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Abstract

Abstract

Person re-identification (re-id) aims to identify designated individuals from a large
amount of pedestrian images across non-overlapping camera views and and is a critical
task fof the réalization of an intelligent video monitoring system. With the develop-
ment of video monitoring system, person re-id is favored by the academe in the field of
computer vision and machine learning in recent years. However due to the large intra-
class variations caused by the change in illumination, person pose and occlusion across
views, person re-id is a challenging problem. In addition, the similarity in appearance

among different people further increase its difficulty in real applications.

To address these challenges and achieve a high performance for the person re-id
system, researchers have made continuous efforts. Most of existing methods focus on
feature extraction and distance metric learning, which are the critical steps in person
re-id system. In recent years, in order to further improve the performance of person re-
id, re-ranking as an important step has recently gained attention. In this paper, distance
metric learning and re-ranking are studied in details. The main works and innovations

of the dissertation are as follows:

(1) For achieving person re-id, an effective way is to learn a discriminative metric
by minimizing the within-class variance and maximizing the between-class variance si-
multaneously. However, the dimension of sample feature vector is usually greater than
the number of training samples, as a result, the within-class scatter matrix is singular and
the metric cannot be learned. In this paper, we propose to solve the singularity problem
by employing the pseudo-inverse of the within-class scatter matrix and learning an or-
thogonal transformation for the metric. The proposed method can be effectively solved
with a closed-form solution and no parameters required to tune. In addition, we de-
velop a kernel version against non-linearity in person re-id, and a fast version for more
efficient solution. In experiments, we prove the validity and advantage of the proposed
method for solving the singularity problem in person re-id, and analyze the effective-

ness of both kernel version and fast version. Extensively comparative experiments on
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four person re-id benchmark datasets, show the state-of-the-art results of the proposed
method. |

(2) For distance metric learning, its input data is the feature vectors extracted on
several regioﬁs of person image, then an objective function is constructed and solved
by iterative optimization algorithms to satisfy the constraints on samples of the training
set, and obtain a discriminative distance metric. With the features extracted on several
regions of person image, most of distance métric learning methods have been developed
in which the learnt cross-view transformations are region-generic, i.¢ all region-features
share a homogeneous transformation. The spatial structure of person image is ignored
and the distribution difference among different region-features is néglected. Therefore
in this paper, we propose a novel region-specific metric learning method in which a se-
ries of region-specific sub-models are optimized for learning cross-view region-specific
transformations. For the construction of the objective function, with the direct transla-
tion in math language for the goal of person re-id, we propose a novel metric learning
method for person re-id to learn such an optimal feature mapping function, which min-
imizes the difference between the distance of matched pair and the minimum distance
of all pairs, namely Ranking Loss. Compared with other loss functions, the proposed
ranking loss optimizes the ultimate ranking goal in the most direct and intuitional way,
and it directly acts on the whole gallery set efficiently instead of comparatively measur-
ing in small subset. Extensive experiments on the datasets show the effectiveness of the

proposed method compared to state-of-the-art methods.

(3) For enhance the performance of person re-id, in this paper we propose to uti-
lize the contextual information of the sample for person re-id based on the initial rank-
ing results obtained by the feature extraction and metric learning. For the view of the
spatial-temporal domain, group members can provide visual clues for person re-id. For
this, in this paper we discuss the essentials of group-based person re-id and relax the
group definition towards a concept of “co-traveler set”. Accordingly we propose a pair
matching scheme to measure the distance between co-traveler sets, which tackles the
problems caused by dynamic change of group across camera views. The final individual

matching score is weighted by the obtained distance measurements between co-traveler

v



Abstract

sets. For the view of the Euclidean space, the pairwise similarity can be computed more
accurately by taking into account the contextuai information of sample and the struc-
ture of the dataset manifold. For this, we propose a context-driven person re-id method
in which the pairwise measure is determined by their contextual information provided
through its neighbor samples. The main motivation of the proposed method relies on
the coﬁjecturé that two sample are similar to each other if the contexts of them are sim-
ilar to each other. Experiments were conducted on different person re-id datasets and
shows the promising improvement of the proposed method compared with state-of-the-

art re-ranking methods.

Keywords: Person Re-Identification, Metric learning, Re-Ranking, Singularity Prob-
lem, Region-Specific Metric Learning, Ranking Loss Function, Group Information,

Neighborhood Sample
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Figure 1.1 The definition of person re-identification.
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HXEBEIMEHFRFENSBEFHE. R EELINERFEXHT
ST E NS b, TER, REREEIRARNAMRRE, R
BE RN RS TR R RES I ARG T AERGAE, FRAEE
R ETRES IHAANERBF BT RSN B, Ao, WILE, BiR
N B FEIAYS B et M AR et B S iR AT ARG E A, AR



ERG T AE R EEM RSN A

7 NEIRS (scalable person re-identification) &, ARIC/EEHIHXZEIT AEIRA]

TEFAT— I B

2.1 EFHERBTARRANGE

EFRERBG T A BRBITT S S BN T4 T— AR SRR ER
T R TRREGL T RANE AR E T B S . BN
T RIS, I ERMSORSE, R A RE R T/
2,8,9], XEFERETERELINHE, RIHEEAR, FETERE
EEEISE, BB DR 82 S5 — B RIFHIFI A
SEES, EILE, MEREE IRARNTN R, PR AARAETRESS
HOAESREL. SERI7R AR L TR AT A B S A E R A AL, R
EEAAEETIRSAM, AR EETRES IHARE T RRNRR
% [10-13), LEREERINSENEERT. THRRFARGFERTRIOMN
T, WA R 5630 (H4 EHERE (binary segmentation masks) X4 H{17 A
BHRTR RS, US4 F12 S8R A B KA [14-17). 4T fRURAT
N )25 BIRTRUE R L, BFST A AT A BB, R
e K TR R, SRR XIS AE— R, WERL NS EETR
(18, 19]. HT Ef—Hemitas, (1) E/LEFRA R ERBTANEUEE
ST AME GRS, R TR G KSR 20,21); (2) —HFHEE
F 3k TN BRI a AT A AT 45RO B 81 (constrained
attention selection mechanisms) SRFEZ X FFXARUERIE G 3T [15, 22]; (3) &F
s AR R A B ERIK S E R, 282 B AR N
BREEET [25-25]. 2 BRMEETHIET 2 BRarRAHF N EEE,
AT AL 2 T B 511 B BT , T KBS (ERT DUE N B B A
W, 7 26] . — A ERERFARIRS, EhEs— 1 RBTRRA B
B4 5 RIS F TR BB S M % 78 [27) o, (R ER R
EEF RIS L B, RERE— A BERAREBHATHFX
WEERL, REKEEE, BIE KIS 2 BRI, BE RIS

=



2% FAERBINBISINR
22 ETEEFINTAERGE

HFETFEBEINAATIRBITE, FIAREBEE B EIERN YIS
A, TERMEEBES . (R TERA HRCLEA T AREARS AR E. XL
FEEA LA AL ETARBOAETERE TN HTFET RN
W HE%SAMISIA4F (Linear Discriminant Analysis, LDA) BARHE%, &
B MU AR RO T BRI AT 2, MOEH BRI, 25
EETERAE, BB, EETEAEINITES, BFRARET B E
BEATHAMEA T AR AR, HEHE BARER, KEBERAGRIENE
¥, WIBETRE, RERMNERER. |

B F kBT LDA [IESHISE, UK LDA TS HMARBNITS . —
ST B B A ST AT A EIREI T A BT LDA BAS I RMNERRL. T
$AFIEG LDA, ESREN SN IR, AT TTAZIRIEA,
RO BB S A TRANR, SEPTANBEERARTT R, X5t
23 LDA HAFEEEEN AEAAE RS . A, —LHRARBIH
BTG ANEIRBINZ RS, Pedagadi Z A 28] RAFHEEIRMEREL:
E/4 4 (Principal Component Analysis, PCA) F1IENAL/R#D Fisher HIBIZM 47
(Regularized Local Fisher Discriminant Analysis, RLFDA). Liao Z A\ [91 BIANIER
(A2 B4 7 (Regularized LDA, RLDA) , fRBTAEIRBINZFRIH,
A0, 25 2 S A AT 2 2 PR B AR I — MR, TR IR P B A
MBS, FMEE— SRR RIREEEEMENAM. Zhang A
[29] 8 L EF 25 L4 HI5I4F (Null Space LDA, NLDA) HIfT AEIRBIT
v, B AR R ATE L AR B SRR AR, RTIX TR
VB, KB A R A T AR ZS, BT B AR TC R L P (A S
R AEE AR BT EA G MBI AT AT NEIRBIT i, AR T T AE
RBIRG RS, 3 A% T LU R IR SR, AT AR A AR
i, -

KT RESENEIET, FRAREEH T ARG B
BT . EIEAT ANEIRBIRST, FEE T X— S BN EEREHEEN
WeE . 2 ERENT A BRI U RAE A A RS RS R AT E R, —
s B2 T A A E IR BT R R T B R I A ER R H .

9



EEAITAE R EERT S MA

Chen 2\ [30] A 077 AR A0 KSR % S S I AR AR
B KRB ETNENER, BT, GITRHT M8 EE4
FALE B ARMES, FERARETATTHE (Alternating Direction Method of
Multipliers, ADMM) FETI3/TsR AR, Chong S A [31] 40 BISHTHT AEZEI7K
THTRHE . FEE RIS AR, 12 B BRI S
BRI AERUERT ASENER. KET IR T — g 2
B, SRPER R ER LS & RN E. AR BT AR TR RN
TRERTARRE R A K, SR BT RS A A E R, T e
AR

HTETHEREINTE, HEFERARTIIEN=S: BF M550
4. BF = RARSAMETITARE. WTET - [E4%5% BRI
W 72 PCCA J3H [32), (AL EARES, (578 EAA I B B AT — AN e
1 BME R AN BB B AR T XA L R BME, AR EERRARE
HE—EE: H—5, —ASTFEMLEMERNT AR [33] R
. EFHRAAERNRE. XN TET=TA5% BRI Ding &
A [34] H9EE T — MERE AN, BB A R X B B A A R BT
ZIEREE R, RBRMHEEEL; Zhou £ A [35] $2HH T — set to set (S2S)
BRE, BATRAMEAES SRAEE R, 355N AT T RE2IE
farh, X TETITARE BIRESAIITE, Chen 2 A [36] 25 T —AMU5EE
REMG, BaFATRIEE, BHT=TA5E, NTERENATER,
DASKSEIUE /NS T EAE AR T 2. tohh, —LERIsT A REEL —(HA 2
BRTISTERBR, FHBAMA, MTTERE BTN IR (37, 38). —EH5
ABAKTAERBNES BN FEGA R B R ARES (7, FilkiE®
FIRSRASSRE TR HE, M=TeAR%E, LM% 126, 39, 401,

23 ETEHFNITAERRNSGE

HEl, RSEMTAER TEETARTERRNEES I E, XET
BRI T IZ|IT A B FREBRIEE, NMRESHFER. BT 205
FE&R, BMEHFLE, TUASHIEEEIRBIF. XEFERIT LU HH
R (1) BEELRTARE, SREHERFER; (2) GshiusErsr i

—
o



82 E TAEIRAIKNBIRIR

E=EM L TIEE. AL TETRENF S, BT LT XNTEBETAREREM
FHNTFYEEEEHE R | |

Mang Ye £ A [411 YA TRANEERE, R— M AREERRNEF
2B T BT AR S R TS. Ye A [42] A 2N ETIHR
ER%DE%#Eﬁ%@%UEWMﬁ‘ﬁFF?%%, BTHEROL, BRIRMHEFER.
Bai %\ [43] ML EERY, By TEEER, SMTEENERF. I
RN AT T AEIRAIAE L. XEEHF TR EEARNEEEEERIN
SRR, ARG EIIRNAERLHRHENTER. Weili FA [44] 8
ﬁﬁ@ﬁﬁéﬁE@iﬁ@ﬁﬁFFﬁEﬁ%‘ﬁﬁ*ﬁ, BEIAL T M HEF SR Zhong FA
[45] 3BT AR BEAXT Y k AR ELIE SRR AR LE S BETEMGEEFER. B, &
[46] 1, {424 Expanded Cross Neighborhood (ECN) BRI E, HEBIFAIIH
XTAREAR S B HEF IR AUME, ATTEFH SR Z BN CHE, HmXIH]
BHEFE R TERF. ULX=MTERSHFERZ ANELERREEXR,
EiFEETRn, BReE i AT AEARURIEIT A (candidates) SE&FFRIHEA
NES S5TE, AMENIHET, REANBAEEE—MERTA, UE—T
B ANES, RNX =M BT ERNAERLT R Ba FA [47) £
W E TR A ST 22 S ST AR ISR, BT REHFREIGES, Bt
B RIS E Rt R R R A — LA BRI RS R
B ETFOEE, W T RERRF AR [48-50). i, Yichao Yan S5 A [51]
BH—A LT ply BAEE (contextual instace expansion module) , ZERBTA] -
LA SRR AR E AN T EER, REEEE T — ME¥SIER,. A
WHARER T LT AT EHE G2 ARAELUE. Yantao Shen A [52] 21T
—/~ similarity-guided B2 MR, —ANEIREA (probe image) FFTHMER
VEREA (gallery image) HH— 1 E, BTFERREAXNZANXR, KAEFHX
EE—REI TRE AR B R. M, AR
ETRACERESEEN ETXEE, BT 8 T N#E T AE
RBIEHE T, M EAEEISGES, FEREFAT —E AT A FE G
FAESNEER, EFAILHRINRE. ,

AN, —BAHRARBATFETEEE BT AERIITENRE. ™8
Seis ) BT R — B T A AR N E T EHF T AR RGITET,

11



BEGLTAE R RS A

F AR RS RHERBIMEES I PR FRIEIE, MESKTRBNE
BN L BARIRMAE—R. BREEIINRSETENFNFAERITE
AIE, B, XETEHREIZETABSEEZINEE: BREER, R
SLEIRBIZR AR S - Zheng S5 N [S3] ST XTERG LB PT AN ERZ LUK BT
G AR AL A X AR B, FERIER T PITFRR AL, AREET
NEESE BT AEIRE. 78 Cai 2 AR H BB T BKIT A EIRBI 7T [54],
BB T 248 E], REESTARIMEBESIUTAEIRS. UL
XLETTEE R T ME 2R, NG BETEE. LiF A [55] XA
fi5tf&#% (Affinity Propagation, AP) RIEEHESCIVBHARY B SR, B0
SRR TR, BBIAT AR, Chen % A (56) $2iH SR OB AMES:,
WATEFATRAERN, EETAZEANREZ, ENHNESEHTHEZETA,
BT ANEIRR. IEJLE, MEREFINAE, —LEHREARESTREZ IR
AR, REETRHEFRITAEIRIINE 5L 57 AXEEHNETRHEGER
HAT AEIRRB], w7 TIRABIS, BETET A ERTAERGT

24 BETREZFINTAERINTGE

TSR, RS BARE ZHN AEF ST BN RESF. EFA—1
BANNIE, AT LEATEET TR R RERNER T, BidmEima =
RIBEFPE T BN T - ZEIXTEANE R, FIRANRIFHEEITX
FRREF I EARMBRRAT NEIRB A S50 (58], XEETREZFINTA
EIRBITTIEREAT LI 4 9753 - IRARE R (identification deep model). Kl
R EARAY (verfication deep model ). BT FE B & B FE A (distance metric-based
deep model) . ETHIMAFRJREAEE (part-based deep model) . ETHIAMBI IR EH
7 (video-based deep model) FTELT 2LIE 8 /™ HGYE EFAER! (data augmentation-based
deep model) . B3R, AIAEEXTXANLETTEFHIT—MEAENB.

RBIRERA [59-61] {217 AERBESMA— 2K\, ENHHE,
BEAFTSFAEEENTEER,. FHESESVSHE; ENEHER. [
A A—k T NEG, AEELTHE, WHZEGIN IR ER. BT iR
REFEE NG ARSI Bir BRI AZRMNER) A—2, BT



%28 T AEIRFINRIR

WA R BERIERA —E .

I F R A [62, 63) HAT AEIRFUESMA—D 2 K M, EEULEUN
B3F AEE, B R T ARG AIARLUE, ZARAME XX T AE
e B ERARTEE AEEA AR .. BiFRESERENRAREBGX ., BIUFIA
THERENBIRERER, H I TG BRI —ENEW. ITILE, o
N RS SRR AR AR TR B R ST AEIRE] (64, 651, TR T AR
HIR R |

T IR AR O EETY (66, 67) i BT 2 S — M RMHFIERE, 15
TR O BE B R T ARG /N R ARE AT B BE B R AT RER K. BREHMET I
BB ERR R = TAREER [68]. SRR N — N ST I, =<
L2 >, Hep IR0 IP RIEREAN, I} AL REAX . HTFE—1=5T
WET I, MR ATFEI—ARMIEERE, &8 1 7 MEE/NT I}
013 B . ETEEERNEEEEASIRE T AR ABGZFRNRE,
Y2 BAR SR Bin—2. AT, BREEHE=TARTEAREA, T8
S = TR B TERT I, AR, Hoh, BRI AT SRR
EE R

KIS BTN ETRESINTAE IR B R AET RS
BRI RERRST [10, 22, 69, 7010 GUXHERITTHFT LI AZ A EE T M IOTRE
R, BEESRAS ANENIESE, MRS SZ RZATEAR L
HRARTEEE. ETHANEERRE S BIENE R TFRITAE
ABIAET, AR — SRR (1) B MNRBIEMAZIRESRE
th, TR E L, BART NSGRE. (2) ASEETHFNREREN
WMEET BHENNEE, TRAKTHIZFNEE. (3) M2 RMELRR
BE—ERMEL, ATEH R4 BT R A R B R R A T X ME R

HFETIRNAATIRIES, ELEREARBRATREFIEA
SkfRX—ES, B SUS AT RRETIRNTAERUEF HIRESF
RERIFRZ HET MR B [52, 71-73].

7E BRI T AEIRBISRET BB SRR RE R i, X3F
S AT N IR A SRS CUHKO3 [62], Market1501 [47] F1 DukeMTMC [74] ,' —
AMFNGEHEGEESBIR 9.6, 1721235, FRXFIEIREYISGREE

13



BB AT AE IR REB S5 A

AT RS SIERTEIE . Ak, —EMR TEEZETREREY BRITAER
PIEGEESR AR E. b, BiE ST m% (generative adversarial network
(GAN)) 4 FFTIREARE G X TIRXFERREEL, MR ANRRZAET IR
IR EEAREY (75, 76].

