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ABSTRACT

Pedestrian attribute recognition is an important task in the field of video
surveillance. It has been widely concerned in recent years because of its great potential
in video surveillance applications. It can be applied to many downstream tasks, such as
pedestrian tracking, human face verification, pedestrian retrieval and so on.

Pedestrian attribute recognition is a multi-label image classification task in the
field of computer vision. Today, the research focus of multi-label image classification is
how to use the co-occurrence relationship between labels to improve the classification
performance. The most advanced co-occurrence relationship modeling method is graph
neural network. Graph neural network has two problems that seriously affect the
performance: 1) low frequency labels can not effectively transfer feature information
from high frequency labels, which leads to poor classification performance of low
frequency labels. 2) A large number of graph nodes do not participate in the information
transmission process of graph neural network, which leads to serious degradation of
graph neural network and limits the performance improvement. For the problems of
graph neural network, this paper proposes a new method of defining co-occurrence
graph by analyzing the frequency and conditional probability of pedestrian attributes.
Combined with the original method, a pedestrian attribute recognition model based on
asymmetric co-occurrence dependency graph is proposed. This model can improve the
recognition performance of low-frequency pedestrian attributes and effectively alleviate
the degradation problem of graph neural network.

Attention mechanism is also one of the important methods to improve the
performance of pedestrian attribute recognition. However, due to the poor quality of
pedestrian images and the lack of effective supervision signals, the existing models
based on attention mechanism can not accurately image features highly related to
specific pedestrian attributes. For the problems of attention mechanism, this paper
proposes a spatial attention mechanism module based on the semantic guidance of word
embedding to improve the pedestrian attribute recognition model. Word embedding
contains the semantic information of pedestrian attributes, which can be used as a priori
knowledge to make up for the lack of supervision signals, guide the attention
mechanism module to accurately locate the image features highly related to specific

pedestrian attributes.
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The main contributions of this paper are as follows:

(1) A model based on asymmetric co-occurrence dependency graph is proposed,
and experiments are carried out on multiple datasets using multiple backbone
networks. The experimental results show that this method can improve mAP by
0.6% ~ 3.3%.

(2) A pedestrian attribute recognition model based on spatial attention mechanism
module guided by word embedding semantics is proposed. Compared with the
conventional image classification model and the attention mechanism model
without word embedding semantics, the mAP of pedestrian attribute
recognition task is improved by 1.1% ~ 1.9%.

(3) The combination of the two improved methods can further improve the mAP
by 0.4% ~ 0.6% compared with using only one improved method.

14 figures, 6 tables, and 53 references.

KEYWORDS : Pedestrian attribute recognition; Graph neural network;

co-occurrence; Word embedding; Spatial attention mechanism
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I R o 2R3 U R EEHERHR L MS-COCO HH I >k B THE IR K
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WHARRENE R, BENFREL, BMERZ AR KSR, PR E KA
BIERRAAR AR R . AT NEME R EHESE PA-100k HE B A 3 8 A~
TANRIE R, A7 NEMEZ AR R AR 5%, LK R E 8, T3 HR
LIRS O F B ()5S A e % A 4 T 1T SO I R B A L AR O 2 R X
FhALIARR ¢ 2R A0 AT NB PR o MARZEEAT N 14 3 ) 25 AR it 23 v i e
PLUEH PA-100k 4 46 94T N 1t 18] () L IR OC R 29T MS-COCO Hidfa4E
[PIbR 25 2 (A I AR OC &R, 78 MS-COCO ##l4E b, FrEE K TET 0.4 54
MEZ I IMEACN 0.58, T1E PA-100k #dl4E b, PrE{E K T567T 0.4 B
[~ IME AL 0.70 3% 3-2 W EE S 78 5 IR B 1 B T AR PR L AR ¢ 2 B A
RARENS 78 53 AT N 1t 2 18] B SE AR R 3%
# 3-1 MS-COCO H#a 5 M RE VAl 45 1

