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CI-WGAN: 5t & Il K 5 %5 70 WGAN B9 71 38 5iE 4 14 14 Bx Ih
BEE T N 4% & Rk

Mg, Pkt % EYT KENDRICK Keith', %  # '

(1 HFRHE KA Bl SHE R B, iR 61173152, 22 75 IR K 2E SRR FIR M 58 i, 32 49 FI R H3A 2B4;3. 4t
TR IR 2F B A AW &R L LR 10019154, 6 KA B 2458 BT, b5 1001915 5. # 28 Bl 2% #0F &6 1 4T
S E L AT 1001915 6. T f@ Ze o 22 B 2 T 5 S0 00 %, AU & 1001915 7. A6 50 K 2 B 24 358 95080 5E AF 58 o o0, Jb 52
100191)

W E: Ju ¥ Ak iE 4 (Functional connectivity, FC) M 4 4F 4 # £ a9 i %5 4 47 & W b I8 0k 0 38 & 1% 2%
(Autism spectrum disorder, ASD)# M4 F AR AR ETEHR ., AWmIAKFHGFCAERF F R S MAE
THRYGEHE, AL FEMGERIERAD S ELARBRAFFEREELE, M B ASDE S —FiE 2
REAF, A REARALETEONRETF., B RATHEYERKIEGEHAERBEREE R EFHG L
At BB A RAL G R A5 A7 89 ASD MR FC #9424 B A 2 Bk o AP xd Bk B - & T AR AL G R 38 47 5]
09 R E B3 A R AT 4 M % 4 A (Clinical-indicator-aware Wasserstein generative adversarial network,
CI-WGAN) , A T A& R IR E MR FC M 4%, Z AR I AA KA G RAEAF 5] S HUH, ST S5 E
ASD & F FC M4 09 & s A& T2 & RIN e i A% A I 3048 5 2 — o9 ABIDE T4 #% & # 17 %
%% ,CI-WGAN 4 s FC 5 A 5 FC # % & 12 % b (Peak signal-to-noise ratio, PSNR) . % # 48 4 &
(Structural similarity, SSIM) 5 F 35 % 3% £ (Mean absolute error, MAE) 4 %] i£ #] 19.037.0.236 5
0178, 408 T HAFC A MR 5 5425 T 3% .12% 5 2% . sush A T A R FC Aok 506 R I IE 45 47 49
FAE A8 4 JE 4 #7 (Representational similarity analysis, RSA), CI-WGAN % s 69 FC A8 % 24 8L A & 5%,
FCHRIVV-FHT 014843748 £ 7T CI-WGAN AR FC L4 % %69 ASD MRAFFHIZE . KR
$ 89 CCWGAN A I T H R FARAFCH A5, H ASD #9 F M4 i Ao AL G 77 R T A A 89
FARXH

KERIR . IR E R EAF K 20 A28 B s A R T AR 45 W6 R 5 AR 5] AL 5 A 15 ST AL
HESES: TP391 AR RS A
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Abstract: Brain functional connectivity (FC) networks serve as potential neuroimaging biomarkers for the
auxiliary diagnosis and treatment of autism spectrum disorder (ASD). However, most existing models are
merely based on neuroimaging data and neglect individual clinical indicators, leading to the loss of disorder-
specific information. And, ASD is a spectrum disorder exhibiting significant individual differences in terms
of clinical indicators. Therefore, these traditional generative models are limited in generating accurate
individual FC of ASD that reflects specific clinical symptoms. To address this limitation, a novel clinical-
indicator-aware Wasserstein generative adversarial network (CI-WGAN) is proposed to generate
individual FC of ASD. The proposed model introduces an effective guidance mechanism based on
individual clinical indicators to generate individualized FC networks. Extensive experiments are performed
on ABIDE I dataset, one of the largest publicly available ASD brain imaging datasets. The results show
that the generated FC of the proposed method achieves promising peak signal-to-noise ratio (PSNR) of
19.037, structural similarity (SSIM) of 0.236 and mean absolute error (MAE) of 0.178, showing
satislying improvements of 3%, 12% and 2% respectively compared to the traditional models.
Additionally, the representational similarity analysis (RSA) are performed between the generated FC and
two independent clinical indicators. The results show that the RSA values based on the proposed method
increase by 0.1 and 3.7 times compared to those based on traditional models, demonstrating that the FC
generated via the proposed CI"-WGAN contains more individual symptom information of ASD. In
summary, the proposed CI-WGAN model achieves high-quality generation of individual FC, and provides
a powerful tool for the early diagnosis and personalized treatment of ASD.

Key words: autism spectrum disorder (ASD); brain functional connectivity; generative adversarial network;

clinical indicator guidance mechanism; gradient penalty mechanism

51

i

P AE 7% 2 B 5% (Autism spectrum disorder, ASD) & — Rl 28 & B B G , HAZ O 8 IR M 4k 58 740 38
15 0 IR 14 2 B0 0 AT ZIM AT S SRR 25 RO AL S AR TR R B R PR, A R R EH R E K
FORE PRI B T . A ASD 1 IR @ VA L (H RS ea] DU Bl B S A2 T E0A YT, AT
FkEmALASRE S BUA Y ASD 12 KT 4 bR v T AT R DA e 4 A S A I RS T, Bk = 0 AT FE Y
RS, 5 S SR L SRS B B & R B S T B TG AL 4R i 1% (Resting state functional mag-
netic resonance imaging, rs~IMRI){E i —Fh 56 2F 59 K ik D0 g BUAZH A, AT LU 32 31 K ki AF 7 BOIRE T 19
DIRETG s, M T rs- MR 3155 45 21 #9 9 fiE % #2 (Functional connectivity, FC) ¥ 4% Al L il K figi A
) figi X 22 [6) B4 M) BE 4 Fe 9 BE 2 R 9 W0 43 1 IX 8] A FC 7 ASD 5 1E % & & MA ( Typical devel-
oping, TD)Z {716 22 5, o ASD i 52 Wi 4R 406 708 76 1 il SE G B R bn 5 7. T FC I
ASD i Bhi2 Wi BIF 7% il U 78 ASD 4 55 (1 i 28 it B A X, DA T 352 726 166 A28 T 1940 2 U R o i 42

