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SPECIALIZATION: Computer Science and Technology
POSTGRADUATE: LI Xue-Jian
MENTOR: Professor Shen Fu-Rao, Professor Song Fang-Min
ABSTRACT

In recent years, with the rapid development of computer science and technology,
the application of biometrics has become more and more extensive. Among them,
gait recognition has received extensive attention from academia and industry. Due to
its uncooperative and noninvasive manner, gait is very hard to imitate or counterfeit.
However, gait recognition also faces many problems. People are walking in a three-
dimensional space. Changes in clothing, and changes in the angle of view of the camera
while walking will have a great impact on the appearance of the person, resulting in a
decrease in recognition accuracy.

In this context, from the perspective of metric learning, we propose a new loss
function combining classification-based loss and distance-based loss, which can be used
to extract more discriminative features. On this basis, we design and propose two ways
to apply the attention mechanism. The proposed methods are successfully applied to

actual scenarios. The main content of this thesis is as follows:

1) From the perspective of metric learning, we propose a new loss function that utilizes
the triple loss to directly optimize the metric learning goal, which is making the dis-
tance between samples of the same class smaller than the distance between samples
of different classes; and utilizes classification-based loss to extract representative
features. In order to make the network to be optimized successfully, we propose to
add a batch normalization layer before sending the features to the fully connected

layer of the classification loss. The distribution of features is adjusted to a learnable
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distribution, and the network parameters can be successfully optimized at this time.
On the CASIA-B data set and TUM GAID data set, our approach achieves the best
results, which proves the effectiveness of the proposed approach.

The traditional convolutional neural network has certain limitations. Inspired by
the mechanism of the human brain, we propose two ways to apply attention mech-
anisms, namely the pixel-level attention mechanism and the frame-level attention
mechanism. The pixel-level attention mechanism can focus on the information that
is helpful for identification within the feature map, while the frame-level attention
mechanism can focus on the discriminative information in the entire sequence. Ex-
periments on the CASIA-B data set prove the effectiveness of the proposed method.
We have built a gait recognition system and successfully applied the methods
proposed in this thesis to actual environment. The system includes a front-end and
a back-end. The front-end provides a user interface and records a video containing
pedestrian walking gestures. The back-end processes the video, extracts features,

and also implements the specific steps of pedestrian registration and recognition.

Related experiments show that the methods proposed in this thesis is effective.

Compared with the existing gait recognition methods, the recognition accuracy has

been greatly improved. The gait recognition system based on the proposed methods in

this thesis also shows great application value. Finally, according to the work route of

this thesis, related research can be continued.

KEYWORDS: Gait Recognition, Metric Learning, Attention Mechanism, Feature

Extraction, Deep Learning
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TR O, X TR RS~ XA BRI “ i Zeocstr” W)
B T EEX AT, PReLU M A/NT 0 f & E—R/PIRER, XA
R AT SR

W P28 2R IS, SRR 2RISR, BRSO R 2 1 e A i
fE SRR . BN 4555 — 2R SHC A TR, (B2 AW
Fi )% B2 AR AT RE R Ol AR R K MAE M I GRad A, FF—it
WA M2 ARG, e 540 5k oR 20005 21 9 465 v oA S 80 2% B R 7
6], 4B SR ) X AT SR SRR T 1) ORI, AN RES HEOR 2 (A5 5
LR BN TT ) o X R CATER —JZH MG R, HRRELTH 12
B RV RAE AR R IR SR LA T R . M SN T
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o A 4102 B RO, 2 B S BT T BEER 2 O . X FERY
M, BN 2 (Internal Covariate Shift)

R T SEMRGX AR ), Toffe 4 NP 44 T HEIH—1k)2 (Batch normalization,
BN) ML . Rz B L5 & TR — R & M 4% 2 Jiey, 2 BdRriH—
b, REREIHASIZ 2 W 25 I 2 2 FE S A B IR 200 T4 — i, AT AT RADS
D N BRI T ZE R N2 2 X 2% 1 E 52 0 o

ARG, H x FRB— D N T it— 2 — Ao, 16
ZitH— b SBEAE T —EMAEML%, H K Fn—1/MUEEmioh. |5, il
M 2-2) R —/ MBI EM S 2, RERX — A5 — 5,
A 2-3) #H7H—1k, H e —MRUvMiES, HER RS T2 0 g i i
Mo

(2-2)

X = (2-3)

RMBIRESIH R, BOY TIMESN 0, Jr2E0h 1 HIES A . (H2 iR
RAEREAN N — BN, SR MAERK R Zakme S . —Jim, Xt
Wlizzid Sigmoid P REUN, KB EAR 3411 Sigmoid B LMK, M
i FR A 7 M g AE MR RIARE Sy SO I, RERSCE R R E )X — Al
T, WRAKRGEHY, SKRERGSHAMEER. I, @5 AP 2E
WSy M B, FLAE M2 AR FRIRRE S, X —Pid AR s 2-4) Frs.

yi=yXi+p (2-4)

Hr, yi @l H— 2 USRI A 45 2R .

EAFEERE, mTAEN BT R A — IR A T R ) &, 5
H/MEENFEARBARD, X LR R N7 222 A W22 .
B FHA AL, FEUIZRET BORT b B R B A R YIZRET BLBk T 4%
A PRI TR ) A3k LASh I8 T EGE iE  —A/ ME N BE AT KA
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T ETA AR R ERTT 22, T IR Bery i —1k.

EIERR IR R EB R o BT DAKRE— A 1) M A S ) LS 21 i 25
], — LT B 4 P A5 d S 1T A3 0o AR 2-3 i — N2 I 4 i 12
J2, XA R LR AT A )2 4s (Multilayer Perceptron, MLP). —fi%
W TG B 22 M 45 d Ja iR 70, ARFERBUS B R RFAE, WU U ZRIERT I 1
eVl

=

BNZ

Bl 2-3: )2 R E K

B — B R R ARELEEE N v, R4 v, ZER)R
R GRS RSP BRI EL. & 5E, R, fraA
AL B A AE P B AT, 50 E— M B, 32— csR .. —4H
B, XM MagihoiR, IiA—a vy A2, B4 E v MES
PAR L AMWES R, AR 2-5) B,

0; :Z;Wi,jxj+b,~ (2—5)
j=

Hrp, WREZREEZETINESH, b ARZEEERZTHMESE, x U
THALSE, o MEHIMALIR, i€ [Ly],

2.2 TGS A AL PN RE

ISR — B R B TR G bLgR = D TR, AR SR —LEH
BB AT A

N T R ERIE ) A RERBUE SR, 2 RFR I 7Bl “mha i 1
B, B EE S 2adis i, BaE KK L, R HNBEEEES
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12

(a) et P OEZ (©) AU (d) Jeta 75
il 2-4: sk

R REUAE, A& 2-4 FioR, B ASBOROY iR SRR R (GEDMY,
A (GEnD! . A (GRD!' M@ (CGDIML, Hofr, 25
ARG, TR O, R, DR H AR 2 S Sl
AL 130321

WK 2-5 PR, AP AR, KR 4E R BG5BT 5P E, B
WEIESRERE. P RMERENRE, WARRZGERCEIT NS
A .

=~Aﬁbﬂ@ EAREE

LAAIAIA H L {1

M ZS RS P PR B BRI LA, T AR AR e L g > 7 ik b ATl 45
40 Han S5 AU ] PCA SEVEXPRAESEATIR G, SR8 1 e ir 4R 0y XA 73R
Al PCA SRR FPAR MBI A Me 4ET7 3%, B TSR AR B Iy 20, Rl
B NFAELEERO(5 S5, AR AP TR e, $RTHTR L.

