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Text-based Person Search via Virtual Attribute Learning
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Abstract: The text-based person search aims to find the image of the target person conforming to a given text description from a person
database, which has attracted the attention of researchers from academia and industry. It faces two challenges: fine-grained retrieval and a
heterogeneous gap between images and texts. Some methods propose to use supervised attribute learning to obtain attribute-related features
and build fine-grained associations between tests and images. The attribute annotations, however, are hard to obtain, which leads to poor
performance of these methods in practice. Determining how to extract attribute-related features without attribute annotations and establish
fine-grained and cross-modal semantic associations becomes a key problem to be solved. To address this issue, this study incorporates the

pre-training technology and proposes a text-based person search via virtual attribute learning, which builds the cross-modal semantic

« FEEIH: ER HREEEES (61876159, 62076210, 62076116)
AR dFilE TN AR I 23S P05 U A w4 AR T W R %« S ALIR B . WHEEEOR . HA . R BaRE.
W BN T 2022-04-12; AL T1): 2022-05-29; SR BT H]: 2022-08-24; jos 7E4% HE R H]: 2022-09-20
CNKI 444 ¥ % I 17l 2023-03-17

© PEFEEESK I hitps/ www. jos. org. cn


mailto:another@xmu.edu.cn
mailto:szlig@xmu.edu.cn
http://www.jos.org.cn/1000-9825/6766.htm
http://www.jos.org.cn/1000-9825/6766.htm
http://www.jos.org.cn/1000-9825/6766.htm
http://www.jos.org.cn/1000-9825/6766.htm
http://www.jos.org.cn/1000-9825/6766.htm
http://www.jos.org.cn/1000-9825/6766.htm
mailto:another@xmu.edu.cn
mailto:szlig@xmu.edu.cn
http://www.jos.org.cn/1000-9825/6766.htm
http://www.jos.org.cn/1000-9825/6766.htm
http://www.jos.org.cn/1000-9825/6766.htm
http://www.jos.org.cn/1000-9825/6766.htm
http://www.jos.org.cn/1000-9825/6766.htm
http://www.jos.org.cn/1000-9825/6766.htm
mailto:jos@iscas.ac.cn
https://doi.org/10.13328/j.cnki.jos.006766
http://www.jos.org.cn

2036 AR 2023 55 34 AF S

associations between images and texts at a fine-grained level through unsupervised attribute learning. Specifically, in view of the
invariance and cross-modal consistency of pedestrian attributes, a semantics-guided attribute decoupling method is proposed, which utilizes
identity labels as the supervision signal to guide the model to decouple attribute-related features. Then, a feature learning module based on
semantic reasoning is presented, which utilizes the relations between attributes to construct a semantic graph. This model uses the graph
model to exchange information among attributes to enhance the cross-modal identification ability of features. The proposed approach is
compared with existing methods on the public text-based person search dataset CUHK-PEDES and cross-modal retrieval dataset Flickr30k,
and the experimental results verify the effectiveness of the proposed approach.

Key words: person search; cross-modality; attribute learning; pre-training
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z = oc(Woa + Uhi")
ri=oc(Wa,+Uh ") (10)
R, = tanh(Wa, + U (r,0h{ "))
H,=(1-z)oh ! +2,07,
Hrh, o() 7 Sigmoid %L, tanh () &XUHIEDI %L, o AR AT, ) REFTA 1 RUE R, 2 Al rt Pesg 215 248
A BB MR AR BB T T SR AE R LB B d 4E AR o I 20 3RAG 00 T SOHE SR KRR AE KR
mr:
o' = fe([Mll... Ih]) (11)
Horr, fo ARSI RFIEZE B2 Sl d I ADIE R, (1] AR FIE 3 Hh R 4. 55 0 W21, 8 J v AR OG ¥ BEUGUREAE
Vi, Vasen Vi FISCARSSAE (21, 20, ..., zi ) WURAL B0 A0 ARSI BB AT 3 AMRRIESRIUZ . s EUGR SCARRAE SN
VA SCEIBEAL, T LASR S04 1) 3 AN SR B BUREGE {01, 021, 0™ | I 3 AN SUB R ) SCACREAE {015,075 035
A AT AV SO B8R P P A5 ORI SCARAREAE S 4 b AR B AT N 10 B 455 I8, T LA K ARRRAE S5 47 N B (R AR G . 5
FEAVFRAE 2 50 IRRAE of 54T Ny BIAHOGMERR R AR pOllot) , TR RE A T

exp(wlo'
pOl0") = # (12)

