanced Function Bar

Icon Description

Click on @ to horizontal sum projection across the top of the 2D display.

Click on ‘ @ to vertical maximum projection down the left side of the 2D
display.
Click on [éﬁ to vertical sum projection down the left side of the 2D display.

Rotate

Increase vertical scale 20%.

Decrease vertical scale 20%.

Phase spectrum.

el

Clickon ~— to select the first spectrum.
S8

Clickon :l to select the second spectrum.
‘E‘ Peak pick.

A.9 Advanced Function Bar

rew = "“Wnrmr] VERIIOM 2.2 REVISION B

I

Click and drag_/

Move cursor over the top of the graphics screen until it turns into a double arrow. Left
mouse click, hold, and drag down to open command entry field and a text output field.
Close the field by moving cursor over the top of the graphics screen until it turnsinto a
double arrow. Left mouse click, hold, and drag up to close command entry field and a text
output field clicking once on the button. Any command or macro can be entered into this
command window. Error and information messages are displayed in the scrolling text
window above the command line in addition to the hardware bar. Command history can be
shown if you click on the arrow with the left mouse button. Select a command from the
command history by highlighting it and pressing Return to executeit.
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A.10 Graphics Canvas

This portion of the interface, shown in below with three images, is used to display and
interact with graphic and text information.

rt fhamefvnmr_2. 2B/ fidlib/studydemo/data/serms _01.fid

il

® Resizethegraphicscanvasby clicking on the canvas boundary linewith the left mouse
(the cursor changes form) and dragging theline (e.g., between graphics and parameter
templates or between graphics and locator).

® Expand the graphics canvas and hide the parameter templatesarea by clicking the x on
the upper right hand corner of the parameter template. Show the parameter panels by
clicking on View on main menu and selecting Par ameter Panel.

® Flip the parameter templates behind the graphics canvas, create a Parameter Panel tab
ontheleft side of the graphicswindow, and expand the graphics canvas by clicking the
push pin on the upper right hand corner of the parameter template. Place the cursor on
the tab to display the parameter panel.

® Resize the graphics display and display the parameter panel by placing the cursor on
the tab to display the parameter panel and clicking on the push pin on the upper right
hand corner of the parameter template.

® Reduce any vertical panel to a horizontal tab to the left side of the VnmrJ screen by
clicking on the push pin. When all the vertical panel tabs are reduced to horizontal tabs
the graphic canvas expands to the full width of the VnmrJ screen. Display any tab by
placing the cursor on the tab. Fix the tab in place by clicking on the push pin.

A.11 Viewports

210

A study isrun using thethree viewports: Plan, Current, and Review. ( ’—H 4 r
Move between the viewports by clicking on the buttons on the e M
upper right corner of the VnmrJ window, above the graphics canvas.

The Plan viewport is used for setting up acquisition and processing parameters for the next
scan. Typically, the scout imageisdisplayed for graphical planning. A scan is submitted to
acquisition by clicking the Start scan button, at which point the parameters are transferred
to the Current viewport where acquisition is initiated. After the acquisition is started, you
can go back to the Plan viewport and set up the next scan and perform the graphical
planning. Images are selected as scout images for planning by double-clicking any
completed scan in the Study Queue while in the Plan viewport.

Completed scans and error scans can be loaded from the Study Queue into the Review
viewport for analysis. Double-clicking a completed scan clears the graphics area before
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A.12 Folders

loading the images. Drag a completed scan onto the graphics areato avoid clearing the
graphics before displaying.

Images appear in the Current viewport asthey are acquired.

A.12 Folders

Select parameter panels by clicking on the tabs across the
top of the panels. | Star‘t|---

Use the Start panel to control the start and end of a study.
Use the Acquire panel to set acquisition parameters.
Use the Process panel to adjust processing parameters and process data.

Usethe I mageto performimage processing. See Chapter 7, “Image Processing in vV nmrJ,”
for more information on interactive image processing.

Within each panel, thereis avertical list of pages to help navigate among the parameters.

To edit a page, select the Edit menu, then select Parameter Pages. Thistemplate editor is
also useful for viewing commands and parameters that are used in the panels.

A.13 Action Controls

To the right of the parameter panel selection tabs are a series of buttons that change,
depending on the currently displayed panel. The buttons appear when atab is selected
(buttons not active on a data station are shown in gray).

W [rrEEET ) FrEREEtEea | et - 1

A.14 Hardware Bar

RF Watts: Channel 1 " "
T i ﬂ Inactive 0 .|exper|ment1 uniocked \
Trash can RF channel Wats Acquisition Message history Message d|sp|ay

Hide hardware bar status display Acquisition message history

-
|

The hardware bar contains the following:
® “Trash Can,” page 212
® “RF Watts,” page 212
® “Acquisition Status Details,” page 212
® “History of Acquisition Messages,” page 212
® “History of All Messages,” page 212
® “Message Display,” page 212
Theright portion displays the current state of the acquisition system and system messages.

Hiding and Showing the Hardware Bar

Click on the arrow icon to the left of the trash can to hide or show the hardware bar.
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Trash Can

Dragging an item to the trash can from the Locator or
other area generally removes the item and adds it to
the trash can.

Double-clicking on the trash can enablesyou to view | -
itemsin thetrash can area. In thismode objects can be ’r
restored from thetrash can by selecting them and then!

clicking the Restor e items button. To exit this mode, double-click on the trash can.

Show Items Trashed on any date

Restore Items | Exit Trash |

Delete Items | Empty My Trash|

=

lenarne |0bjnrpe |datetrashed |
(= [ z |

CAUTION: Emptying the trash can deletes data from the disk.

RF Watts

Click on thisicon to open awindow showing a history of rf power appears. To close the
window, click ontheicon again. Click the right mouse button on thisicon to open awindow
enabling channel selection.

On human imaging systems, this button opens awindow that displays the rf power as a
function of time.

Acquisition Status Details
. . ~statu
Click onthe AI icon. To close the Status frachve B | Queved [

window, click ontheiconagaintoopen | . . ,— 7l — e
awindow showing acquisition status |

details. Remaining GComplete Stored ‘

hardwar

’V Lock |Off Decoupler (Off W |Off ‘

History of Acquisition
Messages

Click on the[] icon To see a history of all acquisition messages. Click on theicon againto
close the window. Click the right mouse button within the scrolling message window to
change the text view options.

History of All Messages

To seeahistory of al spectrometer messages, click on the I!| icon. To close the window,
click on theicon again. Click the right mouse button within the scrolling message window
to change the text view options.

Message Display

The message display showsthelast message that occurred. M essages can be informational,
awarning, or an error message.
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Appendix B. Locator

Sectionsin this chapter:
® B.1*"Locator Settings and Interface Elements,” page 214
® B.2*“Using the Locator,” page 216
® B.3“Locator Statements,” page 217
The locator, shown below, is a database browser that provides access to data sets,

experiments, shim sets, commands, and other things. Additional information on setting up
the locator data base are found in the VnmrJ Installation and Administration manual

Locator
Lecator
p Show all imaging protocols
containing all scans created by
varian and me on any date
s s2] sl
Locator
a| name ¥ | type = |anatomy =
epi basic head sl
fastrmap basic head
fse3d basic head |
fsems basic head
gedd basic head
geddshim  basic =
germs basic head
gemsshim basic
isis basic head =
mems basic head
prass basic head
presscsi basic head
quickshim basic |

The L ocator enables accessto information on all or part of the disk environment. The scope
of the L ocator’sactionsis determined by the administrator who setsthe global and local the
scope of the L ocator.

The Locator works similar to adirectory or file manager and uses minimal filtering of the
information. Rather than only showing the files that satisfy the requirements, it shows two
or three lists of information. With two lists, onelist showstheitems (or objects) that satisfy
all terms of the search while the other list showsthe objects that do not. Where someterms
have a boolean relationship, the Locator shows three lists:

® Objectsthat meet al criteria
® Some of the boolean terms met
® Remaining objects

The determination of which of theselistsit are shown is determined by the construction of
the underlying Locator statement.
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The Locator displays three attributes for each object within each list. Object attributes are
not limited to those in the Locator statement. Any one of the attributes can be designated
as the sort attribute, in which case the objectsin each list are sorted by the value each has
for this attribute.

B.1 Locator Settings and Interface Elements

The Locator interface elements are described in the following sections:
® “|ocator Settings,” page 214
® “| ocator Statements and Menu,” page 214
® “Navigation in the Locator,” page 215
® “Attributes,” page 215

Locator Settings

Set the locator settings as follows:
1. Click on Tools on the main menu.
2. Click on Systems Setting tool.
3. Select the Display/Plot tab.

Max # of itemsto show in locator—enter avaluein thefield.Values larger than 2000 slow
the locator response. Refer to appendix on locator administration in the VnmrJ I nstallation
and Administration manual for more information on working with the database.

Display only matching itemsin locator — check box: enabled if checked.
Day Limit of filesin Locator (neg = forever) — Enter avalue.

Turn off locator— check box to turn the locator off.

Locator Statements and Menu

A magnifying glass and the Locator Current locator
current locator statement are at statement menu statement

the top of the Locator.

The magnifying glassisthe p Show sems Data run byeveryone
menu of currently available on any date

locator statements. This menu

includes both statements 22 | 22 | 23

provided by Varian, Inc. and “—ll segfil = | filename = | time_run =
those customized and saved by Attribute header bar

the user. Saved locator settings

Statement navigation arrows
Locator statements are

statements in which aword or phrases are colored and underlined in a manner similar to
linksin aweb page. Each link hides a menu of choices, of which the currently displayed
phraseisan example. The choices available vary with the types of data currently known to
the locator.
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B.1 Locator Settings and Interface Elements

Navigation in the Locator

Below thelocator statement isa pair of arrows (statement navigation arrows), which enable
you to move forward and back through past locator operations, applying each to the current
locator environment. Thus a set of locator statements can be rapidly applied in achanging
environment.

Attributes

Below theiconsisthe attribute header bar. Thisbar enablesyou to select the attributes
displayed and to arrange the objectsin each list in a number of ways.

r'lame by e author
- == ==

andgio bhasic Warian

The padlock enables locking an object against archival. This featureisnot yet
implemented.

The next threefields are the currently displayed attributes. Change any column by clicking
ontheattribute label and selecting adifferent attribute from the drop-down list. Below each
label isits hot zone. The hot zone can be either ablock or atriangle. Only one attribute at
atime has atriangle and it is this attribute that serves as the sort term for each list.

® Click on ablock to sort by this attribute.
® Click onthetriangle to reversethe sort order.

The boundaries between the attribute labels are adjustable. Simply place the mouse cursor
on the boundary you wish to adjust. Wait for the adjust cursor. Click and drag the boundary
to its new position and release.

Objectsin thelocator are available for anumber of actions. A single click selects an object.
The selected object can then be dragged to another part of VnmrJin which case the action
taken will depend on the type of object and where the object is dropped. Alternatively a
double click on an object will cause the most likely action to occur. These actionswill be
discussed shortly.

The value of an attribute might be longer than the width of the column in thelocator. A tool
tip appearsfor aperiod of time when the mouse cursor rests on an attribute value. The tool
tip contains the full value of the attribute.

