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Semi-Supervised Person Re-Identification with One-Sample

SHAN Chun, WANG Min
(College of Computer and Information, HOHAI University, Nanjing 211100, China)

Abstract: In this study, we propose a one-sample person re-identification method, which adopts a@prqgressive learning
framework in the process of iteration in order to making full use of the characteristics of labeled data and unlabeled data
to optimize the model. In this framework, we iteratively train convolutional neural network to update the model and utilize
multiple-model training together to select the reliable pseudo-label data during label estimation. Then, we update training
data for the next round of training. The training data is splited into three parts: labeled data, pseudo-labeled data, and
indexed-labeled data. We set up the corresponding lossfunction for each set of data and update the CNN model by the
joint training on the three parts. In the progress of iteration, the pseudo-labeled data and index-labeled data are constantly
updated. Under the one-sample set, gank—1=65 3, mAP=45.6. When the rate of labeled data is increased to 40%, rank-
1=83.8, mAP=64.9. The result indicates that the semi-supervised person re-identification method proposed in this study
can provide excellent results comparable to the supervised learning method with less labeled data, which fully
demonstrates the effectiveness of the method.

Key words: semi-supervised; one-sample; progressive-learning; multi-model; joint-learning

1 515 BT F AR 4 E R IEAT AR EHR, NBERE Th
AT N E U SCRRAT AR 2 A 13 2R 3 RAT NI EES B2 B T AR B 24,
I, AT NFARBI BN 1 — R B E I AEOR. AR, AT NS Jel BEEIEZ R, TA

@ YRS A 2019-06-20; & B4 E]: 2019-07-16, 2019-08-06; K I [8]: 2019-08-16; csa 7F £k Hi R 8] 2019-12-27

256 W7t JF & Research and Development

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/7270.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.007270
http://www.c-s-a.org.cn

20204F 55294 55 13

http://www.c-s-a.org.cn

i H AR SN A

AR I T I 5 VF 2 PR

W& IR T 5 2D R e, 5 A 28 I 2% L 22 I S
FEVF 2 N SEAE 55 o B T 0 AR R B B
MZE I 28 MR AR AT N B UM 55 v 17 0 BT A
3 R AT ARG AT NSRBI, ST IR BN
P22 R 2% AT N BRI T7 3%, TN BT B R
AL E A S LF 1R BE 7 UL SR & bR k. 9558 T
TR 22 2T AT N AR5 15 32 20T Aoy U ARALLE 22 )
AR ASAE 2R 7R K, B — 28 T B A o ) i (140 R FE
M2 R v, B AS A S8 AIE £ 2% 2 STRFIE, 55 — 2R
NG 1D B By N SR R ek e ) 2 o il g
ID 5K 52 S A 2RAs . HAT, 2880 AT N
T 7 2 R T B 2 D i Li R A R A

FAUHEAT 2 ROBERAIE SR A, IR A5 R P RFAE 5 42 R ARRALE.

Wojke ZCIH £ 4t Softmax 4y 24 faj 84 i 28k, L1k
T A AORE, ST SEEIRTASE 02 51 AR 1T T
W 2 20 1T AT 5 BOK AR 0 2R B0, 9
LG O 95 5K 1R R Sk LK AR RO . 24
HORSEA WK, KR T ARV HOR 1 E % AR
P T3S T, 356545 M 0 A R 90 4% 1 5
BEFIME KK RARG. 235 Sk R i, KA
TRRVE RO S0 AR 2 ST B0, TS0 T 47
NTEARBNIF. 9 T vl 3R 0 B R, BF 50N 53 T4
SR P AR BRIE 0000, RESRAEE F 8 A
e AT N AR 74 B Huang 25 AR
T R E U bR S T2 R, 4 LA )
BEACHN T B0 (17955, Kipf 6 ARt 7 i 23601 P

M2 P A R AT B TR S R b, AE — AT B B AR

L A A B I AT IR Lin S AR
T A A ST, R ARV
B, M ERREE AR R B o, et 2 SRR G
i, e W ST VR AR 35 14 B B0, Behs 75 4
FATE PR IR B, A B0 5 b 8 R 11 00 545 40 4
Ly, AT S 47 B o A7 N T AR B 55