IS B R IR R R, SEBR RIS, (B BEX T E MR S L AR R
B, FEREPRTETRER] KB R P Bk TRERER. TR
[, 2R R TR TR R Y 2k Se AT 2D 3D Y
LERE NARIEAT AR, AR5 O TR R IR AT X T YR AE o

Zhao 55 NP3 5 SCT A0E 2-6 Fin iy 3D ANARRRAY, A5 B ZEA AU AN AR AL
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L e Shoulder (3)
Hlip /
| | | | | Elbow (1) f
LeftShoulder RightShoulder  Neck LeftCrotch Ri g}l\tCro tch ;
|
Left|l!lb ow RightElbow Head LeftKnee Ri ghtKnee Crotch (3) Hlp (6)
| [ l |
LeftHand RightHand LeftFoot  RightFoot Knee (1)
(a) Ny Afsa sy QPN ]

Kl 2-6: A& 3D A1 L

Horpr, AR MMM, AR REA NSO T ARSHL, SR
FARRE SRS o TR I 2 LA R B LU A7 A 3D REZ DA
Ja, SR T Bz s P, KA AL, AR5 B2 ki [ AL Yy
PRI

s

Luo &5 Ny T 5ACE A I DLTC /Y 3D A7 N HRARLAL 1073k,
I A ANIE 2-7 BRI S UL 3D SRR (template) #5RIR R, K4
FEZANMAKHGFRIR R R P, MMTEE 3D A ER,

(a)

Bl 2-7: Atk 3D B

X EETRARA T AN T AR AL ML A A LU BB, o Ho T8
B T LT, IR AT fEeRE I ELBE i 5 SR, X TT E— R ALY
AREARTEUR,  FLl R 5 AN L R 2 s AR (R R S A
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2.3 L TFHACREL S N L A PURTE

AT, FAPRFET R I B2 SRR e 58— b 2
%%ﬁﬁ,ﬁﬁﬁﬁﬁﬁ%@% CYARSE SR S G E P €/ o B (R T /R 2
BIRGIEE ;s o6 "SRR et AT A B B I DR e, RS M e e R 45 2R

BEAT R, REMSfe THiES UL A B8 AN ) A OO T BRI HER R . 35T R AF
Ir I AR AT -

i R g v B s T K, T DA R A R 45 A TR H s, (H2 R
[0 28 B 40 2K eR SO S AN, n] BEARMERBAS 4R IS 21 HAT X AT AURRAE s 1T
JaH S TR 7 3, BRI — AR BN B AR Ty, (HR R AR
AIRCRAR KRR E MO 568G ARCR . WERE AR ik T2 W B {5

» APPSR T

FESEE R, MR R AR B B (5 5, MECBCZT i 2 i ) 5
AR ERE, ORI T e m R 7 s, Bes R TR iz 68
e

2.3.1 X amhang )ik

Wu S5 AP 5 e B {68 FH R B A6 B 28 ) SR AR AB AR B M. VR i
TETANIE 2-8 Fr7s il =i 8 ) 28 SR 15 1 g A BSCa e 2 TR] AR AL, DX
FET X LA A SRR ISR, LB 4% B W5k GEL 718 Fhiii
K, Z BB MABCRAT, BHUFT K E AR AR SR, A5 4kekiE
RE BRI 25 5 MT [0 28 S L K 43 S S50 2L S B AR 25 e S L]
RAFIE, 25t tE I PHE B Ry Al Akl s 1T GT M 45 R 2l 2
TR AR K, PRSI — A& . A =AM, HE PN
ABHEIRE T W — AT AR WXk =X, BB RTAS 0 4524 3] Sl
NG T ARLE . PRI B, 384 X 45 30 B R 3R 51 H ARTE E Hhd5 A AR
R

Wu 25 N4 H I = 00 2% 25 K 0 ) A5 R 48 I 24 A 38 PRV ) A 5 o 10
FEALEE , (EL XA SRR o2 0 55 ULRY - AR B AR UEE , R AE SR
AN ABEIL IR A2, TR AR RER Y, 24 IR 2 ), R AIRCE
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Local @ Bottom (LB) Mid-Level @ Top (MT) Global @ Top (GT)

|C3 7x7 1212256 IE I F5 1024 IE

veyma][o]
[ ra102a |o| [ ra02a o]
1 1

2, 4 2,
P 2x2 2 27264 P 2x2 2 27°x64 P 2x2 2 27°x64 C37x7121°%256 3 7x7 1 21°%256
N N N P 2x2 2 27%x64 P 2x2 2 272x64
€2 7x7 1 54%x64 C2 7x7 1 542x64 €2’ 7x7 1 54%x64 N N
C2 7x7 1 54°x64 C2’ 7x7 1 54°x64
P 2x2 2 60%x16 P 2x2 2 60°x16 P 2x2 2 602x16 . 1
P 2x2 2 602x16 P 2x2 2 602x16
N N N
N N
C17x7 1120%x16 C17x7 1120%x16 €1’ 7x7 1120216
e C17x7 1 120216 C1’ 7x7 1 120?16
Probe Gallery Probe Gallery Probe Gallery
Input 12621  1262x1 12621 12621 12621 1262x1

P 2-8: =i 25 44

Bk AHARBATAEE s ORAF 2 SR BUS Y SRAIE 7T LA B R R A )
A SHFALS PR AP R RRAEIE T IR A, IR BARF S A RCR . TR, SR 2 T
TR Z LA TR BIR A RHERLS, AR M4 TR

Wolf £ \BH 27— Fh =ZE BB 2 M 2% (3DCNN) 454, %454 Qe
2-9 P, Hor i NS0 B Ik B R Gt R R A8 12190 28 101 B2 T
1 SDCNN SREEAIE] LR, (EREFETEAAEE LG, WA KR
PSR AT e B E 1, VA RZ A — A 2K 4%, A REERT I Zh 4k
B SRR BB IR BRI S Bm B, — e s By 1R 0l
ARG U R BATEN R T B

P

I
=M

&l 2-9: 3D LBt 2 N 25 4t

T EAFHUA R @I (5 S, Zhang 25 AT 5 Y 3 5 2 B bR A&
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RGN AN AE R ASRRAE , I BE RE S 3 WU R T ok, B &
SRR TR BRILZ AL, WSO G MRS, MRS AS I 5 AN AR L
MIALE, O RRS HOR B IR . AN 2-10 iR, AR 1A DB 51 2k R 4K
K | A 28 T8 AR AR E AR, BT ise v i 40 R R A0 =B+ (1) A2
HR, BT RBAUIECA MR SRHE, (B W] GERCA AR SN AR (R
B, Rt B 22 RS (R — Bt 4 H A i B 4 Sh R
NI, SRR AR B 45 R -5 SN RRHIE R I JE AR A 25 R A ) (2) 2235
FHEAIBLEER SR, AN RIS P A ) — A7 BRI AP SRR RO R AL (3)
SOy I, R SRAR e BT B ot R B S 2 L
i A LSTM SREZEURFIL, R EERZI T2, i — 0082 i 7 2645
Ko RXRMRORA AT B M — A ) S

Legend

=== Lyrecon

= === Lig—inc-avg
/
B 2-10: HFFAE R

Chao 55 N1 BT 385 BRIE AR I 2408 T I [ 58 IR 0T K & 1
%, PEEREITE L SRIMEALE N EGE I, HEMNES TR SRHE.
XA AL TE T AR BRI AL S F NS, SR KL
ANOUIT - BEAR U 0 8 6 1) K (] iy A 08 I 2 SRR BBURFAE s T EL T 3DCNNDH 5k
Yh, HROR 2 Wi R E R A B R, AR BRI ERE R,
I A AKRZHTH R,

GaitSet FREHIZEFIATIE 2-11 7R . BEUR FORAE , %A 6 AU 26 0 24
SRR G AHAE , Wit &S ifk (Set Pooling) ()7 3k B4 —0if5 3| [ R AiE (5
BEARE, BF, %%?ﬁkiwwwwmm%ﬁ,%ﬁ%ﬁﬁkﬁﬁxﬁ
IR, RERRAEF AN ] 2 BER A3 TR, 40 BI04k . AEMRRT B,
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MGP HPM
CNN &
m @_Pooﬁng rf 'C)_ CNN > ]_C)_’ :>
HPP =
3 3 ~ &
- f e O He ),
5
HPP :> 58
ol
- - 1B (O He-co e | of
cilcz[p cslca[ P cs|ce 2 4
glgl® glgl® glg =
&H|&|R AN &8
—_ =N - =N —_ | -
- e ) Hewc ) .
S S 7 ,
| O I ) Testing

______________________________________________________

& 2-11: GaitSet f&iZZE {4

IR AT e BE SR B R IR R R, M A R SRR, T 1 PP RFAE
BEATEORT, AREIHAEER

GaitSet W ZEPEREARH4F, YIZREEEEMR, RBIGE R, & H Al SR a4
W HRIE, B, JA1H 3 B e A4, R TIRA T L5 .

2.3.2 FET-HAEHRN 1k

F AN IRIE A > BT ¥R e i AR LA AR5 i e
ARG, HARE ST LA TR B PERE

Yu 55 NP T GaitGAN B, P 2-12 Fs , F AR A 2% (GAN)
FHEEA, WIATROE LR SRR, Feloy— M ItRm A, H H2
IEFERERE TR SRERRK, HITCA S AR A .