Zmzl exp (W,Tno’)

Forb, wi AT Nm (5433 28585, IZREEM LA M AT NS A3 A SRS e& B0k 5.5 00 20 SR K. 3 178 S
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P RRFAIE 27 > 53K R B Rt T

3

Lay = —;Zo,e{o,w}1og(p(y|o’)) (13)

24 2FRFHEFS
T SCHETR PR AT DASICE s i 40 kL R o SUAE R, AR AT AT N2 SR (5 R R AN SCAC IR 4 SR R AR 43l
Gl RGN SR B 2 1) 3 A, B B S0 0 B A Ja A I8 B 4 SRR AIE 50 SO i ) R AR Rl &, AT DA AR IR 75
BEINEAE S M BUSAT NRHIESR. B AT AN RIE R 7R T
F! =fcl([avg_pool(f1)||03’1])
{FS =fcs ([max_pool(fs)||03’s])
Hh, avg_pool (-) R34 R Bk, max_pool (-) R4 R RIBAL, [ AR F M TE B AR AE, fo! B fes ANGE
W RRE RIS R 512 M AnER:)Z.
ASCAF T = A BRI ZrAsi A
L = [,8— cos(F!, F$) +cos(F', HS )]+ + [ﬂ— cos(F!, F$) +cos(H', F* )]+ (15)

o, /R HS S R, B = 0.2 IRFIEAAN GUREAR 0] (ST, cos(-,-) IRBRARTL AL,
ZEA A (9). A (13) FIAR (15), Bk HARR B R IR
L=L,+ A4 Ly + Lo (16)
o, Ay B AR R BUIRUE, A S F 24T 4522 >, RIRHAL 3 Nk s 4L

3 LWERGHR

AT SIS W R, KT, LE N TFEIRAE 125 2 FpIiAT 7 AT 0 L B B A SC 5 v g 2 S5, A il
SIS S M AR SC VRS AN HIVE . IS, 03 S 58 40 AT 45 A % R B T
31 XWwE

o KA. AU UF A SCHE H T VR AT A, BRATTAE 2400 A FF K I SRR - FUR S A AT AR R 4E CUHK-
PEDESVVRIES MK R B 4 Flickr30kPY_E#E4T S5, CUHK-PEDES ¥4l 4855 130003 MT A S 4, Bty
40206 AT NG, 57K G A P 4 SCAHiR . CUHK-PEDES ¥4 A2, I IEEMMREE, 3 D THEH4T
AN B EARES. WEHETH 11003 MTAS . BAFEMIRESH 1000 NMT A &4 Flickr30k FiE 4
31783 ik B F, Ik A 5 4 SCAHE R, Horh 29783 Sk B A H T IlZR. B UESEMMES T 1000 K& .
AR I GEE . AR R M AN R 25 ik 2 Fios.

(14)

F2 FIREL
. CUHK-PEDES Flickr30k
PGS — - - T — —
TG4 B A SCAHEE B A SUARHR
YIgktE 11003 34054 68126 29783 148915
I iFAE 1000 3078 6156 1000 5000
WA 1000 3074 6148 1000 5000

o PP FEFR. FATTRH Bt ICHCAF 1 (cumulative matching characteristic, CMC) PP A% T {47 K. CMC {H 45+
(A2 B bR BUG HRBLAETT K AN IR 2 45 A IR, Al U AETT K A7 drh 28, LA CMC-Rank-1 A, WiAs %
(¥375 53 due e 1 B 4502 H AR BB, I CMC-Rank-1=1, 75 ) CMC-Rank-1=0. i # {3 H 1 WA 48 45 & CMC-Rank-1.
CMC-Rank-5 f1 CMC-Rank-10, 7] {85 & Rank-1. Rank-5 F Rank-10.