Bil 5 fiki T 8 A5 RN R S 2] HE R I #h R R, B K SCHE R T 35 T FC 1 ASD i B 12 i 45
FI T ASD S R AR R A, S [N 22 )7 A S I PR IR L N R AR R 25 S TR
il B 12 DRSS TR 9% A 0 e R RO T R e B R AR . B B A i B R K ASD il 52 1R 8 T S
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A 2 ———NUAE I 5 1% 22 # ( Autism brain imaging data exchange, ABIDE ) #0454 16 — & #L F  2% fi
T B0 /I 4 el B AT A A R B R SR A PR G R R S R R = — S ASD AR R IR
K AR I R BEAFTE PR . IR TBE ASD 8835 19 8 1 KPR T 1E 3 K 7 50 A7 e AL A8 18 3 A, S 3Ok
AE 1 rs~IMIRT PELSUT f5t AN 1o (A7 A 3o FE 3k 3) B0 A 56 A rsIMIRTSE AR 348, B I 3E F FC A9 ASD 4l
B2 WA A5 0 o it A 0 65 42 1P T e 7™ 0 0K G

Wil 5 T B 2 2] R I R R R I AR R I 5 3 T R R FH A R TR B R SE AN AR FC AR 1, &
TE 8 I A ASD BOHE 5 A7 78 1 Bl B, 5 446 o 9 8 o o il 52 4% s F T 1 57 ASD i Bl s W A Y
Zhao % HE 2019 4F SR I AE 43 1 25 5% 8% 09 177 A8 B R0 AN rs-TMIRT 250 i o i B o 2 i SR A4 ol it 1 1K
i B FC 5 Qiang %542 H T 45 4728 40 1 4 B 2 1 AR S0t I 46 A0 T H AR Y, i ol 2Bl T TR TR h B £
Bl & 5% ( Attention deficit hyperactivity disorder, ADHD) MR KB FC. {H2& LR TR w0 % EERE
A A AR AR A b S AT, X T 4 ASD 3 — 335 28 I A5 10 11 PG 8 A R AE DA T A4 JSORS A 0 il FC L
AR RE . Yan 21 AR 2021 4F 2238 6l ] 4% 1F 2 B X 4T 9 4% (Conditional generative adversarial net-
works, CGANs) 51 APk R A 3% Fl A 35 b5 28 5 i R 48 Ar 5 Bk 51 2 A UASD B E W FCL 5 I 1E —
GERRRE B T AR FC A ASD RYARCHE (H BT T 3 il A8 ok 51 Az UL AY R 1 28 i A
AR 2 ASD X — i R W i 1Y 3% 22 I R $8 bR 9 BE ), S 304 iU FC AR S840 & ASD B¢ 5 M A5 B o

BEXT B3R ASD i it AR AL FC AR BUBIE 5T A7 75 14 18] 80 R0 Pk R, A SCHE T I R 6 A 5 5 1 9K
W7 3 A= B XF P B 4% 455 R (Clinical - indicator - aware Wasserstein generative adversarial network, CI-
WGAN) T ASD AL K FC A . BB 2 1 (9 ASD Il K48 45 19 51 UL 76 A= iU iy S
ASD 52 PE 5 B A RAE FC LIRSS & WGANTHRL AR 1 S RII ZRid #2 5 B 9 5 . £ F ABIDE 1
ONTFEHE AR 1 199 45 ASD Rl 435 45 TD AN FC H0dl 1) S50 45 SR W1, 307 52 B R AR & A B LA 17
{0 FC AR e A P, HLBE 5T 47 i Sz Bt ASD 8835 (9 AR F I R 36 A4 5 M o KA ABIDE 11 7E i S
PR RS B 0 S I 25 AR B AR B iz At . ARESE D e IR ASD Ui AR BR8N
S e B R AR A FC M A g it 7 H R 2% O ASD 1y R 2 W A vEAIB T 8R4 T ) S
1 77 &
1.1 REHRIEKRERTA

AR SCHE T A SRR R MU Bl S AR S TR 8 2 — 9 ABIDE [ B4l £ i# 1715 . ABIDE [ 3%
FLA5 K H 17T AHUE 1 112 AR REAS, B A A A0 455 45 48 7% L 4R 10 f& (Structural magnetic resonance
imaging, sMRI) .rs-IMRI I PR A8 b7 804G o 78 5 B FL A PG 5T 1 1] 8RTI R 36 AR B2k i MR 2 )5 L B
JEi SR FH 634 45 BOK Y rs-IMRT AN PR AE b5 208 , H b @45 199 46 ASD 1435 45 TD AN ff 22 IR 3R
1 1940 B RS 1Y rs- MRS | D 30 5040 21 757 32 A0 © A R 50 19— 0Pk o 12 9004k P o 9504k B 3% 42 20 1 H
(Preprocessed connectomes project, PCP) 4 4k ) HI - % 45 21 43 #7 (1 7] e # 45 18 (Configurable pipeline
for the analysis of connectomes, CPAC) 75 % 5¢ i, F B0 PR 2L 3k ()2 BCIE K3 i IE 2 )= F
BEY 8 B U — Ak M 5 AU R S B 3 (0.01~0.1 Hz) o WAL 35 A9 rs-fMRT 4 it 7 51 MNT152 #
s 1] o

ASCEEET ABIDE 11 HEAT TR EZ AL MRS IE . ABIDE 1ALk [ 19D HLIA A 1 114 AR
A A FEA AL FE SMRI rs-IMRI G RA8 b5 8080 o 76 50 B H A PG5 S [) B30I DR 98 B Bk 2K 19 A 1k
ZJa  HeJa R T 218 44 B B9 rs - IMRT Al R 45 b5 Zdis , Hrh 045 75 4 ASD Ml 143 4 TD K .
ABIDE [l 5 ABIDE [ Ayl ib ¥ i 2 — 2.

A SC A FH A I PR 8 AR A 10 300, e rb 330058 5 IR U 1 3R B 4 2L (Wechsler intelligence scale
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intelligence quotient score) , £ §i§ 2. %8 7 (Full intelligence quotient, FIQ) . 5 i % 7 ( Verbal intelligence
quotient, VIQ) Fl#:/E % ¥ (Performance intelligence quotient, PIQ) ;3 3 > It iE 12 Wr WL £< 42 3¢ 0 5%
(Autism diagnostic observation schedule, ADOS) , 4§ &7 (ADOS-TOTAL) .28 i WAl 47 F (ADOS-
COMM) K 4152 73 ¥ (ADOS-SOCIAL) 5 4 Wi 2y 1 FIAE 12 W7 U5 R 5 348 7T M43 %0 (Autism diagnostic in-
terview-revised, ADI-R) , 14§ #1328 & 5h 53 %4 (Reciprocal social interaction subscore (A) total for ADI-R,
ADI-R-SOCIAL-TOTAL-A) .3 it 5 % 43 % ( Abnormality in communication subscore (B) total for ADI-
R, ADI'R-VERBAL-TOTAL-BV) .# & ZI #1754 73 ¥ (Restricted , repetitive, and stereotyped patterns
of behavior subscore (C) total for ADI-R, ADI-R-RRB-TOTAL-C) F1 36 H {5 % %& & 7 %t ( Abnormali-
ty of development evident at or before 36 months subscore (D) total for ADI-R, ADI-R-ONSET-TOTAL-
D). Hrr ADOS i i B # W88 3 1947 A7 374l 1 ADI-R 38 i 5 8 0 3 54K a3 B2 i & 3
MUTRIEATIPAL o TDMETC ADI-R 7380 2 1 M BUREAS (4G 30 G i FO 25 2R s , R 43 i IR i
FRIEASD I TDHZ I BA B E 257 . WA, ASD AR T 2 K F TDA , £ T ASDIEN
T AR B A, LI R 98 bn A S A 0 AR S BT