@0/1 @O/]
T 4
- Il ‘l ll ) #u%ns&%({ Qiﬂ%ﬂ%&

. . . 900 \ /
90° lj I’ Il m— [QQQQQQ}
: : : fiE
180° ll ‘l ‘l " e
4
NM BG CL
(a) FA5 AhrifE GEI (b) GaitGAN & {AZfy
] 2-12: GaitGAN T /E 3

GaitGAN R LS AE =y, a4 iy (G). B (D)
S FE (D2) o Hor, AR A midasrogity, F— %A GEL &
B (CA Is) Sesmdh— DR, PRI m RS o — 5K A il GEL (ieh
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Ir); BEMBFIBIZE AR ML, AU GEL R, 454 T A%
0, Mk AZHSH GELER (Ieoh Ir) B, P52 1o XA HIER Y
PN

Lp, = —tlog(D;(I)) + (t — 1) log(1 - D/ (1)), (2-6)

)
|

1 if I € {I;},
=
0 ifI e {f;}.

Ho, {L)} NESE GEL KRS, {1} NER GE FBINES.

TEA A AR T, N TH IR B R R, fEERE T B0 5.
B R — D TR, F5H ERRLT SR BIR LB Mg A5, 2K
2t AR PRI GEI gk A 7] — 4 AR Bl ghd A b 5 A—4H
P B B S e AR GEL MR, G008 I, US55 Ay Ir A1 s
I, WIZENZE 1, A WRAHER % 0o B0 as i 30 Sk IR BRI N

Lp, = —tlog(D,(Is, 1)) + (t — 1) log(1 — Dy(Is, 1)), (2-7)

+|

1 ifl =1Ir,
=

0 ifl=Irorl=1I;.

A e B L “IEEY, GaitGAN BAYRENS E AR R B E AL,
HHMRE T B {5 B GEL B . SR, B A GEL #4073 4h— 441
farlRE AR IRMERY, PO 2 LRI, GEL Z Al 2 /2 AR R h
TRUNEERIMERE , Yu S NP I 2 DR A widd )z, Hidg—ER
AT 18° LA LA, RIS HMERE, SR8 T B AT A ORI .

BT B ERGEERAL T — ME4ERTE Lro ik, He S8 AP S22 AE55
T4 (MGAN) SRIEATI A IR . NP 2-13 B, 445 A 3E
TR s, RRA AR ARFIL s BA 2 2Kde XAt T2 A
B2 - FERFAERRAE L LAt O A m et ARl - FHF S RO RPIE S A 2R A
TR AR S RIREAS s S - I REAT =TRSO PR, 0 e B e
Bodioh . B RS S AR R B R 1, PARGRRREHE T B0
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g | PY Pixel-wise
l] View-angle C\assfer \ loss
powidisal et 0 S O | o S e —

D!scnmmator

wy
b

| [ Conv1 7x7 32x32x32

|

A i x ’ > g I |

- - 10 Conv2 5x5 16x16x64 | |

| Encoder \ { Generator ) !

| ( F1.4096x128 1 : [ Deconvi 4x4 4x4x256 : [ Conv3 5x5 8x8x128 | :

: ! | [ | !

1 ! | 1

1 ! [ [ | 1
| ! 1
| ! 1
I ! 1
| ! [
)

[ Mean-pooling | Deconv2 3x3 8x8x128 Conv4 3x3 4x4x256

[ Conv4 3x3 4x4x256 ]

F1 4096x(nc+nv+na)

]
[ |
[ Deconv3 3x3 16x16x64 1
[ |
[ |

onv3 5x5 8x8x128
Deconv4 3x3 32x32x32
Conv2 5x5 16x16x64
Deconvs 3x3 64x64x1 Multi-task adversarial loss |

_______________________________________

& 2-13: MGAN i 2t 44

FEARGER I AT IRy, VR LA S — LA Z Al 2k
TR, R EUA w BRFAE R 2 nl DA N (2-8) B A v /Y
FFIE ] & 2 |

7' =7+ Z h; (2-8)

i=u

o, by ERMALA - 1 FHBON LA @ BB )

2.4 AREENGL

FEAF T, AT SRR ST THEE, SCh R SRR N T
P2, @ T gL~ TR T AR - T R . BT IRE
AW AR ENFIABATRAL, fE R T RERZ IR e L, B
GO T FRAIMOE . Horfr, AR 2 W 268 A Ry W 40 e B S ) o 22 R0 2 4
), R AT T IR R, N MAEA T P T T 4.

ZIRT R, AR N — AR T TR N, BN EER
AT TARA Y — SO RS, OB BAS SCRR AR SR A






G NR AT gAY RSP N (O 2 AR 1

KBt

=

AP, A e — RIS . AR, BT A
KeRBL, BEMGIRIEIACRIERAFIL, (X T INZREr BecA Wad 25z 4k
BESIANGR s T HETBE B 40 Ok iR AR, REAE EIR AL B T H AR, (e AEAET
FRMECANLEL, 7 5 s AR B -

FMITMNE R AL A, R T — PP B ok s 8, 240 2k sl Bk
BEA 2 =Je 0 2k B AL BE oy~ HARAORR 0, SCRERE M B RT3 281
BURIRICR RS

3.1 EHBREENA

3.1.1 o 2Rk s g

BT R R R, TR JAT S, BARRIIILS, mRisma
MRz, KR BN L i, R T DA TRk B B S AL 55
FAAE SR O PR U R AR O RFAE ] R DA, B e R AR ) R 211 2R vh
PRSI BERIYEE b, SRR RER . BT R RER 5 H
AR MR ZHAF R RAE, SE S e fi R R M 45 280

Softmax 15 2k B BUR VR BEAN 22 I 2% frg s B AR R R L, B — PP T 202K
A5 BR AR, o MR SRR O R A (RN 2R 5 KN, g
— R EE N MR, B, RG22 82 S
N K 4k, BAYEE EREBOR, ACRMZYCN I EAA R ] fBJE %38
o BEVTEE Softmax 12, T L FF BRI 4545 J5 — 2 00 1 H—10 ) [0, 1] fY7E
B, EUE— S REAIA 1, Ry Rl ARG A0 I 25— AR AR T S 25—
AR, Rl R/ MU GO RUBLER SR (A5 190 45 1) FT 00 235 R B 20

21



1 & ey :
Lsoftmax = N Z_; —log (Tmy])’ (3-1)

Horb, vy NE J R ESRS, x RN R ZEER R R A,
— R MRS R RHE I &, 4B d, W, hiR)E— 2 iR ES
FEEE 8, b ARG —BEEEMESET RS j TR, WX+ by, TR
EIERZE YRR, I PR R i ek BOR R W R AR R, 2
JEHEATIA—AE

JEAREY Softmax 45125 s AL, PLALAY R R —AMERIE -5 HXT R A N, &
KR RFD T, R — A 4R S ] PP mope A A g B, KRR
AN T R AR ARRAE x H— LB 1, [RIKF
W;,0 < j < KWH—AFHRE 1, O BT AR 2 TR B 4
SEARMURE . PABGBOR, Ui B i) BT (L

AL LS AU Softmax #18 RAL, 1o 25 M 4 o — 2 ik
HEHALRIRE—, FHWEEN 0, WX (3-2) Fin.

W, = Wi0<j<k
W]

(3-2)
b;=0,0<i<K

Hep, W FRKERH 1 EMAIEEZS8 I, AR R —
R, 48R (3-3) , Hf, ® 7E x Jiin) ERYEAL R, A IE] = 1. X
IF, KR AR M & x 2l 2182 E SR Fon T H S g 280k M
MIARTRAE, RPN RS, MM AR IR R RSN T A
25 [ o

Wix+b=W &|x|

(3-3)
= cos(8;.x) llx|l

B AR, nLMREIMEEUGE ) Softmax 151 AT 7%, Ansl (3-4) Jir
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7N o

L 1 < e
fedsoftmax = — » —log | ————
modified-softmax N Z g Z K Wl x;

i=1 j=1¢ i
1 N ellxillcos (6y,.)
N Z —log| =% ’
N <4 Zj:l ellxillcos (6;.:)

Horb 0, FORMEERT | DRI IS B BRI ) & x, 5 BRSO j
SR Z I, v AR RGN R B b aE

(3-4)

FAT5e A — T antar g BE RN, X BLE — A Rl A

JE TR — DI FEA S FUHFIE x , BPUE Y Softmax 1 5% B BE 70 2619
THOUR, BRRIAF N

llx ]l (cos(6:1) = cos(6>)) =0 (3-5)

Horbr, 0, A6, AHRFFNRA R FRIE S 2 B EAE A R R Jef . 22
MBI, T cos(6) > cos(8), cos(6) FHE 0 € [0, x] Bk
W, e IEIMAATEANKEAMER, IAFER 6, < 6. A THIN—A4ff
JE LIRS, WA m > 1, BERAE m6, < 6, B A HIE M 2510 53 2502
TERARY o 3K B2 A BRI B Y Softmax 4325 PR %L (Angular Softmax, A-Softmax )

AR,

A-Softmax 4% fy Liu 25 A8 H PO, Bl i3 38— A Ay 1) B Sl (s 42 B S
FI AL SN X P, MR EA AL fe Ty, 19380 94 A T BIRCR o

N T EAE 6 € [0, 7] R, AT DA EET RIZ KBS S A R A v, X
A BRECT A 2 PR B BRI R, 9T BAEM R T [0, 2] AR L (EH45,
XA B R AR AN (3-6) B, o eREEA R m HUE T 14 e AT A ]
3-1FR, MEHRRIAEMA L, ¢ IR2E SR s .

