
('

{

(

,l
\¡._

BroSpec@ I Medspec@ t PharmaScan@

MRI/MRS

ParaVision @ Prog ramm i ng Gou rse

3-T April 2006

Bruker BioSpin MRI GmbH

Rudolf-Plank-Str. 23

D-76275 Ettlingen

www. bru ker-biosnin. de

-&ËEilJIËËa
w,$ffiffiffiffiw

f



\ .:l

)'i

\.-

Table of Gontents

1. General lnformation

o Program
e List of Participants
o City Map of Ettlingen
o City Map of Karlsruhe
¡ Timetable for Public Transportation
o GeneralQuestionnaire
o CustomerQuestionnaire

2. Gourses

¡ Programming in ParaVision@
o Pulse Programs and Parameters
o lntroduction to Pulse Programming (l+ll)
o Applied Pulse Programming
r lntroduction to PVM Programming
o Pipeline Filters

3. Certificate



Pa raVision Program ming Cou rse
Ettlingen, April 3-7, 2007

Franek Hennel

Parameter editor Spectrometercontrol Scancontrol

Acquísit¡on



o Workflow
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The user can access:

o Timing control
¡ Parameters in memory
o Parameter files
o Raw data files
o lmage files
r Data flow

(
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o Pulse program

p1 d1 dZ d1 dt d3 dl dO

ltI'I(ER
*s$pHffi
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Fixed delays
Variable delays
lncrementable delays
Fixed RF pulses
Variable length pulses
Pulse shapes
Power lists (var. flip angles)
Gradient amplitudes
Gradient ramps
Gradient shapes
Gradient functions (steps)
Frequency lists
Phase lists

IlT't{ER
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Parameter memory can be accessed from:

o Shell command line
o Shell script (marco)
o C-code

- Automations
- Methods

Parameters have
- Types (int, double, user-defined, ...)
- Attributes (visiblity, etc.)
- Dynamic array sizes

- Relations (reaction procedures)

l)

(.)
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o Command line

o Shell script

Rl,I(ER
*qþ$pËw

Shell scripts placed in
... I curdir | < user> / ParaVi s ion / macros
are called MACROS.
Macro Manager's role:
- Executing macros
- Recording macros
- Copying, Deleting
- Editing
- Output viewing

NUI{ETT
$&spËru
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D rhhtsa3

I relcatn
D runIrer

D runJfelcul

Dffi*üffi

oefinition of test functions
flnction h.llacrolilngrR3FunctÂddcatogory {

scho -n ChEcking $FUNCM''IE ...
pvc¡d -a Jl'lac.dlÐager -r JFlilÂddcategory -càtegory testcategory -dir /t¡p
C4TECoRIES-'pvc¡d -a JHac.d{eãger -¡ JÈf,41ìstcêtegorìes'
Nlrl-F0uN0-'Ècho ¡CATECoRIES I grep testcatÊgory -c'
if ['¡Núí-FoUND'-€q 1 ]; then

p.intResult t0K

o Other tools:
- Command Observer
- Command Sender

Any sequence of PV commands can be
programmed

Graphic interfaces may be added w¡th
Tcl-Tk

#,'snuxen
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o Automat¡ons are simple, c-programs
which:
- Use simplified c-syntax based on c-macros
- Get parameter values from memory
- Set parameter values in memory
- Send PV commands

o Simmilar funtion to macros
o Advantages: /

- Features of c-language, e.g. maths,
- Faster access to parameters, eJp. arrays

o Pipeline Filters are special Automations
wh ich:
- Access the data on-line
- Modify data contents and size

RT'l(ER
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o Data modification:
- Offset demodulation,
- Resampling
- Non-standard sorting

o Discarding data segments
- Navigators

o Non-standard accumulation
- K-space we¡ght¡ng

o Synthesising data
- "Key-hole" strategies

o High-level lnterface to Acquisition Parameters

À,snuxen
xw$#$p$s8
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o

o

o

o

Methods are programmed in C
lndependent sources
lndependent binary (one file/method)
Method-specific parameters can be
defined
Global parameters can be used
Mechanism for parameter groups
Pre-defined modules (e.9. DTI)

o

o

o

(,

I

a

a

a

lntroduce "Echo Time"
lnclude Echo Time in protocol
React to protocol loading
- Echo Time is legal ?

React when Echo Time is changed
- Restrict it,
- Adapt other parameters (TR, etc)
- Derive delays d1, d2

React when other parameters change
- New TR agrees with TE?

"Relations"

IrUKER
å*$pËN
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Pipeline filters are special. But macros,
automations, methods - they all read and
set parameters. What is actually the
difference?
When to wr¡te what?

o Batch execution of PV commands
- "l want to run fifty scans overnight"

o Graphic interfaces (Tcl-Tk)
- "l need a button for each experiment step"

o Starting external software from PV

- "l want to run my own reco on a selected scan"

o Automatic post-processing
- "When the scan is ready, I want to start lSA"

o Small modifications at base-level
- "l am fine with FLASH, but need trim 7 to

L> td ^,. ,Àen !+* *,url't q hs-lhd
be 50%"

À:s¡ruxen
w$#$F$N
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o Small modifications at base-level
involving maths or arrays
- "l want to use FLASH with this powerlist:"

Power[n] : 20 log (cos-r (exp(-(d I /d2)l n), n:l...1024

o Processing w¡th access to several
parameters
- "Reading parameters with pvcmd is to slow

for me"

A nurrÈn
w$#$pËN

\-

¡ Any exper¡ment w¡th rout¡ne ¡nterface
- "l have my macro for modifying FLASH, but each

time I change geometry, my changes are lost"
- "l want to implement my sequence so that

EVERYBODY can use it"
o Projects based on PVM modules

- "Bruker EPI readout ¡s not bad, but I want to use it
with my own excitat¡on sequence"

o Adjustments
"l want the frequency to be adjusted for the

?? > central voxel for eac-h scan"

1t



. Monday, Tuesday:
- Base-level parameters and pulse programming
- First meeting with gre

o Wednesday
- PVM programming, part I (gre mutations)

o Parameter definitions
o Relations
. Timing
o RF pulses

o Thursday
- PVM programming, part 2

o Using modules
o Creating modules
o Accelerated MRI

o Friday
- Pipeline filters

Re¡ruxen
W$æ$FEÞð
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ParaVision Programming Course
April 3-7,2006

Paul Freitag

RtlKErr
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Pulse Programs and Parameters
- General concepts
- First Example
- Gontrol Parameters

lntroduction To Pulse Programming (1)
- Development Tools
- Project 1: HelloWorld
- Timing Details / Transmitter Control

- Dynamic Changes

- Project 2: Spin Echo
lntroduction To Pulse Programming (2)
- Gradient Control - Transformations
- Project 3: Gradients and Parameters

- Sampling Control

- Project 4: Phase Cycling and Digitizer Control
- Gradient Pulses

- Project 5: Gradients and Pulse Frequency

- Gradient Control - Ramp

- Project 6: Gradient Cycling

RI'T(ER
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understand the meaning of pulse and
gradient programs

know tools and conventions for pulse
programming

know to write simple pulse programs from
scratch

be able to understand pulse programs
delivered with Bruker methods

be able to solve problems occurring during
pulse program development

Ill'I(E¡l
**sp*ffi
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Sizes/repetitions

Timing

Pulses

Bandwidth

Digitizer Control

Gradient transformation

Gradient trim values

Gradient ramps

A+arruxerr
w$#$pBþ#

\.1
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pl1 --
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Standard Header Files#include "Avance.incl"
#include " DBX. include"

Pulse Generationstart, d0 fq1:f1
lo0:soO oh0):f1
depa REC_ENABLE
ADC_lNlT(phO,ph1)
deosc ADC_START
10u ADC END

Data Collection

Flow of Control
>SETUP_GOTO(start)
exit
phl=U
ph0=0

J Phase Definition-\ À-..*-

I

'l

L

(

(

. ASCII Text - use arbitrary editor

. Default definition in include files:
need #include "Avance.incl" and #include
"DBX.include"

,. . Commands are linked to durations (delays) -ifÉ implicitelv or explicitely
. Durations can be specified as parametrized

delavs or constants
. iåitååit oeiävìäre noatins po¡nt numbers

with time unit s(econd), m(illi), u(icro)
. Semicolons introduce comments

#*snuxÈn
w$*sp$N



. 
,F,,F_PUlqg_s alqgqterated by a pulse detay

. Parametrized (p0-p63) or constant pulse
delays (e.g. 1Oup) can be used

. A pulse shape can be specified :spO - :sp31

. Frequency (SFO1), amplitude (PL[1]) and
phase will be set independently for the
synthesizer channel.

. Synthesizer channels (:f1) are linked to nuclei
parameters

( orienfcd COOrdinate SvStern
. Transformation matrix to change the image

geometry
. lndividual control of gradient ramps
. User specific gradient shapes
. Phase encoding by variable gradient

functions
. lndependent



a

a

Standard sequence for data collection
depa REC_ENABLE
ADC_lNIT(NOPH,ph 1)

deosc ADC_START
10u ADC_END

Acquisition delay must be slightly longer than

dwell * number of points

Use synthesizer phase setting ph1

Phase list must be defined at end of pulse
sequence

A,vrruxen
wB#spEM

Run in endless loop for setup mode (gsp):
start, d0
SETUP_GOTO(start) (goto start in Pv 3!)

exit
ln Scan Mode (gop), experiment end is linked
to acquired data (ParaVision <= 3) or loop
structure (ParaVision 4).
Parameters control number of acquired scans
NA (number of averaged scans)
Nl (number of data objects)

\'.
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ParaVision Programming Course

April 3-7, 2006
Paul Freitag

Pulse Programs and Parameters
- General concepts
- First Example
- Control Parameters

lntroduction To Pulse Programming (l)
- Development Tools
- Project 1: Hello World
- Timing Details / Transmitter Gontrol
- Dynamic Changes
- Project 2: Spin Echo

lntroduction To Pulse Programming (2)
- Gradient Control - Transformations
- Project 3: Gradients and Parameters

- Sampling Control

- Project 4: Phase Cycling and Digitizer Control
- Gradient Pulses

- Project 5: Gradients and Pulse Frequency
- Gradient Control - Ramp

- Project 6: Gradient Cycling

RUttE't
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Editor - adapt UXNMR_editor environment
(Pv3: setres tool in X/VINNMR)

Ed¡t > Pulsprogram

Tools > Pulsprogram Tool ¿nly i¡ fll{'
(Pv3 Display)

Interactive editor with syntax check and
graphical pulse sequence display

¡1ì\'s 
*i 

^'u$ *t't3'
. New Scan / Cancel during new protocol
. data set status new
. r'ìo method defined
. parameters initialised for onepulse
. gradient parameters have no value
. multiple slice packages cannot be defined
. The ACQP parameter PULPROG must be set

to the name of the pulse program
. PULPROG parameter defines pulse program in

exp/sta n/n m r/l ists/p p
[?t,l(ËR
$*Ë$þËN
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,Átr 1{'Pc /ffik/ Þ,rcì, tth

By developing this project, you will learn:

' to write a minimum pulse program from scratch
. to use ParaVision tools for pulse program

development
. which parameters need to be set on a new data set
. which parameters implicitly have influence on data

acquisition

(
line orientation: \n separate lines

; comment lines with semicolon
significant length of identifiers limited:
7 valid characters
Standard Headers Avance.incl and

3p.p[icaJio-ns
include files : use C preprocessor
special value PULPROG=pulseprogram uses
expanded pulse program stored with dataset



PULPROG = s¡mple.ppg

expl stan I n m rl I i stsl ppl si m ple. p pg :

#include <deosc.mod>
start, d0

p0
aq

goto start
exit

ex pl sta n I n mrl I i stsl ppl d eo sc. mod :

define delay deosc = { $DEOSC }
'deosc = abs(deosc) * 1e-6"

iir.tii^ o*hrûth\ n"*"{î

pULPROG = pulseprogram

d atal < ust>l n m rl < i d>l 1 I pul seprog ram :

# 1'Yu/exp/stan/nmr/lists/pp/simple.ppg"
# 1'7ulexp/stan/nmr/lists/pp/simple. ppg"

# 1'7ulexp/stan/nmr/lists/pp/deosc.mod" 1

deflne delay deosc = { $DEOSC }"
deosc = abs(deosc) * 1e-6"
# 1 "/u/exp/stan/nmr/lists/pp/simple.ppg" 2
start, d0

p0
aq

goto start
exit

#include <modulehead>

#include <modulebody>

if (P araYision Param eterCo nd iti on )

0
e/se

t
#defi ne ADC_STARI : C-Preprocessor
macro definition poss¡ble

Åq!^ is iJaçf,^Jr,it,\r,<*oy
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Number of acquired scans determined by
loop parameters:
RCU based spectrometers:
acquisition is aborted, as soon as the
expected number of scans has been acquired
Note display options for accumulation:
- each scan

- each accumulation

- each phase encoding step

ftt,KEÍr
FñSpËS{

I

I wrys ìo a<'^*n\a\" S,t ùa{r.

. NS:number of simply accumulated scans (;fffi*.

. Ace-ns-list-size/Ace-ns-tist: ' 'enta4r'5)

description of echo accumulation scheme
. ACQ_phase_factor: connected scans
. Nl: number of image objects 4.n'..1.. .f sì,t.s

. ACQ_dim / ACQ_size : OescriþtiäfÙf fr*ä'6E''*
object

. NA: phase encoding accumulation

. NAE: image accumulation

. NR: number of repetitions
ÍIU}{ËFI
ESãþ**S*€
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NS accumulation

ACQ_phase_factor

Nl lmage objects / NSLICES

NA accumulation

ACQ_size[1 ] / ACO_phase_factor

ACQ_size[2]

NR repetition

timing un¡ts
s(seconds), m(milli), u(micro)

resolution 80MHz, 0.125u

explicit timing <-> implicit timing

act¡ons start at beginning of delay
parallel timing possible (use parentheses)

multiple control commands possible wlthin
same delay



D[0-31] : general purpose delays/unit [s]
P[0-31] : general purpose pulses/unit [u]
VDLIST: variable delay lisVunit [s]
VPLIST: variable pulse lisUunit[u]

DE: minimum delay/unit [u] - ri'gr,,3 d.lo.y 
¿

DEOSC: minimum acquisition delay[u] |
DEPA: minimum preamp delay[u] J

(

(

<float>u,m,s

<float>up,mp,sp

d}-d31
p0-p31

vd

fixed delay

fixed pulse delay
parametrized delay
param. pulse delay

variable delay

variable pulse delay
min. ringing delay

dwell time (real)

vp

de

dw
det

. <delay>*<scaling factor> scaled



10u 10u d0 p1*2 vd deosc

(10u) (20u) ; parallel pulse traíns in parentheses
d0
p1*2
vd
deosc

Fulseshape
spO..sp31

TPQQ
DPOA

Amplitude
TPAO
DPQQ

Fhase
ph0..ph31

Duratjon
p0..p6$
PtOF
P[63]

Frequency
offset
fql..fq$
ACQ_O1_tist

li\
: :i ;ì

i !1, !i \
\¡



Eight transmit channels can be addressed
ln pulse program, channel id :f1 - :fB
Basic frequency defined by nucleus
Amplifier mapping part of routing

default channel: f1

I

. TPQQ[0,15]/DPOO[0-15]

- .name: shape file in exp/stan/nmr/lists/wave

- .power: attenuation in dB from -6dB to 120d8

- .offset: phase shift generated offset in Hz
. SFOI -SFO8: Basic frequency in Hz
. ACQ_O 1 _list_size/ACQ_O 1_list-

ACQ_O3_list - ACQ_O1 B_list

- offset frequency lists - B for second oscillator
. PL[0-31]: default power levels for channels

PL[1] for :f1 ...

A.snuxc¡r
w$#$p$sü



fq1:f1-fq8:f1
set frequency from ACQ_O1_list ...,
implicit increment

fql b receive : Use second DDS for receive

fqSb:f1 set frequency from ACQ_O1B_list
pl0:f1-p\31:fl:
set power level from PL[0]-PL[31]

;sp0-;sp3 1 [(c u r re nt p owe r)l
use shape from TP(DP)OO[0]-TP(DP)QQ[1 5],
use current power as option

Rl¡I(Ele
$*sF$N

a

a

ph0:f1-ph31:f1
set phase from phO-ph31

ph0-ph31 =1<unit>) list definition

Shortcuts for repeated / shifted groups

- phO= { < list function> } 
* <factor>

- ph1= 1< list function> ) ^ {increment}
phase values as multiples of the fractional
unit, default 4

receiver (mixing) phase only fractional unit 4
available

Rt,I(ER
Bb#sË*Ësq

10

t



gatepulse 1: amplifier presetting
preset off: optimize performance

shape timing: 0.1u grid

shape files exp/stan/nmr/l ists/wv

dynamic changes limited

setup control: linked to sliders
TPOO[O-7] : spO-sp7
DPOO[O-7] : sp8-sp15
TPOO[8-15] : sp16-sp23
DPOO[8-15] :sp24-sp31

[.J n"t '*¡i6fi"Å . i\k7 ho\'¿ r'^*$ TÁ')

TPQQ and DPQQ connected with
sliders in Spectrometer Control Tool:

TPQQ:Transmit Tx
corresponds to channel 1

DPQQ: Decoupling Dc
corresponds to channel 2

11



10u pl1 :f1
10u fq1:f1
dB gatepulse 1

(p0:sp0(currentpower) ph 1 ):f1

ph1 ={{0 1}.2}^1 ;01011212
ph2 = (360) 0 90 180270

l- 
(ò'r^vhû'

<labelfl) mark position in pulse program

goto.h\óelt: jump to label

lo to <label> fimes <counter> : repeat block
times counter

counter may be ParaVision parameter or l0-131

corresponding to L[0]-L[31 ]
if 'kcondition>" goto <label>

exit: end execution

T?l.,l(Ë}T

t2



ìv\r'QnitFf it(tl
¿¿
ipp}-ipp31, rpp}-rpp3l; incremenVreset phase
list pointer

ip0-ip31, dp0-dp31, rp0-rp31 :
i ncremenUdecrem ent/reset phase I ist

ipu}-ipu?l, dpu}-dpu31, rpu}-rpu31 :
increment,decrement,reset pulse delay by value
defined in INP[O]-lNP[31]

¡d0-¡d31, ddO-dd31,rdO-rd31 :

increment, decrement, reset delay by value
defined in IND[O]-lND[31 ]
ivdlivp: increment pulse/delay list pointer 

A.ÌiÊ,.UKE,.
w$ffsF*þü

. "expression": calculation in double quotes

. C-style syntax for assignment and simple
algebra and functions

. time units are preserved

. ParaVision parameters cannot be evaluated
directly

. examples:
"d0=d1 *2-p0"
"p0 < 100u"

13



New commands can be defined in the
beginning of the pulse program (before the
first delay) V?"¡",n"ì,s on\/.

I
- define delay delayname

- define pulse pulsename

- define loopcounter loopcountername

- define Iist<delay> delaylistname

- define û.sfcpulse> oulselistname

- define listcpower> powerlistname

- define listcfrequency> fqlistname

ITUKEÍt
*ssF$M

User command lists must be initialized

- either directly:
define rbf ... = { values }

- from file:
define /isf ... - <file>

- from ParaVision parameter
define .... = {$ParaVisionParameterName}

I4



User defined list commands can be used like
the built in commands:

- defirp !þf<listtype> some/rsf: definition

- some/rsf: use list at current position

- somelist.rnc: increment list pointer

- some/isf.dec: decrement'list pointer

- some/isf.res.' reset list pointer

- somelist[ndxl: access list value at ndx

- somelist.rdx access list pointer in elation

- some/rsf^t use list with autoincrement

TIl,l(ER
$ñ$p8N

define listcpower> plist = { 120 60 30 0 }

start, 10u plist:f1 plist.inc
1 Oup
5u
lo to start times 4

exit

ItU¡{E;T
â&$p$ss
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By developing this project you will learn
. to use parameters for timing
. to implement easy relations between the parameters

in the pulse program
. to vary properties of rf-pulses during runtime

Á*iPÍrurqsn
w$#$pËÞs

d0 lpo I aqq'0.5 | p02
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Pulse Programs and Parameters
- General concepts
- First Example

- Control Parameters
lntroduction To Pulse Programming (1)
- Development Tools
- Project 1: HelloWorld
- Timing Details / Transmitter Control

- Dynamic Changes
- Project 2: Spin Echo

lntroduction To Pulse Programming (2)
- Gradient Control - Transformations
- Project 3: Gradients and Parameters
- Sampling Gontrol
- Project 4: Phase Gycling and Digitizer Control
- Gradient Pulses
- Project 5: Gradients and Pulse Frequency
- Gradient Control - Ramp
- Project 6: Gradient Cycling

*..,g¡eUnen
W$S$FËN
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'ff¡7.*

noì tn<øl very ¡ntiLh

uçr,ql ly ^ll-11'l 
rarrr

valutt. \

I

gc_control { }

PREEMP_X_factor 
^^^ _-¡:-_r _^_ | nCO_scaling_read

pREEMp_y_racror ACe_patientpos i Âõo_;;;ii;õ_ú;;"

{¡'^{t*i'



ACQ_patient_pos:
normalized subject coordinate system
NSLICES: number of slices
ACQ_grad_matrixfi[][
transformation matrix per slice

ACQ_trim: trim values
ACQ_read_scale, ..._phase_..., slice :

Scaling values in logical coordinates
ACQ_phase_encoding_mode: ramp mode
ACQ_phase_enc_start: ram p shift

{.

lDo
grad{(80,80,W) | (50,50,50) I (0,0,100) }

ACQ_scaling_read/..

{ 1,1,0.5}

ACQ_grad_matrix

0.7 0.7 0

-0.7 0.7 0

00-1
ACQ_patÍent_pos

head_left
PREEMP_ñY lZ_faclor

{ 0.99, 0.98, 0.94 }

read phase slice
x yz x yz xyz

(0.7,0.7,0) (-0.7,0.7,0) ( 0, 0, -0.5)*,ùÒ**
(80,80,@) (50,50,50) ( 0,_ 0, 100)

(56,56, 0) + (-35, 
3U, 

O)* (0,0,-50)

(21,91,-50)
z*-1, xy->yx

(91,21,50)

(0.98,0.98, 0.94)

(89.18, 20.58,47)
FtUKEF
$,#$F$SS
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PREEMP_ramp_time : technical ramp time
PREEMP_ramp_mode : ramp description
PREEMP_rise_time : physical ramp time
P R E E M P_X_facto r/Y_facto r I 7 -f actor'.
calibration constants

amplifier output

,ouil

('

. grad{<read> lcphase> lcslice> }
- <read>/<phase>/<slice> gradient strength as

percentage:

- (0) : single trim value, range -100 to +100

- (100,100,100) : xlylz trimvalue

- (t0)-(199) : parameter trim value

- <>+-*trim : expression of trim values
. groff: shortcut for grad{(0)l(0)l(0)}
. delay marks start of gradient ramp
. effective ramp delay PREEMP_ramp_time

*+snúnen
w$#$trËsü



rl2 r*1.5 r r*3 r*3
ramp*0.5 srad { (20) I (0) I (0) }
ramp*1.5 ; ACQ_trim[O] - {-30, -30, -30 }
ramp grad { (t0) I (0) I ç20,-20,-20) }
ramp*3
ramp*3 groff

\.-

By developing this project you will learn
. which parameters must be set to use gradients within

a pulse program
. how geometric transformations influence gradients
. how static gradients can be switched in a pulse

program



.o\qtr,

l tot'

aq = dw.ffl +l/ us

deosc = dw"td + ACQ_scan_shift + ?lc.--t
'X,0"1 'o\e\u1. *';..srrunsrr

w$sspBs*

REC_ENABLE:

- receiver enable for RX22 - at least depa

AD C _l N I I(_B) (<m ixi n g>, < refere nce>,)

- prepare acquisition (use fqSb frequency list)

- set mixing phase and reference phase

- implicit delay DE - DEPA

ADC_START:

- mark acquisition of first point

- must wait DEOSC untilADC END

ADC_END:

- mark end of acquisition/minimum delay 10u

{



. ADC_INlT =B(mixing phase , reference phase)

. reference phase -> synthesizer phase y

. mixing phase = channel mixing 
I

(u,v) -t (+u,+v) --f: '
. aftention: mixing phase prrevents fast tooprl 

220 d"g

. Dual DDS: TX -> RX phase continuous
RX -> TX phase coherent

(

I\

I

. ACQ_size[O] : size of scan (real valued) alias TD

. ACQ_scan_shift: grou

. SW_h: bandwidth

D I GTYP : di gitizer selecìõn;¡O¡-
DlcMoD: filter mode analoþ/disliäf '{'

AQ_mod: data sampling mode qdig/qsim

dw=SW_h/TD

J;ilø



Parameter Setting:

- ACQ-size[O] = 1924

- SW_h = 50000 => dw = 20 agg = 10240u

- DSPFIRM = DSP_medium

Derive minimum delay for optimum sh¡ft

- ACQ_scan_shift = -1 -> -26

- DEOSC = -1 -> -10560

Derive optimum shift for available delay
_ DEOSC = +10400

-¿' ACa-scan-shift = -10

Reæ¡ver Enabling

Rêæivèr Gating

Prêãmpl¡fiêr Obsrue Mode

Dig¡tizer Enabl€

RCU Mix¡ng Phase etllng

Synthèsizer Osclllâtd
Phss sêtt¡ng

Synthoslzêr Osdllatü
Offst Frêquency settlng

Synthes¡zêr O$¡llâtd S€lêct

Dw6ll Clock g€nerat¡on

Synlh€slz€r A

Syntheslzer B

R€æiv€r Synthesizsr lnput

I



¡syn*hcstzr,l.

fq{þ}eceive; use ACQ-O1B-list for channell

10u fqSb:f1 ; set and increment ACQ_O1B_

REC-ENABLE
ADC_lNlT_B(NOPH,ph0)
ADC_START
ADC-END
wait at least 800u until next ADC lNlT

\

By developing this project you will learn
. to implement minimum timing for data acquisition
. to select a frequency offset for acquisition
. to run phase cycling

j'

I
l

i

i

I
I
I
I

L
.¡
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One ACQ_grad_matrix for each slice

Dimension cannot be changed within acqp
Number of orientations in NSLICES

change orientation

- rs/ice : next orientation matrix

- rs/ice : previous orientation matrix

- zslice: first orientation matrix

- ss/ice : save slice index

- rslice: restore slice index

#¡srruxsn
wEs$p$ss

Ramp functions with length definition
grad{ ... <function>(<trim>,<len>) | ... }
length must match function definition

user defined functions possible

delay defines step resolution

ufun = { 0.5, 0.8, 1.0, 0.8, 0.6, 0.4, 0.2, 0.0 } ...
d4 srad{(ufun(100,8)) I (0) I (0) }

*,.sIruxen
w'$#$pË$s

10



1m
1s grad{ (0) | sinp(100,30) | cos(100,30) }
1s srad{ 11d(100,10) I (0) I (0) }

(

(
. Gradient sequence ¡n parallel to pulse timing

can be defined
. gc_control {

<delay> grad{...1...1...} j

<delay> grad{...|...1...}

)

11



1m gc_control{
10m srad { (10) | (0)
10m srad { (0) I (10)
10m srad { (0) | (20)

r 1om srorr * nï:l'|,,q;jiîl[
15m ; pulse timing índèpehdent
1Omp ; from gradient timing
15m

exit

By developing this project you will learn
. To use a slice selection gradient
. To vary the transmitter frequency for pulses

p0 p012

l2



ramp list functions 11d, r2d, r3d
linked to parameters
ACQ_ p h ase_e ncod i ng_m ode/enc_sta rt
further built in functions

- sln

- cos

- sinp

- gauss<truncvalue>

- sfep

lgrad <function rl.2drl.3d>1 = length
length definition/setup mode

step through gradient ramp lists

- igrad <function> : increment pointer

- dgrad <function> : decrement pointer

- zgrad <function> : reset pointer

- sgrad <function> : save status

- rgrad <function> : restore status

F?1,KE}r
ss**MË&$

\
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-30 % +20 o/o -2O % +10 o/o -10 o/o 0 o/o

ACQ_phase_encoding_mode[1 ] = Centered

ACQ_trim[O] = { 30, 30, 30 }
ACQ-size[1] = 3

ACQ_phase_enc_start[1 ] = -1

lgrad r2d = ACQ_size[1]
ramp srad{ (0) I r2d(t0) I (0) }
igrad r2d

slice, rgrad r2d
cloop, d1 grad((O) | r2d(t0) | (0)

groff
igrad r2d

lo to cloop times ACQ_phase_factor
sgrad r2d

lo to slice time NSLICES
lo to stañ times ACQ_size[1]/ACA_phase_factor

(

(

t4



By developing this project you will learn
. to vary gradients during runtime
. to use parameters to controlgradient variation
. to switch off gradíents during setup mode

I\

\
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1 Starting from scratch

1.1 Objective

By developing this project, you will learn:

. to rename an easy pulse program for your data set

o to use ParaVision tools for pulse program development

o which parameters need to be set on a new data set

1.2 Projectdescription

In this project, you will create your first pulse program ofyour own.

For this pu{pose, you create a new data set without loading a protocol, you create a copy of
the pulse program projectl.ppg provided in your home directory to the pulse program library
directory. You use the parameter editor to select the pulse program for youi newly created
date set. You use the pulse program display to inspect the pulse program and to correct a
syntax error (missing comment sign) in the interactive editor. You set suitable acquisition
parameters and run a first pulse-acquire experiment on your spectrometer. Make a list of
parameters for which you think that they influence the acquisition. You have fìnished as
soon as you have acquired a reasonable frd file.

EI]Sf NP

(
stårt, ph0=0

clurl clepa
00

DO t}B
5ûi1m S0r 5C'rn 10¡rr

bþ. exc



Àsnuren
wsffi$pEM Pulse Programming Exercises

1.3 Extensions

If you finish earþ, you may try to minimize your pulse program, i.e. try to remove as many
lines in the pulse program as possible to allow you still to acquire an fid.