®1 IlGKRIERFEIT R

Table 1 Comparison of clinical indicator statistics

I R FAF 5 A ASD TD P

FIQ 107.663+15.332 110.834+12.587 0.011
PIQ 106.397+15.512 111.372+13.224 0.000™"
ViQ 107.643+15.646 108.067+13.393 0.741
ADOS-TOTAL 11.60843.776 1.018+0.371 0.000"™"
ADOS-COMM 3.693+1.491 0.03940.226 0.000"
ADOS-SOCIAL 7.9154+2.717 0.0534+0.318 0.000™"
ADI-R-SOCIAL-TOTAL-A 19.864+5.139 — —
ADI'R-VERBAL-TOTAL BV 15.884+4.360 — —
ADI-R-RRB-TOTAL-C 6.131+2.503 — —
ADI'-R-ONSET-TOTAL-D 3.231+1.298 — —
R E R I = 25 BUREAR e/ 56 - " TR p <C 0.05; "R p < 0.01 5" F IR p << 0.001,
1.2 BFCMEHE X
e -~ Yy — I &) L
i FC M 25 Fy @3 FR i 1 it o 15 Jeff 1 B X T e £ 5 4R
|
#9353 sh 4312 (Anatomical automat- :
. . X A L |
ic labeling, AAL) B3 55 A A 1A 18 G o ]
143 9 116 AN I X 20, e rfr A0 45 90 A Jg 2 1X )
. L (21 N N o X BhEE 5
16 A4S /0N i DX 3k s LR R AR A A X ¥
X,

i

14 JIF A 1A 28 199 - 35 vs- IMIR AR 55V A 120 X 114
NRELS T s e TH AT RPN X I REAS = 1Y

Bz R it A6 % Z %4 (Pearson correlation coeffi-

BT
cient, PCC) 15 2| i X Z [i] 1 ) Rt % 2 58 £ 1 0 I 4 g e o

{H. PCCHFHEARXN

Fig.1 Construction of brain FC network
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Dila,—x)y,—y)

D=5y, =57

K je{l, 2, -, 116 s, FoR 5 G X W DIREAE 5 ;7 2R 50 ¢ X D RE A5 5 76 0[] 48 B2 1 1% 3%
18 5y, 2R 55 A DX R DI RB A 5 5 3 s 85 N Il X D) RBAR 5 7 I ) 4E B2 b i ¥0MH . e 43R5 8 4>
AREFC M2 X, i B A~ J0 2 X (4, 5 ) REREE Ik X5 565 A i DX 22 [ 7 o i 3 11
1.3 ETHEEIIRNXEZIE £ X MNE

A R W 4% ( Generative adversarial network, GAN) 1 Goodfellow 2575 2014 4F 32 1%, @4 1
AR A AT LA HN A% o 2B AR I 2 ) B ST AR I B 40 AT ke A A AU I SR AR AR ) R LR AR T
T #5 BVE R R 0 A 0 R R AR S A5 A Ao 2B GRS R S s R A 2 () 3 A ) P RN WAL AL e
H bR 2 b 2B s AR R 00 25 0 5 S A R B BOREAS . BF SR B A GAN [ SE il bk — 2D 32 T 2 A il
X4t 9 4 (Conditional GAN, CGAN)™ . %07 8 78 I AT GAN Y JLAE 138 hn T BHR B bR 215 Bk 51 %
P A R ) 28 U 0 A B B UL A TN A R A Y A AR S L PR TR AR A

P GAN AR 94 % , CGAN 15 G AN 128 oL i 1 45 5 35 A0 B8 905 2k S F R ) A b Ah A
RHE R, CGAN 5 GANffi ] IS (Jensen-Shannon ) Hit B e 46 5 95 4> 43 A5 1 22 S I6F 456 80 2 BE 6% 2 i
32 KR T 88 ORI ™ . O T Aok i ) B BF 5 4 4R 1 T 9 HLEE 85 (Earth mover, EM) %
AR TS HIRE Y IR B AT A RN 4 I 4% (Wasserstein GAN, WGAN) ™, %07 i R AL H: T GAN I
CGAN B BE W % 0 ) 8, 148 30 2 6 IS B0 B e EM R & i e T RER i il i, b T — 2 i iR
WGAN i A % A i 38 57 5 w7 Be - 2508 AL IS SR XE Y Jmy R, BIF 90 38 0 S s 7 0 6 3 A 51 A
WGAN(WGAN with gradient penalty, WGAN-GP)""" %75 vk i o %o 46 8 47 1F W0 486 571 i 4 QB 4
F AT, DT A D W SR XE B TR 8, WG AN-GP 1 B b sR 20CH

1)} (2)
2

X=eX+(1—¢)X e~Uniform[0,1], X~Py,., X~P, (3)

2 AN B AT R B X O BT IR 5 X R R TR 5 X 7 B SRR A AR Py, 1A OB 0 1 P2
JE1) 38 3o 208 4 1 B ML R R A5 81 1) 500 5 B 28 X 2B GBSO | L S B R R BBl ) 0 2 i o ) OF- 35 4
. CACEREH, WGAN-GP I F WGAN, I H 6848 7 /> & I 58 88 S 50 15 DL Fa I 4R 45 Ff GAN
Lyt
1.4 IGKRIEHRSI SHXRBHTIE £ BTN EER

AR LA A R F8 B 5 |5 4 TR SBE T AR I 45 AR (CT-W G AND) S5 49 W 2 i/ o 452780 4 4y
N 3A EETR Sy AR Az AR AR o AR AL i 2 S R S AR R 2 A AR AL, T G i AR
B A 3 R B I R HE AR BN S 5 M e ) R B C R R RN — B G A 1) R g A R 5 R 2 Y
BB O ASD AR EE | it Dy 5 7S ) R 5 F C R FE R/ — B A 1) SR AR B . TR
- G A A A ) 2 R MR ) G D 1 e A ) e A ZE B D A B R T 4 A 1) R
A MG FA MM FCo SR5 5T DL LB A3 b i 45 8 8 2058 FC 4B 6 M i A [ RN 2B B
(9 F C B0 A H 5025 5 0 A5 B 9P 28 B FC 2 8 A U T 43 -