¥ (0y,.1) = (—=1)* cos(mb) — 2k (3-6)



24 $=F SRR 55K SR BK RFGET
0.75 0.5
g g 1.0
5 100 125 150 175 50 75 100
o) o)
@m=1 b)ym=2
1 1
0 0
-1
1
-2
g~ €
-3 -4
5
-4
-6
5 -7
75 100 125 150 175 50 75 100
o) ()
(©)m=3 (dym=4

K 3-1: v U E R

FIE, FAT AT ATIE i on £ JEE 8] B LA 95 Sk B, 4nX 3-7) .

1 ¥ ellxilly(6y,.0)
= — _ lO .
La N Zl & ellxilly (6y,.0) 4 Zj#y,- ellxillcos (6;.:)

i

(3-7)

3.1.2 JLTFEh st g s

FA—RRR T W BRI R AL, BN R B ) o B X I
KRB B B R W A AR 22 BB KRR IR RIR . 7E
PARROLT , X MIE R N B KRR A ] — DS S B kA, 2ad
FAESE IR IS PR USRS 2 FFIE, FRAEZ IRl K BE ], BT AR SO rE AR
BRI FF AL 1] /N B o 0T, e RISR B RS, /T s/ NI SR A
o BT, AR B B e ale 8B 28k, X il il AR AR i TR
P

&0

—AEEE A E T BB RN =il k. — A =n AR =AM
PR RAE SR AOREAS : 1 S B AR P Rt — A x, , A1 2R3 A (anchor ),
IR G RAE H— X B B S5 AR [ O REAS x,, , FRVEIEG (positive), )5 R4
AR B S5 R R B x, . FRAEGB] (negative) .o

e 3-2 froR, O TR R EOR, = eAi R AL H AR 2 AT
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EESIIE N [Pl e N
i Jogessy i
ENGEST =N ENGESTIE >N

Kl 3-2: =K

[ S S AR A Z B A R g ST BB /DN, ] IS AN (1) I 0 L A AR 22 )
B, BRT RSN AR Z B R, X P Z 22T — R ATk
SERFIEMEDASS , WA R — D =Jcdl. (I (3-8) X —A=Judix}
) = e 5k .

Lapn=max(0,m+D(f(xa), f(xp)) = D(f(xa), f(xn))) (3-8)

SO f BRI A THIZEIS, D(, ) RFE SR B 2 ]
MRS, m R IR B RO, 0 R 2 T
RS REAZ O BE S HTH 2 D9 .

B TR S AP S EAURREMT s Mt RE= TE41 2R (Batch-ALL
Triplet loss) il/MIRHEE = JEALRFE (Batch-Hard Triplet loss) , HRRE 7
U Hermans 45 A0 52111 . AN = TE4URRE T AAIIIAL 2 AL 2, AEVI
SR B RBEIUEREE P AT, HEREAMTAH Q MLAS SIS, X T
AR T R, SRBUKHRE 1, BEA R £ 25 PR = TCALR
PSR, IR PRI, — MREATERRIAR, — R B0 5 B
BHAAIRL, SRR —ABEAR R BE ) S B SR, SRR — = eL.

G LT, /MR TEAL AR BT I = TEATTTIA IR (3-9) 3EAT
i

all anchors all pos. all negatives
P Q Q P QO ‘
L=, 2, 22 |mediin] (3-9)
- +

dihn = D(f(xg). f(x)) = D(f (i), fx)), (3-10)



26 B2 s rab ey AT 6L

Horbr, xf BB SRR RIS —REAS . [], FoR Y ARG ER KT 0 1, B
ME, MO, DM H A2 1B Lk 46l AU Tl BREAS , [R] It T
UEPSIEEDRTER

AN E = e R TR — A DML P i R ER = e, HIE TR
AR AR P SR B A N MERY 115 GBI T BE Sad T IRME, e/t T 4 I
“ICHIASAKNME, HAXZEBNN G-11) P,

all anchors
—_— hardest positive hardest negative
P Q
Lo =), ) lm+ max D(f(x). f(x)) = min D(f(i) fi)]e  (B-11)
e R "=l 0
J#i

3.2 BUkEEB

TENAFAT B R B, FRZESE DA FHE R A JE . AT 4044 (separa-
ble) 5X/p: (discriminative) . FIFARHERZSE, FATRT AR ATXAMRAE, DA
B JE T A 2, ATLAIESfXS B AR 74028, BITE BRIk b, fAfE— 8
BKIHD, BEOSIERARFARIEIEAT 2028 T RA XA PERRHE, ZHaFRATR] DAE HEF
FXANAE , 38 e AR A 5 = BB SE B IR Bl o R AE A X A T ) e ] 3-3
Ji7R o

0 o I.’ o
( - ® -
@ - o
00 ... -
4 .
P P
. .
. .
P L,
.* .
P .
. .°
P ’
.
(2) A7 AYHFAE (b) BA XA ERRHE

Bl 3-3: Al 35 BA R K 5

ST 2R 25 BR A UG, R Softmax Zad it DA , 101 EE REASTEFH
JE A3 (B P IR AR Z [ R X4, (R B AR B XA HAsEr T iite, M
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B PUACRIE 5 HX B 2R A AU & Z R, R R
AR AR, R ACRER SRR RS R4S O B I A

1=}

i,
=BT AR Gy R HLA AR . 2 B — R TR 4R RE 2SR, 1%
AR A = AN, Ak 3-4 F. Hodr, B 3-da i FR AT ELA B i BAR O
FERFFAE AR, KB EANZ RIFSSMRIT, B sk f, RA 5 e
W TERfAIW G — DREARFEIE T 22K 5. SR, SEPRIBLAAAR AN 3-4b fiT
R, TR, TR R W R W, i TSR, R SRR
WA DAL W LD FIE, SECH IR RIS SLhR PR 2 2
W LT 4, MTRHES T 4ERL TR, SRR A S E . XA
— A ARE ARG, 2 R ULHIEE T BRI FBTTE . TS
R AR 2 ) P A AN S
W x w, x W

A

W; W, W,

(a) PRARE LT BRI 25 ) (b) SZFr ] REIKAFAE 25 6]
P 3-4: Softmax 51 2k BREUAS BE H A AL R IR RE B

BRILZ A, (BT 23 SR 51 5% R BOE el R — NIRRT RIS E : FERH
P EIZACRE AR . AR, RS IR SRS, R
B RATEN AR B . SR T 0 KA Bk s &, RIGEREREAEII
AR I BRI, UK BOA S B, AEAERCR & KR
FFE

W2, Pt 2B BT R R s BOE? JATIN Ny, BT 2R ik
PR AR B G T REHAE I TSR AL S5, (2 T eGR4
AURAIERS , RIS ICGERFIEDAS GBI AR AERER T 028, R ARH I 20 285K
A, U PR BRI R AR AR T IR TR B e RN R . R R R AR



28 $Z% 5y ey ATRA BT

AR, TRFZ A0 R e 5 B T I B A 10 K R B A5 6, R DA SE s i 40 2%
F— LB, T SE S Y T B R S AR 55

BNk — N =oudik. M =ondik, TR EEXE RSN
E55 HARdEAr At BrABs A2 BA X TR AFIE, (R e E— MR
BREE : YNZRARHE IRAE . —JCALAYEIBORNE , 2% X 25 S0y SR I3 R 2
Wi S TR B = e, S EARI I G R O ST, IR ST IRRR, il
THMER =Jcdl, wIRER i T A R EE BB A iR, &%
SO 2RI DT TR, UMM 2 SRR A LS RERS “THAL” X A X
M AREAR . HEIXH, S Wiz WEBE 1k, sEFIZGIT 0, SRy
Wk, Sefl A — S8 LR B = Te N RN 4, AR5 B0 FE T A B AV B
7] IRt AN BB 4 wSaAT e DR R AR R A, TR A ) 248 T R s Jl0ovh 2 i By st
B OR, SEAER RIS TR E, FAME 2 R EAE XA
JIr DA =TT 2H A R BORN R SEAMOBUR R 25, — e R I Rt RAEAE Dl 5l
K, BRERRAEFEATRE.