1.4 Hints

o Create a new data set (new scan in pvScan), using the cancel button, when asked to load a
protocol.

o Pulse programs must be installed in the <PvrnstDir>/exp/stan/nmr/lists/pp
directory.

o Parameters to be set: Pulse Program Name (eur,eRoG), Relaxation delay o [ 0 ] Pulse delay
P [0], Pulse Shape 0 tpQQ Io] . name, TpQQ [0] . power. A suitable pulse will be the
blockpulse bp. exc.

o In order to simplify parameter input, you can open a parameter editor restricted to the
parameters relevant to you:
pvcmd -a pvScan pvEditPars PULPROG D[0] P[0] TPQQ[0].name
TPQQ tol .power 1

o Further parameters have influence on the acquisitioJhhe bandwidth (sï/ü-h), the group
delay compensation (acQ_scan_shif t), the amplifier gating delay D I I ] (derived from
CONF IG_amp 1 i f i er_enab1 e).

*^\.\ ^ ç'ìr^tl. n{4(ro-'

lvi,^eo" Fþ* a çeròrc{ - s1"¡þ¡'^l nome d 
yvh(ro -) dii6l"-
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1.5 Solution

; PPC 2006 Pulse Programming Course

; Project l-: first pulse program - simplified SINGLEPULSE

; Explicit parameters

; P0 - excitation pulse delay
; d0 - relaxation delay
; d8 - CONFIG_amplifier_enable per convention

; -------necessary include files-
# includecAvance . incl >

#include <DBX. incLude>

,- automatic pulse gaEing switched off for fast sequences
preset off

; 1abe1 - -delays - - commands - - - - gradients - - - - - - - remarks - - - -
start, d0 ,' relaxatj-on delay

d8 gatepulse 1- ; pulse gaÈing
; pulse TPQQ tOl(p0:spO phO):fl-

ì ---- ---daE,a acquisition----
depa REC_ENABLE
ADC_INIT(phO, ph1)
Aqq ADC_START
5m
10u ADC END

; open receiver
,' prepare acquisit.ion
; start data sampling
; group delay comp.
; end data samplíng

; ---- ---data loops-
SETUP_GOTO (start)

exit

; -------phase definitions---
phO=0 ;excitationphaseph1=0 ;referencephase

I
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2 Pulses, Parameters and Relations

2.1 Objective

By developing this project you will learn

o to use parameters for timing

o to implement easy relations between the parameters in the pulse program

. to vary properties of delays during runtime

2.2 Project

In this project, we want to implement an easy spin-echo lD method" which can be controlled
by base level parameters. By acquiring a series of scans with varying echo time, the method
can be used to observe T2 decay.

A spin echo method consists of an excitation pulse, a preparation delay an inversion pulse
and the detection period. The spin echo will appear after the same time as the preparation
delay. In order to observe the echo, the flip angle of the inversion pulse must be l8Odeg and
the position of the acquisition delay must be adjusted such that the echo will occur in the
middle of the acquisition delay. By varying the delay between the excitation and the
refocusing pulse, the echo position can be varied.

To achieve this, create a new scan and create a copy of the pulse program from the first
project to project2.ppg. Add a new pulse into the pulse program controlled by the
parameters P [1] and TPQQ [r.] and a phase list ph2. Use the delay D [r] to describe the
echo time. Calculate filling delays in relations in the pulse progfam in order to position the
echo correctly in the acquisition window. Use this first implementation of the pulse sequence
to set up suitable parameters for the refocusing pulse and the echo time. Once you observe a
reasonable echo, add a loop over the parameter NI to the pulse program. Add a variable

- 
Real

- 
Reali_- lmad

\ 4<'--i

opt/DEX/Pv4.b. 0.39_pfre/daralpfre/nmr/PPC2 006.All U2lpdara/ 1 )rgrfl zer F¡iltng [G5_drg_f¡iltng_mc]: L7.3503%
)¡ohlzer Flllino fCS dio flllndl: 74 566,)%
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delay between the two pulses and the pulse and the acquisition window and vary the delay
according to a list in say 6 steps of 50ms each.

2.3 Extensions

Use a different method, to vary the echo time. Possible methods are:
¡ vd delay andacQ_vd_list parameter with ivd
o def ine list<delay> vardel = { o. 05 0. j_ o.l_5 o .z o.25 0.3 }

withvardel. inc
o id1 command in combination with the rN [1_] parameter
o Incrementing D t 1l in a "parameter relation"

2.4 Hints

o Clone the first scan
. Copy the pulse program proj ectl .ppg to the new pulses program proj ect2 . ppg
. Remember that the pulse should consist of the two lines

d8 gatepulse L
(p1: sp1 ph2) : f l-

e Add the phase list ph2=0 to the end of the pulse program- think which phase relative to
the excitation pulse is reasonable

o To calculate the correct relations you may define new delays
define delay drest

o To calculate the correct echo delay, you must take into account, that the ADC_INIT
command has an implicit delay de-depa.

o When the echo delay o [1] is introduced between the refocusing pulse and the acquisition
delay, a suiøble filling delay between excitation and refocusing pulse might calculate
"drest : d1 - de + depa + aqq/Z - p0/2 - dB.

o You can start an adapted parameter editor
pvcmd -a pvScan pvEdítPars PULPROG NI Ð [0] Ð [1] p [0]
TPQQ[0] .name TOQQt0l .power P[]-l TPee[i-] .name Toeetll .power

. Add the loop
Lo to start times NI
just before the SETUP_GOTO ( start ) macro

o When adding a delay list, don't forget to increment the list pointer
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2.5 Solution

; PPC 2006 Pulse Programming Course

,' Project 2: simple spin echo

,- Explicit parameters

; p0 - excitation pulse delay
; p1 - refocusing pulse delay
; d0 - relaxation delay
; dl - echo time
; dB - CoNFIG_amplifier_enable per convention
; NI - image object loop

ì -------necessary include files---
#includecAvance . incl >

#include <DBx. include>

; -------internal parameter definítions and relations-
defÍne delay dr
rrdr = aqs, / 2 + dur1 - po/2 - d8tr
defíne lisrcdelay> vdl = { o.05 o.l-o o.1s 0.20 0.25 o.3o i

; auÈomaÈic pulse gating switched off for fast sequences
preset off

; 1abel - -delays - - commands - - - - gradients - - - - - - -remarks - - - -
start, d0 ; relaxatÍon delay

ì - - - - -- -excitation- - - -
dB gatepulse 1- ; pulse gaËing
(p0 : spO phO ) : f 1- ; pulse TPQO [0]

ì - ------echo time padding---
dr ; echo time padding
vd1 ; var. echo spacing

ì ---- ---inversion---
d8 gatepulse L ; pulse gating
(p1 : spt ph2 ) : f l- ; pulse TPQQ [1]

vdl ,. var. echo spacing
ì - - - --- -data acguisiÈion- -- -
depa REC_ENABLE ; open receiver
ADC_INTT(ph0, phL) ,. prepare acquisition
aqq ADC_START ; start data sampling
5m vdl.inc ; group delay comp.
10u ADC_END ; end daÈa sampling

i-------data loops-
1o to start times NI ; NI 'timage'r objects

sETUP_GoTo (start)

10 .-

(
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exits

;-------phase
phO=0
phl- = 0
ph2=0

definitions - - -
; excitat.ion phase
; reference phase

(

11
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3 First Gradients ççÉËtl? -l *À ' c'^\ - aottÈì

s\cug¡¡ ""' 
b¿\c*'

3.1 Objective

By developing this project you will learn

- which parameters must be set to use gradients within a pulse program

- how geometric transformations influence gradients

- how static gradients can be switched in a pulse program

3.2 Project

In this project, v/e want to implement a basic gradient echo and learn which base level
parameters must be used to control the gradient system.

In order to observe a gradient echo, the spin system must be dephased after excitation and
rephrased during the acquisition period by applying a gradient ofthe opposite polarity. The
echo will appe,ar when the integral of the rephrasing gradient reaches the same integral as the
dephasing gradient.

In order to implement this, create a new scan and create a copy of the pulse program from
project I to proj ect3 . ppg, add a dephasing gradient after the end of the excitation pulse
which has half of the length of the acquisition interval. Then switch immediately to the opposite
polarity and start data sampling. Switch the gradient off, when data sampling is finished- Use
the trim value t0 to parameterizethe gradient strength. Have in mind that the minimum delay
for switching gradient states depends on the gradient system and preemphasis setting
( PREEMP_ramp_L ime/ PREEMP_ríse_time ) . Before you can start data acquisition, you

must make sure that parameters describing the gradient transformation (eC9_grad_matríx)
have been set to a suitable value.

a
t2
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3.3 Extensions

Use different logigal gradient directions to create your echo

3.4 Hints

. Clone the first scan

. Copy the pulse program proj ects1- .ppg to the new pulse program pro j ect3 . ppg

. A gradient with trim value e.g. in read direction can be applied with the command

srad { (ro) | (o) | (o) }
o Negative trim values are not allowed but expressions where a trim value is subtracted from

thevalue (0)
srad { (0) - (ro) | (o) | (o) }

o You can start an adapted parameter editor
pvcmd -a pvScan pvEditPars PULPROG D [0] Ð [1] P [0]
TPQQ [0] .name TOQQ[0] .pov/er ACQ_trim[0] ACQ_grad_matrix

o Import the ramp length from a ParaVision parameter: many methods set D [4] to the ramp
time - remember that ramp parameters are specified in microseconds.

o Define delay ramp = { enneUe_rise_time }
. "ramp = ramp * te-6"

I

t. l3
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3.5 Solution

; PPC 2006 Pulse Programming Course

,' Project 3: simple gradient echo

; Explicit parameters

; p0 - excitation pulse delay
; d0 - relaxation delay
; d8 - CONFIG_amplifier_enable per convention
; t0 - trim value ACQ_trim [0]
; NI - image object loop

; - ------necessary include files-
#includecAvance . ínc1 >

#include <DBX. include>

ì -------internal parameter definitions and relations-
define delay ramp = { çenenve_rise_time }rrramp=ramp*1e-6rr
define delay dr
udr=aqq/2"

; automatic pulse gating switched off for fast sequences
preset off

,. Label - -delays - - commands - - - - gradients - - - - - - -remarks - - - -
start, d0 ; relaxation delay

; ---- ---excitation--
dB gatepulse 1 ; pulse gating
(p0 : spO ph0) : f l- ; pulse TPQQ [0]

ì ---- ---dephasing gradient---
dr srad { (o) - (ro) | (o) | (o) }
ramp groff

ì - - - -- - -refocussing gradíent-
ramp grad { (to) | (o) | (0) }; Refocussing

¡ ---- ---data acquisition------
depa REC_ENABLE ; open receiver
ADC_INIT(ph0, phL) ; prepare acqrrÍsition
aqq ADC_START ; start data sampling
5m groff ; gradienÈs off
1-0u ADC END ,. end data sampling

ì ---- ---data loops-
1o to sÈart times NI i NI "image" objects

sETUP_coTo (start)

exit

t4 (
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4 Fast Data Acquisition and Phase Cycling

4.1 Objectives

By developing this project you will learn

- to implement minimum timing for data acquisition

,rffit$.

to select a frequency ofßet for acquisition
to run phase cycling

4.2 Project

In this project, you will get acquainted with the details of the data collection andphase cycling
process.

To apply a read offset in irnaging, the LO frequency of the receiver can be tuned during data
acquisition. This will lead to a shift of the acquired data in the frequency domain and can be
interpreted as a spatial shift in the image domain.

To implement this project clone the scan from project 3, create a copy of the pulse program to
proj ect4 . ppg. To achieve minimum timing in a pulse sequence, replace the fixed delay
following the acquisition delay by a delay of length DEoSc - aqq. Relations ensure that
DEOSC will be set to a minimum value when set to a value less than 0.
To implement the read offset, a second synthesizer channel must be used. This is implied by
chosing the macro ADc_rNrrB instead of aoc_rNlT. Usage of the synthesizer must be
Prepared by the f q1b receive command at the beginning of the pulse progranL actually
frequency setting is performed by the f q8b cornmand by default linked to the
ACQ_Ol-B_Iist parameter. By setting suitable frequencies you can see the signal move in the
reconstruction display.

Jfll cere\\(

nt-ce\¡^T
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Phase cycling is often used to remove offsets during averaging. By varying the transmitter phase
in 90deg steps and combining the complex data of the scans acquired this way accordingly,
offsets related to the receiver hardware will cancel out.

To implement phase cycling, add an averaging loop 1o to start tímes NA. Use
different phase lists for transmit, reference and receiver phase. Make sure that phase pointers
are incremented within the averaging loop. Use a phase cycle 0 90 180 270 degfor transmitter
and receiver phase and observe that the data adds up, when NA = 4 is selected. When the
receiver phase is kept constant, the signal will cancel out however. Note that the same effect
seemss to appeff for the reference phase but in fact changing the reference phase will not cancel
out ofßet effects, because data combination is not affected.

4.3 Extensions

. Observe the effect of the ACo_scan_shif L parameter on the DEoSc parameter

4.4 Hints

o Define the delay deosc in the pulse progtam and import it from the ParaVision parameter
DEOSC. Rescale the value in a relation frorn microseconds to seconds:
defíne delay deosc = {çouosc}
"deosc = abs (deosc) *1e-6 - aqq"

o Set the parameter ÐEoSc to a negative value to have the relations calculate the minimum
value for DEOSC.

o Initialize the parameter ACQ_O1-B_1íst_size with 3 and set the values of
ACQ_O1B_list= { - rOOO, 2000, 0 } .

o For phase cycling, define three phase lists phO , ph1 , p]n2 after the exit command.
o Use the phase command phO to set the transmitter phase pO phO : f 1.
o Use the phase command ph2 for the receiver reference and ph1- for the receiver mixing

phase.
o Don't forget to increment the phase lists in the main acquisition loop using the ipp0 ,

ipp1, ipp2 commands.
o Set the parameter NA = 4 to average data
o Set the parameter NI = 4 to observe the different phase settings simultaneously.

tt\
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4.5 Solution

PPC 2006 Pulse Programmj-ng Course

Project 4: data acquisitíon detail-s

Explicit parameters

- exciÈation pulse delay
- rel-axation delay
- CONFIc_amplifier_enable per convent.ion
- trim value ACQ_trim[0]
- image object. loop
- averaging loop

; - - - ----necessary include files--
#íncludecAvance . incL >

#include <DBx. incl-ude>

; -------internal parameter definitions and relations-
define delay deosc = { çoeosc }I'deosc = abs(deosc) * l_e-6 - aqq',
define delay ramp = { çeneeun_rise_time irrramp=ramp*1e-6tr
define delay dr
rtdr=aqq/2"

; automatic pulse gating switched off for fast sequences
preset off
; use second synthesizer for LO frequency
fqlb receive

; 1abel - - delays - - commands - - - - gradients - - - - - - -remarks - - - -
start, d0 fq8b:fJ- ; select LO freq.

, ---- ---excitation--

p0
d0
d8
t0
NI
NA

ì - - - ----dephasing gradient- --
dr srad { (o) - (ro) | (o) | (o) }
ramp groff

ì - - - -- --refocussing gradient-
rampgrad{ (t0) | (o) | (o) } ;Refocussing

ì ---- ---data acguisítion----

dB gatepulse 1
(p0:spO phO):f1

depa REC_ENABLE
ADC_INIT_B(ph2, phl)
aqq ADC_START
deosc groff
]-Ou ADC END

pulse gating
pulse TPQQtOl

,' open receiver
; prepare acquisit.ion
; start data sampling
,' minimum eosc delay
; end data sampling

10u ippO ippL ipp2

; -------data loops-
1o t.o sÈart times NI ; NI "image'r objects

18
I



ParaVision Programming Course 2005
&snuren
wãe$wnffi

1o to start times NA ; averaging loop
10u rppO rppl rpp2 ; reset phases

SETUP_GOTO (start)

exit

; ---- ---phase definitions----
phO=O2L 3 ,.excitatj_onphase
phl=0 ;referencephase
ph2=02t3 ; receiverphase

!-illlJ iiit

I
I
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5 Gradients and Pulse Frequency

5.1 Objectives

By developing this project you will learn

- to use a slice selection gradient

- to vary the transmitter frequency for pulses

5.2 Project

ln this project you extend the gradient echo developed inproject 3 by slice selection and by
varying the excitation frequency to acquire profiles for different slices.

To implement slice selection, the slice gradient must be applied during the excitation pulse and
refocused afterwards. For symmetric excitation pulses the integral of the refocusing gradient
must be the inverse of the integral from the middle of the pulse to the end. The profile of the
excited slice depends on the gradient strength and the bandwidth of the applied excitation pulse.

To implement the project, clone the previous scan, copy the pulse program to proj ects . ppg.
Switch the slice gradient on immediately before the excitation pulse and switch it to the
opposite polarity immediately after the pulse. Switch the gradient offafter half of the the pulse
duration. Use the trim value tl- to control the gradient strength
In order to change the transmitter frequency, apply a frequency list at the beginning of the
acquisition loop to frequency channel L Remember to change the frequency after each
excitation. Use the ACQ_oL_list / AcQ_o1_list_size parameters to defure different
ofßet frequencies and set NI to ACQ_O1_1ist_size in order to observe the different slice
profiles simultaneously.

20
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5.3 ExtensÍons

Use a different list syntax for frequency switching - remember that the f ql-- fq8 commands
include an automatic increment of the acquisition pointer.

5.4 Hints

o You can start an adapted parameter editor
pvcmd -a pvScan pvEditPars PULPROG NI D[0] P[0] TPQQ[0].name
TOQQ [0J .power ACQ_n_Èrim ACQ_Lrim[0] ACQ_trim [1]
ACQ_O1_I ist_si ze ACQ_O]-_1ist

¡ If you don't use the built-in frequency setting commands f q1- f q8, do not forget to switch
increment the frequency list at suitable points.

{ 2t
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5.5 Solution

; PPC 2006 Pulse Programmíng Course

,' Project 4: data acquisition details

; Explicit parameters

; p0 - excitation pulse delay
; d0 - refaxation delay
; d8 - CONFIG_amplifier_enable per conventíon
; t0 - trim value ACQ_trim[O]
; t1 - trim value ACQ_t,rim[L] : slice selection
; NI - image object loop
,. NA - averaging loop 

:
(

ì - ------necessary include fíles-
#includecAvance . incl >

#Ínclude <DBx. include>

; -------internal parameter definiÈions and relations-
define delay deosc = { $DEosc }
'rdeosc = abs (deosc) * 1e-6 - aqq"
define delay ramp = { $PREEMP_rise_time }rrramp=ramp*1e-6x
define delay dr
ildr=aqq/2u
define delay dq
"dq=ramp-d8-10u"
define delay df
ndf - (po+ramp) /2'

; automatic pulse gating switched off for fast sequences
preset off
,. use second synthesizer for LO frequency
fqlb receive 

i,

I

,. 1abel - -delays - - commands - - - - gradients - - - - - - -remarks - - - -
start, d0 fq8b:fL ,. select. LO freq.

; -------excitation with slíce selection
dq srad { (o) | (o) | (rr.) }
3u fq1:f1 ; set Lransmit freq.
d8 gatepulse L ; pulse gating
(p0:sp0 ph0):fL ; pulse TPQQIOI
ramp groff

; - ------slice selection refocussing-----
dr srad i (o) | (o) | (o) - (r1) )
ramp groff

; ---- ---dephasing gradient---
dr srad { tol - (eol | (o) | (o) }
ramp groff

; ---- ---refocussing gradient-
rampgrad{ (t0) | (o) | (o) } rRefocussing

22\
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; -------data acguisit,ion-----
depa REC_ENABLE ,- open receiver
ADC_INIT_B(ph2, ph1) ; prepare acguisition
aqq ADC_START ,- start data sampling
deosc groff ; minimum eosc delay
L0u ADC_END ; end datsa sampl_ing
10u ippO ippL ipp2

ì ---- ---data loops-
l-o to sÈart times NI ,- NI 'rimage" objects
1o to start times NA ; averaging loop

10u rppo rppl_ rpp2 ; reset phases

SETUP_GOTO (start)

exit

ì ---- ---phase definitions---
pho=02]- 3 ;excitationphase
phl-=0 ;referencephase
ph2=O2L 3 ,.receiverphase

23



RI'T(ER
ã#$p&þ#

Pulse Programming Exercises

6 Gradient Cycling

6.1 Objectives

By developing this project you will learn

- to vary gradients during runtime

- to use parameters to control gradient variation

- to switch off gradients during setup mode

6.2 Project

In this project you will learn how to vary the strength of a gradient linearly within a pulse
sequence. This is the basic for phase encoding in many imaging sequences. You will learn to
implement such a gradient "ramp" within a pulse program and understand default links to
acquisition parameters.

Under certain conditions it is desirable to acquire a gradient echo not at the middle but at a
different position. One way to vary the echo position is to vary the strength of the dephasing
gradient. That is what we are going to do in this experiment.

We start by creating a new dataset and copying the pulse program from project 3 to
proj ect6 . ppg. Then the trim value of the dephasing gradient will be modified by adding
r2 d ( t 0 ) ramp to the gradient value. In the pulse sequence, the length of the gradient ramp
must be declared by a statement lgrad r2d. The ramp function must be incremented by an
igrad r2d statement for each loop cycle. To have full access to default parameters for the
r2d ramp, we have to increase the dimension of the experiment ACO_dim = Z. E.g.
ACQ_size []-l = 4.Then lgrad r2d = ACQ_síze [1] andtheloop overNI shouldbe
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replaced by a loop over ACQ_size [1] . The discrete points used for the ramp function can be
influenced by the ACQ3hase_encoding_mode [1J parameter. The easiest way to
observe this is, to select a User_Ðef ined Encoding and select discrete values in the range
-l to +1 in the parameter AcQ_spatial3hase_1 (the size of the array is controlled by the
parameter ACQ_spa t. i a I_s i z e_3-).

6.3 Extensions

Use the <2d> modifier in the rarnp definition to restrict the gradient function to a single value
in setup mode.

6.4 Hints

o To observe several scans simultaneously in the display, select ACQ3hase_f actor =
ACQ_size [1]

o You can start an adapted parameter editor
pvcmd -a pvScan pvEditPars PULPROG ACQ_dim ACQ_size [1-]
ACQ3hase_fact.or D[0] P[0] TPQQ[0] .name TOQQ[0] .pov¡er
AcO_n_t.rim ACQ_trim [ 0 ] ACQ3hase_encoding_mode [ 1J
ACQ_spatiaL_size_l- ACQ_spat.ial phase_1

(

I
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6.5 Solution

; PPC 2006 Pulse Programming Course

,. Projects 4: data acquisition detail-s -

; Explicit parameters

; p0 - excitation pulse delay
; d0 - relaxation delay
; dB - CONFlG_amplifier_enable per convent.ion
; t0 - trim value ACQ_triml0l
; t1 - trim value ACQ_t.rim[1] : slice selection
; ACQ_size [1] - image object loop
,. NA - averaging loop /.

, - -- ----necessary include fÍIes-
#íncludecAvance . incl >

#include <DBX. incLude>

i -------internal parameter definitions and relations-
define delay deosc = { çorosc }rrdeosc = abs(deosc) * l-e-6 - aqq,'
define delay ramp = { çenneue_rise_time }rrramp=ramp*1e-6rr
define delay dr
udr=aqq/2"
define delay dq
"dg ramp - dB - l-0u'I
define delay df
rrdf -(p0+ramp) /2"

,. definition of gradient ramp
lgrad r2d<2d> = ACQ_size [1]

; automatic pulse gating swit.ched off for fast sequences
preset off I
,' use second synthesizer for LO frequency
fg1-b receive

; labe1 - - delays - - commands - - - - gradients - - - - - - - remarks - - - -
start, d0 fqSb:f1- ; select LO freq.

; -------excitation with slice selection
dq srad { (o) | (o) | trrt }
3u fq1:f1- ; set transmit freq.
d8 gatepulse L ; pulse gating
(p0 : spO phO) : f l- ; pulse TpQe tOl
ramp groff

ì - ------slice seLection refocusinS- - - -
dr srad { (o) | (o) I (o) - (ri_) }
ramp groff

ì - - - - -- -dephasing gradient- -- -
dr srad { (o) - (r.o) -r2d (ro) | (0) | tol }
ramp groff

26\



Àsnuren
Wg&$PEffüParaVision Programming Course 2005

, ---- ---refocusing gradient---
ramp grad { ttol | (o) | (o) } ; Refocusing

; ---- ---data acquisition----
depa REC_ENABLE ; open receiver
ADC_INTT_B(ph2, ph1) ,- prepare acquisit.ion
aqq ADC_START ,- start data sampling
deosc groff ; minimum eosc delay
l-0u ADC_END ,- end data sampling
10u ippO ippL ipp2 igrad r2d ,- increment ramp

ì-------data loops---
1o to start times ACQ_size [1] ; encoding steps
1o to start times NA ; averaging loop

l-ou rppo rppl rpp2 ; reset phases

SETUP_GOTO (start)

exit.

; - - - -- - -phase def initions---
pho=02L 3 ,.excitatÍonphase
ph1=0 ;referencephase
ph2=02t3 ; receiverphase

(
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. lnterpretation of the ,etê" pulse

program (PPG)

. Project L : multi-frames & 3D

. Project 2.L: slice refocussing

. Project 2.2: slice thickness
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init¡al¡ut¡on of 2d phase & sl¡ce loops

start,
set the eñitter/receiver frequency offset

stabilization time
slice selectíve excitation

slíce rephase ìslice rephase ì
phase €ilcoding I'

r*;t<f <JcpÍtits+: )
fr*querr*y e*crxiiarg

r'+;r.d spaíler I
phase rsw;nder )

rélêxat¡en Fe¡'i+d

increment of slice gradient
lo to start t¡mes NSLICES
reset of slice grad¡ent

lo to start t¡mes NA

¡ncrement of 2d phase gradient
lo to start t¡mes AcQ..sízell I
reset of 2d phase gradient

lo to start times NR

phase cycling lìst

2



r stabilization time

¡€t€95Àt1 o\
.Ìh{. \^sl Rt.

tårt,
stab¡l¡zat¡on t¡me
sf ìce selectíve excitåtiÕrl
slic* rephase
phase encndirrg
read dephase
{'reque ncy encccling
read spoiler
phase rewincler
relaxation perioci

o tü stärt tilrìes I¡SLICËS
NA
ACtÌ*si¡e[1]
NR

ndtÀ rììh or 51oìltr.

{(r,l t,,

stai:ílization time
slice selective excitation
siice rephase
phase encoding
reacl dephase
frec¡uency encoeling
read sptriler
phase reivínder
relaxation period

$ lr) stätt tíìT,ìes NSLICËS
NA
¡\CQ...sizelI.Ì
NR

; slice selection

d1 fql:f1 srad{(0) | (o) | (r0)}
gaË.epuIee 1

(p0:spO ph1):f1



r phaEe encoding

d3 srad{(r2) lr2d(r3) | (t1)}
d5 groff

!'f

ståtr¡tirat¡ûn rin"lÈ
slice selective excitation
slicerephase 1 , r\
phase enctd¡ng\ 9lr\WÌ
r**# degrÈifr$* J
f requency encûtliilü
read spoiler
phase rewinder
relaxation períod

Èo stãrt tirnes NsLlcES
NA



i read spoiLer & phaae encodíng

d3 srad{(È8) lr2d(16) | (o)}
d6 grad{ (r8) | (o) | (o) }
d7 groff

stñ,rt,
stãbi,iz;rtirln t;nie
sf ice selective ex(¡T¿itíûn
slice rephase
phase encûding
read dephase
frequency *ncodínE
r*æcè sp*i$*É' 4
phase rewlnder I Stln\

relaxaticn perir:e} -

lo to stärt times NSL¡CË
NÀ
ACQ*sizeltl
NR

; relaxation delay

dO ÀDC E¡TD

tf'âvÌ

stahiliaation time
slice selective excÍtation
slice rephase
phase encociíng
read dephase
frec¡uency enccding
read spailer
phase rewincler
¡"e¡*xeãi$*1 per¡#d

lo to starï tírnu's lçSt.jC[

ÂCQ-si¡rl3l
NR



Use a new r3d ramp function associated to
the /l loop (to initialìze and to add in the
loop structure)

Apply it in the slice selection direction:
d3 srad{ (t2) lr2d(t3) I (81)+ r3d(t4) }

Don't forget to add it for the phase rewinder
as well:

d3 grad{ (ts) | r2d(b6) | r3d(t7) }

Test procedure:
- Switch the spatial acquisition parameter to

,3 D"

- sincLOH/Lms/30'
- Matrix = L28x64x64
- Slice thickness = 20mm
- TR / TE = 30/3.5ms

rluKEÍI
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I
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o lmplement a new movie loop (lfO) (l

. lnitia¡ize L[1-0] and Nl accordingly (.)

o Modify the object ordering parameter
(ACQ-'obj-ordêr i n ACQ-IÑFO)

(*) refer to the section 2.2 ofyour handout...

o Test procedure:
- Acquire 3 slices at 3 very different positions and 4

[rames per silce.
- Check your image sorting...



I

o Follow the realization hints in
section 3.4. L of you r handout
(page 16). . .



lmplement the modifications according to the
sequence diagram of the sequence (also, look at
the section 3.4.2 of your handout...)
change the ACQ_ grad_matüx [i][j][k]:

o rì
I ol
o ,)

Export the scan into TOPSPIN
Extract the middle FID (i.e.#64) from the
2D dataset: type ,,rse/'
Fourier transform: type uFT'
rephase the spectrum (0 and L phase
-^--^^+', --l^-\ -.-¿!l ^r ¿l-^ --:.-l-rLUtttrLr_rufr uf uet/ ultut yuu get [fle f lgflt
slice profile
Derive the slice thickness using:

AZ=ffAV*Af)/SW-h

ltl,KE}I
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.lnterpretation of rhe grer") pulse

program (gre.ppg)

. Project I : multi-frames & 3D

. Project 2.1: slice refocussing

. Project 2.2 : slice thickness

(") simplifred version of a gradient echo ¡mag¡ng (FLASH)

¡n.red ¿ nî ø[ ili.¿ g r¿d i¿n|
fô to stâr rihes NSLICES
t.sel ofsl¡.¿ stdd¡.nI

lo ro sÈan t¡mcr NÀ

inc.¿n.¡r of2¿ phß. gr¿¿t¿nt
lo to ran timcs ACQ-sizol'll
t6.1 ø[2¿ phdse grad¡.ñt

lo to stañ times NR



d3 Fåd{ (u} l¡2d (t3} ¡ (t1) I

dS Goff

st ¿lf1,

stâb¡lization iime
sl¡ce selective excìtätian
slice rephase
phase encoding
read dephase
frequency encodinç
read spoiier
ptrase reuvinder
relaxatíon period

io tc start times NSt.lCll
NA
ACO..si¿eil i
NR

. All implementation will be based on the

øre method:
to loarl fronr the para,ïetÊr fcitar {or
MethodClass iÍì al?l a sçõ,r\. ltãlus ,,New")

. All proposed pulse programs are stored under:

i a prl ??{ / ??Ç iA ppl iec{ PPC

. ln order to be launched, these PPGs must be
cop¡ed under:

Ì opt/ 7V4.r¿ / exp I stani nmr / lists /ltp

l'
I

I
I

j



. l:r PPt: lmplement a new mov¡e loop (ll0) r')

' l?: Å{üP: ln¡tialize Lll0l and Nl accordingly r}

. l* .4{lQP: Modiry the object ordering parameter c)
(ACQ-obj-order in ACQ-INFO)

Nole: the ACQP Þarameters assoc¡ated to the frame loop
(Ln 0l, Nl, AcQ-obj-order) are NOT implemented iir
the source code of the method
Ð to set manually

(') refer to the SeELtgn z:i-L of your ilandout...