Table 3-1 Performance evaluation results of MS-COCO dataset

All Top-3

Methods

mAP cpP CR CF1 OP OR OF1 cpP CR CF1 oOP OR OF1
CNN-RNN 61.2 - - - - - - 660 556 604 692 664 678
RNN-Attention - - - - - - - 79.1 587 674 804 630 720
Order-Free RNN - - - - - - - 716 548 621 742 622 677
ML-ZSL - - - - - - - 741 645  69.0
SRN 77.1 81.6 654 712 827 689 758 852 588 674 874 625 729
ResNet-101 71.3 802 667 728 839 708 768 841 594 69.7 891 628 73.6
Multi-Evidence - 804 702 749 852 725 784 845 622 706 891 643 747

ML-GCN (ResNet50)  81.0 84.0 695 760 858 729 788 871 622 726 903 647 754
Ours (ResNet50) 81.4 836 705 765 840 745 790 884 643 732 895 656 757
ML-GCN(ResNet101)  82.3 833 719 772 847 752 197 873 638 737  90.1 659  76.1

Ours (ResNet101) 82.9 868 704 777 87.6 740 802 90.1 632 743 913 658 765

K 3-2 PA-100k 4 SEMEREPEAL 25 1

Table 3-2 Performance evaluation results of MS-COCO dataset
All

Methods
mAP  CP CR CF1 oP OR OF1

ML-GCN (ResNet50)  63.7 69.7 52.6 60.0 85.1 79.8 82.3

Ours (ResNet50) 67.0 71.5 55.2 62.3 87.9 82.3 84.4

3.52 HERSCLG

AN R RS R A5 RS 0 M. BB RS R H R TR R A
[ PRI A2 1 77 1) PR 5 ST S PERE R 82 o AR PRAEEE T Baseline 527 ML-GCN # it
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T —HXRESES, Baseline B8 ML-GCN 1 T 3.4.2 /NYTH AN 2A 158 — Pl 6 75
) () € 7 A3 — AN LRSS R I, v 7 HEBR BE S5 B R R B, AU
FRAE ML-GCN BRI Bl 2 b, AR oA i i) L IR G 2 & vh BT 13 1K) 7
AT S, 433 T — TR R, BRI AN T ) ) 2 JE A
55 FH B 2 5 = R i 77 M B € X7 3. XML AE MS-COCO ##i 52 LA K&
PA-100k $iffi4E LI RELER 3-3, & 3-4 15K 3-5 1. /£ MS-COCO %i#i4E I,

A A R i 77 1m0 ) 58 ST X 1 R B i A B — M B 7 Im) e X7
o £ PA-100k Hiduse b, 828 =M 0977 M i 5 X7 1 e i 2 A T4
FAEE— P (77 I B e X730 SR, e R — R e 7K, AL 1
RE 5 TCyF Ak 2] [ iy A B 9 A 7 2 22 T JEREPR JL AR 5 22 ] R ASE B 1 1 e

7 3-3 MS-COCO H4f 45 ¥ e 515 45 R (ResNet-50)
Table 3-3 Ablation results of MS-COCO dataset (ResNet-50)

All
Definition
mAP cpP CR CF1 oP OR OF1
First Definition 81.0 84.0 69.5 76.0 85.8 72.9 78.78

Second Definition 81.3 81.4 72.0 76.4 83.2 75.0 78.81

# 3-4 MS-COCO # a5 1H Rl 5250 45 5 (ResNet-101)
Table 3-4 Ablation results of MS-COCO dataset (ResNet-101)

All
Definition
mAP  CP CR CFI orP OR OF1
First Definition 82.3 83.3 71.9 77.2 84.7 752 79.7

Second Definition ~ 82.6 80.7 74.2 713 82.8 76.0 793

 3-5 PA-100k £¥in e 1 mh s 56 45
Table 3-5 Ablation results of PA-100k dataset

All
Definition
mAP cp CR CF1 oP OR OF1
First Definition 63.7 69.7 52.6 60.0 85.1 79.8 82.3