RIE, FATHR R T KA R 5 BT B sy s oA s Akl ok, T
T DA X AR 2 R AR 0 9, ) IR B A8 el 43 T Ak T 40 2K I ) 25
P50 BIMIERELT 3 RN pR B, RERS A O — UL R LA 7 i 5 10 =00
LRI ] AN BE R T Y H AR IEA T4, (Rl BA RS iz AL B
IRARFN BRI AR . TR AR B % RO (00 (3-12) s

L=Lii+ala, (3-12)

Hr, o —ESE8, TG = e R A BB Softmax 4 2% b
BRI B, Lo RE=ICHBIK, La 10 A-Softmax ik .

3.3 HdReRZ LA

A AT BRI P Softmax 15 2% bR T2 B AL Y S A 72 =5 (8] PP A B S, T =
TUEH R R AR R B A2 S 1] Y RS o AR EES AR 2K [R] I A
Bl e QI EREG S Uk B ST AN E ) S L 155 N - p TR E PSP (N
Fpcsh, FEANGRICEESI L.
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N T BARX PR R BRI AL, FRATHESRRIGE L SRS, BURHIE
WA AR . HH— A Z A E R R IE, T BERAVMILR
IR EZE , KB — 2 M 28 R T — LR e IS A, SRS B P T DA
RIS HOR 7 APERUE /D B R I ER T 2. 2. 13y frid, it
VA2 AT DA D Py 22 RS O G AT IR BEA 22 1 24 1 U A A
BT HIHARRANE . FEIREZ AR M S AR, XMTRRAKRZ
EY= 08 AR e o A NP5 SE €1 it hvas R il 2 <i0 i el N O B

FEFATAPRLR AR5 5% R B0 LA EA R Y BE B 25 1) R Y, e
HEIT—ALJZ W] A A PR [R5 A R B 52 IR, AT AT I o R AE 5 0]
1, R REMS ML

FAORYE, WK 3-5a froR, AT EZRM AR BUR AR LRI fr, B
UREAEE L PR 0D WS I U XSO K (0 g Rwved = iGN G b B S R R (18N
TR TR, R IR By, THRET 0 2RA R . I,
TR S B R PR U S B o PR, TN P A S B O ) ]
FHZEARIE, AP 2 M S SEOTCEIE TR, R4 SBUN 4 ICEA B3
(S 45 SRR EL R/ N AL

Ji

A-Softmax

Wik

A-Softmax|

ik

L 8 1
lm
mmmmg
|l =
I S 2

(@) FLBE AL R 512 (b) 34/ BN J22
[ 3-5: 371 BN JZ PAGLAL WAl 2%

N T GIEXA T, FA R AR SR E R I T 0 2R 2 1, Jedin—
EMIA—LZ, SRR ASFAE £ FIH— R R 216 f, B . dnkE 3-5b s,
BEIS, PR K REAS— AT AL , ARSI B RRICR 27 ) BIRRHIE, 8
WET R RBR AL, BE L 352 HARK MR B4y, SR AR AE 5L
AL 1R B B R Sl BT R kg fife, Rl ANRFIEZ
[P P B 2 2 UG, AN TR AR AIE 22 1) ) B 2 E AR
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it 25 BN JZ BB A RO [ AL P51 56 XA I 1 18 ) 52 Mg ?

XTI PSS S, 800 BN JZ R DAIIE R 25 il 5, 2 IR sk
B Bk g IH—1k, WSRO AR T e 20 T BE & 8 AR R
SO, JUHUZ M4 LRI, BRI, 2 S RIS T (AR 2 A0 2% i
/N, WS T R SRR R, SRR g SR RT, TS T (B
JZ) BIZECERN, mT M EEMr NS RELNE T, HEEL 2
g e ov 32 0 2 T o S T S R P R BN T B W D R R R D D B
AT RERR A OB 2] — MR IRAY T 1], X N A A — I 45 B B AR /N = )
Ho MALHA—ALAG, T H—ALZZ RS AR L e s —n, BEZ
FiT 4 ) 268 AR T RSP AR/ MR 2, BIrA BN SR RERS TN 9 25 1) 1
%, (EHERAYSET 2,

XFTHATEE NS, HSMIE FRERY IR ER AR 2% [F] N0 A A ad A
Hr, SN BN JZDAS, BIVEEPTN 55 24 BT AL 2 R0 28 S0 AN R 07 1) S50, (H
e T BN ZIAAAE, A AL Z L, IR20e AT R — A T AL,
A-Softmax 58 A B4R T X — 0 ML, ARERE 2 N RIRFIE, =0
AR BE, HFHZAEAT BN f o1 N ARHIE . A TRk Tkt
FRIRESE , MATTE A A A S I 1 B A B A, AT A P b 48 2k i
5 [ AL -

3.4 BERVUNBIRIN S )5k

P‘l !! GES — ‘ > A-Softmax
. 4% - P ik

R T O ——— 3
T ML Bt

K 3-6: RARRAR
ik 3-6 s IR R ARAR , BT, R EL G B A R R A
T 2 SRR URFAE , FRATTIX B B H B R PR B i 1Y GaitSet [ 2% BT VR -4
W25 SR, BB 2R AR U A FIE R AL —ALEH, BHFIE ) A4 B
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FTE—Ak, FIRIE— G RAETH R =Bk R — A5 R R A
IR T 28, MR RIEPR TR T A Y Softmax 515 . 7RI
Brie, SEMUA—ALS R, M SR B RIRIE TR 5

TEATTH, BATRF TR ISR BCS R T Be R AR 80k o

3.4.1 JIZBrEe

VNGB, TAIFEAE — M RG, AR G e
BEEHOL SFAE . YIZRBr B A NI IR: BanBisb s BEVLRFE. i %
. BURITE A M4, Ho, TR b & 28 A P AT N R R
A, FAL P BRS EA RFR BE  h BT AR SRR G — KD, X T AR
5 BEAIALS F AR Z RS RS2 . BEPLRFES PR I 8 =Cdliokee, 55—
R ER M AR XIS AR RN, FEE K, FOh—KiE
e

W BT RS, BRI 3.1,

3.4.2 WA B

H1 T8 b BT AT RS 2 AT B, RIYIZRIY B AT A B 05 B B i)
T ANB O Z A2 NI, IHRABr B B 2 iAo, Hod, 5
— o R e A BT I RE B I 7815 5 bl Bt @ fr R B Kl
i SR HR e R B e S AT B G R A

AP B G DA N L3R BT BE . S BORIRFAE PR C . Hor, %K
YT BRI ZRBr BOR [ A AR BET5 X AR AR U i K5 1 TR 01 4 4 B el 4
Era AP ZRAT2 A 9 2 R L U B 2 AL s [ IR B S BG4 o 4 B
B S B A S HRAE o ARV IC /2 8 B Sl 4R35 , MR b i T4 &, 4R
B 5 R A2 SRR AL 2 ) I B i T ) P PP RRALE

M B AR, SEEE 3.2, TR, B, Eilx
FIEM R G — 2 LR AL, BURAR T BT R A 2R R4, JRAT] g
IR AR AR R, HES R E DA L2 R T S
B, TR MR DR A R IE Y .



32 F=F 5N 50 XF AR E HHEEIT

Bk 3.0 UG B
A NGESE D, K K M7 AR N MTEREEFS]. MR/
(P,Q), HTHREGHEVMAEME F, #tIH—(LZM2% BN, R4 /2%
AL, ZRIERKEL e, PIFRIEIR R R BCZ R LLBI @, 47 A6 551 R £K
align,
gith: 2RI M4 SE Fo, BNe il ALg.,
1: foriin [1,N] do
2. D; « align(D;)
. end for
. foriin[1,e] do
M N A N EEVLRFESE P AN

3
4
5
6: for jin [1,P] do
7
8
9

MATN Py HEEHLRAE G O BrAe R B v 41,
end for
D RERAEH BRI E Y SR AN IRE T s
100 KFiKkE T IEAFZRME F i, SRPUSSIPERHE f; « F(T);
1 FRESEHE ff EAMIE—{ZE BN, BRE#EEEEE fi —
BN(f,);
12 R R E PSR fo EABHELN)Z, X « AL(f);
132 i f,, BPEN (3-9) RITE=IrtHR L
4 A X, ARAEEC (3-7) SR EAE A A EERIFE Y Softmax ik La;
150 TTERAWTRRE L « L+ aLla
16: U SRR SAE, BEATM R SEL e,
17: end for
18: return I|Z:)5HI M 45540 Fo, BNg, ALg.