2.5 SXEEEBEBITAERNGE

REET A ERIEIREREFARNHERHREETN, AWS AL
BB St AT NEIR BT AT — MT AR BR R AT AL I 25, B2
BRI BER 7 AR S M RERINTT LA RIRET, AME—HEUESE L
PERERINE B KA. 0T R4 BN B R A SR R R R, 3L
F—HHR AR ATETIELEEEIEN (unsupervised domain adaptation) BJfT
NEIRFIFR . thin, —EA8 A [77-81] RAETEGA BRI GAN(82] Bia& 5%
5% (domain alignment) . B, 7£—2BRIH, T AR E LA MIFEL (source
domain) FRGHIRSREARSE S — MRE ML, VEATIIRSERRES. &5, &£
bR (target domain) FREHTIEIRER S EX M IMARIRE ML (83]. 1XLET7
BHEAE—ERE: R ENENEREERAF A BREFHEERAER. A
b, — SRS RS IE IR MRS, REFI A Birsr i B R A E B A
EFAER (77,79, 84]. ‘

i, WY BT AEIRBIAEZE TSRS R A RIORE XET
ERBNEANT BRI BRI EA. AT R/MOTREREANT RS #H
A LOER R ENEIEATING, R AREH TIEWESR (77-79, 83-87]. 1T
g3 (75,77, 84 /NEEAEES] [29, 88) FOARMG = 3] [89-91] AT AERIT AEIR
BIERE. AT B BRI IIGIT B, TR AREE T —SP0E B IER T %
(fast adaptation) [47, 92]c AT /BB T ERA, ARARBHET —L
BRERNPIEMZE R [93] F1_pH|sRBIEE (binary representation) [94, 95].

26 HENE

AEXTAEIRBINBIRICRET T BERNE. BR, $TAETARY
PIRTAETEG =R FHERE. EEFINESF, 2ESHNX=177
BB T T ANEIRBIRERT . b, BEEEILFEREZINAAR, T

14



2528 T AERARFFRIK

ARBATRARESIEABRITAZIRFAE, AEENETREFIN

O ESRBT A T BERNE. BN, s — BRI A E R

%, ABEHETTEE.

15
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%3 F ETEXSMEHMTHTANERBEE

#3E BETFESHEHRSHOTAERMEL
31 5§

%FEE#E%ﬁkﬁﬁ%ﬁ%ﬁ%ﬁﬁ?#ﬁ~¢éﬁmgiﬁﬁ,ﬁ
s/ B B BN SRR AT 25 ] o FEIR LB B SIUT IR, SRl
# (Linear Discriminant Analysis, LDA) #FEIESHFEERHMAAMAR R,
i T EMERS AN Y —. LDA BT~ MRMNAERSR, Bl
SNBSS, B DS B — N R A 2 [ AR A, FEARRISRA
ﬁﬁﬁw,iﬁﬁﬁﬁﬁoﬁ$ﬁﬁmum,ﬁﬁ%%ﬁﬁﬁﬁﬁ%ﬁ%ﬁ%
SaEpE, ST, WTATAERBIAME, BANERBEEBHATHALE,
TS B AN ST e R R R . BRI AERMR T
S (SR ACEAETE) , $#E ) LDA Tk N AT AR RG] R
. T RREX AN, BREARRINT . . 7 (9, 28] R, IENAL
LDA (Regularized LDA, RLDA) B /ARHR AT T AERFAML, RLDA
B KM R E BT, NS R — N R . REE
EETERAE, BEFAARTEETSEOMNER— N EENMIPE, I
H RLDA 7576 BV 4T {E A5 (degenerate eigenvalue problem), R —E A
b B ET AR L RV RE RO AEE, KBS 3T RLDA 133 AT sEFF A2 R AL
H9fiR. Zhang 25 \3RHI¥E2SH LDA (Null Space LDA, NLDA) K A ZIFTAEIR
5iE B . NLDA [29] S22 S R R B2 BT SR AL AR FIRI 1 RE
TS, (BEXTTIRASIERA, XNBEEMRTERYZ, Eit NLDA
AT RETCHE B A AR (R SR RE A T

BT, ASCVERE $E R F403% LDA (Pseudo-inverse LDA, PLDA) FEHAT A
 ERRIE SRS, PLDA A% N SRR R R S IR AT L, BRI
TR/ N TR BIEGE DR . 7L T B3R FIR) LDA 254k, PLDA AMU#
&T%Eﬁ@JEﬁﬁﬁ?%ﬁmm&%ﬁﬁ%ﬁﬁo%u%%?ﬁ%um@g
i BRI 3T TR AR PLDA, 45177 ¥ 2% A AT F{E 2 ## (Generalized
w@MAmWDmmmmmmG$m)wm,ﬁﬂﬁ%%%ﬁ&%%%ﬁ%ﬁmo
BT, A SOV I X P B A . T BB AR AL S R B A R B0

17
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%% 3.1 LDA ZEFH BIRE B S, F S, 3 RIRFHARRIZEN BB IEREAISE R BUEAERE
()RR S Mith¥. L RpmitE#k.
Table 3.1 The objective function of various variants of LDA. .S and S, denote the
within-class scatter matrix and the between-class scatter matrix, respectively. (S)*

denotes the pseudo-inverse of the matrix S. L* denotes the optimal transformation.

Mbethod Objective function
LDA L* = argmax trace{(LT S, L)' LTS, L}
Regularized LDA | L* = argmax trace{(LY (S, + AI)L) ' LT S, L)
Null space LDA L* = argmax;rg j_gtrace{ LTs,L)
Pseudo-inverse LDA L* = arg max trace{(LT S, Ly* LTS,L}

WL PLDA BUKAE [97]. THEAZINEMLERHFERAEMRILIESR,
B 0, BT LUIZ T 3 FR 2 W IE3E LDA (Orthogonal LDA, OLDA)., OLDA 2%
FIxtfERE R E L, EEARRNEIRST [97]. S, OLDA EFLIT
=SREERRE: D A, 2) RATERRNSEL 3) WTHAREENE
FAEAEFNGEME, XN THRT AEIRG AR EE A FH .

FREIT AE IR BRI LTS MR, AIUEEHE—SRET
TTENBARAE. B44A T OLDA FIETRZIFANMKS, ATLFEERN
HIRBIZE. Iobh, BERBIREFY K EIRHEE S #E (eigen-decomposition) HY
W& XITE4EEEE, BT QROF, FMEESRMINIEEER. Eik, A3UE
FH— LR T T ENRERA, TERNRERSER A QR 4B FEES
o ANEEATET3IRFADITAUEERENITENITEERE. B17H
[EFOHERER I .

32 EERE
3.2.1  [AEHER

WA T A (query person) F1—MEIEAES (candidate set), HAF
WAT AMRIEAEE FRTAS IR A FEES BB K SRR Gk
TR AIEER BiR2@id B s 8 DURSRAEREY, B2 RTS8 MRIE
AZ ERREUEEE, XXEEEEHTEFAES, FMERH X RT AR E

18
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% 3.2 AP B ERNEA TR

Table 3.2 The description of important notations used in the paper.

EfEpa | i) EiEpa

m | FIARES A LEE | n Y ALE

d | B SE AR | X | YIGEEARRRHERER
k S

e
do

EHEE w KN EIER
Sy KRB AR S, ERE AR
T Sy FERFRIRR ry S, FEFFRIRK
L LR - -

N FIZE . TEYIGM B, B AR B H T, IR TR
BT A, ZEDRM B, TR BRI, ASUEERT NBGRI RIS
(TR BB SR, REITETABGRHEREZ HIREER.

S e F R PR BRI T AT SRS . ATHEER, &AX
VEEAER32EM T —HERNHEFSHA.
322 BEMEEHHIOTTIER

TEN AR R BT 2 BT, ASUEE B BRI BN AR LDA =3

STTYGERN n MTA, BMTIANBERES m 4, X n MTARR
(ERERBR—MEEERE X =[x, ..., x,) € R™", f17E) LDA AR ITE—
ARSI AERE L € R™ (m > d), 8t L, A LMEES i MTARRHERE x; Bt
STBI— BT d 4= ARIFAER R v,

y; = LTx;. (3.1)

BTk, 2R

H,= L [X; - cDEeMNT, ..., X, - c(k)(e(k))T] ,

\/,‘,
H, = _\1[_’1 [\/n_l(c(l) —¢), ooon /e = c)] , , (3.2)

H, = —\lﬁ(X —cel),

X, € R™M (i =1,...,k) B4 i FRERNEHERE, T n = neP =11, ..., 117 e

19
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R, e=[1, ..., IT €R", ¢ =1X.eD flc=>Xe HRIRE i HHAWFD
MBS EZNC)
M PSR AERE S, RIEBEERE S, MRABEER S, LR

S,=H,HL, S,=HHI, S =HH. (3.3)

BTGB, REBRIFEE S, = S,+ S,
LDA #75 B 45 B E — MR ERER L, (8% H L BEEIE
easArh, RARAZ ANAFESE, FNZSEREY AR EREC

L* = argmaxtrace{(LT S,LY ' LTS, L}. - (3.4)
L

AL RN TF AR SUSEE R Syl = AS,l. Sp'S, K k—1/15&
ST T B B BEAE [ B BV AR B e LY. (B MRITTTREER S,
B A B4R, MATAEIRBIEERT, B8 m>n, XSS, TR, A
FAg LDA BRI TN AAET ANEIRBEE. Fil, AEEREETEE S,
oL SR v T B A . B S AE R A R A KRR MILIES
s
323 ETFHEKEHISTNERTHEE S

B 4EE TR AL R

L* = argmax trace{(LT S,L)* LT S, L}, (3.5)
L

(LTS, Ly* 3% (LTS,L) Kithits, BT S, = S, + S, Hit ATS,Ly" ENF
(LTs,L)*.
A SCVEE BT B B A SR SR R AR R AL IEI R

®ib 1. H, 894 F1i 5 # (Singular Value Decomposition, SVD) k&% H, =

T % 0 FXF
uzv', X+ L= , & ER | r, = rank(S). 4 U = [UD U2]> B
0 0

U, € R™" | U, e R AT =x"'UTH,, 3% 7T # SVD, T = PEQ".
M4, G=U,X P TR ELAEAKELEL R Tt AL,

20



%38 BT ESKEHRIMTITAERIIEIE

JEBA. #RE H, T RESE. ATLUGE

2 0
St = HtHIT = UZVT(UEVT)T = UZVTVZTUT = U|: t }UT,

| 0 0
T U, 0

> UTSU = S,[UI-U2]= :

o U, 0 0

= UTsU =%,
= zUlsu s =1L

HH S, = Sy, + Sp, W
=T s, gt + 50T S U g = 1 |
& T=x'UTH,, {HET MAREMRT = PEOT. I
=T s, Ut = 57 UT B UL = PEQTOSTPT = P, PT,
H T, =22, BN PR—AERERE, WA
PTEUT S, UL P =3,

Fitt, 2%FREHFE8), ALMFE

=T s, Uy s = I, - PP,
= PTsUTs, Us/'P=1,-3%, =32,

HTF P E—ANFARUEM, BLFRGONBRE T UNERREN
PTElUT S U P =1,
e, HAFEGY), GIOfE1), EXLG=UZ'P, W

FsG=1, G'S,G=%, G'S,G=ZI,

Bit 6 = U P, WL = AU AR R R R A AL

(3.6)

3.7)

(3-8)

(3.9)

(3.10)

(3.11)

(3.12)
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RIETES 1, EFEE LTS, LA LTS, LK

IS, L=LT"G¢ Y (G'S,GG 'L=1L"IL=L"L,

o (3.13)
LTS, L = LT(GHY(GTS,G)G 'L =LT%, L,
Hr |
L=G"L. (3.14)
W] LATR )

F = trace{(LTS,LY* LTS, L} = trace{(LT LY*LT$,L} = trace{(LL*)TS,(LL™)).
(3.15)
RIEHE L T SES 8

- o,
I=M NT. (3.16)
0 0

H S, € R with ry = rank(L). F3 M f1 N #EET4ER, T, BX A5,
A

— s 0 =1 0 I, 0
LL+=M[ ! ]NTN[ ! ]MT=M[ ! ]MT. (3.17)
0 0 0 0 0 0

4, FREB.15) T LI ETEE:
I, 0 I, 0
F=trace{M| ' = |MTz,M| "~ |MT)
00 0 0

I, O T I, O (3.18)
= trace{ M 2 M }
00 00

= trace{ M Z,M;},
e M, RIEHE M R 7, Bl
WAE, RARBG.SERT racel M My} AL HTXABRULE
BRIKAE, AFEE TIN5 2R [98].
JIRL S TFEE-ABRATA=T EBE AER™ (g<m) fo—A¥ER
$EE T € R™™, trace(ATJTA) < Ay +-+ 40 % A=[hy, ..., hy E Z=XBE,
Bp trace(ATJA) = Ay + -+ Age P by RAEME T 695 i KOG AHAELE 4, BT R 49

HiEe g, E€RPY 2 —AMEBWIERIEH,
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E?ﬁ@ﬁ@,ﬁ@lmﬁﬁﬁﬁW%ﬁ:@%@%ﬁ%ﬂﬂﬁ%@&o
WIES|E 1, WLIEE| F = trace{MITZle} < A+t ,1rh" Hrbr, =

E -
rMM&%%NW{ }&LFﬂﬁﬁiﬁhﬁﬁEéRW“%“¢%EE”%J'
0

| | _ | ExNT
%E%ﬁ%ﬁmmﬁAﬁﬁ@mxm?ﬁm=mWWU%ﬂL=[ ! }
0

B E AN SRRIESOER . T RMAMEH, AJFEFRT A= ELNT B
MEZIEF IR

BfE, £AHREG.14), TLEEHFRERG.SNLERKAEYN L" = GA.

ST X AR IR IR BAE R A HOBEE, — M RERIEFRR A=,
SR, L* = G. %4312, TUEH LTS, LY = L. XEHRERFSE]
B A e F R A [ BRI S, X0 BT Ay AE HE R LY
BB B ERERN . F A =1, HFT AR AR
3% LDA &% (Uncorrelated LDA, ULDA). 4T s T &t ULDA S EIRIHT
M2 B R/ NS R, SRR TR HILE AR, R HEET
B IR 7 R SRR

BTN, ASUEEZ R A MEBIERE. WEM G 3T QR 1R G = O R,.
Yef% A= Ry, xR, 58] L = Q,, BWE L L" = I. SR OLDA
. T - ikfg ULDA AR A] SE A RUIT R4 A, OLDA AT A RUbE &
XA

HSY, AS/EEE 55X PLDA AAEE IIGREAZES T — MR
AHAERE L*, AR B IE AT . AT G DR B L
Ve BTENIERE A RO [ B L, BEIFTEA RIFH BRI RE. R/ETT
B RER B ENRES, BRFABRZANESERE. FR1RHE
TASEER BRI
324 FRTHFIRBARA

_@ﬁ%&hi&ﬁ%ﬁﬂ%ﬂT—ﬁﬁﬁ%%ﬁﬁﬁﬁ%,@ER%@?
%&%ﬁﬁﬁo%ﬁm?ﬁAﬁﬁﬁﬁmﬁﬁﬁﬁﬁ,Ei%ﬁ%ﬁT,ﬁAE
RBE ARG R AT R R EEIE AT AR IRA A, ATUEE
BB R T BRI, FHEX— T TR A,
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Bk 1 % — MM ATAAE RS BRI IER RS
B ‘

1 YIGREARYRFERERE X FIEXT M RUAREE(E B o
2 PIAFEAMRHE B X 1 X7

S xie M X Z MBEE B B D, %)
1 ARIE T3 249K SENE Hy, F H,o

s 0
2 i H, B AEEAME H, = U[ }VT.
0 0

s BT WIEES R T = PEOT, HF T =%7'U\H,. U; 2%M U 8981 r,
%, r, =rank(HHT),

& FE G QRAME, HhG=UZ P,

s 4 L* = Q,, THLEMALEEE. SIS

2
L*Txtest _ L*Txtest
i J

1)2@ . D(xgest, x;est) —

BT — AN IR BT AT @, JRIABRRE 2 (R T AR AT B — DT R 4E
EZSHE: x € R™ - ®(x) € R (r > m). FHMUSFMIEETLUFERA &X) =
[D(x)), ..., P(x,)] € R,

SO, SO S® FRAEME FPME AR, WA
SE=13E ¥ (@) - BeB(]) - D]
S¢ = L35, nide?) - 2N @) - D)) (3.19)
SP =230 [B(x) - B))P(x) — D),
Hrp d(cV) Hl B(e) A RIRMZ RN j HREARR ORI E A TR
Bl
HEHEES (), REDIHE, REGEITERRI. BAZ, o
BRI BB SRR ER k(x, x)) = D(x,) - D)), KEIRER BT EI B
e
HFME®, HEI® = T, 6P6x), EPEBAE o= [, ., ] o I
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1% s21% =« [K(B - 0)(B - O) Kla (320)
®)7S2® = a" (K - 0)I - O) K]a,
Hrh, K =®X) ®X), B=diag(B,~,B)€R™, B,eRW™i(i=1,...k
H B BFATES L. 0 e R B O MFTATERN ;. TR nxn BEHM
e
B R SASUAEE X T AR (3 20) AT HEAE -
RIETRR(3.19), FILIEE
AT S22 = 1® T T [ci‘(x{ ) — DM@ - D)) 1,
AT SP1® = (1%)T T, [@(x;) — PO)[D(x;) — BT 7.

12 =Y a®(x) RAHEGB2D, B

(3.21)

AP SSI® = al o) T, T (D)) - DD - o] O(X)a
= aTI‘q’I“q’Ta,

AP S22 = o7 O(X)T T, [@(x) — P[P (x;) — PO D(X)ax

= aTI‘I‘I)I"t(DTa,
(3.22)
Hen | |
2 = Tk, T (BT @) = - Tl )T (xp)]
=KI - KB,
(3.23)

2 = Yo, [0X) ®(x) - 1 ooy P @)
= S (X, %)) = 7 Ty (X, xg)]
= KI - KO.
I € R™" B—/MEAGISERE, B = diag(By, -, By) ER™", B € RW BT
ETHET L 105, 0 e R B—MTETHSET | H0SER

Y]
I®7 s2® = a” [K(I - BYI — BY Kla,

(3.24)
I®7T S%1® = a"[K(I - 0)I - 0) Ka.

XEH SP =Sy +Sg, M
®7S%1® = aT[K(B - O)(B - 0) Kla. (3.25)
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Eil, TRTXIEG20MES.
RIBAFE(B.20), = EUEAEREHAZIL A

K,=K(UI-B)I-BYK, K,=K(B-0)B-0)K, K, =KJI-0)I-0)K.

(3.26)
IAE, A LAEFTRIAALA(3.5)09
A* = arg max trace{l(ATK,.A)"'ATKbA} (3.27)
A

;E\:EF[ A= [al, ceny ad] o

RESEEE]L, BT LI EAREREATN d A ERER RIFH
BERYE T . BRI, ATRRMER, @iy = AT - oo = AT k(X, x!Y),
BRI E.
3.2.5 IEXTHZESIRYIRIERRA

FX—T, AR EMRH AR TRITE R A . B, AU
HEE R R EE S AR QR 2.

EHECEAE X = (X, Xo, ... X, X, eR™M (i =1,...,0) BF i
R RAERE RS

B, 1TE X EFE QR 4% (economy-size QR decomposition) , X =
O.R,, EF 0, e R™", R, e R™", 1HILT 42 QR 74 (full QR decomposition)
X =QR, HEFIQeR™", ReR™", L% QR MERFEITH Q WFTn 7,
R BYHT n ATR0AT .

