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Discriminative Domain Adaptation via Low-Rank Representation for Multi-site Au-

tism Spectrum Disorder Identification

LI Xizhi"?, ZHU Lingyao"?, WANG Mingliang"**

(1. School of Computer and Software, Nanjing University of Information Science and Technology, Nanjing 210044, China;
2. Engineering Research Center of Digital Forensics, Ministry of Education, Nanjing University of Information Science and
Technology, Nanjing 210044, China;3. MIIT Key Laboratory of Pattern Analysis and Machine Intelligence, Nanjing University of
Aeronautics &. Astronautics, Nanjing 211106, China)

Abstract: The diagnosis of autism spectrum disorder (ASD) mainly relies on the patient’s medical history
and clinical symptoms, and there is still a lack of objective evaluation indicators. Therefore, the discovery
of disease-related biomarkers is essential for early identification and intervention. Although the multi-site
brain imaging data have increased the sample size and improved the statistical power, which helps to
improve the diagnostic performance of autism, the current research is often plagued by data heterogeneity.

To address this issue, a discriminative domain adaption via low-rank representation (DDA-LRR)
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framework for multi-site ASD identification is proposed. Specifically, we first transfer both source and
target data to a common subspace, where each source data can be represented by a combination of source
samples such that the distribution differences can be well relieved. Then, we learn an orthogonal
reconstruction matrix, which can preserve the main energy in the obtained low-dimensional embedding
space and thus is appropriate for the subsequent learning tasks. Finally, to ensure the discriminative ability
of the low-rank representation, we use the label information of the source data to integrate the classification
loss into the training stage. An efficient optimization strategy based on the alternating direction method of
multipliers method is developed to solve the proposed DDA-LLRR method. Experimental results show that
the proposed method can reduce the differences in data distributions of multiple sites, realize the effective
transfer of knowledge, and improve the diagnosis performance of multi-site ASD effectively.

Key words: low-rank representation; domain adaptation; multi-site; autism spectrum disorder (ASD);

disease prediction

51

il

H HE (Autism spectrum disorder, ASD) & —Fl i 48 & & B it , DAt 23 28 i B A5 L 2% 80k fes ol 5 55
N ETIGREFAE . TR, AER [ MRE &R R AR AE T ¥ 55 O T 5 R O s, 2018 4
EEILE R R 1/59, M EFREREN 1U~1.5% . MiH S FEE AW 2, SR s F 200 B
FBM T WU, 2 4t 2 PO B R MR B 40 . st ik i 02, 1 PALRE A9 9 IR R0 & s AL 19 % 56 4= TR
W7, B A RORIR YT T B2 o P, SEEE A PRE 9 92 W, 0 AR R AT LB T BURNR T, B
A R Im R L.

i 2 A T RE #f AL R B % (resting-state functional Magnetic resonance imaging , rs-fMRI) i i ZI il <
15 [ A5 B 1 % P35 s R Rl % A Ak 3 % i 0 R S B S, T B2 T PR S Y L AR
1M, AT IMRI Y A FRE T 58 H S5 R TR A — B0t X iR — B Bty T A [RF 5% 7 R 4R 19 B His
KA TAE R RAR G o AT G B R 8 S B Bl U R 0 22 5, 02 S ORI 1 S vk
{75 - PR AR E Y T T A A0 T L SO A AR T AR AR B B SRR b R A Z 0 B S N T A
AR, AT AR A S R RS e TR A B T s SR Y S SO AR S AR ARl . R, 2Pl
14 AT 52 168 Sk HB i Ay ik 5245 27 F 5 1 A ) A

AT 9 22 Pt B PRIE BF 9 T AR R ER0AT RAAY S B (1) Barho 2 o ik, B AE B — o H90E 5
] B3R 5 22 v 5000 i 2R i) B H B b BT IS W R B 2 o) HLI 2 D 1 2 T 22 b0 BUHE 2 T Y
SERRYE R ORI A A E RIS W RE s (2) bl 0k B A i R 2 bl B T
X 12 W g 5 AR e AR W bR g & B0 Y B TET S R o B 3 N B R BE 5 8 DA TR B2 o) B Y R G S 2
Hbr sl , DU i H AR 0927 > [ 30, B AT C 29 12 H 1 T B2 275248 40 i Sk .