o SCHLANTY. ASCAEH] TensorFlow SEHLIE 3 Fros ROBLAY, fr 5 SE 5 /E L % A1 Intel Core i7-7700K CPU,
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GeForce GTX 1080Ti &, 64 £ Ubuntu 16.04 R4¢, 32 GB WAEIN TAEuh_EHEAT. {6/ ) Z: BERT A2 (bert-
as-service, https://bert-as-service.readthedocs.io) HEHX SCAKFAE. it NEUZ I/ Jg 224x224. £ ] Adam itk 234040
B 2 BN IR 5 B BEE N 0.5 F10.0005, HI4G5 > B E N 0.0002. 4f-J- CUHK-PEDES %454 U, f# Fi 7
TmageNet'" b FI 24 (1) B 15 40 AT SIS G AE, AFVGEARHR A 32 AN UL % - SCAKS, 38 1 I 2R 4 50 k.
% T Flickr30k 248 P, 48 T 25 1) ResNet-152 A58 R EY GG AL, 726N Zad R, 4 [ 2 35T 4% 36 7 50
AR 20 X, TR UNZRAEA IR [ B0 4 15 Ik, BRUGEAHN 128 NULHC I BHR-SCAX. W8 o = 0.5, JEtE 4 H
K =12, $HE4EE d = 512.

o AT . AR I B, 20 SR I MR IE FTRISCARREAE FS . 45 58— 45 SURRRRIRFAE FS | Af A% 9% ki 4
VL5 A G AR A R AR SE 75390 S MR 153 43 e BB AT HE o 4 o HE 5 A
32 SMBEFENIRERN T
3.2.1 7F CUHK-PEDES ##li4E L iiT AR 45 R

3 N AR S A 1S HoAth 792:7E CUHK-PEDES #4la 48 LR 4558, Wl g T 7 B F i il 25
BUGAFAE SRR 8 1k 7 2 AR U T A& P SR AE . SCAS- MRS BT AR B 7E I SC AR R AT NS,
A VLB A M BUGAS R CAR R 4R 5 AL 15—, A0S FERT L SCA S R B4 1) Rank-1. Rank-5 Fll
Rank-10 #ERf%.

3 ARy S HAL T %AE CUHK-PEDES #di4E L LA 45 5 (%)

Jrik FET M4 Tl 25 &L ] Rank-1 Rank-5 Rank-10
GNA-RNN (CVPR 2017)" CNN x 19.05 - 53.64
IATV (ICCV 2017)%2 CNN x 25.94 - 60.48
PWM-ATH (WACV 2018) ™! CNN x 27.14 49.45 61.02
Dual-Path (TOMM 2020) "% CNN x 32.15 54.42 64.30
GLA (ECCV 2018)E7 vaG-ie CNN x 43.58 66.93 76.26
GARN (TIP 2021) % CNN x 46.25 67.48 76.84
PWA (AAAI 2020) 2% TR x 47.82 69.83 7831
AT CNN v 49.31 71.64 80.07
CMPC (ECCV 2018) ! CNN x 49.37 71.69 79.27
GARN (TIP 2021) ** CNN x 52.75 7436 81.85
TVFR (ICMR 2021) > MobileNet CNN x 53.87 75.25 83.47
CMAAM (WACV 2020) % CNN v 55.13 76.14 83.77
EN RN CNN v 56.17 77.05 83.74
Dual-Path (TOMM 2020) > CNN x 44.40 66.26 75.07
GARN (TIP 2021)* CNN x 52.25 73.51 81.12
AATE (TMM 2020) " CNN v 52.42 74.98 82.74
MIA (TIP 2020) >4 CNN x 53.10 75.00 82.90
A-GANet (MM 2019) ! ResNet-50 b A 2 x 53.14 74.03 82.95
PWA (AAAT 2020) " A AR x 54.12 75.45 82.97
CMKA (TIP 2021)"% CNN x 54.69 73.65 81.86
ViTAA (ECCV 2020) " S AR v 55.97 75.84 83.52
N WiRR CNN v 57.31 76.95 84.24