. Test procedure:
- Acqu¡re 3 sl¡ces ât 3 very different positions and 4 frames

Þer silce.
- Check your image son¡n9...

g

af¡l Note: also, change the REco_rotate parameter: (0, 0))(0,5,^0)ü 6ù&FdâSEn

' r.tttudid¿/ft.n¿tuua.voß.¡
. stablllzarion timè
' rlic. r.lêcrlvê êxckailon
. rll.ê rcÞh¡s.
. phasê êncodlns. rèåd dcph¡s.
. ttlqu.nry.n.od¡ñ9
' ..¡d rÞllêr
' Þh¡s. rcw¡ndêr
. rèld¿ilon Þ..tod

' b¿@ø¡.lrlk.sfdiu¡. lo rô rt¡d ilncs NSUCS. ta.toltil..9t.ùú¡
. lô ro.h( r¡h.r llo

' lo to sr¡ñ ilh.s NA

' t¡.En ntøf2dph.*stdi.ñt
. lo to st¡rttlñ.sÂCqiEê0], Ed øf2¿ ehat. qúhht

' lo ro rtan t¡h.s NR

. lmage sorting:
- lmage display (output):

sl¡cel: frUO, fr4t, fr^Zl fr413,
slícez: frl(4\ fr45, fr3(6, frqn
slice3: frllB, fr49', fr{to, fr4\tt)

- Acquisition.order (input):

S{{treiìttâl; lrìier).ìf,cL¡)
framel: slllol sl2(4) sl3lA, frañe|: slll0) sl3ß) sl2l4\
frañe2: sll(tl sl2ßt sl3(91 frane2: slt(tl rt3(9) rt2(sÌ
frane3: sllr2l r,2(ö s,3(lo) frane3: 4t(21 sf3(10) sr2(6)

frañe4: sll(3,s12(7t sl3(lll frañe4: slll3l sl3(ll, sl2(7,

*ACQ-obj-order" =
(o) l4i (8) (l) (5! (9) {2) (6} (IOi (3} (7} {¡ 1} (D (E} {41 {l) (9i 15) (2) ir0) {6} (3} (1r) 17)

. i* FirÇ: Use a new 13d ramp function associated to the
ll loop (to_initialize and to add in the loop
structure) (,

' ¡* fffi; Apply it in the slice selectioh direction: (')

d3 Fad{ (t2} ¡12d(È3) | (t1)+ !3d(t4) }

. ¡ft PPC: Don't forget to add it for the phase rewinder as
well: (') -

d:¡ såd{ (tB) l¡2d(t6} lr3d(t?) }

Nole: the ACQP Þarameters associated to the third
dimens¡on (Lll L ACQ_rrim[4] & [7]) are already
¡mplemented in the source code of the method.

{') refer ro the s_eçtign..2._5."2 of your handout...

j gnuxsp
wt*s?ë?4

Test procedure:
- Switch the spatial acquisition parameter to

,,3D" ¡n sìardär{ttnûla*eCeÕmetry cless

- sincl OHll msl30'
- Matrix = 128x64x64
- Slice thickness = 2Omm

- TR / TE = 30/3.5ms

d.snuxea
Try*?{}5P+*ç
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Follow the realization hints in "scç_ti--o-n 3.4..-l of your
handout (based on the seguence diagram)

Ë g"gp4tvK v#4.å wç"ÅgÈ YL}{.$K ffi E * k$rå ø 8uËç

i:,gnuxenqwÍåÞ$Pf sd

lmplement the modifications according to the
sequence diagram (also, look at the section 3.4.2
ofyour handout...)
Change the ACQ_grad_matrix tiliiltkl :

(to
lo I

þo
lmage

0ì
0l
1l

horl
lo I olttp 0 1)
Image of Slice

¿l gnuxen
¡aÈ,åt{Õ s i}å**

Signal processing procedure:
. Export the scan into TOPSPIN
. Extract the middle FID (i.e.#64) from the

2D dataset: type ,,rsey''
. Fourier transform: type ,,Ff'
. rephase the spectrum (0 and I phase

correction order) until you get the right
slice profile

. Derive the slice thickness using:
¿2=(FOV*Áf)/SW_h

3 enuxgn
rgàå$ssptÊd
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1.1

1.2

Some 6'rehashes" about the pipeline acquisition in ParaVision

Role of the pulse program

Loop description

Parameter describing the dimensionality of one object

Parameter describing the type of phase encoding

Parameter describing the number of reconstructed objects:

Application to a practical example

Sequence elements and loop structwe for the gradient echo sequence

Ppg imp lementation strategy

PROJECT 1: Gradient Echo sequence ("gre")

Objectives

Project description

"greo'method features

Interpretation ofthe "gret' pulse program

Realization hints

Proposed Solution

PROJECT 2: Slice Selection Test Procedures

Objectives

Projects description

Project 2. I : Slice refocusing

Project 2.2: Slice thickness

Method features

Project 2.1

Project2.2
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Project2.2
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Project 2.2 : ppcTesfl.ppg

3

3

3

4

4

4

5

5

6

7

7

7

7

I
10

11

t3

13

13

13

13

l4
T4

15

15

t5
17

18

l8
19

1.2.r

t.2.2

1.2.3

1.3

1.3.1

1.3.2

7

2.t

2.2

2.3

2.4

2.5

2.6

3

3.1

3.2

3.2.1

3.2.2

3.3

3.3.1

3.3.2

3.4

3.4.1

3.4.2

3.5

3.5.1

3.5.2



ParaVision Programming Course 2006
Àsnul<en
w6e$pËffi

:ì

(

(

I Some "rehashes" about the pipeline acquisition in
ParaVision

1.1 Role of the pulse program

In ParaVision, a pulse program is just one part of a complete measurement method. The role of
the pulse program is to produce experimental data points which can be analyzed and displayed
afterwards by the process of reconstruction and image display. Within ParaVision, these basic
parts ofcollecting data and the reconstruction process are linked together in the acquisition &
reconstruction pipeline. The pipeline expects a fxed but parameterized flow of the data. As a
corìsequence of this pipeline architecture, the loop structure for the pulse program is fxed: see
below.

1.2 Loop description

start,

ADC_START (of size ACe_scan[0] )

Io to start, tímes

ACQ_ns_list Ii]
ACQShase_factor

NA

ACo_size [i.]

ACQ size [n]

NR

Distinguish between three types of "loop parameters":

NT
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1.2.1 Parameter describing the dirnensionality of one object

ACQ_size[O, 8] Dimension of the experiment.

The standard reconstruction will apply a Fourier

transformation in these dimensions.

1.2.2 Parameter describing the type of phase encoding

ACQ_phase factor Segrnentation t),pe.

i.e. RARE factor, EPI segmentation...

1.2.3 Parameter describing the number of reconstructed objects:

Nr = Number of images. Typically used for :

o NSLICES <----) o total number of slices (NSLICES)

o ACQ-ns list-size

. L[i] (----) o T1 weighted images (Tl measurement)

. L[i] (----] o diffusion encoding

. L[i] (----) ¡ velocþ encoding

a ... O...

Note: \\L/' is a user- defined loop counter

NA Number of averages used before the phase-

encoding increments.

Number of averaged experiment used after the

phase-encoding increments.

Number of repeated experiments.

i.e. time course investigations

NAE

NR
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Particular case : Multi-echo experiment (MSME)

ACQ_ns_list [0, NI-]-l Direct dataaveraging of sizeACe_size [0].

Application: echo collection in MSME

NI Number of echo images x number of slices

(ACQ_nsJist_size) (NSLICES)

Kept unchanged: can be still used.NA, NAE, NR

Atfirst glance, thís pipelìne structure seems to be somewhat complìcated However, we

don't need to wríte down explìcítly all of these loops ín the pulse progrøm as long as

they are not requíred Loops whích øre not requìred can be skìpped by settìng the
correspondíng base-Ievel parameter to one.

1.3 Application to a practical example

A 2D multi-slices gradient echo sequence will be considered in the following of this chapter.

1.3.1 Sequence elements and loop struchre for the gradient echo sequence

The main elements of such a gradient echo sequence are the following:

- relaxation delay within one slice
- delays between consecutive slices
- slice-selectiveexcitation
- phase-encoding
- frequency-encoding

According to the previous loop descriptions, the required loop structure for the 2D gradient
echo sequence is schematized below. Its main components are written in botd fonts and the
linkage components are in italic.

Please, notice that the following loops were skipped in the following way:

o ACo ns_list [i] = 1

o ACQj¡hase_factor = l-

o NAE =1

o ACQ_size [i > 1] - 0
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rniEiaLization of 2d phase Toop

start, relaxation delay within one sIíce
seE the emitrter/receíver frequency offset
slice sel-ective excitatÍon
phase encoding

frequency encoding

increment of slice gradient

1o to sËart times NSLICES (*)

reset of slice gradient

1o to Etart Ëimes NA

increment of 2d phase gradient

1o to start times eCo-size [11

reset of 2d phase gradient.

1o to start times NR

[phase cycTíng Tist]

(*) implicitly related to NI (see $ 1.2.3)

1.3.2 Ppg irnplementationstrategy

From the previous example, one can derive the following strategy of ppg implementation:

Combíne together the descrìbed ín-loop elements øs well as the delays and gradìent

swítchíng points.

Insert the loop counters and the slícefrequency offsets as well øs the phase gradìent

íncrement statements.



2 PROJECT 1: Gradient Echo sequence ("gre")

2.1 Objectives

By developing this project you will learn how to:
- interpret a complex PPG: 2D 'ogre" sequence
- modify it in order to obtain a PPG capable of:

o rnulti frames acquisition (typical use: cardio movies)
o 3D acquisition:3D "gre" sequence

2.2 Projectdescription

The first part of this project consists of analyzing a realistic 2D imaging sequence: gre. This is a
simplified version of gradient echo imaging (FLASH) which will be used as a basis of all
programming projects developed during this course.

In the next step you will modify the gre sequence to make it capable of acquiring movie frames.
You should add an additional loop and set the corresponding ACQP parameters.

Finally, you will extend the gre sequence to a 3D acquisition.

2.3 "gÍe" method features

I
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Note: the slìce selectíon spoiler swìtchìng poínts have been combìned ìn a way allowìng

optìmizíng the sequence tímíng.

- 2D gradient-echo sequence
- Multi-slices
- Multi-packages
- Multi-frames (movie mode)
- Multi-averaging
- Multi-repetitions
- No particular phase-cycling

The acquísítìon loop structare (from ínner to oater loops):

1- slìces

2- movíeframes

3- accunwlatìon

4- phase-encodíng

5- repetitíons

2.4 Interpretation of the 'ogre" pulse program (also look at the sequence
diagram)

#ínclude<Avance . íncl >

#include <DBx. include>
preset off

,. definition of delays

define delay denab
'tdenab= d4-de+depa"

; =========
; declaration of 2d and 3d loop

lgrad r2d<2d> = L[0]
zgrad r2d

lgrad slice = NST,ICES

8
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zs1 ice
#include <MEDSPEC. incLude>

, ---------
;De1ay,/Pulse spec control gradients
, ---------
;---- ----start of t.he main loop

start, LOu fq8b: fi-

ì ---- ----sIice selection

dL fql:fl_ sraa{ ( o) | (o) | (ro) }
d2 gatepulse 1

(po:spo phl-):f1

ì---- ----slice rephase, read dephase, phase encoding-

d3 srad{ (r2) lr2d(r3) | (81) }
d5 groff

ì---- ----frequency encoding--

denab REc ENABT,E grad{ (rs) | (O) | (0) }
ADC_INIT_B (ph]-, phO)

aqq ADC_START

ì---- ----read spoiler, phase encoding--

d3 srad{ (rB) lrzd(r.6) | (o)}
d6 sraa{ {te) | (o) | (o) }
dl groff
dO ADC END

;---- ----s1ice loop-

1u islice
1o to start, times NSLICES

ì---- ----averaging loop--

1u ippl zslice
1o to start times NA

,---- ----2D loop-

l-u rppl igrad r2d ;2d loop
1o to sÈart times 10

ì---- ----repetition loop
1u

1o to start times NR
goto start
exit

;phase lists
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Ipho =
ph1 =

2.5 Realization hints

t. Implementation of the multi-frames loop. First, copy gre.ppg in MovieGre.ppg
without forgetting to update the PULPROG variable accordingly.
ECG tiggering considerations impose that all slices are acquired for each movie frame.
Thus, you need:
o to implement (considering the sections 2.2 and 2.3 of this course) a new movie loop

(110) placed at adequate position in the ppg loop structure,
o to initialize L[10] and NI accordingly (for NI, refer to its definition at section 2.2 of

this course),
o to modiû the object ordering parameter (ACQ-obj-order in ACQ-INFO) in order

to get the right object sorting, namely all frames displayed for each slice in the
expected order. Of course, the object ordering parameter directly depends on the
object ordering mode:per default, this mode is set to Interlaced-

In order to test this new feature, acquire 3 slices at 3 very different positions (one

crossing the air bubble at the top, one at the centre and the last one at the bottom of the
phantom) and set the number of frames to 4. Keep the object ordering mode to
Interlaced. Check if your number of acquired frames fits with the expected one, and if
they are displayed in the right order (4 frames acquired for each slice in the right order).

Implementation of 3D acquisition. For that purpose, copy first gre.ppg in 3DGre.ppg
without forgetting to update the PULPROG variable accordingly.
You need to implement a new r3d function and to tnitialize it with the L[l] parameter
(associated to the ll loop parameter). This second phase-encoding gradient (applied in
the slice selection direction) will be applied during the slice rephasing lobe of gradient.

Use the table below to help you changing the 2D pulse program in a 3D pulse program.

In order to test this new feature, don't forget to switch the spatial acquisition dimension
parameter (StandardlnplaneGeometry class) to the 3D value (by default this parameter

is set to 2D), and use the following parameters to obtain a good 3D image quality:
o Sincl0H /lms/30"
o Matrix size: 128x64x64
o Slice thickness : 20mm
¡ TR: 30ms / TE : 3.5ms

PPG's

COMMENTED
PART

DELAY TRIMS COMMENTS

slice rephase,

read dephøse,

phase encoding

d3 (slice dephasing /
rephasing rise-time)

t|,t4 During the slice rephasing

timg use r3d to set the

phase-encoding gradient

in the second direction.

0

0

2.

10



ParaVision Programming Course 2006
Æsnuren
wã#$pËeü

Read spoiler,

Phase encoding

d3 (+rise-time "up")

d6 (+rise+ime "down")

t7

2.6 Proposed Solution

#includecAvance . incl >

#include <DBX. include>
preset off

, ---------
; definition of delays
, ---------
define delay denab
t'denab= d4-de+depa"

, ---------
,. declaration of 2d and 3d loop

lgrad r2d<2d> = LtOl
zgrad r2d
lgrad r3d<3d> = L[1]
zgrad r3d

lgrad slice = NSLICES
zslice
#include <MEDSPEC. include>

, ---------
;De1ay/Pu1se spec control gradients

;---- ----sÈart of the main loop

sEart,l-Ou fq8b:f1-

ì---- ----sIice selection

d1 fq1: f 1- srad{ ( o) | (o) | (ro) }
d2 gatepulse L

(po:spo ph1):fl-

;---- ----s1ice rephase, read dephase, phase encoding --

d3 srad{ (t2) lr2d(t3) | (t1)+r3d(t4) i
d5 groff

;---- ----freguency encoding---

denab REc ENABT,E graa{ (ts) | (o) | (0) }

l1
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ADC_INTT_B (ph]-, phO )

ADC START

;---- ---read spoiler, phase encoding-

aqq

d3
d6
d7
d0

srad{ (tB) lrzd(t6) lr3d(t7) }
srad{ (tB) | (o) | (o) }
groff

ADC_END

1u islice
1o to start times NSLICES

t---- ---movie J.oop-

lu ( zElice-
1o tso EtarÈ times lLo

ì---- ----averaging loop-

Lu ippl
1o to start times NA

ì---- ----2D loop-

1u rppl igrad r2d ;2d loop
1o to start times 10

i---- ----3D loop-

1u igrad r3d ;3d l-oop
1o to sËart times 11

ì---- ----repetition loop

1o tso start times NR
goto start
exit

;phase lists

phO=0
phl- = 0

Note: the lines wrítten ín boldfonts correspond to "gre" ppg's modíJìcøtíons øccording

to the Projectl speciÍícat¡oru

T2
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3 PROJECT 2: Slice Selection Test Procedures

Before running your pulse progfam in a routine mode, it can be necessary to test for instance the
slice selection you have implemented- Two properties of the slice selection pulses can be easily
verified simply by modifying your 2D Gradient Echo pulse progrcm. We will thus check:

- the slice rephasing properfy
- the slice thickness property

3.1 Objectives

By developing this project you will learn how to:
- introduce a new n non-selective pulse in your "gre" pulse program file- modirv '"-i" 

#tîin:,i*#iî"ï:î 
o'" prosram and in particurar:

3.2 Projectsdescription

3.2.1 Project 2. I : Slice refocusing

Based on the former 2D gradient echo ("gre") pulse prograrn, you will implement a (nl2
selective) - (æ non-selective) sequence. The non-selective æ pulse must be a block pulse (bp)
placed at TEl2. Because we are only interesting in checking the reliability of the slice
refocusing pulse, the readout and phase-encoding gradients will be ignored.
From a theoretical point ofview, ifthe phase dispersion produced by the slice selection gradient
has been properly rephased" then the echo position must not be dependent from any local
magnetic field (80). Practically and assuming the slice selection to be along the z-axis, it means
that changing the values of the z-shim must not change the echo position (only the echo shape is
expected to change). We will check this property.

3.2.2 Project 2.2: Slice thickness

By slightly modifying the timing of the 2D gradient echo ("gre') pulse program and setting the
readout gradient in the same direction than the slice gradient (modify the ACQ_grad_matrix
aÍay parameter), you will able to generate an excitation profile.
The slice thickness will be checked by exporting the acquired 2D image, extracting a single row
of the 2D dataset and processing the corresponding signal into TopSpin. The slice thickness will
be derived from the slice profile according to the following formula:

¡2: (FOV * 

^Ð 
ISW_h (1)

If the slice thickness differs from the selected value, check either your method files or the
bandwidth of your excitation pulse.

Note: after ìmplementìng these changes ìn the pulse program, you csn no longer
ercpect høvíng rìght cøIculøted values for the parameters that are deríved from the

"gre" method relotions (TE, TR...),

t3
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3.3 Method features

3.3.1 Project 2.1

Special features: modified 2D gradient echo sequence

- (nl2 selective) {æ non-selective) sequence
- no gradients applied in the readout and phase-encoding directions

P

rise.

S

(I4
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3.3.2 koject2.2

fts'

_"*"**_,,,

Special features: modified 2D gradient echo sequence

- slice selection and readout gradients in the same direction
- phase-encodinggradient

3.4 Realization hints

3.4.1 Project 2.1

1. Copy gre.ppg in ppcTestl.ppg and follow the next implementation steps to modifr it.
Don't forget to update the PULPROG variable accordingly.

2. Remove all the gradients in the readout and phase-encoding directions by setting the
corresponding trirn values to 0.

3. Define a new delay deI in ppcTestl.ppg and insert it after the variable delay d5 :

. define delay del ..def = p0/2+d3+d5+d2_denab_aqq/2,,

15
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Note: møke sare that d5 (sTE) ìs bíg enough to allow a relíable deL cølculation

4. Insert a block pulse "bp" just before the delay de I (use the pulse duration p I , the shape
pulse spl, and the phase ph2). Define the ph2 frequency list at the end ofyour ppg :

r ph2=1_

Note: the new t pulse pørumeter value ìs índependent on the "gre" method- Thus you

wíll need to ínìtíalíze íts correspondíng ACQP parameters. The Pulse Progrøm

can be used to dìsplay your modiJied ppg ortly íl the ACQP parameters have been

inìtíalízed

5. It is also necessary to insert a gate pulse command directly between the d5 duration and
the block pulse "bp" (use the d2 delay).

6. You are now able to test your new sequence by keeping the predefined shims. Follow
the following recolnmendations :

. select only one slice and center it

. TE : 50ms i SWh: 50000H2, Matrix size: 1024x128
(:> d5 :38ms / aqq:20.5ms)

. In the ACQP class:
o Set the PULPROG parameter according to your new ppg's name
o ACQ_OlB_list: 3000IIz (setting the receiver frequency offset off-

resonance will make the echo monitoring easier)
o P[1]:200us
o rPQQ tll

.name =,,bp"

.power: to calculate according the formula below (2)

.offset: OHz

Note: use the followìng formula to derive the attenuøtíon vøIue (ín dB) for the block-

pulse 180" / 200us:

rPQQ[1].power: PVM_RefAtt - 20 log(1000us/200as) - 6 tdBI (2)

with PVM_RefAtt : reference attenuatíon calcalatedfor a 90o/lms block-pulse shape

7. Run your sequence in GSP, and observe the echo position by changing the shim values
inthe Z direction (use the shim tool for that purpose). Furthermore, don't forget to reset

your changes before closing the shim tool. If your slice selection gradient is well
calculated, no shift ofthe echo position is expected.

8. If you change the slice rephasing gradient trim value by about 5% (use the
ACQ_trim[] parameter), you can now simulate a bad trim calculation. In such a case

expect a shift ofthe echo position is to expect.

16
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3.4.2 Project2.2

l. Copy gre.ppg in ppcTest2.ppg and follow the next implementation steps to modify it.
Don't forget to update the PULPROG ACQP variable accordingly.

Move the dephasing lobe of the readout gradients (t2 trim) after the delay d5.
You will need to add a new d7 delay for the ramp time down of the dephasing gradient
lobe.

After updating the PULPROG variable according to ppcTest2.ppg, visualize the pulse
program with the Pulse Program Tool. Then, by considering the pulse program diagrarn
related to the project 2.2 change the values of the ACQ_grad_matrix parameter
accordingly.
Assuming the axial orientation as default spatial orientation, the required changes can
be described as followed:

ACQ_grad_matrix¡n¡: [[ 0 0] [0 1 0] t0 0 lll

U

ACQ_grad_matriXnnur : [[0 0 l] [0 I 0] [0 0 l]l

Check your pulse progrcm again by re-opening the Pulse Program Tool. You will need
to compile your ppg inX/YlZ in order to really see what happened along the 3 main
axis.

4. You can now measure the slice thickness. Use the following parameters:

' sincl0H / 2ms
. TR: l000ms
. Position your slice outside the inhomogeneous areas

Export the scan into TopSpin and determine the half height of the phase profile after
Fourier transformation. For that purpose, type into TopSpin the following commands:

r rser for extracting a fid number from the 2D dataset : select the
middle fid# 64,

r FT for applying the Fourier transformatiorl
r use the phasing icon (TopSpin panel) for phasing the spectrum: adjust

the zero and first phase correction order by pressing the 0 and I buttons
þanel at the top of the current spectrum window) to improve the
phasing.

By applying the formula (1), derive the value of the slice thickness and compare it to the
expected value.

2.

J.

(
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3.5 Proposed solutions

3.5.1 Project 2.1 : ppcTestl.ppg

; definiÈion of delays

define delay denab
rrdenab= d4-de+depa"
define delay de1
ffdel - po/z +d3 +d5 +d2 - denab -aqq/2"

,. declaration of 2d and 3d loop
; =========

#ínclude <MEDSPEC. include>

¡ D/P spec control gradients

start, 10u fqSb: fl-
d]- fq1: f 1 sradi ( o) | (o) I (ro) )
d2 gatepulse 1-

(p0:spO ph1):fl-
d3 srad{ (o) | (o) | (r1) }
d5 groff
d2 gatepulse 1
(p1:sP1- Ph2):fl-
de1
denab REC ENABI,E

ADC INIT B(phl, pho)
aqq ADC_START
o.J

d6
d7
dO ADC ENÐ

goËo starts
exit

,-phase lists

phO=0
phl- = 0
ph2=1

18
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3.5.2 Project 2.2 : ppcTest2.ppg

#includecAvance . incl >

#include <DBX. incLude>
preset off

; definition of delays

define delay denab
rrdenab= d4-de+depa"

: =========
; declaration of 2d and 3d Loop

lgrad r2d<2d> = i, tOl
zgrad r2d

lgrad slice = NSLICES
zslice

#include <MEDSPEC. include>

"-----lii- 
----il;-;;;;;;i--- ---;;;;i;;;;---

start, l-Ou f q8b: f 1
dt_ fqL: f L srad{ ( o) | (o) | (ro) }
d2 gatepulse 1

(p0:spo phL):fl-
d3 srad{ (o) | r2d(r3) I (r1) }
d5 groff
d3 srad{ (t2) | (o) | (o) i
d7 groff
denab REc ENABLE grad{ (Ès) | (o) | (0) }

ADC_INIT_B (phl-, phO )

aqq ADC START
d3 srad{ (r8) lr2d(r6) | (o) }

d6 sraa{ (ra) | (o) | (o) }
d7 groff
dO ADC END

l-u islice
1o t.o sÈart times NSLICES

l-u ippl zslice
1o to start times NA

l-u rppl igrad r2d
Lo to start times 10

i.u
1o to start times NR

19
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goto start
exit
, ---------
;phase lists
pho=0
ph1=0

20



o Base-leve! programming
- Pulse program

- Acquisition parameters

. H¡gh-level programming (Methods)
- lntuitive parameterization
- Control of consistency
- Graphic interface (geometry)

dl.s¡ruxsn
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Experiment descri ption

HIGH LEVEL PARAMETER$

.-TE
[_

TR+

Jr_

pldi d2 dldl d3 dldO

BASE LEVET FARAMETERS
*.1+arruxen
w$#$pBN

o
a

One binary file per method
Separated source code
- one directory per method

Easy and safe installation
- one file to be exported
- distribution with/without sources
- methods can be private for one user

New features
- Parameter redirections
- Local parameters
- Toolbox library
- Methods have full control of base-level parameters

I

2
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o Parameter relations
o Method structure
o Tools for user develepment

-Toolbox library
- Modules

W
ffß
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Global parameter group

Default relations

Call-back parameter (handler)

{
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Selected files in the directory FLASH/

n..À n"{ Makefile
r^^,,\,{7 \ ruasn.c

'parsDefinitions.h

parsLayout.h

callbackDefs.h
parsRelations.c

initMeth.c
FLASH.ppg

compilation recipe

glue file
parameter declarations

definition of MethodClass

redirections
backbone & local relations

function initMeth0
pulse program

SOURGES:

BINARIES:

Bruker:
$PvH o me/p ro g/pa rxlsrc/

Local, typically:
$HOME/methods/src/

Bruker:
$PvH o me/p ro g/pa rxlmeth ods

Local, usable for all:
$ PvH o me/p ro g/pa rxlp u b

Local private:
$ParxMethod Search Path, typically:
$HOME/methods/bin/

(.

6



(

o Example methods with source code
- FLASH, RARE, CEFC,

- SINCLEPULSE, CSI,

- FISP, EPI, FAIR-EPI

- DtiStandard, DtiEpi (licensed)
- gre - basis for this course

¡ Toolbox libraries
o Modules
. copyMethod script

(
Documented library
- .../docu/english/pvman/pvm-docu/index.html

Validity guaranteed for future versions (interfaces will
never change)
Organisation
- ATB- acquisition
- STB- sequence
- PTB_ paravision

MR utilit¡es - '¡ c'"\t ¡rnølr€^Ì çì1$h¡¡( a 
¡n,\ri,"[r,. æ<ol'l,i- MRT- MR utilit¡es - '¡ c(\t ¡{'\4re^l sìt¿$hJbt a ¡n,lr- UT- general utilities

- CFG- configuration "l*q/r -!"{ 
* t¡ .tly or crq 

f,cns
{o uqrnlqrn $,"tct ro*gaìì1,\ì}7
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Load protocol,
New scan, ...

(.
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--1 cl
lÈã
t1 0
ld I
t9É

lB å Wave fite

I fields:
i.i- SHAPE_EXMODE

lET SHAPE_BWFAC

.iffi sHaee-rNrEcFAc

.13À su¡pe-REPHFAc
I

1- NPorNrs

l- sHepÉjETåhce*
-r W$ffisffEN

PVM_RF_PULSE_TYPE is a structure representing
physical properties of an RF pulse (length,

bandwidth, etc.)

You can define several pulses

You can define pulse arrays

I

t2
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Called in BaselevelRalationsQ

Itt,T(E¡t
EqsspÊþs

o Easy access to available
o Automatic update from

pulse shapes

.../lists/wave

IJ
:

Enums are
related to
pulses

ltu¡(Efl
$#$p$w

(

t4
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definition

initialisation

Exc, Rfc, Inv, depending on classification

Connection PULSE--+ ENUM (after pulse update)

Connection ENUM---+ PULSE (in enum's rels)

TTU¡(E}I
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An echo ofthe lkHz-90- lkHz-180 sequence is not lkHz broad.

Combined

^'AA
0.75 kHz

Scaling factor depends on
shape combination:

Gauss - Gauss: 75.8%
Hermitè\ Hermite: 85.8o/o

Sinc3 - Sinc3: 85.5o/o

Other combinations not measured.

See Advanced Users Manual,
chapter 5.