VAR R 78 (Low-rank representation, LRR )[Rl H: X & M p5 B 40 40 S 4 PE AR 15 500 4 e 45
) B AR P T 0 5 A B0 1 3 e ) P A R 2 ST v IR R BB A 3 i s BB rh Y 4 R 4
oy ot B e AT TG, DT S BRI A S e A S U RS 2 b/ Rl o P R 15 22 TR
MR E A S R R RS . SR, B Y B T IR R 2R A g B 0 B S R AR AR LR 3N
TR ) T) R 2 (1) 7 B3 o A v, SRS i A 7 1 AN DG 3 Q] 2 > % 46 0 P AR A5 T 4 () 8508l R BN 2 W T
23 () g 78 oh A v B 25 2R D DA 4 23 (i) 281 it e K000 2 ) ) ) 13 2 5 (2) e 7 T M ik i 37 5%
mh ARSR AT LR A I AR 15 L T A 19 7 1k v 220 W LT B 4 B o ) b i B R (3) e IR
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(4 27 2] 2o R N B 5 0 2% 20 A 55 2 T 1Y, 3K AT BB 4 S BOBE AR T vk AR AR SR i PE BB o

BEOXF b ) L, AR SCHR Y — bR (4 R TR Bk 2R s 19 B il M 38 Y (Discriminative domain adapta-
tion via low-rank representation, DDA-LRR) 12 Wi &l | 5 78 5= > ) 51 P 0 B b 2w , R IS5 H P AE A1
SR FRE B AW ARG, S5 B 2 vl S B RE AORTVE TN . BRI L e s ) — A AR R R KR
SRS A B bR OB 0 B — ARG S S s ) 7R % A B H AR 0O s 4t 3R R IR RN | BRI B
O3 A 22 S 5 FOR A 2] — AN IE A2 A SR B A5 IR RO e A Jh A ] v i ROR BEOR B R RE A L NN IS A
T AT G BAE 55 s B Jm 2 ] — DM 3 25 8% B 23 S0 % pR OB 5 BN i R v, 0 A Y5 B R 25 1 L
LML AR TR M A — i R UF = B R IEE A T 241 55 o 8 TR r 2 4 9 DDA-LRR
A Tr) B, 45 T —Fh 3 T 38 85 7 1) 3¢ F 53 (Alternating direction method of multipliers, ADMM) {12 1%
itk B . 78 ABIDE (Autism brain imaging data exchange ) (454 I #5286 25 5 £, DDA-LRR F &
AT DL R0k 2 55 22 vt S B BN A2 W g

ARSCR T TTER AN T« (1) $2 1y 7 B8 IRk 3R 7% 0 1) 8 17 19 22 o 58 12 W A D o 804l 3RS
B R RN 3 A O AR BN GE — 1 2 ST RE SR v, T AR A5 B 0 i B R 5 (2) 48 T — R T
ADMM ¥ AL A | 1253 1 T LASK g BT 42 s i O A ) 8 5 (3) 78 22 vt I ATRE 8048 4R 1 R AT 30 IE
ZA 0 KA 5 EEEUR TR S p MR R T X AR 5 SRR ] T AR SOy A 2 ol R Y
AR

1 HEKxIE

1.1 JHiER

AU A TE I CRRT AR 88 0 ) 2 A A 2 ) B R Ty vk o BE RS A T VR B TR A bR A 1 B ok
fiff R E s 31 27 2 [a) U, DA T R 005 fifk 2 S0 3ol ) 5040 4 A1 A A8 Ak o AR B bR OB 2 A AR A 1R L B
3T AT LA A3 A AR 2K B W R G WS T I . 8, Zhuang 2R HY R TR A IE AR A T RS 2 o)
J5 ¥ TR W SR IR NG — Ao 288 SRS A H AR SUEUECHE T IR A I AR T T R A5 04 4y
KA IEATORAL , 78 BRI B ST b X 3R A T U A P i s Duan 28R R IR A 2 o O ik
3 3 A /AR5 R DU bR BSORINAR (] 3l 22 ) 5 4 A1 0 R DG R B 2 o) IS I A R AR B o MR
N 2F 58 E T B IR A A AR AR D R A T B E AR S A R o bR 25 B . SR, AR BUE SR H
P 350 52 4 Y A T A AR 45 A S R, DT BIR A 2 B B B A ) AR IS T N . AN TR T
2 B SR T N, G W SR N T BT A AR S A L A B2 B T . B0, Pan S5O H T RS A
4343 Bt ( Transfer component analysis, TCA ) J5 1% , (i F e K38 25 5 1 WA P54 B A JR AR A 25 ) rh 2445
N ) SR K 3 =2 1) Y AT B B A5, 3K S — P A 0 S (] S8R =2 1) 22 S A O 3 5 Gong 45T RE TSR A T b
26 it (Sample geodesic flow, SGF)Jy ik 42 ) T I #b 28 i 28 #% ( Geodesic flow kernel, GFK) J7#: . GFK
SR S 0 AL (1 3 3 A V) P e 2 2T SN TR S ) 3 T . 7 TG B B 2 T h R R T
T3 1) B 2 15 L AELAE S s i) A v Y8 00 4 A7 A K o s 2 BRHE  RT IR S — R 1 B AR R R S
AT B A AT S5 R B