K ABIDE B0 4260 5 /N R FC L ASD B 28 FIG FR 48 AR B0HE o b 57 775 AT . B B A5 0 301 0 2
EXMEFC HXER, Hhr=116, ASD#52 H y€{0, 1}, Ifi K48 #r 548 N v € R, Hihe ik LAY
I A 36 b H5 4% A %50, Bt AL AR 7 1 ek ) 5 3838 2~ A(0, 1), Hirp A0, T) 27 M [ e () 1 30 38 2 A

X(i,j)= (1)

mingmax, V (D, G) =By, [D(X)]—E, . [D(X)]- AEXNPX[(‘} V,D(X)
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%
— A\ -
2
T
—_T — EE} —
Label #
FI
V18 i
PIQ | U] A —
ADOS-TOTAL =
ADOS-COMM
ADOS-soclaL [ 0 (Y -> Hplgs — B2/

:
BES
'

______

2 A SCHR A TR BT 3R A O T N 2% (CT-W GAN) R AR 7
Fig.2 Diagram of the proposed CI-WGAN model

BRUETE S A3 RS 8 . BURUIZR H AR 2 ) — AT RARR N fi 2, y, o> XHOBST, BLOR hy fA—
A ASD AR 2B I AR A R A AL IR P 5 BT AR i FC 22 8] 9 52 2R AR 2 M S o A0 A 1 St A i 2
AR, AR ASD AR 28 y Rl R85 0 51 5 A FC, HBARAY H AR & 80O

2
mingmax, V (D, G)=Ey » v D(Xly.v)]— EXNP“[D<XIy, v)}— AEH,}X[( VD (Xly.v) HZ — 1) }

(4)
X=eX+(1—¢)X e~Uniform[0, 1], X~Py,,, X~P, (5)
A A KB A ST R X AE LSRR A3 AT Py R A TR A0 A P 22 1) 378 3o 2 P 476 (0 B AL SR R 75 3
) £ 4 -
Y2t B A WGAN-GP Il 2507 U2, BARA0 an 3k 1 i .
ik AR A CIWGAN BRI 25 vk
CI'WGANS 2 A Z8: 2= 10, nye=5, «=0.0001, g, =0, 3,=0.9
I« BREEARST I A, AR AR B AR 35 A 0 25 35 AR 1 i LB e, AR S @, 51, B
WAL« W hR AL 0 5 38 S5 w,, WIR L AE A S %000,
(1) while KW EL do
(2) fort=1, 2, +=+, n.y. do

(3) fori=1, 2, ---, mdo

(4) IR X P X ) FRE R y. 6 KA S o, 7580 B 2~ A7 (0, 1), BEHLE e~ U [0, 1]
(5) X<G,lzly,v)

(6) X«eX—Q—(l—e)X

(7) L9« D (Xly,v) — D, (Xly,0) + xm VDX o)

]
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(8) end for

1 _
(9) w<Adam(V,— > L', w,a, B, B)
m ;

=1
(10) end for
(11) I IE 250 A5 SRR AW R i { 2 ) ~p (=)

1 m )
(12) < Adam(V,— > = D, (G, (2ly, v)ly,v)), b, a, 1, B:)
m =

(13) end while

TR Y 1 A= A R 1 1 X T R 2 0 45 2R ARG b AR S HY — R 9 S s B B 2 A, H )
i — RGBSR L, A s h A RGBS S 1 G RZE T — B2 LA B
Fo RGNS BB A S 1B UZE (145613 — 16 )2 (Instance normalization) Fl 14~ T
B SEIH TR AR AR B BB A S BE AT X R E H e B R S A A F
B DT A TV AR IR 25 . A SR IH —{k 5 7 08 fiE 6%k e 4tk )9 — b (Batch normalization) H1 B T
U RE A 1278 A T B H — AR AN AR T, AT 396 5 0 1) i ) R P o 3 e X R SRR A I A S AR
HLAE 23 () 4 FE B 00 (8 R 5 22, P00 A7 b ME AL R 45 T A5 B4, S0 08 — AR i O T A R A 1 AR AR 7E
H— A5 BABME R 007 2250 1IARHEIE S 04 o AL i B 09 08 2 50080 B - A Al 5 1001 48 1
2 2] X Ry Te— 4, YN R JE 1y 100, YN 2t b 3 65 R 8 Stk I — AL AN U] DA 55 )23 09 i A 43 A7 B Jin £
TE I BE A WSRO BE T O RNRS B AR VE A I A, TR B FEUS — fh (il TR — R B RE AR T AR A B AT
PETHRBEAIRZACRE 7 o AR AR ] BT S R gy Sl ik 2 R 3 TR .

F2 EHHBRBEEMSHY x3 HH[RBVEMSH
Table 2 Architecture parameters of the generator Table 3 Architecture parameters of the discrimi-
model nator model
FAE I ] HFAE I \
&2 AR EI=E 2 E- IS # 2
KN FKN

RAFTAR S 1 33 IX3HMML, KL, A0 HBRE1 58X58  AxX4HBHE, K2, Hal
R H 2 T}XT7T  SX5HBBE, K2, HAE1  HBEMH 1 20x29 4B, BK2, Rl
REBBY 3 14xX14  AxX4BBEZ, BK2, #im]l  BEER2  14x14 OABER, HK2, Hixl
RAGBBREH4 29429 SX5HEBE, BK2, Hixl HBRERS 7X7 I}X4 B, K2, HA L
RAGBURIES  58X58  4x4HBB, BK2, #ixwl HBREE4 3x3 I}X4 B, K2, Ha 1
REMZ1 116X116 4x4#%, HK2, HFE1 LRUZ 2 X1 IX3HEMMZ, K1, HAO

1.5 FFEMERR

R AR 15 Wt b (Peak signal-to-noise ratio, PSNR) (%44 #H {21 & ( Structural similarity, SSIM) 1
#1463 1% %2 (Mean absolute error, MAE) i ¥4 4 47 o 5 B A% 0 A o FC Y BB R Y 6 45 5
DAFEBF I — 807 3k 330U4 b 02 56 T HT AT 634 4 FCAEATHEL, H bt PSNR (L dB Oy #L4 ) 3 T 1 3¢
B R R R A Z AR 22 R 8] A

1Y :
MSE = 2| X (i) — X (i) (6)
Nifl
n o 2
PSNR = 101g -1y (7)

MSE
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Apie{1,2, -+, 634 ) W FCRG X () FRE i NEHIFC; X (1) Rame i MER FC; N =634 R #E
AHH

SSIM 3l 2o b 45 P 7K DR (0 5 B, XoF L B R 235 4 of 40 07 19 el R 2 A5 AL, TE B X

<2/1X,L¢X+ cl)<20XaX+ cz)

(st st o) okt o+ co)
sy M 530 TR B FCMAE L FC BB s 04 Al o g 4390 R B I FC MA R FC M E 5 22 50, =
(ko L) ey = (hy L)y 2 4 5 1 3 B, L R 1R 3 0 0 B 2SS P L A SCHP iy L =7,y BRI 4 0,01, &,
BRIAE N 0.03,

MAE 75 B3 & 5 578 R i 4 0 {8 22 2 0, B0 B 45 A =0k

1 R
MAE:;;‘X[—X].] (9)

SSIM = (8)

Ao TR BEAR KR X, R B FC; X, TR A FC.