FE: RS SCBAAT R BRISE SR, o AR B I, “VAREAL KT

FATAT LRI LR g A R
S, AR 0 T BRI, ARSI IRAE 3 VPSR br LRSI e (4521, 15 2 i VAR L, A3
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J7 VIS ZRAE A B E (R T 2, e F TRV 5 CONIN BT (1 17 v, AR S 1 1) S 6 4 SR K e 4T
T CMKAP® Lk, ook b A o 5 (0 DN 65 20 1) 77 3 A-G AN et (FRIZA 7 K6 00 A5 25 47 B 5 o A4 o e
HEYP PWA (TN ZR A AR A TR AT N S RSB S RO HE)O VITAA (FRNZRAOAT N i X o B
FEHAT N F AT 5 0 )P0, AR ST 0 75 10 (R AE B A B0 0 4 L 3K A3 1 AS ST 48 1 B0 i O R DB . A ST L 0
VLB Ul D o] a8 P A P AR AR P DB e YOI 0 20 i SR PR g 75 4.

o5, S0 A BB L ST T vE L. AATE AT CMAAM™ 5 | A A7 W2 B 2% =15 VITAAR M B 3571
SRI0AT NAE o IR S S AT N AT, K647 N RS R 0 RN & PR AE . % e AATEM, CMAAMPY,
VITAAPRIA S5, A SCHEH 06T J0 W M AR 1) J 12 AT W S AR 3. AR SO v 75 S M 28t R 2
IO R P AN AR P TN S RS — B E AR A5 B, 93 ) PR AR A R T S 20 R 44t

2k BT, A S AR SO - B GBS B AT AR RAE S ERBU S, 7T LA: 1) AR EUAT J5 32068 I PR A 1 75 5K
2) 38 G TN s R R ARAf 2 AT R TP AR SO 80 IR 7 A E R AR S ) 1) A A F 1), sz 5 SR 1, 42
{101 T W i AR T DA 2t 5K B PR A5 5 SCAS i) 0 S5 s 9 St L A Aok P TN 55 700 1 5 9%, 450 4, PWAR),
A-GANet™', VITAA POV BEF 5t AN AT 45 T I 2R P ZRAs 70, A SC AR J 0 LA S 3 1.

A XA VITAAP IR R E . VITAA AT A VE o SRR SR T A0 8 R AR SR o,
N BN R UT IR 2 B MR (KR 2R 45 L. g%k 4 a] LURII L 45 3.

# 4 AN VITAA BRI CUHK-PEDES Hds 4 (14 2 45 Fonf L
A
WARES the man is wearing a black and white striped shirt he is ~ the woman is wearing a mid length purple dress with
wearing black shorts he has on sandals matching pull over she has short brown hair

v v v Y
v x Vv

B, NS TN R0 B SEGEHR R 4R, 26 1 AR RS R B8 2 sk A 4 sk -G b AT
NP5 “shorts”, VITAA TIHZ 4k BB 435100 ) 52 “wearing shorts™; 25 5 7K BG40 5 FHORFIEAR ] 2, VITAA 2375
ST o “wearing a black and white striped shirt”. BA_F 45 5l T2 1047 A\ o0 BRI LR Jo o £ dn 4 ik
A 2B R AT IR AHER, BUE VITAA 222 IR IUCHCS. FFE IS DU REE RS 2 MR AT R 45 1
HORII. AR SCOFEAUE TN CNN BEARSREURAAE. TSR CNN B EAG R U 1z A, 48305 VR R i 8k 4o
FTINZRATL KA T P 3 B0 e 7 T