*r,gnu¡tsn
W$#$FËW

{
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o

o

o

Find elements which often repeat
Make them building blocks for the user
Focus:
- lnterface for the user
- lnterface to the rest of the sequence

Examples:
- Contrast preparation (fat sup, lR, MT)

- Diffusion preparation
- EPI readout

F\ \.0, ç\ti. ee\e&rnt ü\Q'{5iÞB

t
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o Piece of pulse program
¡ Group of parameters
o Library functions:

- In¡t¡alisation
- Update
- Calculation of base-level parameters

o lnterface to the main code
-Global parameters (e.9. module duration)
- Update arguments (e.9. nucleus)

"Fixed time"

l9

It-
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New parameter group:
Tagging

Contains
Tag_Spacing
Tag-Gradient
Tag_GradientTime
Tag_RFPulse
Tag_ModuleTime

*,snung¡r
w$#spË$*

I
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Tag_ModuleT¡me

o Problems for group updating:
- Who was changed?

- Which structure field?
- Which array element?

2t



o Using UT-Get/SetRequest0

\.
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Sascha Köhler

Encoding:
o Parallel lmaging

o Linear and centric k-space sampling

o Segmentation

o Partial Fourier encoding

o Zero filling

(
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Phased Array
&

Ft--^^¡l^f f-^----!Fara¡re¡ irnag¡ng
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o Reduce scan time, but keep image quality

Time-of-flight angiography of rat brain:
matrix size = 256 x 256 x 128, resolution: 117 x 148 x 250 ¡rm

10 min 5 min, Acceleration = 2

identical i

*.osrruxgn
wR#s$ÞË$e
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lmplementation of new parameter group
Encoding into PVM method gre.

Steps:

1) Use copyMethod to copy greto encGre.

2) lnclude Encoding in the file parslayout.h.

3) ln callbackDefs.h the group handler must

be directed to the method's backbone

function:

o relations PVM-EncodingHandler

backbone; Ëlt,KEfl
$ffi$p$N

Steps:

5) ln the backbone function in parsRelations.c the

Encoding group must be updated:

STB-UpdateEncoding(PTB-CetSpatDim(\, l" dimension "/
PVM-Matrix, /* image size o/

PVM-AntiAlias, /o a-alias */

&seg-size, /" segment size o/

SEC-SEQUENTIAL, /" segmenting mode */

Yes,

allowed o/
/" Pl in 2nd dim

Yes, /* Pl ref lines in 2nd dim

allowed "/
No): /o partialft in 2nd di*;ÈÊT¡xe¡r

w$#$FËsü

I
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Steps:

6) Use PVM-EncMatríx for experiment time

calculation in parsRelations.c.
(PVM-EncMatrix describes the acquisition matrix and is defined

as product of image size and anti-aliasing factor)

7) Use PVM_EncMatrix for setting ACQsize in
Ba seLevel Relation s. c.

8) Set ACQP parameters for User Encoding in

Ba seLevel Relation s. c.

IIlUl(ER
r$*spRs*

!t\-

Steps:

9) Setting base-level parameters for controlling a

m ultiple receiver acqu isition:

. toolbox function ATB_SeIMultiRec)

Yes

. special pulse program required (only for
older versions of spectrometer hardware)

lf(Yes == ATB-SetMult¡Rec0)

ATB-SetPu lprog("encGre.4ch");

&,s¡ruxen
w$#$wÈw
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Steps:

L0)Multi receiver data require a special

reconstruction mode which is defined in the

RecoRelations.c:

o ea€ÞÊtr#ddehtions.c from the master solution
receivin'g éeparately Sum-of-Squares image

HE-kk It1lKEfT
$#$trËþ*

Segmented acquisition
o Use PVM-RareFactor for updating the Encoding

group

The purpose of this exercise is to demonstrate the
frrnrtinnelitrr nf f hp nernr inf rndrrrorl Fnrnrlino

group:

o only a few steps are necessary to realize

segmented acquisition

lluKHÍI
$#sF$N
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Introduction

As you know from the previous course, the acquisition and reconstruction are controlled
by a pulse program and by numerous "base-level" parameters grouped mainly in the
ACQP and RECO classes. In principle, it is possible to set up an expe.rimenf hy editing the
pulse program setting these parameters directly. On the other hand, one usually prefers to
specify the measurement in terms of "high level" parameters which may not have direct
representation in ACQP or RECO. For example, it is more convenient to specify the echo
time than to set delays used in the pulse program The mechanism linking the highJevel
requests with the baselevel parameters is provided by the ParaVision Methods (PVM).
\ühen you type in the scan editor: "Echo time : 50 ms", it is the currently active method
which checks if this value is allowed and calculates the corresponding delays. Similarly,
when you move a slider controlling the field of view in the geometry editor, the active
method takes care of not letting you go below the minimum and calculates the necessary
gradient amplitudes. In general, the role of a method is to:

. provide high-level parameters for experiment descrþtior¡

o give the parameters initial values in a new scar¡

. decide which parameters should be visible, editable and saved in protocol files,

. react to loading a protocol,

. react to changes of parameters made by the user in the geometry editor, scan
editor, method editor, or by a shell command,

. check if the new parameter values are legal, and if all parameters agree with each
other,

. derive base-level parameters from high-level parameters.

During this course you will learn programming PVM methods by examples. We will start
by an overview of an existing template method gre and by preparing your working
environment for PVM programming. The first programming example will be a simple
copy of gre just to see how methods are compiled and installed.

In the next project (spGre) a user-defined spoiling gradient pulse will be introduced to the
g're sequence. This example will show you how to add new parameters to a method,
control their legal range, and program dependencies with other parameters (relations).

Another project (spinûcho) will you teach you the handling of radio frequency pulses in
PVM methods. A special structure type which describes RF pulse properties will be
introduced together with toolbox functions for controlling such structures. You will
understand the mechanism which derives a necessary attenuation for a given pulse flip
angle and shape, pulse bandwidth for a given duration and vice vera, etc. As you will see,

all this is achieved by calling a proper updating fi.¡nction for a user defined RF pulse
parameter. Additionally, you will also learn using pulse enufi$, auxiliary parameters
allowing an easy selection of a valid pulse shape.

In the same project (spinùcho) you will also see how to use array parameters, change
their sizes and set their elements. This will be shown on the basis of a local frequency list
for the refocusing RF pulse.
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Each exercise project is described step by step in its "Real¡zation hints" section. These
hints are sufficient (we believe) to complete the projects but still remain open to your
invention. Some projects contain suggestions for further extensions which you can follow
if the time allows. Should you need more detailed guidance, each project description also
contains elements of source-code listing which can simply be copied to your files. Finally,
if you prefer analyzing a ready solution rather than programming yourself all projects
have been pre-programmed and you can find their complete code in the /opt/PPC/PVM
directory.



ParaVision Programming Course 2006
Asnuxen
ws#sFËmu

I First Steps - A copy of the gre method (project
myGre)

1.1 Objectives

This projects explains:

o How to prepare your login settings for PVM programming

o How to use the copyMethod script to produce a new method based on an existing
example

o How to compile a new method and make it active in ParaVision

( . How the source code of the template PVM method gre is organized"

1.2 Project description

This project is our first step in PVM programming. We will prepare the method programming
environment in your horne directory and produce a simple copy of the method gre. This is a
simplified gradient echo method provided in ParaVision3.O.2 as a programming template. It
will be used throughout this cor¡rse as a starting point for your projects.

We will have a look at the organization of the code of the new method (myGre) and discuss
the purpose of all files. Debugging messages will be activated and we will be able to follow
the function calling chain resulting from a parameter change, from a new scan selection, or
loading a protocol. This exercise will help you understand the role of methods in ParaVision.

Finally, we will purposely produce a few typical compilation errors and runtime errors in the
sor¡rce code so that you can recognize and avoid them easily in future.
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1.3 SpecifÏc methoã parameters

The method contains several parameters defining the sequence timing, such as the duration of
phase encoding or readout dephasing. They are defined in the diagram above.

1.4 Code organization in gre

The source code is distributed in several files:

Makefile

parsDefinitions.h

parslayout.h

parsRelations.c

The control of the cornpilation

Definitions of main-level parameters. Other definition files are
included in this file by #include

Definition of the MethodClass. Other deflrnition files are included in
this file by #include

Relations of parameters from the main level (e.g. PVM_EchoTime)
and the backbone function. The backbone is called from all
parameter relations and is responsible for inter-dependence of
parameters. At its end the backbone calls SetBaselevelParm0 and
SetRecoParams0.

Contains SetBaselevelParm0 which sets all ACQP parameters based
on PVM parameter values established by the backbone.

PVM_AcquisitionTime

BaselevelRelations.c
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FreqEncPars.h, FreqEnclayout.h, FreqEncPars.c

Code responsible for the group of parameters describing the
frequency encoding. The h-files contain parameter deflrnitions and the
definition ofthe FrequencyBncoding parclass; they are included in
the parsDefinitions.h and parslayout, respectively. The c-file
contains

. range checkers of all parclass memebers (e.g.
ReadDephTimeRange0 for ReadDephTime)

o relations for all parclass members (e.g.
ReadDephTimeRels0)

o InitFreqEncoding0 - a function giving all group members
default values, used in initMethQ

¡ FreqEncodinglimitsQ - a function calculating the minimum
FOV in the frequency encoding direction. Used in backbone
before the update of geometry.

o FreqEncodingGradients0 - a function calculating all gradient
amplitudes used on the readout channel. Used in the
backbone after the update of geometry

SliceSelPars.h, SliceSellaout.tL SliceSel.c

Files which manage the slice selection channel in a similar way as the
ones for the Frequency Encoding.

Phase2DPars.h, Phase2Dlayout.h, Phase2D.c,

Phase2DPars.h, Phase2Dlayout.h, Phase2D.c

RFPulsePars.h, RFPulselayout.h, RFPulse.c

Simmilar for the 2D and 3D phase encoding gradients and forRF
pulses.

1.5 Your modifications

1.5.1 Preparing the programming environment:

You need to create a directory for the method source code sub-directories and another one for
the binary method files. The typical locations are:

$HoME/methods/ src
$HoME/methods/bin
Create these directories.

Now you have to tell ParaVision where to search for method binary files by defining the
environment vanable ParxMethodSearchPath. Edit the file .bashrc in your home directory
and add the following line:
export ParxMethodsearchPath=$HOME/methods,/bin

Log out and in again to make this definition active.

1.5.2 Using copyMethod

Use copyMethod to produce a copy of gre, calledmyGre in your source directory. Type
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/ opt/PvA .o /prog/bin/copyMethod
and follow the dialog. The script will automatically start the compilation of the new method.
Restart ParaVision and check if the new method is available by selecting it in a new scan. Try
to display its pulse program (do not forget to copy it in the pp directory). Acquire some
images with myGre and get familiar with the meaning of its parameters.

1.5.3 Activating debug messages

You will notice that each function inthemyGre source code includes a pair of DB_MSG
macro calls:
void backbone(void)
{

DB_MSG ( ( "---> backbone" ) )

ö"-ttn ( (,'<--- backbone,' ) )
)

These are the so called debugging messages used to show the function calling chain during
the execution of parameter relations. The DB_MSG macro behaves exactly like the printf
finction- it can be given a format string followed by a list of numeric arguments, or just a
simple text. The ouþut goes to the startup shell window of ParaVision. The only difference is
the necessary double pair ofbrackets.

To activate the debug rnacros you need to

o define the macro DEBUG to I in each c file in which the messages should be active

o define the macros DB_MODULE and DB_LINE_NR to one if you want the debug
messages to be acompanied by file names and line numbers, respectively.

A typical definition is

#define DEBUG 1

#define DB_MODITLE l-
#defÍne DB_LINE_NR 0

$,u* C gtÔl'ttr [$q5 *r^*t
Your task:Rffifhe-,DNDEBUG option"fröñ-the-Mak€f-drq activate the debug messages

in initMeth.c, parsRelations.c and frecEnc.c, and de-activate them in BaselevelRelations.c.
Recompile the method by typing:
make clean cproto depend
make install
Restart Paravision and produce the following situations:

o produce a new empty scan and select the myGre method in Method editor

. modify the value of Read Spoiler Duration

o select a different scar¡ and go back to the one containing myGre

Each time, note what debug messages are printed in the startup window. Reconstitute the
function calling chain. Check if it corresponds to the graph of a recommended method
structwe shown in Advanced Manual, Method Programming.

1.5.4 Typical compilation errors

Syntax error

Remove a colon at the end of a code line (anywhere) and recompile by make install. Find the
error by reading the compiler messages. If you are using the ernacs editor, you can browse

10
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through the compilation errors with the F6 key and be directed to the corresponding code
positions automatically

Missing prototype warning

Open parsRelations.c and at the end of the file write the following funtion
void dummy (void)' { } 

-=--Call this function anywhere in the backbone. Compile by typing
make install
A warning message will appear that the function dummy was called without a prototype. In C
every function must be decalared (by its prototype) before it is used. However, in method
programming you do not need to care about prototypes. The only thing you need each time
you define a function (or change a function's interface) is to recompile by typing
make clean cproto depend

followed by
make install
Now your modified myGgre will compile OK. Next time, when your code changes do not
concern function definitions, it is enough to compile with the second command.

1.5.5 A typical runtime error ÞJ A 5{Ì etR"*.Ì.

Open the initMeth.c file and find the line
ParxRe1sMakeNonEdiÈabIe ( "Phase3DGradDur, ReadDephTimer' ),.
Change slightly the name of the first parameter and recompile. The compiler will accept the
change because the new name is still a valid string. However, when you restart ParaVision, it
will be impossible to edit the myGre method (all parameters will disappear except for
Method). The reason will be explained in the startup window: the parameter handling
mechanism will not be able to change the attributes of a non-existing parameter.

In conclusion, whenever your method or method pararieters disappear from the screen, this
is due to an error in the method which has not been detected by the compiler. Look at the
startup shell messages to figure out the exact reason.

Finally, remember to remove all introduced errors! You will need a working myGre for
next projects. To be quite sure, remove myGre and generate it with copyMethod again.I

1t
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2 Method Parameters: Adding a spoiler to gre
(project spGre)

2.1 Objectives:

By developing this project you will learn how to

o define new parameters

. program a variable gradient pulse

2.2 Project description

We will start from the single gradient echo method (gre) and modify it to add a variable
gradient spoiler in the slice gradient direction before the excitation RF pulse.

The most important modification consists of creating of two new parameters to control the
amplitude and the duration of the spoiler. The repetition time of the sequence should be
modified and a new gtadient trim point will be created to define the spoiler amplitude.

12
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Method "spGre"

2.3 SpecifTc method parameters

SliceSpoilGrad - spoiler amplitude in percent of the maximum gradient.

SliceSpoilGradDur- duration of the gradient spoiler in ms.

2.4 Realisation hints

2.4.1 Starting point

The method should be developed based on the gre method (discussed in the flirst project).

2,4.2 Steps

1. Use copyMethod to copy gre to spGre.

2- Define the new double parameters SliceSpoílGrad and SliceSpoilGradDur (n
SliceSelPars.h). Declare their relations as SlícéSpoilGradRel and,
S li ce Sp o i I Gr adDur Rel.

3. Add the the two parameters inthe SliceSelection parameter class (in
SliceSellayout.h).

t3
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4. Write (in SliceSel.c )the SliceSpoilGradRel and the SliceSpoilGradDurRel relations.
Each relation should consist of calling a range checking function for the respective
prameter followedby a call of the backbone. Write these range-checking functions
(SliceSpoilGraRangel andthe SliceSpoilGradDurRange) . They should give the
respective parameters a default value if they have none, and constrain them. The
minimum value of the gradient spoiler duration should be
2. 0*CFG-GradientRiseTimeQ.

5. Set the visibility of the new parameters tnthe SliceSelectionParsVisibility relation
(in SliceSel.c) to make them appear in the protocol.

6. Cad the range checking functions of the new parameters in the initialisation of the
SliceS election parameter gr oup (Init Sli ce S el ecti on, in S liceS el. c).

7. Add the spoiler duration to the minimum repetition time calculation (in the function
UpdateRep etitionTime located in parsRelations.c).

8. Add the new trim value t9 for the SliceSpoilGrad parameter and the delay

D[10]:(SliceSpoilGradDur - riseTimeyl000 in the function SetBaseLevelParam (in

BaseLevelRelations. c).

9. Add the new line dl0 grad{(0)l(0)l(t9)} in the spGre.ppg pulse program.

2.5 Proposed Solution

SliceSelPars.h define new parameters

double parameter
t

display_name "Slice Spoiler" ;
units ,'&,'i
format nåftr.
relations SliceSpoilGradRel ;

i sliceSpoilGrad;

double parameter
{

display_name "Slice Spoiler Duration't;
units trmstr;

format r?f".
relations SliceSpoilGradDurRel ;

] s1ícespoilGradDur;

SliceSellayout.h insert the new parameters in the SliceSelection class

arclass

SliceGradStabTime;
ExcSliceRephTime;
ExcSliceGrad;
ExcSlicecradLim;
ExcSliceRephGrad;
ExcS1iceRephGradlim;
S!.íceSpoilGrad;
SlicespoileradDur;

p
{

t4
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) SliceSelection;

SIiceSel.c parameter relations

Default relations and range checker for the spoiler

___________-____*/

void SliceSpoilGradRange ( )

{
DB_MSG ( (', - ->SliceSpoilGradRange,' ) ) ;

if ( ! ParxRelsParHasvalue ( "SliceSpoilGrad" ) )

{
SliceSpoilGrad = 40.0;

)
else
{

SliceSpoilGrad =
MIN_OF (SliceSpoilGrad, 100.0) ;

SliceSpoilGrad =
MA,X_OF (S1icespoilGrad, 0. 0) ;

]
DB_MSG ( ( "<- -SliceSpoilGradRange" ) ) ;

)

void SliceSpoilGradRel (void)
{

DB_MSG ( ( " - ->SliceSpoilGradRel" ) ) ;

SliceSpoilcradRange ( ) ,.

backbone O ;

DB_MSG ( ( "<- -SliceSpoilGradRel,' ) ) ;

'void SliceSpoilGradÐurRange ( )

{
double min,.

DB_MSG ( ( " - ->SliceSpoilGradDurRange " ) ),.
min = 2. o*cFc_cradientRiseTime O ;

if ( ! ParxRelsParHasValue (',SliceSpoilGradDur" ) )

{
SliceSpoílGradDur = MAX oF(min,L.0) ;

)
else
{

SliceSpoilGradDur =
MAX_OF ( S 1 iceSpoi lcradDur, min) ;

)
DB_MSG ( ( "<--SliceSpoilGradDurRange" ) ) ;

)

void SliceSpoilGradDurRel (voíd)
{

DB_MSG ( ( " - ->SliceSpoilGradDurRel'r ) ),-

S1 iceSpoilGradDurRange ( ) ;
backbone O ;

15
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DB MSc ( ( "<--SliceSpoilGradDurRel") ) ;
)-

SliceSel.c itialization of the parameters

void InitSliceSelection (YesNo showAllPars)
{

DB_MSG ( ( " - ->InitsliceSe1ection" ) ),.

SliceGradStabTimeRange ( ) ;
ExcSliceRephtimeRange ( ) ;
ExcSliceGradnange O ;
ExcSliceGradl,imRange ( ) ;
ExcsliceRephGradRange ( ) ,.

ExcSliceRephGradlimRange ( ) ;
SllceSpoilGradRange ( ) ;
S1lceSpoilGradDurRange ( ) ;

S1 iceSel ectionParsVi síbi 1i ty ( showAll Pars ) ;

DB_MSG ( ( "<--InitsliceSelection" ) ) ;
)

parsRelâtions.c include SliceSpoilGradDur in the minimum repetition time

PVM_MinRepetitionTime =
nslices *
(

0. 011
SliceGradStabTime
SIiceSpoilGradDur
CFG_Ampl if ierEnable ( )
ExcPulse .T'ength/ 2
PVM_EchoTime
PVM_AcquisitionTime * (1. 0 - PVM_EchoPosition,/100)
ReadSpoi lGradDur
CFc_IntercradientWaitrime ( )

);

BaselevelRelations.c addnewtrimt9 and delay D[10]

ATB_SetAcqTrims( 10,

+
+
+

+
+

+
+
+

ExcSLíceGrad,
-ExcSlj-ceRephGrad,
-ReadDephGrad,

Phase2DGrad,
-Phase3DGrad,
ReadGrad,

- Phase2DGrad,
Phase3DGrad,

/* to */
/* Er */
/* t2 */
/* E3 "/
/* t4 */
/* Es */
/* t6 */
/* E"7 */

ReadSpoilGrad, /* tB "/SliceSpoilGrad
);

D[10] = (SliceSpoilGrad.Dur - riseT)/rOOO.o;

/* tg */

16
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SpGre.ppg add the line with dl0

start, l-ou
d10
d1
d2

f q8b: f l-

fq1: f1
gatepulse 1

srad{( o)l (o)
srad{( o)l (o)

| (re) )
I (ro) ì

t7
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3 Timing Control: Long echo-time version of gre
(project ltGre)

3.1 Objectives

By developing this project you will learn how to

o modify the timing of the pulseprogram

o control the TE and TR calculation of the method

o control the maximum gradient settings dependent on the pulse program timing
o test the correct method timing by dedicated subroutines

3.2 Project description

We will start from the known single gradient echo method @re) and modiff it to get a
different timing of the measurement sequence. We will separate the slice gradient rephasing
from the readout dephasing and phase-encoding (n Sre these three gradient pulses are
simultaneous) and generate a TE filling delay at a different position. In the new sequence the
readout dephasing will be done immediately before the read gradient is switched on. This will
reduce the flow artifacts at long echo times. The necessary modification of the pulse program
consists of a separate gradient switching command for the slice refocusing gradient and the
introduction ofa new delay for a separate control the duration ofthe slice refocusing.

The additional delay introduced for slice refocusing must be taken into account in the
calculation of the echo time and the repetition time in the method code (TR and TE are
calculated by subroutines called in the backbone). The slice refocusing time must be made
independent of the 2D phase-encoding time. Additionally, since only two gradient channels
are switched on simultaneously during phase-encoding (and not three as in gre) the maximum
gradient amplitudes may be increased for the 2D phase-encoding gradient. This can be made
depending on the dimensionality of the experiment (for 3D acquisition the 3D phase-encoding
gradient is switched simultaneously).

18
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3.3 Specific method parameters

ExcSliceRephTime - the duration of the slice refocusing pulse

Phase2DGradlirrq Phase3DGradlirn, ReadDephGradlirr¡ ExcSlieeRephGradlim:
Maximum gradient amplitude for the 2D,3D read diphase and excitation slice rephase
gradient respectively.

3.4 Special features

None in this project.

3.5 Realisation hints

3.5.1 Starting point

The method should be developed based on the gre method provided with ParaVision 3.0.2

3.5.2 Steps

10. Use copyMethod to copy gre to ltGre.

11. Modifo the pulse program ltGre.ppg (created by copy method). In a first step, copy
theline"d3 grad{ (t2) | r2d(t3) | (tl)+r2d(t4) }"andpasteitbehindthe
"d5 grof f" command. Remove the gradients which should not be switched at
these two timepoints. Copy this pulse program to the pp directory and test it
"manually".

12. Use a new delay (e.g. dB) for the slice rephasing gradient statement. The method
ItGre should control this delay with parameter ExcSliceRephTime.

13. Check ExcSliceRephTime to appear editable in the method editor: The editabiliy of
parameters are controlled by special functions for the different parameter groups. In
case of the slice selection group the routine SliceSelectionParsVisibility (c module
SliceSel.c) is used- Inspect the way the parameter editability is handled.

14. Find the place in the backbone routine (parsRelations.c) that connects the
ExcSliceRephTime with the Phase2DgradDur and modifr this line appropriately.

15. (Optional) Modify the setting of Phase2DGradlim, Phase3DGradlin¡
ReadDephGradlirn, ExcSliceRephGradlim (initMeth.c parsRelations.c - backbone).
The maximum gradient amplitude has 2 major constraints:

o The number of gradient pulses switched simultaneously at different gradient
channels. Note, the norm of the vector switched in read, phase and slice
direction must be less or equal to 1 (one) to prevent components for the x y
and z gradient coil to be above 100% gradient amplitude in case of oblique
slices.

o The amplitude difference of two adjacent gradient switching events switched
with the system gradient rise time must not exceed 100% for each channel
(r,P,s)'

o Consider differences of the maximum Phase2D gradient dependent on the
imaging dimensionality.

20
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16. Modifu the UpdateEchoTime routine called in backbone to include the new timing.
Check the TR calculation in UpdateRepetitionTime: Is it necessary to change it too?

17. Inspect the structure of SetBaselevelParam routine (BaselevelRelations.c) and find
out which subroutine is used to set up the delays. Set delay D[8] to the appropriate
value.

18. Inspect the routine PrintTiminglnfo. Adapt this testing routine and activate debug
messages for the routines in BaselevelRelations.c.

3.6 Possible pitfalls

The gradient amplitudes may exceed 100% if the limits calculation is not appropriate.

3.7 Possible extensions

None.

3.8 Proposed Solution

ItGre.ppg (complete listing; modified/new elements are printed boldface)

#includecAvance . incl >

#include <DBX. include>
preset off

,. definition of delays

define delay denab
rrdenab= d4-de+depa"
r13=10+dsrl

; decl-aration of 2d and 3d loop
t ---------

lgrad r2d<2d> = LtOl
zgrad r2d
lgrad r3d<3d> = Ltll
zgrad r3d

if (Ds>o )

I
L

dsL, dgrad r2d
l-o to ds1 times DS
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lgrad sLíce = NSI¡ICES
zslice

#include <MEDSPEC. incLude>

t=---------

¡ Ð/P spec control gradients

start, l-Ou fq8b:fl-
dl_ fqi_:f1 srad{(o) | (o) l(ro)}
d2 gatepulse 1
(p0:spO phL):f1
ds sraa{ to) | (o) | (r1) }d5 groff
d3 sraa{ (rz) | r2d(r,3) 

|

r3d(Èa) )
denab REc ENABLE sraa{ (ts) | (o) I (0) }

AÐc:rNrr_B (prrr, phb)
aqq ADC START
d3 srad{ (r.8 ) | r2d (16 ) |

r3d (t7) )
d6 srad{ (re) | (o) I (o) }
d7 groff

dO ADC END
]-u islice

1o to start times NSLICES
l-u ippl zslice

1o to starE t.ímes NA
l-u rppl igrad r2d

1o to start times 13 ;2d loop
l-u igrad r3d
r13=10r

1o to start times 1l- ;3d loop
1o to start times NAE
goto start
exit

,.phase lists

phO=0
ph1=02L3
t ---------

initMeth.c - Necessary modification in the initMeth0 function:

ReadDephGradlim =
ExcSliceRephcradlim = ExcGradlim = 50.0,.

(directly switching from positive to negative gradient, rnax. step is 100% during I risetime).

parsRelations.c

22
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Necessary modification in the backbone routine:

(...)

ReadDephTime = Phase3DGradDur = Phase2DGradDur;

dim = PTB_GetspatoimO;

if (dim == 3)
t

Phase2DcradLim =
)
e 1se
t

Phase2DGradlim =
Phase3DGradLim =

reasons */
)

6L.0 /* close to 0.s*sqrt(3/2)

0.s*sqrt (3/2) */
in this case buts > O for savety

Phase3DGradlim =

86.0ì /* close to
0.Lì /* not used

Necessary modification in the UpdateEchoTime routine:

(...)
*mintel =

ExcPulse .LengLh/2
ExcSliceRephTime
igwt í

*minte2 =
riseTime
Phase2DGradDur
igwt ;

(...)

+
+

23



,Õl
Àanux=n I i 

"'wðffi$pRFs PVM Programming - Part 1

4 RF Pulses in PVM: A
spinEcho) ,ù

I

I

I

spin-echo method (project

1ü*^"

Llt" 
' ""

4.1 Objectives

By developing this project you will learn the following topics:

o How to introduce new RF pulses into the sequence,

o How RF pulses are represented in PVM (struct RF_PULSE_PULSE_TYPE)

o How to handle RF pulses with toolbox functions,

o How to use RF pulse enums (struct PV-RF-PULSE_LIST) for an easy pulse shape
selection,

o How to handle array parameters,

o How to calculate and use a new frequency list in the method code and in the pulse
program.

4.2 Project description

We will create a new method spinEcho based on ltGre, a variant of gre in which the slice
rephasing and readout de-phasing periods are separated (see previous project). This
arrangement is convenient for introducing the refocusing RF pulse since it reduces signal
losses due to diffusion and flow. The project is organized in a series of short steps which
can be programmed and tested progressively.

First, we introduce a refocusing group consisting of a refocusing RF pulse and a slice
'gradient of the same amplitude as used for the excitation. The RF pulse will be surrounded
by fixed spoiling delays. We will focus on the RF pulse handling in this step and neglect
the modified timing for a moment. Our goal will be to familiarize with the RF pulse tools
provided in PVM.

In the second step we will introduce variable spoiler delays and take care of the correct
echo positioning. This part will show you how timing issues are handled in PVM methods.

Finally, as and optional extension, we propose to introduce individual slice-selection
gradient amplitudes for both RF pulses. This will require two separate frequency offset
lists for both pulses - an occation to see how array parameters are used in the method
code.

l

24



Rl'I(EII
fi#spe$üParaVision Programming Course 2006

Method "sÞinEcho"

lOu d2

4.3 Specific method parameters

4.3.1 New method parameters

RfcPulse - a struct parameter of predefined type to be defined in RFPulsePars.h (to be
implemented in the first step.

RfcPulseEnum - a pulse list parameter of predefined type to facilitate the selection of
available refocusing pulses, controls the name of the pulseshape file.

RfcSliceGrad - a double parameter defining the refocusing slice selection gradient
amplitude to be defined in SliceSelPars.h

RefSliceSpoilTime - a double parameter defuring the time around the refocusing pulse to
spoil unwanted coherences (FID of the excitation and refocusing pulse), to be defined in
SliceSelPars.h

4.3.2 Important method parameters

ExcPulse - struct parameter already used to define the excitation pulse

ExcPulseEnum - a pulse list parameter of predefined type to facilitate the selection of
available excitation pulses.

BwScale - a double parameter already defined to handle the transfer bandwidth of a
multiple RF pulse slice selective preparation. Note that single RF pulse excitations as in
case ofthe gradient echo variants ofgre do not really need this parameter. It is predefined
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for educational purposes to facilitate the gradient calculations in case additional RF pulses

are implemented.

4.3.3 Important baselevel parameters

TPQQ - array of struct parameters to define RF pulse properties on the machine level

ACQ_Ol_list ACQ_O2_list - array parameters holding the offset frequencies for slice
selective excit4tion. Note that these parameters are bound to fql and fq2 commands in the
pulseprograrn

4.4 Important toolbox routines

The following toolbox routines are used to facilitate the handling of the different elements
introduced in this project. The user may refer to the HTML toolbox documentation for
detailed information:

STB_UpdateRfcPulseName - used to update the RF pulse name according to the state of
the refocusing pulse list.