P & 2 AR U, BRI AR AR 2 ARG BT R 4R 10 ) e 3k Ik A5 85 e vl F T B FTE AR S R, B
TR ZBF5E TAEKE 224 rbron B 4 91 80O B R B RE AR SE SEAT IS . 040, Nielsen 2503 b 2% 1085 ki 2 fiE
HE R A BIASTE AL, T IR A 2 b0 B 1 20 2R RE . 5 B b T 25 SR B 2 oD BodE 1
Oy RS BE R AR . IR R AR G T VR RRE 2 TP AR BN = D AH (R 4 BSCHE A PR AR
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{EL IR B TE L3 O PR RS RSE 5 S P T 5000 43 A P 58 R P L 15— o R K T U1 4
B LE LA o0 B e AP A W TR B . Sy T W B 20 1 22 5 AR A AF 10 1 W PERE L 36 T
S O 907 VR BT IZ T B2 B AR A BT U . 0, Moradi 4814 1 O 05 /N T A B 8 I
Ve L MR 2 0 11 PR 0 B0 4310 22 5 AT FJE 75 3 1012 7 4 A 5 Wachinger 2584 1 3 3o V-5 B I8
A 5 1 e 3 I R 5 A AR AT AL B S T 7 kL A e ) 2 35 B 1 43 2
S B I (0187 5 Hleinsfeld 46510 T CHE 1) 0 M B 25 W0 11 46028 90 % 3 ok 2% >3 7 19 R A 6 7
MU A i) o 500 =2 6 7 47 A 1 53 70 2 5 %8 22 5P 11 P RE ST 00T B SR 5 22 9T 0 T Bk 1 3 7
VAT BT 22 0P G I 15 T PE B L SR T L ok BT 58 06 1) 2 20 32 1) Y R A A G 2 22
W R ] L B A G 4 R A
1.2 RE&RTR

FIR 3 T LRR 7 8 3 5o B0 AR 5 00 1 3 3070 A 0RO 26 BEAIE L 38 117388 3 — 64 500 19 R 4
MBI 0 4RGSR (R L A E R 7 R R A MR (R T e e R i 0
AT ™ 2 1 132 PR T IR 5307 71 01, Schuler 4572052 Hy 6 FH )™ SCATE B Bk ASE 80 g A A B0 43 22
i 9 2 5 , BTS00 5 1 BAGE 56 19 9 280 5 Zhw %52 B0 T B 3 A Bk 24 SR 3 TR A 2
S T DA 0915 T PE RE s Adeli 5% SR M T UR ok R T M 90 ) T 306 R0 0 4 2 0 2 £ 7
ST 5V ounou 28 28 A 590 437 ANVRR B 110 ) 2 S0 3L 1) 5 T 25 1 R AT X 1 9 E 3
[ s Wang 25 12 th 4 (6 Bk 47 O UG R 32 WA 50 5 738 1ok Sk U5 B Ao 5] — AN A 2 ) A
AR 2 0 B M 22 5, SBR[ PR RIS I . E R 5 3R 9T 6 T A Bk 4 0y 10 3o
38 7 O AT B2 4 155 L AR T T (OB 0 I S WP Rl . SR T S O S 2w T
2 s T oI 2 ] 28 e R 00 175 S 050  , B0 IR ok /0% A 8 93 26 38 19 2 20 410 W A A S 9 AT 55
R Bl A1 B e 1 M %