Second Definition 66.3 70.4 56.0 62.4 86.4 80.3 83.2
S FAT N B PR B UERIE 42 PA-100k, AU EEE— B 1004 T8 28 —Fhid
()77 1) B ST 2 AT N & PE S AT N 1 R i e e . & M7 A
JaE 1 B R B DA R AR S BE (fd F Average Precision & &) 3R TH i 7L ] 3-8,
3-9 o NI 3-8, 3-9 HmT ISR, Af 5 M 77 n) B 7 20RT LA AL
P TR Z BT N B R B e . SR, 72l 3-9 Hrtml DUWER 2], fEE
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Figure 3-8 The frequencies of pedestrian attributes in PA-100k dataset (pedestrian attribute

names are abbreviated)
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Figure 3-9 Performance improvement of every pedestrian attribute (pedestrian attribute names

are abbreviated)
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3.6 ARE/NL

TRRAZIHEEB RS, ERITNEIERINES T, BRI
NBEVEZ H] (L BURIFOC R CEEL . AT R, i F BRI 4 ) 2% f 8
SIS RIS, bR 28 BUAT N8 PR IR LA B IR 22 54T N B 1L
RAAEAS S EAT #0 78 A) DASRTHIRBUbR 28 84T N AR (1 70 SRR P g . T Rk EE
W, AR W P RIAS R 32 B 7 T80 8 5 SCT7 2R 3 Xt AR AR ) SR B A
RAE, BPRMEH G T BB RE W g R SIS R .t
TEGRMZ M BAT KRR RERRE T, B L ] BB S 1 ARBLK e
ARG M RAS AR . TP JEAE R R SR 5 2 AR A e X 2% 4 B P A5 R AL I
I B A BRI R bR 2 BT N VEAERFAE S ] th U FE &, 3 DTt 1A
IPERE o 5 AR AS[R] (032 B 7 170 ) 5 S5 28 SRS AR AR IL LA O & IR
SIN T PAASF BB T g 2 PR, nl DI (0 R, Rt — 2D
RIHERE. SKIREE AR, WL A7 20T DA HERTT 2 hn 28 BB 7 FAE 55 AL
T NB AR BIE S IPERE .
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] [ B SCHR 3 I 22 TR R T LR B et A B R ST, IR TR IR T
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4.1 HAREIE

FEARTH, BN HRTHMT NRMERBEFPERER 5 — AN A ——E R T]
BL e A 28 E R LR AR THT NE TR PERE ? IXIRE T X7 A&
PR B RN . 8, 7 NEPERMEEEET T AR IEE TN E=
AMEAESRECR IR fr, XL e N TiRie 5008, mARRE T REH
AT NERMBERE Y, JUFRER T e . B, AR AR TR A
JETERA IR AT ARG, tn, AT AN BRSPS S8 HE R B T BB+
EBIy, AT N R AR PE RS Bl R B I AR R R S AT AN R X A
AR AT PATT B A D ASRI AT N R P -5 B A o 11 DX sl R B
UL RIS, BT LARE— B HEWT Y 3 AN R B SRR, RUAFRIAT N &
PRI AR B 2 [AAFEARRT G &R, botm, AT N b2 g Ak i ol 2 F) =2 ) A B — AR AE
WS R DAt Eul TR VA=A N i

HRERAT N R B gL, RIS F A9AT N P E W 5 A F B
AL EARORIG, I HASFAT N 1 Bt L A [7] ) 22 (B B 2 TR) A7 AE AR A B
KFR o A NLZ IR IR 22 8] A7 B AF B3R THT MR PEIRBESS T RENE 2 A
TR ES TR e R, AREYRT, DR ES SR RN, X
BORSRE I3 ST -