STB_InitRFPulse - type based initialisation routine for RF pulse struct parameters to
assr¡re valid ranges of the struct members.

4.5 Realisation hints

4.5.1 Starting point

The method should be developed based on the ltGre

4.5.2 Refocusing pulse in the pulse program

Use copyMethod to copy ltGre to spinEcho. Modiff the pulse program spinEcho.ppg:

a. Introduce a new RF-Pulse command surrounded by two fxed delays of lms. Use Pl
and spl and a new phase list ph2. Find out the correct place in the pulse program to
do this.

b. Write the phase list ph2. One simple possibility is to keep the refocusing pulse
orthogonal to the excitation pulse. Remaining lists will need no modification in this
case.

c. During the first fxed delay switch on the slice gradient (t0). Switch it offafter the
second delay.

d. Copy the pulse program into the standard PP directory

e. Start ParaVision and create a scan with status "new", select the new spinEcho
method.

f. Set the correct TPQQ entry to appropriate values in the ACQP editor and provide an
appropriate pulse duration. Which TPQQ and P element needs to be modified?

g. Start a GSP and move the TX sliders to get the signal and to verify it is a spin echo.

h. Open the method editor again and have a look at the RF pulses parameter class: Open
the RF pulse struct and have a look at the struct members. Modify the shapename and' keep track to the reaction of the excitation pulse list parameter. You will access in the
method code some of the struct elements. Modify the classification field and check
what may be selected. This reaction is related to a switch statement in the range
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checking routine of the ExcPulse parameter. You will need to modify this for the
refocusing pulse.

4.5.3 Refocusing pulse in the method

Shut down ParaVision and introduce the new RF pulse into the method code by
performing the following steps:

a. In RFPulsePars.h: Copy the ExcPulse parameter definition and call it RfcPulse.
Remember the necessary renaming of display nâmes and relations.

b. Make the new RF pulse visible by extension of the RF_pulses parameter class defined
in RFPulselayout.h.

c. In RFPulses.c, write the relations of the new pulse (RfcPulseRel) by copy-and-paste
of the existing ExcPulseRel function. Remember about renaming of "ExcPulse" to
"RfcPulse" in the new function!

d. Write the range checker (RfcPulseRange) by copy-and-paste of ExcPulseRange.
Make sure this range checker is called in the relations of RfcPulse. Again, remember
about renaming of ExcPulse to RfcPulse. Adapt the classification restriction (only
LIB-REFOCUS, PVM-REFOCUS, and USER_PULSE shouldbe allowed) as well
as the flip angle limit.

e. Initialization RF Pulses Group (frurction InitRfPulses) - add a call of the range
checker of RfcPulse. As you remember the range checkers also initialize parameters
when they have no value.

f. Update of RF Pulses Group (function UpdateRFPulse). Add another call of the
toolbox function STB_UpdateRfPulse with the new pulse as argument.

g. Transfer the state of RfcPulse to baselevel parameters. Find in BaseleveR.elations
the subroutine which sets pulse delays and TPQQ settings and add the proper entries
for the refocusing pulse.

Recompile the method and start ParaVision. The refocusing pulse should be editable and
the correct flip-angle/gains and bandwidth/duration calculations should take place. You
can try the sequence with signal, however, the image will still have mixed properties of
spin- and gradient-echoes because both echoes are not yet centred - this will be corrected
later.

4.5.4 Pulse Choice Enum (optional)

In addition to the struct parameter describing the refocusing pulse, a special enum
parameter can be added to allow choosing between available pulse shapes (you can also
select any shape by fyping its name directly in the Fileneme field of the struct, but this is
less convenient). Such an enum parameter already exists for the excitation pulse
(ExcPulseEnum). 'We will add another one for the refocusing (RfcPulseEnum) by copying
proper parts ofthe code:

a. In RFPulsePars.h: Add a definition of RfcPulseEnurr¡

b. In RFPulselayout.h: Add the RfcPulseEnum to the definition of RF_Pulses parclass.

c. In RfPulses.c: Write relations of the new enum (RfcPulseEnumRel). In the relations,
call STB-UpdateRfcPulseName with proper arguments. This assures the change of
the pulse's Filename when the enum is changed. Range-checking of the enum is not
needed (because ofthe next step)

d. In the function UpdateRFPulses (file RFPulses.c): call STB_UpdateRfcPulseEnum
with proper arguments. This changes the value of the enum when the Filename of the
related pulse is changed.
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Recompile the method and restart PV. Check the interaction between RfcPulse.Filename
and RfcPulseEnum.

4.5.5 Controlling the spin-echo position

Our next goal is to get the gradient echo in the centre of the spin echo and to make sure
the echo time is correctly calculated. We will also introduce a parameter to control the
duration of the spoilers on both sides of the refocusing pulse.

a. in the pulse program use delays d9, d10, dl I in the refocusing group, as in the
sequence diagrarn The echo time and the centering will be controlled by d5 and d11.

b. Introduce a new parameter "RfcSliceSpoilerDuration" as a member of the
SliceSelection group. Give it a minimum of CFG_GradientRiseTimeQ in its range
check. It will affect delays d9 and d10. Call the range check in the InitRFPulses
firnction.

c. In parsRelations.c, edit the funtion UpdateEchoTime. It calculates two variables
mintel , and, minte2 , which hold the sum of all fixed delays from the excitation to the
refocusing, and from the refocusing to the echo, respectively. You should add the
spoiler duration and one half of the refocusing pulse to both of them. Additionally,
one rise time should be added to minte2 as a minimum value of dl I . Finally, change
the restriction of the echo time (PVM_EchoTime). The minimum is now given by
two times mintel or two times minte2 whichever one is longer. (Attention: these two
parameters are passed by pointers; the asterisk is used to access their values).

d. Verify the function UpdateRepetitionTime. Is any modificationneeded?

e. Pass the values of mintel and minte2 from the backbone via BaselevelRelations0 to
SetPpgParameters0, where they will be needed to set delays d5 and dl l. For this
purpose, two double arguments must be added to the interfaces BaselevelRelations
and SetPpgParameters.

f. In SetPpgParameters, calculate d5ldl I as half the difference between
PVM-EchoTime and mintel/minte2, plus rise time (remember about ms-to-sec
conversion). Set d9 to RfcSliceSpoilerDuration and dl0 to RfcSliceSpoilerDuration-
CFG_GradientRiseTimeQ. This apparent asyrnrnetry will compensate the delay of the
gradient system.

Recompile the method and restart PV. Check the reaction of the echo time to
modifications of spoiler duration, acquition size, pulse durations. Check in GSP mode
whether the spin echo coincides with the gradient echo. For this purpose, turn the read
gradient offby setting ACQ-scaling-read to zero. You should no\ry see the pure spin-echo
envelope and and its maximum should correspond to the gradient echo centre (you may
make it narrower with shims).

4.6 Possible extensions

4.6.1 Different amplitudes of excitation and refocusing slice gradients

So far, both RF pulses are applied with the same amplitude of the slice selection gradient.
The effective slice thickness is determined by the pulse of a n¿urower bandwidth. In the
next step we will adjust the slice selection gradient individually to each pulse so that they
always act at the same slice thickness. As a consequence both pulses will also need
individual frequency offset lists.

28
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1. lmplementation of slice gradient and slice spoiling: (stop ParaVision)

o Define parameters RfcGrad in SliceSelPars.h. We use backbone as default relation of
RfcGrad. Any input to this parameter should be replaced by a value calculated there.
This is a coÍrmon approach for parameters whose values are of interest but which
should not be modified directly by user input.

o Handle visibility of RfcGrad- The visibility of all slice selectionparameters is
handled by the local[y defined routíne SliceSelectionParsVisibility. Modfy this
routine appropriately

o Consider the refocusing slice selection gradient for the calculation of the minimum
slice thickness. You should:

o provide an additional argument for routine SliceSelectionlimits, namely a pointer
to an RF pulse (PVM_RF_PULSE_TYPE *const rfcPulse).

¡ Declare a new double variable "min" to hold the minimum slice thickness with
regard to the refocusing slice gradient

o (optional) performa trivial type basedrange check for the argument rfoPulse
using STB-CheckRFPulse. If called appropriately in backbone, the argument will
not be changed" For savety reasons (to avoid division by zero for illegal pulse
bandwidth) this call is nevertheless a good practice.

r Calculate the minimum slice thickness so that RfcSliceGrad does not exceed
90o/o gradrent amplitude using routine MRT_MinSliceThickness (hint: the slice
ratio is 1.0 in this example, why?). Store return value in variable "min"

o Consider the "min" in the return value of SliceSelectionlimits
o Calculate the refocusing slice gradient:

o Define a new argument const double rfcPulseBW (effective bandwidth used for
the slicegradient calculation) for routine UpdateSliceSelectionGradients. Check
this argument to be greater than zero (0).

o Use MRT SliceGrad to calculate RfcSliceGrad

o Adapt backbone routine

. Adapt the call of SliceSelectionlimits (think about the new argument RfcPulse!)

. Adapt the call of UpdatesliceSelectionlimits rfcPulseBW (here you may
consider the bandwidth scaling factor!)

o Calculate an additional frequency list
¡ Vlodify routine SetFrequencyParameters (BaselevelRelations.c)

. Change the dimension of ACQ_O2 list to the total number of slices (note the
total number of slices has been calculated for the setting of the offsets for the
slice excitation. Why do we have to set ACQ_O, list (hint: see syntax in
pulseprogram).

o Calculate the ACQ_O2 list using the ACQ_OI list. What is the relation
between offsets for the excitation and for the refocusing slice? Use
UT_ScaleDoubleArray to do the job

Recompile the method, rstart ParaVision and check the extended version of spinEcho.

4.7 Possible pÍtfalls
o Forgotten UT-SetRequest in the relations of RF pulses - the backward requests (e.g.

Bandwidth and Length, Attenuation and FlipAngle) will not be accepted. Bandwidth
and Attenuation appear noneditable. The request mechanism will be explained in
more detail in a later project (greTag).
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o No signal for offcenter slice acquisition:
o Wrong frequency list.
o Frequency list not used (check pulseprogram)

. Wrong amplitudes for slice gradients:
o error in handling of bandwidth scaling factor
o wrong handling of minimum slice thickness: Correct return value of

SliceSelectionlimits, Correct arguments for this routine (check call in
backbone)

. Compiler errors concerning usage of unknown functions or wrong function
prototypes:

o Forgot to do a make cproto depend before the compile (especially if function
arguments have been changed!)

4.8 Proposed Solution

spinecho.ppg (complete listing; modified/new elements are printed boldface)

#Ínclude<Avance . incl >

#include <DBX. include>
preset off

; ==========
; definition of delays

define delay denab
"denab= d4-de+depa"
il13=10+ds"

; declaration of 2d and 3d loop

lgrad r2d<2d> = L[0]
zgrad r2d
lgrad r3d<3d> = L[r-]
zgrad r3d

if (DS>o)

{
ds1, dgrad r2d
1o to ds1 times DS

)

lgrad slice = NSLICES
zslice

#include <MEDSPEC. include>

¡ o/P spec control gradients

start, 10u fqSb: fL
dl fq1:f 1- srad{ ( o) | (o) I (to) }
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.tr n-r-^ê? srad{(o) l(o) l(Ës)}-t - ¡"(r(þY:ep1 ph2) : fl
d10
d11
d3
denab

aqq
clJ

d6
d7
d0
1u

10 to start times NSLICES
1u ippl

1o to start Cimes NA
1u rppl

1o to start times 13
1u

n 13=10 n

1o to start t,imes 11
10 to start times NAE
SETUP_GOTO (start)
exit

d2
(p0: spO phl) : f L

d8
ds

gatepulse 1

groff fq2:f1

groff
srad{ (tz) | rzd(t3) | r3d(t+)}
REC_ENABLE sraa{ (ts) | (o) I (o) }
ADC_INIT_B(ph1, pho)
ADC START

srad{ (o) | (o) I (r1) }

srad{ (te) | r2d(t6) I r3d(t?) }

erad{ (rB) | (o) | (o) }
groff

i sl ice

z s1 ice

igrad r2d

igrad r3d

ADC_END

;phase lists
pho=0

ilå = Î 3 å; c-- ç\r^e¿t]\r1\'1o'h*q''$'+'n'ì"5qinsqtl¡

RFPulsePars. h:

* refocuEing pulse pararieter

PV_PULSE_LI ST pararieÈer
t

díspJ.ay_nane "Refocuging PulEe Choice,t;
relations RfcPulEeEnu¡rRel;

)RfcPuleennrur;

PÌ¡I!Í_RF_PUI¡SE_TyPE pararieter
{

dlsplay_name "Refocueing PuIEe" i
relaEions RfcPuIeeRel;

)nfcnurse;

RFPulseLayout.h:

parclass
{

BwSca1e;
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ExcPulseEnum;
ExcPulse,.
RfcPuIseEnum;
RfcPulse;

) Rr_eulses;

RFPuIses.c

void InitRFPulses (void)
{

DB_MSG( ("-->InitRFPulses") ) ;

BwScaleRange ( ) ;
ExcPulseRange O ;
RfcPulseRange ( ) ;
DeriveGainsnange ( ) ;
STB_InitExcPulseEnum ( "ExcPuIseEnumt' ) ;
STB_Iní t,Rf cPuI a eEnu.ri ( "Rf cPuls eEnumr¡ ) i

DB_MSG ( ('r<- -InitRFPulses't ) ) ;

return;
)

YesNo UpdateRFPulses (YesNo deriveGains, char *nucleus)
{

YesNo ref erenceAviable;
doubl e ref erenceAttenuation=3 0 t

DB_MSG( (u-->UpdateRFPulses") ) ;

if(deriveGains == Yes)
referenceÀviabl-e =

CFG_GetGlobRe f Att (nuc 1eus, &re f e renceAt tenuat ion),-
else

referenceAviable = No;

STB_Updat eRFPul se ( " ExcPul se 'r ,
&ExcPulse,
referenceAviable,
ref erenceAttenuation) ,. (

STB_UpdateExcPulseEnum ( " ExcPulseEnumrr ,
&ExcPulseEnum,
ExcPul se . Fi I ename .

ExcPulse . Classif ication) ;

STB_UpdateRFPulse ( " Rf cPulse'r,
&RfcPuIse,
referenceÀvLable,
ref

STB_Updat,eRf cPulIeEnum ( "Rf cPuIseEnu¡r",
&RfcPuleeEnìEi,
RfcPuIEe. Filenane,
Rf cPuIse. ClassLf ication) ;

32
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return referenceAviable ;

)

void RfcPulseEnuriReI (void)
t

DB_MSG ( ( " - - >RfcPulsesEnunRel¡' ) ) ;

/* seÈ Èhe ¡rarie and clasificat,ion of Rfcpulse:

STB_UpdateRfcPuIseNane ( "RfcPuIaeEnuÍtrr,
&RfcPuIEeEnult,
RfcPuIEe. Filena¡re,
&RfcPulee . ClaeEi fication) t

/* caLL Èhe ¡neÈhod relat,ione */
backbone () ;

DB_MÍ¡G ( ( "<- -RfcPu1seEnumRel " ) ) ;
)

void RfcPuIeeRange (void)
{

DB_MSG( ("-->RfcPulEeRange,r) ) t

if (ParxRe1eParHaavalue ( "RfcPuIEe" ) == tr[6)

{
STB_Ini ÈRFPUI Ee (&Rf cPul se,

Itgaugg. rf crr,
1.0,
180.0) ,

)

/* allowed clasífication */

swLtch (Rf cPuIse. Classif f caLion)
{

default:

RfcPulse. CIaEEificaÈion = IJIB_REFocus,
break;

case LIB_R"EFOCUS:
cage PVM_REFOCUS:
cage USER_PULSE:

break;
)

/* allov¡ed angle for Èhis pulse */

RfcPulse. FlipÀngle = MIN_OF (180 .0, RfcPulse. FlipAng1e)
RfcPulse. FlÍpÀng1e = MAX_OF (90. 0, Rfcputse . FllpÀngle) ;

/* general verifiat,ion of all pulse atribuÈes tc/

STB_CheckRFPulse ( &Rf cpulse) ;

DB_l'fSG ( ( ¡'<- -RfcPulaeRang'e " ) ) t

)

*/

(
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void RfcPuIEeRel (void)
{

DB_lrSG ( ( r - - >RfcPuIseReI" ) ) ;

* TeIl the request handling systen that the paraneter
* RfcPulse has been ediÈed

UT_SeÈRequest ( "RfcPulse" ) ;

/* Check lhe values of RfcPu1se */

RfcPulEeRange ( ) ;

/** caLl the backbone¡ further handlJ.ng will take place there
* (by meang of STB_UpdateRFPuIse)*/

backbone0; ( )

DB_MSG ( ( "<- -RfcPulseRel") ) ;
)

SliceSelPars.h

double paraneter
t

display_nane "Ref . S1íce GradienÈ";
relatione backbone;
unitB ,'%,'i
format, ttf rri

)Rfcslicecrad,

double paramet,er
{

display_nane "Ref Slice Spoiling' Time";
relatl-ons Ref SI iceSpoilTi¡reRel ;
unitB ttmBtt;

f or'!ìaÈ 'rtf " i
)RefsltcespofITi¡re¡

SliceSell.ayout.h

parclass
{

SliceGradStabTime;
ExcSl iceRephTime,.
RefSliceSpoilfime;
ExcSliceGrad;
RfcSliceGrad;
ExcSliceGradlim;
ExcSl iceRephGrad;
ExcSl iceRephGradlim;

] SliceSelection;

SIiceSeI.c:

34
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void S1 iceselectionParsVi sibi 1i ty (YesNo showAl lPars )

{
const char *const editable = "ExcSliceRephTime, "

I'Ref SliceSpoilf ine " ;

const char *const nonedit = "ExcSlicecrad,t,
"SlicecradstabTime, "

"ExcSliceGradlim, "
"ExcSliceRephcrad, "

"Excsl iceRephGradLim, "I'RfcSliceGrad" i

DB_MSG ( ( " - - >SliceselectionParsvisibility" ) ) ;

(...)

void InitSliceSelection (YesNo showAllPars)
{

ExcSl iceRephGradlimRange ( ) ;
RefSlJ.ceSpoilTlmeRange ( 1. 0) ;

SliceSe lect. ionParsVi sibi 1 ity ( showAl lPars ),.

DB_MSG ( ( " <- -Inits1iceSelection" ) ) ;
)

double SliceSelectionlimits (PVM RF PULSE TYPE *const excPulse,
Pvtrf_RF_P;ulse_fvfe * cong È rf cPul se,
const double gradstabTime,
const double gradcalconst,
double *const sliceRatio)

{
(... .t

r' /* range check of arguments */
(-' STB_CheckRFPulse(excPulse);

STB CheckRFPulse (¡fcPulse) ;

i

(...J

min =lfRT_MinSliceThicknese(rfcPulee->Bandwidth,
1. 0,
90 .0,
90 .0,
gradCalConst);

DB_MSG( ( "<--SliceselectionLimits'r ) ) ;
return ¡{AX_OF (minSlThk,min) ;

)

YesNo UpdatesliceselectionGradients (const double slthk,
const double slÍceRatío,
const double excPulseBW,
const, double rfcPuIseBVlI,
double gradCalConst)
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DB_MSG ( ( " - - >UpdateSliceSelectionGradients " ) ) ;

if (slthk <= 0.0)
{

UT_ReportError ( "UpdateSliceSelectionGradients :'l
"I11egal value of argument L\n");

return No;

)

if(excPulEeBw < 0.0 | | rfcPulseBW <0.0)
{

UT_ReportError ( "UpdateSliceSelectionGradients : "
"Illegal value of arg3nent 2,3\nr);

return No;

)

(...)

RfcSIiceGrad
(... )

= ¡[RT_SIiceGrad(rfcPuleeBW, slthk, gradCalConst)

ÐB_MSG ( ( " <- -UpdatesliceselectionGradíents'r ) ) ;
return Yest

)

(...)

void Re f S I i ceSpoi lTimeRa.ng:e ( doubl e gradsta.b )

{
double min;
DB_MSG( (,' -->RefS1icespollTimeRange,' ) ) ;

mín = CFG_GradientRiEeTine O ;

min += gradsËab > 0.0 ? 0.0:gradsÈab;
mín = MIN_OF (rnin,10. 0) ;

i f ( I ParxRelaParHasvalue ( "RefSliceSpoilTime" ) )
{

RefSlJ.ceSpoilTime = rnin;
)
else
t

RefSliceSpoilTirne = MAx OF(MrN OF (RefsliceSpoilTíne, 10. 0),¡rin) ;
)

DB MSe( ("<- -RefsliceSpoÍlTimeRange") )

)-
void RefSIiceSpoiLTineReI (voíd)
{

DB_MSG( (" - ->RefSIÍceSpoilTÍneRel¡') ) ;

RefSIiceSpoilTi¡reRange ( 0 . 0) ;
backbone ( ) ;

!
36
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ParsRelations.c

void backbone (void)
{

(...)

minSliceThick = gli.eSelectionf,imits (AExcPulse,
&RfcPuIse,

GradstabTime,
PvM_cradcalConst ,
&sliceGradRatio) ;

* update geometry parameters

( ...,¡

* calculate gradients in logical directions

Fre gEncodingGradi ent s ( PVM_Fov [ 0 ], readGradRat io, pVM_GradCa I Cons t ) ;
Updat ePha s e 2DGradient s ( PVM_Matrix [ 1 ], pVM_Fov [ 1 ], pVM_GradCalConst ) ;

if (dim == 3)
{

UpdatePhase3DGradients (PVM_Matrix [2] , pVM_Fov [2] , pvM_cradcalconst)
)
else
{

Phase3Dcrad =0.0;
)

UpdateS 1 iceSelect ionGradi ents ( PVM S liceThick,
s1iãeGradRatio,
Excpulse. Bandwidth*Bwscale/i. 0o . 0,

Rf cPuIse. Bandwidth*BwScaIe/1 00. 0,
PvM_cradcalConst) ;

/** calculate frequency offsets

LocalFrequencyOf f setRels ( ) ;

* update seqlrence timing

UpdateEchoTime ( cmintel, &minte2 ) ;
UpdateRepetitionTime ( ) ;

PVM_NEchoImagês = 1,.

SetBaselevelPara¡r (mint,e 1, mint,e2 )
SetRecoParam ( ) ,.
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DB_MSG ( ( " <- -backbone" ) ) ;
return,'

)

void UpdateEchoTime(double *const mintel, double *const minte2)
{

double riseTime, igwt;

DB_MSG ( ( " - - >UpdateEchoTime'r ) ) ;

riseÎime = CFG_GradienÈRiseTime O ;
igwt = CFG_InterGradientV'IaittimeO;

*mintel =
ExcPulse. Lengt}¡/2
ExcSl iceRephTime
íwt
RefSIiceSpoilTlme
RfcPuIEe. Lengt}r/2¡

*minte2 =
RfcPulBe. LengLh/2
RefSIiceSpoilTi.ne
igwt
Phase2DGradDur
PVM_ACqSLartWaitTime
PVM_AcquisitionTime *

+

+

+ /* mj-fr TE]-/z
+

filling delay *7

+

+
+ /* mín TE2l2 filltng delay */

+
+

PVM_EchoPosition/ t00 ;

PvM_MinEchoTi¡re = 2*¡d,N(_oF(*míntel, *minte2) ;
PVM_EchoTime = MAX_OF ( PVM_MinEchoTime, PVM_EchoTime ) ;
PVM EchoTimel = PVM EchoTime2 = PMvl_EchoTime;

DB_MSG ( ( " <- -UpdateEchoTime" ) )
return;

)

(...)

BaselevelRelations.c

void SetBaseLevelParam(double mintel, double minte2)
{

DB_MSG ( ( " - - >SetBaseLevelParam" ) ) ;

setBasicParameters ( ) ,.

(...)

SetPpgParaneÈers (riintel , ¡rint,e2 ) ;

(...)

I
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DB_MSG ( ( " <- -SetBaseLevelParam,' ) ) ;

]

void SetFrequencyParameters ( void )

{
int nslices;

DB_MSG ( ( " -->SetFrequencyParameEers" ) )

ÄTB SetNucl (PVM Nucleus]-) ;

(...)

nslices = GTB_NumberOfSlices ( PVM_NSPacks,
ATB_SetAcqOfList ( nslices,

PVM_Obj OrderList,
PVM_SliceOffsetHz );

PÀRX_change_di¡re ( "ACQ_O2_I i sË ", ns I ices ) ;

UT_Scal eDoubI e.ârray (nE I ic eE,
aCQ_o1_Iist,
Rf csliceGrad/ExcSIieeGrad,
åce_O2_tieË) ;

ATB_SetAcqOlBList ( nslices,
PVM_Obj Order|i st ,
PVM_ReadOffsetHz ) ;

DB_MSG ( ( " <- -SetFrequencyParameters" ) )

)

void SetGradientParameters ( void )

t
int spatDím, dim, i;

DB_MSG ( ( " -->SetGradientParameters" ) ) ;

( ...,)

ATB SetAcqTrims( 1-0,
ExcSliceGrad,

-ExcSI iceRephGrad,
-ReadDephGrad,
Phase2Dcrad,
-Phase3Dcrad,
ReadGrad,
-Phase2Ðcrad,
Phase3DGrad,
ReadSpoilGrad,
RfcSIiceGrad
);

DB_MSG ( ( " <- -SetGradientParameters,' ) ) ;

)

PVM SPackArrNSlíces );

/* to */
/* Er */
/* t2 */
/* l.2. */

/* t4 */
/* Es */
/* t6 "//* Ei "//* tB */
/* t9 */
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void SeÈPpgParameEers (double n-intel,double ¡rinte2)
{

double riseT, igwT;
int slices;
DB_MSG( ('r -->SetþgParameters" ) ) ;

(...)

DtOl = ( (PvM_RepetiÈionTime - PVM_MinRepetitionTime)/slices
+ iwr) /1000. 0;

D [1] = (SliceGradStabTime + riseT),/l-000.0;
D t2l = CFG_AmplifierEnable O /1000.0;
Dt3l = (Phase2DGradDur - riseT) / TOOO.O;
D tsl = (PìI[f_EchoTíme/2 -mintel + riseT + igwT) /1000.0;
Dtl1l = (PVM_EchoTiure/2 -minte2 + riseT + igwT)/1000.0¡

D [4] = (riseT + PvM_AcqstartwaitTime) /L000.0t
Dt6l = (ReadSpoilGradDur - Phase2ÐcradDur)/1000.0;
D [7 j = riseT,/1000.0 t
DtEl = (ExcSliceRephTime - riseT)/1000.0t

D t9l = RefSliceSpoiLTi¡re/1o00.0;
D t10l = (RefSliceSpoilTi¡re-riEeT) /1000 . 0;

/* set shaped pulses */
sprintf (TPQQ t0l .name, ExcPulse.Filename) ;
if(PVM DeriveGaíns == Yes)

TPQQt0l .power = ExcPulse.AttenuatÍon;

TPQQtOl .offset = 0.0;

sprinÈf (TPQQ tll . nane, Rf cPulse. Fil enarie) ;
if(P\rM DeriveGaine == Yee)

TPQQtll .por{er = RfcPulse.ÀËtenuatsioni

TPQQtll.offEeË = 0.0,

ParxRelsParRelations ( ilTPQQu, Yes ) ;

/* set duration of pulses */
P[0] = ExcPulse.Lengbh * 1000;
Ptll = RfcPulse.f,ength * 1000;
ParxReLsParRelations ( uPu, Yes) ;

DB_MSG ( ( " <- -SetPpgParameters" ) ) t

'{

)

t

)
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Introduction

The first project for today (satGre) demonstrates the usage of modules in PVM. We will
extend the gradient echo method gre by a series of slice-selective saturatron RF pulses.
Saturation slices are commonly used to avoid alising of signals from outside the field of
view. Positions, orientation and thickness of the saturation slices will be controlled by the
Geometry editor. All we will need to add this quite complex functionalþ to gre is to
include a special module in the pulse program and provide its support in the PVM code. As
you will see, a pulse program module comes along with a dedicated group of PVM
parameters and with toolbox functions for initializing and updating of the group. A similar
modularity is proposed in PVM for several other applications: the echo-planar imaging
readout, diffusion wighting, water or fat suppression, and several other preparation
sequences.

The goal of the next project (greTag) is to show how you can develop your own PVM
modules. We will program a pulse program module for spin tagging and include it in the
gradient echo sequence. The group of parameters controlling this module will be handled in
a similar !ü/ay as the predefined groups used for the saturation or geometry. We will see that
this modular design of method elements is very useful when similar features need to be
implemented in various methods.

As already mentioned" every parameter group has an updating function and we will also
write one for our tagging module. The essential problem of such functions is to react
properly to modifications of group members. When members A and B are to be related"
should A be derived from B, or the other way round? This should be dependent on which
parameter has last been modified by the user. rùy'e will make use of the request handling
mechanism which provides exactly this type of information

Finally, we will explore a ner,¡/ feature of PVM introduced in ParaVision 4.0 allowing a
simple implementation of accelerated imaging methods. A variant of gradient echo will be
programmed (encGre) using the Encoding parameter group to handle all common schemes
of accelerated phase encoding, such as parallel imaging, partial-FT and zero-filling. We will
also show how this parameter group can be used for a segmented k-space scanning.
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I Using Modules: Saturation Slices (satGre)

1.1 Objectives

By developing this project you will learn how to

. use a preparation module based on a globally defined parameter class

¡ modify the functionality of a preparation module

r handle multidimensional array parameters

. use a pulseprogram subroutine

1.2 Project description

The template gre will be copied to a new method satGre. First the saturation slices module will
be introduced into the method. This module is implemented as a standard preparation module
consisting ofa dedicated set ofPVM parameters and a parclass providing a user interface. In
addition this module is connected to the routine geometry editor to assure a saturation slice
placement based on reference images.

Parameter initialisation, -update and the setting of the baselevel parameters that are associated to
the pulseprogram subroutine are based on toolbox functions. These functions are used also to
control the visibility of the parameters as shown in the method editor and the geometry editor
respectively.

In a second step the saturation slices are constrained to lie always parallel to the imaging slices.
Here the gradient matrix (as defined in the standard slice geometry parameter goup) is used to
provide a gradient vector that is transferred to the related parameter of the saturation slices
group.