IR T 3R B 5 AR SCHE U A0 e T 105 Bk 2 7% 40 590 R0 1 7 o 30 0B 4 1 M6 Ak e 7 4326 o
5 MU BOHR FR 5 40 IR 56 DT B0 75 25 B 0 et 3 S LR B0 . (SR B O T A Y
B 7 035 L AR SCIBEAE 2 3623 10 2% 57 3 o U 8040 0 L b 0 2 T Y T ARG B 3% 2 T v
o P 5% 25 TR R B S (8 3 9L AR SOy B T LGE R 2 W L A 0 2 U OB B
L s — RIS A BT LA TS 3 T
2 EFRERR R F A M IE0E R 77 &
2.1 HEEX

AR B X, € R HTX, € R o R F AR BB o 278 11U 0 OB 4E JE L i, 53
)46 7R VR SR I BRI AR B PE R Q € RY 43 ) 7 WL A A TR 4 B L om e A %
648 JE . o/ Z) RORHME Z 0055 i A% S L Z IR ROR ¢ SR IR R K Z | =) 0 (Z) A
| Z 1, =20, | Zale MBEEEURIN BRI 6 CHREA  BBBR S 5 845 ) Y. € RO H A B 47
BB MR KRR (h=1,2, -, C) Wy, W AN TEE N 1L HATE N0, LI LB S
HOBFE R RER ™,
2.2 BEFRBRTEH B M EIE R

Iy T AR [7) 0 2 I ) 43 1 25 5, 5 2% 3 — A5 400 B MR A L A e ) — A2 S i
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i 78 2 e 23 (A1 R T DL H bR SsU8Ols e t: 2oR , ml e R
P'X =P'X 7 (1)
A PT X R AR S 2 ) i H AR B A IR R R s Z N E RN A BUE M. W Bk oK,
B PRI RE AN AR IR A ek R AT AR T AS I SR8 =2 el v 4 A 22 L sk L 3 (1) 4y
SRS RS FEAR BEAT R 2 2 L AN 220 T B ISR B . bR B AR 2 T A MR 2 W B RS R
[F] r O SR AR RS 2 R AE TR 40 A 25 5 AR E AT BRAL S AR R A o PR R 22 o Bl 2 TRl A7 7E —
A TEA PR SR 2 A B O TS — H L B AMRRR A R IE Z B B SR E R R, (D) AT
PLE g
minrank(Z) st P'X.=P'X,Z (2)

pP.z
P rank () KR FE BB . i T Bk d/ b TR AR MY 3CC2) B oK fig )R NP-afe [a) 8 38 i xf 5
(2) il A ps HL B AL

r}rpliZnHZ\L st. P'X,=P"'X,Z (3)

b BT IA A T Bk R s 9 7 1k 22 T R e o AR R AR R JE R R X 2 AR R R
AL B9 RUE B o BRI ), AR S0 o] — A 1E A8 R AR 0 A O R A A 2N 3 s ] v Y SRR RE S
PR B BRE A, NI A T $0AT e S AE 55 B R T 3R hy

Jmin [ Z [ A E [,
e (4)
st. X,=QP'X. +E, P'X.=P'X,Z, Q'Q=1I

AT eR" " R HALHERE , 51 Q B IESZ 2o n] LIk S 4R A5 4 B A7 o R, O 7 % A e 7 X B
FAY AR, 5| TR 22 R E R B 20 AN S 0 (i, 2X(4) nl LR 46

i 4 Al E P
Jin [ Z AL E [, + 8 P, .
st. X,=QP'X.Z+E, Q'Q=1I

2 C5) o F P AN T3] £ 56 B P A Q BRAT 50l 1y T A, MTAT A 75 P X DR B 0l die R g i o D540,
T ORAEAS He 5 B P AT 55 110 0 B R 2 B0 0 B 3R 2 2T X kM R e RERTT L B 43
A0 R pR BB B U i AR b, (0 R A0 AR A A B R R 0 S AR B9 2 ST M, DAPRAIE 27 B 1 78 f 4
W FHO B A R ARG 5 T 0 2R AR 55 o I, DDA-LRR B AL 1) B AT L5

