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Abstract: Parallel magnetic resonance (MR) imaging technology reduces sampling time, improves imaging speed and image
resolution, but reduces the signal-to-noise ratio (SNR) of reconstruction image. A parallel imaging algorithm based on the
sensitivity encoding (SENSE) and generelized autocalibrating patially parallel acquisitions (GRAPPA) was proposed to reduce
the loss of SNR caused by the reducing of sampling time. GRAPPA algorithm was used to fit more missing central data in
central K-space with a small number of autocalibration signal lines in order to estimate and generate more accurate coil
sensitivities. The better reconstruction images were obtained by conjugate- gradient. And then combined with estimated coil
sensitivities, alternating iterative optimization was carried out to calculate the final reconstruction image with small error and
high image resolution. The sampling data in the human brain MR K-space of different accelerated factors were applied to
verify the reconstruction function of the algorithm. The simulation experiences showed that MR images reconstructed by the
proposed algorithm were better than those reconstructed by the conventional algorithm in visual effects and quantitative
comparison results. When the accelerated factors were larger and the number of sampling lines was small, the MR images with
higher quality were reconstructed, with lower normalized mean squared error and higher SNR which could be improved by 22%.

The proposed algorithm can reduce the number of sampling lines in K-space, and improve the SNR of parallel reconstruction
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MR images, and lower the noise interference.

Key words: parallel magnetic resonance imaging reconstruction; sensitivity encoding algorithm; generelized autocalibrating
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e

=

W 5 2 Pl P Wi B AR R i S AT i ik
JAS 5 2 (pMRI) * 9 2 7 MRI 48k 5 K5 2F 1) 2
Ji€ . pMRIE H AT £ 25 e —Fh 2 T K
23 () PR A 1 A, 32 SRR h RORAR R K 23
)R 158 HE A7 2k Bl AU 3R 8, THE R R A2
PEAU A A5 AR BB P R G 1 K2 )50 , AT 453
TEREIY 25 R I8 K =5 M o AU 10 GRAPPA
(GeneRelized Autocalibrating Patially Parallel Acquisi-
tions) 5 3 b — F & A& T [ {5 B ) 5 &, SENSE
(Sensitivity Encoding, SENSE ) "2z 2 iR KA1k,
Bifi J5 &% & T B R F B9 SC- SENSE ( Self-calibrating
SENSE)"AE Z gt ik . R BOR LR L
RPEAR BRI BRI T RIT MG 14 2 iR
B EIR . R LA R UE RS vy
A e AR 2> B RE R B RS Y B i, a4 i K
23 ] RO SRAEA TR, T AR s 2 Pl R BSOS R
(75 EE A R S ERH NI I TR ] . A,
TER AR AT R EERN -, SEIIFAT R LR DRk
JICAG R [ P, SCREfie v 24 Pl 58 5032 PR 5 440 R o
KRG Bt e R BAT WFFE M ERY

ASCET T TIEOCAESE T T GRAPPA-
JSENSE (Generelized Autocalibrating Patially Parallel
Acquisitions Joint Image Reconstruction in Sensitivity
Encoding ) 5.3k , 7R R H/D K 25 B O TR LT,
IV GRAPPA SR3LAU A Hh B 22 ) K 25 ] 0 B R
R AR A BCHE 15 B O RS 1 A 2 18] R AU, P 9EAT 1A
IR s 2 T A, 75 3 o e B O TC TR e T A [
15 JFAEHL R Bt — 4w s R e R
R R R R I R A5 6, BEAT A AL
AT T 8 38 1 R Y AR ] A
BT AR, R EGEMR L, T B

1 A *E
1.1 pMRIEZEXEIL
IR FAT BUAG BEARAS 21 1) 45 26 el IR AL R a4
el L b AR 75 1) 1 5 R IR B 1, SENSE 47 R 22
2 FH 4 P R A0S oR B RIS SR TR S T T, LIk

I

o 2 A R 1) o e N2 P R B RS A R 2 D)
K, SC-SENSE # A J2:%F SENSE &k iy el It )
FEIRR . R R B TR AR bR e R
JEAGTTEIED X K 25 (8] 1 BBl R AE 14 [ B, 5% vy
B o2 # R K F A B E ACS 1T (Autocalibration
Signal lines), MRIEURE AT LIFRWTT,
Li(x,y) = Ci(x,y,)p(x,y,) + ()
Ci(x,x2)p(,x,) + ..+ Cix,y0)p(%, ¥ k)
K I(x,y) S5 i DNMRBIIR S EGIG EIE, C, 258
iR TR BB U R, p R ILEEIR, R
NN, X R  ACS T L AR
2 J5HE N — MR PR S F R,