B, VITAA BB ) B NP RS DT T iy 200 SR A 14 =) 1 F 3¢ SRR A )= b R Seg im] LU 4T
FISEAR P IBAT NFRFIER 7R, VITAA HEA: BRI BS IR, & SBCAE— N E MR IEAN I B, B <
B YE T B R T EL S 5. 48 tH A28 T8 SCHERE BRA IR 2% 33 0T DL e 3 B e Jeg 1k 1) 42 Jm) B R SO S &
B BLSAT NRFIE R R,

3.2.2  fE Flicke30k $#s4E LNk R 4

NI A ST IRz A, 6 5 XA SO 454 3 T I A Flickr30k Bl 4E 11045 3, fuds cmpc!',

CMKAPYHI GARNPY. 4 2 ol Hofih 7 94 8T 1] 75 1 Flickr30k 36 LS5 S N 5 vhn] DI 31, A7 iAE

AR5k

ViTAAPY

X
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Forfr s ANV SR b AR A 1 45 L. BB 28 SOAR ) Rank-1 Ef % H LE GARNPY 0.3%. % 5 1045 1K W]
ASCTTERA RIFHZ AL TERE.

F 5 A EHAR T IEAE Flickr30k HE4E F I HLER S5 3 (%)

ik SIL oSN AR KGR

Rank-1 Rank-5 Rank-10 Rank-1 Rank-5 Rank-10
CMPC (ECCV 2018)!"! 49.6 76.8 86.1 373 65.7 75.5
Dual-Path (TOMM 2020) " 55.6 81.9 89.5 39.1 69.2 80.9
CMKA (TIP 2021)" 55.7 82.9 90.0 45.0 734 82.7
GARN (TIP 2021) 60.1 84.6 90.4 442 712 80.3
HeLR 7V 492 75.8 85.7 37.5 65.4 75.2
AT 59.8 84.7 90.6 453 72.1 81.0

3.3 HRAUSHIMSID AR

S5, FRA T IV AT B PR AR T AN R B (AR TE ST S R AR RS ATT . 138 SCHEBE R RFAE 272 2
ASR. TS SCHE SR R R AL AN 42 JRREAE FF S I ZRIE 5 B8 BERT) (R DTk, A5l st 45 R WAk 6. SEuE T Al
A R R AR D AR ASAT N 3R s, A2 2 g Ja R AH DA AL #1325 WSS AR R R 2 ). A2 300 Js PR AH Qs
UL 42 Ji e il o 420 WS BRI 223 (8] AR 4 K53 SCHE SR (KR AE AT D e RS REAT N IR, B 5 A
SOOI GBI UK SO R SR 45 R, AT LA H LU 518 1) 5 305 S I MR R Dy Rt 25 4 40 A FEA T
NIFFAE. 5 HE T 0] b, BERAS o 513 (R PR A IS Rank-1 HERS A ] 4R . 18] 4 o i ) RE 0L P (K75
AT EUR, N 4 FR] DU VR 2 9 3 OTE B AT S0 05 (AT N B I BEAT 28t ] 5 B AN SRR 3K
W WA 0 R PR R 0L P P SO T DL | S R0 2 3] B R (K AR BEA T NS AR, A7 At e S iR P2 1 5
RS RHK. 2) T8 SCHERL IRFAIE A7 30, 5T R PR AR 2 00 SR mT DAAT RO B R PR 1K) 4 Jey 1 R 3, b 2D Witk
AL B REAS IR RE . AR 6 T LU 2, 889 Ik T SCHERE IR AL 27 2 BEHUR, 3 AMVRIT R AR 0 23271, X
7 DR il SCHERR PR RFAIE 27 ) B A J R 1) A2 A B, ANDORT SR -3 SCHEBE AP i R 1) SR A R, IE 7870 %
JE& B J P 4 JRts SO ORIER. 3) 4 Jaiier A, SCHE 3 (KR I 2 T AN . 1 SCHE S (R I 78 20 42 3 4B B 1 AT N
SURFAE. 4 JR R AESE T 6 N 102 18] 23 A, Rl 2 Jr R i R 0 SO 5t (R A1E T DA e R AR 1 56 3 00 RAT AR R 1
HERR. 4) TN 251K BERT A5 ) DLPR (I SIS AR (R Ik A AL AR R B Gy, S PR e Sl