Attribute Lists

The list of attributes in the drop-down lists are controlled by configuration files. There are
threefile names, for three different types of itemsin the locator. These are:

® shuffler_param list for 'vhmr data’ and 'vnmr parameter’ files
® study param list for 'study' items
® dataprotocol_param_list for 'protocol' items

Each of these can exist for each of the appmode types and for individual users. That is,
appmode types of imaging, standard (experimental liquids & solids), and walkup. The
attributes visible in the drop down menu for each appmode type, will be controlled by files
in the appropriate directories. If a user does not have an individua file, the filein the
appropriate appmode directories will be used. If there isno file in the imaging or walkup
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directories listed above, then thefilein /vnmr/shuf flexr will be used. If users have
their own individual files, the attributes listed in it must also be in the appmode directory
file. That is, auser'sfiles can limit attributes shown, but cannot add to the list of attributes
shown beyond the attributes in the system files.

Wildcards

Wildcards can be used in attribute values, but not for the attribute nameitself. For example,
"file*' to specify the attribute ' £ilename' isnot allowed. Selecting an attribute of
'filename' andediting the selectionvaluetobe 'p31* ' to show al fileswhose names
start with 'p31'. ' ?231* ' isallowed and showsall file starting with any single character
followed by '31 ', followed by 0 or more characters. The leading ' ? ' allows upper or
lower case ' P' and any other character. This does not apply to dates.

The following wildcards can be used:
® %1 or '%' canbeusedto match any number of characters
® '2ror' ' canbeusedto match any single character

B.2 Using the Locator

216

Use the mouse to select or drag-and-drop items in the locator interface.
® “Searches,” page 216
® “Dragging and Dropping from the Locator,” page 216
® “Editing File Names from the L ocator,” page 217
® “Configuration Files,” page 217

Searches -
Clicking the magnifying glass with the left mouse }ﬁiﬁ

button brings up a menu of searches. Selecting one Show allimaging protocols
changes the search sentence displayed at the top of the it - =0 =
locator. The result of the search isdisplayed in the list. 51 s2| s3]
Those items in the white part of the list satisfy the o rame v | tpe = anawomy o)
search sentence. Those in the gray part do not. Three epi basic head =
attributes are displayed for each item found. These fenmap ek nea |
correspond to thethree columnsinthelist. Clickingon | fsems basic head
the attribute name at the top of the list with the left gzgjshim E:z:z head -
mouse button brings up a menu of attribute choices. 3ems basic head -
gemsshim basic
isis basic head —
Dragging and Dropping from the T e e
Locator e o

Clicking on aniteminthelocator list selects that item

and drag it to the graphic area or the parameter panel areato cause the appropriate action.
For example, dragging a data set to the graphic arearetrieves that data set into the current
workspace (experiment) and displays the spectrum. Dragging a workspace to the graphic
areajoins that workspace (experiment) with the graphic area. Double-clicking on an item
performs the same action as dragging the item to the graphics canvas.

Dragging-and-dropping an object will have an action appropriate to the context. |n many
cases the same effect will be obtained by double-clicking on an object. Some examples are:
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Dragging a protocol into the experiment queue adds the protocol into the queue.
Dragging a study into the experiment queue |oads the study into the queue.

FIDs are retrieved into the current workspace. If Autoprocess on drag-and-drop is
enabled is System Settings, process macro is invoked so that the FID is transformed.

Double-clicking a workspace joins that workspace. Drag-and-drop does the same.
Double-clicking a parameter set loadsthat set in the current workspace, as will adrag-
and-drop.

Double-clicking ashim set loadsthe shims. Drag-and-drop to the current shim buttons
also loads the shims into acquisition.

Dragging either data or shims and dropping them in the trash (lower left in the
hardware bar) deletes the object (removes the file from the disk).

Retrieve an objectsfrom thetrash can by double-clicking on the trash can, selecting an
object, and clicking the Restor e items button.

Editing File Names from the Locator

When anew file is added to the locator from within VnmrJ, the new item appearsin its
appropriate spot in the Locator, and it appearsin green at the top of the locator window. If
one of the columnsin the Locator is filename, click on the green editing filename and
changeit.

Press Return or click on another line after changing the file name. The old filenameisto
removed and the new one added. The Locator redisplays to show the new name.

Configuration Files

Configurationfilesfor thelocator are contained in thefollowing directoriesfor the different
appmode types:

Interface Directory

Standard (experimental) /vnmr/shuffler

Imaging /vnmr/imaging/shuffler
Walkup /vnmr/walkup/shuffler
Individual users $vnmruser/shuffler

B.3 Locator Statements

Sorting Locator Statements

“Sort Protocols,” page 218

“Sort Studies,” page 218

“Sort Workspaces,” page 218
“Sort NMR Data,” page 218
“Sort Records,” page 219

“Sort Parameter Files,” page 219
“Sort Shimsets,” page 219
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® “Sort Command Macros,” page 219
® “Sort Pulse Sequence Macros,” page 219

Sort Protocols

The statements in this category show the list of NMR imaging protocols. The two sort
options provided are

® by scan and type
® by anatomy and coil.

Sort Studies

The statements in this category allow you to sort by study parameters:
® by project
® by gender and age
® by scan and coil

Sort Workspaces

The statements in this category allow you to sort by workspaces parameters:
° All
® by group

Sort NMR Data

Entries show the known NMR data sets, but differ in the actual format of the statement as
well astheinitial set of attributes shown. The most comprehensive statement isthe last one,
by user defined attributes and date (thisis aso the one that is least likely to be used, but
it is discussed here to explore the scope of the data statements).

The generic statement is shown in Figure 50. ‘Locater
. . . . Show serms Data run byeveryone

There are seven separate underlined choicesin this on any date

statement: seqfil, sems, anatomy, il sl <

all, everyone, time run, and on o seqfil & [ filename = [ timerun = |

any date. Figure50. Generic Locator

Clicking on any of the underlined phrases Statement

produces a drop-down menu of the choicesin this

position. The menus are environment sensitive so they will not display choices that do not
exist. For example, if thefirst phraseis seqfil, then the second phrase will have only
those pulse sequence choices that the locator has found in the data. Thus, sems will not
appear in the drop-down menu unless there is some data that has been run with
segfil="'sems"'.

Thelogic of this statement is of the form:
Show attributes A and B of type C with additional limitations.

First, the additional limitations phrases enable you to select the owner of the data. This
selection is determined by the administrator at thetime adirectory is made availableto the
Locator.
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Second, the additional limitations enable reordering by date. There are various dates
associ ated with data, for example, the time started or the time saved. Specify these date
fields severa ways or alter the date two ways:

® Using the left or right arrows to decrease or increase the date by one day each click.
All other statements supplied by us are simpler than the generic one. If there are certain

statements that you use frequently, these can be promoted to the top of the menu simply by
saving them again as your loca variants.

Sort Records

The statements in this category show the list of record files that can be sorted as follows:

® by seqfil
® by study

Sort Parameter Files

The statementsin this category show thelist of NMR parameter files. Two major categories
of parameter files are System Param Filesand My Param Files. You can also select the
statements Test Filesand by user defined attributesto do other selective searches. After
you select a category, the locator statement changes, e.g., Show Test Files.

Sort Shimsets

The statementsin thiscategory enable you to access the shim setsthat you have saved. Note
that the shim sets are saved with an automatically generated file name and with a
descriptive shim name provided by you. Thisis one instance where the UNIX file nameis
less appropriate to sort on as an attribute than is the descriptive name.

Sort Command Macros

The generic statement in this category enables you to find a VnmrJ command or macro
based on its attributes. The locator enables you to reorder commands and macros by a
number of attributes. Once you find the command that you wish to use, adouble click will
execute it.

Sort Pulse Sequence Macros

Thegeneric statement in this category enablesyou to reorder the set of macros used to setup
different experiments, based on attributes that categorize the type of experiment, for
example, 1D, 2D, or 3D. Double-clicking on a macro executesiit, setting up the current
workspace to run this experiment.
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appendix c. DICOM® Conformance Statements

Sectionsin this chapter:
® C.1“DICOM Conformance Statementsfor Storage on VnmrJ,” this page
® C.2“DICOM Conformance Statementsfor Print-SCU on VnmrJ,” this page
® C.3"“Dicom File Generation,” page 224

C.1 DICOM Conformance Statements for Storage on VnmrJ

DICOM conformance statement for MIR CTN Applications are found at:
http://wuerlim.wustl.edu/D1COM/ctn-docs/conformance. pdf

-or-

http://www.erl.wustl.edu/DI COM/ctn-docs/conformance. pdf

Additional information can be found at:

http://www.erl.wustl.edu/DI COM/ctn-docs/doc_index.html

C.2 DICOM Conformance Statements for Print-SCU on
VnmrJ
This appendix describes the DICOM conformance statement for VnmrJ that serves as

DICOM Print Service Class User (SCU). In order to comply with the DICOM V3.0
specification, only standard Service Object Pair Classes (SOP) is used.

The following summarizes the sequence of real-world activities.
1. Establish Association

VnmrJwill initiate associations by using TCP/IP protocol.

The attributes of both Application Entities are defined in the file
/vnmr/dicom.cfg.

Attribute Description

Ac€Title Title of Application Entity of Printer Service Provider.

Hostname hostname of Printer Service Provider.

Port port number which Printer Service Provider will accept associations.
ScuTitle Title of Application Entity of Printer Service User.
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In this step, the following SOP Class is used:

OP Class Name SOP Class UID

Printer 1.2.840.10008.5.1.1.17

2. Create Presentation Look Up Table

If Printer support Presentation LUT then it will request the PresentationLUT UID
from Printer Service Provider.

In this step, the following SOP Class is used:

OP Class Name SOP Class UID

Presentation LUT 1.2.840.10008.5.1.1.23

Thefollowing attributes are set:

Attribute Name Tag Default Value

Presentation LUT Shape (2050,0020) IDENTITY

3. Create Basic Film Session

VNMR will ask SCP to create Basic Film Session. In this step, the following SOP
Classisused:.

OP Class Name SOP Class UID

Basic Film Session 1.2.840.10008.5.1.1.1

Some attributes defined in the file dicom. cfg are sent to SCP.

Attribute Name Tag Default Value
Number of Copies (2000,0010) 1

Print Priority (2000,0020) LOW

Medium Type (2000,0030) CURRENT

Film Destination (2000,0040) CURRENT
Illumination (2010,015¢) 1000

Reflected AmbientLight (2010,0160) 10

Referenced Presentation (2050,0500) None

LUT Sequence

Referenced SOP Class (0008,1150) PresentationL UTSOPClass
uib

Referenced SOP Instance  (0008,1155) Unique ldentifier
uiD

4. Create Basic Film Box
In this step, the following SOP Class are used:

OP Class Name SOP Class UID

Basic Film Box 1.2.840.10008.5.1.1.2
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C.2 DICOM Conformance Statements for Print-SCU on VnmrJ

Some attributes defined in the file dicom. cfg are sent to SCP:

Attribute Name Tag Default Value

Image Display Format (2010,0010) STANDARD\1,1
Annotation Display (2010,0030) None

Format ID

Film Orientation (2010,0040) PORTRAIT

Film Size D (2010,0050) None (Printer Default)
Magnification Type (2010,0060) None (Printer Default)
Smoothing Type (2010,0080) None (Printer Default)
Border Density (2010,0100) None (Printer Default)
Empty Image Density (2010,0110) None (Printer Default)
Min Density (2010,0120) None (Printer Default)
Max Density (2010,0130) None (Printer Default)
Trim (2010,0140) No

Configuration Information ~ (2010,0150) None

Requested Resolution 1D (2020,0050) None

5. Set Basic Grayscale Image Box
In this step, the following SOP Class is used:

SOP Class Name SOP ClassUID
Basic Grayscale 1.2.840.10008.5.1.1.4
Image Box

Some attributes defined in the file dicom. cfg are sent to SCP-.