& Z NBWSER, FIRIHBAERE T € R™ [5 i SIS (T n + 1)
B, HG=1,....K) 1 H 08 0, ., 1T R |/, ..., \/n_k]T &
Householder . A&

Hl
H
R, Z[ } = [Ry, Ry, R3], (3.28)
I
H,

:/E\:EFI R] € RHXI s R2 € R"X(k"l), R3 c Rnx(n—k)o
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H5 [Ro, Ro] £ ranrevealing QR 43 ((UFRHTIETEA QR 4148, cco-

nomic QR decomposition with column plvotmg)

Ell EIZ
[Ry. R B,y = 0R=0,, 00 G| 0 Ry |: (3.29)
0 Ry

Bk 2 IERSME AR S B BRI
B

1 PR R ESERE X AR RARAS S B
2 WA MRHE TR xie F xle.
S xSt A Xl 2 IR BE R B E DO, X))o
BB
1 HE X AT QR 2fF X = O, R,0
2 HEAEE Z, HFIH, (i=1,....k) , HIEFTRG28)ITE Ry, Ry, Rylo
2 it & [Ry Rs] 9 rankrevealing QR 4 f# [Ry, Ry

R;y Ry
[éls 629 63] 0 R22 o
0 0

X N [ Ry r_ A R
4 THHE QR Ry, =0 o
Ry 0

s 4 L =0, [0, 0,| 0. ERMMFMAG SRR

2
AEE D(x:est, xt.est) — L*Txgest — 1*T ytest

>

/\EFI —‘/\E?%%EH Rl] E—./\__I: %%EBE R32 ~ 0 Ql € Rnxr2
0, € R"X'3, 0, €R", ry = rank(Ry), r; = rank(Ry), Ry; € Rrxk-D | R €

-k A
erx(n )o 47\

Ry;1 Ry Ry1 Rp
0 Ry |=| 0 Ry |Po (3.30)
0 0 0 Rip

NE] LIRS [Ry, R;] B9 QR 43
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R12 T \ 7 >
TR , Ry, ] QR A
Ry
Fa RL =0 £l (3.31)
Ry K

AL G SRR L = 0, |01, o] O MTHMMIER , MoCBIE
AT [99). o

TEARIFNE, ASMEE AT QR AMBAEREEAER, AL ITEG.5).
B0 G TR TR, LTS, B e AR E R
N A3 AT R B 2R B TR AT«

3.3 LB ELHHT
3.3.1 BIEESSIBREE

1) T AERBIBIELEF

ARINEE R BIFE AT AR T AEIRBIEHELFES  VIPeR [1], PRID2011
[100], CUHKO1 [101], CUHKO3 [62] _3##f75L5 .

VIPeR $#EEFEE 632 MTABGX, S—XEEGFTHTARENFTD
NEAEE R IR X S s g L mie 2l ny, RILEGZ AIFERA. )6
BMEAS FE B AN, BERERE, AUEERI— U AERNEEG
128 x 48 {9 R~F, DALKEE 1@ 1 BN EUREAGEMMIXEM T

PRID2011 ##E4E fi3k B AR E 9 SRR G kR 2 T NG E K. X
PR L 4 BIFHEE) T 385 F1 749 M7, Hep RA 200 M7 ANERAFEG L
FRET T . FTE RITT A BRERR IS — L E 128 x 64 RIRT o ASC/EE A ETE
EREEGEIA (single shot version) #F73EL. ASIEE M 200 MEWDER
SkepR T RO AT AN B e 100 MT ABG, 1EATIZRE: FIA&RY 100 4
7 NBESTRI— MR G SRR T N SRR E BB [T A4S (probe set) ,
TMIX 100 MT ABGIT A — M BGLMABET A, DREIRSEHER 549 1
TABGAEBRMRENBEETAES (gallery set) . BTIHENRIETAES
FEFSTIMER, FEHXMEEREXN T/ AE RG] AR 2 I BA Pk
PERIEHESR -
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CUHKO! HEERT AERIBIRETHARB RSN — M ERE. %
RS B GERK B TR E SIS G L NERNER, BRKET 914
TR 3,884 5k B . BT ANERNBARLTHIERE T 2 KER. FrA EGRER
JT—4LE] 160 X 60 FIR <o —MEGLIRIRT ARMNE, BN EHEmHET
ANWIEHESESE. AXVEERAS 29] AFERIZE: ZEGUA (multi-shot
setting) , [ 485/486 (3| 25X EE R4 1T LR

CUHKO3 #iiRERHARBRZITAEIRFIBIEEL — BEEH 1,360
MTAR 13,164 5K B XEEGRET 6 MRE g InRE R R0
I, AT AEE RO AL T i), B M EEeL TaHHKE 4.8
BRER. XRG4 CUHKO3(manual) #({EEER] CUHKO3(detected) $HE4E,
CUHKO3(manual) #3917 A\ BG 2 EiE T 3h# 8115 2] 19 , CUHKO03(detected)
FRER T A B G2t T AR R Deformable-Part-Model (DPM) [5] 152
K, BEMWINSEREFITARERNRS. ETHIRENREEGIRE (single
shot setting) , 1,260 5k EGAIFI4AY 100 Tk E G BUER I GEMMIALE. e
FO B 5B A I — K 128 x 48 B RS

2) EH

AR NEE % A B 1T IUEC % 1 2% (Cumulative Matching Characteristics, CMC)
VESMHEREIEIFEAR , Rank k e/ IEREAHEFF7ERT K MIERIHE. fR T CUHKO3
BORSE, GEURERENRIS I REMMIAE 10 ¥kik 7555, CUHKO3 R
I ZREEMIREERI 730 20 YR o ASUMEBE TS IR LI 45 R REVE AR A S
B R4 CMC jiZkHHY Rank 1. Rank 5 1 Rank 10,

3) Z2HRE

FERBHETES, AREERTEMBE. KRBT ITET TN,
AR A E N E RS A S B 2 WRIBEFEX LS. B
it SHFE— RIS RN S8R EE, jii%%%ﬂiﬁ%ﬁ”%%*
90% HIREAVENFTRIYIZREE, HAK 10% EARIESE. B, EXEF, AT
LR H, ASCEH SR T PCA AR, 90% HIREBMRTFVEA M4 R HIEIE.

4) 17 \EBRFHELREE ' _

KT IHRH T BT AR EAG, EXRT, ASUEESARAT
EAEAERERTAE AT N BRI R 2% . Histogram of Intensity Pattern & His-
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togram of Ordinal Pattern (HIPHOP) [102], Local Maximal Occurrence (LOMO) [9]
#1 Gaussian Of Gaussian (GOG) [2]. HIPHOP #fﬁf%ﬁf?%{%ﬂjj AlexNet [103] I
P2 SIREAME R RO EAT ASMIUEHER R« LOMO RHERSRAF AT T BG4
A R EBREAE RIS IT R HBUAREE, ZR A 2 T s SRR L L A& A R9 AT
NEG BA— RGN, GOG HARFELFI A E S mgait B
TFABEG, SRR ENEEEERIEHE: GOGrep GOGLy,s GOGysy
GOGp,g- 3. 1255 T BAEAER 4 MT AEIRBIEURETHABEN ST &
ST Lk 3RS B B RHE GRS, PR SRERA T 4 T NEIR B SRS
REAMEE, XEIZ RIS ARAE T4 NEIRB R . 8 T 3t — 2 ik fe
H T X T AR EAE BT S A4 T N R BIRPERE . LUK NLDA XS FR4ELE
HIMERE, ATSCVEE X GOG R AR AT T PCA W2, R GOGpcy, H¥4
ZRHERR AR T, WE3L, TSR], AT AEIRIETREET,
GOGpe s MILESTHY/ NTREASE, XKW T ERYARAT S

¢
HIPHOP B R D e e A A L R e A S g g DS

s 84096 184096

LOMO e

GOG BT GOG B SrE: 27622
GOGg, s:24921 GOG,, . 4921
GOG,q, &z=zm 7567 GOG, vz 7567
GOG,, 573 7567 GOG,,, = 7567
GOGy, fzms 7567 GOGy iz 7567
GOG,,i380 GOG,, 137

Sample size} 632 o
40000

_ Sample size| 200

0 20000 60000 80000 100000 0 20000 40000 60000 80000 100000
(a) VIPeR (b) PRID2011
T 84096 HIPHOP,“‘ T T T 84096
LOMO sz
] GOG rm i
GOG g 21 4921 GOGy e 4921
GOG,,,, 53 7567 GOG,q, 5z 7567
GOG,,, E=78 7567 GOG,,, 7% 7567
GOG, ¢, ez 7567 GOG, ;= 7567
GOG, 1861 GOG, 81222
Sample sizem1940 o ~_ Samplesizem2520 o o
0 20000 40000 60000 80000 100000 0 20000 40000 60000 80000 100000
(¢) CUHKO1 (d) CUHKO3(manual}

[ 3.1 ASEAAORT 4 T AT IRBISE S A AN B SR .

Figure 3.1 The statistics of dimensionality of feature and sample size on four datasets.

70 R HIPHOP $54EHY , SUPBPRIEICE [102), FTA ERARI3—oh 227 x 227 MR
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3.3.2 TMEBELEE:
33.2.1 & LDA THEMMEELER

Xt 48 H B9 7 5 , AR SC/E# 7E VIPeR , PRID2011, CUHKO1 A1 CUHKO3(manual)
%ﬂl?&%i—'ﬁ%ﬂl LDA Z iR THERELL . LRI JTIER PCA+LDA [104]
RLDA [105]. ULDA [97] 1 NLDA [106]. T &A%, HIPHOP. LOMO.
GOG fll GOGpg p FHEMIRAF 2RI FRFART NEBIFE. EXERRT, 17
ANEIRFIE—AFRE WAh, KT RAER BT TAFAET R RMETT
NEIRBIRERE . LAK NLDA X FRAESERRITE AL, AS/EH R T GOGpcy
RAERR R AT N B AFAE . _

B3.270583.3/87 T XTSI R WLIEE]: 1) EANEIRSE L, Xt
T BEHERGAR . ASCEE R AT IE#MUT PCA+LDA 1 ULDA. Xk
FIXBERT R, ASEE R ITEEE S MRT NEIRBIF. 2) BT
RAEBHE, il GOGrep, ASNEERMMIITEAENERET EEE LT RLDA. Xf
F RLDA &%, TFEFMATSHSKIGRFHIGER ML, NTAFER
HEG T, AEERVEMEE. 3) AREHKIFIT, NLDA BASAIEE
R BRI EEEEI. K, W TRESYE, Ll GOGrep. AIEER
B9 B At NLDA BESFH9ERER L. H#33#, NLDA 7EK##E5 CUHKOL
1 CUHKO3(manual) 448K %, H Rank 1 55U AAE 0.2% 1 1.0%.
XFH T NLDA S LToiE N AER4ER AR . 4) 72 VIPeR, CUHKO1 Fl
CUHKO3(manual) $3E&E E, X1F GOGpc, FHEMIRRF, ASEERHA T
felRfE. XFM T ASEESR H I 7 B3 TR FAE 3 5 R R AT AR
YR o
3322 EIEBIRARERELLER

/N TSR R RO FITER I T R, AT A E IR
#4 VIPeR, PRID2011, CUHKO1 f1 CUHKO3(manual) FHPEEE. 7EIX4~SE56
th1, HIPHOP, LOMO F1 GOG RHIERARF 4> B I kR AT N EURAFE . Boh, X
HIPHOP, LOMO F1 GOG ik 24> A5 2 i BE B B BEUEAT AV 33
FOBEBSEERHE , ACCIER LRI T EX AU, DURIE S & MR
SR, AIEEREEOTIEO R,

31



BB G AT ARG A S A

ViPeR . PRID2011 . CUHKO1

EPCA+LDA

CUHKOX(manual)

Racogmuan rate al

| |

(a) comparison with PCA+LDA

Recognition rate at Rank )
p
Y —— |
—
—
| !
<, I |
!
Recagnition rate at Rank3(%)

ViIPeR PRID2011 CUHKO1

|

& (<) R © <
£ S S

CUHKO3Z{manval)

EERLDA
urs

Recognition rale at RankT!

Rocognon e 1 RankF

%,

(b) comparison with RLDA

ViPeR N PRID2011 - CUHKE1 CUHKOX(manual)

o [ o -ULVDA

£" " -Ours

Eu £

2 &

Ea = x

=z k]

e 5

B I I &= I |

8 B

& n &

) & e 3 ¢ e & - g o o &
& s & & & S & & § & & &
(c¢) comparison with ULDA
” VIPeR . PRID2011 CUHKO1 . CUHKOZ{manual)

g %

E E ol

& &

N §

B 5«

g g

& & I I

& f ©
& S & & &
%

,

(d) comparison with NLDA

& 3.2 54&#1 LDA 251 Rank 1 4R,

Figure 3.2 Comparison of Rank 1 with various variants of LDA.
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% 3.3 5% LDA TARKERLRER. RFNERABEES.

Table 3.3 Comparison with various variants of LDA. The best results are shown in boldface.

‘ VIPeR PRID2011 CUHKO1 CUHKO03(m)
Methods r=1 =5 r=1 r=5 r=1 r=5 r=1 =5
PCA+LDAll 313 | 549 || 96 | 232 | 441 | 619 || 79 | 23.0
S| RLDA 314 | 550 || 95 | 233 || 449 | 629 | 7.8 | 229
=| ULDA 325 | 566 || 99 | 249 || 431 | 61.0 || 9.1 | 225
Z| NIDA || 415 | 697 || 1255 | 279 || 60.7 | 81.2 | 283 | 526
Ours 415 | 697 || 125 | 279 || 60.9 | 81.1 || 283 | 52.6
PCA+LDA|l 257 | 500 || 223 | 41.8 | 332 | 512 || 54 | 174
©| RLDA 257 | 504 || 226 | 413 || 33.7 | 520 || 5.6 | 172
§ ULDA 758 | 495 || 234 | 414 || 292 | 482 || 49 | 160
—~| NLDA 385 | 683 || 269 | 50.0 || 569 | 78.0 || 20.9 | 47.7
Ours 385 | 683 || 267 | 502 || 56.8 | 78.1 || 20.8 | 47.7
PCA+LDAIl 304 | 55.0 || 303 | 50.3 || 226 | 39.6 || 7.1 | 17.2
»| RLDA 309 | 55.8 || 305 | 503 | 23.1 | 399 || 7.1 | 17.3
8 ULDA 31.1 | 55.3 || 30.0 | 50.7 || 19.1 | 343 6.6 | 16.6
NLDA 478 | 786 || 35.6 | 578 || 532 | 743 | 26.7 | 54.7
Ours 478 | 786 || 35.6 | 57.8 || 53.3 | 745 | 26.7 | 54.7
PCA+IDAIl 183 | 378 || 247 | 456 | 129 | 258 || 3.8 | 114
§ RLDA 394 | 72.1 || 300 | 517 | 484 | 706 | 16.0 | 35.8
8 ULDA 184 | 368 || 265 | 438 || 7.7 | 172 || 25 9.8
O| NLDA 386 | 707 || 303 | 523 || 345 | 565 || 102 | 27.1
Ours 386 | 707 || 303 | 523 || 346 | 569 | 102 | 27.1
PCA+LDAll 203 | 403 || 265 | 46.1 || 392 | 609 || 79 | 198
§ RLDA 365 | 677 || 320 | 554 | 440 | 655 | 122 | 29.0
cOD ULDA 242 | 447 || 27.1 | 456 || 228 | 389 | 64 | 156
O| NLDA 337 | 64.6 || 259 | 488 || 02 1.0 1.0 | 5.0
Ours 379 | 688 || 300 | 499 || 57.2 | 78.1 || 16.0 | 39.9
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R E A

o Gaussian: — PRI EIRE HTHIRPERERA RFLGHT R,
HEEEIAN k() =€ 2 .

o Sigmoid: — M “S’REE, BRENATHRESIP. ERrRik
4 k(x,y) = tanh(a (x, y) + B).

e Cauchy: —/*SRIETF Cauchy AFRIZ RS, T H EAOE UL, XM
T LA TR RS HUSUR L, HBeE RN k(x,y) = ——

R — o]
Ix=yI? /41

o ANOVA: BFRMEHEL—TE, HEFHRERN k(x,y) = oI,

o Multiquadric (MQ): ~ AR, EEEERIER A k(x, ) = /e = yIIP + 2.

o Inverse Multiquadric (IM): £ TE ¥Rk, HBAERMH, KEFRERH
k(x, y) = ——

Q
/ llx=yl?+c2

XTSI RN AFTR. B, ASUEBERM ML 1) EREZEEN
T, LT ASUEER BN ENIERA AR, TR AL A HTE] LASE B
BERVIRE . 7E CUHKO3(manual) £0#E5R . KM Gaussian %K%, HEETZ
MRS BVEN, ASUEER R JTERX T Rank 1 F8ARLIL T oA
REFRTT, =T 33.7%. AT, 7E VIPeR F1PRID2011 #E&EH, @&k, 77
RHUPEREHIL T TR, than, 7 PRID2011 HE&EF, KA Sigmoid #Z K%, H
BT GOG BHERGAR, AEERHEMTENT Rank 1 545 FRET 0.7%. X
HREE B TARMENEIESRE A ARNIELEE . X TREIEE, BTH
BEFREARENT ABGREAR, FEXBERE T UBONERBERIT A
EIRF AR IELRYE, FRATITIEF TR AT LASE I RE R S5 5R . TR T /N
&, BTHEETOFARER D, RT AE R NI ELEREEE
WERRHR, AT ERTRA TR ERE. 2) EMAESEEF,
XA —FRRAERER AR, AR SOVERE 48 H 8907 S BV R AR AN 18 2 2% I AP A%
BREY, HMREAEMER. XERPATATEER HHITEN TR EE
o 3) EASEERHNTET, HETETRENMSERERE. S M ERT
FRE BB AT LA Z IS e, BfAH, 7£ VIPeR, PRID2011, CUHKO1 F]
CUHKO3(manual) #(3#EE& £, 9L T 4.4%, 5.0%, 8.7% #18.0% HYIR 5 -
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% 3.4 ARSUEE IR BT B B AL IR A S A R A R B RE EL R
Table 3.4 Comparison of our methods for non-kernel version and kernel version with

different kernel functions.