(1) MM AT NE R O EE AT R L2 R AR A AT N

tehn, AT NAATRER IR iRk, AR TSk, XML i E
FA RS FBOELAT MR RE B Ry b sish &k, than, 17 NIEX &
SR, A8 K AT LA A9 38 B 54T NI ERRFAE DUK | RS B B
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R 3 8 0 T R R AE B A T Ao i AR B, T 2 BB A A R f R AL
(Global Max Pooling, GMP)&k 4> J&)*F-3Jith{k.(Global Average Pooling, GAP)#/E 44 4]
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[l EE, T A BT A E AT N M AR E 7 1A B AR B v R O Y AR Ry
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&5 —— AT NB AR & B A7 &84T NE e s Ao B A . X S EE R L]
BEYSE LIS, TEREHER E AT N S R B . HAT NE R 2B 20,
Y, JCIEAE IR ARy, PERE 232 3 5 ™ H R .

N T e BN T A AR ) 1) R, AR DR R R HH T 4] ) B AR R
AR B IR B AT BRI . X T Z WBE S, AUREE
AT 3R] R AR TR AL, FR AR AR B T 54T N B A S A (Rl
A7 NJE VR R ] [ B L T 54T NS PEASCHIME R, 91 NI R AE 2 T3
VBRI AR, FESEER RN AR T N AR e S INAE T IR IS AT N B VEAE
KT EE R, S T BT 5 Z W EBAE 5 FEU e AL A HERR 1) 17 B

42 REDLT

ARG 2 G HO BB 50 AT DUR An o) R P 3 R A HIL AR e it 5 LR (R
PRI PR R AR BB, ROV BEAR 1R R AR 5
REWS BRARVE R AIHLHI RO D0, RIS, R0 R 20 AR A A 5 o O of L SI2 3 F i
R, DL, ARATE e HE L FAE T KLU, A R AR R R AL
AR H R I FAE Y AT Dk

HONER 7 IR A 4-1 Pl o F B 0 SRR — BB VR AR e WA
2 LT R AT R A SR, BRI 5K B A AR B, R 4 R R KT A B A
Ja VBRI B S 2 o — MR R, B e XM AR R S 2K
SR ARUIRE 1, RIS AR AR 7 A1

FEE 4-1 70, H, WA C 73 5 ik 26 B 22 W 4 ) ROk B ) v, 98 55
B RmK e R B A R — N EIE R SERt, XA Rk
AR, it ARARSAIE [P0 PR 58 ¢ 4 ARO(EONRFAE B2 ¢ AMIEIE b Hxo 7 MBI K H

37



EFCGERSA LA AR BT A A A S T 0 R R AU AT N R PR 5

T4 /P A R U, AR IE R = 3R ¢ dERMENRFE SRS ¢ Ml b
Hx W MERFE

— -
»»HC»C—@@-»I
W

B 4-1 H MR 2 S A A
Figure 4-1 Conventional image classification model
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Figure 4-2 Improved conventional image classification model with attention module
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Figure 4-3 Workflow of attention module

40



EFCGERSA LA AR BT A A A S T 0 R R AU AT N R PR 5

4.4 SCIGIGIE

ASTORE 2o A A 2 1] 1) BV A8 3 1 2 TR R LA A R e A A A
T NEVER A S HER SRS PA-100k _ERITERERCR . J34h, A 4dieirdd 1 [Fm
A5 FH 22 T 3m] () B 1 A 3 S TRDE R U WL R B 5 2 = B v i Y (R 2 T AR LB
WA R 2 ) 7 st AR B AR AT N R PR R0 R v 41 PA-100k PR RERICR