ik 3.2 P B

A VEIEHMNESEL Fo, BNe, FEHZSREEITH G, HoFsagi
BN N, i EHEHRNIRE L, FRS L SRIEET q, EEEN
X D(-, ), FTAXTFHIEEL align.
e R B P S R A R
. q « align(q);
c FEHNAEE B B A 02 S HHIE f, < BNo(Fo(9)):
- foriin [1,N] do

G; — align(G;);

PEBCLSHFHIE £, < BNo(Fo(G)));

THHEE Z MBI di = D(fu,, fr);
end for
: FR B F/NIE B M) By m < arg min; d;

return L,,.

i

© e N YAy EP

3.5 S

FTEATH, BATESRS N AT ERBIREIELE, 2 Ea 7 KR m s gt
Ee . AESEER AR, FATE SR B A LA R BRI B, AT A A
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FEX T RO AR AR FRATEE AN ] = AL e BORMS JE4 75558, 7
Hr = U VGRS & B oM FRATBE A [ 2 2K e AT I R, PASRUETR
TR R R B A R s BEAh, FRATSRUERE it IH— L2, 21 ah L RS s 4
LR LA PIAR IR SR, AR ARG R T e, AT SR I kI T i
B

3.5.1 Bdidd

FRATHEWA) 12 68 025 S EE 4 DR T T3RATAO S, PASEIA R )7 3%
WAL, 4332 CASIA-B a4 ™ Al TUM GAID $#id: B%,

CASIA-B #dfa e &L AR I Sisk b 6 F 5 2 B 4 . s gldis e el v
BHBE H RGBT, 35 124 M7, BT ASERE T 10 BATERIL
FEIXAHRSE T, RS T AR AR, PR EFETER (NM), #
WAL (BG), AREFESNERI (CL). FEIEFRHEIL T, AABEKTH,
W EE I N REE MRS &AW BOERK)T Y. BRItZ 4h, CASIA-B %
HET BRI A AL AN RAE S, R A —BOERF A 11 430
L.

(@) IEHATE (b) WA (©) FHEINEFTE
IEI‘ISI‘E]I'I]lli!\IQ!\!Q“IEI‘EJI
() 0° @18  (H36° (954 M7 D" (108 (k) 126° () 144°

& 3-7: CASIA-B i f5 42/~

WK 3-7 sy CASIA-B Bl dRnynfl, o, SB—4 A —M7r A=
FAFEERAT DL, 23N IE RS T HGER O 15 EIRES T B R B 0L LA K
FHEIVERIGERE O, X BN TATE W — W s 5 AT T A
BRI OUR A LA BB B A E B S, X R /R B2 SR B A 48 B



34 F=F 5PN 5K SRR E RHEE T

PR X 57 B R/ NE ISR . NI B R MR B ER P el AR, 3B
PUILAR AP 3 I B e JEE Vel e A T ARR AR R A2 A

EHHL BB RER TUM 2E58dE4% (TUM Gait from Audio, Image
and Depth (GAID)) 273 Sh—MEL B Z B de . ZBRES
JE T DU R AR T A AL, R T 305 M7 ARS8, Hh, &
MTAREET 6 BUERERAEDE (N), ML S AT ER T ErEdsE (B)
FIPTBZFEAA IR BdE (S). 18] 3-8 2y TUM GAID $uia 47l

(@) IEHATE (b) FHY J5 TR L B (OFiq-9c]

(d) i H ATE (&) B SR ] () e R 1A

(2) ZFE WA BT E (h) #0 S5 IR & () BRI
] 3-8: TUM-GAID (354 777

N TAETACLEL, FA16E ] TUM-GAID $dade e itry Ry J5 i iR 1A, @
HBE A BER Xy HARFIT 5, M2 SR A

3.5.2 SERANY

XtT CASIA-B $idladle , FEVIZRETBL, AT BRI HT 74 > AR
BEATINSR, AR B, RS 1 OB B DL A 7 =4l Hhdg—4l
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Bdl, MRMHEMIEFEEILTRA 4 BoERFES (NMO1-04), 150 B PR
BB, A IEE R T B E R BOER TS (NMO05-06) , #Ei afE oL~
HERS P4 (BGO1-02), FMIZEHAMERIL FRIERKTFS] (CLO1-02) #EFTH%.

X1 TUM-GAID #iude, Ff i izt g A i ikl 73y 4¢P, Bl
150 T ANHETF A AR, HoAk 155 A7 AAPEINASE . AR By, X 155 M7
NHIRIUBIE R E B 5 (NL-N4) AR 2 e k2 50, ARt =404
[P OLA S B IE R 0L T A% (NS-N6) BRI, B #54F t i ol
AEEIE IS (BL-B2), (& WA R T (S1-S2).,

TESEE T, AT 2.3 11 iR Ry GaitSet W28 Z5H VRN FATTH B 2L
%%, R PrERe R R, A S A R ER P SRR % . Ho, FeATI
Adam JLALAR Y SRIAFATHI M 28 S 4L, K24 FBLE N 0.0003, CASIA-B 4%
PRI ZRR 45 8 J74¢, TUM-GAID Kudlndiiigh 4 %, X B sl
SRR PRI T —UCORRE . FRATTRRAER)/ ML ERMEESS (8, 4).

3.5.3 ESHMPRGEE

PR NAE =425 (R AT E T T AE R, B MBS T AR R, 23
POl R LHET OB AR E SRS, BIFENHERE P AL 5 R A
AL R AFIRY, X A A SRR AT AT EEDT [ S B B e . (HAS
HERRE, BT ARSI NN ARR KRB m, Fre AR Tk
LA SRR, 5 SR R 2 BT AT 5

2 3-10 B EERBS LA UG B2

mitsE o 18° 36° 54° 72° 90°  108° 126° 144° 162° 180° F-IgEE

NM 925 990 995 985 958 942 958 979 987 98.0 909 96.4
BG 8945 95.09 9555 9486 90.36 87.45 90.73 95.09 96.55 95.32 88.09 92.59
CL 70.64 81.00 83.82 7991 75.00 73.18 74.18 77.73 7891 7873 6191 75.9

% 3-1 HRRR LA I 2 SR B R, R i — D BUEAR %
SRS B A BEAE MR A A BE P2 R g A 0]y O° 3] 180° 2 [R], E3F 18°
WA —AN R, 152 RFONMERG A . X R BRI T oA, FRATAT ARG
HPA T IS
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(1) 0° Al 180° FIHAEEHRIR Ae ZE 1, 32 PR 24 A Tl 35 B AR S i w3 7 % 1)
GBI, SBSMEDMH R TERE R, AT EREESIREE, i
XL PR Z AT REXS T2 R i e 28 O F B

(2) 7£ 90° i, BT AR 212 K AKX FEESIRENER, 2T
REEREE, SARWES 2T RO, POV A T
B3 B AP AR 2 B B S Y o

(3) mlFAYIRBISER, HBEIL A 36° A 144° If. RN, AGXPHL AR
LML SEE, BRI RI T EM P R ALIREIRE, R Haa
PTE DA AR RURE, IR R 1 SRl i RS L

(4) M 0° 2] 180°, BRI BIRTEEZ I 1A 90° Jyrfuls, MILRIFRAES, X
e T AR ERGEIGE, BEFEEERGIGE, @207 Rl
REIRPER, NITRANEEMEAZ . BRILZAN, BBBE D ENERR
SRATHE I TR RO EEE B TR E SRR R IR BIRCR , i i T4 A
HRBRATERS, A RERENS A ROH I B A A5 B AL FIE T IR 5B, Ak
THAFRIER

3.5.4 Al =g iR

FATPEAL T AN A = e 40 2R 31555 SO0 e & FUOIRCR Y 52 i . ik 3-2
iR, o “batch all” R E R/ Mt E N ITE T &5 =il
IR =Judifi sk, “batch hard” Kl llE— AT, SHEMER)—2H=JT4k
T = Ie4LH 4, “batch all + batch hard” 7555 B batch all $i 2 LM%, 5k
J& A batch hard #5125 7E 2 Fil M 45 1 B ilf_HARZEALALIMEK, , “batch hard + batch
all” FIRM R A, BISEME ] batch hard AL 2%, 9K J5 P4 batch all fifk
CE:R

EAEREIZ, R TR ISR b 4 SRR, A5 2% J0 L
S, A S Ab—Fi ST SR R 4 Iy, FeATRR2 ) ZIF/NE] T 0.00003

TEFS P AE Y, HMd T batch all #1 batch hard =it = c4l, e
FIHEWAHLITERE, HIR batch all TR REMSFI R Z =JeH AT, E2Y
WIS A, T T A = e LMK E LN T 0, HLR4RSEIE T
16, WA TR/ DML R Y U R = e T, Bt R, 2
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% 3-20 el RIS A