VIPeR PRID2011 CUHKO1 CUHKO03(m)

Ours(w/0) 478 | 78.6 | 35.6 | 57.8 533 | 745 26.7 | 54.7

Gaussian|| 49.1 | 80.6 333 | 579 70.8 | 88.3 59.8 | 81.7

S| Sigmoid | 47.2 | 802 || 349 | 584 | 70.8 | 884 || 58.0 | 866
O| 5| Cauchy || 492 | 808 || 32.7 | 567 || 713 | 887 | 58.8 | 869
O| Z| ANOVA|| 486 | 799 | 347 | 580 | 711 | 886 ) 578 | 866

Sl mMqQ | 489 | 801 | 334 | 57.8 || 712 | 886 | 592 | 87.1

™ | 488 | 80.0 | 333 | 58.1 || 71.2 | 888 || 594 | 869
Ours(wio) || 38.5 | 683 | 267 | 502 || 56.8 [ 78.1 || 20.8 | 47.7
Gaussian|| 417 | 712 || 273 | 502 || 68.0 | 88.1 | 484 | 804
o| | Sigmoid | 425 | 735 || 272 | 504 | 68.1 | 887 | 49.3 | 817
3| 5| Cauchy || 414 | 711 || 266 | 49.7 | 67.6 | 877 | 479 | 802
Q| Z| ANOVA || 415 | 714 | 272 | 503 || 679 | 87.8 | 49.3 | 818
S MQ || 411 | 708 || 269 | 50.6 | 668 | 863 || 452 | 775
™ | 415 | 711 || 272 | 504 || 677 | 87.5 | 493 | 808
Ours(wio) || 41.5 | 69.7 || 12.5 | 27.9 || 60.9 | 81.1 | 283 | 52.6
Gaussian|| 442 | 732 || 123 | 274 || 654 | 849 | 448 | 758
o| 3| Sigmoid | 444 | 729 || 130 | 293 | 649 | 839 | 435 | 728
S| B| Cauchy | 442 | 733 | 13.0 | 283 || 653 | 847 || 430 | 757
| E| ANOVA | 440 | 734 || 136 | 286 || 650 | 841 || 462 | 768
S| MQ || 441 | 728 || 127 | 285 | 649 | 840 | 442 | 746
™M | 442 | 730 | 127 | 285 || 63.8 | 850 || 462 | 782
Ours(wio) || 52.0 | 82.0 || 40.6 | 65.6 || 550 | 816 || 348 | 704
Gaussian|| 52.8 | 82.8 | 378 | 632 | 79.7 | 947 [| 68.5 | 927
_| 5| sigmoid || 442 | 746 || 360 | 590 || 761 | 930 || 57.8 ) 87.1
E| 5| Cauchy || 529 | 820 || 369 | 623 | 79.8 | 947 | 644 | 910
£ E| ANOVA || 509 | 804 | 355 | 606 | 80.0 | 945 ) 664 | 91.7
S

MQ 53.6 | 827 38.3 | 63.1 78.1 | 93.6 65.1 | 89.6

M 493 | 778 328 | 576 || 734 | 91.3 62.1 | 88.2
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Table 3.5 Comparison with state-of-the-art methods on VIPeR dataset. The best results are

shown in boldface.

Methods r=1 | r=5 | r=10
ITML [107] 247 | 49.8 | 63.0
LMNN [108] 294 | 59.8 | 73.5
KISSME [109] 348 | 604 | 77.2
kCCA [110] || 30.2 | 62.7 | 76.0

S| MFA[II | 387|692 805
Q| KLFDA[111] | 38.6|69.2 | 80.4
XQDA [9] 40.0 | 68.1 | 80.5
MLAPG [112] || 407 | - | 823 .
CRAFT [102] | 42.3 | 74.7 | 86.5
Ours 417|712 | 83.3

DMLLV [31] | 50.4 | 80.5 | 88.7
PML&LSL [113] || 46.5 | 69.3 | 80.7
PDC [114] 51.3 | 74.1 | 84.2
MuDeep [64] | 43.0 | 74.4 | 85.8
DM [115] 427 | 74.3 | 85.1
CSPL [116] 51.3 | 81.7 | 90.2
Ours(Fusion) 52.8 | 82.8 | 91.3

3323 BHETAERINGENMEEELLE

TEIX—5, BB SVEE R B T iR A BB ERMERE. BT X
ZHMNETEESF N ITER A LOMO FHERRAF1E AT NBEGBFERE
FU AT AFRL, T5ETEEFINTENLE, AIEERA LOMO
FHERRRF . BRI Z AMBIMERELLER. AR SCVEE R M 2 MR ARl AT Bt 6 UL
(f&FR9 our(fusion)) HATHLH . FHIh, FEFTAXTHLERLTH, 5K A Gaussian %
B A SBT3

1) VIPeR

X VIPeR $#E5, AEEEEHTEETEEFINTHEIERELLE.
EWNER3SHR, AR RERNTEEERERIHENE &, MIRTIERERN
BRIFHIJTE CRAFT(102], BT TSI — 1M IARENSILE#E. AT, 55

BB 24 MR . Gaussian R TEISE o WEN. XT VIPeR HiasE. o =1, XF PRID2011
¥iREE. o =2. XF CUHKOI 1 CUHKO3 ${#£. 0 =05,
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Table 3.6 Comparison with state-of-the-art methods on PRID2011 dataset. The best results

are shown in boldface.

Methods r=1 | r=5 | =10

kCCA [110] 143|374 | 476

o MFA [111] 2231456 | 572
% KLFDA [111] 224 | 46.5 | 58.1
= XQDA [9] 26.7 | 49.9 | 61.9
Ours 27.3 | 50.2 | 62.0

Metric Ensembles [117] || 17.9 | 39.0 | 50.0
M3TCP [69] 220 - | 470
CrowdPSE [118] 21.1 | 46.7 | 60.0
DMLLV [31] 27.8 | 484 | 59.5
Ours(Fusion) 37.8 632} 734

ERBRTFETEELINEHNAANTRITEEL, AUEERELNITE
£ Rank 1. Rank 5 71 Rank 10 H/8 T A EIREIZ.

2) PRID2011

EI#EH, 7£ PRID2011 (4B b, AXEE#TESREETEEZINT
ANERBG R S H TR RT AEIRBII R AR L. XY SRR R AN
E36FTTR. EFTANRL TSP, ASEERE N EREG T BmNEIRRIE.
Be R, ZRSCYEEER G JT L b M3TCP [69] 7E Rank 1 _E# 15.8%. M3TCP &
BIRRE 22 STHELR S 54T N R I & SRR E AR R XK T . BRETRE
2 ST TR/ VR SR M RER I M

3) CUHKO1

WHTF L3RS, CUHKOL $3RENET ES A REMIL, 0
E3.157R, 76 CUHKOL $EEEH, ZFRAMBAEE. AXFERENTES
EEETEELINTEURSEEARNERITERTIEELER, 11
%37, AUEH, TRESETEESINIIENLE, TRSEENTTEN
W, ZSSCAEEE T B9 FTHEZE Rank 1. Rank 5 ] Rank 10 _H#HUS T BIFHISS

37 M3TCP /1, FEEIBTULMNSE, FER SRS TEAEERENTES, HTRAS
SRR REA IR, UEEESIRLAT S, BT RS
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Table 3.7 Comparison with state-of-the-art methods on CUHKO01 dataset. The best results

are shown in boldface.

Methods r=1 | r=5 | r=10

kCCA [110] 56.3 | 80.7 | 87.9

MFA [111] 54.8 | 80.1 | 87.3

o KLFDA [111] 54.6 | 80.5 | 86.9
% XQDA [9] 63.2 | 83.9 | 90.0
— MLAPG [112] 642 | - | 908
CRAFT [102] 65.4 | 85.3 | 90.5

Ours 68.0 | 88.1 | 93.1

Metric Ensembles [117] || 53.4 | 76.4 | 84.4
M3TCP [69] 53.7 | 84.3 | 91.0
DMLLYV [31] 65.0 | 85.6 | 91.1
PML&LSL [113] 535|825 | 91.2
DM3 [115] 49.7 | 77.3 | 86.1

CSPL [116] 72.0 | 88.6 | 92.8

SGLE [119] 70.9 | 89.8 | 93.5
Ours(Fusion) 79.7 | 94.7 | 97.3

Ko Fhl, ASVRERR R IT A LB TR E S S0 77 3% M3TCP [69] 7£ Rank 1
& 26%.

4) CUHKO03

RETANERNGANEREEZ —. AT, WEBITLIES, EXMEEE
L. TFRAEIAFTE. £ CUHKO3(manual) F1 CUHKO3(detected) £, 435
HEBEASUEE R BT EMEERRNT AEIRINENMERE, URMEEE
TIREFESTHITHRMERE. X LA RINFRI SR MLESEAIT AEIR
AT, ASEE TR 1 K572 CUHKO3 (manual) 55 S THRIFHIER,
= CUHKO3(detected) #1452 F B T & IFHY Rank 10 £R . M\BIKLE, ETF
REZAWTEMRIE A TR, EETREZINTER, FEX
ARBTAENSE,. NEEELFTLUREEZNER, BIISGER R
BEAERFZARE. ZELER, XEET PR BRI REEEEFH T
o Mo, BHAZMESHFERR. FUTETREZINTE. AUEER
HTHEERR, FEEINSERL, BANRE - MESEFEHR, FH
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Table 3.8 Comparison with state-of-the-art methods on CUHK03 dataset. The best results

are shown in boldface.

CUHKO03(manual) CUHKO3(detected)

Methods =1 | =5 [ =10 || r=1 | r=5 | 1=10

oo IDLA [63] 547 | 87.6 | 94.0 || 54.7 | 86.5 | 93.9
£ EDM [120] 61.3 | 889 | 964 | 52.1 829 91.8
g | LSTM S-CNN [121] - - — |l 57.3]80.1]| 883
?32 MSCAN [122] 742 | 943 | 975 || 68.0 | 91.0 | 954
o DSPL [123] 73.16 | 92.26 | 96.54 || - | - -
MuDeep [64] 76.9 | 96.1 | 98.4 || 75.6 | 94.4 | 97.5
kLFDA [111] 482 | 593 | 664 || - - -

E XQDA [9] 522 | 82.2 | 92.1 || 46.3 | 78.9 | 88.6
S MLAPG [112] 58.0 | 87.1 | 94.7 || 51.2 | 83.6 | 92.1
T | SSSVM[124] 570 | 844 1909 | - | - | -
B GOG [2] 67.3 | 91.0 | 96.0 | 65.5|88.4 | 93.7
Ours 68.5 | 92.7 | 97.0 || 60.8 | 86.6 | 94.2

7£ CUHKO3(manual) ##5£E £, Rank 10 3% 7T 97%,

3324 57%

EEI3.2.559, AXEEI T

fEes (RAM
] B HAE AT

o MEFALIEH,
HIRAH—2

TI@EE[E[‘J%

TR R A< B PERE

Pz

L BRIFRIEE RAK 1.4%.

2T BT R PSR T B AR X /N AR
SCVEE PEMAT BRI T B 2 RIS TR 1Al 3.9 T AMF
R B B A FE PR R A BOE IR N B 2 B HIRT A R . IR AR
T, AAEER T HEERRE B AT AR A B T S 2R 4B 18mn” 4
1 5mn® + 6n° . POEARARIHEE A E AR PORRARR T —0 R3I0BFT
HEEEIALEITI X L R HLRNERRET GOG (EAREHIAR

HIE TR B BB R 31~ 4GHzx8 I A 16GB KIBEHAF LT

B A B AR RIS SR PO AR A AR — 2L
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Table 3.9 Comparison with fast version for our method in computational complexity.

Algorithm] ' Algorithm?
Stepl O(mn) 4mn? — §n3
Step2 14mn? — 21 on?)
Step3 || 2mrk + 14r,k% — 2k° 2nr? + 21
Step4 2mr? 2rk(n = k) + 4krp + 316 — 2r )
Step3 4mr% - %ri 2(m+r)nry
Overall 18mn® + n° S5mn’ + 6n°

2 3.10 ASUAEH IR H R T7 B SR HGE R AR 5 O R A i RE SRS T I 1) LR AR R

Table 3.10 Comparison with fast version for our method in accuracy and run time.

Datasets Methods || r=1 | r=5 | r=10 | Time(s)
Ours || 47.8 | 786 | 884 | 2.1952

VIPeR Ours ., || 47.9 | 78.6 | 88.3 | 1.2910
Ours || 35.6 | 57.8 | 69.0 | 0.4919

PRID2OIT | ours,, || 354 | 57.7 | 69.2 | 02484
Ours | 533 | 74.5 | 81.8 | 13.4156

CUHKOL Ours,,; || 533 | 74.5 | 81.8 | 7.8118
Ours || 26.7 | 54.7 | 69.8 | 25.4500

CUHKO3(manual) | s || 26.6 | 548 | 69.6 | 12.7273
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34 AENG

ABLH T AEIRBITREFRAM, =BHT I ETHE LDA FTAEIR
BT iZﬁ‘?%%ﬂ:E/l‘%&JE%EIEEE@l’E]WXﬂ‘ AT E— I RMAIERZE #. I
Sh, B PEBIAT NEIRBIMIERE, ASUERRIMERERF XD ERIR, %
HT AR, 3t— SR8 T R RN, ASUEE AR T T
OB, B BIRE T AR . TR, ASUEESE T H
R, FEERBN T ETRABSETEERR, XEHAILT A SUEE TR
T EERG T R R 7E 4 MT AEIRBIEIREE DRI LR RN T AR SR
SR T E BT AR IRBI . RN, AR 0BT T 5714
BRZAL SR AR B AR A B SEE S HE, TEBA T IXLERR A RO Rk -

HERAMEBEETBES LN RES . AT EBRNEEEGA
%, NEGFRBIEERBEFEERE, AN ETBGERETIFEE—
BRI IE, SEISGENEAREER, BETE/NTHRIERELEE.
XAERSTNERBE BRI AL, BIA SRR H AT T HRRE
1543 A AT 52T B AT LA SE— 22 J80R » TEARMINTT A, (BB TinsE
R, TSR BN IER T . AT, EREIRFRERS, FEFANE
EAR, RIFERAREBER. $TI, ERROT/E, AUEEHBNT
Bt B S T B RAT AE IR E RIAAL. toin, AT LMEBI T Ara R
BR, BIRERARNITAE SRS RIRERR, RE—FEEEINITE.
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#48 BETFRASTSIEFREEHNGTABRITE

MW E, 7 AEIRIEENRAEE RS TR A T MNFE
I §9T A B R\ R, BIR A RBIH B TR SRR E R, H
E%%ﬁ@*%ﬁﬁA%%%&%ﬁ@%ﬁ%%ﬁm%&%ﬁoﬁ%ﬁ—%@
%, ﬂﬁfi%?ﬁEﬁiﬂyiEQ%ﬁ?iﬂ“‘4\$§ﬁEﬁﬂﬁ%, Z BERBEGINBEREFEIEEFES
HBIAN . EEEZ ISR, PR BB TR BZ AR R
%Wﬁﬁ%%%ﬁ%%ﬁﬁﬁﬁa%ﬁﬁ?@ﬁ%%gfﬁﬁﬂﬁ%%ﬂﬂ%,
E%ﬂﬁﬁﬁ&@%#ﬁ%m,%%Wﬁﬁ%ﬁ%ﬁﬁﬁ%Z@%ﬁ%ﬁ@%
HEEAS \HEHNER. ENRARE BN AHREE BN, BATIRE
2,%ﬁ~4éﬁ%E%,%#2~¢1§,@%Eﬁ$ﬁ%ﬁwﬁﬁ$ﬁﬁ$
%oF B FELME s

E%#Eiﬁﬂuﬁﬁﬁﬁ,%%%ﬁﬁﬁ%?%ﬁ#ﬁoﬁg?mﬁﬁ
HEEESh, HEAREAFALERFISH (Linear Discriminant Analysis,
LDA) ZHsA, S/MLEAT ERNERUERTZE, B2 A=, M
ﬁ*@%%%ﬁﬁoﬁiﬁﬁﬁﬁTﬁ%%%ﬁz%?E&%ﬁ%%ﬁﬁ%ﬁ
ANEIRRIERE, FEEIENERT T HAN S, EETEREINEREIF,
H%Aﬁﬁﬁmﬁ—ﬁﬁﬁ@ﬁ,%Eﬁﬁ%ﬁﬁwﬁﬁ,mﬁET%%,m%
HAR R, FHESI—MRMNEE, ¥ B IE R AR AR OME R T Sl A X YA
WME. ASVEEIRE T XA BT R s E A R BT AEIR A
Tk, FHEAEMTHAN S,

41 BFRIEBHEENTAERINGE
41.1 BIF

MFANEIRIES, BE— NS BEERBERN SRR B RHEAE
NE-ASBR-EFEEINEA, BLEEFE, KpEs— I RANEE, R
EIWEE, BT LI ET NEGRZ RREMET -

ST HEEAT NEHE, ARG TATANMNRELA —EN S,
oz AR T SR R R AE SR BUT I (102, 125]. TX LR 0 4E B — R
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FER, TEEEATEEYY, HHKEFINTAZIR TS EEREY
)7 BRSO R B T . (BB B TR I 1T A R S 2 A
RBELE, REEINFLEERFAS . AWAEERBET E RS2
(Principal Component Analysis (PCA) ) BUSFEIEIR 7. W4, #17
PCA #1F, RIFHABIINEEEMSERE, HMZEENFTIEEEARY
HIR XM, AR X MERRERE , HAMBR, WIS RES
IERERER. ’

NT BT ANZEER, ITABGEEHUNS A2 XE, TR
BT NSFAE, BI: AT NBRHENR 8 2 KRR . IX L2 B2 28 (A 404
EHSEHIENEREIMEN, EEIER RS B2 T AR X s
IEAE B, ZFLT HAR XIS AIRFEE RS . ASUEERE TR
X ERNEEZ T, T AR KERESFERIR, ZEEITERE,
FAXREHENEERY. BETXHNEER, BRNHHRES E+F 0%
ik, R¥FF 7T HXE SRR b, B THEERZIFE, ETXE
FENTAERATERESZINSERS T, —EREHIER TIH AR
B4
412 BFEER

MTEAGBRE T ARBEGHRATARA p, Mg (i=1,..,N, j=
L., N), i=j BE8 p, Bl g; RR—MTA (FRZAIEREAXT). B p; 7 g
RARBIATN (FRZAFEARRT) o BRI, T LSS ANEHERE x)
xS, FHEMENAL 4, BEIEEA, FRASES xR B R 2
17 PCA a4t 213 PCA BZEEEI d, (d, < d,) FEIEAR SRRy My
y, My} WE— AR ARNT RSN, HTREFINRE, AEEE
B XSHMERIFRIRT 4, (d, <d,) FREVENTRSITET.

MRFAEAE Y WEY, =y, (=1....N)FIy] #¥5 ( # ), BUEHHR
HA— M REINFERE. EENFTERRNEEE L4, (k.Y N, 1
HEENSANZE—EZREN 45 WEL, ME41Q FTF. ATELEH, &
TRARENTANBENFEENEIRREBETNEE, BRSNS
RERIXRESTEMFAE, (] (R, y{ 0N} Y, MEE B EAER— MRIESE. W
E4.1(b) fim. WAE ISR, FEEE TR 45 RIRMESINE, e
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(a) 1deally discriminative feature (b) The extracted {eatures

B 4.1 (a) TBEMSERBHAHE; (b) VIPeR ¥4 (1] AN GOG FHERE [2]

R (b) MIZERAG B4 B RA R X 4 MR EAEEE o X 4 M AR
By . EEE R x B y #14 BURE—AMREARLEFI A RSB T BIHRFE-

Figure 4.1 The distributions of (a) the ideally discriminative feature and (b) GOG descriptor
[2] on VIPeR dataset [1] in one dimension. In (b), the distribution at left is about the

feature with good discriminative power, the one at right is about the feature with poorly

discriminative power. The x-axis and y-axis of purple dots represent the features of the

same people from two different cameras, respectively.