Attribute Name Tag Default Value
ImagePosition (2020,0010) 1

Polarity (2020,0020) NORMAL

Requested Image Size (2020,0030) None (Printer Default)
Requested Decimate Crop ~ (2020,0040) None

Behavior

Grayscdelmage Sequence  (2020,0110) None

Samples Per Pixel (0028,0002) 1

Photometric Interpretation  (0028,0004) MONOCHROME2
Rows (0028,0010) rows of image data
Columns (0028,0011) columns of image data
Photometric Interpretation  (0028,0004) MONOCHROME2
Pixel Aspect Ratio (0028,0034) N1

Bits Allocated (0028,0100) 8

Bits Stored (0028,0101) 8

High Bit (0028,0102) 7

Pixel Representation (0028,0103) 0

6. SendImage Pixel Data
The Raw Image datawill be send to printer.
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7. Delete Basic Film Box
Send Delete Basic Film Box Request to printer.

8. Delete Basic Film Session
Send Delete Basic Film Session Request to printer.

9. Delete Presentation LUT
Send Delete Presentation LUT Request to printer.

10. Release Association

C.3 Dicom File Generation

224

Introduction
DICOM fileformat is a standard file format used in the Medical imaging field.

Thisfile format is recognized by most image analysis, display and printing software.
DICOM files contain a header with various experimental and image related parameters
followed by image data. The datais commonly 8- or 16-bit integer type. For example, a
multi-image

dataset is arranged in the following order:
Header - Image#l - Image#2 - etc.

The VNMR software generates images with an ascii (text) header and binary data (FDF
format). In the case of 2D images, each image is stored as a separate file labelled
slicexxximagexxxechoxxx.fdf, where, xxx refersto a number, such as slice number or echo
number. The extension fdf refersto the FDF file format, used in Varian spectrometers and
the parameters associated with the image are stored in a separate parameter (text) file,
procpar. A limited set of the imaging parameters are contained in the FDF file header
whereas all acquisition and processing parameters are contained in the procpar file. The
images after a scan are stored in a directory, for example, gems_01.img.

gems_01.img/
slice00limage00lecho001.fdf
slice002image00lecho001.fdf
slice003image00lecho001.fdf
procpar

The DICOM file generation routine converts the images into DICOM files. The user may
specify asingle (default) or multiple image output. In the former case all slices are saved
as asingle, pseudo-3D image and in the latter case individual slices are generated.

A single image output is represented by:

DICOM Header - Slice#l - Slice#2 - Slice#3
In the case of multiple image output:

DICOM Header - Slice#l

DICOM Header - Slice#2

DICOM Header - Slice#3
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C.3 Dicom File Generation

The resulting files are stored in the users local directory, as:

$home/vnmrsys/dicom/image.dcm -singleimage output

In the case of multiple image output the images are named,

slicexxximagexxxechoxxx.dcm.

Similarly, 3D images can also be generated by the dicom conversion routines.

Using the Review Q and Locator

1
2.
3.

Select the Review VP.
Clear al previously loaded filesin the Review Queue - click on Clear RQ.

L oad the fid file. Using the locator, double click on a previously acquired dataset.

Thisactionwill load the raw data (.fid) and imagefileinto the Review viewport. You
may also usethefile browser to select thefid file and load it into the Review VP. The
Process routineis called to process and display the images. (It is necessary to load
thefid file because the DICOM header isinitialized using the parameters saved with
thefidfile.)

Enter afilename or the full path and filename.

Select the |/O Tab in the vertical panel areaand click onthe DICOM storage button.
The DICOM file, image.dcm, will be saved in the $home/vnmrsys/exp# directory
(default).

Interactive Mode

1

Clear al theimages displayed in either the Plan or Review viewport.

a  Inthereview VP click on Clear RQ
b. Inthe plan VP, Image => Unload Data, All

L oad the raw data (.fid) file. Using the file browser, double click or drag and drop
the .fid file into display window.

Initialize the processing parametersif necessary. Using the Process panel, you may
change the zerofilling (fn, fnl) or apodization (gf, gfs) parameters.

Click on the Process button to process and display the images.

Select the 1/0O Tab in the Image display areaand click on DICOM storage button to
generate the DICOM file.

A single output filewill be saved in the specified file.

Other options:

® dicomstore — generates asingle image output (default), same as

dicomstore('single’)

® dicomstore ('single') — generates asingleimage output

® dicomstore ('multi') — generates adicom image for each slice, or array

element. The images will carry the same base name as the fdf file but with a.dcm
extension.
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Generating DICOM Files Automatically During a Study
1. Add the dicomstore macro to the execprocess parameter:

a. Click on Edit.
b. Select Create Protocol.
c. Select Configure EXEC parameters.

2. Add dicomstore tothe Processing commands

€0. im2D('proc') dicomstore
or
execprocess = 'im2D( " proc”) dicomstore'

3. Savethe protocol

4. Thedicom files (.dem) will be created after image processing and then saved in the
study data directory along with the (.fdf) images.

5. Enable or disable the DICOM file generation by creating the parameter,
dicomflag.

create ('dicomflag', 'flag"')

The default condition isequivalent to dicomflag="y "', which generates the
DICOM files. Set dicomflag="'n’ to disable.

Customizing the DICOM Header

The DICOM header is created using a parameter template, /vamr /user_ templates/
plot/dicom.default. The macro, dicomhdr, initializes the DICOM header by
reading the templ ate and the parameter information loaded into the present workspace. The
user may specify the parameter information to be stored in the DICOM header by creating
a customized template file. The dicomhdr macro selects the template in the following
order:
® Shome/vnmrsys/templates/dicom/seqgfil
-seqgfil refersto the pulse sequence name
® dicompath/seqgfil
-dicompath parameter contains a directory name:
/vnmr/user templates/dicom/seqgfil
Shome/vnmrsys/templates/dicom/default

® /vnmr/user templates/plot/dicom.default
— default, system file
Additional Notes

® A template (text file) of the DICOM file header is generated in $home /vnmrsys/
dicom/tmp/ctn.input file

® All intermediate files are put in atemporary directory, $Shome /vnmrsys/dicom/
tmp.
® |n the case of 2D images,
Rows = Read dimension size
Columns = PE dimension size
Frames = no of images or slices

® |n the case of 3D images,
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C.3 Dicom File Generation

Rows = PE#1 dimension size
Columns = read dimension size
Frames = PE#2 dimension size

Limitations
1. Some parameters in the DICOM header may not be initialized.
2. Image orientation parameters are not set correctly.

3. Itisassumed that the parametersin the present viewport correspond to the displayed
image.
4. When arrayed, multi-slice images are selected asingle DICOM image file will

contain all theimages. The DICOM file generation programs do not distinguish
between the slices and arrayed images.
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Appendix D. NMR Imaging Concepts

Sectionsin this chapter:
® D.1“Basic Imaging Principles,” this page
® D.2“Time Domain to Spatial Domain Conversion,” page 230
® D.3“Logical to Laboratory Axes Transformation,” page 233
® D.4“Slice Selection,” page 235
® D.5“Frequency Encoding,” page 239
® D.6 “Phase Encoding,” page 241
® D.7“Image Resolution,” page 242
® D.8“Spatial Frame of Reference,” page 244
® D.9“Image Reconstruction,” page 245
® D.10“Important Imaging Parameters,” page 245

This chapter introduces the basic concepts necessary to understand MRI experiments and
becomefamiliar with the terminol ogy and principlesin simple experimentsin conventional
NMR because this chapter focuses on MRI-related topics. NMR concepts can be easily
understood when the process of asimple imaging experiment is analyzed. The 2D spin-
warp imaging sequence that is commonly performed in MRI is used in this chapter as an
example to illustrate principles and experimental aspects related to NMR.

The spin-warp imaging sequence is based on the 2D Fourier transform principle for
converting the time domain NMR signals into image data. Most of the other imaging
techniques are a so based on the Fourier transform idea and can be regarded as variations
of the spin-warp method.

D.1 Basic Imaging Principles

This section contains a brief introduction to nuclear magnetic resonance (NMR) imaging,
magnetic resonance spectroscopy, chemica shift imaging, the 2D spin-warp imaging
sequence, and lists several additional referencesfor more information about NMR imaging.

NMR Imaging

NMR imaging, or MRI, isused to obtain a map of the distribution of spinsin asample (for
example, protonsin water). Theinherent properties of the spins—such as spin density (T4,
T,, To*), diffusion coefficient, etc.—affect the signal intensity in imaging experiments,
which makes the contrast in the resulting images easy to distinguish. This feature of
distinguishing different sample regions based on NMR-related properties makesimaging
an important tool in clinical, biological, and material sciences.
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For example, clinical MRI scanning techniques are the preferred method for distinguishing
various soft tissuesin the body. The spin density (T, and T,) of water in different tissue
regions makes the contrast between tissues easy to distinguish. Experimental techniques
can be designed to further enhance the contrast between tissues. Special imaging
techniques can also be used to study flow, perfusion, diffusion, and susceptibility effects.

Methods for Obtaining Spectral and Spatial Information

Magnetic resonance spectroscopy (MRS) is the study of spectroscopic information in
different spatial regionsin a sample. Volume-localized spectroscopic methods are used to
obtain spectral information from specific locations in a sample. Chemical shift imaging
(CSl) methods are another related class of experiments that are designed to provide both
spectral and spatial information from a single experiment.

2D Spin-Warp Imaging Sequence

2D spin-warp imaging is one of the simplest imaging sequences commonly used in NMR
imaging. Most of the other imaging sequences are variations of thisfundamental sequence.

In“Basic Imaging Principles” page 229, the basic principles of imaging are discussed
based on the spin-warp sequence. The information in that sectionis primarily meant to help
anovicegrasp the basic principles and terminology of NMR imaging. The chapter contains
a description of the experimental aspects of NMR imaging so that you can understand the
correlation between the parameters and the resulting image. For a more theoretical
understanding of the imaging experiments, refer to any basic text or reviews on MRI.

References

The manual Getting Started contains more general information about the software
interface. Consult the online help or the PDF files on the manuals CD for additional
information on commands, macros, and parameters.

D.2 Time Domain to Spatial Domain Conversion

230

Asan example of Time domain to spatial domain conversion, consider atube of water
inserted within an NMR probe and placed in the center of the magnet. The magnet produces
ahomogeneousfield in the region surrounding the water sample. A single pul se experiment
yields an NMR signal that, on Fourier transformation (FT), produces the frequency
spectrum of the sample, as shown in Figure 51.

A single line at the resonance frequency, f,, is obtained. The frequency is defined by the
following Larmor equations:

fy= 7By [Eq, 6]
y=2n-y [Eq. 7]

In Equation 6 and Equation 7, yis the gyromagnetic ratio (rad.gauss'sec’l) and Byisthe
magnetic field strength (gauss).