E S NM  BG CL -H9E

batch all 94.89 88.51 69.66 84.36

batch hard 94.67 88.44 69.18 84.10
batch hard + batch all 95.35 89.05 70.70 85.03
batch all + batch hard 95.62 88.77 71.46 85.28

&, MJCf batch all J53, PR batch hard J5aX, B 2RI E BT,
FH T2 BB ] B — R A T W B RCR 2T X2 T, batchall =
TUERAG I m] A T 2/ AR 2 1) 56 SR AUAL 4%, 1M batch hard = T2 13
KA/ N B W AER = Je L AL 2%, WA RIA RS G, WA 4
W 2 BERE 1627 ) 21 5 R BRI A O &R, SO0 IRE A REAS B4 T TR IR
e, AR T B RRICR

3.5.5 iR

AT B UEA SRR R B A SE , RATIRT T A A =
JU e, Bl A-Softmax 1 JFI AP R AHSE & . 7E CASIA-B k% I
AL AR TR BE AN 3-3 s . M 3-3 I PAF i, A-Softmax i & X FRE

% 3-3: UK R S

B NE NM BG CL -FyiHRIhE
—JCAHPkR 9542 88.54 68.88 84.28
A-Softmax 95.37 89.08 61.15 81.87
A-Softmax + Triplet 96.10 91.88 74.36 87.45

A BETR] B LAJG PRI T 028, FENZREAE L RERE A BIRAF Y 0 20K, iX Ui P
A-Softmax 25 R ALRERS SR USRI MR O IE RIS, AFERIA P E A4S T 1k
Wi AT NI R . A1, BEH A-Softmax 451 < I 2R i) W 4542 U SR AFFAIE
HRZAEVEREA S 38, X T 57 ORI BB SR BIUE S5 R U, BBt A
TEUNGRIT BEARBOA B, AR 24T N RER UL, BB ] A-Softmax
HIRCR R LA ZEIY o Bl = Je B R RO 4 A-Softmax 451K pREL, X2
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o = el i R EARUAL R R R = T W B AR 5 Rl SRR AR AR 2 18] i) B i o
I, AFEZEEAREZ [ B BRIt . (E2 d T = e R B sha R, INZMERA
WS, BT A I B R IR AR

TR PR A A ke, BRI )T = u A 0 Ok A o 2 i e
PRrysFAL, M2 T A-Softmax AE#S=A ] 24T NARKFHUFFIEZARIIL S, 183
THBFRCR . HAREERE, TEREMEREARBIES CL L, 2567
PR TGS ILAR B R IS BRI T 5.5%, B AR A 0L A1 AF SRS AR e T B el
M — R R8T T 3.1%.

3.5.6 HH-LE2MEH

AT B UL — A 205 T [ AR5 e B A T, AT 20 501 6 R B
AL 2 A 28 MG — AL 2 B RSB TINS5 BRitbz ob, fnial 3-9 Bir
N, AEMZE A —ALZ PAS, FRATAT ABGHL U — A6 2 B R AR B AL
—AZ SRRV R =004, Ry, FEMART B, ol XS A, EEOREA
FAE AR T NP S HRFE, XS ORARR KA M. XX A i gbA T
i, RERSHE— IS — L E R -

ﬁ ?mm? .& E%E
— %> ? A-Softmax
E : B3 A
H : . ,ré ~
1=

|
|

(-------

“TM =Tk

Bl 3-9: (AN ALY 255 01

ARG, AT AT T AL, 2510
L MR IMAMIT—A)Z, 2k el;
2. WHR=JTAB K AL RIRYRAE, D A — b Z BT RHRIE, 320 e2;
3. W =T HB K HH— L RIRYRAE, D A — e Z JFRUHRE, 320 e3;
4. TR =0 HIH—A0 G RAE, TS I — (b Z BIRARE, 300 e4;
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5. WA =IJCHBIRMIH— LSS AL, UK A Z JSRRRE, 120 €55

STEGEE RN 3-4 BN, BARMARIT—ALZ R, PR RAEA R =S
AR REATIEAE, SRS RIS RIRZE, 102 i T2 W 45 Toih A R AT
bt I L BN T I 2EA T DA s WA AT — A Z PAS . JEHGE SR
B IH— AL S RHRAE £, TS =JCA BRI (ed Rl eS), PABCRAA T R
5Tt X EATEIZRT By, 2 A — LR aE v S =oud, ), @
A —Ab 5 AR A A B 2 A-Softmax fi12%, RS, B FHtH—
ZIITFAE, FEAR T BUR AL MERE (A5 A 55 TR R 5 2011 AR L
Friufe, AT AN BARFAE . A RO T TR I A P AR 5 R e Y
o, IRE] T HEERCR

% 3-4: fH—LERIEA

5% NM BG  CL Py

el 9496 89.65 69.89 84.83
e2 94.62 89.84 67.55 84.00
e3 95.84 91.66 70.64 86.05
e4 95.66 91.28 72.72 86.55
e5 96.10 91.88 74.36 87.45

AR GRI I — A Z BIRRHE f; VTS =J0diidk, By, ol
RETS AR RES BRAE M T 0 — ML RIRYRALE, 10 A-Softmax #5124 T4
— ARG HIRHE, X FE TS5 52 = TP 2 i AR T I 2 1 1K
HISEI , T2k 25 T A-Softmax HURIIILT:, A I ABIMREFIFHIERE, FrARCR
HE—,

ETAEM BT B AH — S AL £, RBIRRCR B T AH— e
HTAYRFE £ X R THIT AR TR, RASEIUT R A RHIEA e EEAT AL
THER AT, TR BB BUS a0 RCR . SN RE R — A4k
JER B L HLROR, PR R BE B A UK, X — 4 R AL (B ] RE S i
ZEAR T JAR K S0 o
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3.5.7 XFHEsE:

TEAT H, FATE H Al AR AR — SRR I p 7 R R AR . A
3-10, [ 3-11 F1 3-12 P, FATRIT M T Z /i3, FEIERIR IR
MBI TR EMZEAZ , HRER AL TR T Z B IE3R T T 4.6%,
FEFHENERHILT, METZRIERTE T 3.9%, B2 T AEFE s A
FONRCR . & PRI 2R AR TR SR .
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—m— GaitSet
—u— Ours
40
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Bl 3-11: #Eafris EUls DL iR sl 4 2R

R T R R PR AR A, FRATHE T B R AR A b ) — 28y
¥, 35 MGANPY | CNN-Ensemble?!!, CNN-LB?!, DisGait!®', GaitSet™ 7/
ACL+local+temporal ™, #113% 3-5 Fr7R @5 A A FRF IR 45, AR ] A
S E A R R R R I X B T A 2D SR R S5 R — MRk



5235

41

100 4

—u— CNN-LB
90 —m— GaitSet |
—u— Ours
& g0 e
> - gy -
g " -\\
& /\
_‘\_'c. 60 o " /lf—l A
% L n L] \\
24 \
50 - .
40 \_

T T T
0 18 36 54

T
72

T T T T T 1
90 108 126 144 162 180
Probe Angle (°)

Bl 3-12: ARG UL R SHIEE R

VEECR IR MERIAL S5, B AR i — 225 3R A W A AL 55, U o i

SRR

% 3-5: CASIA-B Hflafk_EIxt LS g2t it

Method NM BG CL SEYHBIRGRE

MGAN [24] 68.1 547 31.5 514

CNN-Ensemble?!l 941
CNN-LB 2! - 724 540

DisGait[®! 939 82.6 63.2 79.9

GaitSet™! 95.0 872 704 84.2
ACL+local+temporal®!  96.0

Ours 96.1 919 744 874

Rtz oh, FATidbAE TUM GAID i f EBibfy 17 ocss, 4R 3-6 i
N, WEFRRAEN, FATRITEILT-REIE IR 702 TUM GAID $ds e iy iir
AMREA . BAORYE, 76 N A B MR, AT A REE S8 & 1R i 202K
WA kA, T S G PMIEE, HAASRIWE R E T2 )
JIERIEER . TR, FATAIAUUE N 2 T Hdlade iR At ry R &
= | VO TR | L M v S & b

BRI B W AR A

TS, AR RS TR ST .
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% 3-6: TUM GAID $¥a4E L %) L sE g6 45 51

WiR7S N B S CEWIHAIRE
GEIP8I 994 27.1 526 59.7
Fusion Baseline®® 994 594 945 84.4
TGLSTM 43! - - - 98.4
2D-CNN 41 994 97.7 96.1 97.7
3D-CNN/#1 098.7 91.1 945 96.7
CNN-SVM 42 99.7 97.1 97.1 98.0
CNN-NN128 421 997 98.1 95.8 97.9
Ours 100.0 100.0 99.7 99,9