TE 2R I FE Y, A Sk ) B bR
SRR 11, FEA S, AT ID LR —A
FEAR, SORE 015 B 75 AR v 92 B 1o S B BT 35 S0 N T
Bt 75 49 R G PR AR SR, I ZRad R v, 4 12542
R4y 9 3 A4 AR HAE . DR . W bR
SR T M, 39 R DA b RSO 1 R 2 7 5
37K, PG A 7 1 5 2 o 28 0 4 - 0 2

BEAT SRR, FHARHE ASAR LA A IZ 28 D i 2
RGNS BRI, HEIAE] T — % 1D 43231
Zrrh & B RT3, T BLHE— SR TR ARG,
AT BE % 56 i O8RS TR L AR A S AT T i
Y AIAT N E AR T i

2 AP E AR AR AT N
FEl 1 S92k SCHR 7 0 5 K2R, S 2
O Ar 50 . 2 BURIBE A | 25 ARk b b 3 2
MU 2% 27 31 77 2R IB B B AP T A,
A REABERE,
§ '

IR B

@@g N p—— TR
% U’ XA | SRR AR
B o ¢$ R —HEIEAR

Hi V

W R N 2

R = ik

TR bR S

PRAPAR: BT FRAHR
(Epzes CNN1
Hige s
- i

1 SRHESE
2.1 BEFISE A
R AL S 5 BB, 6 5 & VORARRS,
FA AR B L= (Corsy), > Gy )+ WA B 2580
4t PRI S 25 MR 1° S0 W6 B8 5 3, gt
FR ORS00 IR T Dl bR 6 10 T A o M0, K0
RO 2 5 F Jobrss, AT A S b e

L (4
U = {xnl+1,xnl+2,"' ’xn1+u} = P +I

I B 3 B30 03k T L TR O B 28 04 2R 4T 1D 4y
53BN T A ARSI T F, SR T T R S
TE AR, AR WL AR 2 B8 I 2] 1D 4328
SR A H Y. Oy 1 785 M R I G S AR A A, 3R
ATTRGNSCIR[ 12132 H 10 22 S P40 2K, R R 2R 91 i il
R TR E X 25 152

exp(v?&ie;xi))

|| (vl-T(i(@; xi)]
eXp f

J=1

\1.

L, (V; &0, xi)) = -log

Research and Development fif 727 & 257

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20204F #5294 5 1 1

Horp, VAR AW IR T T IR bR TE 2L
A& BRFAE x;, S IR AR BEE, G 1 AR REUCGE AR AD
FLE R T R RIS IR R %18 5. « f il A
M A AERT AR A D, T X, 5 AT KL
& I ARSZABLE, 2SR AL SRR RE P, X v, AT ST

1 -
Vi E(Vi +¢(6;x;)

FRIETE Ly 94k, R R AL o B 1) B S AR N
Vo, PSSR VO i B0 3R I S X R 2 S
PEB G, BB A% 2 21 [X 53 A R N By T AN 2 27 2
5338 ID, TGS 2 2] B RAE 2R E L K THA
ID {5 8. FESb Ry, RO I B8 R AR B AR AT 4
VE, (ER MR AT LIRS 2 1 RE AR, JF HiX Seke A Lo
ST ST AN AT N B R TR 1 22 S ke A AR R A 59
) M5 BHA5 B 0 T IEM AR 4 1D e 4 L, ik iR
TR G re-id B, LA RGE H AR 7

n
1251; Ice (f (w; 9 (65 X)), yi)

oo, f (w3 )% 1D 5y, A b0 44 S
ISAE 5 5] K 4 16 LS 51 (K 40 1D 3D,
Lo BT B bR 4 15 2095 1D 348 2 112 A 2%
FRE I, T LR F R 0L 77 ) A Bl b7 25 41 4
P AR AL

min ) siler (f (@6 (6:x)).y1)

’ i=nj+1

XU b MR 0 0 P, K B 0 5 A AR K

H 7 A S A0, R I 0 SR B AN 45

Si{0, 13, R HE i L — 2D AR A T R E, F s 0

A Y T2 BT HE L 19 D BRI R B AN ) ID4Y
Yo, HIESIISHIEH S WA AR, B30 RAER
VESCRAE L 0 ID SR B A i F it
PabRZE AR P* 1 D 23K, 585 =34 U P T
SPRREESURSE I (02 R ARSI SR BA T 1 bR TR
HRHEATIEA:

%kakﬂﬂm¢@m»m

+o > s er (f (@3 66:x0),3)

i=nl+1
+(1=0) Y (1= (Vi 6:3)

i=nj+1

258 W7t JF K Research and Development

ke R kISR, ¢ Jo RS XU k5 2 A
A5 BT o BT () 3 0
2.2 AEEES SAREET

T Ve B RE ARSI 1 (25 ), 43K 9875 ) o
BRI, T T 5K 85T 1D 4%
RO HERE. Sy T AR e 0L A I, 25 T4 7 R
KRR BE 19 77 3, AN ZRIBUOA K325 (1 B o B3 5
O D RR S5O0, AT 1D 432K 30 Zer, L,
MR — AN B O RS 15| R

AR5 3 PR 2 1 P 5 e 4 Dl 25
07 3R W T T BRI P 1, 0TI AT 5 38,
SR 5 B LR 1) 1 i — A AR S 7
e B15 LI B 00T 104 B M, 46 4R 1
MR I FRZNE A BTN 4 TERT 2. B, 7EAE 2
1) I B S 4 A B A4 1) LA T, A O b 2
AT IE V. o T 7840 AR K RO KR, 6 4%
O Hh, AE TR oS0 VR 1 b 2 50 N R
AW, BN, it LU 5 N TR 2 4T
T

d(0:x;) = ||¢ (0:x) - ¢ (0:)|
¥,y =arg min L||¢(9;xi) ~¢(6:x))
yi=y :

d (2 x) 6 1 S AR BRI 0 B (R ASA LA, T
iR R G, BB ALY o 5 i
3 N AN P T O PR (BRSSO
BRI AR R 21 FE 3 AR W, S, A5 15
i H 9 2N A By BRSSO 3t AT — 25 (0 I,
A 2% 31 IR B O 2 B0 Pt th ok, AT 56 T
KRR P 1 1 — AR T

P'= Py, NP,

2.3 BER RS

R F TR AR VR, e RE T BT R R O
PREHE I v] S TE ST B, ALY SR U A FH AR
AN B AR B R AR, B IEAR AT, T IR
P I BRAE A LA R ) M, 7E 55— VS ARTF LR N,
FIT A 1 TG b 25 B4R Y B0 D AR 2, B 1 A A sl
(1) FEAARZEEE |, 34T 1D 40214, (2) AT 1
ToAR B H, W 7 R R EAT BB I 12
J AR R, R4 I3 VA O b 2 S A ARSIV, =

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20204F 55294 55 13

http://www.c-s-a.org.cn

i H AR SN A

Ni+a-ny, a € 0, DIFIEARERE 42l Kk # O bx
HEZHIZH, o ZHOGE T INHR SRR, —4
BUNAZHL, RORE 2 SRR B LR 2 8], {H
e, IXPE 2 RIS BN AT 52 1 D b 28 2, Wi 3R A5 5
A AR AT R F 2 R R 2%, 3R (0 DA
ZAE A B R AT AR AR BN B N AN D
PREE, TR AT LA LR B g 7 D bR 25 11 Kt EL A AR X
AT EEE, PR, ARSI R T S B
FXS BRI Z A o, ITTF A T B RRG JBE S U ZRAXAR
Sk 1 B S

(1) VIR PN ASE ) CNN LAY, il Dy br 8 0308 P —0, 15 B Hh
FEARY 78 B o

(2) P ASFEI ) CNIN R [ I8 AT I 25, AR IS AREAT 1R v, @

i 3 R AR B R

(3) X TR AR AT b VA

(4) JELIE AR, SRR Oy b S

(5) EH AL g
(6) VAL B B, i AR I B, PRI D et
o, '

(7) ST YA 1 Db 2 S S A A5 40

Al

3 SIS AT
3.1 ZEHBESTMIRE

AT 0 2, 2 a8l B RCR AT A
FRAIHIEE: MARS!Y . ZBRE S E S T 1261
MTNID, 435l 6 MEAZR S N AT IR, ol ZRse
RIS T 625 M7 A 1D, 8298 /NEHAT NI, 4t 509 914
sk AR E 636 MT A ID, 12 180 /NEAT AL