For protons, yis 2.6752x10% rad.gauss ™ sec! and y' is 4257 Hz.gauss ™. In MRI, the
magnet strength, B, isusually expressed intesla(1 T = 10,000 gauss), whereasin
conventional NMR, magnet strength is commonly referred to in terms of the proton
resonance frequency in MHz.
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D.2 Time Domain to Spatial Domain Conversion

The frequency spectrum that is displayed in NMR isreferenced with respect to the

rf transmitter frequency. The center of the spectrum refersto the carrier frequency.
Therefore, spectral components that are above (positive) and below (negative) can be
measured by NMR. In MRI, the spatial-frequency components are measured with respect
to the resonance frequency of the major component in the sample, usually water. Therefore,
the carrier is placed on the water resonance frequency, fq, as part of theinitial setup
procedure. Now, the center frequency in the spatial-frequency domain refers to the origin,
or the center, of the gradient frame of reference.

In addition to the standard equipment in NMR spectrometers, imaging systems are
equipped with X, Y, and Z field gradient coils that are designed to produce linear field
gradients along the x, y and z directions, respectively. In MRI, these field gradients are used
to get the spatial information from the sample. Thex, y, and z gradient fields are orthogonal
to each other and their origins lie a the center of the gradient system. The field produced
in each direction islinear and ranges from anegative value to a positive value; the field at
the origin is zero.

Consider the water sample shown in Figure 51 and apply alinear field gradient along they
direction, ranging from a negative value to a positive, as shown in Figure 52.

DM>#

ke
Gy

0 y T y

X

Sample in a field gradient Magnetic frame of reference

Figure52. Effect of aField Gradient Along Directiony

In Figure 52, the field along the y direction is no longer constant but varies linearly,
depending on the positiony. Thefield at aparticular location, y, isdefined by y.Gy, inwhich

Sample in a homogenous field, B Spect
pectrum

T
FID fp — »f

Figure51. Frequency Spectrum Produced by an NMR Signal
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Gy (in gauss/cm) refers to the field gradient along y direction. Therefore, the spins along
the y direction experience a unique field depending on the location of the y direction.

The frequency, fy, of the spins at various y locations is defined by the following equation:

fy = 7 (By+y -Gy [Eq. 8]
Inthisequation, y refersto they location (in cm) and Gy refersto the applied field gradient
(in gauss/cm).

Equation 8 isthe most important equation in MRI becauseit correlates the spatial position
of the spins, y, to the measured parameter, fy. That is, the frequency spectrum measured is
adirect reflection of spatial information (along y) because, as shown in Equation 9,

fy ey [Eq. 9]

when y=0, Equation 9 isthe same as Equation 6 and Equation 7, so the frequency at the
origin of our frame of referenceis equal to the resonance frequency of water, fg. Itis
necessary to place the rf transmitter frequency at fy so that images can be spatialy
referenced with respect to the origin of our reference frame or the center of the magnet.

Under the previously
described conditions, a
single-pulse sequence
yields a spectrum that |
contains a continuous !
range of frequencies, as |
|
|
|

Profile with a gradient on

Spatial-frequency spectrum

shown in Figure 53.

The frequency spread isa
direct reflection of the 0
spatial position of the

spins aong they /\

direction. Signal intensity
is directly related to the
amount of water at various

J\
J

f0=0

positionsalongy. Thetube
of water appearsasa
semicirclein the center of
the spectrum. The spatial-
frequency spectrum,

Transmitter
on-resonance

Transmitter
off-resonance

Figure53. Frequency Ranges

showninFigure53,isalso
referred to as a profile or
projection of the sample along they direction.

The projection resolves the spatial-frequency components along a single direction. But an
imaging sample isthree-dimensional, so more imaging must be done to visualize our
samplein 3D space. Many experiments have been designed in the past to uniquely identify
and map the spin distribution in the sample. Each experiment has its own advantages and
limitations. Experiments based on the spin-warp techniques are the most commonly used
in MRI. Therefore, it is useful to understand how these experiments resolve the spatial -
frequency components of a 3D sample.

The 2D spin-warp experiment contains the following three parts, which correspond to the
preparation, evolution, and detection stepsin a conventional 2D NMR experiment:

® Sliceselection
® Phase encoding
® Readout
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D.3 Logical to Laboratory Axes Transformation

D.3 Logical to Laboratory Axes Transformation

Imaging experiments require a coordinate transformation from logical axes (slice select,
phase encode, and readout) to laboratory axes (X, Y, and Z) for the applied gradients. Table
15 lists the standard orientations.

Table 15. Standard Orientations

orient  ps phi  theta  dlicesdect phaseencode readout

trans 0 0 0 Z X Y
cor 0 0 90 Y X A
sag 90 0 90 X Y Z

Oblique angles would involve amixing of the laboratory axes. This coordinate
transformation occurs in software or in hardware using the Coordinate Rotator board (if
installed):
® Software—whenthe Gradients entry isset to WFG+GCU in the Config window (or
the global parameter gradtype="www').

® Hardware—if aGradient Coordinate Rotator board (01-905404-01) isinstalled and
whenthe Gradients entry isset to Gradient Coordinate Rotator inthe
Config window (or the global parameter gradtype="'rrr').

With the Coordinate Rotator board installed, it is necessary to download to the board the
coefficients required for the transformation. This download is accomplished with the pulse
sequence element rotate () ;.

Thiselement is actually a macro for the fully expanded pul se sequence element,
rotate angle:

rotate angle(psi,phi,theta,offsetx,offsety,offsetz,delayx,delayy,delayz)

psi, phi, and theta arguments are the traditional angles of rotation.

offsetx, offsety, and of £setz arguments are static shim offset values that can be
added to the laboratory axis gradients.

delayx, delayy, and delayz arguments are gradient amplifier delay values.

The pulse sequence element rotate () usesthevaluesof psi, phi, and theta inthe
parameter set and sets the shim offsets and the amplifier delays to zero.

rotate () downloads the necessary numbers to the Coordinate Rotator board in order to
accomplish the matrix multiplication and add calculation for the coordinate rotation. The
time of the download isincluded in apdelay.h as INOVA CRB_ ROTATE and isequal
to 60.0 microseconds.

The calculation of the rotated gradient output requires 3.1 microseconds and is
accomplished at each waveform generator strobe. Therefore, waveform generator dwell
times should not be less than 4 microseconds. Thisisin good agreement with the DAC
update rate of 4 microseconds.

Another pulsesequenceelement, init crb (), canbeused explicitly inapulse sequence
to set the rotation matrix to unity and the shim offsets and gradient amplifier delaysto
zero. This element would be used to apply a gradient on a specified laboratory axis
without any coordinate transformation.

It isalso possible to have morethan 1 rotate () pulse sequence element in a pulse
sequence. For example, a gradient at the standard orientation of psi, phi, theta and
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then an additional gradient for saturation bands would be accomplished with the following
code:

status (A) ;
xgate (ticks) ;

rotate() ; /* default angles psi, phi, theta */

(other events or optionsin the pulse sequence go here)

/* spatial sat pulses. */
if (sat[0] == 'y') {
for (j=0; j<nsat; j++) {
obspower (satpwr) ;
obspwrf (satpwrf) ;
poffset (satpos[j],gsatl[jl);
rotate angle(spsil[jl,sphil[j]l,sthetal3j],0,0,0,0,0,0);
oblique gradient(0.0,0.0,gsat[j],spsil[j]l,sphilj],sthetal]jl);
delay (trise) ;
shapedpulse (satpat, psat, zero,rofl, rof2) ;
zero_all gradients() ;
delay (trise) ;
}
rotate() ; /* set back to default = psi, phi, theta */
obl gradient (gcr,gcr,gcr) ;
delay (tcrush) ;
zero_all gradients() ;
delay (trise) ;

}

/*End of spatial sat pulsex/

Therotate () pulse sequence element isignored in a pulse sequence if gradtype is
NOT setto 'rrr', soitisharmlessto haveit there. The element has been added to Varian's
standard imaging pulse sequences.
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D.4 Slice Selection

The Coordinate Rotator board works with the following imaging pul se sequence elements:

obl gradient (LEVEL1l,LEVEL2,LEVEL3)
oblique gradient (LEVEL1,LEVEL2,LEVEL3,psi, phi,theta)

obl imaging shapedgradient (PAT,WIDTH,LVL1, LVL2,LVL3,LOOPS,WAIT)
oblique_ imaging shapedgradient (PAT,WIDTH,LVL1,LVL2,LVL3,psi,phi, theta, LOOPS,WAIT)

obl shapedgradient (PAT1,PAT2,PAT3,WIDTH, LVL1, LVL2,LVL3, LOOPS, WAIT)
oblique_ shapedgradient (PAT1, PAT2,PAT3,WIDTH, LVL1l, LVL2,LVL3, psi,phi, theta, LOOPS,WAIT)

pe_gradient (STAT1,STAT2,STAT3, STEP2, VMULT2)
phase encode_gradient (STAT1, STAT2, STAT3, STEP2,VMULT2,nv/2,psi,phi, theta)

pe2 gradient (STAT1, STAT2, STAT3,STEP2,STEP3,VMULT2, VMULT3)
phase_encode3 gradient (STAT1, STAT2, STAT3, 0.0, STEP2, STEP3, zero, VMULT2, VMULT3, 0.0, nv/2, nv2/2, psi,

phi, theta)

pe3 gradient (STAT1, STAT2, STAT3, STEP1, STEP2, STEP3, VMULT1 , VMULT2 , VMULT3)
phase encode3 gradient (STAT1, STAT2, STAT3, STEP1, STEP2, STEP3, VMULT1, VMULT2, VMULT3, nv/2, nv2/2,

nv3/2, psi, phi, theta)

pe_shapedgradient (PAT,WIDTH, STAT1, STAT2, STAT3,STEP2, VMULT2, WAIT, TAG)
phase_encode_shapedgradient (PAT, WIDTH, STAT1, STAT2, STAT3,STEP2,VMULT2, nv/2,psi,phi,theta,one, WAIT, TAG)

pe2_shapedgradient (PAT, WIDTH,STAT1,STAT2,STAT3, STEP2, STEP3, VMULT2, VMULT3)
phase_encode3_shapedgradient (PAT, WIDTH, STAT1, STAT2, STAT3, 0.0, STEP2, STEP3, zero, VMULT2, VMULT3,

0.0, nv/2, nv2/2, psi, phi, theta, 1.0, WAIT)

pe3_shapedgradient (PAT, WIDTH, STAT1, STAT2, STAT3, STEP1, STEP2, STEP3, VMULT1, VMULT2 , VMULT3)
phase encode3 shapedgradient (PAT, WIDTH, STAT1, STAT2, STAT3, STEP1, STEP2, STEP3, VMULT1, VMULT2, VMULT3,

nv/2, nv2/2, nv3/2, psi, phi, theta, 1.0, WAIT)

pe_oblshapedgradient (PAT1,PAT2,PAT3,WIDTH, LVL1, LVL2,LVL3, STEP2, VMULT2, WAIT, TAG)
pe_oblique_ shaped3gradient (PAT1, PAT2,PAT3,WIDTH,LVL1, LVL2,LVL3,STEP2, VMULT2,nv/2,psi,phi,theta,WAIT, TAG)

pe2 oblshapedgradient (PAT1,PAT2, PAT3,WIDTH, STAT1, STAT2, STAT3, STEP2, STEP3, VMULT2, VMULT3)
pe3 oblique shaped3gradient (PAT1,PAT2,PAT3, WIDTH, STAT1, STAT2, STAT3, 0.0, STEP2, STEP3, zero, VMULT2,

VMULT3,0.0,nv/2,nv2/2, psi, phi, theta, 1.0, WAIT)

pe3 oblshapedgradient (PAT1,PAT2, PAT3,WIDTH,STAT1, STAT2, STAT3, STEP1, STEP2, STEP3, VMULT1, VMULT2, VMULT3)
pe3 oblique shaped3gradient (PAT1,PAT2,PAT3, WIDTH, STAT1, STAT2, STAT3, STEP1, STEP2, STEP3, VMULT1, VMULT2

VMULT3,nv/2, nv2/2, nv3/2, psi, phi, theta, 1.0, WAIT)

D.4 Slice Selection

Magnetic resonance images are displayed as 2D picturesin either grayscale or color scale
for further analysis. The 2D images represent the NMR signals taken from aslice in the
sample, as shown in Figure 54. It is possible to selectively obtain signalsfrom aslice by
using a slice-selection process. During the preparation phase of the experiment, only the
signals from a predetermined slice are pulsed so that only those excited spins contribute to
the resulting image. Slice selection involves using a selective rf pulse in combination with
adlice-selection gradient.
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Slice selection 2D Image

Figure54. 2D Image Resulting from a Slice Selection

The section “Time Domain to Spatial Domain Conversion,” page 230, described how the
presence of afield gradient causes a spatial frequency spread (profile) along the gradient
direction, shown in Figure 53. In the example shown in Figure 55, the profile along the

z direction is rectangular because the signal intensities from the sample at various points
along z are equal.