7155 PSNR .SSIM 5 MAE 43 4& DA N B A0 B - 5 56 I IE S 20 A v BEAIL Al B 634 AWt 7 ] i, AR S
B M T [ PR bR 2 S I PR AR AR AR A AR R 6344 FC LI T 634 M I FC 5 634 N EH L FC i
7 PSNR.SSIM 5 MAE 8 b5 & & 46 P2 B9 A RURE o oy 40 A 09 W8 P 1] o EL AT B AL , DR X 1 34 aok
FEIEAT 10 YR 7 B 52 S50 LA O 552 36 45 R 1 ] Sk AR e

B AL, Al FH 2 AE A 8L E 43 #r (Representational similarity analysis, RSA) A ff & A [a] 45 5 A= i ASD
AR FC P ASD B S VE (5 BRI 22 570 0 BRI UG, s 2 K B8 0 AR 119 199 44 ASD MA Y FC
SR EGAEFR AR AT RSA ST HARE AN « 1 e 28 F I B 2 1 H 3 ASD AR FC 22 [8] (9 7R AH AL
FiBE Dpe € R SFRAR N

Dpc(z',j)—/j<FCi(k)FCj(/e)>2 (10)

N k=1
XA FC,(£) 5 FC,(£) 43 RN i FUEE j AN FC Z 18 (055 A T RE 2 12 50 B4 FC % 2 10 B i,
n=116 X 116,i,j€{1,2,+--, 199},
SR I HE TR BE B 5 I PR 30 TE S bR ASD A4 22 18] (9 AS A LB 46 [ D, € R™ M SFRA RN
Dy (i, j)=]cli,— clij] (11)
el 5 cliy R R 2 i A 558 A ASD MR R IR PRI TEFE bR L7 e {1, 2, -+, 199 ),
)5 % Dy 5D 8 Kendall 25 4% #H X &2 80 (Kendall’s Tau coefficient)t¢, Bl RSA { ., RSA 14z
AR, R FC A& 2 ASD Fe A5 B F AN
o= P—Q (12)
J(P+HQ+T)P+Q+U)
KPR Dee 5D, P P ECR AP BRI L o, <o My, <<y, B0 2, > oy, >y B
XEANE; Q R T X i, JC P X B AR E D T 2, <o), TAE Dy Tl R v, >y, A 7E D, il 2
2, <y, MAE D TR v, <<y, VB XS A 5 TR De T 5510 LR 38 2, = 2, BRI A 8 U R
D R IEFE SRR 8 Ly, = v, BB X
RSA MM B9 X 2 A2 B FCL 3 (10) ¥ i1 FC = X, fly Bt ML At RF fry W 7 1) k20 A SR A8 2 B, LA —
BE ALY, DRI U 43 AT 1) 45 S LA AN s M . R A AR 2 SR AT SR L R SCHEAT T 100 IR RSA 43 B K 3k
81001 RSAfH .
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2 TIGHER

2.1 AEIEKERSISTEREERIR

N T B A R A8 bR AL A R 5 AR R AR B FC LB 3280 R 16 A8 (ADOS | 1Q il ADI-R) #E 47
i [ 20 A VIS SR [ 5 | S AL o 5 1 A 1 A7 U1 L 4% )5 4 3 9 PSNR AT SSIM 8 5 3 ¥4 R[]
S HLE T B A R FC A, SER A RN FR AR . R AT LIE 1, ADOSLIQII IR 6 A 41 A 51
SRR A B Y FC 7E PSNR(19.037) Fl SSIM (0.236) P4 48 1 24 BUE T fe L 45 1, H.45 R e e
(5224350 0.002 F10) o Ryt — A K UE ADOSIQ I R IE br 44 B9 fe et L 8 ADOSE.IQ I R A8 B 21
A B 45 S AL ABIE R TG AR gL & 10 25 R AT BUREAS (A 56, a3k 4 FTR  p (¥ B3 . ADOSRIQ I KT8 #5
AT ADOS IQ F1 ADI-R = 21 & By W A8 5 H Al G2 th T ADOS 43 B2 i %l i IR B2 AR 78 X 91
A B8 HEAT R IAAT VAN S AR B I ADI-R 43802 % IR S8 2 W N BEAT VTR G AR B . R
ADI-R /8BRS T ME B2 Wi 5 B (0 L EC0E mT R el 1 W4 L lb R A BRI A7 78 T8 15
iy S Bl I A A6 11 PR R A [R) R, ADT-R J3 78 A5 AL I ok A v vl BB 23 5 | A B e P AN — B0k
A1 TN, F5e 2 5 ) A i 5 SR

R4 TRGKRSEEFREER

Table 4 Results of different clinical indicator selection experiments

PSNR 4 SSIM 4 MAE ¥
) fi ft ft
I 2 40 ‘ ? P b
YE+ 5 2% (5 ADOS&. Yl £+ 77 2% (5 ADOS&. Y+ 07 2% (5 ADOS&.
1IQ %) 1Q D) 1Q D)
ADOS 18.852+0.023 1.35le—15""  0.21840.002  2.666e—17"" 0.1824+0.000  6.30le—17""
IQ 18.694+£0.003  1.099e—34""  0.0214+0.000 7.067e—36"" 0.186+6.620 1.938e—35""
ADI-R 18.824+£0.029 7.649e—15""  0.23040.001  1.484e—08""  0.18640.000  9.688e—16""
ADOS &
18.6934-0.014  3.748e—24 0.234+£0.001  1.752e—05 0.1860.000  9.097e—16
ADIR
ADI-R &1Q  17.865+0.001 1.743e—44™  0.210+£0.000  2.951e—35""  0.21049.029  2.622¢—45"
ADOSEIQ.
ADIR 18.3294-0.004  1.389e—38 0.208£0.000  1.094e—35 0.196£9.029  8.204e—40
ADOS&IQ  19.037+0.002 — 0.23640.000 — 0.17840.000
T RUREAR (A B0 27 R p << 0,001 A 7375 8 o 418 B 9 2B 75, 2 Pl A 700 A 0 PR 4% Btk A e 5 v 7 2 705 X oz 5 4 Y