Rttl(ER
8&$FtN

ParaVision Programming Course 2006

Method "satGre"

PPG

10u

1.3 The Saturation Slices Parameter Group.

Parameters, that define the Saturation Slices are grouped in the Sat_Slices_Parameters parclass:

PVM_FovSatNSlices: The number of saturation slices represented as int.

PVM_FovSatSliceOrient: The major orientation of saturation slice (axial, sagitøl, coronal)
implemented as array of corresponding enums.

PVM_FovSatThick: The thickness (defined by the FV/HM of the excitation/inversion profile),
implemented as double array with PVM_FovSatNSlices entries.

PVM-FovSatOffset: The distance to the gradient isocenter, implemented as double a:ray with
PVM_FovS atNS lices entries.

PVM_FovSatSliceVec: The slice orientation for each saturation slice, implemented as an array
of 3 element vectors with PVM-FovSatNSlices entries.

PVM_SatSlicesPulseEnum: The pulse list parameter for the RF pulse used for slice selective
saturation/i nversion.

PVM_SatSlicesPulse: The pulse struct parameter to define the specifications of the shaped RF
pulse. Dependent on the Classification field it may be specified whether an excitation pulse (for
saturation purposes, LIB_EXCITATION) or a slice selective inversion pulse is used. The pulse
list parameter will represent either a list of excitation pulses or inversion pulses according to the
value specified in this field.

PVM_SatSlicesDeriveGainMode: Dependent on this parameter, the derivation of a RF pulse
amplitude is handled according to the state of PVM_DeriveGains (YesNo parameter in the main

RF

R

(
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method parclass) or according to the availability of a reference attenuation to force RF
amplitude derivation independent on the state of PVM_DeriveGains.

PVM-FovSatGrad: The amplitude of the slice gradient implemented as a double array with
PVM_FovSatNSlices entries.

PVM-FovSatSpoilTime: Duration of the spoiling gradient used to suppress unwanted
coherences invoked by the slice selective excitatior/inversion.

PVM_FovSatSpoilGrad: Gradient amplitude of the spoiling gradient.

PVM-FovSatModuleTime: Total duration of the SatSlices module (needed to calculate the
repetition time of the sequence).

The group handler of the saturation slices parameter group is PVM_satSticesHandler.

Parameter PVM-FovSatOnOffis used to switch saturation slices on or off. Only if set to Or¡ the
parameter group is visible in the method editor and saturation slices may be defined in the
geometry editor.

1,.4 Toolbox functions associated to the Saturation Slices Parameter Group

Parameter initialisation: STB_InitSatSlicesModule, used to provide legal starting values.
This function is intended to be called in the initMeth routine of the method.

Parameter update: STB-UpdateSatSlicesModule, used to provide a consistent state of the
parameter group. This function must be called in the backbone of the method.

Baselevel parameter setting: ATB-SetSatSliceBaselevel, used to derive the baselevel
parameters used in the pulse program part according to the state of the saturation slice
parameter goup.

1.5 Pulse Program Subroutine SatSlicesQ

A new mechanism to handle common used functionality on pulse program level is the
concept ofsubroutines. Subroutines are defined in the header ofa pulse program and may be
called inside the pulseprogram body. The related pulseprogram part for this project is
available after an include of PrepModulesHead.mod in the pulsçrogram header. This is a
conìmon include file for most of the preparation modules delivered with the software.

To apply the saturation slices, the subroutine SatSlices0 must be called at a dedicated part of
the major pulse program.

1.6 Realization Hints: Usage of Sat_Slices_Parameters parclass.

1.6.1 Creation of satGre

To perform the exercises create your version ofmethod satGre and a reasonable protocol of
this method by following these steps:

I



ParaVision Programming Course 2006

lt1,l(EF
$#gpHF*

. Copy method gre from the /opt'/PV4.0lproglpaulsrc directory in your method
development environment.

o Install the pulse program satGre.ppg as created by copyMethod into the pulse
program directory of your ParaVision@ installation
( opt/PY 4.0 lexplstan/nmr/lists/pp).

1.6.2 Modification of Method Sources

The following approach is typical for the handling of modules defined by a global parameter
gloup:

. 1. Define a parclass "Preparations" in parslayout.h. Members of this class are
PVM_FovSatOnoff and the parclass Sat-Slices_Parameters. Place this parclass
inside the methodClass. The parclass is now visible in the method editor.

2. Initialize the parameter gtoup by calling STB-InitsatSliceModule (please refer to
the related online documentation) in initMeth (before the backbone call).

3. Update the parameter group with STB-Upd¿teSatSlicesModule. This toolbox
function requires the final value of PVM_Nucleusl (to derive the gyromagnetic ratio
for gradient calculations) and must be called in the backbone routine
(parsRelations.c) after the update of the nuclei. Since the minimum TR depends now
on the duration of this module, the update must be called before the TR calculation.
To prepare also the second part (modification of module functionality), the slice
geometry parameters should have been updated before the call of
STB_UpdateS atSlicesModule.

4. Consider the duration of the module in the TR calculation (modification of local
routine UpdateRepetitionTime).

5. Use ATB_SetSatSlicesBaselevel in routine SetBaselevelParam to derive the
acquisition parameters for the pulseprogram include.

6. Modify callbackDeß.h to assure a redirection of the group handler
PVM_SatSlicesHandler to the methods backbone routine.

7. Modify the pulseprogram satGre.ppg: include PrepModulesHead.mod and call the
subroutine SatSlices in the pulseprogram body.

8. Test the method: Restart ParaVision, switch on saturation slices and place them
inside the geometry editor. Acquire Images to assure the saturation is done as

plarured in the geometry editor \

1.7 Realization Hints: Modification of Global Module Functionality

In this second part of the project the dhection of the saturation slice vectors should be
constrained to be along the orientation of the first slice package. This functionality should be
dependent on a ne\¡/ (locally defined) parameter SatParallel of type YesNo. This parameter

should be visible in the Preparations parclass only if the saturation slices module is switched
on. Before the parameter group is updated the last entry of the gradient matrix (parameter
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PVM-SpackArrayGradOrientt0lt2D is copied in each entry of PVM_SatSliceVec in case
SatParallel is set to Yes.

1.7.1 Definition of a parameter controlling the orientation constrain

¡ Define a YesNo parameter SatParallel (parsDeflinition.h), the default relation should
be SatParallelRel.

o Make it visible in the new Preparations subclass of the method þarslayout.h)

c Write a standard range checking function SatParallelRange and the default relation
SatParallelRel in parsRelations.c

. Call the range checking function in the default relation as well as in initMethQ of the
method (force parameter initialization)

1.7.2 Modifications in the backbone

These modifications are related to the handling of multidimensional double array parameters.
Parameter PVM-SpackArayGradOrient is implemented as double [r]ül[k], where i is an
index running from 0 to PVM-NSPacks-1, j and k is running from 0 to 2. Whereas j relates
to the read (j:0), phase fi:l) and slice f:2) direction. The index k denotes the x (lsO), y
(lel) and z (lez) component of the gradient vector in the patient coordinate system. The
implementation of multidimensional arrays allows an easy access to the row vectors of the
gradient matrix:

PVM-SpackA:rGradOrient[0][2] is the slice orientation vector of the first slice package.
Parameter PVM-FovSatSliceVec is implemented as double [i][] anay, where i is an index
running from 0 to PVM-FovSatNslices-l, j is the index for the components of the saturation
slice vectors.

The c-function memcpy may be used to transfer the slice vector defined in the gradient
matrix to the slice vectors of the saturation slices as follows:

memcpy(PVM-FovSatSliceVecIi],PVM-SpackA:rGradOrient[0][2],3*sizeof(double));

The orientation transfer should be done before STB_UpdateSatSlicesModule is called
(why?):

1. Vy'rite an if-statement, testing whether SatParallel:Yes

2. Define in the body of the if-statement int variables to hold the actual dimension of
the saturation slices gradient vector array (dim) as well as a running index i to
implement a loop. Define a double array vec[3] to save the slice vector defined by
the orientation matrix.

3. Copy the slice vector of the orientation matrix into the local variable vec (using
memcpy).

4. Use PARX_get_dim("PVM_FovSatSliceVec",l) to get the dimension of this array.

5. Loop over all vectors of PVM-FovSatSliceVec and copy the orientation stored in the
local variable vec into each vector.

10
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6. Control the visibility of SatParallel according to the state of PVM_FovSatOnOff.
(use function ParxRelsHidelnEditor)

1.8 Possible Pitfalls:

. The parameter group does not react on user input: Relation redirection in
callbackDefs.h is missing?

o TR is not calculated correctly: Adaption of UpdateRepetitionTime is missing?

¡ Saturation is performed always perpendicular to the slice orientation: Is the correct
index of PVM-SpackArrGradOrient used to provide the saturation orientation?

1.9 Proposed Solution

(modifications in boldface) :

File parslayout.h:

parclaes
{

P\tÈÍ_FovSatOnOf f ;
SatParallel;
SaÈ Slices Parametersi

)prepãrationl

parclass
{

Method;
PVM_EchoTime,.
PVM_MínEchoTime,.
PVM_RepetitionTime,-
PVM_NAverages;
PVM_ScanTimeStr;
PVM_DeriveGains,.
RF_Pulses;
Nuclei;
SequenceDetails ;
Preparation;
S È andardl np 1 aneGeomet ry,.
StandardSl iceGeomeÈry,.

) ueÈhodclass,-

f ile parsDefinition.h :

paralteter

display_name I'SaË. Paralle1 to Slicert;
relations SatParaIleIRel;

)SatParallel;

YeENo

{

lt
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FiIe initMeth.c
(...)

/tt* initialize Eat slices urodule
rc/

SatParallelRange ( ) ;
STB InitSatSliceEModu1e O ;

File callbackDefs.h

/* Eaturation slices */
relations PW_SaÈSlicesHandler backbone;

File parsRelations.c

void backbone(void)
{ (...)

* calculate frequency offsets

LocalFrequencyOf f setRels ( ) ;

/rt* updaÈe eaturatíon sliceg
*/

i f ( P\ru_FovSatOnOf f -=Of f )
{

ParxRelsHidelnEditor ( nSatParalleI 
" ) ;

)
else
{

ParxRelsShowlnEditor ( "SatPara1lel 1! ) ;
)

if (SatParallel==Yes)
{

int i,siz;
double vec [3];

mencpy(vec, P1lM_SPaclçÀrrGradOrient I0l t2l ,3*sizeof (doubte) ) ;
dím= ( int ) PARx_get_dim ( t' PWf_FovSatSl iceVec !', 1 ) i
for (i=0; í<dim; i++)

I

{

)

l2

nerncpy ( PVM_FovSatSliceVec I i l, vec, 3 * s i zeof ( dor.¡b1e ) ) ;
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STB_Upda t e S a t, S I i c e sModu1 e ( PVItf_Nuc I eus 1 ) ;

(...)
)

void UpdaÈeRepeÈitíonTime (void)
{

int nslices, dim;
double Tota1Time, mindur, riset,.

DB_MSG ( ( " -- >UpdateRepetitionTime" ) ) ;
(...)
PVM_MinRepetiÈionTime =

nslices *
(

0.011 +
PVM_FovSatModuIeTi¡ne +
SliceGradStabTime +
CFG_GradíentRiseTime O +
CFG_AmplifierEnable O +
ExcPulse .i'eng|u}:/z +
PVM_EchoTime +
PvM_AcquisitionTime't (1.0 - P\¡M EchoPosition/rOO) +
ReadSpoílGradDur +
CFc_IntercradientWai tTime ( )

);
(...)
)

void SatParallelRange (void)
{

if ( !ParxReIEParHasValue ('tSaÈParaIleln) )

{
SatParallel = No;

)
else
{

if(SatParalle1 != YeE && SatParaIIeI != No)

SatParallel = No;

]

void SatParallelRel (void)
{

SatParallelRange ( ) ;
backbone O ;

)

FiIe BaselevelRelations.c :

{

)

13



void SetBaselrevelParam ( )

{

DB_MSG ( ( " - ->SetBaselevelParam" ) ) ;
(...)

ATB_SetsatSIÍcesBaEeLevel ( ) ;

PrintTiminglnfo ( ) ;

DB_MSG ( ( "<- -SetBaselevelParam" ) ) ;

)

t4
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2 Creating modules: Tagging (greTag)

2.1 Objectives:

By developing this project you will learn to

. program method elements in a modular manner,

. include a module in an existing method

. use the Request Handling mechanism for a group of parameters.

2.2 Projectdescription

We will develop a pulse program module for making a periodical pattem of stripes (tags) on the
imaging object. Such a module may find application in dynamical studies of moving objects
(e.g. in cardiac movies). The module will consist of a pair of identical non-selective RF pulses
separated by a gradient pulse on the readout channel. Depending on the position along the
readout axis, and on the precession caused by the gradient pulse, the flip angles ofthe RF pulses
will either add or cancel. This will produce a periodic pattern of saturation tags perpendicular to
the readout axis with the spacing given by the relation

gradient_amplitude *gradientJime *tag_spacing:1 tl]
with the gradient amplitude expressed in tlz,/mm. We will also add a spoiling gradient pulse to
disperse the residual transverse magnetisation. The module will be inserted in the gre.ppg pulse
program in front of the excitation pulse.

Fig. l: Definition of Tag_Spacing
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#include"tagmod"

Tag_MqduleTime

Fig.2: The tagging module.

The module will be controlled by a dedicated group of PVM parameters handled in the same
,way as the predeflrned parameter groups (Diffusion, contrast modules, etc.). This modular design
of sequence elements has the advantage of being easy to transfer to different methods.

The parameters describing the gradient pulse and the tag spacing will be inter-related using the
request handling mechanism. It will be possible to change the value of any of the three
parameters and the method will react by adapting the remaining ones to keep the relation [].
Your task will consist of modifying the greTag method, in which a simple form of the tagging
module is already included. You will add a new parameter to the module and change the group
behavior. The module will then be transferred to the spinEcho method"

2.3 The greTag method

The greTag method that you can find in the /opt /PPC/PvM/ src directory already includes a
simplified version of the Tagging module. The module allows speciffing the gradient duration
(Tag_GradientTime) and the tag spacing (Tag_$pacing) but the gradient amplitude is fixed at
5%. Your task will be to introduce a new parameter for the gradient amplitude and to produce
specified changes in the module behavior.

The module is represented by the following files:

. The pulse program section (Tag.mod) to be included in the main ppg,

l6
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o TagPars.h containing the definitions of the module parameters,

. Taglayout.h containing the definition of the module parameters class Tagging,

o Tag.c containing the relations of the module parameters as well as the initializatiorl
update and base-level-setting functions.

The *.h files of the module are included in the corresponding *.h of the method. The *.c file is
listed in the Makefile. You should remember this arrangement for transferring the module to a
different method.

By working with this method you will notice that the parameters Tag_gpacing and
Tag-GradientTime are related. This relation is programmed in the Tag_Update function using
the UT-GetRequest function. This function allows checking which parameter has last been
edited. The switch statement inside Tag-Spacing provides different reactions to the editing of
these parameters:

o Tag-Spacing changed: Calculate Tag-GradientTime correspondingly: if too short,
restrict it and readjust Tag_Spacing.

. Tag-GradientTime (or any other parameter) changed: Calculate the corresponding
Tag_Spacing.

Note that the UT-GetRequest function detects parameter changes only if the relations of these
parameters include calls of UTletRequ¿sf. You can also use this mechanism to detect edited
structure fields and array elements, as described in ParaVision@ Advanced Users Manual. This,
however is out ofscope ofour project.

2.4 Specific method parameters

Parameters of the Tagging module:

Tag-RfPulse - RF pulse used (twice) in the module.

Tag_Spacing - Tag pattern spacing (period) in mm.

Tag_GradientTime - Effective duration of the gradient pulse

Tag-Gradient - Amplitude of the gradient pulse in % of max, to be introduced in this

Tag_ModuleTime -
project.

Duration of the tagging module

2,5 Special features

When the tag spacing is set too naffow (below one pixel) the pattern disappears. The depth of
the pattem (saturation strength) depends on the flip angle of the tag pulses, which should be
typically in the range from 15 to 45 degree.

The value of Tag_GradientTime must not be shorter than the gradient rise time.

The method must prevent zero value for any of the parameters involved in Eq. [1]: all of them
are used in denominators in the code!

t7
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2.6 Your task

Review the code of the greTag method- In particular, look at the structure of Tag-
parameters relations and at the usage of the request handling in the Tag_Update function.

Modify the greTag method (locally on your computer, not in PPC/PVM) in the following
way:

r Add a new parameter Tag-GradientTime to control the amplitude of the tag gradient
pulse

. Modify the Tag-Update function so that it reacts to the to the changes of all three
parameters involved in Eq. [1] in the following way:

o Tag-Gradient changed: Calculate Tag_GradientTime to keep the current
Tøg-Spacing; if Tag-GradientTime becomes too short, restrict it and readjust
Tag_Spacing.

o Tagspacing changed: Calculate Tag-Gradient to keep the current
Tag Spacing. Check the new value of TagGradient. If too low or too high,
restrict it and readjust Tag_Spacing.

o Tag-GradientTime (or any other parameter) changed: Calculate the
corresponding Tag_Spacing.

o Transfer the modified tagging module to the spinEcho method (call it spinEchoTag).

2.7 Realisation hints

2.7.1 Starting point

The method should be developed based on the greTag method .

2.7.2 Steps

1. Copy greTag from the /opVmethPool to your local methods/src directory

2. Add a definition of Tag_Gradienr in TagPars.h. Declare its relations as
Tag_GradientRels.

3 . Add Tag_Gradient to fhe Tagging parclass in Taglayout.h.

4. Write the relations (Tag-GradientRels) and range checker (Tag_GradientRange) of
Tag-GradienL You can take the ones of TagGradientTime as a basis. Tag_Gradient
should be restricted to [0.I .. 100]. Remember about UT_SetRequest in the relations.

5. Initialise Tag_Gradienrby calling its range checker inTag_Init0.

6. Modify Tag_UpdateQ:

o Replace the fixed amplitude (variable gradient) by the new parameter.

o Add the parameter name to the list used by UT_GetRequest.

18
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o Modify the switch statement: add a case for Tag_Gradient (5, if you have
placed it at the end ofthe list) and change the case for Tag_Spacing, as
described in2.6.

7. Modify Tag Baselevel0 to set the gradient amplitude based on Tag_Gradient.

8. Test the modified greTag.

9. Optional: You can restrict the tag spacing to at least twice the pixel resolution and at
most a quarter of the FOV (so that the tagging pattern never disappears). This will
require two additional arguments (fov, resolution) in the Tag_Update function. There
are different ways for this restriction. You can, for example, adjust the Tag_Gradient to
set the Tag_Spacing within limits.

10. Introduce the same module in spinEcho (call it spinEchoTag):

o copy all Tag.* files to spinEchoTag

o add Tag$(OBJEXT) to the OBJLIST definition in the Makefile

o include Tag.mod in the pulse program in front of the excitation.

o include the Tag*.h files in the corresponding method's files.

o call TaSInit0 in initMethQ

o call Tag_UpdateQ in the backboneQ - when?

o call Tag_Baselevel in SetBaselevelQ.

2.8 Proposed solution

File Tag.c (modifications in boldface)

/* relatioDs of Tag_Gradient */
void Tag_GradÍentRel s (void)

,{( DB_MSG( ("--> Tag_GradientRels0') );

Uf-setRequest ( "Tag-Gradient " ) ;
Tag_GradientRange O ,
ParxRelsParRelations ( "Tag_Handlertt, No) i

DB_MSG( (".-- Tag_GradientRels () " ) ) ;
)

/* range check of Tag_Gradient */
void Tag_GradientRange (void)
{

DB_MSG( ("--> Tag_GradientRange O ") ) ;

if (ParxRelsParHasvalue ("Tag_Gradient") == O)
Tag_Gradient = 5.0;

Tag_Gradient = M.AX_OF(Tag_Gradient, 0.1) ;
Tag_Gradient = MIN_OF(Tag_Gradient, L00.0) ;

DB_MSG ( ( "<-- Tag_GradienÈRange O ") ) ;
)

l9
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/* ---
* Tag_Init
* initÍalisation of the Tag module
*
* _____ __________ */

void Tag_Init (void)
{

DB_MSG( ("--> Tag_InitTaggingO ") );

Tag_RfPulseRange O ;
Tag_ModuleTimeRange ( ) ;
Tag_GradientTimeRange ( ) ;
Tag_GradienÈRange ( ) ;
Tag_SpacingRange ( ) ;

DB-MSG(("<-- Tag-InitTaggingQ*)); (

)

/* -----
* Tag_Update
* Updates the Tag module.
* Arguments:
* nucleus: name of the nucleus (PVM_NucleusL)
* deriveGains - if Yes, he gains for tagging pulses
* will be derived.*_______-__ __________*/

void Tag_Update(char *nucleus, YesNo derÍveGains)
{

YesNo referenceAviable,.
double ref erenceÄ,ttenuation= 3 0 ;
YesNo requestDetected,.
int dummy, parN;
double gccì /* gradj.enÈ removed */
consÈ char *parList =

"Tag_Spacing, "
"Tag_GradientTime, 'l

"Tag_RfPulse,'t
'r Tag_Modul eTime , 't¡tTagi_Gradienttt ;

DB_MSG( (" --> Tag_update O ") ) ;

/* gradient calibration const, for later use */

gcc = CFG_GradCalConst(nucLeus) ;

/* update the RF pulse */

if (deriveGains == Yes)
referenceAviable =

CFG_GetGlobRef At t ( nucl eus, &ref erenceAt tenuat i on ) ;
e1 se

referenceAviable ='.No;

20
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STB_UpdateRFPulse ( " Tag_Rf Pul se ",
&Tag_RfPulse,
referenceAviable,
ref erenceAttenuation) ;

/* react to requests */
/* we do not test structure fields, therefore ilrr and dummy: */
requestDetected = Ult_cetRequest(parlist, &parN, nn, &dummy) ;

if (requestÐetected == l¡o)
parN = 0; /* Lack of request is treated as default; see switch befow */

DB_MSG( ('rrequest: ådr',parN) ) ¡

switch (parN)
{

case 1: ./* Tag_SpacÍng requested: Derive Tag_Gradlent */
Tag_Gradient = 1e5,/ (Tag_Spacing * Tagi_eradíenËTime * gcc) ¡
if(Tag_Gradient < 0.1)
t

Tag_Gradient, = 0.1;
Tag_Spacing = 1e5 / (Tag_CradientTi¡re * Tag_Gradient, * gcc);

)
elEe if(Tag_Gradient > 100.0)
t

Tag_Gradient = 100.0;
Tag_SpacJ-ng = 1e5 / (Tag_eradientTirne * Tag_Gradient * gcc),

)
break;

caEe 5: /* Tag_GradienÈ requeeËed: Derive Tag_GradientTi¡re */
Tag_GradientTí¡re = te5/ (Tag_Spacing * Tagr_GradienE * gcc);
if (Tag_GradíentTi¡re < eFc_eradienÈRiseTine ( ) )
t

Tag_GradienEÎi¡re = CFG_GradLentRieeTi¡reO ;
Tag_Spacing = 1e5 ,/ (Tag_eradientTime * Tag_GradLent * gicc) t

)
break;

case 2: /* Tag_GradientTime requested, */
case 0: /* no request - */
default: /* - derive Tag_spacing: */

Tag_Spacing = 1e5 / (tag_GradientTime * Tag_Gradient * gcc);
)

/* module duration */
Tag_ModuleTime =

0.0L +
2 * Tag_RfPulse.Length +

2 * CFG_AmplifierEnableO +

Tag_GradientTime + /* tag gradient pulse */
CFc_GradientRiseTime O +
5.0 + /* spoiler */
CFG_GradientRiseTime ( ) ;

DB_Msc( ("<-- Tag_updateO ") ) ;
)

/*---
2l
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* Tag_Baselevel

i :::: T?::::1T::::: ::::1 :T li: i:::i: _______*/
void Tag_Basel,evel (void)
{

/* delaYs x¡
D [25] = CFc_AmplifierEnabLe O /1000.0;
D126l = Tag_GradientTime,/L000. 0 ;
D l27J = CFG_GradientRiseTime O /l-000 . 0;

/* gradient. amplitude * /
PVM_ppgGradÀmp5 = Tag_Gradient/lOO . 0 ;

/* rf. pulse length t/
P [5] = Tag_RfPulse.Length*L000. 0;

/* rf pulse */
strcpy(TeQç [5] .name, Tag_RfPulse.Filename) ;
if (PVM_DeriveGains == Yes)

TPQQ tsl .power = Tag_RfPulse.Att,enuation;
TPQQtsl.offset = 0.0;

/* frequency list */
AcQ_O2_1ist_size = 1;
ParxRe l s ParRe lat ions ( "ACQ_O2_1 i s t_s i ze rr, Yes ) ;
ACQ_o2_list [0] = 0. 0;

)

(
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3 Accelerated Imaging (encGre)

3.1 Objectives

By developing this project you will learn how to

. implement a new parameter group called Encoding.

This new parameter group can handle all common encoding schemes including Parallel
Imaging (PI), linear and centric k-space sampling, block-wise and interleaved segmentation,
partial Fourier encoding and zero filling. Its purpose is to allow the user speci$r the required
encoding scheme and to calculate the corresponding acquisition matrix size as well as the
table ofphase encoding steps.

With implementation of the Encoding group diflerent mechanisms for accelerated imaging
are provided.

3.2 Project description

'We will start from the gre sequence and create a new method encGre using copyMethod.
You will learn to perform the necessary steps to make the ne\¡/ parameter group visible in the
encGre method with correct initialisation of all Encoding parameters. Afterwards you will
learn how to update the Encoding parameters and how to set all relevant baseJevel
parameters for controlling the phase encoding and the reconstruction of multi-channel
acquisitions.

For experienced programmers there exists an additional exercise described in chapter 3.6. In
this exercise you will use the implemented Encoding group to control the phase encoding
schema of a segmented acquisition. For this purpose PW_RareFactor must be activated in
the method and must be used as an update of segment size inthe Encoding group.

(
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3.3 Specifïc method parameters

3.3.1 New parameter group: Encoding

Use Multiple Receivers (PVM_EncUseMultiRec) - A Yes/Ì.{o parameter deciding
whether the acquisition should work on a single or multiple channels. It can be switched
to Yes only if the system contains multiple receive channels.

Active Receivers (PVM-EncActiveReceivers) - An array of Or/Off parameters to
activateldeactivate the data acquisition on selected channels.

PPI Acceleration (PVM_EncPpiAccell) - An integer defining the acceleration by
means of Parallel Imaging. This parameter introduces an undersampling of the k-space,
i.e., it removes a periodic pattern of steps from the encoding scheme. The maximum
value of PPI Acceleration is given by the number of active channels. Parallel Imaging
preserves the resolution of the image but reduces the SNR by at least the square root of
PVM_EncPpiAccell.

PPI Reference Lines (PVM-EncPpiRefLInesl) - Number of nominally sampled lines
in the k-space centre to be taken disregarding the PPI acceleration. The reference lines
are needed for the auto-calibrating PI reconstruction methods, like the one currently
implemented in ParaVision.

Zero-tr'ilt Acceleration (PVM-EncZfAccell) - A number telling how much the
experiment is accelerated by a symmetric truncation of the k-space. Zero-filling should
be used with caution since it reduces the effective resolution of the image (causes
bluning). A similar parameter exists for the 3'd spatial dimension (Zero-Fill
Acceleration 3 d, PVM_En cZf AccelZ).
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Phase Encoding Order (PVM_EncOrderl) - A symbol taking values ENC_LINEAR
or ENC-CENTRIC and determining the order of acquisition of k-space lines (from edge
to edge, or from centre outwards, respectively). The centric order allows achieving
minimum effective echo times in multiple spin-echo methods such as RARE. It can also
increase the signal-to-noise ratio in fast gradient echo methods (e.g. FISP) by
effectively using the approach to the steady state. However, the centric scheme usually
introduces a blurring effect.

Phase Encoding Start (PVM-EncStartl) - A number indicating the starting value of
the phase encoding, ranging from -l (lower edge of k-space) to +1 (upper edge). When
the encoding start is higher than -1, the k-space is sampled cyclically. This parameter
may be used to shorten the effective echo time in segmented experiments, such as
RARE. This parameter is not available with the centric encoding and with partial-FT. A
similar parameter exists for the third dimension (Phase Encoding Start 3D)

Acquisition Matrix Size (PVM-EncMatrix). The effective size of the acquisition
matrix taking into account the geometry parameters and all acceleration methods. Non-
editable. When all acceleration parameters are set to 1.0 (no acceleration), the
acquisition matrix size is a product of the image size (PVM_Matrix, see In-plane
geometry) and the anti-aliasing factor (PVM_AntiAlias). Selecting one or more
acceleration schemes (parallel, partial-FT, zero-filling) causes the acquisition matrix
size to be reduced.

Encoding-Output. This subclass contains non-editable information parameters
calculated by the Encoding mechanisrn

3.4 Realization hints

3.4.1 Starting point

The method should be developed based on the gre method"

3.4.2 Steps

1. Use copyMethod to copy gre to encGre.

Like any other parameter group, Encoding must be included in the definition of
MethodClass in the file parslayout.h to be visible in the protocol.

In the callbackDefs.h file the group handler must be directed to the method's
backbone function.

o relationsPVM_EncodingHandlerbackbone;

The group should also be initialized in initMeth.c by call of

o STB_tnirEncodingO;

5. In the baclcbone function in parsRelations.c the Encoding group must be
updated:

2.

3.

4.
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¡ STB_UpdateEncoding(PTB_GetSpatDímO, /* dimension */
PVM_Matrix, /* image size */
PVM-AntiAlias, /* a-alias */
&seg_size, /* segment sìze */
SEG_SEQUENTIAL, /* segmenting mode */
Yes, /* pt in 2nd dim al_Iowed */

i:;;/./;":i,Ï"1'Ti",iä 3Ti $åi :iÌ:i:3 ;i
Note that this update requires information about the dimension, image size and anti-aliasing
and should therefore be made after the update of the in-plane geometry. The fourth argument
of STB-UpdateEncoding is a pointer to a parameter defining the segment size in a multi-shot
experiment, which typically is the RARE-factor (PVM_RareFactor). This parameter may
change as a result of this function call. The next argument specifies the way of k-space
segmenting. SEG-SEQUENTIAL means that consecutive scans should sample adjacent
blocks of k-space lines. SEG-INTERLEAVED used for this argument would cause the
consecutive k-space scans to be interleaved as in the RARE method- The final YesÀ{o
arguments tell the group to activate or deactivate the possibility of PI, reference lines for PI,
and partial (asymmetric) Fourier encoding.