: T L
! H F:T> 3 |
— J L

Figure55. Rectangular Profile

The use of the hard pulse excites all of the spins in the sample because the excitation
bandwidth is wider than the frequency spread of the profile. However, if a soft, selective
pulseis used, anarrow bandwidth of the profile at the carrier frequency is excited. In other
words, spins corresponding to anarrow slice at z= 0 are selectively excited. The resulting
profile, referred to as the slice profile, is shown in Figure 56.

Ideally, arectangular slice profileis preferred. A rectangular profile can be achieved by
using a shaped pulse with its amplitude modulated in the form of a sinc function, as shown
in Equation 10:

sin(0)./0 [Eg. 10]
The phase 6 isgivenin Equation 11:
6 = 2nvt [Eg. 1]

In Equation 11, visthe modulation frequency of the sinc function and t isthe time axis.
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Figure56. Slice Profile

Theoretically, the resulting excitation profile can be predicted by taking the Fourier
transform of the sinc function, whichin Equation 10 isrectangular inthefrequency domain,
as shownin Figure 57.

b
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Figure57. Sinc Function, Truncated Sinc Pulse, and Gaussian-Shaped Slice Profiles

t

However, in practice, because of experimental limitations such as T,*, the pulses are
limited to about 4 msor less. The resulting truncated sinc function has an excitation profile,
as shownin Figure 57.

Gaussian-shaped pulses are also used for slice-selection purposes. The Gaussian pulse
produces aprofilethat isalso aGaussian, asshown in Figure 57. In general, this simplified
approach is only true for short (about 30° or less) flip angles. At larger flip angles, pulses
show large behavior that is not ideal because of the nonlinear response of the NMR spins.
The pulse shapes can be optimized to produce more ideal pulse characteristic for specific
applications. For example, the rf pul sescan be optimized by computer-iterative procedures
to give dlice profiles that are closer to rectangular shape. Such pulses minimize
contamination of the image from regions outside the slice region of interest. The
optimization procedures can also produce pulses that are closer to ideal in terms of flip
angle and phase response across the slice profile.
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So far, we have assumed the transmitter
frequency is on-resonance, which
correspondsto asliceplaneat z= 0. It
is aso possible to excite adlice at any
location along the slice direction by
changing the rf transmitter frequency
during the excitation phase of the
experiment, as shown in Figure 58.

For offset slice selection, the

transmitter off set frequency dependson ﬂ )

the amplitude of the slice gradient that — Slice 1

is applied and is defined by the :

following equation: ﬂ - Slice 2
(fs—fo): yd-gss  [Eg.12] ﬂ

In this equation, fs is the transmitter Slice 3

frequency (in Hz) that is needed to 0 z

exciteadliceat distance d (in cm) from
theorigin, fpistheresonance frequency
(in HZ) of water, and Gssisthe slice-
select gradient (in gauss/cm).

Figure58. Multislice Excitation

Note: You must return the transmitter reference frequency to the original position during
the detection stage of the experiment for proper referencing of the resulting profile.

Sicethicknessisdirectly related to the bandwidth of the excitation pulse. For asinc pulse,
the excitation bandwidth w (in HZ) is defined by the following equation:

w= 271 [Eq. 13]
In Equation 13, A refers to the wavelength (in sec) of the sinc pulse.

The slice thickness parameter is dependent on the slice gradient because the slice gradient
affectsthe frequency spread or the profile along the slice direction. Equation 14 represents
the relationship between the band width of the rf pulse w (in Hz), dlice gradient Gss (in
gauss/cm), and dlice thickness st (in cm).

w = y-Gss-st [Eq. 14]

The presence of a slice gradient during the slice-sel ection pul se has an undesirable effect
on the signa. The signals lose phase coherence, which resultsin arapid signal loss. This
signal loss can be restored by applying a gradient of opposite sign, as shown in Figure 59.

The amplitude of the slice rephasing gradient, Gsd, can be obtained by the following
equation:
ty to [Eq. 15]
kJ'gss-dt: J'gss-dt
ts ty
In Equation 15, thefactor kis approximately equal to 1. Equation 15 simply meansthat the

shaded areas in Figure 59 must be approximately equal for maximum refocusing of the
spins after the slice-selection pulse.

Some experimental macros and parameters related to slice selection are listed in Table 16.
For more information on macros, parameters, and commands, refer to the online help
Command and Parameter Reference.
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Slice refocusing gradient

rf
Gss
\ |
ty ta
Figure59. Signal Loss Restoration
Table 16. Experimental Macros and Parameters

Macro Function

plan Displays a menu that provides access to the target scan plan utilities. plan
alows usersto define slice positions, offsets gap, and the number of slices
by using agraphical tool. The parameters can then be transferred to atarget
experiment using the t rans fer macro.

Parameter Function

ns Sets the number of slices to be acquired for multislice sequences.

pss The position of slice offset, in cm. pss is an arrayed parameter; therefore,
an arbitrary number of slices can be directly entered. A more convenient
way to enter slice offset parametersisto use the plan macro.

resto NMR resonance offset frequency, in Hz.

thk The slice thickness, in mm.

D.5 Frequency Encoding

In the presence of areadout gradient, the spatial-frequency components can be directly
visualized by observing the profiles along that direction. Even though the presence of a
readout gradient during the FID signal gives the necessary information, in practice it is
desirable to collect an echo signal. The echo signal, when Fourier transformed, generates
only absorption components in the resulting spatial-frequency spectrum or profile. The
broad dispersive components are cancelled because of the symmetry of the echo signal.

The cancellation of dispersive components is a big advantage when dealing with imaging
databecausetheimage or profile can be generated by simply cal culating the absolute value
without the need for any phase correction. An echo signal can be generated by first
dephasing the excited spins by using areadout gradient pulse and then rephasing the spins
by reversing the sign of the gradient. When the area of the rephasing gradient equals the
area of the dephasing gradient, a“gradient echo” is formed, as shown in Figure 60.

The readout gradient is applied during the acquisition time, at, so that the echo appears at
the center of the acquisition window, acondition that isassured if the shaded areasin Figure
60 are equal, as shown in the following equation:
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- te |
rf

gss |
Refocusing gradient
- at
ty t5
gro | \
tglg tg oty
—at/ —»
ADC Dephasing gradient
Gradient echo
Figure 60. Readout Gradient and Gradient Echo
ty tg [Eq. 16]
J'gro dt = J'gro dt
'3 '5

The Fourier transform of the echo signal givesthe profile aong the readout direction; only
the signal from the selected slice contributes to the profile. The sequence shown in Figure
60 iscommonly used to observe the profile during theinitial setup of imaging experiments.
The profile can be very useful in doing the following procedures:

® Positioning the sample along the readout direction.

® Checking or calibrating the rf pulse power.

® Setting the receiver gain.

® Checking the signal-to-noise ratio.

® Optimizing the pulse sequence parameterssuch as te and tr.

Readout gradient strength determines the frequency spread of image componentsin a
profile. Therefore, the spectral width must be sufficiently wide to resolve al the spatial -
frequency components along the readout direction. Otherwise, frequency components
outside the spectral window cause “fold-over” artifacts.

The readout gradient and spectral width determine the field of view along the readout
dimension, defined by the following equation:

sw =1y -gro-lro [Eq. 17]
In Equation 17, gro (in gauss/cm) is the readout gradient, 1ro isthefield of view along

the readout dimension (in cm), and sw is the spectral width or bandwidth (in Hz). The
spectral width isrelated to the acquisition parameters, defined by the following equation:

sw = (np/2)/at [Eq. 18]

In Equation 18, np is the total number of (real plusimaginary) points digitized, and at is
the acquisition time (in sec). The maximum bandwidth, sw, is determined by the digitizer
used on the system. A typical 16-bit digitizer, used on most imaging systems allows a
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spectral bandwidth limit of 500 KHz, whereas some 12-bit digitizers, used in solidsNMR
systems, allow a maximum bandwidth of 5 MHz. The parameter np is usually set to
approximately 128 or 256.

D.6 Phase Encoding

During slice selection (the preparation phase of an experiment), it was possible to restrict
the signalsto a plane. Spatial-frequency distribution in a plane is achieved by using the
evolution (phase encoding) and detection (readout) phases of a2D NMR experiment. In a
spin-warp imaging experiment, a 2D dataset is collected and each orthogonal dimension
contains information about the phase encode and readout dimensions, respectively.

Slice selection and frequency
encoding (detection phase) are
easily visualized by viewing
the slice profiles and readout
profiles, shown in Figure 55
and Figure 61. The concept of
phase encoding islessobvious gro
because information is

preserved in the second

dimension as a phase gpe
modulation. Fourier

transformation along the

second dimension provides ADC
spatial-frequency information.

Spatial information Figure61. Gradient Echo Imaging Sequence
corresponding to the phase

dimension is encoded by the

use of agradient pulse during phase encoding, as shown in Figure 61.

For example, consider a spin at a specific location, y (in cm), along the phase encode
dimension. The phase of the spin, ¢, is affected by the phase encoding gradient amplitude,
gpe, and its duration, tpe. For an arbitrary pulse, the phase is proportional to the integral
area of the grac%iYent pulse, defined by the following equation:
0= [v-y-gpe-dt [E. 19]
t4

In this equation, ¢ is the phase in radians. For a square pulse, Figure 19 reduces to the
following expression:

¢ =v-y-gpe-tpe [Eq. 20]
In Equation 20, tpe is the phase encode time (in sec).