EARBET e EHE . ARYRILER , MBI
Bk, XTTE k BARFE, ASVEE R PCA B P = {(y/(k), y; ()YY, » iF
BEFERR & &, MEAANAEEME Av 4 (4 > A). FEMETR
EABA B BT WA AR BRI B . IR SRR i PR BB LA T T R
& [126]:
M=y
A
f€10,11, 2% f =00, FFRWESERE—MEF. £E4.10) F, ZEFMALHE
iy f 488124 0.37 F1 015, EHIGHEN 45 BENAEESUT RER:

(&0-&1)
gr(&p, &) = arccos ————, 4.2)
e &l Nl

fk(ll > /12) =

@1

g HIBRRINE . ZEE4.100) . R ER] g 4351 0.07 1 0.66.
P, B k ZERAERYAT X 204 -

5 = i1 h)
T & &) + €

e B—MIEE/NNE, HERRBETRENSEFT 0.
RS k BRER T R RE o > 7. REXYERE, BANIMER. £id

4.3)
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Figure 4.2 The illustration of the proposed region-specific metric learnihg model. We assume

that the person image is divided into 6 horizontal strips for convenience.

A2 FHAE, 2 R, MTSM o, AR TR LIS 2t
TR

RHSER B UL R, A2 — S R B i
D) = Lt - 2 TR o T2 2B, AIEEEA T

S RUEISFERE L, 2

C i=i
D(Zf,Zf-) DR i,j=1,...,N. (4.4)
>C i#j
C B—MEFHSHE, ELETRENC=1,
B, @it/ IME R B AR RS SIS L

N

min 12 1lﬂ(kij(D(Zf 25— D) +a||L|)} 4.5)
=l,j=

(2, 25) BIEREANRS, k=1, FW kj=—1. a B NEMNESE. [4(x) =
Log(1 +¢#) AT HEL (hinge loss function) h(x) = max(x,0) AT
FHl. X, AEERE a =001, f=3,

3T AbFERAT A G HR Y 2 (TR AN HE L LA B R A AT A R I S R
B, SEREEET/INAEKERRY, M= (2.2, 2, =s,...,9)
B s MBI R EHE, A SEEREE T — PR BETER L, 3

! Jim 7(x) = h(x)
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Fg— XA HFENTHE, EU{%EIEMZFETO ETJT%LB?%T%EMEL =
Ly ... Lis

FBEHAEXT AR THAN 0, B E L = diag(Lyys Loy, -, Liss)e

LSl ‘LSS

R A AN T LA L -

1ok, .(D,25) - 1)+ a||L
lenllzjlﬂ( 1](( Z) )) a” ”F (46)

s.t L,.j= L i#Fj, Lj=1,...,8

¥k 3 RSL+Pre fT AERFITTE
EIN
1 YGRS BB B AL XD vy e
2 VR EEREARHEE (o, ud)} .
Hi: D], u)o
SR
R s = L
2 X s AN X EIEBUS S IS E R BT PCA FE4E.
3 FHEMk k= Lo
4 PP PCA E] P = {3 ) (k), 500} oy o
5. B ITRAINE pye
6: W pp <7, BERE k 4EHFE.
7 ¥ k< dS, B, k=k+1 BRAE 4 HUGEEIR, TUBHER, HUT
T—%-
s B I G ERE R TSR (@ @)D vydey ISR B A HT R AE
GARAHNEE
9wufufmlwwﬁA,@¢MQMMﬁlu
10: PIWi s < S, BR, s=s+1 FIRESE 2 PYREER, TmUEJEtHOEﬂ
11: 71 L =diag(L,;, Ly, ..., Lss)o
12 8 D, uf) = | LV -
EE: Dl uf);

D, R KBTS SRR R B B, ARSI
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B EEWS Y S, T 2 hEXEGEEN, RETRARENSE. It
%,%%ﬁﬁL%E#E%%ﬁﬁiﬁ%ﬁ&T,—ﬁ%ﬁﬂ%ﬁ?ﬁﬂmﬁ
WUE AR .
Ex%H, BT HRGOMAREIENN, FIASEE 2RI 5 EHE
ﬁ@%ﬁﬁﬁﬁ%m%ﬁﬂ%ﬁ,@Nm%,ﬁﬁﬁﬁ%%%%ﬁﬁLO%%,
%Eﬁﬁkﬁﬁ%¢ﬁ$@@%%&ﬁﬁ@,?Yﬁ%ﬁ%ﬁﬁﬁTﬁwoﬁw
W, AIEERAEEER Ky = 2
WEFERLSE , AR REN T ER— M REFENEERFE I TE. AASEX
BT T AL IR, BARHL, R BR AT X 4 2 RO R AE SEENFAE P 2E
&&%%@ﬁ%mﬁm,%E%%%%ﬁﬁ%%%ﬁﬁ%ﬁ%#ﬂﬁ%mﬁk,
STREEEENEEYSY. BB T RNAZE, AUEERRHERITERERA
RSL+Pre. EiE354ET RSL4+Pre /7 AEIRG ik,
413 XBRS5O
4131 HEEEXRERE

AR 3 NMAFFRIT ANEIRFIEHEE VIPeR [1], PRID450S [127]
QMUL GRID [128] _EJPAf#2 1 89 RSL+Pre 47 NERAITTHERITERE. VIPeR A
PRID450S #4BEEF /514 632 M1 AEABGH 450 MTAEAE G, XERF
AEGE AW N AEEESPREXEN P MEGIHERHRER, N TEMT
A, ARBBEHSHIFHRRES—KEG. GRID HEETHEREREH 8
IMEEEERHEXENEGIHRIREEEN. ZEGEETE 250 MTARER,
BE A 2 MR EEEYLS BIRTERER — ik ER, RIKHY 775 MEARMULEE
F—ANEGHRIEE S — K E G, X 775 MEAARY BIRIEAES (gallery
set) FEALE

XHFAT NBHERR L, AS% [32). BT ABGRIS N 14 MAEEHX
o XTFEANXE, AEESRITTE RGB. HSV A YCrCb A= AINEIEE
FHE, UNETFEF_(E#NX (Local Binary Patterns, LBP) WEZEEEJTE,
W E I — AL L1 TER. REERTAERXLETE, RmLH) 6,020 4455
MEFE . REAEFEEN RSL+Pre JTIEHIHIAN . 4L, RIEEHIRA GOG 45
MEHARAE [2] VENIT ANBBIEERIE. T ABGREHIDHN T HACEERSUXEL,
FENXE, GOG HEIATEEGERENBENNTERFR, EPER
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Table 4.1 Performance comparison with the state-of-the-art methods on VIPeR, PRID450S

and GRID datasets. The best and second best results (%) are respectively shown in red

and blue.
VIPeR PRID450S GRID

Methods r=1 | =10 || =1 | =10 || r=1 | r= 10

- CSL[129] 348 | 82.3 || 444 | 82.2 - -
LOMO+XQDA [9] || 40.0 | 80.5 || 61.4 | 91.0 || 16.6 | 41.8

Kernel HPCA 394 | 85.1 || 52.2 | 92.8 - -

[130] .

LSSCDL [124] 427 | 84.3 || 60.5 | 88.6 || 22.4 | 51.3
SCSP [30] 535|915 || 588|913 || 242 | 54.1
OL-MANS [131] 45.0 | 85.0 - - - 30.2 | 49.2

PAR [125] 48.7 | 85.1 - - - -
LML [31] 504 | 88.7 || 64.5 | 92.1 || 19.8 | 46.5

Spindle [25] 53.8 | 83.2 || 67.0 | 89.0 - -
RSL+Pre 31.8| 753 || 45.6 | 83.2 || 13.8 | 43.2
RSL+Pref 433 | 85.7 || 55.6 | 89.7 || 18.1 | 49.6
RSL+Pre? 49.8 | 89.3 || 68.1 | 94.0 || 25.1 | 57.2

ARG, SRREEMBEE . GOG BHF#RAFAE 27,622 4. FEAE

ERBETET, TR GOG BHEHIAFE AT NBBRIRHERIE, EFRA
RSL+Pref,

LT, ASCVEERITE BB 128 x48 IR ST AEIRAE
R R IE AR — 3, A SCVER SRR R ICAS I 2% (Cumulative Matching
Characteristics, CMC) FPHUR IS RSL+Pre 7 3kAOEAE. A3CFE EAUET 10
W GEFIR B RENLR S, REE T8, M, 5% 101 CMC 4
ACVEEBETAME, FFER Y CMC #iZH Rank 1, Rank 10 F1 Rank 20 {Y
SR, WU + SRS ERARE, BIESH ¢ REW 0.1, HT GOG KHE
HOARE, R RS ¢ BUE. 754133/, ASEEHSTEMITE
SHOY T HERERY R
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PEI AR L AT A\ TR TR 5 5
4132 THBELEER

EFEIX 3 MURE L, ASUEHRR I AR S &EFIIT AEIRBIITL
M RETH 8. FEREE LAY J7 3%, CSL[129]. LOMO+XQDA [9]. Kernel
HPCA [130]; LSSCDL [124]. SCSP [30]. OL-MANS [131] f1 LML [31] BEHEHTEE
23T NE IR/, PAR [125] 71 Spindle [25] SR I 22 ST AR TR BURFE -
EANVRTTHBRER. TP, WTREITIENER RSL+Pre’, ARIEER
ﬁMmGWﬁ%ﬁ%ﬁﬁhﬁﬁéﬂﬁﬁ%%ﬁﬁﬁmm%mdﬂwﬂmmmMm
Analysis, NLDA) #7752 (4.5) 1805 S BT AR Lo

MFE4.1, TTLUE S, RSL+Pre? EREFEI T AKZ 45 1 VIPeR 2K
#E8 b, SCSP 7F Rank 10 B8 T &S EIRAIE, HEEHE 2 MRS L
RSL+Pref T/ T SCSP. 7E GRID #(#E5 |-, OL-MANS i, RSL+Pre* £ Rank
1 1 5.1%, Btz sh, RSL+Pret H, OL-MANS B A% 3f AU AEL 3. AL
1, Spindle ££ VIPeR %HE4EH) Rank 1 _bsZBL TR AYE IR, BRERIIZ S,
RSL+Pref B EEMERAIZR. b, RSL+Pre M1 RSL+Pre’ #HLLH BT, 72
HRE TS H555, X EE R R M 7E RSL+Pre #1 RSL+Pre’ i1, ATS{EE %
F B9 R A R R A4 R0 B 2 ) B AR f MR B R N 55 B I SR AT X e L
R REAS GOG R REFE BT I 1 B 1 2 S B R BE7 NLDA, RSLAPref 3%
BT EFERE. XMAA — AR T AR RN RIS ENEES
SIAERE.

4133 iTig

1) BAETRALER A AERI

B ARSIV EE R TR S IR, PRI R AR 2 T4, [RImHRE
(R T RHERYAERE . A SOVEE AR A RSL+Pre’ J7 A1 K S AHETRAL IR A5 SR A0 T
H (f8FRH RSLY) $HTHEREILES . BA2BTR T4 5., TRERTR, Wit
FTTALEE, BERR T M4, REhIRE 717 AE IR,

2) YT

ST TAHE AR, EEER - AEN ro « BEREA, ®ESHES
B FNRER R « BUE /N, SE LS BT A FHEm BB %
BHREFR . A CVEF L « = 0.05,0.1,0.5,0.9, 1.3 $HT3LH, WNF43FTR, 4
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% 42 £T R RSB 7 A VIPeR HiR&E LROEEREILE .
Table 4.2 Performance comparison with the methods based on different variants of feature

pre-processing on VIPeR dataset.

r=1 | r=10 | r=20 | dimension
RSL' 445 86.1 | 92.7 4417
RSL+Pre’ | 44.5 | 87.0 | 93.0 3953

%43 TR <18, 314 RSL+Pre Jj 3578 VIPeR BiR5 ERYIERERIL.
Table 4.3 Performance comparison with the proposed RSL+Pre methods based on different
threshold = on VIPeR dataset.

T r=1 | r=10 | r=20
0.05 (445 | 869 | 92.8
0.1 | 445 | 87.0 | 93.0
0.5 | 422 | 85.7 | 92.9
0.9 139.6| 83.5 | 91.9
1.3 | 38.7 | 81.5 | 90.5

r =018, RSL+Pre! BUERIFHIER.

3) R ENEEFISKBRANERYIMNILE

M ETR, T AR, BERSFTERR, BLAXEERE—T
i E R, BT AERMERE. IE, ASUEERIEXERE
W B S AR . AERRRN T RS RSB ANEREIINE (MK
% RGL+Pre’) HATHEE, SLWEERINFE44FTR. AL EKE0EANEESITTE
RGL+Pre’ , i85 [X H% fEH0 B 8% 5T 775 RSLAPre!, 7 Rank 1 FRYIERERS
T 17.5%.

4) T KIS R

FERSRI(A.6), MRETAERE L Fidk 0 FAERERIVEUE kT AEBBCI A EX
SR S . EERIUSENT ABGRERS AT S AR, WE LA,
TS § ATRETEN (L)oo FUEHER G LSS B RER L AR
BB I, R Ly, = diag({ Ly AL} - - {Lsshpp)e AUEER
Wp=24ﬁﬁ§%,%%Guy%ﬁ%ﬁﬁ,ﬁ%ﬁﬁ%%%ﬁk@@%ﬂ%
5 7 AR BB AR . Eib p =25 p = 4 HBIEKRE S =14 (FHA
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F 44 W TEIMEER L, BETAREENXER, EESITEAE VIPeR HRE L
PERERIL
Table 4.4 Performance comparison with the metric learning methods based on different

- number of blocks learned in projection matrix L on VIPeR dataset.

r=1 | r=10 | r=20
RGL+Pre! | 27.0| 74.5 | 86.0
RSL+Pre’ | 44.5| 87.0 | 93.0
RSL+Pre’ 14 | 41.5 | 85.5 | 92.8
RSL+Pre’ 28 [ 34.9 | 79.2 | 89.2

RSLA+Pre’ 14) #1.5 =28 (RSL+Pre’ 28), 4 4EFR T LR R, FILIEH, B
EMET4EME L IREEREN, HEFERESIES. XEEAN S = 1410
S = 28 WA EMELSEAGE, A—XEE, SENSmNZE—H
A .

42 ETHFRERFNTAERGE
42.1 BlE

WANETEEXINTAERITE, EEMRAREERES N=E: =
4324k (binary classification loss) [32,33], =JT4#i4 (tripletloss) [34, 113]
FAPUTELRH% (quadruplet loss) [36]. ZE_AFEMAEH T, HETRFIHEM
O AERR ST RSN, (2 IEREARSTRIBE R/ NT — TR B ERE, AEEAXT R X
FZRE:; NFETAREEN, FIRMBERI RS, 7EMTE— M
1\ (query person), HIFFEANTAYEERS/ NT EXT R 89 B AXTBOEERS; TEoT
BIRERE, BEZTTAMARIMNER L, IBETERNLR, RN TE—
MARATN, HIERANER/NTHEEEFIE AREAX . REXER
R R ERAE T ULMETEEZINTAERFTTENIIGEF, B, B
AT BEES b AR AT R BE BN, (R A TR B — R AR T A
HXt S REAREFIRIESEE, FEXETEMFESHNRE. XSEH
ApyemitE, THRIEERE.

KT RS AR, ASEERE T —MESERE ST AEIRTT
% BEFETEEZEINT AEIRITENIIZBAIR-EREAX B
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A1B1 - N
A1B3 A1B2 A1B4 I

camA camB . (a) the ranking loss

B1
ikgiégn

Al

.

A1B1
. AiB2 A1B3 A1B4 A2B47
threshold
(b) the binary classification loss

L

A1B1 N\
>

r ' A1B2 A1B3 A1B4 7~
“&—— margin ——n

{c) the triplet loss

-A2B4

-;/-4

&— margin ——ﬁ:
1

N
i A1B3 A1B2A2B4 A2B4 7

&— margin —)’
(d) the quadruplet loss

4.3 K RH P ERAAS EREN AN R Z MR R BEENENRARRERSLRY,
LA RRBIAEART
Figure 4.3 The relationships between positive pairs’distances and negative pairs’distances for
loss funtions. The blue line and point represent the positive pair and the red ones

represent the negative pair.

ATE RN, ASEEXH BREREE, R TR EEA T
TFAEIRB: H/MEIEREARTSFIR/IMEARS (B: FraREAXT A BB S/ RO
Axt) ZIRMIEE . ASEER LR AERARELES, SFH IR 1
FEARKEREF, (A p TEEUED min REHGIEULL, 250 p &4 1 IERF AT
RN Z EIRGEEES, AR THEZRET; 2) EitdiEd, UUCRRAT
—/NERSREAST S ST, R IRA IR T . ARCHRE T RIAN
R, MY THEETEEEINMTAERBITE, ZONEEEFFRITAE
HBIERE, SR EEIREIRE. 43BN T A RRKEE. ZTARREE
VU TEAE #5345 B B LA T AR SO R S PR P 5% R BRI AR A X B B A SRR AR
PR Z AR R

422 HAER

W MAETE— SN TRTAERE YV = (v, .on), HTEDE
ST, AEBRZ NAAAA; ARAE— ST RRBREI TR
NEBE C = {c1,.cpr}, MFXMESHITN, AMEEHRZAELETA.
WV A C EATABGZANER (ERAMSAREART) , HRIGFERE
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ERGT AE RS BT S R A

B, B3%GE, B, ITEMOETAN, AEE C F—EFEHERAE
C*={dtecCli=12..,M") MARAEC = {d"eClj=12.,M" )
REAT N BRI SS , A SRS B HEF R U . BT REEE SN
TAEIRBIN BEARR, BT EMARHEIST R, FENFETRERF
AN HIEE B/ NTF G AN HYBE S . ET UM EAR, ASUEE 4 H E B

S, R
“min f(L) = Z » zc,+e o @yr = min dy o), 4.7)

cme{c}+}UC"
Her, d,. BT A vl c KRR EEEREL,

dyo =L, = x| (4.8)

x, F x, BATA v Ml ¢ BYEHETTE.