BOBRALT , A= IR A 1 P AR i i

2.2 S5EAEMERNRIL
N T B E CT-WGAN TE Az il i Bt FC b (4 Bt | B 7 5] 4 E080e I 25 53 A0 34> FH ) A s 2

PR . I T AT, 2 5 B 4 A RS D 1) I 265 5 1 3259 35k F 45 LR 26 I 2% 1EA T8 11, FLYIZR 8
SHRFF— . T ANEERE L FC 5 B S FC Z A9 PSNR A SSIM 1 i 15 A5 >f il 2 245 5 FC 1 5T
Ho X AANEI SR (1) CI-WGAN, A SCH iR, 5L T I R $8 b5 5 1 = LT 5 (2) WGAN-GP, JE
I PR 46 A5 5 1S MLl A T 358 0 30 A ek e I 46, O I FH T B B AE ST I 2R AR 5 (3) WGAN L G iR 5 7 i
Az AT P2 5 (4) GAN, BEfili A BT N 26 o AS [RS8 A jl F C Jo a5 45 SR 5 A8 [R) R AR LU A 1) 4 1A 6
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GERME SR o S5 RIR AR SCE Y C-WGAN fLA8I7E PSNR .SSIM 5 MAE i 3P4 45 45 1 #§
BoAs 7RSS R B A R R W] TSR AR I PR AR AR 51 A R SR S 4H A BN T 19 4 A5 B A A= R
FC LBt .

K5 ANFESCHEAENFCERRELE

Table 5 FC generation quality comparison of the proposed method with the existing methods

PSNR 4 SSIM 4 MAE v

Dk p1E pIE p1H
WL (5CIEWGAN ¥tz (5CI-WGAN ML (5 CI-WGAN

H ) H ) FLAR)
GAN 18.215+0.011  2.473e—56""  0.192+0.000 5.590e—34""  0.196-0.000 7.545e—28""
WGAN 18.451+0.047  1.890e—18""  0.195+0.002 1.479e—22"" 0.191+0.001 2.243e—18"
WGAN-GP  18.5554-0.032  5.242e—20"" 0.211+0.001 3.737e—21"" 0.189+0.001 5.791e—20""

CIF-WGAN  19.03720.002 — 0.23640.000 — 0.1784-0.000 —

T BUREAR o4 46
BB , A= R A= 1l P14 T i i

2.3 HEhICIS
T B R I R3S AR 51 S AL RS A

R FIR p << 0.001,¢

STy ERML, 20 5 BR CI-WGAN B Il PRI #1515 L H A1 2546 2 1

58 (1) CWGAN-GP, K5 A G R b5 51 S HLE , 5 FH B B A
H T RIE BT SR A {H A il FH o i

Zﬁﬁ“ﬁgﬁzn%ﬁﬂ%‘? 6T~ . 4

VI R
7R W R AR R 51 5 BIL i A B2 A

AR IR A B A BB A AR R A e R T e

5 T SR W O AR TR A i FC B A ek E RO L 3

v TR HE AR Y

HEAT T3 fil

ESTAL] o T Rl 58 7 A A5 AR
EFTYIN 25 0E ; (2) CWGAN-ICE, fiff
AN RN AR B FC Tt 45 S A [) A R LE 5 17
1) R S X8 X A TR A i FC Y T A B

B2 R B HERCR i — B AE T CT-W GAN (9 A 37 P A s
R6 AXLFHERHMIKEER
Table 6 Ablation experimental results of the proposed method
PSNR 4 SSIM 4 MAE y
A A Y pla pla pla
WE+Ir2  (5CTWGAN  HfE+772% (5 CTWGAN  #fH+77% (5 CIWGAN
) &) )
CWGAN-ICF  16.336£0.001 1.002e—55""  0.15940.000 1.268e—14"  0.266£0.000  2.150e—57"
CWGAN-GP  18.9194+0.031 1.078¢—9"" 0.22540.001  4.35le—46™"  0.181+0.001  6.178e—12""
CI-WGAN 19.037£0.002 — 0.2364-0.000 — 0.178+0.000 —
TR URE AR (R o F27R p <7 0.001. A 7 3R X L s 119 B3O R, 2 RS 2 A o PR R ik 5 ¥ " 37 S Bz 4 Bk 11

BB, Az A Az i P 4 e de i

2.4 RS
FE— K CI-WGAN Bz AL PE i ABIDE 1L 7 2y 20t ~7 0 358 £ X A6 780 3k A7 30 1F o 5256 o) 2

H%Z %5 ABIDE | —20, 28R MK TR, WRTATLIEH,
FCA X PSR G ] T A 4 5 R P A A

CI-WGANE B FC i B Ei T
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Table 7 FC generation quality comparison of the proposed method with the existing methods on ABDIE I
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dataset
PSNR 4 SSIM 4 MAE v

ik PE P1E Pp1E
¥+ %E  (5CIFWGAN ¥fE+7r%  (5CIFWGAN  ¥fE+J)% (5 CIWGAN

) H ) FLA)
GAN 14.80340.034  7.412¢—25""  0.23340.001 3.446c—26™" 0.144+0.001 2.621e—24™
WGAN 15.29840.083  1.459¢—12""  0.2424-0.003 1.589%¢—15"" 0.13540.001 1.033¢— 10"
WGAN-GP  15.0364-0.022  3.313¢—26"" 0.2354-0.001 1.064e—27" 0.13940.000 5.791e—20""

CI-WGAN

15.770£0.002 0.2644-0.000

0.12840.000

TR SUREAS (R 38 : “x” FOR p < 0.001 6% A 03 X6 Iy 48 e A9 J50 L A 57, 2 B A T8 A ol P A0 ot A 5 v 7 3878 % LR A 119
BB, A= JIORE R A 1 P AR it A

2.5 HER

FC HJ ASD 45 B 114

N EE CI-WGAN A i FC AL & B £ ASD # R (5 8 8 T AR FC 50~ 19 R 1E R

B A5 S I R 48 bR (ADI-R) I RSA{A o o 1 3k G bt T It PR 48 F5 22 8] 19 4 OG 1 385 1 RS A 4341 85
I it 5 1 IR) A0, 1 SE AT 10 TG PR AR AR =2 8] 1 B2 IR AR OC R B (PCC) 45 R P 3R o S5 AL R
TEAH A C-WGAN B AL 4 4~ ADI-R 4380 H , ADI-R-SOCIAL-TOTAL-A il ADI-R-ONSET-TO-
TAL-D 5l REE B 51 FHLH H 1Q 20 O ADOS 20 B MG 505 (IR[=>0.1) o g 1 bk S i it 5 L A
WY S MR AS 23 A AU ADT-R-VERBAL-TOTAL-BV il ADI-RRB-TOTAL-C 3% P >l 57 Ifs J