# 6 1F CUHK-PEDES #i#54 L, B b o4 i sz 06 25 5 (%)

Y5 ik Rank-1 Rank-5 Rank-10
1 FEUETT v 48.52 71.57 80.36
2 ATT 50.52 72.60 80.70
3 ATT+FF 51.86 73.95 81.87
4 ATT+ASR 54.35 75.19 82.99
5 ATT+ASR+FF 55.24 76.13 83.26
6 ATT+ASR+FF+BERT 56.17 77.05 83.74

S5, BRATTIE A 31 Ul o P PR A R A K R KBO0E I I AT AN TR 53 (LA o s AR K R B L, T I PR R A
ASVERAR Ly« FET0 B2 ST AR P AR RS K Ly ) B0 DTR. AP 2 R 7. 38 5 B SRR ) S 45 2R,
FATAT LAt AR 4598 1) AR A & PR Al REEC A 1E i (R4 L L RNk, BRI P RE A2 T B
2) [AIHE ] 3 MUK IEE SRR b, YiHIIX 3 AN RS TN EATRENS A TL M AL 255 R R B e st B IR A
RIFAE.
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T
#rif] 1 An sian woman with long, dark hair wearing a ringer shirt with navy sleeves and white
WA ' middle section. She is wearing light blue skinny jeans and pink sneakers.
o —r _____________________________________________________
| and long  wearing women asian woman dark wearing light wearing an wearmg
pink dark blue ringer woman wearing  and a blue shirt asian
:sneakers hair jeans shirt navy shirt pink is skinny ~ white woman w1th
I sleeves blue  sleeves  white wearing  jeans  section  with and
! middle
i) : The man is wearing a black baseball cap, shoulder bag, watch and shoes with white soles.
WA | He has his hand to his face while he is walking
FRNGPURSG RS A A S S S O S O S S g G R S U S R —
I
I
I
I
I
I
T : shoes  wearing is wearing wearing a black has while he  shoulder
| with black  wearing a shoulder  black and  wearing hand he man bag
| white baseball a black bag  shoulder with black to is while  watch
: soles cap with bag white with face  walking is and
I soles white walking  shoes

Bl 4 vl o v RO BB AT A A R (AL (R s R )

# 7 £ CUHK-PEDES %4k -, J& A R BT % o B A 1ok S i 2R

Gl 5 WARES Rank-1 Rank-5 Rank-10
1 HeLk 72 48.52 71.57 80.36
2 ATT (w/oL.) 49.34 72.01 80.52
3 ATT (w/o Ly, ) 49.25 72.13 80.54
4 ATT (w/oLg) 49.03 71.95 80.41
5 ATT 50.52 72.60 80.70

34 BEESH

AR T, MEBEK, o, 4 A, PEITSE 8. 5% K 56 B E R (0,6,...,36], o TS % E A
{0.5,0.6,0.7,0.8}, A; I¥138 BBl 8¢ 58 4 {0.1,0.5, 1,2}, A, IYE R E 4 {0,0.1,0.5, 1,2}, FEAEKE] 5 b BoRgs 1. FefiTnT L
MELE]: 1) b K (M2, R MER A0S LT, MK > 12 I8, $RIUE £ 108 M 2 1 i 7l () 53 2% i, AR )
YA IR ARG 5. 2) Mo > 0.5, T B LS RIS VCRL L 2K PR VG IE 1) UG- SCAR S R ARBLEE K TS DL AL
1) BB - SCARKE R ARBLEE . B o (R ELIVI B8 1, DUPCRE AR L5 AN UL BCARE AR ] (19 B 25 25 B2 39 0. 2% @ = 0.5 I, A58
UM Rank-1 #EAfZ R 3) 94, = 1.0, A, = LOK, BEAY ) Rank-1 #EAfHIE BEAE. S EA T /N EGS KR, #E
TRA AT e XU IR 1 3 AN [ S B B0, 24 A, = O B AT DATE BIMERA IR T %, 3% 15 B 12858 2 AT DA
T R I SRR T (R B A RAERE ). T UL SR, BATRE K =12, =05, 4, = 1.0 4, = 1.0.
35 i #