MITRE@ D, TTLAEE], HWEAEE BT min MEPOAFFE, SEEIREL
FRESBARTS, NMEIERRRkig. o, ASCEEXTEAB T, B
H, ASCAVEE SR p YE#UEDy min AR SGIULL:

l .
Dyttt Gue,y = _min  dy e, (4.9)

cnEletiuc

4, A SEHHER R R EUR BT R 250

rmn FLy= Zz 1 Zc'+ec'+ vy (Zcme{c”’ uci- o, Cm)p) ) (4.10)

AL G RO, L4k T BRI, RIRTARAE T RAFRSRARERT. K
S EL p 1551 T EREA R AR AR Z [ BE RS, ARt fl T AR &%
Yoo BT RASVER MR ABAL(4.10) B LL i eefidh. Sy, A3
VR RIT T 72(4.9):

1 1

(Zcme{c;-l—}uci— (dvl_,cm)p)P = [(dUi,C;+)p + (dvi,ci_)p + ...+ (dl) Cﬂ;i_)p]p
4, i- die 1 (411)
= [y V(L4 G+ (L)

I
U;,C. U
I’J Ij

TG IDRAT &(4 10), A SCHEE T LAE R Y4 BT T8 MaRTA
v; RAERIRGIEREAR ¢F, (“r Y=0(Nt=1,.., M) K, BFEH (L) IEFE

R/MH- Iﬁﬂiiﬁfﬁﬁ*ﬁgﬁfwﬁmﬂ?i/\ﬁItﬂﬁj\ v; AR IEREA i,
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$4E BT Eﬁ%ﬁ%ﬂﬁt??ﬁ%@%ﬁlﬂ@ AANERTE

dy i < dy = (V1 =1, %%ﬂ?%ﬁﬁ%%ﬁ&“”>l'ﬁ

Aﬁép<oﬁ A ETTRES . BMLAT N, REEF— me EA R

MiZES %ﬁﬁﬁ&ﬁ%ﬁﬂmwﬂU&%%ﬁﬂMﬂ~ﬁMW%
ﬁ?ﬁ¢ﬁ$M%%m<0iﬁﬁﬁ%ﬁﬂTM*ﬂ(”'V—

1) % p > —oo,
BN _

) %0, PL GEEERT 1. MABOREERAR S SHARER
Bk - | |

AT, AR (4. 10)GRS B, p BT Bl R A A e A et
> FIREEES, ASCEET LR IR TR, RIEHEE p ML

ASTVEEINY, MIEREAXTRIFREAT 2 ER BB AR, MEEER
SRS B, ZESER p WEH— MEXTRANE (p > 0) - AT,
Y p BERMEER 0 FYRTER, EmwﬁﬂmmﬁrﬁTﬁE(“>Lw S5

U'J

e AT 1, AT ERAXT S SR

d

z%;ﬁ—w REREERALEFTER 4, o = 0, X F I dy, - B2
%E%h& T4 T 0 IEREAXT R S RE A 2 [ BE B ROl o % LAA, 9
TG HA, MEEXERARFAREANZ MERNES, —ZEms
EERE p > 0 EREREEL 0. ik, p=-5 B RIMEE. EXRHD
F4023FY, AL HUSIREET AR p B, RERTHRREERI, Rt
PAERTSH p KT
ANEERAETHIEERISE THE KA FEERIUER. K
ssferh, WFEAMIEAA Y (=1, N), (CRAEEANES k1 ER
BNGREASEEE (k< M~ +1), BIZES  OsE, HFEEERITR
WA

1
N D .= :
F = Y0 Ve eon Mot = (U cqe @oe) V"l @1
j n

Heh, QM C (U CT) BEA () U CT FET kT o AR
BB R/ NI, HAEATIIEEE BBt 1 - 1 SRR L, WERAEE.
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B BHAAT A BRI AR 5T
R, ASEEITESE  ROERHIREE:

i%2=ZLz@thm4ﬂwMéﬂz%wﬂ%MHnM&n
‘ (4.13)

Hefr (v, 0) RIEBEBES 4, KT LT, 710, ¢) = 2L(x,—x,)(x, — x,)"
") = (B, gt (o o PV R AL T HEARBHE k, 1EH
WE k=20 AFEWRALRFS B4 23BTHASNSE k BRI M,
WA k = 2 B— M RENDRE, TUSISE k= M Lk, AHAE
EIE RIS TR

EMAH B, M THANERTRE—RELTHRRRTARR, AXEER
P4 MBERE B R SIEE U ERUERR A EINRMAE L, RKS5H
BTHERGATHAABGERNBGETERITE. RETHGENES
AT A EGREFEGETHT, HBHERE, ERERGLTAERN. X
THERR, £, MTRENETHFRARBTAERITE, AE
H{8F3 4 R-Loss T ike
423 XRE5HH
4231 HEKSXRIRE

AINVEEFE 2 DR FTRIAT ANEIRAIEEESE VIPeR [1] 71 CUHKO1 [101] E3F
f$8 HAY R-Loss JTIERIPEEE. 39T CUHKOL 4E5R, HEEMBGARA (single-shot)
CUHKOIM1) fiZ B RAs (multi-shot) CUHKO1(M2) fESLE0 FRHIRES% . I
Gh, AINEE 2 RIF M 3 FAFAEIASF Local Maximal Occurrence (LOMO) [9],
Gaussian Of Gaussian (GOG) [2] F[ Histogram of Intensity Pattern & Histogram of
Ordinal Pattern (HIPHOP) [102] ##4T5£80 . BRI ILELRHERZ (Cumulative Match-
ing Characteristics, CMC) {ESAERETFIFETR, B MEIRERNLZINZENN
ER 10 REATEESE, FPEL 10 IRSEIRE RIS FIEMF IRA SR,

4232 TFIESH

1) p-norm vs. min

XFFARIAT), AVEE XA p BEAEN min REHIGIEIELL, BEHRL
R IR (4.10). EILETISRAVILSS, AU BEAESE4.2. 2087 T H b4
e FEIX—/NT, RIEERIESITER . ARINVEE R GOG 1ENFFERIATRF
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ViPeR

CUHKOIM2)

!
: r
78

Recognition percentage
Racognition percentage
e

Recognition percentage
& 3 =

{=—55.34% R-Loss(p-norm) e —66.52% R-Loss(p-norm)'
i—37.81% R-Loss(min) —46.50% R-Loss(min)
30 <0
150 20 50 100 1510 20 50 10
Rank . Rank Renk

@ (b) (c)

&l 4.4 2T p FE5H R-Loss J EMET min B3I R-Loss J7 i) CMC #iZxf .
Figure 4.4 Comparison of CMC curves for the proposed method by using p-norm function

and minimum function.

E4.4f8R T T p JEHH R-Loss J5 1% (R-LOSS(p-norm))%D%? min K #HY R-Loss
773 (R-Loss(min)) B9Xf L5 . FEFTA#ESE L, #HELT R-Loss(min), R-Loss(p-
norm) [ RES R T KIEE RS, B, H Rank 1 72 VIPeR. CUHKO1(M1) F
CUHKO1(M2) $04E8 F4)BIHRE T 24.55% 17.53% F120.02%. XFEH T, fHL
F R-Loss(min), X} R-Loss(p-norm) A4 7 sRAFAT LI SAE— B I 1.

2) 2%¥p

XTS5 p B, EE4.22%, ASUHEEZIT —MEARIT, e
2 p - OERERIEE 0, BLIAN p=-5 B— P RMikHF. AX—/T,
AYANEEWHET AR p BUEH) R-Loss JTikAIHERESHT LA AR IR
LOMO #11 GOG {EARHERIAT, E4.5@REAE VIPeR 1 CUHKOL $¥EER _FAY
SgsEE, NEHRTTLES, % p > —oo B, FPABIRE LIEIRBIREEH
THe, Bfkd, %p<-108, FrAKIEE CAEIRFIFERE TR, XEAT p
BUERIRS TR EE. AN, thATLUESIY p=—1Kf, CUHKOI(M1) F
CUHKO1(M2) $(#E£ A9 Rank 1 PR TR, R VIPeR 4EEE LHJ Rank 1 5%
YRaE, BB p=-1PRE—ENRK. B, BEp=-5 2 RELEE.

3) Mk |

Nt FAREEI(4.10) I sRAR , A CAEEN BT — MR FHERMME, A, &
RALER AR, WTFEMNERAN, SURMAR kMR E R/ NUFEAR
SEHE. FEX—/N, AXEEEZE k MBUEN T 7S RRRIE T A AR
M. ZSSCHE# SR LOMO F1 GOG VEAMHEHARMF . FASBR T LRER. M
FHALAEH, k EUELIST R-Loss JT A REREARAY A, THEE kE
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Figure 4.5 Tile performances of Rank1 for the proposed method with different value of p.

7 4.5 k BBUEXT T4 i R-Loss J7 1% B HAERIZ T I IR oM. 34T MR A2 UALSE
IR K. k= M RRERAEERR AL BEAN S 5T

Table 4.5 Effects of k on the performance and running time of the proposed R-Loss method.

Running time refers to one iteration time of optimization algorithm. k = M represents

the case for using all samples in optimization.

VIPeR CUHKO01(M1) CUHKO1(M2)

k GOG LOMO GOG LOMO GOG LOMO
r=1 | T(s)| r=1 | TG)|| r=1 | T(s)| r=1 | T(s)|| r=1 | T(s)| r=1 | T(s)
2 || 476| 04 |395|04|553|9.1|516|94|679|93|648]|93
5 {478 0.8 (39504 (56093519941 69.1|95 658/ 9.5
10 || 48.8] 0.8 | 39.8| 0.4 || 56.2]| 9.6 | 51.7| 9.6 || 68.5| 9.6 | 66.3 | 9.7
M || 466| 1.5 |383| 14 || 54.3 | 32.8| 504 | 32.7]| 65.8 | 32.4| 64.2| 32.6

fAs A, ERASITRIEZREEK. 4 k=M i, 2BEEANSS5HE, #15
AT BLEEME SR, FEMR TR, £ LR, k=22 Rk,
4233 SHEETESEZIMITANMERELR

AAEHE B LA T IREINETHF L BT ARV EE L TE
FoAERREE. = oA G ST SR MR T L5 BE, A
SCVEE R H I ET HEF AR BB T B AR T St AT e RE L. 9 T —
SSFRIE, X, ARSUEE R GOG /EAFHERIAR . XTLLERI
£4.6, ACVEEIEHAY R-Loss JTETEMERE_ AL T HE AR LT .
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% 4.6 5HEZET BTN ETE VIPeR 1 CUHKOL %454 FHERELE. RIFHEER
(%) FLLEARE. |
Table 4.6 Comparison with methods based on other loss function on VIPeR and CUHK01

datasets. The best results (%) are respectively shown in red.

VIPeR || CUHKOI(M1) CUHKO1(M2)

Methods (= 7T =5 T7=10 | =1 | 1=5 | 1=10 || r=1 | r=5 | r=10
binary 462 | 773 | 87.8 || 323 | 513 | 609 || 37.0 | 59.6 | 69.8
binary(smooth) || 46.5 | 78.4 | 88.4 |'51.4 | 76.1 | 84.1 | 62.6 | 84.7 | 90.2
riplet” 30.1 | 624 | 769 || 455 | 69.3 | 78.1 | 54.7 | 78.1 | 86.1
quadruplet 33.0 | 66.1 | 77.9 || 36.0 | 59.1 | 68.8 || 44.1 | 69.0 | 78.5
R-Loss 47.6 | 789 | 884 || 553|775 | 85.1 || 66.5 | 86.1 | 91.6

4234 SRFEBNTTIANMERELR

A BIE 2 AT AEIAIEHEEE VIPeR I CUHKOL $iREE LTS
SO TR RE LU AR . BTG, RATHIZE T AR VIPeR HRE LRI LLE
ASEE R B AT H1S 13 e NEIRBISEEEHT T R, ATLUR
AANEE T HEIRE T Bim P RETER o

SRJG, AICAEHFE CUHKO1(M2) HHEER_ Lok T HEREXSLL, WI5R4.8F77R.
WLAEH, SEFAIHEREH MC-PPMN Jii (1341 58], XR—METHREF I
Tk, EASUEER BN REA GG, BRAXHMRE.

423.5 it

ASCVEE R MR T HE 4Rk B0 AT N IR BT IR N TR E 2 S o
FEEETER, AX/ESRBNBERTTERRA p BE/EHR min ARG
VEfBle ASSTAER SR AR ResNet-50 [138] /ENERIBIA, = nHMKS AL R
H B HE B B2 4 BIAE 9 346 BB OB T 64T N E IR BIBE &8 Market1501 [139] 1
DukeMTMC [74] _FHGRS HSE062 . SISt REA PR . AEFTAREBIEE L, A
Ve M BT HEFF IR I 7 1R BT =TI A0 J7 35 7E Rank 1 RAIR L&
K 7%

25%¢+F Market1501 F] DukeMTMC RN B, HEME5.2.3,
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# 4.7 5RSEHEN I LA VIPeR SR ERAB . BT RESINT PRGNSR
IRLARE, 2GR S EOF R4 R A BT,
Table 4.7 Comparison with the state-of-the-art methods on VIPeR dataset. The best results

for deep learning based and traditional methods (%) are respectively shown in boldface

and red.
Method Reference r=1 r=5 | r=10 | r=20
IDLA 2015CVPR[63] || 34.81 | 63.60 | 75.63 | 84.49
oo | Deep Ranking 2016TIP [132] 38.40 | 69.20 | 81.30 | 90.40
g TCP 2016CVPR [69] || 47.80 | 74.70 | 84.80 | 91.10
§ PDC 2017ICCV [114] || 51.27 | 74.05 | 84.18 | 91.46
—8: DeepAlign 2017ICCV [125] || 48.70 | 74.70 | 85.10 | 93.00
8 EBG 2018CVPR [16] || 51.90 | 74.40 | 84.80 | 90.20
MLS 2018CVPR [133] || 50.10 | 73.10 | 84.35 -
MC-PPMN 2018AAAI[134] || 50.13 | 81.17 | 91.46 -
WARCA 2016ECCV[135] || 40.22 | 68.16 | 80.70 | 91.14
Té TMA 2016ECCV [89] || 48.19 - 87.65 | 93.54
g PatchM&lLocalM 2017PR [113] 46.50 | 69.30 | 80.70 -
g MVLDML+ 2018TIP [136] 50.00 | 79.20 | 88.50 | 94.70
= GCT 2018AAAI[137] || 49.40 | 77.60 | 87.20 | 94.00
R-Loss Our 53.01 | 83.07 | 90.82 | 96.27

3 4.8 5EHER A CUHKOL B34 EMEERBILE . BT HEY W EPRIFNS
FIKLRRE, EREMTT R R SR AL BRE.
Table 4.8 Comparison with the state-of-the-art methods on CUHKO1 dataset. The best

results for deep learning based and traditional methods (%) are respectively shown in

boldface and red.

Method Reference r=1 r=5 | r=10 | r=20
20 IDLA 2015CVPR [63] || 47.50 | 71.60 | 80.30 | 87.50
g TCP 2016CVPR [69] || 53.70 | 84.30 | 91.00 | 96.30
i‘; Deep Ranking 2016TIP [132] 50.40 | 70.00 | 84.80 | 92.00
8 DeepAlign 2017ICCV [125] || 75.00 | 93.50 | 95.70 | 97.70
a MC-PPMN 2018AAAI[134] || 78.95 | 94.67 | 97.64 -
- WARCA 2016ECCYV [135] || 65.64 | 85.34 | 90.48 | 95.04
£ | PatchM&LocalM 2017PR [113] 53.50 | 82.50 | 91.20 | 96.10
1‘5 GCT 2018AAAI[137] || 61.90 | 81.90 | 87.60 | 92.80
E MVLDML+ 2018TIP [136] 61.40 | 82.70 | 88.90 | 93.90

R-Loss Our 73.66 | 90.64 | 94.14 | 96.87
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Table 4.9 Comparison with triplet loss based method under deep learning scheme.

Market1501 DukeMTMC
=1 | r=5 | r=10 | mAP || =1 | r=5 | r=10 | mAP
triplet 81.8193.0] 95.8 | 65.6 || 70.8 | 83.7 | 87.5 | 53.2
‘R-Loss || 87.4|94.7 | 97.1 | 73.4 || 78.4 89.8 | 926 | 64.2

Methods
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RS EERA AR EESE. AN BN ETERY
S NERETE, TEAWS: BETHREMETEAET. SHETER
FBETNENEREE, AFREAERETHHIE

Hd | AMEEERI T — R ET KEA ET AN EIRBITT BT
BB B BT TR . X TAHERALER, A SO/ I PCA 8
R B L R IT AT, TR BT FAA A R A IOAE s X T
R B S, KRR A EGRRA K S A E R% I, AT
S A BTG | P AR R — A O fadE R, B, P
K, 25— AT A TRAE R M A SEEAEAT N EIRBISIBE VIPER.
PRID450S ] GRID L34/ T 5018, Wi 7 4R RO T7 sk A e 67 L B SE 80
Sesk, AR R T T AL 4B R SX F A RN\ E A SR, (8
AR DR A KRR, WA BRI R

Tk, RVEERE T — T HF AR RTAEIRBIT . B
SRR, (R R AN O B B R BT A R AR BE B B/ M. A SR SR
p SERGE LR B B/ME, WTTZRE— 608 BT SIS,
AR E SRR, AN, TR, ASCYEE R T RARAE, X T
TR (UREF AT AL, TSR] R A& SR AR T AL F %
fobhte, EEBHR, KAHIEE T EISIME,  VIPR Al CUHKOL T AE
SRRSO b, ASIEEET T S E AT, B TR T LKA R
B ER ., R, AR HSE R R E R R TRE# JIE
sErh, (E8EEARUEE ERA BRI AL |
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B5F BT EFUEERTARIRG®

#w5%E HEFFTYEBMITAEIRAAE

EERERRE RS BT AR RSB, BAT, T AEIRBIREE
RTVEEEE B SR XETESEASMEETAEBINEE, FE
THHAERE, SRESELNTAEIR . XETET LURANET AT
NEIRBF . AT R TEEGLSEORENA. SR DRITABSEEE
, FABENEBREEET, ERETTAESMEEHTERD,
B R AR, |

HT H—SRETAERBIGERE, AEZRHTET LT XERIT
ANEIRBITT . FER T B B 01 BT ISR AT N B IR BT S5 OB
b, I T AT AR TS AR E RS . B, ASEES BN
i 2RI 2 MR BN R _E T SO 8, ML, 3R T BT SRS BRfT
AEIRBIFTEAINGE_E T ORI AMAT A BRI i 8 T3k, ASU/EE XX
Wi BTN 2B

51 BEFIXERERENITAERINGE
51.1 B|E

VLA, BEEE RENUIUSEI A, AT AEIRBISE T R Aoz
BT XTI, HRAREESNT: U ARIBIREXR, BT
NEHEMEEMAEN IR E RN A, ATEREL, LR TAZES.
MANERSHESREDN, SEUTANIMEEE LB EREL. Wi,
BGEMESREHIRRT LTI, RETAZIBNIMRBLN. Eit, 0
BAUNET N AG BRI RS, TAEREE X R,

HTRBTAEIRINEE, — A ENNRRT REAEETXER, I
m, BEPREETA. LRHRRHEAL 50%-70% BTN BURTEMEKI
%) RS AGETIATH [140] WRFMRENUERARRIE, HRHESE
MBS IR SRR AL, AR AR RHA S BT LUATT AEIRGR
LR, ESURRT —MERHNAIT. @ 2fRfTA (query person) ,
(b)-(d) Bf&% N (candidates) . MEHFATLIEH, RIEAZFERCERAR, (UR

63



B LT AEIRABIREAT 7R 5 M A

C'andidates

= i = :

G @ IS

B 5.1 B EAE BT EIRAN— A ENE T (@-d) BR TIERTAMS@RT A
SRBIRIRIEITA; (e)-(h) JRIR T HARRT P71 i AR R SRR AL RO R4 52
Figure 5.1 An intuitive example of re-identifying query person with the help of the group
context. (a)-(d) show the query person and the candidates with similar appearance;

(e)-(h) show the corresponding group images with different appearance.