. 1 . 2 2 2
min [V, = RPTX,| +a| R+ P+ 2]+ A E],

R.P,Z QE 2

(6)
st. X.=QP"X,Z+E, Q'Q=1

S A a1 B A A B T D P A 2 s 5 1 I TR A I RO ) R S AR B 2 R 3 AR R 5 ik Y
SLIRIE 5 A WU T 2010 22 vl B 22 18] R SR S5 M 45 8, e — T T 20 AR 25 I i R i . 22 B
LM I3 2R 4% R AT LA S X AR J il s e A f) T
2.3 #REIKRME

A S ADMM SR it 2 (6) BT /% (9 0 AL 1ol B0 S5 A 25 4 A JF4 RPT = B, 2X(6)
A A AN T A 00 TR)

. 1 2 2 2
min S| Y, = BX, [ +a| R+ AP [, +]|Al.+AE,

R,P.Z,Q.E,A,B
st. X,.=QP"X,Z+E, Q'Q=I1,Z=A, RP"=B
HEXL(R, P, Z,Q,E,A,B) X (7)Y hits W H 5%, 7T 15

(7)
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1 2 2
L(R.P.Z.Q.E.A.B)=_|Y.~ BX, li+al RE+B| P+ AL+ E [, +<UL X.— QP X, Z—E )+

(U, Z— AY+Us, RPT—B>+§(H X~QP'X.Z-E| +|z-A|+|rP"-B Hi)
s.t. QTQ=I
(8)
XU U, MU, FRPAE I H R T 50 B — D IEMETI ARG, O RBHBENL, B A, B)=
tr(ATB). R T AR (8) , A% 3CR FH BB U0 AL B 37 19 5 ik, BRIV A 3 — A8 B Ak 3 5 G Ax 78 i, 11 390
SRS A B 1R 3% A B AR R R R AL R ANR
(DFH P e (8) rh HAth AR 4, 4 (dL/oP ) = 0, 7] 1%
(2814 uX, 2Z" X" )P+ uPR"R=X,Z2Y Q — U R+ uX, ZM"Q + uB" R (9)
KhM=X,—E. X9 PrYFEA T i Sylvester J5 #K fif 3545
(2) T H Q: [ =0 (8) H HAth AF i, i a3 3144 L A X F Q B9 5 8 0% Hak 8 0, v 13 Q 19 P X
fite

I 1 S . 1
Q=|MZ"X"P+-U,Z"X"P|(P"X,2Z" X" P) (10)
u

AP M=X —FE,
(FH R =0 (8) P HAMARF A5 RAE XM, X R R AR FEIFAH N0, 715 R(F X
ik

R—=(uBP—U,P)(2al + uP"P) (11)
(4) 58 B [ X (8) b Hofl A2 4 , 4 (9L/0B ) = 0, 7] 3k45 B 11 P =it hy
B=(Y X!+ U, + uRP") (XX +pul) (12)
(5B A= [ E 2 (8) h HAb Az 5, R B 5 A A SC 93, W] 3145 401 Ok 9] 2t
2
argmin| A |, + & A(Z+U2) (13)
A 2 AN
[F) 9 ( 13) 38 4 fdf 1] 2 5348 19 {1 ( Singular value thresholding, SVT) % 7 #3473 fi#
(6) B3 E - [ 20 (8) rpy FL A A8 1, W 152 22 46 B E 1 S v %R Ry
argminiHEHlJrl E(XSQPTX\ZJrUl) (14)
E M 2 AR
3 (14) i P A AT 5
E=S,|X.— QP'I‘XIZ+ﬂ (15)
: Z

2o S, [ )= sign( 1) max (|| — ¥z ). 0).
() HH Z: [ X (8) h oAt A8 4,4 (AL/0Z ) = 0, W) Z iy A Xt
Z=(uX"PQ"QP" X, +/,J)71(/1A + X" PQ'U,— U, + uX"PQ"M ) (16)
XPM=X,—E.
(8) T B 3 7« 1 F % 5 # X0 A% B H e 7 3547 588
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=U,+u(X.—QP"X.Z—E)
U)—Uzﬂz( A) (17)
L@zUy+MRPVfB)
IR T AR R Ak A5 IR 2 2 2 AR L B R OSSR L A BN M A S AR B R I R R R S 2 rpl B
P 1) T 53 BT
2.4 DDA-LRRE SR
A DRI H AR OB XX R 2 Y A SRS T SR n , S a F B
B R AR
Witk . R=0,P=0,7=0,Q=0,E=0,A=0,B=0,U,=0,U,=0,U;=0,p=0.1, ., =
10%p=1.1,e=10"°
AN LR SR AT A
(D AR (9) B3 P
(2) MR =X (10) B Q;
(AMRIER (1D T H R;
(A ARFE (12) T8 B
(SR (13) T H A
(6) MR HEX (15 HH E;
(TARHE (16) BB Z;
(WX EFH U, Uy, Uy
(D HH BB 0= min (g, s )3
(10) i r e S 2% A
Ix—erixz-E|