#E. MARS #4252 4t 5145 2 A0 R HUBEAT N AR

IS/

AT A ARSI bR e 2 O P
(a) rank-n: 25 E BEEHH—KE ), it R 5B EH
T B 1 AR By s B HER, SR n 350
A B9 AT N, TR IE . 7R RE PN bR dEH, rank-
1 MHER R N E 2, rank-5 5 rank-10 S NGBS %
(b) mAP: JRIH 2 A4 5 EAER Z AP, d 2
e X AL BE AT HEE, 285 s BRGNS — T 2
IR e — TR [R1 47 A BB T IE A R0 e B .

U IR, A — SR S B 0 45 1 P i PR
o, [ AT NAEAE R LU, PR bRk HRRR 1 P
AIXLAEH, Rk — MGk T AT N HAd 3R
Kanf i B b AW BRI AR, —E R T s

2 P T AT 4 S R
32 SRTEBREYRE

A A VR % STHESE Pytorch SEIR, ERCA
1080tiGPU _F 34T SZIG AR Y I Z NPk PP Ak XA 7
£, 4 InceptionV3!'IFIZE Imagenet LTIl kit
ResnetSO[ls]%/l\ﬁ’ﬂ.
3.3 SIGHEER

st TN 78 346 VB DA R 23 2 TR 5 o 2 B M DA 2
SR I S, PR, 7 SRR AT OO AR, (AR
. AFES) T A T BRI B,

W 1 LB BB — AN o S R
REEEAR, 3 700 B o Y T BRI, [ ik
RN o 2 I T P A

R AFEREAY TR o TER MG

[ESEe rank-1 mAP
0.3 47.8 23.5
0.2 53.0 31.2
0.1 60.2 37.7
0.05 65.3 45.6

9T W AIF 7 A R, 5 Mars B9 42, 45 51
ST R A B AT A E R T AT
He#.

N 2 AT LA e I A SO AT A R
Tk, FERREARYEE R, B rank-1-65.3, mAP=45.6 3%
AR T B ST AR 5 2 0 Sk
B A7 N AR LGB, % SR B 7 T T D
HPRAS KR, 5 — 25 P47 N A5 B S2  FR 4044
SRR A (1 W B S A BT R R 2 R, HL
SR PR RE AN M B RE AT 15 B 2 RN,
AR R 2B B E IR T, L AR RIR T A
40%, rank-1=83.8, mAP=64.9. S 4% B 3 B A S0 $2
T A R

F 2 5MFLE R R L

Jiik FEARRER rank-1 mAP
DGM-+IDE!"® LVEVN 36.8 16.9
EUG!” R 62.67  42.45
MSCAN!™! 100% 71.8 56.0
DCMLM™ 100% 72.93 56.88
Ours HFEA 65.3 45.6

4 e

ASCHR Tk, XA 1D YRR R —

Research and Development fif 72 7 & 259

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

I WA

http://www.c-s-a.org.cn

20204F #5294 5 1 1

N IEFRZE IFEA, IR BE T, AN =
S BURRM. 9 1 RN AR R E M AT N B PUIESS, &%
i T M 2 A BN A IR T, X T4
NG, I HRM 78t N HEZE, 6 bx
R VR . WM AR B BRI S I 2RI 7 35X
FEARZE VPG BT B, I PS5 RLIK £ 08 1 HE R G 1
IO Rt Xt D b Kot SR HEAT S0, BARIRATT
THEEBN T AN A LS 2R B B AR R M RCR,
{HZ, i R SAFEA B B T 04T AR BIME 5538 1 i i
LR, RARAITIRZ TARA 15 ik

SE 3k

1 Zheng WS, Gong SG, Xiang T. Person re-identification by
probabilistic relative distance comparison. IEEE Conference
on Computer Vision and Pattern Recognition (CVPR).
Providence, RI, USA. 2011. 649-656., °

2 Chen YC, Zheng WS, Lai JH, ef al. An asymmetric distance
model for cros§-view feature mapping in person
reidentification. IEEE Transactions on Circuits and Systems
for Video Technology, 2017, 27(8): 1661-1675. [doi:
10.1109/TCSVT.2016.2515309]

Gong S, Cristani M, Yan S. Person re-identification.

w

Computer Vision and Pattern Recognition, 2014, 42(7):
301-303.