BWE—TERGENER, MEEANFIRMHSEFETA (2 HILEREEA (b) 2
HARTRMERT o SATAT, HBIANBHARER (e)-(h) B, BT ifafT AFMEEA S5 HHE
ERRIRNER, RSHBRESMFEH O 5 (o) HILE, MME @) BT
[N\

VLA, BFFEA R T —SETRANIT A= IRAIITE [53-55, 141], 7£
—ERREHARE T T AEIRBIER. EXETTES, BHREE SO — B B A LR
R EIA . ARSI T AEIRFERRARESTEET: 1) &
WLLTﬁ@ﬁAEﬁ%@ﬁA%%ﬁ%%-z'Y%%%hﬁ?ﬁ%%%%%

s 3) BBk, XERRRRFIREN. BESINTAE RN, BX
TAXNEE : MBELZIGEATASHARIREN KR, BFITAERLE
AT LUK E

BT, ASGRINTE T EHAE BT AE IR T k. BARR, 207
B RFETTH

BE, ASEEY BEHAR —FIREEEER RN RR, RH T SRR

& —EAEOATERENITA . HETESEIRE L, BT ARIVEEN T
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#£5E BT FTUEENTAERAGE

RN A2 EIRBE B T 458, ATISEESREXBWIIA, HTEIRE
% T BURAIVER . | |

AN, Toib BAEGRBHRTE R A SR BT SUBHE , AR R RIRHER
TR RS TR B R S PO B RE E E  SET BHARA AN EIRB T, SRR
F R R 2 R ZE I A R BRI BF AR 8T, B (A R B
B, BRI B R R R RA TR AT, B ASEE
B EET. BT BOREXREREENARENERS, AURHTE
F I B XT ICEENLE . A ICERH A SR A RN N R A S FIAE,
M (pair) o BEARRIICEE, M2 BTBOIRBUBHAIGAE BETTIGAE 2 FIEATICAD , %
3048 B B A S T 2 A7 0 B AE I AR o 3 IR AL X T B AR 2 (R B 2
12 KRR R BB B BRI B .
512 HEEH

SR SVEE X SRR R AT AT SR

HE—BAE, A p WATERBRE— =R HEEERT: (5,0p1), §
v, SREFITAES PN ERBRERE, WireN. 1), T T, 55
=T p B IAWANZ L I MR, WLEHTA p ERE [T, 1] BF
W

HERARE TR NEELTA M py. B i#), T <T], T, < Ty,
A ATAERT ] [Ty, To) B E R E 510 v, Ml v o B SARATHIXT U EAFAE (pairwise

measuring features) :

o EEE:
viy = [l =y,
o FTRETTRE:
p ( V; UJ )
;i = arccos (———) »
' (LA
o REZE:

il - 175 = )+ oy - 175 - T3
Pij = 2 .
TN py, EI BRI :
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7,0 75 Fl 1, BEESH. 7, M 1) MR MBUNOE, FEXH, 7, BZB—1
SNl |
BRI, ATLUBEIEAN A BB pf BHESES ¢ B
BARX PA = 0f.ph), ph € CAo A0, WHTFHRGEH B HERIGTA 07, #
HEGFTN CF. WA P = @), by €CFo ATBERBIMARIE Py,
1 PE B
d(PA, PB) = as(p?, p%) + (1 - a)s(oph. 12), (52)

im> in
Hep, a RFE (0<e <), s¢.-) BMNFENEEEE.

KHFATA p, EISPIMBEESR C, W p MHEAXES P ={(.9lg €C}.
MRBHHL A FRITA pf FEBEAL B 91T pf RIEFRAYICES, A4 MR
B R ZRICEERY, B G A0 CF Z AR B R LB A8 ¢ AT
C? Y AMERSETITE P A PP MES. ¢ ¢ ZRMIERE Uy

s(Ct.CPy=dPL. PPy, (5.3)
RIBESILEEG, ASUEEIE PR P} ZEmER:

dPf, PPy =min { d(PA, P | PA € PA PE € PP (5.4)
n,m

im> " jn

B TFREETRANTAZIRFITE, AR AR AR LRI
HAXTEAEEAER MR A B, ATIAROhEEST BT RN R
R B AR R R 2 A P RO B A TE R IR B A [

MEFTA pft ¥ p? R EMTEY, AETEMBER, MBI TG DRI
R, MATRT RS CA R CP A . ERCRME T, pf B P} 4R
SESWRERNEER, Pl =0heY), P, =0r.pD). BEAUEEDAR
FAFTRR(S.A)HE CA A CP 2 ImeyBERs, AILVEH, MAS ¢ M CP Z MIEERIR
WAHTAFA pf 7 pP Z IBRIEE .

BJ&, MF#ETA pf FUREA 7, HEAMIZ R EERS:

dp},p}) =8¢ CP) - sof. P, (5.5)

S CPy = N(s(C.CPY) (5.6)
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n [ S CH=mindy—) i

_i_,is(qff,qu).s(pf,plx) 5

S(CiA'C)B)zdp—— E

] 5.2 32 BT T SURHA S BT A IR A

Figure 5.2 Overview of the proposed co-traveler set based framework for person re-id.

ST pA HIRHASES CARUBEA pP HOBHASES CB 2 [RIA— (LG FERS
fHo N () FREMEEEIT—/LEEAE (min-max normalization operator) , HI%({E I
— 2 [0.1,1] TSR s(f, p?) REBEET AT AEIRBITNEREHTA
Z B R R EE .

) MBI G, BT ABESRE—MREER: BTRHEASAET
Bk TR pf RN p], AFMER: 1) XBHNARHERNR
BER, e, pf fp) METEEK, SRR TETRE; 2) XFHMAR
AAFENGREGER, e, Eh— P ABTHE, MBI ARTRE. 2
B, HETHE B, $—FER TN ot 7 o7 EATRELE—MTA (R
ZRIEREAR) o« B, ASUEEFETEG SHIGIM—MENRF 4 kK5 LA EX
PRI :

d@pf,p}) = A-5(CH CP) - soft, pP). (5.7)
R pf 7l pP AEMBENFEER, WA=1, EW, 4=C. CBR—ITHK
(C> D)o BIFIN A4, BTHARRIEEFT MR T A E AR TRHARMRIEA
/& TR REAR Y 1 ()47 A MBI T U BC R A R A T BRI

52/ R T BT UEHAE BT AN EIRAT B BARE. AXEEE
BB ERIFRA CTS 7% (Co-Traveler Set based framework) '
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513 SLB5ST

A NEH AR 3 N AFFRIAT AE IR B S -LIDS MCTS [53],
NLPR_MCT [55], PRID2011 [100] f1—/N¥HIEIREE CYBI-G iR iy CTS
Fik.

i-LIDS MCTS ##E &1 G BoRIRT — MBI BRI 2EIT .
Zheng % A [53] WiZEIRETRILT 65 M ARMEHE, A 274 SREFHREIR,
XEEEBH R T RANR—. 65 MAREBAR RS ERHAE 4 SKBHEREGR, X
WERGRIRT ARG, & RET R M REIVERETARERNME. A
SCYEE LR A R 0 R IR — L 5] 182 X 60, IXSERHATF 7R B R IE S AN
KA A BB B HN, BHX SRR R —ERPkEE.

NLPR_MCT $EEES =N TFEIRE. ASUFERAEIRE 1 MIEHEEE 2
RSB (D8 320240, WiZE: 20) BETSCEG. 7E8RER | FOSURS:
2 d1, BIAE 73 AMT AR 106 MT AR AR E I s gL e . LR,
B G A RO FLARAR 2 [R R B 58 R B Al 4T JARTS

PRID2011 HHEEEF, WATREBIBEIS BIFERE] T 385 M7 M 749 4
T No TESLH TR, AVEE (R AEN MGG L ER BT RY 200 147 ARY
Bt I BRI R ENEXE R, AU DB BARIT NG
BANR B BRI

CYBJ-G B AEEE SRS . ZEURERSH 194 MINMER, &1
T N EBSRIET WA TSN BRI, — DBREAInERT ARIE]
1, B—MEEYHBITANTE. EEMEEIT. S MTARNEIER 13
B B9AT A BUR RIS R RATU R B P 7 B i, IR LR 7 BRR 9 — 199 iAE
FHINT T AB GBI NI AE, AUEEBEIF 0 384 X 144, BT EE
TTNBERERGIIRE, | MR E R ELRG. CYBI-G %L
EHEN—LH T2 HES.3,

A NAEE K B Uit 2% (Cumulative Matching Characteristics, CMC)
PGB T IR T B . R ECET WART NEIR BT IE#R AT LMWEA CTS
FIEWER T MTHFENGEREOERETTE, ACEERILRI S 2HEE 10
Wo EpkH, —ESLRGET RS 1 BEALIE Sl SR de S (] th BRRYAT A selliat
B, XML T WIS RES ERIERVENINIZEE. LK
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CamA CamB

&l 5.3 CYBJ-G $UBRS WA T £ 1TRREMITAER, B ITREX R B
75 B
Figure 5.3 Examples of CYBJ-G dataset: the cropped images of pedestrians are shown in the

top row and their corresponding video clips in the bottom row.

Hr, RS2 a B4 0.5, TGS DHFHIEETET C 174 2.
5131 BEEEETHEEENINANMEELR

TEX—F, ASVEH SRS i-LIDS MCTS 1 NLPR_MCT Lt AR SCAE
ARG CTS ik SHEETRASEMNTHE: CRRRO (53] fl SCGF [55] Y
YR, ¥ F NLPR_MCT #iE4E, X TFEAERKINNSE, AXEEDAIREN
7, =038mls, 1y =10"f 7, = 10mo AT AFLLE, AAVEEFRH SDALF [8] {F
HEWTT o

Xt gk RS AR, KREHETHAN T REIER T EETT R ERE,
B T RS EXT T RET ANEIRIMEREN AR, £ i-LIDS MCTS 1 NLPR
MCT d1 5388 b, ACEZIRHA CTS J73E4E Rank = 1; 55 10; 20 LAETArA
HERRG 7. 75 NLPR MCT d2 #0388 b, ASUEH R AT R7E Rank 1 L3RS
T BRI RERI

5132 SE#tpmEnEeetts

(2552, ASEHIET TIRILA CTS kS H LM ET WA
(AT NE IR BT EE O P RE LRSS B . 5L #E PRID2011 7l CYBI-G BURER LifFT .
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2 5.1 5REETRAS BT AERPIHEFE i-LIDS MCTS. NLPR_MCT ##i4 1
(d1). NLPR_MCT ###4 2 (d2) ERRAELLE. 458K T Rank = 1; 5; 10; 20 i
PLEER (%). BiFMIERAKIFHE RSB HLGMmERmE.
Table 5.1 Comparison with group-based‘methods on i-LIDS MCTS, NLPR_MCT dataset 1
(di) and détaset 2 (d2). Results are shown as matching rates (%) at Rank = 1; 5; 10; 20.

The best and second results are shown in red and blue.

Methods i-LIDS MCTS NLPR_MCT d1 NLPR_MCT d2
Rank r=1|r=5|r=10| r=1 | r=5 | r=10 || r=1 | r=5 | r=10
SDALF [8] 16.0 | 31.0 | 38.4 || 22.0 | 53.0 | 74.0 || 37.0 | 62.0 | 73.0
CRRRO [53] || 12.5 | 28.4 | 36.4 || 25.0 | 57.0 | 76.0 || 41.0 | 67.0 | 78.0
SCGEF [55] - - - 25.0 | 64.0 | 80.0 || 44.0 | 72.0 | 82.0
CTS 22.1 | 40.6 | 48.5 || 26.0 | 67.1 | 82.2 || 443 | 66.0 | 79.2

% 52 HH B2 SRR A E B 7 342 PRID2011 A1 CYBY-G B4 b itk A
Bo BiFHIS AR (%) 45 AL el arRE.
Table 5.2 Comparison with the classic and existing state-of-the-art methods on PRID2011 and

CYBJ-G. The best and second best results (%) are respectively shown in red and blue.

PRID2011 CYBI-G
Methods r=1 | r=5 | =10 | r=20 || r=1 | r=5 | r=10 | r=20
SDALF [8] 4.1 | 206 1| 31.6 | 419 | 322|572 69.8 | 799

Salience [142] 25.8 | 43.6 | 52.6 | 62.0 || 40.8 | 64.2 | 75.5 | 83.4
LOMO+XQDA [9] || 39.0 | 68.0 | 83.0 | 91.0 || 67.2 | 87.4 | 91.7 | 95.2

SCSP [30] 12.7 | 32.7 | 51.0 | 66.0 || 21.7 | 39.1 | 500 | 674
DNS [29] 384 | 66.6 | 79.0 | 92.1 || 58.2 | 84.2 | 91.5 | 94.1
GOG [2] 59.2 | 83.5] 922 | 96.8 || 76.5|93.3 | 97.2 | 98.3

DTDL [143] 41.0 | 70.0 | 78.0 | 86.0 - - - -
PaMM [144] 45.0 1 72.0 | 85.0 | 92.5 - - - -

STA [145] 64.1 | 87.3 | 89.9 | 92.0 - - - -
SCSP+CTS 16.3 | 39.8 | 53.2 | 68.8 || 33.8 | 54.8 | 63.3 | 74.7
DNS+CTS 53.9 835|926 | 98.0 || 81.7 {915 | 924 | 95.1

GOG+CTS 75.8 19251 96.2 | 98.6 || 91.9 1 98.0 | 98.7 | 99.3
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Methods Candidates Rank
Baseline 5
(GOG)
0.3722
Pair | 8
matching | BT
CTS 1
(Ours)
Individual
matching
scores 0.0372 0.1038

B 5.4 A AEER K CTS kR fAE CYBJ-G R4 b4 S . BT SURHEmXILE
(ZEE R Pair matching) FMAKIA ADLES (FEEHH#7 Individual
Matching) BYILECSTRANFA A IKERE T B Bk A THHSERBIITASZ
B NRIICECER B H . AR TER R R T HERLERT 5 44 MRt A BRI BRI
AxEG. 5T AR SRS IEAEABE A LB HEARIE
Figure 5.4 One example of re-id results from baseline method GOG and our proposed
method. The matching results and ranks of co-traveler set based pair matching (Pair
matching for short in figure) and weighted individual matching (Individual matching
for short in figure) are displayed. The scores below the candidate are matching
distances between query person (pair) and that candidate. We display the image of the
top five candidate people and pairs in each grid. The ground truth matching is labeled

by red boxes.

Xt T CYBI-G #URME, A SIS R ERARMEX MBH 7, = 038ms, 74 = 10,
t, = 10m. AICIEESRM SCSP. DNS il GOG FrikfE CTS MBI,

WaES2, ALVEE], 1) RR CTS SRR, TSI RS, S,
GOG el CTS S T BIFHMAERTL, (T AL 2) B
JIER R, it CTS, WTLASEIAITAOHEAEIIE: 3) 7 PRID2011 50R
% |, Wit CTS, Rank 1 #/0T 3.6% ~ 16.2%, 7£ CYBI-G ¥#&4& I, Rank 1
W7 12.1% ~ 23.5%, FEHEMIERATAE PRID2011 $UBHE ERGRTERE. %R
(57 CYBI-G $ORMET, FrlE ES IR MBIE R
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EI5ARR T CTS FiLM A{E CYBI-G #EEE B — M 7o SRAEITE,
SYAfT AR EREAEE AT 8 5 &, 24T, BETRAER, Bk
FI CTS, EFEARHEAE T 1 &

5.2 Wil ERERENRERHIT AEIRA A
52.1 B8|E

T ANERFAR LA UBEER— IR ERES. S MIRT AN — 1%
AT N, ST A S B AR BT N R B BT AHTHET 15816 T
HWEAT ARHEF G 3R . TR A RA B 510 RT A ILECRBEEFT A (BARNIEHE
&) BTSRRI . BRTERNITIERRBUT NBRIVRHE, FFE TR
B, RERIENAZ AR EOE T HE 25 2IHE P 4R (2, 46, 113]0 X
BRI ETHANE G Z A4 (Content-Based Image Retrieval, CBIR),
(R YR (A4 T AR A 2 R OUE R E AT R R, TTEFTA BN TR
RIS EEH [146). (B, 1B RFEARN BT 3UERMEBURRmE SR, "L
BRI E R EEARXT RO UE. S5 SIE TiX MR, ML TETRARRITIE,
T LT X EERE TSRV, B2 7 IEWIR RS

KT, ASTEESIAN L FIOEAR G HBIFEAN HEMUETF. B
B5.657%, BIMERAS BAREAE L2 B ERMEM, BRFEES LT3
7, RIFRECITFXEABAREAR, BRAARSHER N AIXPA B A (L
B A X | SOREA T BARE AR AR ME, AR SUEE A ROE T T 8RR
WG FitL, ASEERE T —MB0 BT 3RS T AEIRA T .
522 HIAEE

SE— AT p A—MEEFTAES G={g |i=1, N}, BTET
MARIT ANEIRBIE R, ASUEET LB — M EHIT R; = {&].85. .8 }»
S, 0,5 S0 > S0, G €G (=12, N), S0, FR p I & K
B AEEBETESZENEAN ETXEE, sy R, HEES
B IERE A HEE S R A AR HT T o

Re—iE, BB p e METIEER, AUEEERITE p M g FIHERLL
fHo AXAEZSBNET—M k iT4F (first order k-nearest neighbor, —f k-nn) [
— M k 4B (second order k-nearest neighbor, - k-nn) 82| BRI LT3
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OOO O O 5 QO OQO O O 3 .O
S 2 Céé > O 500
¢ OCSDQOOO ¢ OCSDQOOO

(a) content-based method

(b) context-based method

‘ @ @ cuery sample O O gallery sample !

B 5.5 BT AR HEMET LT XX ERBANRRERNN L. BMRENEARRE
| SHRATAREA B LR .
Figure 5.5 Comparison of retrieval results produced by (a) content-based method and (b)
context-based method. The color of each gallery sample is marked according to the

similarity to the probe sample.

probe

ke .
i Vs,

X»

gallery

context samples

B 5.6 AAEEREMTENES

Figure 5.6 Illustration of the gist of the proposed method.
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BEFSE, ASCIEE A4 p 1L T SCRARRIE XL, SRIEA28 p 19 | F S0k
ARHPEHE, DA p 19 LTSRS g (URRAMETT . 3T g B9 T 30RAE
Y. g B9 FSCRAAE AR g H9_E TSRS p BOARMETTE, 5 p A9
B3, BIE, ASUEENEND T ORI IGHER R) BIRALHHEL

ASCHE M B k-nn EOEERE SUREARI R 3o

ST AR p, E_EF GBI FIAHEF AR AT LVRA 555, BIHER
CEERAGRT k MREAMERE F RS0, ASEE E Y p —H LT3

C(p7 k) = {g(l)a g(Z)’ ot ag](;} > (58)

B —, AEERDTET W koo 118 p 9 T30 BARM, AR3C
Ve E L p By E T3

Co, koo k) = { (85,10, (83, 1), CLef, . 0 | (5.9)

Hoft |Cp, ko, 0| = ko X ko —H R ICRH p MIHEFFZERAORT ko AR —H)
EFCA

T B LT3, —H BT T ET 2R, LR TSR]
FEA L F B Fi, 7O T OSBRI HE , A
(e SR I T BT, AR —I bR SOM ST,
BERAHIRALE R

EEEENE, —W LT XRARE R ERRT A kA, X
ISR ko MR —REA S BAFREATHI, BEARMSTIAT AT
AR I E R AT BRI, ko SZBUME, R, kAL
BB E. AT T, ETRAMEHR C, = {pr.00 0, | 1
Cy = {0102, 01¢,| | SRR p 19 LT3R g LT

X EFIcRA, SRR AN DT IO, AT BRI,
B IAZE R AR MBI, SR A T B ARIRE . Sl 7K SCHE
FARAR LT SORA S EARREAR R, X B R SORAS REALE
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ST HIARER p I—Br L F3C Cp, k) FRETREAS p; (i = 1,2, -+, k), ZRIAE
SR p A o AR EEAVE. Bk, ASUERED p Al o R TTHIHE
BRI AN LB TR p A o, BOMEMUE, BETTITEL o, HOALE -

_ 1
Lo 1,(p;) + 1, (p) + max(l,(p;), 1, @)

Sob () FRHEFPISE C, REA o, WIRLE, 1, () FRHEFTIR C,, PHA p
K A

TR p =B LT3 Cp, ko, k) FREIREZS p; (1= 1,2, kg X K)
ETEGCHNEL, BEBAATRT RANNE. MBE—RA o, 5 p AL
o RETEERMUBTFES Ce% ), WETES CELK) (m+#n< ko). BAR
EREGONENL, T C. ko k) FHEBEA oo HLTEES CO. ko k)
WILEUT o, BOREE, py MBI SYR RSB ERINES . B2, B0
T, BRSSO M T XA S BARRE AR AR 1
EMENEERE.