From Equation 20, itisclear that either tpe or gpe can influence the phase of theresulting
NMR signal. In the spin-warp experiment, the phase encode gradient isvaried (rather than
the phase encode time) from scan to scan in a stepwise manner. Therefore, the phase of the
spins at location y are phase-modulated in a predictable linear fashion. The modulation
frequency isdirectly proportional to the spatial location y. Fourier transformation aong the
phase encoding direction converts the time domain and phase modulation into spatial -
frequency domain.
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Thefield of view along the phase encode dimension isrelated to the gradient step size.
Therefore, it is convenient to define the parameter pestep, which isequal to the
incremental area of the phase encode gradient pulse, defined by the following equation:
t7
Eq. 21
pestep = J gpe - dt [Eq. 21]
t4
The number of 2D phase encode stepsto be acquired is determined by the parameter nv.
nv experiments are run when the phase encode gradients are set to the values, defined by
the following equation:

pestep - (N—=(nv+1)/2) [Eq. 22]

In Equation 22, n=1, 2, 3,... nv. Equation 22 ensures an equal number of positive and
negative phase encode gradients are applied during the phase encode time tpe. For
example, if nv = 4, the gradient amplitudes are stepped in half-integral units of

-1.5, -0.5, +0.5, +1.5

The phase-modul ated nature of theimaging experiment would normally produce unwanted
dispersion componentsin thefinal image. This problem is avoided by phase encoding with
both positive and negative values of the gradient to create a pseudo-echo signal along the
phase encode dimension that is transformed with pure absorption components. Therefore,
asin the case of the gradient echo signal, an absolute val ue calculation yields an image
without the need for any phase correction.

Thefield of view aong the phase dimension isrelated to the step size of the phase encode
gradient and is defined by the following equation:

Ipe = 1/(y" - pestep) [Eqg. 23]
In Equation 23, 1pe isthefield of view along the phase encode dimension, in cm.

It isimportant to choose the parameters so that the field of view, 1pe, is greater than the
spatial frequency spread along the phase encode dimension, or elsethe spatial components
that lie outside the field of view will cause fold-over artifacts.

D.7 Image Resolution

242

Image resolution defines the ability to separate the signal arising from adjacent regionsin
the object being imaged. Decreasing the resolution improves the appearance of the actual
shapes of the separate parts of an object. An image is displayed as a 2D digitized picture
and each digital element isreferred to asa pixel (or picture element). In the case of a 3D
image, each digital element isreferred to asa voxel (or volume element).

Resolution of an image depends on two factors:

® Frequency spread over the field of view, which is determined by gradient strengths
gpe and gro.

® Pixel size, which is determined by the number of complex data points in the readout
dimension, np/2, and the number of phase encode steps, nv.

Minimum resolution isdetermined by linewidth, which determineswhether the signal from
one region can be confined to asingle pixel. Linewidth is mainly determined by spin-spin
relaxation time and al so susceptibility and inhomogeneity at a specific location in the
sample.

Resolution aong the phase encode dimension is defined in the following equation:

Rpe = Ipe/nv [Eq. 24]
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Similarly, resolution aong the readout dimension is defined by the following equation:
Rro = Iro/(np/2) [Eq. 25]

To illustrate image resol ution, assume the image is from a sample consisting of three
spheres filled with water, as shown in

Pixel size

ni=np/2=16

Pixel size

ni=np/2=32

Figure 62. Image Resolution of Three Water-Filled Spheres

When the number of datapointsissmall, one pixel can contain both alarge region that does
givean NMR signal and alarge region that doesnot givean NMR signal. Thelack of NMR
signal causes the edges of the object to be poorly defined and can cause overlap between
adjacent structures so that the separate objects cannot be distinguished from one another.
Asthe number of data points (and/or gradient frequency spread) isincreased, the signa
from any given point is better able to be confined to asingle pixel, so the amount of overlap
between adjacent structures diminishes and the image is better defined.

The usual number of chosen data pointsis 128 or 256. A smaller number resultsin
insufficient resolution and can also cause artifacts created by truncation of the time domain
signal. A larger number of points along the phase encode dimension (ni or nv)
significantly increases the data acquisition times. More points along the readout dimension
increase the acquisition; therefore, the echo times are increased, which leads to loss of
signal caused by the T,* effect. The number of data pointsisusually set to apower of 2, as
required by the Fourier transform. Sometimes image presentation can be improved by zero-
filling, that is, by increasing the number of image points along the phase and readout
dimensions. However, this method does not improve the inherent resolution of the image.
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D.8 Spatial Frame of Reference

The section “Image Resolution,” page 242, described the NM R method for resolving the
spatial dimension along a particular direction. In reality, a sample is a three-dimensional
(3D) object. Therefore, it is necessary to be able to resolve the spatial information in 3D
space. It is convenient to define aframe of reference for dealing with a 3D sample. The
orientation of the magnetic fields produced by the gradient coils inside the magnet defines
a coordinate system for imaging experiments. An understanding of the workings of this
coordinate system will help you to operate the imaging instrument.

The origin of the whole system lies at the center of the magnet, which is also the center of
the gradient coil system. Gradients produce a zero field in the center of the magnet.
Therefore, the frequency associated with the origin or magnet center is the resonance
frequency for the particular nuclear substance intended for imaging. For example, water is
the chemical substance most often imaged for the proton, and the frequency at the origin of
the gradient reference frame puts the NMR signal from water “ on-resonance.”

There are two types of imaging magnets:
® Narrow bore, vertical magnets, which are used for MRI microscopy (MRM)
® Wide-bore, horizontal, magnets, which are used for larger samples

In the case of horizontal magnets, shown in Figure 63, the zaxis is defined as being in the
direction along the bore of the magnet, going from the cable end (back) of the magnet to
the sample end (front) of the magnet. The x and y directions in the horizontal magnets and
refer to the left-right and top-bottom orientations respectively, as shown in Figure 63.

(Top) Supine
Yy
Back Front X
Right @ Left z

(Bottom) Prone

Figure 63. Horizontal Magnet

However the x and y directionsin vertical bore magnets are |ess obvious because of the
cylindrical symmetry of those magnets, shown in Figure 64.

During installation, the gradient coils and shim coils are aligned and fixed so that they are
symmetrical with respect to the center of the magnet. For imaging, you must place the rf
coil in the magnet center and position the sample within the rf cail.
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D.9 Image Reconstruction

The image planes are referenced with Top

respect to the gradient frame of reference. /—\
The three commonly referenced planes ®
are sagittal, coronal, and transverse and

they respectively refer to the planes that
are perpendicular tothe x, y, and z axes, as
shown in Figure 64. Images can also be X
obtained from arbitrary, or oblique, /

planes. The plan macroin VNMR y

allows you to define oblique planes by M

using a graphical tool and areference

image. For some applications, you might \E/

want to collect a3D volumeimageinstead Bottom

of a2D dliceimage. For a 3D volume

image, itispossibleto analyze or view the

data by using 3D image analysis routines. Figure 64. Vertical Magnet

D.9 Image Reconstruction

D.10

The imaging data is collected as a 2D arrayed time domain signal, S(t1, t2), in which t 1
and t 2 respectively refer to the phase encoding and readout dimensions. (For historic
reasons, in conventional 2D NMR, the subscript numerals 1 and 2 respectively refer to the
phase encoding and detection dimensions.)

When the signals are viewed along either the phase encode or readout dimension, the time
domain signalstake the form of an echo signal. Fourier transformation (with respect to t 1
and t 2 using the £ t 2d routine) yieldsthe spatial-frequency data, S(F1, F2). The symmetry
properties of the echo signal yields only absorption-mode componentsin the dataset, S(F1,
F2), without any undesirable dispersion mode components. The yield of only absorption-
mode componentsis a significant advantage in imaging because the final image can be
obtained by simply taking the absol ute value spectrum, |[S(F1, F2)|, without the need for any
phase correction.

The appearance of the image can be improved or modified by digital filtering. Filter
functions can either be applied in the time domain or the spatial domain. In the case of time
domain data, t=0, point isin the center of thetime axis. Therefore, an apodization function
symmetrical to t=0 should be applied. For example, agaussian (“shifted”) function has the
effect of improving the signal-to-noise of the resulting image at the expense of loss of
resolution (“blurring”) of the image. Another common way to improve the image
appearance is to interpolate the image during the display process. Interpolation is aso
equivalent to zero-filling the data in the time domain.

Important Imaging Parameters

This section describes three important timing parameters—t r, te, and t i—that are used
during the performance of imaging experiments.

tr — Recycle Time

The tr parameter defines the time between the beginning of one scan and the next.
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It isimportant to allow sufficient recycling time so that the excited spins have sufficient
time to return to equilibrium. In the case of a90° excitation pulse, arecycle time of >4.T;
must be allowed. If the recycle time istoo short, the signal gets saturated, which resultsin
agradual loss of signa intensity, eventually reaching an equilibrium or steady-state
condition. However, this T;-dependent signal variation can be exploited to enhance T,
contrast in the images.

In experimentsinvolving quantitative work

such as relaxation studies and pulse power Table 17. Relaxation Times
and receiver gain calibration, tr must be
set to greater than 4.T4 to avoid erroneous Liquid Time

results. In experiments such as FLASH, the

flip angleis set to approximately 5° to 30° Doped water (1g CuSOd/liter) 065

and t r isset to small val ues (about 10 psec Vegetable oil 03s
to 50 psec) so that the images can be Tap water 3s
acquired very rapidly. Table 17 lists the Degassed distilled water 26s

approximate relaxation times, at 4.7 T, of
some commonly used liquids.

te — Echo Time

Unlike in conventional NM R spectroscopy, imaging experiments usually generate either
gradient- or spin-echo signals. The resulting signal intensity therefore depends on the echo
time, te. Echo timeisthetime between the center of the rf excitation pulse and the position
of the echo maximum, as shown in Figure 65.

Signal decay caused by T,*

90 180 180 180 180

~

Echo maxima decay caused by T,

Figure 65. Signa Intensity

Echo time delay results in some loss in signal because of spin dephasing, which is caused
by To* effects. To* isdefined as a combination of spin-spin relaxation (T,), magnetic field
inhomogeneity, and susceptibility effects. Susceptibility effects are caused by interactions
of the magnetic field with the heterogeneous sample, which produces localized field
gradients within the sample. T,* effects tend to get worse at higher fields. Signal loss
caused by T,* effectsisexponential. Therefore, at long te values, adramatic loss of signal
intensity can result, leading to degradation of image quality.

It is therefore advantageous and sometimes even necessary to shorten the te value to
improve image quality. However, thereis alimit to the minimum te because echo time
depends on the acquisition time and the rf and gradient pulse delays in the sequence. The
shortest, achievable echo time depends mainly on maximum gradient performances such as
maximum gradient strengths, risetimesand residual eddy currents. However, te delay can
also be used to enhance the T, or T,* contrast in images. For example, in functional MRI,
brain activity causeslocalized susceptibility in the brain, which is enhanced by using the
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gradient echo imaging techniques. The T,* effects of solid materials are very short (<100
us), so specia experimental techniques need to be used to obtain images from such
samples.

ti — Inversion Time

t1i isanimportant contrast parameter in imaging. The inversion time contrast between
different componentsin the sample can be enhanced by performingat i inversionrecovery
sequence (ti ir).

The ti ir imaging sequence involves applying a180° inversion pulseand adelay, t i, at
the beginning of a conventional imaging sequence. The inversion pulse flipsthe
magnetization to the zdirection. The spinsreturn to equilibrium, exponentially, with atime
constant inversion time, asillustrated in Figure 66.