AR5 B v R BR A R R AT F mT e k. AR ST H I A T ) R s GRS, 3l G e )
(R AEACLRE fie 8 SE I R i A 2R . KR AOL ME 27 =) vT AR ARRL RS b i S P AR 21 SOOI i 7 vk (1) W] AR . (L4
JEPEA R ZCSE VR . B 4 BTk 45 S rT LU B, A2 2 e ST U A I (R DX sk, 3 B 3 &% =) 2111 e 0L 12k gk
Z Z Rk RN AT AR — A8 S Wi A R AT A, 1150 80 2% 20 B 0L 1 ik = — Bk, 7= ARaxph 5
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SR AT D DAL A T A P 9 e S NS B LTS A 1), 6 BT TR PR bR 5 5 0 20 2 B 22 it S 0 5 B G A
SCAR. ARSI VR TCTER N 20 WA T SCETR Hh AN S o2 1 1) 0 O, 22 B SCHRAR P AT A R AN o P 1) B R
MR P, BT SOA R A R B 9 2%, X 80U — 4% SCASHIA T REAFAE 2 AN (AT N, A SO R
2 GBI L. 2) BRI IR AN o 1, 25 M L1045 S AN 5 11, I SUREA ] F) S B2 AN o2 11
IR ).

55.5
84 55.24
821 55.07
80 55.0 |
78 - @
76} o VN <
S 74l T T ] W 545
ﬁ 72 :@ 54.13
?E 56+ % 54.0 53.91
54 S
52 535}
50 F -4-Rank-1 -e-Rank-5 & Rank-10
48
46 . . . . : 53.0
6 12 18 24 30 36 0.6 0.7 0.8
K o
(a) JEMHH K (b) % a L5 R
57 57
55.24 55.24
sst o473 54.78 sst 54.29
g 55+ g 551 52.45
51.32
8, &,
& st = osif 50.68
= = 49.70
=y 249t
& &
47t 47t
45
0.1 0.5 1.0 2.0 0.1 0.5 1.0 2.0 2.0
A ;Lz
(c) JRVE MR & (d) J& T8 HEH AR 22 ST B2k
5 7£ CUHK-PEDES #(#i4E, BiS K, o, 4 4y ZBA0IK SEIG 45 5
4 &5 ®

ASTCHR T AU 2 o R SOA- B AT AR R T B, SR T IR M AR PEANTE SO Sbk g i 51 3
(K e 1 Ab R 5 9. 3253 RT LA TS 20 LA RS L 2 R AL T e A B A 8t R A N i 1S 7 s B () B A 21 SR
IR AN [P B2 TR S R VA . 55 =, 41t PR T 9 SO B PR 2 > BRI P Jog Ay ot 0 1 SCBTRER A 2 3 it
AR RS LS TR RE 0. DTt Hh (K7 i B AR 7 0 Bl PR bs BEOK, 38 7 24 T 18 SCA- B AT ARG 28 Bl S A 5 45
AR AR L SIS H, R T A SO IR A R RSO R KA T DN T T REAL AU I AR S, L,
[BIPAE N SEY T EIR I N DN ¢ ONIE 7GR 7 NI BTN R R Y RS E P I YN

ARTCHE Y LT 2 ) O SOAR- - HBAT N AR T 15 B0 5 B8 3 J R 21 ) FR AN [ el 30 SIS TR )
JEPERZ IR AT. T — 28 TARLS I AR B0 2 AN R k2 7 AN R AR, JF 22 bR SR B RS
BUGANSCA AT BRI, AT Lo A J P PR SCABRN, AR SRR 45 RO AN J PRI AN R, Rk vl
LU 5 2 A 2 v SCHRLA v (0 ANif 5 P 10 AU ek 9 T4
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