441 HERBGE

FERTA AR LI, Pra R B ResNet-18 1F IR LG M2 /45 3
Ty XS FATE SIS ORI T PA-100k X RPN I BE SE R B, (8 I IR
IR M2 o) SR G IR, XM PEREL SR IFT-PUXH 1k Be 45 R4
1ot DA, 7EASEE S ResNet-18 VENIR BB RMPE 4% £
N T SRR FE T 1A [ B VR AR T A (E R MU R A R, sede 3k
8- =N Sith
(1) Baseline #2Y: X AMERIGH K 4-1 R E IR 0 R0, A
VS IOAT R RE 8 7 R R RESETH O AR 2 W 28 S5 0, DR LA PSR A Dy
Baseline #E47 %} LU AT AR 2 55 (00 52 21 35k 18] [A) S SCHR SR 2 RE R
PR pirafy R PR BESE T
(2) T AR NS SO A XM 51 4-2 T A 4l g S
KA o ME— AN TR (R0 A2 12 A5 7R R A8 P 3] 1) AR 3 R T L A R
Query, M2 BEIZEFHHILRITA K Query [7] 5 H il # 22 W 2% I ) 1 4k
F 2P Query FMERISH XAMERIFAR G NEMTA R TA1T NE RS
iR, BRI H R T IS e A A AR AT N R P SE g R
TR R

(3) 2 3al [y FE1E AR P 22 (R R LA R ot R R . AR 4-2
AR, AZAR ARSI\ TR A RO R TAT NE MR A e i iR, JF
MR I Sl 36 R VR PR R AR IR I A 5 5 R AT N APk s A 5 1Y &
RAFIL .

B 7 UL =AML b, BT e B SCHR T A 1R R A AL AR R T
55 = PR A T AR AR IL DR R R AT N PR B kBT 45 5, i
TR BB AL I AT AR B, 5 5 T A& X SR A R AT ik, i LKA~ St
B AN RS S A2k, 3D IRITHT NEtERBMES i tkae . Bk, £
KRRy, FIANE T PR ] T A PR SO T R R PR RS T . BB

41



RS R A 2 S TR R B SRS RS R S LR BOAT N R PR T v

AT X B BB 20 ST rp ) 73 SRER AR A Y 2 - A X AR B O R
D3R AT s R AR o B AR R D 2 [R) A P A T AR AR IR BUAR RO AR R 5
1205 3 1 1A AR ST 3 2 B T AL AR AT SO AR

442 SLIGZER

AR A b /N R R T R B AR AT N R ) i o A A
PA-100k _E [ PEREDP A% 45 H oS30 P T B 24000 B DU Bl At 27 05 5 =
EL NP vk o I CIR

R 4-1 JEoR 1R LB SRR A6 P AN P 6] 1R BT AR B I 2 TR
JINUEE AL R B RE VE Al 45 SR o F 3k 4-1 mT DUSER, AH E T ANVE HIVE R I HL I
LR > AR R UL, A HIE R L] A AR TH T N R PR BIMESS I vERE. 5
A, SN T TR )BT AR 3 A 2 TR T LA TR 2 g AR T AN R e i
SARF A EE R AU PR RS, X TR U TSI NSE IR AR A Rt
] e P T A A SR AT N R R R SR B8 R ) RATE 30 R T L AR B Aff 11 52
WS EAT Nm Uk s FEAR S ROAFAE,  BEm 3R TH T N PERAMESS I TERE -

R 4-1 EREIIWUHIBEERIERE VAl 45 R

Table 4-1 Performance evaluation results of attention module

All
Methods
mAP CcP CR CFI1 or OR OF1
Baseline 62.4 68.8 493 57.4 86.1 76.6 81.1
Attention
63.5 68.1 51.2 58.45 85.3 78.1 81.6
without GloVe
Attention
64.3 75.1 479 58.46 86.3 77.8 81.9
with GloVe
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Table 4-2 Performance evaluation results of graph &attention module

All
Methods
mAP cpP CR CFI OP OR OF1
Graph 64.6 69.0 52.6 59.7 84.7 79.0 81.8
Graph &
65.0 72.0 53.2 61.2 87.1 80.1 834
Attention
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