Following the update, all parameters of the Encoding group have legal and consistent values.

6. TJse PVM-EncMatrix for experiment time calculation in parsRelations.c,
because PVM-EncMatrix describes the acquisition matrix and is defined as
product of image size and anti-aliasing factor:

o TotalTim PVM_EncMatrix[] * PVM_RepetitionTime '¡'

PVM_NAverages;

7. Use PVM_EncMatrix for settinglCQ_size in BaselevelRelations.c

o ATB_SetAcqSize( Spatial, spatDin¡ PVM_EncMatrix, NULL,No );

8. Set ACQP parameters for User EncodingnBaselevelRelations.c

. Use the switch statement: switch(spatDrm){... }
9. Setting base-level parameters for controlling a multiple receiver acquisition:

This is done in the BaselevelRelations.c file using the toolbox function
ATB-SetMultiRecQ. If this function returns Yes, a special 4-channel version of
the pulse program needs to be declared. This takes place on older versions ofthe
spectrometer hardware. Starting from Avance il this function always returns .ly'o

and no special pulse program is needed.

o I(Yes : ATB_SetMultiRecQ)

ATB_S etPulprog("encGre. 4ch");

10. Multi receiver data require a special reconstruction mode which is defined in the
RecoRelations.c:

o To make things easier, copy RecoRelations.c from the master solution
(opt/PPCiPVlM/src/encGre/) into your method directory.
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3.5 Proposed Solution

parslayout.h
parclass
{

Method;
PVM_EchoTime,.
PVI4_MínEchoTime;
PVM_RepetitionTime;
PVM_NAverages;
PVM_ScanTimeStr;
PVM_DeriveGains ,-

RF_Pulses;
Nuc1ei,.
Encoding;
SequenceDetaí1s;
StandardlnplaneGeomeÈry ;
StandardS 1 iceGeometry ;

) Methodcrass,.

callbackDefs.h

//* * * * * * * ** * ** * * * * * *** * * * * * * * ** * * * ** * ** * * * ** * ** * * * * * * ** * * * * ** * *
* redirection of global paramet.er groups
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /

/* Encoding 't7
relations P\tM_EncodingHandler backbone ;

/* inplane geometry */
relations PVM_InplaneGeometryHandler InplaneGeometryRel ;

inÍtMeth.c

STB_fniÈStandardlnplaneGeoPars (2 , dimRange, 1owMaE,, upMat, No) ;

* init slice geometry parameters
*/

STB_InitSliceGeoPars (0, 0, 0) ;

/t* init encoding parameEers
*/
STB_InitEncoding ( ) ;

* init. spectroscopy parameÈers (no csi)

27
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PTB_SetSpectrocopyDims( 0, 0 );

parsRelations.c
STB_UpdateStandardlnplaneGeoPars (minFov, 2) ;

/* calculate gradients in logical directions */

if (dim == 3)
{

/* Connect slice thickness Èo FOV in 3rd direction. *,/
PVM_SIiceThick = PVM_Fov [2] ;

/* constrain maximum slices per package to 1- *,/
STB_UpdateSliceGeoPars (0, 0, 1, minSliceThick) ;

)
else
{

/* no constraín to slices in 2D mode */
STB_UpdateSliceGeoPars (0, 0, 0, minSliceThick) ;

)
FreqEncodingGradient s ( PVM_Fov [ 0 ], readGradRat io, PVM_GradCalConst ) ;
UpdaÈe Phas e2DGradi enË s ( PVM_Matr ix [ ]- l, PVM_Fov [ 1 ], PVM_GradCal Cons t ) ;

if (dím == 3)

i
UpdatePhase3DGradients (PVM*Matrix [2] , PVM Fovl2l , PVM cradcalConst.) ;

)
else
{

Phase3DGrad =0.0;
)

/* onee Èhe iurage size is decided (afÈer first update of inpl 9eo),
we can update the Encoding parameLerE, to get the acquisition size
(PVM_EncMatrix). *7

ínt Eeg_Eize;
seg_size = 1;

STB_UpdateEncoding(PTB_GetSpatDÍmO, /t, total dimensions */
PVtf_Matrix, /* image síze */
Pr/M_ÀnÈíÀlíae, /t a-aLías t /
&seg_eize, ./* segrmenL síze t /
SEG-SEQUENIIAL, /* eegimenting urode */
Yes, /* ppi in 2nd dim allowed */
YeE, /* ppi ref lines in 2nd dim altowed*/
No); /* partial fË in 2nd dim alLowed *,/

UpdateS 1 i ceSelect ionGradienÈs ( PVM_S 1 i ceThick,
sliceGradRatio,
ExcPulse . Bandwidth*BwScale/ 1-0 0 . 0 ,

P\¡ùI_GradCa 1 Cons E. ),-
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(... )

PVM_RepetitionTime=MAX_OF(Puvt_MínRepetitionTime,PVM_Repet.itionTime);

dim = PTB_GetSpatDimO;

Tot.alTime = P\¡l4_RepetitionTime
* PVI{_EncMatrix [11
* PVM_NAverages;

if (dim == 3)
{

TotaLTime *= PI'IM EncMatrix[2];
)

UT_S canTimeS t r ( PVM_S c anTime S t r, Tot a 1 T ime ),-
ParxReÌsShowfnEditor ( ,' PVM_ScanTimeStr " ) ;
ParxRelsMakeNonEdit,able ( " PVM ScanTimeStr" ) ;

BaselevelRelations.c

SetMachineParameters ( ) ;

if ( PvM_ErrorDeE,ected == Yes )

{
UT_ReportError("SetBaselevelParam: In function calL! ") ;
return;

SeÈs parameterE needed for ¡rulti-receiver acq. Overrides Eome
previouely EeË parameterg guch aE NUCn MuEt be called at the end

-::-::::::llllli: ----.-- */
if (Yes==ATB SetMultiRec O )

ÀTB_SetPulprog ( nencGre. 4ch" ) i

PrintTiminglnfo ( ) ;

DB_MSG ( ( " <- -SetBaselevelParam" ) ) ;

(.. .)

/* AcQ_dim_desc */

ATB_SetAcqDimDesc ( specDim, spatÐim, NULIJ
if ( PVM_ErrorDetected == Yes )

{
UT_ReportError("SetBasicParameters¡ In function call! "),-
return;

)

/tt

{

)

)¡
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)

/* ÀcQ_size */
/* with the Encoding group, thiE catl

ÀTB_SetÀcqSize(Spatsial, EpatDiB, PVM_Matri¡., P\7lrt_Ànti.â,1ias, No) ;
is rePlaced bY: 't/

ÀTB_SetAcqSize( SpaÈia1, spaÈDirn, P\n'Í_EncMaÈrix, NULL, No );

if ( PvM_ErrorDetected == Yes )

{
Ilf_ReportError ( I'SetBasicParameters : In functíon call ! ', ) ;
reEurn;

)

(...)

void SetGradientParameters ( void )

{
int, spatDím, dim;

DB_MSG ( ( " -->SetGradientParameters" ) ),-

ATB_SetAcqPhaseFacLor( 1 ) ;
if ( PvM_ErrorDetected == Yes )

i
UT_ReportError ( "SeÈGradientParameÈers: In function call I " ) ;
return;

)

epatDim = PTB_GetSpatDi¡rO ;

dim = PARX_get_dim('rÀCQ3hase_encoding_moden, 1 ) ;
PARX_change_díurs ('rÀCQ3hase_encoding_moderr r EpaËDi¡r ) ;
PÀRx_change_dJ.rns ( I'ACQ3hase_enc_Etartrt, spatOim ) ;
swíÈch (spatDfur)
{

caEe 3 s

ÀCQ3hase_encoding_mode t2l = UEer_Deflned Encoding;
ACQ_¡>hase_enc_sË,art[2] - -1; /t, seE, buÈ no used */
ÀCQ_spati aL_eize_2 = PVìl_EncMaÈrlx [2 J ;
ParxRe I sCopyPar ( nACQ_Epat, i alShase_2 tr, tr PvtrÍ_EncValues 2 n ) ;
/* no break */

caEe 2¡
ÀCQ3hase_encoding_mode [1] = UEer_Defined_Encoding; ;
ÀCQ3hase_enc_et,artl1] = -1.0¡ /* Eet, but no uEed *./
ÀCQ_spatía1_eize_1 = PVM_EncMatrix [1] ;
ParxRe 1 sCopyPar ( trACQ_spat i al3has e_l n, 1r Pvlf_EncvalueE 1,t ) ;
/* no break */

default:
ÀCQ3hase_encoding_rnode [0] = Readi
ÀCQ3hase_enc_start[0] - -1;

)
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ATB_SetAcqcradMatrix ( PVM_NSPacks, PVM_SPackArrNSl ices,
Pt.rTn)e3x3 PvM_SPackArrGradOríent [0],
PVM_ObjOrderlist ) ,.

if ( PVM_ErrorDetected == Yes )

{
tlf_ReportError ("SetGradíentParameters: In function call I il)
return;

]

RecoRelations.c

int. dim, i;
inE size, feSize [3] ;

ÐB_MSG ( ( "-->SetRecoParam" ) ) ;

/* set baselevel reconstruction parameter */
,/* default init,ial-ization of reco based on acq> pars allready set */

ATB_rnitDefaultReco ( ) ;

for(i=0; Í<PTB_GetSPatDimO ; í++)
f tSize lil = Pl/M_Matrix til *P\¡[f_ÀntíAliae lil ;

if (P\nÍ_EncUseMuLÈiRec == Yeg)
{
/* select method specific recongtruct,ion method *./
RECO_node = USER_MODE;
ParxReIsParRelaËions ( nRECO_moden, Yes) ;
ÀTB_InitUEerModeReco(ÀCQ_dj.sr, PV[I_EneMatrix, ft,Size, PVM_EncStepEl,

PVM_Enc S t ep a2, PUÍ_EncNRec e ivers, P\t}Í_Enc Pp iAc c e I 1,
PvM_EncPpiRefLinesl, NI, ÀCQ_obj_order,
ÀCQ3haee_f acÈor, PvM_EchoPosition) ;

]

,/* set reco rotaÈe accordíng to phase offsets
dim = PTB_cetspatDimO;

/* eeþ reco Eizes and ft_mode (di¡n 2&3) tc/
/t (dirr 1 ls kept as iÈ wag set' by ATB_InítDefaultReco) L/
for(í=1; i<dim; l++)
{

Eize = pwf_Matrixlil *pvM_Antielías Ii] ;
RECO_ft_mode[i] = (size == PowerOfTwo(size)) ?

COMPLEX_FFT : COMPLEX_FT ;
RECO_ft_Etzelil = size;
RECO_size [il = P\IM_Matrix lfl ;

)

ParxRelsParRelaÈions ( I'RECO ft modert,YeE) i
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ParxRelsParRelations ( tr RECO_f t_size r', Yes ) ;
ParxReIsParRelaÈions (trRECO Eize",Yes) ;

ATB_SetRecoRotate ( PVM_Ef f Phase l-Of f set,
PVM_Fov []-l *PvM_AntsiAlias [1] ,
NSLICES,
PVM_NEchoImages,
1) ¡ /* phaseL direction*,/

( ...)

ATB_Se tRe coTranspos i t íonFromLoops ( PtrTlçe3 x3 ACQ_grad_mat rix [ 0 ],
NSI,ICES,
t,
NI ,

ACQ_obj_order) ;

RECO_bc_mode [0] = AUTO_OFFSET BC;

DB_MSG ( ( t'<--SetRecoParam'r ) ),.

)

int PowerOfTwo(int x)
/* relurnE nexE power of two *./
{

return (1<< (int)ceil(log( (double)x) /1og(2.0) ) ) ;
)

3.6 Additional Exercise: Segmented acquisition

I
3.6.1 Objectives

o Use PVM-RareFactor to define the segment size in the Encoding group.

The purpose of this exercise is to demonstrate the functionality of the new introduced
Encoding goup: only a few steps are necessary in order to implement the
fi.rnctionality of a segmented acquisition.

3.6.2 Projectdescription

We will use PvM_RareFactor as an argument of the update of the Encoding group. The
fourth argument of STB-UpdateEncoding is a pointer to a parameter defining the segment
size in a multi-shot experiment, which typically is the PVM_RareFactor.

To use PVM_RareFactor in encGre, we have to make this parameter visible in parslayout.t¡
to initialize it in initMeth.c, to use it as an update of the Encoding group in parsRelations.c
and some base-level parameters must be set in BaselevelRelations.c.

32
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A new parameter Seg-DelayTime willbe defined in order to control segment repetition time.

3.6.3 Realizationhints

1. Include PVM-RareFactor in the definition of MethodClass in the file
parslayout.h to be visible in the protocol.

2. Initialize PVM_RareFactor ininitMeth.c:

o if(ParxRelsParHasValue("PVM_RareFactor') - No)

PVM_RareFactor : 8;

3. In callbackDefs.h the relation of PVM-RareFactor must be redirected:

o relations PVM_RareFactor backbone;

4. In parsRelations.c the Encoding group must be updated with a pointer argument
of PVM-RareFactor as segment size. Change the segmenting mode from
SEG-SEQUENTIAL to SEQ_INTERLEAVED.

5. Define a new parameter Seg-DelayTime in parsDefÌnition.h and make this
parameter visible in the MethodClass in the file parslayout.h.

6. Seg_DelayTime should be restricted in parsRelations.c:

o Seg_DelayTime : MAX_OF(PVM_RepetitionTime, Seg_DelayTime);

7. Set baselevel parameters in the file BaselevelRelations.c:

o ATB_SetAcqPhaseFactor( PVM_RareFactor);

o ACQ_rare_factor : PVM_RareFactor;

. L[0] : ACQ-size[1]/PVM-RareFactor;

. Ll4l:PVM-RareFactor;

. D[8] : (Seg-DelayTime - PVM_RepetitionTime)/1000.0;

8. AddSeg_DelayTime d8 and loop 14 tothepulse program encGre.ppg.

9. Incorporate the Seg-DelayTime into the calculation of the estimated total scan
time (P W _ScanTimeStr) in parsRelations.c.

3.6.4 ProposedSolution

parslayout.h
parclass
i

Method;
PVM_EchoTime,-
PVM_MinEchoTime;



Àsnultl=n
WEESPñRE PVM Programming-Part2

PVM_RepetitionTime;
Seg_DeIayTime;
PVM_NAverages;
PVM_ScanTimeStr;
PVM_DeriveGains;
RF_Pulses;
Nucleí,.
Encoding;
PrüDl_RareFactor i
SequenceDetails ;
StsandardInpl aneGeometry ;
StandardSl iceGeometry ;

] Methodclass,-

initMeth.c
STB_InitEncoding ( ) ;

Íf (ParxRelEParHasValue (nPWf_RareFactorrt) == No)
PvM_RareFastor = 8i

* init spectroscopy parameters (no csi)

callbackDefs.h
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

*
* relation redirection of single g1oba1 parameters used in
* this met.hod:
*
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /

relaEions PVM_RepetitionTime RepetitionTimeRel ,-

relations PVM_NAverages AveragesRel;
relations PVM_EchoTime EchoTimeRel;
relations PVM_MinEchoTime backbone,.

relaEions PVM_AcquisitionTime backbone;
relations PVM_DeriveGains DeriveGainsRel;
relations PVM_Ef f Si¡lh Ef f SWhRel;
relatLons PVt{ RareFactor backbone;

parsRelâtions.c
/* once the image size is decided (after first update of inpl geo),
we can update the Encoding parameters, to get Ehe acquisition size
(PVM_EncMaÈrix). *7

STB_UpdateEncodíng(PTB_cetspatDimO, /* totaL dimensions */
Pmtl_Matrix, /* image size */
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PVM_Ant.iA1ias,
&P\¡l.l_RareFactor,
SEG_INTERIJEAVED,

Yes, /*
No);

/* a-a]-ías */
,/* segment síze * /
/* segmenÈing mode */
/* ppi Ín 2nd dim al-lowed * /
ppí ref lines in 2nd dim allowed * /
/* partial ft in 2nd dim aLlowed */

(. ..)
PVM_Repet.itionTime=MAX_oF(pvM_MinRepetit.ionTÍme,pvM_RepetitionTime);

Seg_DelayTime = MAII_OF (PVM_Repetit,íonTime, Seg ÐelayTime) ;

dim = PTB_cetsparDimO;

TotalTime = PvM_RepetitionTime
* PVM_EncMatrix[1]
* Pvl4_NAverages,.

parsDefinition.h
J-nt parameter
{

display_name rrNumber of dummy scansrr;
relations dsRelat.íons,-

i NDummyScans;

double parameÈer
{

display_nane'rSegmenÈ Delay Timeni
units
for¡rat

nmg tt i
n%.2f1t.

relat,ions backbone;
) Seg_DetayTlne;

BaselevelRelations.c
void SetGradientParameters ( void )

{
int spat.Dim, dim;

DB_MSG ( ( "-->Setcradientparameters" ) ),'

ÀTB_Set.â,cqPhaEeFac tor ( Pr/M_RareFac tor ) i
if ( PVM_ErrorDetected == Yes )

{
UT_ReportError ('tSetGradientParameters: In function cal-l I " ) ;
returnr.

)

(.. .)
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ACQ_scaling_read = l-. 0;
ACQ_scalingShase = l-.0;
ACQ_scaling_slice = l-.0;

ÀCQ_rare_factor = PVM_RareFactort

ACQ_grad_str_X = 0.0;
ACQ_grarl str_Y = 0.0;
ACQ_grarì sEr_Z = 0.0;

(...)

sprintf (PIII,PROG, rrenccre. pp9" ) ;

L t0l = ÀCe_Eize [1] /p\ru_RareFactori
L t4¡ = P\IM_RareFactort

if( PTB_GetSpatDimO == 3)
{

L [1] = eCQ_size [2] ;

)
else
{

Ltll = 1;
)

slices = GTB_NumberOfSlices ( PVM_NSPacks, PVM_SPackA,rrNSlices ) ;
igwT = CFG_InterGradientl'TaittimeO;
riseT = CFG_Gradient.RiseTimeO ;

DI0l = ( (PvM_RepetitionTime - PVM_MínRepetiEionTime)/sl-ices
+ igwT) /L000.0;

D t1l = (SliceGradStabTime + riseT) /1000 .0;
Dl21 = CFG_AmplifierEnableO/t-000.0;
D[3] = (Phase2DGradDur - riseT) / TOOO.O;
D t5l = (PVM_EchoTime - PVM_MinEchoTime + riseT + igwT) /1000. 0;

D[4] = (ríseT + PVM_AcqStartwaitTime)/1000.0;
Dt6l = (neadSpoilGradDur - Phase2DcradDur)/1000.0;
DtTl = riseT/1ooo.o;
DtSl = (Seg_DelayTíme - Pwf_RepetitionTime)/ 1000"0;

enccre.ppg

; definition of delays

define delay denab
"denab= d4-de+depa"
tr13=10+dsrt
tr18=14*dsn
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; declaration of 2d and 3d loop
==========

lgrad r2d<2d> = ACQ size [1]
zgrad r2d
lgrad r3d<3d> = L[1]
zgrad r3d

if (Ds>o)

{
dsl, dgrad r2d
lo to dsl times 18

)

( ...)

1o t.o start Èimes NSLICES

l-u ippl zstice
1o to start t.imes NA

l-u rppl igrad r2d
1o t,o start times 13

1u igrad r3d
d8 ;Seg_DelayTime

lo to EÈart' times 14 ;PVtrf_RareFactor
1o to start times 11
1o Lo start times NAE
SETUP_GOTO (starÈ)
exit
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o lntroduct¡on
o Overview of tutorial Examples
o Basics
o Examples: Step by Step
o Discussions
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lntegration of an user program into an
acquisition pipeline
Sophisticated, user-defined raw data
manipulations, such as
- K-space corrections
- K-space weighted accumulation
- Keyhole imaging
- Navigator techniques
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{

t

{

{

{

. Receives Scans from
Spect

. CPU accumulation

. Acqusition display

. Save ofraw data

. Scan reordering

. Object reconstruction

. Reco display

. Save ofreco data
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o Nooperation - pass data without
processrng

o NoOpFast - optimized NoOperation
o SyncScan - Synchronized Experiment

Start
o CartToPolar - Cartesian to Polar

convers¡on of scans
o KeyHole - Sequence accelerat¡on
o MagControl - Navigator Corrected .

Magnetizat¡on
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Open a ParaVision@ Shell

Enter
cd $XWINNMRHOME/exp/stan/nnr/au./src

cp /optlPPC/AU/srcA{o Operation .

Edit AU NoOperation

À*snuxsn
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PIPE INIT
PARX_TNTT
PTPE PROC
int ãcan cnt;
int dummy;
while ( 1)
{

{or (scan_cnt=0; scan_cnt < scansjer_exp,.scan_cnt++)i-
PTPE WAIT INPUT_OUTPUT (1, 1, dummy, dummy)
memcþy (out_ptr, -injtr, sizeof_ócan) ; 

-

PTPE STGNAT, OUTPI,TI (1,1) ;
)-if (acq_scan_t)æe == Scan_Experiment) break;
scans in = 0;

i /* wrrirã ¡) */
PIPE VITRJà,PUP

PIPE_END

Exit the Editor and let it be compiled

Â"¡arruxen
wfiñspBÐs

Load a Single Slice Gradient Echo Sequence with short TR

Enable Pipeline Filters

Activate NoOperation

Run Acquisition



Add a print statement to NoOperation

PIPE ÏNIT
PARX_]NTT
PIPE_PROC
int Ecan_cnt,.
int dummy;
while (1)
{

for (scan_cnt=o; scan_cnt < scansJer_exp;scan_cnt++)
{-

PIPE I^IAIT TNPUTr_OUTPIII ( l-, 1, dummy, dummy)
memcþy (out3tr, -injtr, sizeof_scan) ; 

-

P]PE S]GNAI, OUTPUT(1,1) ;
plinEf ('td scans transferred\n"rscan cnt) ;Ì-if (acq_scan_t)æe == Scan_Experiment) break;

scans in = 0;
) /* wnire ft) *¡
PÏPE I¡IRAPUP
PTPE-E\ÍD

Enter within the
ParaVision@ Shell

Activate NoOpFast

{ cd $XWINNMRI-IOME/exp/stan /nmr/aulsrc

cp /opt/PPC/AUisrc/NoOpFast .

Edit AU NoOpFast

lluKEF
$&$pËN
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PÏPE IN]T
PARÍ-TNIT
PTPE_PROC
int õcan cnt;
int LnCnE,ouÈCnÈ,uEeCnti
while (1)
{ for (Ecan_cnt-Oi sca¡¡_cnt < acar¡s_per_exp;)

PIPE WAIT INPITT OIIrPUT (1, 1, inCnÈ,outC¡stg
memcpy(out3Er, in3tr, sizeof_scan*ueeCnÈ) ;
PIPE SIGNA¡ OUTPUT(useCnt,useCnt) ;

},t scans pnssúlltuseCñt = MIN OFTÍnCht,out,Cr¡t);
, l-njt.r, sl-zeor_sca
TPtl:t (usecnt, useCnt ) ;

Ecan-cnt += ugeenti
)-if (acq_scan_tl4)e == Scan_E>periment) break;
scans i:r = o;

) /* whrte Q) */
PIPE WRAPUP
plpr'.-rlrD

au'lpvr-f (4úQ 
^ c,qj)

FXI¡E *fdTty=NIII¡I¡;
PÏPE INIT
fdTËY = foPen (*/dev/ttt.y","w", ;
ff (NIILI. == fdÎty) EXCEpTJ)rintf (.rcannot fopen /dev/tty',),.
PARX INTT
PTPE_PROC
int ãcan_cnt,.
int inCnt, outCnt,usecnt;
while (1)
t for (scan_cnt=o; scan_cnt < scansJer_e>qp;)

{-
PIPE WAIT INPUT OIIIPU:| (1-, 1, inCnt, outCnt)
usecñL = llf¡¡ orTincnt,outcnt) t
memcpy(out¡lEr, in3tr, sizeof_scan*useCnt) ;
PIPE SIGNAI, OUTPIJT (usecnt,useCnt) ;
scan-cnt += usecnt;
f,pri;1f (fdTty,.'in=x¿, out=td, uee=td\n,/, incnt, outcnt,

useCnÈ) ;
)if (acq_scan_t)pe == Scan_E>.periment) break;
scans in = 0;

) /* wrrïre ¡\ */
P]PE WRAPUP
if (l{U&L t= fdTty) fclose(fdTty);
fdTty = r¡gL¡;
PTPE END

Irf,KHFr
$#$pËN
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Enter within the
ParaVision@ Shell

cp /opt/PPC/AU/src/S¡mcScan .

pvWish
wm withdraw .

tk_messageBox -message Hello
exit

Activate NoOpFast for
Setup an SyncScan for
Scan experiments

RT¡T(ER
*w$pReð

-\:(t. !'$l h^t
¡¡or t d o S/ h( 5Cú1h .

*ìì\ Jo '[rooqft^(\ 
1

corEt char ayastril - {"echo \"m wLthdraw
À\ \\\nstart scÐ\\\" -tl.p€
MPTPE INTT
I panx-rnrr
f-
I eysÈen((coneÈ char *)eysstr);
I
\prps pnoc

PIPE WRAPUP
PTPE-END

10
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Load SETUP_SHIM_bas protocol, location B_BASIC_PVM

Enter within the
ParaVision@ Shell

cp /optlPPC / AU / src/ CartToPoiar .

Activate CartToPolar
for

Setup Experiments

double scalei
inÈ dÐ
PIPE INÎT
dr =-cr31p¡¡1ng¡n¡,
Ecal.e . (1<< (dr-1) ) ht_Pl¡
PÀRX TNIT
PIPE-PROC
int - scan cnt, dummy, *lÞ, topt
laÈ mg_Tat, Þhaae- Lûtr-
doublê Re, IE¡
while (1)
t for (scan-cnt=o; 6can cnt < scansjer_exp; scan_cnt++){-

PIPE lfAlT INPU? OI.ITPUT ( 1, 1, dummy, dumy)
tP =-(lDt-*) t.-Ptr¡
op = (Iut a) out_pt,r¡ --
tor (11=0; i1 < scat word size,/2 ; i1++){ -ì,1,rro+

Re = ilp++ t
IE - *iÞ++ ,
mag_hÈ = Eqrt (Re*Re + ID+I[) i
PhsE€-ftt = Bcalê * atÐ2 ( fn, Re) ,rop++ = Mg_ÍDt t

_ *op++ = phaEe_lutt
j
PIPE SIGNAL OUTPUÎ(1, 1) ;)-if (acq_scan_type == scan_Experimen!) break;

scans in = 0;
) /* whïle (1) */

PTPE-WRÀPUP
PIPE ENÐ }TUKER

$&sp$N

raseJnl 
$or

p"renph GJj.

/\
fr1å,4: Ìt

\ 
u fr¡1h6r

a{ ¡s'\, 
oJ,,¡ ß. 1o'r,¡.

F ee¡nfh"

( .ì'iJl"'{ scq" L) : _{ lo rrryio.'c tfì5 
J'tlr'
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Arraylndicesfl specifies array position for each Scan

ACQ_spatial-phase_1fi specifies the K-space position fur each Scan

arraySize : acq_sizefl] +
(CenterProjections * NumberOfSegments) * Se gment S ize 1

12
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ACQ Start at K = 0, Flip Angle 30 deg

MagControll'd uncontrolled

Á¡.rsrruxsn
wEss$sËN

1

(, ,)

t4



Pipeline Filter

(

(.

ParaVi sion Programming Course
April 03-07 ,2006

Author:

Arno Nauerth

Bruker BioSpin MRI GrnbH



Àqnuren
wã{*sp*M Pipeline Filter



ltI¡KER
üffi$pfiþ{ParaVision Programming Course 2004

Table of Content

1.2.r

1.2.2

1.2.3

1.3

2

2.1

2.2

2.2.1

2.2.2

2.2.3

2.3

3

3.1

3.2

3.2.1

3.2.2

3.2.3

3.3

4

4.1

4.2

4.2.1

4.2.2

4.2.3

4.3

NoOperation

Objectives

Implementation

Parameters and their Settings

Realization Hints

Creating the Pipeline Filter NoOperation

Exercises

NoOpFast

Objectives

Implementation

Parameters and their Settings

Realization Hints

The Pipeline Filter NoOpFast

Exercises

SyncScan

Objectives

Implementation

Parameters and their Settings

Re¿lization Hints

The Pipeline Filter SyncScan

Exercises

CartToPolar

Objectives

Implementation

Parameters and their Settings

Realization Hints

The Pipeline Filter CartToPolar

ExercÍses

KeyHole Imaging

Objectives

Implementation

Parameters and their Settings

I
1.1

1.2

5

5.1

5.2

5

5

5

5

5

6

6

6

6

7

7

7

7

7

I
I
I
8

8

9

9

9

9

10

10

10

10

11

11

11

11

11

t_

5.2.t



ltllKER
¡&spË${

Pipeline Filter

5.2.2 Realization Hints

5.2.3 Creating the Measuring Method keyhole

5.3 Exercises

7

7.1

Magnetization Control

Objectives

Implementation

6.2.1 Parameters and their Settings

6.2.2 Realization Hints

6.2.3 Creating the measuring method greMc

6.2.4 Exercises

References

Advanced Users Manual, Chapter D-9.3: AU filters for Pipelined

Acquisition 25

6

6.1

6.2

7.2

7.3

7.4

l1

t2

t9

20

20

20

20

20

2t
25

25

Advanced Users Manual, Chapter D-9: Automation Programming 25

$XWIIINMRIIOME/exp/stan/nmr/ar¡/vorspann-f

$XWlNNMRHoME/prog/include/aupipe. h

7<

25



ParaVision Programming Course 2004
Àsnuxerr
wã&$püeü

(

(,

Pipeline Filter

I NoOperation

Pípelìne Fiher whích pøsses throagh all Scøns wíthout any processíng of them.