PCC

FIQ =0:087  -0.026 =011 ~0.062! 70.075  =0.097 025
VIQ E(IK%] =014 -0.082 #=0:15" -0.012 —-0.036 -0.06 E=02
PIQ BRI -0.097 -0.092 -0.093 -0.16
ADOS-TOTAL | -0.025 0.12 0.06 —0.034 -0.007 2
ADOS-COMM [-0.026 -0.082 -0.022 0.1 0.028 -0.02 0.024
ADOS-SOCIAL | 0.11 -0.15 -0.046 -0.036 -0.023
ADI-R-SOCIAL-TOTAL-A -0.062 -0.012 -0.097 0.1
ADI R-VERBALTOTAL-BV -0.075 -0.036 -0.092 0.06 0.028 0.069
ADI-RRB-TOTAL-C -0.097 -0.06 -0.093 -0.034 -0.02 -0.036
ADI-R-ONSET-TOTAL-D| -022 -0.21 -0.16 —0.0072 0.024 -0.023 k i
o o o < > &) [a]
g g g 2 g =2 I B 3 Z
5 &2 % 2 41 F ¢
5 2 2 & £ g8 8
Q Q 4 B = ; g
= 2 8 2 37 E 4
s & 3 ¢
& > %
i
3 Il R bR AH AT

Fig.3 Heatmap of clinical indicator correlation

1.00

1 0.50

1 0.00

1-0.25

-0.50

-0.75

-1.00



824 R E B L Journal of Data Acquisition and Processing Vol. 39, No. 4, 2024

EFE bR oSS H O BUR PG Z R H B S AR E S S S R, A 2R AT N A BRI
A 5Z R F FEAT g 2% ) 5 T ) AP AN 2 A M R

AT HE CI-WGAN 2B B9 FC AR & A8 AR s FC AL BB 209 ASD MR FE S M5 B, 38 X
e S5 56 11T Rl S 56 v A T A B BROR R AT X BB UE o RSA 4087 J7 2% 40 il 11550 B T A AR R AR AR
FC 5 W4k ~7 I PR 36 345 A5 19 RSA (E FI3E T CI-WGAN A i 19 FC 55 5 A4S0 57 16 FR 3631 45 #7 19 RSA
fH. SRJ5H CEWGAN 15 2] 1 RSA H 43 51 5 4 AR (1) RSA A SE17 BURE A ¢ R 56, 16 560 245 SR fn 3 8 i
e SR ER,ET CIWGAN Z: i FC 3145 19 RSA {8 8 13 5 5 &, X 3i B C-WGAN B 1 FC AH
A H A A A AL B 21 ASD RS MR S, T DUE 53 MRS ASD 1935 R RRAE .

®8 RUEMLMESITER

Table 8 Representational similarity analysis results

ASD HE S PEITAL 25 H A TE ZIWRAT R 434K
CI-WGAN-CWGAN-GP (pff) 4.90le—16™" 1.971e—29™
CI-WGAN-CWGAN-ICF (p 1) 7.508e— 184" 6.798e— 75"

CI-WGAN-WGAN-GP (pff) 2.972e—12" 1.874e—30""
CI-WGAN-WGAN (pfi) 7.822e—12"" 6.717e—29™"
CI-WGAN-GAN (pff) 4.124e—23" 5.618¢—63"
B (GG« " IR p << 0.001,
3 HERIE

R fif A% 495 A OB R TE A UME R OT L & ASD RE SR VRS B MR FC EAETE R R BR M, 32 10 T~k
Al R 46 A7 51 S 09 1R 5 i 30 A i 50 28 B L (CT-WGAN) o % BT 3 kB A G R FE bR 51 S HLH, B
e AT 22 5] ASD 3% R IR AE B i FCo B8, 0 Tk B I K48 br 5 | B RL I 25, £ FH A
[l R A8 bR 4 A T8 A R FC, S 25 1 Bon , 2 F ADOSRIQ A A 51 7 A4 i i) FC it i i 3%
TFHAHE., REHET ADOSLIQAH AT S, # A C-WGAN A ZE ABIDE T #0645 L3l 718
T HA A B Y FC 2B iRk 3, PSNR 15 5] 19.037,SSIM 35 5] 0.236 , MAE 35 3] 0.178. 53 #1114 Fi 52 3
g5 U SE T RAE B 5 | ALK A8 0 i ML 43 PSNR (SSIM FII MAE 4 5IE T T 1% 4% F12% .

CI-WGANYE ABIDE Il ¥4 4 I i 28 BURCR R AR O T FoAth 28 sURE Y , PSNR ik 2] 15.770, SSIM i
] 0.264, MAE 15 8 0.128, Ui B T A SCHIRL (132 Atk 5 S #e bk . BT F — 25 36 T RSA /- Hr i &5 R R,
M FAEG A i TR B Y FC, CT-WGAN A4 1Y FC 5 ASD i 37 I BRI IE 48 b BA B i A e v . 1%
ZE U] C-WGAN AT LA B & 2 ASD R HAE BB FC, &5 Lk M T B3A Hfh ik, CI-
WGAN BRI AT 7 A i 8 5 i ASD AR AL FC 3845 540 19 R0, S B0 B BE ASD B4l 45 R A iR A2 A
o b AN 1 T DR B AL T A A i e EUR | E— 25 Ry T RREAR 1 ASD Hl Bh 2 Wi T SR AL T I EER
XS

S E Xk

[1] LANDA R J. Diagnosis of autism spectrum disorders in the first 3 years of life[J]. Nature Clinical Practice Neurology, 2008,
4(3): 138-147.

[2] GABBAY-DIZDAR N, ILAN M, MEIRI G, et al. Early diagnosis of autism in the community is associated with marked
improvement in social symptoms within 1—2 years[J]. Autism, 2022, 26(6): 1353-1363.

[3] GUTHRIE W, SWINEFORD L B, NOTTKE C, et al. Early diagnosis of autism spectrum disorder: Stability and change in
clinical diagnosis and symptom presentation[J]. Journal of Child Psychology and Psychiatry, 2013, 54(5): 582-590.



B F . CIWGAN: kA s R 3847 42 WGAN 89 I8 Ik 52 AN R AL i 25 48 35 33 W) & 4 %, 825

[10]

(11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

BISWAL B, ZERRIN YETKIN F, HAUGHTON V M, et al. Functional connectivity in the motor cortex of resting human
brain using echo-planar MRI[J]. Magnetic Resonance in Medicine, 1995, 34(4): 537-541.

DI MARTINO A, KELLY C, GRZADZINSKI R, et al. Aberrant striatal functional connectivity in children with autism[J].
Biological Psychiatry, 2011, 69(9): 847-856.