~B| e

3 XBWRERSMH

3.1 IR

T 8 E DDA-LRR A AY A9 Rt A SCHE A - A9 ABIDE (Autism brain imaging data exchange ) (
i L BEAT S0 . ABIDE WA T 17 R [RIWF S AILAG SR 42 (9 i, 3605 1 112§l (539 4~ ASD, 573
AN IE % % B8 (Normal control, NC)¥. Fifi & 5 % #545 rs-IMRI i 5 14 5005 A0t 7 09 26 045 B, PRATAY
& 8 M AP ABIDE B 5 Wl (http: //fcon_1000.projects.nitrc.org/indi/abide/) . H F HL g6 Hpps
FARMFEARREW AR, LR T 3N FEA%
Bt 70 B9 b0, BINYU  UCLA fI UM, 34 ®1 ITRRMERHBLADGIES
49 oA A 9 RE B B 164, T4 1134 . Table 1 Demographic information of subjects from
HEuHE B R 1R,

ASD NC

A fft F§ C-PAC (Configurable pipeline for s A 54 A 4
the analysis of connectomes) J7 ¥ % £ #8 #F 17 1 Ab S % /% N
AP R PR ILSCHER (28], FET ASMEINRIE NYU  17.59+7.84  66/5 16.494+7.68 79/14
(Anatomical automatic labeling, AAL) K #z /%%  UCLA 16.27+6.48 28/8 14.65+£4.97 31/7

5 A W R R 43 8 116 4 T S g Rk 0 ik X UM 17.0548.36 43/5 17.354-7.12 56/9

three different datasets
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S, 38 A TS KT A DX B ) R B 22 T A R 3 A DG R BT Ry RS R S 116 X 116 A T RE
MG o TEFIE BRI R WA 0 L= MAon R IR R0 T R L 6 670 4E 1
REAE 1] £ DL m BBl
3.2 XMLk AEMEIWIEE

T B UEAS SOy A R S LU 6 B O s BEAT L

(1) K- I 48 3% (K-nearest neighbor, KNN) ., B¢ KNN 1 2y B i 5 v , i as 300 2 5 4k A [ A dek 25 41
Z IR R 2 B AR S Y 25

(2) 3 5 7 AL (Support vector machine, SVM) . 5 KNN J5 % 2L, [FFEHE SVM 1R Ry 3 i )7 2
T AR PR IR SVMURE AL, JR N 21 H BRI, M TR A5 e 2 10 4 26 AR .

(3)IERE LA AT (TCA) J5 ik o I 5 K ¥4 06 22 5 o W) 7 A A A JR AP R 25 Tl o 2 AR T 22
() ] SR8 04 S Ay, DT T LA o AEAS [] Sl 50 40 22 0 19 4 A 22 5 L B 25006 1) D o i e

(4) 70 3t 22 9 A% (GFR) A& R A% 15 4 0Hs e A SU04% P & A7 b, IF 78 2 0 22 Il b
b 2, a2 B oA 22 5, DAARAS A [R) 38 22 0] T S B 19 5006 %

(SR B E R (LRR k) o 3 i 2 o A7 B30 7 11 36 35 R F9 B A 36 A 22 8000 B A Bk e /N DA T
ARBUE 15 B .

(6) 3L F KBk #7819 £ vh o0 3803E B (Multissite adaptation based on low-rank representation, malLRR)
Tkt o 2D VR IOR b SR S A e 0 K RO A A S A ) RS [ 8 Y
B A 22 5, AT AR A5 22 b B B i .