1.1 Objectives

The purpose of this Pipeline Filter is to

o understand the basic principle of a Pipeline Filter

o have a simple template for the development of a new Pipeline Filter which does
neither a data reduction nor a data expansion

. have a no-operation pipeline filter wherever it is needed

1.2 Implementation

1.2.1 Parameters and their Settings
. ACQ-user-filter: Yes

. ACQ_user_filter_name : ACQ_user_filter_setup_name : NoOperation

o ACQ_user_filter_memory = For_one_scan

e ACQ-user-filter_mode : Standard

1.2.2 RealizationHints

o The predefined integer variable scans_per-exp is initialized to the total number
of scans expected by the pipeline filters succeeding the user filter

o PIPE-WAIT-INPUT-OUTPUT(x1, f,,yL, y2) -Wait for at least xl scans to
be available in the input buffer, where at least yl scans are contiguous, and wait
until there is space in the ouþut buffer for at least x2 scans, where at least y2
scans are contiguous.

¡ After the return from PIPE_WAIT_INPUT-OUTPUT0, the predefined char
pointers in_ptr and out-ptr are pointing to the input buffer and the output
buffer respectively

o PIPE-SIGNAL-OUTPUT(x1,x2) - Signal the system that xl input scans and
x2 ouþut scans have been processed

o void *memcpy(void *desto const void *src, size-t n) - copy n bytes from
memory area src to memory are¿ dest
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1.2.3 Creating the Pipeline Filter NoOperation

Use the Menu function Edít AUs of the Spectrometer Control Tool n order to create
and compile the program to be executable within the acquisition pipeline environment.

PfPE-INIT
PARI(_INIT
PIPE_PROC

int scan_cnt,.
int dummy;
while (1)

{
for (scan_cnt=O; scan_cnt < scansjer_expi scan_cnt++)
{

PTPE_WAIT_INPUT_OUTPII| (1, 1, dummy, dummy)

memcpy(out3tr, in3tr, sizeof_scan) ;

P]PE_STGNAÍ ,-OUTPI.¡I| (1,1) ;

)
if (acq_scan_type == Scan_Experiment) break;

) /" rrtít. (r) * /
PTPE_VìIRÀPUP

PIPE ET{D

The source of NoOperation will be found within the directory
$XWINNMRHOME/exp/stan/nmr/ar¡lsrc. During the development of a Pipeline Filter,
it is often more efficient to have the source code permanently open with an arbinary
editor. When doing so, any change to the file needs to be manually compiled" e.g. by

$XWINNMRHOME / exg / e t an / n¡f.r/ au/makeau NoOp erat ion

1.3 Exercises

o comment out the memcpyO function

o add printfQ statements for test purposes

2 NoOpFast

Varìatìon of the Pípetine Filter Nooperøtionfor maximum throughput

2.1 Objectives

The purpose of this Pipeline Filter is to

. optimize the data throughput for experiments with an very high effective sampling
rate

. have a simple template for an optimized data throughput

6



. have an efficient no-operation pipeline filter wherever it is needed

2.2 Implementation

2.2.1 Parameters and their Settings

r ACQ_user_fìlter: Yes

o ACQ_user_filter_name : ACQ_user_filter_setup_name : NoOpFast

. ACQ_user_filter_memory: {For_one_PF step, For_one Experiment}

o ACQ-user-filter-mode:Standard

2.2.2 RealizationHints
The macro MIN_OF(arál returns the minimum value of the two operands a and b.

2.2.3 The Pipeline Filter NoOpFast
The modified lines to NoOperation are printed in bold face:

PIPE-INIT
PARX_ÏNÏT
PIPE_PROC

int scan_cnt;
int inCnt, outCnt,uEeCnt;
while (1)

{
for (scan_cnt=oi Ecan_cnt < Ecang_per_exp;)
{

P r PE_VùAI T_ INPüT_OUTPLIr ( 1, 1, inCnt, ouÈ Cn t )

ugeCnt = MIN_OF (inCnt, outCnt) ;
memcpy (out3tr, injtr, sizeof_scan*ueeCnt),.
PIPE_S IGNAÌ'_OII| PIJT (uEeCnt, useCnt ) ;
scan_cnt += uaecnti

)
if (acq_scan_tg)e == Scan_Experiment) break;

) /* rrtitu (L) * /
PIPE-V{R.APUP

PTPE END

2.3 Exercises

. use FILE *fdTty, fdTty:fopen("/dev/tty)',,,w),) and fprintf(fdTty,"...") in
order to get a kind of real-time debug information within the ParaVision startup
terminal window

o modify sequence in order to have a high effective sampling rate

. set NI > 1 and ACQ_user_filter_size : For_one_PE_step

(
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3 SyncScan

Pípelíne Fìlter whìch raises a topJevel wìndow to control the start of the acquìsitíon
(modítíed NoopFast)

3.1 Objectives

The purpose of this Pipeline Filter is to

r understand the synchronization of the initialization- proceccing- and wrapup
sections of Pipeline Filters respectively

. usage of systemQ commands within the different sections

3.2 ImplementatÍon

3.2.1 Parameters and their Settings

o ACQ-user-filter: Yes

o ACQ_user_filter_name : ACQ_user_filter_setup_name : SyncScan

o ACQ_user_filter_memory:x

o ACQ-user-filter_mode:Standard

3.2.2 RealizationHints
. system(const char *string) - executes a command in string by calling /bin/sh

--c string

o pvWish - TclTk window shell for ParaVision@

o tk_messageBox - display a toplevel message box within pv'Wish

o enter the follwing commands within a ParaYision@ shell

pvÏüish

wm withdraw

tk_messageBox -message

exít
{uetto world}

l
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3.2.3 The Pipeline Filter SyncScan

conet char ayssÈr¡¡ = {,,eeho \r'wm eriÈ,hdraw .;Ëk_messageBo:( -rneesage \
\\\"starË scan\\\" -tYPe ok -icon

info; exit\ " I pvWish") ;

PIPE-INfT
PARX_TNTT

eysËem( (conEÈ char *)sysSËr) ;
PIPE_PROC
ínt scan_cnt¡
int inCnt, outcnt,usecYrtt
int *ip, *op;
whÍle (1)

{
for (scan_cnt=O; scan_cnt < scansjer_exp;)
{

PIPE_WAIT_INPUT_OUTPUT (1, 1, inCnt, outCnt)
useCnt = MIN_OF(inCnt, outCnt) ;
memcpy(out3tr, injtr, sizeof_scan*useCnt) ;
PIPE_SIGNAT,_OUTPUT (usecnt, useCnt ) ;
scan_cnt += usecnt;

]
if (acq_scan_t)æe == Scan_Experiment) break;
scans_in = 0;

) /* tuttite (L) * /
PTPE-WRAPUP

PTPE ENÐ

3.3 Exercises

o Add a system call to signalizethe end of the experiment

. What does it mean to put a system call outside the while (1 ) {...} body but
before the PIPE WRAPUP statement?

4 CartToPolar

Reorganíze raw dataftom Cartesìøn Real/Imøgìnøry paírs ínto Møgnítude/Phøse
paìrs.

4.1 Objectives 
.

The purpose of this Pipeline Filter is to

o get a better idea of the power of Pipeline Filters

o have a PREEMPIIASIS tool available for separating gradient from B0 eddy
current effects

( 9
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4.2 Implementation

4.2.1 Parameters and their Settings

o ACQ-user-filter: Yes

. ACQ_user_filter_name : ACQ_user_filter_setup_name : CartToPolar

o ACQ_user_filter_memory:x

o ACQ-user-filter-mode:Standard

4.2.2 RealizationHints

. M_PI is a constant deflrnition for æ

o GETIPAR('rparName") - returns the value of the PARX integer parameter
parName

o double atan2(double Y, double X) - calculates the arc tangent of the two
variables X and Y

4.2.3 The Pipeline Filter CartToPolar

double ecale;
inÈ dr;

PIPE_INÏT
dT = GETIPÀR(.,DRÙ);
scale = (1<< (dr-1), h,r. Pf ,
PARX_]NTT
PIPE-PROC
int scan_cnt, dummy, *ip, *opi
Lnt rnag_inË, phase_int;
double Re, Imt

while (1)

{
for (scan_cnt=o; scan_cnt < scansjer_expt scan_cnt++)
{

PIPE_WAIT_INPUT_OUTPUT (1, L, dummy, dummy)

iP = (int *) in3tr;
oP = (lnt *) outSËr;
for (i1=0; il < scan word Eízel2 ; i1++)
{

Re = *ip++ ;
Im = *ip++ t
rnag_lnË = sqrÈ (Rs*Rs + Im*I¡r) ;
phase_lnt = scale * aÈa¡r2(Im,Re),
*op++ = nag_1nt;
*op++ = phase int;

)
P]PE_STGNAL_OUTPIIT ( t, t ) ;

)
if (acq_scan_type == Scan_Experiment) break;

IU
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scans_in = 0,.

) /* rtritu (r) " /
P]PE-WRAPUP

PIPE-END

4.3 Exercises

o Remove the scaling by the variable scale

5 KeyHole Imaging

Meøsurtng method keyHole usìng ø Pipeline Fílterfor speedíng up an ìmaging
seqaence

5.1 Objectives

The purpose of this Pipeline Filter is to

o underst¿nd the pipeline mechanism for data reduction or data expansion
t->neru,tr"/t'J,ft 

rù.lht k:p(te lrnò< thol ,,r¡ Êg/J,ri"-Th{ ¡nevrì.,^s 
sc4ns

5.2 Implementation

5.2.1 Parameters and their Settings
. ACQ-user-filter = Yes

o ACQ_user_filter_name : ACQ_user_filter_setup_name : KeyHoleAu

. ACQ_user_filter_memory:x

e ACQ_user_filter_mode:Special

. ACQ_user_filter_sizel0] : ACQ_size[O]

o ACQ_user_filter_sizef1] < scans_per_exp

5.2.2 RealizationHints
o ACQ_user_filter_size[0] : 0 is a substitution for ACQ_size[0]

. ACQ-phase_encodingmode[1] = User-I)efined_Encoding can be used to
have a user defined r2d phase encoding function

o ACQ_spatial-size_1 defrnes the size of the gradient function r2d

o ACQ_spatial-phase-1[] contains the phase encoding values for r2d

. Apply the command copyMethod within a ParaVision@ shellin order to create
a private measuring method

o The environment variable ParxMethodSearchPath can be used to invoke
private user-created measuring method

o PIPE-WAIT-OUTPUT(x,y) Wait for at least x scans to be available in the
ouþut bffer, where at least y scans are contiguous

(",. Cøi'he¡*¡

(,
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5.2.3 Creating the Measuring Method keyhole

5.2.3.1 Usìng copyMethod to copy gre to keyHole

>copyMet,hod ( $X¡{fNNMnxotrs,/prog/service/copyMethod)
EnÈer nane of aource neËhod : gire

Enter nane of target method : keyHole
Copy source srethod e.9,. Ëo /hone,/$UsER/pv302lnethods

>cd /ho¡¡re/ $USER/pv3 0 2/ure thods,/ keyHol e

\
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5.2.3.2 Modíftcøtíon of the Pule Progrøm

There is no modification of the pulse program required when using
ACQ_phase_encoding_mode I I ] = User_Definert E ncoding.

5.2.3.3 Externsíon to parsDeftnìtíon.h

//****************************************************************
* PARAMETER DEFENITION FOR KEY-HOIJE
****************************************************************/

int parameter
{

display_name rrnuber of segments",.
rel-ations KeyHoleReIat ions,.

) NumberOfsegments;
int parameter
{

display_name'rsegment síze";
rel-ations KeyHoleRelations ;

) Segmentsize;
int parameter
{

display_name'rnumber of center projectÍons",.
relations KeyHoleRelations ;

) CenterProjections;
int parameter
{

display_name "array indicesr',.
) Arrayhdices [] ;

5.2.3.4 Externsíon to parsLayouLh

/*--------- -----*
* PV class...Extension for KeyHole
* _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _* /

parclass
{

NumberOfSegments i
CenterProj ections,.
SegmentSize;
Arraylndices,.

) KeyHole;

parclass
{

Method,.
KeyHo1e,.

) r,tethodclass;

T3
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5.2.3.5 Extensìon of initMeth.c

int dimRange[2] = {z,z}¡ //l-inít e:çeriment to two dimensions

5.2.3.6 Extensíon ofparsRelatìons.c

/ * : =MpB= : ========== ============*

* Global Function: KeyHoleRelationso
* Description: calculate gradient- and index array for Keyhole
* imaging.
* Preconditons: - linear phase encoding, starting at -1.0 */

void KeyHoleRelations ( void )

/* : =MpE= : ========== ======------* /

{
int i,j, idx;
int arraySize;
int matrixsíze = ACQ size [1] ;

DB_MSG ( ( " - ->KeyHoleRelations'r) ) ;
if (NumberOfSegments < 1)

NumberOfSegments = 2;
if (NumberOfsegments >= matrixsize/4)

NumberOfSegirnents = matrixsize/4 ;
if (CenterProjections >= matrixSize/4)

CenterProjections = matrixSize / 4ì
if (CenterProjections < 2)

CenterProjections = matrixsize / I ì
CenterProjections = (CenterProjections + t) /2 * 2;
NudberOfsegiments = (Numberofsegments + L\ /2 * 2¡
SegmentSize = (matrixSize - CenterProjections),/ NumberOfsegments,.
CenterProjections = matrixsize - Segmentsize * NumberOfsegments;
arraySJ.ze = matrixsize +

(CenËerProjections + Segúent,Size) * NumberOfsegmentai
NR = NumberOfSegments + 1,.

ParxRelsParRelations ("NR", Yes),.
PÀru(_changc_dims ('rÀrraylndic es rr, arrayS I z e ) ;
ACQjhase_encoding_mode [ 1] = User_Def ined_EncodÍng,-
ParxRelsParRelat ions ( 

" ACQ3hase_encoding_mode'r, Yes ),.
AcQ_êpatial_gize_1 = L[0] = arrayslzet
ParxRelsParRelations ( "ACQ_spatial_size_1 ", Yes) ;
ACQ_user_filter = Yes,.
ParxReLsParRelations ( "ACQ_user_f ilter", Yes) ;
ÀCQ_user_f il-ter_mode = Special ;
ParxRelsParRelations ( "ACQ_user_f ilter_mode,', Yes) i
ACQ_user_f í1ter_memory = For_one_scani
sprint f (ÀCQ_us er_f iI t,er_nane, " KeyHoleÀu " ) i
ÀCQ_user_filter_size [0] = 0;
ÀCQ_user_f ilter_size [1] = ¿¡¡¿ygi"..
sprint, f (ÀCQ_us er_f i 1 ter_e e tup_name, tt Nooperauiori,t ) i

t4
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ÀCQ_uger_filter_Eetup_size [0] = 1i
GO reco each nr = Yes;

for (i=0; icmatrixSize,' i++)
{

Arraylndiceslil = i - matrixSíze/2¡
)
idx = matrixSize;
for (i=0; icNumberOfSegments; i++)
{

for (j=O; jcsegmentsize/2; j++)
{

Arraylndiceslidx++i = j - CenterProjections/Z -
( i +L ) *SegrmenLSize / 2 ¡

i
for (j=0; jcCenterProjections; j++)
{

Arraylndices[idx++] = - CenterProjections/Z + j¡
i
for (j=9; jcsegmentsize/2,' j++)
{

Arraylndices[idx++] = j + CenterProjections/2 +
(í) *9.*"t aSíze/2¡

)

i
for (i=O; icarraySize; i++)

ACQ_spatial3hasc_l lil = 2.0 * Arraylndiceslil / matrixSize,-
DB_MSG ( ( "< --KeyHoleRelations " ) ) ;

)

void backbone( voíd )

I..
/ / make Eure to geÈ NI eet to 1 j!51 fo urrc,'h* ''1 i^.1

..STB_UpdateSliceceoPars(1,1,1,minSliceThick),. 
u

KeyHoleRelations O ;
)

5.2.3.7 The Pípelíne Filter KeyHoIeAa

#define DEBUG

#Ifdef DEBUG

#define DB(P1) fprintf(fdTty,rr*B'r,P1) ; (voíd)fflush(fdTty) ¡

#define DB2(P1,P2) fprintf(fdTty,PL,P2); (void)fflush(fdTty)¡
#define DB3 (Pl,P2,P3) fprintf (fdTty,Pl,P2,P3, , (void) fflush(fdTÈy) ;
#eIee
#defíne DB(P1)
#deffne DB2 (Pl,P2)
#define DB3 (P1,P2,P3)
#endif

/* global variables */
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Pipeline Filter

ACQ_SCAN_TYPE scan_t)4)e ;

int *Image;
int *Arraylndices;
int NumberOfÄrraylndíces ;

int CenterProj ections ;

int SegmentSize;

#ifdef DEBUG

FTI,E *fdTTY=NULI,;

#endif

PÏPE-]NIT
PARX-INIT

i
#ifdef DEBUG

fdftY = foPen( u /dev/tty", "w") ;

#endif

/ * - - - - - - - - - - - -* /
/* allocate memory for image buffer and the array indices */
/*---- -----* /
DB2("allocating åd bytes for image buffer\n",scan_byte_size *

acq_size [1] ) ;
Image = malloc (scan_byte_size * acq_size [1J ) ;
if (NULL == Image)

EXCEPTJrintf ("Cannot allocate memory for image buffer") ;
NumberOfArraylndices =

PARx_get_nth_dim ( PARX_ps id, " Arraylndice s ", 1 ),.
Ð82("allocaling ?d integers for array

indices\n ", NumberOfArraylndÍ ce s ) ;
Arraylndices = ma1loc(NumberOfArraylndices * sizeof (int) ) ;
if (NULL == ArrayTndices)

nxCeefsrintf ("Cannot allocate memory for array indices") ;

/*------ -------*/
/* retreive some parameters from parameter space */
/ * - - - - - - - - - - - - - - - - - - - - -* /
PARX_get_a L I_value s ( PARXS sid,

rrÀrraylndices¡r , Àrraylndicee,
"CenterProjectíonErr, &CenterProjections,
'rsegmentsíze'r, &Segmentsize,
"AcQ_scan_type", &scan_tlt)e,
NUI,L PTR ) ;

)
PÏPE_PROC

int scanCnt;
int outCnt;
int idxlmageln;
int idxÎmageout,.
int dummy, pipeOutCnt,.
idxlmageOut = 0;

l6
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for (scanCnt=O; scanCnt <NurìberOfÀrraylndices ¡ scanCnt++)
{

idxlmageln= *(Arrayrndices + scanCnt) +acq_sizell-l / 2¡
outCnt = idxfmagefn - idxlmageOut;
if (O . ouÈCnt)

{

/*------ ------*/
DB3(u\n transfer ?d scans from 1st image at

?d\n", outCnt, idxlmageOut ),.
/*------ --------*/
do

{
PIPE_WAIT_OUTPUT (outCnt, pipeOutCnt ) ;
memcpy (out3tr,

(char *) (Image + idxlmageOuÈ * ace_size[0]) ,

pipeOutCnt * scan_byt. size);
PIPE_STGNAIT_OUTPUT ( 0, pÍpeOutCnt ) ;

ídxlmageOut 1= pipeOutCnt;
outcnt -= pipeOutCnt;

) while (outCnt);
)

/*--------- -----------* /
/* waÍt for next scan from aclcontrol and pass it to next filter

/* --------- -- -- -------* /
DB2 (' åd 'r , idxlmageOut) ;
PI PE_WAIT_INPUT_OUTPUT ( 1, t, dummy, dummy) ;
memcpy((char *) (Image + idxlmageout*acs síze[0]),in3tr

, scan_byte_size) ;
memcpy(outjtr, (char *) (Image + idxlmageOut*acq_size[0] ),scan_byte_size);

PI PE-STGNAI._OUTPTTT ( 1, 1 )'
idxfmageOut++;
if (scanCnt < (NumberOf.Arrayfndices - 1) )

{
if (idxlmagefn > * (Arraylndices + scancnt + 1) + acqsize Í:-1 / 2)
{

outcnt = acq_size[1] - idxlmageln - 1;
if (outCnt > 0)

{
/*---- --------------*/
DB3("\n transfer ?d scans from 1st image at ?d

\n", outCnt, idxlmageOut ) ;
/*--------- ------*/
do

{
PT PE_WAIT_OUTPII| ( outCnt, pipeOutCnt ) ;
memcpy (out3tr,

(char *) (Image + idxlmageout*acq size[0]) ,

pipeOutCnt * scan_byte_size) ;
PTPE_SIGNAL_OIJI|PU'I ( 0, pipeOutCnt ) ;

idxlmageout += pipeOutCnt;
outcnt -= pipeOutCnt;

) while (outCnt);
)

t7
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)
PÏPE_WRAPUP

If (NULL ¡= fdTty)
{

/*-------- -------*/
DB('r\n **** Ex¡reriment Completed **** \n'r),.
/ * - - - - - - - - - - - - - - -* /
(void) fclose (fdTty) ;

fdtty = ¡¡U¡¡'
)
PIPE END

18



5.2.3.8 Making keyHole ready to use

make cl-ean
make cproto
make depend
make install

cp keyhol e . ppg $XVüINNMRHOME/ exp/ stan/nmr / 1 i s t s /pp
cp KeyHoleAu $XWINNMRHOME,/ exp/ st anlnmr /au/ src
$ XWI NNMRHOME,/ e xp,/ s tan / nmr / au / makeau Keygo I e¡u

5.3 Exercises

o Setup and run keyhole experiments with different keyhole- setting

( l9
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6 Magnetization Control

Measurtng method greMc usíng a Pìpelìne Filter for the onlìne coruectíon of scans
høvíng dffirent møgnetízation ømplìtudes due to

o vøríable TR's (e.g. due to ECG- gatíng)
. non-steady-state (eg. DS:0)
o varíable RF power

6.1 Objectives

The purpose of this Pipeline Filter is to

o understand the pipeline mechanism for data reduction or data expansion

. implement Navigator techniques by the help of a Pipeline Filter

6.2 Implementation

6.2.1 Parameters and their Settings
. ACQ-user-filter: Yes

o ACQ_user_filter_name : ACQ_user_filter_setup_name : MagControl

. ACQ_user_filter_memory:x

¡ ACQ_user_filter_mode:Special

o ACQ_user_filter_sizel0] > ACQ_size[0]

¡ ACQ_user_filter_sizetll : 0

6.2.2 RealizationHints
r The number of complex data points acquired dwing a delay is given by the

equation nx: SW-h * delay

o NI is copied to the predefined parameter ni

o ACQ_sizell is copied into predefined array parameter acq_size[]

o The array parameter filter-sizeil is adapted to ACQ_user_fÌtter_size[]

. ACQ_scan_type is copied to the predefined parameter acq_scan_type

o ACQ-scan-type may have the values Scan_Experiment or
Setup_Experiment during the execution time of an acquisition

o Use the construct

If (ACQ_scan_type : Setup_Experiment)

{ ...

Ì
in order to have a special pulse program section for a setup experiment.

20
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6.2.3 Creating the measuring method greMc

6.2.3.1 Usíng copyMethod to copy gre to greMC

>c opyMe Èhod ( $ XWINNMREOIIÍB / pr og / servi ce /c opyMe t,hod )
Enter nane of aource method : gre

Ent,er nane of targeË method : greMc
Copy source ¡rethod e.g. to,/horie/$USER/pv302,/rnethode

>cd /ho¡re,/ $USER,/pv3 0 2 /me thods /greMc

6.2.3.2 Modìftcøtìon of the Pulse Program

Oiginal ppg section:

defLne delay aqscan
rraqScan = aqq - d5 - d3 - d4'

(p0: spO ph1) : f 1
d3 sraa{(o) | (o) I (r1)+r3d(ra)}
d3 REC ENABLE groff

ÀDC--INIT-B(ph1, pho)
d5 ÀDC STÀRT
d3 srad{(r2) | r2d(u3) | (0)}
denab srad{ (rs) | (o) | (o) }
aqscan
d3 srad{ (ts) | r2d(r6) | r3d(tz) }

d6 srad{ (r8)l (o) I (o) }
d7 groff
dO ADC-ENÐ
if (ÀC¡t_Ecan_type == Setup Erq)eriurenÈ)
t

3s ; addltional. T1 recovery for Setup and ÀuÈo_Rc
)

The scan time has been extended by d3+d5*d4, since denab is just a compensation for
d4 for the hidden delay de-depa.

(

(p0: spO ph1) : f 1
d3
ds
denab

aqq
d3

d6
d7
d0

srad{ (rz) | r2d(r3) | (11)+r3d(14) }
groff

REC_ENABLE srad{ (rs) I (0) | (o) }
ADC_INIT_B(phl, pho)
ADC_STÀRT

srad{ (tB) | 12d(t6) | 13d(tz) }

srad{ (rs) I (o) | (o) }
groff

ADC END

Modified ppg section

2t
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6.2.3.3 Extensìons to parsDeftnítion.h ønd parsLøyouth
None.

6.2.3.4 Extensìon of ínìtMeth.c

int dimRange[2] = {Z,Z}¡ //]-íníE experiment to tq¡o dimensions

6.2.3.5 Extensions to parsRelatìons.c

void backbone ( void )

{

/ / make Eure to get NI Eet to 1

. . 
STB_UpdaÈeS1 iceGeoPars (1, 1, 1, minSliceThick) ;

Ì

10 f or^ndl qf

,1liàù'þ,1 po,nJr

(.. 
-,,

6.2.3.6 Extensíons to BaseLevelReløtions.c

void SetBaselevelParam ( )

{ ...
SetPipeFilterParameters ( ) ;
DB_MSG ( ( "<--SetBase|evelParam" ) ) ;

)
void SetPipeFilterParameters ( void )

{
ACQ_user_filter = Yes;
ParxRelsParRelations ( "ACQ_user_fi1ter" , Yes) ;
sprint f ( ÀCQ_us er_f i l te r_name, " MagControl " ) i
sprint f ( ACQ_user_f i 1 te r_s e tup_name,'r'r ) ;
ACQ_user_f ilter_memory = For_one_scani
ACQ_user_filter_mode = Special ;
ParxRel sParRelat ions ( 

" ACQ_user_f i1 ter_mode ", Yes ) i
ACQ_user_f ilter_si ze t o I ;è9a_eiffi 

***:\
l(int) (sw h

Ace-user-f i1t,er-síze tll il
DS = NDummyscans = O¡ // Dísable dummy scans at all \

)

6.2.3.7 The Pìpelìne Fìlter MøgControl

/ / MagneLízation Control for non-steady-state acquisition

double d5, sw_h;
double *meanRef 

,.

int magSize;

PTPE-INIT
PARX-]NTT

/*--------- ----------*/
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/* retreive some parameters from parameter space *,/
/*---- ----------: ---------*/
PARX_get_a 1 l_value s ( PARX3s i d,

"Ð [5] n, &d5,
trSw_hrr, &sw_h,
NULI, PTR ) ;

magSize = (inÈ)(sw_h * d5)*2; // # of points recording Èhe
Magnet,ization
if (magSize < 2) magsize = 2;
if (acq_scan_t)æe == Setup_E>rperiment)

if (magSize > acq_size Í.OJ /4) magsize = acçLsize l0l /a¡
meanRef = malloc (nÍ * sizeof (double) ) ;
if (NULL == meanRef) EXCEPTjrintf (,'Cannot allocate memory for mean
buffer" ) ,.

PÏPE-PROC
int niStep, nildx, curNi, scan_cnt, dummy, *ip, *op;
double mean, Re, fm;

while (1)

{
for (scan_cnt=0; scan_cnt < scansjer_expt scan_cnt++)
{

PIPE_WAIT_INPUT_OUTPUT ( 1, 1, dummy, dummy) ;
ip = (int *) in3tr;
oP = (int *) out3tr;
if (acq_ecan_Èype == SeÈup_E:<perf¡rent)
{ t / paeE MagnetizaËion duringr

Setup
for (i1=0; i1 < magSize; i1++)

' *op++ = * (ip+tl) ;
ip = ip + fílter_eLze[0] - acq_eize[0I ;
for (i1=0; il < Ecan_word_size - nagSize; i1++)

*op++ o *ip++;
)
else
{ t/ Calculate mean during Scan

nist'eP=Bcan-cnÈ/n¿t
nlld¡<=Ecan_cnttnii
¡nean = 0.0 i
for (i1=0; i1 < magSJ.ze / 2¡ il++)
t

Re = *(ip+i1*2);
Im = * (lp+11*2+1);
mean += Eqrt (Re*Re + Im*Im) ;

)
mean = rnean / tagsíze / 2¡
i.f (nlStep == 0)
meanRef lnÍIdx] = rtêâûi ,/l meanRef lniIòr] = mean of

first NI Scans
ip = ip + filÈer_efzelO] - acq eize[0];
for (i1=0; il < scan_word_Eíze; l-l++) // PaaE normalLzed Scan

*op++ = (inË) ( meanRef tnild:<l / mean * *lp++);
)
PTPE-SIGNAT, OUTPTIT (1, 1) ;

)
if (acq_scan_t1pe == Scan_Experiment) break,-
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scans_in = 0;
) /* white (r) * /
PIPE_WRAPUP

PÏPE END

i
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6.2.3.8 Makìng greMc ready to use

make clean
make cproto
make depend
make install

cp greMc . ppg $XWrrU¡¡¡¿nnOVn/ exp/ stan/nmr/ I i s t s /pp
cp MagControl $XWINNMRHOME/eIç/ st an/ nmr / au / src
$ XWI NNMRHOME / e>qg / s t a n / nmr / aw / makeau MagCont ro 1

6.2.4 Exercises

o Run a GSP experiment and make a SnapShot of the acquisition display

o Set manually ACQ-size[0] = ACQ-user-filter-size[0], deactivate the pipeline
filter by setting ACQ-user-filterNo and run a GSP experiment in order to
have the whole Scan displayed

o Compare the SnapShot with the whole Scan

o Experiment 1: Setup a short TR and a 30 degree excitation pulse and run the
sequence without dummy scans by setting PVM_RepetitionTime : min and
ExcPulse.FlipAngle : 30.0 deg

o Experiment 2: Move the K-space center to the beginning of the acquisition
by setting ACQ_phase_enc_startfl] : 0

o Experiment 3: Apply a 90 degree excitation pulse instead of an alpha pulse by
setting ExcPulse.FlipAngle : 90.0 deg

o Disable the normalization in MagControl and run the experiments again

o Compare the scaled with the un-scaled experiments

7 References

7.1 Advanced Users Manual, Chapter D-9.3: AU filters for Pipelined
Acquisition

7.2 Advanced Users Manual, Chapter D-9: Automation Programming

7.3 $X\ryINNMRllOME/exp/stan/nmr/au/vorspann_f

Definition of the "Convenience Parameters"

7.4 SXWINNMRIIOME/prog/include/aupipe.h

Macro definitions and initialization of the'oConvenience Parameters"
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