A 180°
_>

<
<

Exponential recovery
of the longitudinal
magnetization

} ‘ > t
0 tnull=0.69T,

Figure66. Equilibrium Magnetization

Sampling the magnetization after the inversion time delay resultsin varying signal
intensities, depending on the t 1 of the spins. Notice that the signal is negative at short
inversion times and gradually becomes positive at longer inversion times. When
ti=(0.69.T;),thesignal iszero, asshownin Figure 66. If the sign of theintensitiesis
to beretained in theimages, it isnecessary to phase correct theimagesinstead of taking the
absolute value mode. ti ir imaging experiments can be inefficient because of the long
recycle time required to alow the spinsto return to equilibrium.
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Symbols

.par directory parameters, getting, 117
.par directory, saving parametersin, 117
.par parameters, getting, 117

_gcoil macro, 22

Numerics

180x% pulse
length, measuring, 117
1D data, Fourier transforming, 116
2D CSl scans, 139
2D data
displays, interactively adjusting, 116
Fourier transforming, 116
2D images, 235
2D dlices, getting from 3D data set, 167
2D spin-warp imaging sequence, 230
3D axes, 144
3D data set
getting 2D slices from, 167
getting Maximum Intensity Projection from,
167
3D gradient shimming
setup and calibration, 44
3D shimming
experimental setup, 37
manual prescan mode, 40
3D view of scans, showing, 144

A

accelerator key

basic rulesfor creating, 128

creating, 129

requiring focus or selection, 127

standard, 126

using, 128

using and creating, 126
Acceleratorkey Editor

Editor tab, 129

Preference tab, 130

starting, 129
acceleratorKeyTablexml, 129
accessing data sets, experiments, shim sets, and

commands, 204

account administrator

menu bar, 193
acquisition

system, current state of, 211
acquisition, aborting, 201
activating an overlay, 143
ADC overload error message, 23
add data to the review queue list, 120
add slices button, 141
adding

new fitting functions, 181

printers, 198
adjusting

threshold, 205
alocating memory, 173
aternating slice order, 144
amplitude values, changing, 195
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Index

angled brackets (< or >) notation, 18
annotations options, 151
array

definition, 200

limits, 201

macro, 116

parameter, 200
array of values, setting, 117
arrayed spectra

showing a set of, 116
attenuating incoming signal, 23
attributes

locator, 215

protocol, defining, 30
automated prescan, 33

automatic teller machine (ATM) cards caution, 15

B

binding
images, 164
ROIs, 126

Box cursors, 208

C

calculations
performing, 29
calibration file for gradient set, 21
cancel command, 203
canvas
controlling display in graphics, 205
graphics 210
cardiac cycle, 110
cautions defined, 13
center frequency prescan, 35
centering a magnified image, 163
change bar, 18
changing slice order, 144
changing slice order in a stack, 142
chemical shift encoded, 54
choosing frames, 160
circ, 190
clearing
currently displayed data, 167
data, 162
frames, 166
screen, 166, 167
coil table, 42
colors, setting, 199
command entry field, 209
commands, 116, 145, 166
accessing, 204
gplan, 145, 146
interactive image planning, 145
keyboard, 160
make depend, 181
make fit, 181
compensation
setting gain on, 196
compilation errors, 190
composite protocol
making a, 30
compressed data
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process, 117
compressed GEMS
dataset, convert, 116
connecting printers, 198
contour control, show, 203
controlling display in graphics canvas, 205
conventions used in manual, 18
copying current planning, 145
coronal image orientation, 117
create output_files() function, 173
creategtable macro, 20, 21
creating
anew function, 174
aworkspace, 198
gradient calibration file, 20
new fit program version, 181
credit cards caution, 15
current planning, copying, 145
current viewport, 203, 210
cursor modes, 159
curve ROIs, dataon, 164
cycling through images, 162

D

d1 parameter, 117
data
acquiring and Fourier transforming, 117
clearing, 162
clearing currently displayed, 167
deleting, 166
line and curve ROIs, 164
point ROIs, 164
removing, 162
removing currently displayed, 167
unloading all image, 166
data set
3D, getting 2D dicesfrom, 167
accessing a, 204
getting Maximum Intensity Projection from,
167
decctool
macro, 116
program, 21
default parameters, loading, 117
defining
astudy subject, 26
functions, 181
mathfunc function, 172
protocol attributes, 30
delay after the trigger
tagcine, 111
deleting
all selected ROIs, 167
data, 166
ROIs, 126
description of interface, 197
deuterium lock, 24
DICOM
conformance statement, 221
fileformat, 224
generating files automatically during a study,
226
Print Service Class User (SCU), 221
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using review queue and locator, 225
V3.0 specification, 221
dicompath, 226
dicomstore, 225
diffusion tensor imaging, 53
Digital Eddy Current Compensation (DECC), 21,
116, 191—196
dimensions, setting image, 172
DIR (Black Blood), 112
display
color map, 207, 208
image map, 206, 207
options, 144
scale, spectrum, 205
settings, 156
Display color map, 208
Display image map, 207
displaying
abatch of images, 167
loaded images, 167
tool bar, 203
dmi macro, 116
drag and drop on graphic canva, 130
drawing ROIs, 125
dssh command, 116
dud cursor, 208

duty cycle

setting, 116
E
ECC

decctool, 116

files, loading, 21, 194

files, saving, 194

gain, setting on SDAC board, 196

preemphasis theory, 191
eccTool program, 116
Echo Planar Imaging, 52
echo time, 246

specifying, 118
eddy currents

setting, 116
Edit menu

Walkup account administrator interface, 199
encoding rewinding, 67
EPI

epi protocol, 52

epi sequence options, 56

limitations, 53

optimization, 58

processing, 60

running the epi sequence, 55
equilibrium magnetization, 247
error messages, finding run-time, 190
errors

compilation, 190

run-time 190
excitation pulse

length, calculating, 118

shape, specifying, 118
experiments

accessing, 204

macros and parameters, 239
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single-pulse sequence, using a, 23

starting ecc, 195

submitting to acquisition, 117
exponential

array list, setting up, 116
expressions, math, 169, 170
extracting

2D dicesfrom 3D data set, 167

Maximum Intensity Projection from 3D data

set, 167

=

fast spin echo multi-slice experiment, 62
fat
saturation, 112
threshold, 44
FDF, utility functions, 176
features, general, 140
fid display toolbar, 203
FIDs
data, saving, 117
getting, 117
file browser
icon, 203
open, 198
file menu, 198
files
function, 172
function definition, 181
filter, 190
filter macro, 116
finding run-time error messages, 190
findpw macro, 117
findpwr macro, 116
fit program, 179—186
fits, types of, 180
fitting afunction to series of images, 179
fitting functions
adding new, 181
defining, 181
flammable gases warning, 14
flashc command, 116
fliplist parameter, 117, 118
flipping images, 156, 162
fMRI, 53
fn parameter, 117
fnl parameter, 117
fonts, setting, 199
Fourier number
selecting phase and read dimensions, 117
Fourier transform
1D data, 116
Framerate, 152
frames
clearing, 166
layout, 150
selecting, 160
frequency
encoding, 239
offset to cursor location, set, 117
offset, setting to cursor location, 117
ranges, 232
frequency prescan
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manua mode, 40

fse3d protocol, 61

fsems protocol, 62

ft command, 116

ft2d command, 116

ftnf macro, 117

full fid display, 206

full spectral display, 205

function
create_output_files(), 173
definition files, 181
routine, 183

functional forms, adding new, 181

functional MRI, 52, 53

functions
commands, 145
fitting to a series of images, 179
GUESS routine, 185
image planning, 145
JACOBIAN routine, 184
math, 169, 171
mathfunc, 172, 175, 176
maxof, 173

G

gamacro, 117
gain, 23
gain, controlling incoming shims, 196
gains, setting on SDAC board, 196
gcoil parameter, 22, 117
gcrush, 113
gcrush_mtc, 113
gcrush_sat, 113
gcrush _t2180, 113
gcrushfs, 113
gcrusht2, 113
ge3d protocol, 65
ge3d sequence apptype, 67
GE3DSHIM, 68
advantages, 68
experimenta example, 72
limitations, 69
sampl e effects on shimming, 70
ge3dshim, 36
gems
macro, 117
protocol, 91
global
variables, 175
go macro, 117
gplan command, 145, 146
gradient
amplifier, 20
calibration file, creating, 20
echo, 240, 241
gradient echo multi-slice experiment, 91
gradient pulses, setting limits for, 196
gradient shimming
3D setup and calibration, 44
gradients, setting gain on, 196
gradtables directory, 21
graphic frames, 170
graphics canvas, 210
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controlling display in, 205
graphics control bar, 205
gspoil, 113
GUESS function, 185

H

Hloffset parameter, 117
hardware bar, 211
helium contact with body, 14
helium gas flowmeters caution, 16
hiding

tool bar, 203
high-power amplifiers cautions, 16
histograms, 165
homo parameter, 24, 117
homodecoupling control

for first decoupler, 117
homonuclear decoupling, 24
Horizontal NMR Imaging systems, 19

idelay, 111

image
centering amagnified view, 163
data, unloading, 166
dimensions, setting, 172
display and manipulation tools, 119
display, reflecting about an axis, 167
magnifying an, 163
marking, 141
reconstruction, 245
resolution, 242
vertically scaling an, 162, 163
zooming in on an, 163

Image Math, 169—190
expressions, 170
problems with, 190

image planning
commands, 145
functions, 145
general features, 140
interactive, 139
marking animage, 141
parameters, 147
starting, 141

image processing, 159
commands, 166
operations, 159
starting, 159

image_list function, 171

images
binding, panning zoomed, 164
flipping, 156
modifying, 149
rotating, 156, 162
seeing specific, 161
segmenting, 165
series of, fitting afunctionto a, 179
showing a batch of, 167
showing loaded, 167
specifying in functions, 171
viewing loaded, 162
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images to display, 150
imaging
basi ¢ concepts, 229
concepts, 229
macros and parameters, 239
math processing, 169
parameters, 245
parameters for tagcine, 113
plane orientation, defining, 117
setting up, 117
software, verifying installation of, 19
systems configuration, 19
importing files to the locator, 201
imprep
macro, 117, 118
information, ROI, 165
initial scoutimage, 25
integra displays, 205
interactive image planning, 139
interface, 140
starting, 141
interactive image planning commands, 145
interphase delay, 111
interpolation, 157
intersection overlay, turning on/off, 144
inversion
time parameter, 247
inversion recovery
sequence, 247
IR (T1 prep), 112

J
JACOBIAN routine, 184

K

keyboard
combinations, 160
commands, 160

L

layout tab, 150, 199
|dof
macro, 117
line ROIs, dataon, 164
linear
display interpolation, 157
liquid relaxation times, 246
loaded images
showing, 167
viewing, 162
loading
eddy current compensation files, 21, 194
image parameter file, 23
parameter, 24
parameters for imaging, 23
localizations, 141
locator, 204
attribute lists, 215
attributes, 215
configuration files, 217
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filename editing, 217
maximum number of items., 202, 214
navigation, 215
options, 201
padiock, 215
searches, 216
selecting an item, 216
settings, 214
statements, 214
statements sorting, 218
turning off, 202, 214
wildcards in attribute lists, 216
lock parameter, 24
looping, pixel, 173
Ipe parameter, 117
Iphase dimension length, specifying, 117
Iro parameter, 117