4 Li DW, Chen XT, Zhang Z, et al. Learning deep context-
aware features over body and latent parts for person re-
identification. The IEEE Conference on Computer Vision
and Pattern Recognition. Honolulu, HI, USA. 2017.
384-393.

5 Wojke N, Bewley A. Deep cosine metric learning for person. |

re-identification. IEEE Winter Conference on Applications of
Computer Vision. Lake Tahoe, NV, USA.2018. 748-756.

6 Huang Y, Xu JS, Wu Q, et al\. Multi—pgeudo regularized label
for generated data fin pérson re-identification. IEEE
Transactions on Image Processing, 2019, 28(3): 1391-1403.
[doi: 10.1109/TIP.2018.2874715]

260 W7t JF & Research and Development

7 Kipf TN, Welling M. Semi-supervised classification with
graph convolutional networks. arXiv: 1609.02907, 2017.

8 Liu X, Song ML, Tao DC, et al. Semi-supervised coupled
dictionary learning for person re-identification. IEEE
Conference on Computer Vision and Pattern Recognition,
2014: 3550-3557.

9 Ding GD, Zhang SS, Khan S, et al. Center based pseudo-
labeling for semi-supervised person re-identification. IEEE
International Conference on Multimedia & Expo Workshops.
San Diego, CA, USA. 2018. 1-6.

10 Li JW, Ma AJ, Yuen PC. Semi—sdperv'ised region metric
learning for person re-identification. International Journal of
Computer Visi(;n, 2018, 126(8): 855-874. [doi: 10.1007/
s11263-018-1075-5]

11 Chén F, Chai JH, Ren DH, et al. Semi-supervised distance
metric learning for person re-identification. 2017 IEEE/ACIS
16th International Conference on Computer and Information
Science. Wuhan, China. 2017. 733-738.

12 Wu Y, Li YT, Dong XY, et al. Exploit the unknown
gradually: One-shot video-based person re-identification by
stepwise learning. IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Salt Lake City, UT, USA.
2018. 5177-5186.

13 Zheng L, Bie Z, Sun YF, et al. MARS: A video benchmark
for large-scale person re-identification. European Conference
on Computer Vision. Cham, 2016: 868—884.

14 Szegedy C, Vanhoucke V, Ioffe Sj ef\al. Rethinking the
inception architecture for computer vision. IEEE Conference
on Computer {Vision and Pattern Recognition, 2016:
2818-2826. -«

15 He KM, Zhang XY, Ren SQ, et al. Deep residual learning for
image recognition. 2016 IEEE Conference on Computer
Vision and Pattern Recognition. Las Vegas, NV, USA. 2016.
770-778.

16 Ye M, Ma AJ, Zheng L, et al. Dynamic label graph matching
for unsupervised video re-identification. 2017 IEEE
International Conference on Computer Vision. Venice, Italy.
2017. 5142-5150.

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1109/TCSVT.2016.2515309
http://dx.doi.org/10.1109/TIP.2018.2874715
http://dx.doi.org/10.1007/s11263-018-1075-5
http://dx.doi.org/10.1007/s11263-018-1075-5
http://dx.doi.org/10.1109/TCSVT.2016.2515309
http://dx.doi.org/10.1109/TIP.2018.2874715
http://dx.doi.org/10.1007/s11263-018-1075-5
http://dx.doi.org/10.1007/s11263-018-1075-5
http://dx.doi.org/10.1109/TCSVT.2016.2515309
http://dx.doi.org/10.1109/TIP.2018.2874715
http://dx.doi.org/10.1109/TCSVT.2016.2515309
http://dx.doi.org/10.1109/TIP.2018.2874715
http://dx.doi.org/10.1007/s11263-018-1075-5
http://dx.doi.org/10.1007/s11263-018-1075-5
http://dx.doi.org/10.1007/s11263-018-1075-5
http://dx.doi.org/10.1007/s11263-018-1075-5
http://www.c-s-a.org.cn