L™ @ ={p@C.AY" " =p™ (AC.() (2)
Horf, p() WEE R REACR A, C0) b 2 AL A 4k Rl
RYE, FFoRARNE, p A EhrFs R T K
23 [\ FCAT 7 A BB p(f) 1 C () F— MRS B
BAbTE o X ACS Bl AT 8 AR 4 SR S R T F
5 M5 (Sum of Squares, SOS) , #47H—fLAbHE
RI e 45 214 4R B 0 R 0h R/ A0 S o I T4
) R R ALIOR T

S(wy) = —Ey) (3)

D)

T L (w,y) FORE | ANZRE P K 25 0 TR B %
I HEREUR ARG SOS RS2 S (x,y) , BN R AHXT N
(2% Bl R oA 1

MR ACS AT, 2 (2) i X R 2 (] 43 FE 3
p(®) IR 2 S80S % K8 Y Hh = A= Gibbs s,
i Hid a5 (3) 5 SOS BRI FR AN, AN B i 2
T A Bl /N Mk 58 4 2 bR R BB R B P
RS . I, WMl PR AL 80 ACS AT A |, ff
WEFAT R L HR P A5, S BEH g £ el 2 U 1)
PR A ST ST () 4R A5
1.2 GR-JSENSE &% B2

ML AT 50 Mr R Rl DU H B8R ARG i Ak

PG T A SRS R o 27 RS W A7 A — 1) e
75 1 Gibbs IMAsE AT, 25 B HEw MG i i
SR E AR S GE DR P S RO G R 2% . B X

CHINESE JOURNAL OF MEDICAL PHYSICS, Vol.32, No.5, August. 2015



WRIE 4R, 2. 52T SENSE Hl GRAPPA 1347 R A% B4 i it da vk

I 1) #, Ying!"' #E JSENSE (Joint Image Reconstruc-
tion and Sensitivity Estimation in SENSE ) — L {1 {1 R
R R R ) Al R B EUR AT S5 SR sC ik
AR, 5 UG TR AR 38— 4T

A SCHE S A WIS A B A et B 2 ik 1R
%) #1757 %% GRAPPA-JSENSE, fij #k GR-JSENSE, &
5t /D SRR I ] 14 [) I i e 2 Bl 2 S A i 2, O
R R S A b, B ST I R AT DA R
D N i

(1) BEAR K 23 Al o R AT S e i . Al
FH GRAPPA 3L AT B U6, N T 2 K 25 1]
b AREE . AXaTE,

Ik, + mAk, k)= i;Z 1w, (1.b,h) X "

I.(k, + bRAK, k. + hAF.)

Hrr, Lk, + mAk k) 5 j KBNS (B, + mAk k)
Wb PR ILHR G5, w TR R4, R R ink
T, o HAREIE, [ R AL, b F R o3 B AR
e Ty SRSy [ M e R €7
Yl Tk Rl DAAE K 25 ] Rl R AT R D Y
Al AA I T 2 A R B, DT A R

SEORTAA 14 7R A5 RE RE
(2)i#4 7T SENSE py s gt , i # i) LARIR Ay
I1=Ep (5)
B O SE S e Y |
E=e""C(r) (6)

Forr (250 p DNEURIRE, koW kDK ASHA,
Ci(r,) Mo j NRBINLT r, AL P R A Rl 50
(SR —A e R, LR G RADAERE E /Y
SMEHL Cond(E)= 1, T LARHZ L E T R 20 05K i 1n)
FIURIRAS 0, AL B AFEH AR B 2 AR R A T
SR, B AR TSI AE i R TR 2 ) RS £ 1550 i 1)
FXF A AR, 1 HUTI AR ik 0 A7 B v DA v
FUGIAE R, HLHAS B HA IR 0 IE LSRR

(3) 7% & HI K 4% A1 ECH e s i s i, i o 54—
A /N TR I AR, AT R A 15 31 Y 52 SO B
P4 Ak T S PR 2 A R s B kAR, it — 2B AR
fbo Mk E| e, (45 L SCAs B RBUE PTG
(BRG0S0 vl 4R 203 X
PEHEFRNT,

C(r)= EEaz(x -8 (-7 (7)

H, () =Fr RmBERME, o, FRZHANE

hEEFYEFESEE 2015488 E£32% £5H

-619 -
R SRR LIRR T,
E(@) gy = D, =0, =) e ()
LB LAFRR N,
{a.f}=arg min U(a./) (9)
Hrpr, BineRgich,
U(a,f)z%lld—E(a) AP (10)