BT DL, ASCEETILIEE p Al ¢ FE TS C, A1 C,, MARIXE
e chig RO E . BEFOR, ASCMEE B T IR AR LR 30 A
B A2 AR AME .

RV AR B EME , 2 SR AR g A AT AREZ p G
TSR oy HIRMERE R R

(5.10)

_ 1
S0 1 (p) +1,(8) + max(ly(p;), 1,,(8))

RELEAR p, (1= 1,2, |C,|) BAE, AAEETHBEA ¢ M
70 p HI_ETFSCEES C, HIRRME

r

(5.11)

|G|

See, = 2y Wo, Ten (5.12)
i=1

S, AN T LUE I A p AR A g B_E T SURA C; HUTRME:
|C]

Sp’cg = 2 wOi ) rPaOi' - (5-13)

i=1 .

B, ASEEBIHHERRTA p AR ¢ FEME, LKREIXE
HEFF RS HothAk. B28, ASUEEEI K LT XERA C@. ko k) 1 C (g, ko, k) IT
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ERGATAE R RS TS VA

& p g IHELUE:

~

Sps=S,e + S, G =Cloko. ), Gy = Clg, ko, K. (5.14)

XTRE T REEFNEMEEN, AEHRETRG 19 E5H 1T
A p BOFEUME, RERAT LR — ML ERIXT p AT . FEIEREE,
AIAEEFIH—B LT ERA C k) Tl C(g. k) THEHAR p F1 g HIARIME:

Spe =Spc, + Sgc, Cp=Cw. k), C; = Clg, k). (5.15)

523 TB545F

FEAFERBTES, AN EFXEEATRETAEZIRMEEE.
B, AIEEE=ARIET AEIRFIEIEE DHTEE, &4 Market1501
HEse [139]. DukeMTMC $#E4E [74] F1 CUHKO3 $UHEEE [62]. FEiXLEHIRE
L, BMEEANEA S KB G, RIUET AR RT3 LOYIR S = IR 5 gER it
BRUEE.

Market1501. X MEHREFRITAEE T 2-6 MEGHLAIHR, 6 1,501
T AR 32,668 3k E o XLAT N EGERZET DPM (Deformable Part Model)
g (5] B MBER]. 751 MTA 12,936 SKEGIENYIZGE, HA&H 750
TR 19,732 Sk EBAE ISR . ASUEEE T REBITMHILE (single-query
evaluation setting) #7305 .

DukeMTMC. XEHEESHE 1,812 M7 AR 36,411 Sk FehEBIFHIIE
%, REEGH 8 MRENETE. HPAF 1,404 MTABET 1 MEGHUIBE,
TR 408 MT A 1 MEGHUIRIE, X 408 MT AREGIE N L+
MRIESRA TR ERH T BN TR ARSI GEMNR ENRI4, 702
TR 16,522 SREMG SR AYIGRE, i 702 MT AR 2,228 FKEEIER
MR RT AL, F5h 17,611 Sk EGAIE MR ERRIESFT A&,

CUHKO3, FEXMEHRES, A 1,467 MT AN 14,096 5K E#, Bk
B 6 MREN. SMTABEF 2 MEGYEE, M8 TR 4.8 5
. XMEERES NP MR : CUHKO3(labeled) #] CUHKO3(detected), 434
RETNEGRZELFIHHBBER B NE2]. Ho 767 MT A EBIE
NINGE, HAR 700 M7 ARBEGIEATIRKE.
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HS5E T LT XEBMTAERITE

ATSCVEE R AW TR RN T kRO RE . RF T4 (Cumu-
lative Matching Characteristics, CMC) %Dilz:l:éjil% EHJ{E (mean average precision,
mAP) . v

TR, AUEELE 3 MRS EHTIEREILEL . ARSUEE SRR IEEC
FR A LT 3Us EXMETRANEIRA T RGN HEF S RETm. M
Tk EHR R T N IRBIE SRR B A, R A STV ES 77 Bt T LARR A T
FRAT AEIRA T . AXEES B SETHANEIRIEURETEHF
FEIRFIT RS TIERE LA . A T TATFRIER, ASUEE R M PCB [19] 1F
W AETEHF T ENER T . B, X TETEHEFNTAEIRS
¥, ARSCYEE NS TH AR CMC. mAP —#%, d2— P EENIFNIER,
WESETEHFITIENLR, ASEERMILE CMC B9 Rank 1 #] mAP 1H,
R Bet, EL AR R R A TR A

HFRS3, AXEERATS RAETARNTEUE 3 METERFINIT
HEAE Market1501 $UEEE FIOMERELRE R . SETHANITEMEL, RIUFE
R IETE Rank 1 F1 mAP FHRG T B IFRIERERI. SETEHFNITE
AL, ARSCYEE R AT IEAE Rank 1 fTmAP _E3R15 T 55— 4%, Rank 1§l mAP
43P e B BB 1T Y ECN(rank-dist) [46) J7 154 0.4% #13.2%. #AT, AR
HIRH A EEETH E L EA SRS . ECN(rank-dist) 7351817 T 13926.2
2, AT EGERE: Rank 1 94.6%; ASCAEFREHITIEMGSEITT 9.3
>, Rank 14 942%, JL P53 EERI /7% ECN(rank-dist) [ Rank 1 £¢.

£ DukeMTMC $¥EEE RS R, MRS AFTR. AEERBITE
£ Rank 1 FHABMTFHEEFE, £ mAP _E{UREKT ECN(rank-dist) [46] FH k-
reciprocal [45] 753 4.8% 1 0.1% . %+ T4 TS [8] , A SCVEE $2 H Y 77 ¥4 Ho ECN(rank-
dist) F k-reciprocal T 16 — 449 £,

£ CUHKO3(labeled) ] CUHKO3(detected) 23EEE 1 H 4 RN FRS. 57 o
%}F CUHKO3(labeled), ZSC/EZIRHITIETE Rank 1 FBUE T RIFMIEER, £
mAP B T E A4 R, XTF CUHKO3(detected), ASC/EE 1R HAITIETE
Rank 1 fl mAP (XY FHEREE I f £ ECN(rank-dist) J53% 0.5% 1 1.8%. 2&

U SVEE BT — M 3 4GHz (P9 32GB HIBENAFIAFRESE (RAM) MIITEML L.
2ECN 77{£7E Market1501 F1 DukeMTMC ¥(#E8E BiE17RT, JLF 98 7 BN 100% A, AMSHT

HIFFRAIBITRE.

77



BB LT AR AT S A

% 5.3 5B AT I7E Market1501 Z(34R BRYMEABILER . Time(s) Fom 77 4 IS TR 1H,
BT R BTSSRIV B 45 SR 4 B AL A0 BE DAL ARE o

Table 5.3 Comparison among various state-of-the-art methods with the proposed method on

the Market1501 dataset. Time(s) indicates the run time in seconds of the method. The

best and second results are shown in red/bold and blue/bold.

Methods Rank-1 | mAP | Time(s)
Gated SCNN [147] | ECCV2016 65.9 39.6 -
PDC[114] ICCV2017 84.1 63.4 -
LSRO [148] ICCV2017 84.0 66.1 -
LML(S2S) [35] TMM2018 65.3 39.8 -
MVLDMLA [136] TIP2018 58.2 33.7 -
HA-CNN [10] CVPR2018 91.2 75.7 -
MLEN [149] CVPR2018 90.0 | 743 -
PABR [22] ECCV2018 90.2 76.0 -
PN-GAN [150] ECCV2018 89.4 72.6 -
GLIA [61] ECCV2018 93.3 81.8 -
SGGNN [52] ECCV2018 92.3 82.8 -
PCB (baseline) {19] | ECCV2018 93.1 80.4 -

k-reciprocal [45] CVPR2017 94.2 88.6 143.1

ECN(orig-dist) [46] | CVPR2018 94.2 88.6 | 18970.7

ECN(rank-dist) [46] | CVPR2018 94.6 92.1 | 13926.2
Ours 94.2 88.9 9.3
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F5E BT LT XEERTARERNTE

& 5.4 575 R 7E DukeMTMC $3848 LGRERBELER . B B4 ALK G R 50

P AL BAnE A M ARE .

Table 5.4 Comparison of the proposed approach with various state-of-the-art methods on the

DukeMTMC dataset. The best and second results are shown in red/bold and blue/bold.

Methods Rank-1 | mAP | Time(s)
LSRO [148] ICCV2017 67.7 | 47.1 -
SVDNet [151] ICCV2017 76.7 56.8 -
HAP2S [152] ECCV2018 76.1 59.6 -
Pose-transfer [11] | CVPR2018 78.5 56.9 -
HA-CNN [10] CVPR2018 80.5 63.8 -
MLEN [149] CVPR2018 81.0 | 62.8 -
SPRelD [153] CVPR2018 82.0 | 73.3 -
PABR [22] ECCV2018 82.1 64.2 -
Mancs [70] ECCV2018 849 | 71.8 -
BDB+Cut [154] ICCV2019 89.0 | 76.0 -
PCB (baseline) [19] | ECCV2018 85.0 | 724 -
k-reciprocal [45] CVPR2017 884 | 83.1 85.8
ECN(orig-dist) [46] | CVPR2018 88.8 81.0 | 1471.9
ECN(rank-dist) [46] | CVPR2018 90.2 | 87.8 | 2426.6
Ours 90.4 83.0 5.4

79



15 L7 NE IR RRERT 75 M

# 5.5 GRS ika i i7E CUHKO3 B4 EgiaRIL 8. ~ RARERZRNILL . BEF
B 25 SRV I 26 43 B P AL €5 R B IR o
Table 5.5 Comparison among various state-of-the-art methods with the proposed method on
the CUHKO3 dataset. * denotes an unpublished paper. The best and second results are
shown in red/bold and blue/bold.

: : labeled detected
Methods Rank-1 | mAP | Time(s) | Rank-1 | mAP | Time(s)

TriNet+REDA* [155] 58.1 53.8 - 55.5 50.7 -
SVDNet [151] 40.9 37.8 - 41.5 37.3 -
HA-CNN [10] 444 | 410 - 41.7 38.6 -
Pose-Transfer [11] 45.1 42.0 - 41.6 38.7 -
Mancs [70] 69.0 63.9 - 65.5 | 60.5 -
PCB (baseline) [19] 57.8 54.0 - 54.9 50.7 -
k-reciprocal [45] 67.1 68.8 10.6 65.6 | 66.3 10.7
ECN(orig-dist) [46] 69.2 68.1 53 65.6 64.0 5.2
ECN(rank-dist) [46] 694 | 71.2 7.2 664 | 67.9 7.2
Ours 70.1 70.3 2.1 65.9 66.1 2.1

T, ASAEERHHTIETH R EREi T .

53 AWEING

FEARZE, RXEEFTHFIRIT AR LT IUER, SEAT AERRIRIPERE
W B, ACCEERE T BT SGRARE BRIT NIRRT ARG B
SRS T NEIRBI T

SFET BAERNTAERIT®E, ESHERARENTEAGE
ENER, FBRAIME: 1) ZTEET - IEERIBEE L, AEERZ
AT XK, BEINTELIN B AN =B ETXUER, A THREN
HiEs 2) BOTIEMHER T AR ICEALE, ST SGHARELER, %]
St F R BUR Z BB 2 B R A R BN RN AR RIFEHEE. &7
| SCBEAS BRIT A EIRB T LR AR 2 B0 E T AT NEIRBIT
VEREWETTE, SCRIEH T EARNTAERAIEIESES, SRTAJTIERRR LR
EEIRAIER,

ST R SCORE AT A BIRBTE, KRN EA TR



% 5% BT I TXEERTAERTE

BHRENE, KSBETHANTAEIRFITRERT UMERZT RS,
S EEHE AT, BB R — SR . Bk, TUL LT IOER)
BT NIRRT R ET M BiRtAx s, AR B AERKE
AR TR A S BARREAAEML, IR BARREARRT UM ik, EITEE
AXTHFRUERT, FIRE BT SIRENREN. TR B AR, AT UME
ISR S AT A B IRBMES . ASHEBEE =K RERTAEIRSE
HEEE b RSEIRE R T O B TR e RR . 55, METHREETE
HERFROT B, TG L T SCRS R T A IR B T B AR L AR
P

81



82

BBG AT AE R RES A



B6eE RHESRE
6.1 TIERE

EI LT A TR A ERBAAES « IRILE, T AEIRAAMEET 8
L I, XA SR VAT TR 1) ARL BN ERIEN;
2) WA AN R BRI, X TAT AR GLBE. 1105
WRIAME RS, FAERIE— R EANTE. AIERET, TAKH
BEEH SRR, BATAZIRBI— R AT AR RBIR
SRR EESE: EEYINERF, BIFTREHR. HANSERE: 1) #
N E SRR AR, BT ETEREE AT AE IR
2) HEAFFNEIRBIEMA, #ATT B, M E B TR B AR BT
T, BT K EMHEFRARRNAAEIRRE; 3) ATE SR
=E AR, THEAN T SO BT T AR, BETET ETUERAT
NEIRRTTE. B, AXHEETENT:

(1) EFERSHHBIAF T AEIRGT

7e4 3 25 0h, P THT ABIRBIN A BRI, ASUERRE T ETERLKEH
RIAMTAIT NERRIT . Bk, TEAT ANEIRBIEAET, HARKHERERYE
SEEATRANKE, SHREANFTEREESRTRIEN, AERNLEH
437 (Linear Discriminant Analysis, LDA) Jel N FAZEAT AT RFIAEH. 7
. ASCVEEHR ] F Hif LDA (Pseudo-inverse LDA, PLDA) YU EAR . F8
st B A A AR P B B AR R S B A S A BB 4 5K PLDA Y
K. RARBEINBMAAA MBI, BT S UL HIER LDA
(Orthogonal LDA, OLDA). M4h, %EENTAEIRBIE— ALk FM, A3C
Ve R R T R, I T AR — R, RRASRE R
S RT RS A, ST EENENEE . B 4 MT AEIRBIBIESR
ST, TERE T T IR IR BT A BRI A AR S, RITA
SOV T T ST B . JT IR AR H SR, HER T X AR
HAHE |

(2) BT X ERHFRE BT AE IR
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T AT, AXAEEE ST AE R EMEAE, (iR TETX
S T A BRI AR T A B AN EIRE . B,
ERBE, N T EEERFNEETUEFNHEEFANSAZE, TAH
GABHRIASNENKE, KBNS KEEIUSE, FLRLEEIRET
B EREEEN. ZERIFEARBHEEFEEERE, AUEEHXENR
AR, ¥ IXEGENERRLN, Bl TETREEENATAERITE. K
b, EEEEIZE, ASEEIT R BRT T TGRSR, SdFfE
WisM4M (Principal Component Analysis (PCA)) HrRfifs i K446 B BOHS
ERE, ST RS R MRENIER . BILZ A, AXEEAXTAE
R B s B AR R B B BORHT T B AR, REELEN A AN EIRES
R B AR AR A R AR B — R R T R R, SRR A R A
RARK, SREESREE, TIREERR. kb, AEEX S B iRk
B B T E BRI T — N Rk R, BRI T ETHER
S ESITAEIRB T . ASEE BT A EIREISIRE LIS, RIET
BT X ARk BT N EIRRIT St A T E B Sk

(3) EF EFXEENTAE RN

T 5 BR, ASEEBATBRAN ETUEE, LIT AERFIMA
BE—HET. BB, KSHMTAEIRS TEEREMT AR AME BT
38, ETIEEMTER, SUERD. AT EH—SHREERIE, KXk
ENTNM LT XEERT TR, TS5 AEEMES, B, SSIER
B B, ASVEE S BINF R R A BB A R RS B ZERTES
b, AXEERERAN ETEE, MBARE, BHTET YR EEN
TAEIRBITE: ARKSEL, AEEREANETXEE, B kT4
#7K (k-nearest neighbor, k-nn), $2HT XA LT CIREMEEEFT A IR
e STETT LBHAME BRI AEIRENE, BLTECETEENTAER
BT, OTER A T BN R MBI EIRG, SIATEL LT UER. H
3 77 355 SR P X IE AL B AT AR IC IR, 2L FREE IR A 2 IR 25 [ 3 R
IR/ N BB RIFI St . FUA T SRS M /T A IR BT 3,
AT T R AT 2 B ITED MR, TR B T R A 2 AR R, B
3% AR T RE AT R — MRS B MR kAR Y B E R,
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FoE DEERE

W—3k, POr ARG T SRRV, TR ILREE . ASUEE
FEARR BT ARSI SRR ETT SRS BRTAEIRBT BRI LT
SCURF B I T A ER BT AT T SRR, R T R AT IR TR
T RR .

6.2 RREE

R A AT A R B T T RAMBRSE, BRBTHFAT
S IR, A TEMAGERRY, BEEL FEIBERERENE
B. T, TUANT A TEREFA:

(1) SFETF EAe IR E T A EIRBITIE, A SCEE BN T AROAT
NERRI S AR IO . SR L, AR AEEREET B R E
Fhrh. EPSAES, HTAAERIES URBEARIRERIS, AE
IR R AR AR, TR R B K I XTI
W R A IR AT A B RE T T R B IR AR B
2 ST E A BRI, ERREI TR, A SRS T L% T
23 e REE. L, TUEEESEI T, SRR, BT
SRR HRR A BB AR A, BEITHR B REA AR «

(2) HFET RS SR R BRI NIRRT, AT X
Kerr g5 A BIRBI HrR, AR T A BN A R S ES S
e TN EARES, ERREEES, ASUEERA T R
SR e KT, BRI AR RERM. ERE,
Sl et R AL , SETEA S B R I AL, (AR
W EEE A BRAR, NS EFERRE. T FETHF AR
s \ERBITE, B ALCEE S ETRES THITHIE, X
(e, FERSE, ARSCIEE S A R A EO R TR ST BB, (AT LAE
KEEESE ESTIE A ST

(3) MTRT FFEBNAATRTE, B, NTETS UBKES
W TERR, ARG EC B B TR, MBS BT E
o R, R B A B, ST AE RS
s vk SFAGH LT ICRSEHE T A RET B AT T
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TaHE R 4 R HEZ AR B R E R AT SO YR T, X B A R LA

S (1 S E R ST A (query person) ¥ BIAMERMEE BAK, &
A T AR B 25 [0 S0 B B A E > (R IR, 75
Kok, AAEE BT XL R ERA R E R
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