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Gradient Waveform Synthesizer in Magnetic Resonance
Imaging System using Digital Signal Processors
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Abstract - In this paper, we develop a TMS320C31 (60MHz) digital signal processor (DSP) board to synthesize
gradient waveforms for Spiral Scan Imaging (SSI), which is one of the ultra fast magnetic resonance imaging (MRI)
methods widely used. In SSI, accurate gradient waveforms are very essential to high quality magnetic resonance
images. For this purpose, sampling rate for synthesizing the gradient waveforms is set twice as high as the data
sampling rate. With the developed DSP boards accurate gradient waveforms are obtained. Ultra fast spiral scan
imaging with the developed DSP board is currently under development.

Key Words :
MRI, Waveform Synthesizer
.M 2
& 59 #Ar]1FH YA (magnetic resonance imaging

ZAQY QAR olet 71E Al 4
= T4 %‘%01 FEL w3 g}
& ZolA = Ediol ol2E 27
7+ A msolA 9 ms o lHE G EHAF

FHstE BAAAIE o] &8s A
HolEl S g9 1f (radio frequency) excitation®. &
Holct [1-3]. Y4 FAF 4/H(Spiral Scan Imaging: SSI)
718 & k-spacedl A dlolE & ¥& W e AHo A
Bpozs 4AFY 9vFe] FHm, flowd o 4t
refocusing 0, #YU3 B£¥9 T, ¥ 9 &= 5 @
S A¥EAA FAE 7H3 Ao (2, 4] YA AA-HE BE)
AT AAAAAE AGElE Rz Arste 7&E9 W
Hae 28 dE502 FrhstiM Mgske BARAE A7)
stojof dtch. HAbzAle] T & ATEA QAststeE RAE

rlr oH
N oL of P
% of K

OH
N
)

r
o ¥ [0 o hoox |

ne
rir

4+N

& J4e HEsied 88 847 g 71Ee vty
£~ M E 2 0] E(spectrometer)i= E33% 339 AAzF Aalo)
B4y, By &3 §AZ UM FR 49 ge x
iE GAs A AU AAAAY ByE FEE= d &
Aol BT & dFolME 2u% A daw U
BARAE HEVL f5d, 7jEe) dWrAHQA AW EROE
S i%‘i?’} AR S E HAAtez ALE
HE B XK ERIBH HELHg
TE® B ATk BRIOBH ML
TE® B kmA BERIER BIgsE - I

BT 0 19994 10H 22

RASET 0 19994 11H 30H

48

Spiral Scan Imaging(SSI), Digital Signal Processor(DSP), Magnetic Resonance Imaging(MRI), Ultra Fast

Qe A& DSP H=g AFsUct. DSPE ol&d Ayw
A7e 2H9EZvEAAN AsE EgA HEe 578 &
Fol TAEA dozn, 7EY 2HAEZNHY FEgol W
Hlol 234 94 75 & F718 + U8 ych

=EdAE 2 oM G FaAF G4 7S Ay,
3 M E 71 2HERYEHY EARA YA FA 449
AAAA AEE wE7] #iste] A 2AE DSP REE 7|&3
ek 4 FellMi= A2 DSP HEZ FAAA Ao 29
& 2T Ader AW AFAAA BAY ANe 9
digital-to-analog (D/A) ¥ E1¢] F2& 71&agw, vt
o2 5 Fol N AL AU

2. Single-Shot L} F AL Hat

v FAL e 234 Ar|FHAATIFe®  Echo
Planar Imaging (EPD) [113} #4 713 2 <422 Gradient
A= dAVY F9o ¥ FHoIt F e FrhstuA AF
sz AALARHAIE AVEEle] Fabg ool & W] Agloe
2 A4 45E A & Uk 53] 71=9 EPIgE 2
53 2439 T, blurringe #E %ZAe] ok F A9 A
AR A E THE 7] 93 k-spacedl M o] UM AFH L obze A
o2 Fojzlt [2]

k(D=y-a-t-cos(b- D
k()=vy-a-t sin(b- D W
714y gyromagnetic ratio®) 2, a9 bE WA A
°4 radial %39 FFELE 4T E 7-11"* st AFEEA A
TA3kE e 49 A a7)ol uel Nyquist AEH o] &)
918}04 AAEY, olgdd AL A7) Yt Arts



AAE A (HEXRE olgigt o] Fdth

G(t)=a cos(b-t)—a-b-t-sin(b- 1)
G(Nh=a-sin(b-H+a-b-t-cos(b-?) 2)