Kb f FonBmEE R, ERERAGNT, %
A 20 R TR EEEE £, Biseki
AN (1) ;38 5 e B2 161075 (CG-SENSE) 5 f
T AU REE R o , BArsRn=(12),

f= m/in%lld—Eﬂl (11)

azmuin%lld—E(a)fll (12)

SERIEACAT R 18 R s A R, B
Z H AR PREUSE 10800, f i 2015 A BSR4
HALR

2 HHEIRENAN AT

RS UEA SCEL BT M SR B S E A 3T
(1) GE RESHRI S R G0 RUT) 8 3 38 s 4 K 25 [l A5l
( EERREk T3, TE/TR=11/700 ms,FOV=220 mm’,
HiRE N 256%256) o 4 K25 [R5 AL il Ref 2% EI&
YERXF LG o N RBATFAT #E R BB AR R IR R
FERE, XA G 5 ) iEA TSR AE , Horp K 23 (] s
TR ACSAT, AME A LR TR 8 2.3 .4 547
IRRAE A5 B 1) K 23 [R5 , 43511 CG-SENSE
1k JSENSE 5. Fl A SC GR-JSENSE 31531 g ¢
EUL , I 122 B (LS 4 K 2 ) 5od 2 2 &
BOMoE HEXT LB o BT A #2738 £f MATLAB % 7%
SEPR 35 4T B 8% i LENOVO ThinkCentre M6500t-
N000 5 4L, CPU 2y i5-4570, INA7 4 4 GB, window?
BIERSE

i 1 5 — 4k 34 iR 22 (NMSE) Fil{i5 1 [ (SNR)
P AL AR AR RN A R A i, kY
J5 1R 22 1A 1 i KR SRS 5 G R AR iR 22

Ny = 1 (e, )P
NMSE = =2 (13)
2wy

Hp 1, ) HEERBEIR, 1,(x.y) ISFEIE,
{RME FE I P UG R A IR ) — S B 27 1




- 620 -

WRE 4R, 25, 52T SENSE Fl GRAPPA 1347 i A 4% i i ik

HARBOR , R W R Y o By M A /b . pMIRI
B LT — R B T a0 T
SNR =101g(S/N) (14)
S e ERIR I P 7 22, Fos T EE A G R,
N ARFARUEE G B IR A iR 22, o K
TR R
S=var(l,,(),1)
N=mean(l,,,()—1,,()2

1.2 43538 R=3 .R=5, ACS=12 f7H} , &% K]
% .CG-SENSE. JSENSE. GR-JSENSE # # [&] 1% L)
KAN A IR2ZEE . B3 F /R R=4, ACS=24 1T}, 5%
1% . CG-SENSE .JSENSE .GR-JSENSE # # [§/{4 LA
BRI A 22

(15)
(16)

Bl ubAT 12 0nEE F A 3 M ERE G
Fig.1 Reconstructed brain images with R=3 and 12 ACS lines

a: Reference image; b: Recon image with CG-SENSE, c: Recon image
with JSENSE, d: Recon image with GR-JSENSE; e: CG-SENSE error
map; f: JSENSE error map; g: GR-JSENSE error map
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Fig.2 Reconstructed brain images with R=5 and 12 ACS lines

a: Reference image, b: Recon image with CG- SENSE; c¢: Recon image
with JSENSE; d: Recon image with GR-JSENSE; e: CG-SENSE error
map; f: JSENSE error map; g: GR-JSENSE error map
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Tab.1 Comparison of images quality of GRAPPA-JSENSE(GR-JS), JSENSE(JS) and CG-SENSE(GS)

R=3 R=4 R=5

ACS GR-JS JS  GS GR-JS IS GS GR-JS IS GS
NNSE (%) 038 044 045 0.51 063  1.07 0.80 153 1.6l
s 21.03 2044 2036 19.81 1834 16.58 17.81 14.99  14.61
16 TNSE(%) 037 043 045 0.49 0.61 092 0.76 152 1.64
SNR 21.08 2049 2038 1989 18.69 17.22 18.01 1505 1471

24 NNSE(%) 035 041 043 0.48 0.58  0.83 0.66 099 113
SNR 2111 2073 20.57 2006 1926 17.25 18.62 1690 16.32

3p NNSE(%) 037 036 056 0.45 054  0.63 059 085 081
SNR 2114 20.64 19.46 2026 19.54 1891 1911 17.74  17.56
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Fig.3 Reconstructed brain images with R=4 and 24 ACS lines

a: Reference image; b: Recon image with CG-SENSE; c: Recon image
with JSENSE; d: Recon image with GR-JSENSE; e: CG-SENSE error
map; f: JISENSE error map; g: GR-JSENSE error map
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