GLEREAN E, PAN R K, SALMI J, et al. Reorganization of functionally connected brain subnetworks in high-functioning
autism[J]. Human Brain Mapping, 2016, 37(3): 1066-1079.

MONK C S, PELTIER S J, WIGGINS J L, et al. Abnormalities of intrinsic functional connectivity in autism spectrum
disorders[J]. Neurolmage, 2009, 47(2): 764-772.

CHEN Y, YAN J, JIANG M, et al. Adversarial learning based node-edge graph attention networks for autism spectrum
disorder identification[J]. IEEE Transactions on Neural Networks and Learning Systems, 2022, 35(6): 7275-7286.

LIU Y, XU L, LIJ, et al. Attentional connectivity-based prediction of autism using heterogeneous rs-IMRI data from CC200
atlas[J]. Experimental Neurobiology, 2020, 29(1): 27-37.

KAZI A, SHEKARFOROUSH S, ARVIND KRISHNA S, et al. InceptionGCN: Receptive field aware graph convolutional
network for disease prediction[C]//Proceedings of the 26th International Conference on Information Processing in Medical
Imaging (IPMI 2019). Hong Kong, China: Springer, 2019: 73-85.

YAN J, CHEN Y, XIAO Z, et al. Modeling spatio-temporal patterns of holistic functional brain networks via multi-head
guided attention graph neural networks (Multi-head GAGNNs)[J]. Medical Image Analysis, 2022, 80: 102518.

KAN X, DAI W, CUI H, et al. Brain network transformer[EB/OL]J. (2022-10-15) [2024-01-26]. https://arxiv. org/abs/
2210.06681.

DI MARTINO A, YAN C G, LI Q, et al. The autism brain imaging data exchange: Towards a large-scale evaluation of the
intrinsic brain architecture in autism[J]. Molecular Psychiatry, 2014, 19(6): 659-667.

NEBEL M B, LIDSTONE D E, WANG L, et al. Accounting for motion in resting-state f/MRI: What part of the spectrum are
we characterizing in autism spectrum disorder[J]. NeuroImage, 2022, 257: 119296.

ZHAO Q, HONNORAT N, ADELI E, et al. Variational autoencoder with truncated mixture of Gaussians for functional
connectivity analysis[C]//Proceedings of the 26th International Conference on Information Processing in Medical Imaging.
Hong Kong, China: Springer, 2019: 867-879.

QIANG N, GAO J, DONG Q, et al. Functional brain network identification and fMRI augmentation using a VAE-GAN
framework[J]. Computers in Biology and Medicine, 2023, 165: 107395.

MOTTRON L, BZDOK D. Autism spectrum heterogeneity: Fact or artifact[J]. Molecular Psychiatry, 2020, 25(12): 3178-
3185.

YAN D, WU S, SAMI M T, et al. Improving brain dysfunction prediction by GAN: A functional-connectivity generator
approach[C]//Proceedings of 2021 ITEEE International Conference on Big Data. Orlando, FL., USA: IEEE, 2021: 1514-1522.
GULRAJANI I, AHMED F, ARJOVSKY M, et al. Improved training of Wasserstein GANS[C]//Proceedings of the 31st
International Conference on Neural Information Processing Systems (NIPS 2017). Long Beach: Curran Associates Inc., 2017:
5767-5777.

KHODATARS M, SHOEIBI A, SADEGHI D, et al. Deep learning for neuroimaging-based diagnosis and rehabilitation of
autism spectrum disorder: A review[J]. Computers in Biology and Medicine, 2021, 139: 104949.

TZOURIO-MAZOYER N, LANDEAU B, PAPATHANASSIOU D, et al. Automated anatomical labeling of activations in
SPM using a macroscopic anatomical parcellation of the MNI MRI single-subject brain[J]. NeuroImage, 2002, 15(1): 273-289.
GOODFELLOW I, POUGET-ABADIE J, MIRZA M, et al. Generative adversarial networks|EB/OL]. (2014-06-10)[2024~
07-17]. https://arxiv.org/abs/1406.2661.

MIRZA M, OSINDERO S. Conditional generative adversarial nets|EB/OL]. [2024-05-25]. https://arxiv.org/abs/1411.1784.
FARIA F A, CARNEIRO G. Why are generative adversarial networks so fascinating and annoying[C]//Proceedings of 2020
33rd SIBGRAPI Conference on Graphics, Patterns and Images (SIBGRAPI). Recife/Porto de Galinhas, Brazil: IEEE, 2020.
ARJOVSKY M, BOTTOU L. Towards principled methods for training generative adversarial networks[EB/OL]. [2024-05-
25]. https://arxiv.org/abs/1701.04862.



826 R E B L Journal of Data Acquisition and Processing Vol. 39, No. 4, 2024

[26] ARJOVSKY M, CHINTALA S, BOTTOU L. Wasserstein generative adversarial networks[C]//Proceedings of the 34th
International Conference on Machine Learning (ICML 2017). Sydney, Australia: PMLR, 2017: 214-223.

[27] WANG Z, BOVIK A C, SHEIKH H R, et al. Image quality assessment: From error visibility to structural similarity[J]. IEEE
Transactions on Image Processing, 2004, 13(4): 600-612.

(28] [ W, XA B LLAR A5 T 00 AR A B A S0 e 000 245 11 = 2 TR 1l O i [0, Bl SR 4 15 Ak 3, 2022, 37(1): 155-163.
CAO Guogang, LIU Shunkun, MAO Hongdong, et al. Medical image synthesis based on optimized cycle-generative adversari-
al networks[J]. Journal of Data Acquisition and Processing,2022,37(1): 155-163.

[29] KRIEGESKORTE N, MUR M, BANDETTINI P A. Representational similarity analysis—Connecting the branches of

systems neuroscience[J]. Frontiers in Systems Neuroscience, 2008, 2: 249.

fE&E ' 9T

Fhig#R(2000-) , T, A 4 AF
S WS 5 ) IR 25 AR
N L% f€ , E-mail : Hailin.

sun@std.uestc.edu.cn,

KENDRICK Keith(1954-),
5B WG ) IR
i S5 RG A4 92 A 119 Ao 8 BL
T RIG YT O 5, E-mail:
kkendrick(@uestc.edu.cn,

FEAOAR(1996-) , 55, 1 B
GO TR TS I R AR
NTLHE e H D HEINAE
#H , E-mail: jiadong. yan@

mail.mcgill.ca,

& (1986-) , BIEMEE,
B WFSE B, WA O B
B UNRKE - RiRE 1PN
T. & fig , E-mail: xijlang@

uestc.edu.cn,

SRS (1977-) , Lo, /I Ho 42,
WF 52 J7 T - OR0E A K
53R 97 HL B 5T B g
B 2% S HLER W 58, E-
mail: zhangrong@bjmu.edu.

Cno

(%% 2#)