A b 4 deeleE 4Aer) dekel, ua AR
A A H4E N, @ g4 % AEY £8 N2 493
3 A AEY T AT &9, Nyquist 4F
Y o|2d 3}el

_ T
2= NN ATdr
p= —2K
Na4T (3)

7F A} orlel dr & AT GdA HA mT)eln
A ke z Sz MEYL € #$ 1X4 Fourer B3H&
A& filtered backprojection.Z AFAle]l 7hs3dich {5-6].
U Fa G e N, B N, € AFAsAe 949
matrix 37) (NXN)ZHE ofjafie} o] A}

1

2 alz

N,

Ng (e (4)

wrebA "A dlole FAAZE tE A Zo] FojXoh

Tp=NNAT =T,
(5)
3. DSP ¥ = C|xeol

ANTHIYAN2EE AT AR ot HEH
A E-2) spin B0 f9 FAARAEGE HEE AVHoEA
g dAe 94 "ok 2sEZNEE A7]EHGAA LY
A rfs} AARAY #E A7 2 doly £ AL F&
Aojgth olZ gisM 2mEZuHE EYHow f ¥ F
AAAY #8357 Al B vl Alatdte] vz A
28] & 3 lookup table AR 7t Fof thF HYE F
H3EE wEA Utk FHAe] AR FEHE
A22%E 71E YurEe) Fourier B9 A¥, 94 o9
Aelg A% sine &4 Bde of AL wRe A48}
(°F 200 - 300 EQE), AthalE Eofe BFA AL 93]
v geste] AAez AASIAY counter §& AHE
st AT Ytk e 2oL M FA G4 (A
Zk 100-200ms) olMe FHY rf excitation 2 EE
k-space Gl°]E1E ZHslojof o2 = ool Yol Uyt
2l dakel wisle 32-64 W) AE FUbEta, HelHE FF
e B AgdA APz FristuA Agste AAMA
AL 7htoiol b M AL FAoM AYHoR Frte}
HA AFshe AAAAE FY3 HYol BN oz hEfA
= EPIs} €3 Fdol ojzigo) B tiFEe AHEZN

DSPE 0|88t X7 S AL HAXIA oHe ey

Trans. KIEE. Vol. 49D, No. 1, JAN, 2000

Bl A 4 (2)9 o] FojAE HFe) WAHe] EFFshq
AATeR Asdol od:, wxert §FH ol AFT
F 3le #YY Avjel Mol St & S0, dnA de
@739 matrix 37]7F 128%128¢ W, 13000 o el Hleolg
& FAstdof stn o] W BAAAE FE REIA A7
&7 A & &4 dHole 23 7 T A AAAA o)
HE 9oty /AT B9 < 26000 o B BARA
olel7t WA dnt ol ¥ Arle] FAAA Y dolH
E 7€ dvAY 2 EZEAME AFo] BIHEET
B =fdMe FAAA gae AAL Adn 2¥€E ¥
# 2¥ HE& DSP H=9d ARE T oy EANHEE
A Ao

3.1 HAKEA uhy AIME2 e DSP 45 BY

Azg DSP REE= ZAARA #8E& FE3Y] HA5d 7]
o] 2#ERTE7L AMEE lookup table 2 hAle] 2
(208 AAzteg A QA At A4 el gt
< vigl A AREe daled A g TR A
DSP 2= W9 D/A AWE < g &8 17 Alo] Ajzltel o
< B9 g A dste S Adglel FHI
upgtA AR 3laaE= D/A AWE S AEY 3AFY I A
2t Fotol DSP7F S#isliordt Ao tigh HEF B o)
Yottt AHARA] Aol T2 A E Texas Instruments
(TDol M TE TMS320C31 B8 DSPE A48 F¢ AAR
A qEg AAez EF3y] Astd 285 ALdFE
E 19 JdeEtit. B 1A 29, 3389 3% H& Adse
b Aas 398 Ale]E 5t 83oit}). ¥ DSPrF T2
AL AYPF of GAste oz FE HES LHAsE
By 3o Ad D/A HBEe HI AU JHYE
AIZHE n3 s uf DSP BHEoA AAMAA H3e] 3 A
& 23t W Agcs HA B¥E Aol £ H 20 B
A o] 112 Ale]&o] "t AR DSP oy 128K

k3 1 ZAKKA migel st M2 AMsi=d
EHe YWy AOIE

Table 1 Number of instruction cycles required for
calculating one-point gradient waveform
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Table 2 Total number of instruction cycles for one-point
gradient waveform output
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