ANE TA SR 1B )78, TCA .GFK \LRR Fl maLRR X fE Fl T 2% S SR 5 0 BRIE R on o T 44T
B 5 0 50 45 55, A SCR T KNN R SVM PE S 43 25 8% o VB 3 54 ik KNN Y L 4R (B 152 5, SVM R
FHEMEBANS B & . JEE KNN L 4R 7E(3,5,7, 11, 13 )30 Bl R A7 1 4 JL R SVM Y
I BEAE[2 7,27, -, 28 22 TJE Bl N AT 1 8 s LRR Al DDA-LRR Jy ¥ 2 876 [ 10 %, 10 ', 1,10,
107 19E Fil N #E 47 648 ; GFK A TCA J7 2 8078 (5,10, 20, -+, 100 ] 38 Bl N #E 47 %68 . DDA-LRR J5 278
o 7S (] i 4k BE 2 g PR B O 100, fEAS 1 B AR L T A ) B R IR Y 48R A 4 R I TE S 5
DDA-LRR 7 A IR I8 ) b5 2515 B

R 59T 28 R AEITEAN BT A ik pbERe . BARAY R RS T B BEAL A S N REAR TR B —
AN B FEAS AR A S IR At 4 SRR AR IR . BRI B A 5, IS IR A R
T B MEAE e 25 0 . TR B R R AR B b RIS SR T PR 50 194 5 47 32 S I iF 55 Ik 36 B e 1 7Y
B S H, R 3N VA 48 b BE o B3 A9 A AHE B4 28K B (Accuracy , ACC) VIR (Sensitivity,
SEN) F14¥ 5 1 (Specificity , SPE) o
3.3 XWHER

76 ABIDE %04 42 3/ A [F i 308 (NYU CJUCLA I UM) [ #E47 5256, IR R A [ 19 oo AE N
VR I8 5 B AT A RO VRN H AR, T KNN AT SVM Y 32 56 25 540 dn & 2 F 1 K & 3 A 2
B o

M2 3L 3R] LA H, 3 vE 7 B KNN Hl SVM 78 £ i 43 24T 55 v i 7 A He 3808 17 5 36 A
BRRom ik 2. S5 R BUE N RSB RoR kA I TR OB S RE AT
rs-IMRIECHE 1) 2 bt A E 2 Wi PERE . 5340, T8 8 9 DDA-LRR J5 15 I 4R A5 (912 B0 2GR 4 1 3L
flx b6 5 ¥ o B0, DDA-LRR J5 V5 7E 3443 AT 55 P (00KG B2 43 391 2 75.00%6 .72.73 % M 73.1206 4L T
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Table 2 ACC of ASD using different methods based on KNN on three domain adaptation tasks %
1£% KNN TCA GFK LRR malLRR DDA-LRR (A& 3)
NYU—
60.32£3.84  63.17£3.98 64.29+5.05 70.2446.30 72.0249.60 75.00+5.05
UCLA
UCLA—>
UM 60.00+4.09  63.3543.76 61.36+3.21 68.36+5.20 70.45+5.65 72.73+4.55
UM—
NYU 57.29+£1.47  59.03£0.60 68.92+4.66 65.63+£5.41 71.30£6.42 73.12+1.71
100 =NYU—UCLA =UCLA—~UM sUM—NYU 1005 =NYU—UCLA =UCLA—~UM sUM—NYU
X X
i @
7 &
0
KNN TCA GFK LRR maLRR DDA-RR KNN TCA GFK LRR maLRR DDA-RR
Bl 3T KNN PR 7376 344 55 1 00 s A RE S 4 R
Fig.1 SEN and SPE results of different methods based on KNN on three tasks
*3 EFSVYMHBARRAFEEINMHENES LN ASDH A RBE
Table 3 ACC of ASD using different methods based on SVM on three domain adaptation tasks %
1£% SVM TCA LRR malLRR DDA-LRR(A )
NYU—~UCLA 60.71+5.15 68.52+4.78 72.02+4.91 73.81+4.12 75.00+5.05
UCLA—>UM 63.14+3.96 68.12+6.43 68.18+4.55 70.364+5.16 72.73+4.55
UM—>NYU 60.94+2.21 59.3841.58 68.98+3.15 70.66+1.72 73.12+1.71
100} =NYU—~UCLA =UCLA—~UM sUM—NYU 100 R =NYU—~UCLA =UCLA—~UM sUM—NYU
80 801 I I I
2 60 S 6ot g l
Z 53] -3
@ % % 408 Me 3 8 4 %
20 0 @° .
0