M

macros, 116, 181, 182
mathfunc, 175, 176
TRI_ELEM, 185

magnet quench warning, 14

magnetic
resonance spectroscopy, 230

magnetic media caution, 15

magnifying an image, 163

magnifying glass, 214

make depend command, 181

make fit command, 181

make new fit version, 181

making
acomposite protocol, 30
anew protocol, 30
aprotocol, 30
aworkspace, 198
composite protocals, 25

manual prescan, 39

mark image features, 141

marks, removing, 142

math
expressions, 169, 170
functions, 169, 171
processing, 169—190

mathfunc function, 172

Max Num of Tries, 44

Maximum | ntensity Projection, getting from 3D data

set, 167

maxof function, 172, 173
maxof.c file, 173
memory, allocating, 173
mems protocol, 95
metal objects warning, 13
milestone, 140
modes, cursor, 159
modifying images, 149
modifying the instrument, 14
movetof macro, 117
movie, 199

buttons, 152

tab, 152
movies, running, 161
moving
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aslice 142

an overlay, 143
multi-echo experiment, 95
multiple images

displaying, 116

N

neurological
orientation, image display, 156
new protocol
making a, 30
new work space, creating, 203
nitrogen contact with body, 14
nitrogen gas flowmeters caution, 16
NMR
checking for signal, 23
imaging, 229
notational conventions, 18
np parameter, 117
ns parameter, 239
nt parameter, 117

number of points, averages, phase encoding steps,

117
nv parameters, 117, 242

O

oblique plane, setting orientation to, 117
offset
macro, 117
one cursor
fid, 206
spectrum, 205
open, 198
options, standard sequence
2D projection, 115
diffusion weighting, 115
fat suppression, 114
gradient limitation, 116
inversion recovery, 114
magnetization transfer contrast, 114
show profile, 114
spatial saturation, 114
trial spectrum, 115
orient parameter, 117
orientation
image display, 156
scans, 142
to oblique plane, setting, 117
overlays, 140
moving, 143
removing, 144
rotating, 143
selecting/activating, 143

P

pl parameter, 118
plpat parameter, 118
pacemaker warning, 13
pad parameter, 118
padlock, locator, 215
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pan and stretch fid, 206
pan or move spectral region, 205
panels

Line Profile, 164

Point Info, 164

Settings, 166

Study, 26
panning zoomed images, 164
parameter panel editing, 199
parameters, 116, 147

saving, 117
parameters, setting, 116
PARFIX routine, 185
pcmap commands, 118
pcmapgen command, 118
PE rewind), 67
Percentage Image Uniformity, 186
performing

calculations, 29
perfusion studies using bolus tracking, 53
pestep parameter, 242
phase

fid, 206

spectrum, 205
phase correction

map, 118
phase encoding, 241

dimension resolution, 242

time, 241
phasing, 205
physical gradient set, specifying, 117
PIU, 186
pixel looping, 173
pixel order

orientation, image display, 157
plan macro, 117, 239
Plan viewport, 203, 210
planning

marking an image, 141
playing movies, 161
plotters

aspect ratio, 202

setting, 198
point ROIs, dataon, 164
position scans, 142
power

level, 24

manual mode prescan, 42
power calibration

prescan, 38
preacquisition delay, 118
preamplifier signal level, 118
preemphasis

theory, 191
preparing to scan a study, 29
prescan

automated, 33

full, 34

functions, 35

power calibration, 38

receiver gain adjustment, 39

user defined list, 34
Prescan Setup page, 35
prescriptions, 140, 141
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saving and getting, 145
presig parameter, 118
press protocol, 96
Printers, 198
printers

setting, 198
printing, setting options, 157
process data on drag-and drop, 202
processing, math, 165—190
profileld protocol, 100
programs

fit, 179—186
prosthetic parts warning, 13
protocol_param_list, 215
protocols

ct3d, 51

epi, 52

fse3d, 61

fsems, 62

ge3d, 65

ge3dshim, 67

gems, 91

making, 30

making composite and new, 25

mems, 95

press, 96

profileld, 100

quickshim, 102

removing from queue, 26

scout, 104

se3d, 104

sems, 105

spuls 107

steam, 108

tagcine, 110
pss parameter, 118, 239
pulse

calibration, 24, 118

conditions for sequences, 20

flipanglelist, 117

power output, 118

setting power, 23

specifying power for excitation pulse, 118

specifying power output, 118
pulse width

specifying, 118
pulsecal

file 24

macro, 117

updating file, 116, 117
pulsecal file, 21
pulses

gradient, setting limits for, 196
pw parameter, 118

Q

grsdelay, 111
quadratic
display interpolation, 157
quickshim, 36
experimental setup, 36
FID-shim, 36
protocol, 102
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R

ROIs See regions of interest
radial scans, 145
radio-frequency emission regulations, 16
radiologica
orientation, image display, 157
readout
dimension resolution, 243
gradient, 240
specifying dimension length, 117
receiver gain, 23, 117
receiver gain adjustment
prescan, 39
recycletime
specifying, 118
redraw
display, 205
screen, 167
reflecting image display about an axis, 167
region of interest
settings, 153
regions of interest, 125—126
deleting al selected, 167
relief valveswarning, 15
removable quench tubes warning, 15
remove data from review queue, 120
removing
aprotocol, 26
ascan, 142
an overlay, 144
currently displayed data, 167
data, 162, 166
marks, 142
ROIs, 126
selected ROIs, 167
replication
display interpolation, 157
resizing
ascan, 142
resizing ascan, 143
resolution
phase encode dimension, 242
readout dimension, 243
resolution, selecting histogram, 165
resonance
frequency definition, 230
resto parameter, 24, 117, 118, 239
retrieving
prescriptions, 145
return key, 18
return to previous tool menu, 205
review queue, 120
table, 121
table columns, 120
tools, 122
review queue tools, 122
Review viewport, 203, 210
rf pulses

loading power calibration parameters, 117

setting up, 117
rf spoiling phase modulation, 67
rfcoil parameter, 21, 22, 118
RIO

selection tools, 159
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rise-time, setting on SDAC board, 196
ROI
tools 152
rotating
ascan, 142
an overlay, 143
images, 156, 162
RQ, seereview queue, 120
R-R delay, 111
rrdelay, 111
rt macro, 117
rtp
macro, 117
running
movies, 161
run-time errors, 190

S

safety precautions, 13, 15
sagittal image orientation, 117
saturation band, 145
Saveas..., 198
SaveAs..., 203
Save data setup ..., 198
saving
ECC files, 195
prescriptions, 145
scaling, an image, vertically, 162, 163
scans, 139
positioning and orienting, 142
redial, 145
resizing, 143
showing a 3D view of, 144
starting, 29
scatterplots, 165
scout image, 25
scout images, 140
scout protocol, 104
screen, clearing, 166, 167
screen, redrawing, 167
SDAC board, 196
se3d protocol, 104
searches, locator, 216
seeing
tool bar, 203
segmenting
images, 165
select zoom region, 205
selecting
aslice 143
an overlay, 143
frames, 160
histogram resolution, 165
ROIs, 125
sems protocol, 105
setarray macro, 117
setgn macro, 117
setof macro, 117
setting
colors and fonts, 199
compensation, 196
duty cycle 116, 196
eddy current, 116
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gain on gradients, 196
image dimensions, 172
limitsfor gradient pulses, 196
printers, plotters, 198
risetime, 196
shims, 196
sew rate, 116
setting up
imaging experiments, 23
imaging gradients, 117
rf pulses, 117
studies, 204
voxel selection gradients, 117
shim
calibration, 36
calibration maps, 44
controlling gain of, 196
sets, accessing, 204
shim maps
generating, 47
shimming, 36
3D shimming, 37
3D shimming, manual prescan, 40
quickshim, 36
show
real and imaginary, 206
real only, 206
show profile
tagcine, 112
show the contour controls, 203
showing
3D view of scans, 144
abatch of images, 167
loaded images, 167
menu bar, 203
real and zero imaginary, 206
shuffler_param_list, 215
signa
intensity, 246
loss, 246
restoring lost, 239
separating, 242
Signal-to-Noise Ratio, 186
single pulse sequence parameters, load, 117
sew rate, 196
dew rate, setting, 116
dice
moving a, 142
order, changing, 144
order, in astack, changing, 142
parameters, define, 117
positions, 118
selecting a, 143
selection, 235
thickness, 118
slices scan, 139
Smart DAC (SDAC) board, 191
sr, 186
SNR Threshold, 44
snrme, 189
solids high-power amplifiers caution, 16
solvent parameter, 24
sort options, 218
spatial frame of reference, 244
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spatial information, obtaining, 230
spatial reference position

setting, 117
Spatial Sat check box, 112
spatial saturation, 112
specifying imagesin functions, 171
spectra

obtaining information, 230
spectrum

display toolbar, show, 203

updating during phasing, 202
spin

frequency definition, 232
spin echo multi-dlice experiment, 105
spuls

macro, 23, 117

protocol, 107
spuls macro, 23
stack

changing slice order in @, 142
starting

ascan, 29

image planning, 141

image processing, 159
statements, Locator, 214
statistics, ROI, 165
stats, 188
stats function, 188
steam protocol, 108
stop acquisition, 203
studies, setting up and viewing, 204
study

identification tag, 204

panel, 26

queue, 204
study queue

active, inactive check box, 201
Styles and Themes window, 203
susceptibility effects, 246
svf macro, 117
svp macro, 117
sysgcoil parameter, 22
system

messages, 211
System Settings, 201

T

T2* effects, 246
T2prep, 112
table conversion
commands, 118
files, 118
reformatting, 118
tagcine protocol, 110
tagging, 111
target image, 25
terush, 113
tcrush_mtc, 113
tcrush_t2180, 113
terushfs, 113
terushsat, 113
terusht2, 113
te parameter, 118, 246
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thk parameter, 118, 239
ti ir imaging sequence, 247
ti parameter, 247
time domain
to spatial domain conversion, 230
time-constants, changing, 195
time-course studies, 53
time-shared
homonuclear decoupling, 24
toggle
scale on and off, 206
threshold on or off, 205
tool bar
VnmrJ Walkup Operator interface, 202
tool bar editing tool., 199
tpwr parameter, 118
tpwrl parameter, 118
tr parameter, 118, 245
transmitter
offset frequency, setting, 117
transverse
orientation, 117
trash can, 212
trashing a protocol, 26
TRI_ELEM macro, 185
tspoil, 113
two cursors
fid, 206
spectrum, 205
types of fits, 180

U

unloading
al image data, 166
data, 162
update gradient characteristics, 117
updating
pulsecal file, 22
upper barrel warning, 14
user toolbar, 203

\%

variables, global, mathfunc, 175
vertically scaling an image, 162, 163
view, magnifying your, 163
viewing
images, 161
loaded images, 162
specific images, 161
studies, 204
viewport settings, 199
viewports, 210
VnmrlIMAGE pulse sequence, 25
volume, 145
volume scan, 139
voxel
saturation bands, marking, 142
scan, 139
setting up selection, 117
voxels, 145
VT experiment warning, 14
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W

Warnings, 13

water suppression, 98

wildcards, Locator attributes, 216
workspace, creating a, 198
wysiwyg, 202

4

Z2 frequency shift, procedure for obtaining, 79

zero order field shift (B0O) due to z2 shim offset, 79

Zoomin, 205
Zoom out, 205
zooming in on an image, 163
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