0
SVM TCA LRR malLRR DDA-LRR SVM TCA LRR malLRR DDA-LRR
P2 BT SVM AR J5 20 34T 55 b i) s B R e 45 2R
Fig.2 SEN and SPE results of different methods based on SVM on three tasks

T KNN Hl SVM 5325 45 (19 maL RR J5 2 i 48 45 19 I e A2 Wi PR 68 73.8104 .70.45% F11 71.30% , 7 34>
fE55 B4 17 1.1920.2.28% 1 1.82% . Z5 B3R WY, B4t 1 75 ok il ok 45 & dule 3k 107 R Bk % 7% g
— 2 AR B A A 22 5, HOR) TR SR bR 2515 B A0 SR s AT B ARk 22 s [ AL A9 12 WA i .

M TFIE 2 A7 LA 1, 78 SEN Hil SPE J# # F DDA-LRR J5 B MR E S5 Al LU AR A P fig . BT
5 L 7ENYU—>UCLA fil UCLA—>UM W 4T 45 71, DDA-LRR J5 ¥ fr 3R £3 9 SEN {8 531l >4 92.86 % Al
82.05% , bk e M fiE 78.21 % (J:F KNN A LRR 7575 ) Al 76.92% (% F KNN A9 mal.RR J5 ¥ ) 43l #2
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T 14.65% M 5.13% . SENAE MR, 2 BT Ao ialRE A b U0 Hh B PR RE R0 35 1 8 0 AT &
3.4 ERFEAELHAENERIER

AT HE— 2 R T B4R i 9 DDA-LRR U5 % 5 84 /9 56 T ABIDE $odls 82 89 22 o0 [ HAE 2 Wi 7
B BAKTE A0 A T A g 284 A (ASD-DiagNet) ™ | [&] 3 FH 1 25 6 2% 4 %1 ( siamese Graph con-
volutional neural network, sGCN)"™! 2= I | 4 Al 78 4o 74 (Denoising autoencoder, DAE)"™' T fig % 45 4y
¥t (Functional connectivity analysis, FCA)" L & & 0 /8 #} 5 # # (Hidden Markov models, HMM)'"'5
FhO7 B ANYU oty HARB B2 Witk e, e g 25 R an sk 4 s o

*4 E5RHEFAABIDEHEENYUFLHEFENERLE
Table 4 Comparison of results with the latest ABIDE dataset NYU central data method

07 % FRIERG  RRIEZERE eSS ACC/% SEN/% SPE/%
ASD-DiagNet AAL 6670 SLP 68.00
sGCN HOA 111X 111 KNN 68.36
DAE CC200 19 900 Softmax 66.00 66.00 65.00
FCA GMR 7 266 X7 266 ttest 63.00 72.00 58.00
HMM AAL 116 SVM 70.59 61.64 66.67
DDA-LRR (4~ X) AAL 6 670 Linear classifier 73.12 77.14 67.71

PN AT B I 0 vk A I ST AR S A RRAE A B DL R Ay AR ], JC ik AT g R L
R E G bR (ARG B UM RRR S ) R B E B T AR SO IR A O . EAE RN S
ASD-DiagNet .sGCN Al DAE iX 3 4~ 3 F IR B 2% ) BB RUAR L, AR SO i AR 7F 34 F8 4 L — Bk 15 4
LIS e e O
3.5 SHESW

ARSH P AEAE 3B R a M B, 16 SHAFIES PR ENEA107,101,1,10,10° ]
BEATIEHE . AN LANYU dl g AR BT fEAS R S 8O BT 0953 60k Re . BRI & AR & 3
H— A8, B 5 A AN B RN AE , C 5 DDA-LRR )75 76 A [ 280K (020 2605 B2, 9230 45 SR &1 3
FiR . W 3T LAE 3, 6% 25000728 4k, DDA-LRR 7E 8 /)N (49 15 6] 3 06 A 0% 30, 76 K 2 50 00 F 43 2%
PEREAH XA A RS E , R IZ TR S BUR R AU

(b) o=1 (©p=1
B3 AFSEE T AR DDA-LRR J5 i 1953 266
Fig.3 ACC of the proposed DDA-LRR model at different parameter values
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