3.6 ARG,

ARFE R TP A S 0 R R, He, BT EERY Soft-
max 15 2% B IR RS AT A A 52 s TB) PP R N (B BRs , (EL2 S RERS IR A 7 8N 2k i
I 2], XTI AR A S FUNNE 55 R R BN K i = etk B AR
REMS 27 2] B A KAMERRHE, (B = e R IR LR A, BUREA S I
NEh. I PIRMK RBCA RS G, A 2 BEEAE RIS B A ACR PR AE
TR, 5 IS RIFEUIGREE ok B i B O iz AL R fE

BT R Softmax #k T EALAAERIZASE] i = eIk AL
TERRE S, PR R B UC AT 1) AT BRIR A — B0 . R 7 A 2% [R] I
e, BATRBAEMBHRBGEFEZ )5, FHRIE e AIA—LZ, FH—fL)5H)
FHETHR = U R 5 ET AR Softmax #15, THIH—1L)Z REAE 55k
DS B S i i o N <O0K 1150 P V1 5 06l N i 1 R Sl B R
MERE, 9800 T[] IS AL A5 2% IR AR 1 SR T4, TR EI T S AR

e Nl KRR, BRI T PR ERI AR, 8 CASIA-B $iinde
5 TUM GAID $iide b, FATEEAOCIR S 13 SR, 155
T AR LRI BIRSEE
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BRI 25 AR BENE TR R S I fE E, (HU2 JCIRal 2 2 Iy It
ARNE, TR AR, JCHGR SN ARk, R R KRR
ARFEHE N TR D PUE R AT SR, AR T AR A
Jrae B, TR TIRPERIPLS], 705 BB BONTE R L] S
P S BEREBAEE TS S B — TKAFAE B A ) B R, 4R E
2 [8)_E AR X PERITROL, RS8R iRy RERS L2 R B4
W ECBC B A AE R, T DASHTHE 21 I ) _E Ao 2R o PIARE R T LAR IR m] LA 2>
TrE A, R ASE R A

4.1 TEZZIIHL

4.1.1 LR TIPLE

T2 AR A AT s g — R AR RE, 38 AAE D 2 s A
fRER, ARENH BRI LEE, MM S —2EE. KNS AW
A WTSE . S0, SRR R AGE, (HEFRMIIARREAX LR
AR A FAZTHIATRATR TAE, 2 dTHATE B 8GR X
FRPEAT TN, TRERS LT AR RIE R AEM A M AR, il
RERFAGE, BT DAMEE AN B PSR, e o i RE R
e m M TR

R IHLE B Rl Mnih 8 A3, BT EGGUE, J5 ok i T H AT g
Yo, i H LT AR R Bk TAERE RO, BT M A
TSR TR 22 25 1 R BE 2 I AE 55 v, AR L B ) R PRI 1
SR VE AL R B0 TR R AR AN SCAS ) 2R BT A 45 . R E & BN T 245
WFTEA IR T
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HNT N AR [x1,- - xn] HHREISRFEL S RIER, T2
XHZAT S5 HEATEAE, SIA— SRS KRR, FRIEER & (Query Vector),
IR AT 73 R BRSNS i 1) B TR A . 10 R
121G I RN 2 18 6 0 BN A B OO/ O Ay AV IRV ES S i R S e 2 A
FR 2 SRR DA S TR B2

RBVERLR BT R A R SR

s(xi,q) =x] g 4-1)

LR IN PR, BB AE SC I m] A G R I MR B ek, AT
WRRERE . B, YEARBRYEE d s, ARG EER 2 A
BRI 22, AT ECAR T S B0 B (R U/ e A0 B 2 o 17
RGN, EAEVERE AT Vd #4711k

T
X;

)

s(xi,q) = (4-2)

S|

R AR RS A EMALUES, FTPAEE Softmax b BORKFITA 1)
FARLEE I — A ARRAE, S MR (B i (A Rz i A R, X
BRI T, B AR —Rh ARk myfE Bl Bk
Ui, ZEAIAE g FMIEAE X T, PR M AR o N

a;=p(z=ilX,q)

= Softmax(s(x;, q)) (4-3)
_ exp(s(xiq)
Yot exp(s(x;. q))

PEEER A ERIE B NS, /R 2R B 2 2 5 S ILE TR 7k
AW ek AL (Soft Attention Mechanism) FIRE 2 /L] (Hard
Attention Mechanism) . 1, =X (4-4) Frzs, BCHEER Iy HLHLRE BT 0] 4%
B _F A SR 1 B BRI E A it TR P ) B
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B R o R A &, ik (4-5) s
N
att(X, q) = Z ax; (4-4)
i=1

att(X, q) = x; (4-5)

S j = argmax ey, U4 AR BT OGER B BRI

SO BRI 5 B AT L A L T 7B L 42
A A, TR AL IR N AT D T AT AR, B
SEIOBIERES, HI, A, A HAEER AL

4.1.2 BRSSP

B R DPLE]E B Rl LR iz e ST e M AGE,
BN FE R (key-value pair) .

HEK, HK) HEK;

A1 ps Wi
i tgq iR

(i &V, {EV;

L4
L

Pl 4-1: BEEDRNE R PG

e 4-1 fros, AR BT R ROARAE X, e I B AL,
KRy = A1) i i & g, SRRk RIE R v TERREE R IIHLH
R kA y Z2E AR B AR, ST AR R g FERT
AR K T, TR, SISt AR RUZEARE, BETE
HE R V R EE R

RERAERE R AL 2~ 5 K (4-6) .

N
mmmwm=zmw
(4-6)

_ Z exp(s(ki. q))
i=1 _] ICXp(S(k q))
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SRR LIE RO 0E AN RN G 0 S I W i e e i s o R ) 1 2 RS
GrIEoR, BTV AR, (E AR ZR A RS, RS ISR 45
FIKAEST, A (A 28 BEA S dE AT

TESEBRE R, 7 BT 4R A SNSRI A RE ST, AT AXTE(E
BNRERTY 5T, LD SUA L ZRE R IR R EPR PR, 158K
ZAERI M AR, XA AN S R L. 2 AR ia e
TEIIER Ik, ATRASIERIA R ME R, T L RAE A T R & L 55 ok
UL, AR M.

4.2 FFERIBLIR M S s

TEATH, FATNEMET R M KRS I &, @R IPLH
254540 . AR 2 M 45 L RERS SR BRI 2S5 5L, x5 miR ), 4
T E M SRR B &R S (B 58, DASZIRF[A) b i — SR ¢ &2, i filf
MG ZMBRAEL PR H AR, Q& 4-2 Fros, 0152 a4l pAgy
R=EATRG, s (1) B2, HTHRBOEGRBIAEE, mEfReh L m 4%
WM (2) BRIGINER I, HTHBURHE R N 5 5 (3) Wigh
BRET IR, TSI A Wb i) A5 R e, BRI B A T
PG SR DA TR, tn] PASERIGEI o 3T sk & N Zid BBk
() BAR L 47 -
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4.2.1 B2 B

TEST AR BARN AR M R BLZ 1, Jesk o Ar— T I G R 2 M 45 1)
BRI . BRUARENS SR R s AR, TCAMIR B B 2 e, X
X U AR ek, JEHGR S HANTL S R, R R R E

BRI EH0E, SRR 2w R R E R, Hd, B4
AT 2 BGOSRy, BRI ETEE, MRt iam a2 B,
W 4-3 Fronh—A AR B, FEZRBI, ALTS TR (ﬁ
PSRN, HO R B A IR ERIEREZ BRI R S x 5. IEH AT DA
Z 2GRNSR, PTABE NGB YT, (H 2R R B A
TR, AT AR AT R A s TR RS 1T FLRE A I 25 RS I, R @R
RBE R, WHE ARG AR AU ERELS, Rtz oh, BRI HR A
A SR AR T R B R R I B AL

. A
v ) L1
~ 4 ~ (
raid 4P /
LAY y _;:I};——
LA v
@‘% S &
/%\ *& 5{

Bl 4-3: BRI R B

XFTERERIEMR, BRI 2 BRI 2R s 5, SR H B
W23 (5 AR IR T o 2490 BB A BB, T RAME 3D A, Rt
HEBEN=4E (K, SEFEAEES) 2h0gE (K, 58, W R AE
BH) . AT 2D BRI, 3D MBFAELZMSE, Wats el
g5, MHB TS0 2 5B, SCh bR BT 2R T By, 78
BRI SE Ak TR Z SR A HER.

BRGE A I EMR R, BROSR UL RIS A HE R, X— SR KK
A HILEE . B, FRATHER 28 ARG BT, 8RB A B b 4 I 4 R R B g —
WURTRIEREE, X2 FERN T IELEMK NS, dfd
PG KA

ST AL GG A 28 0 25 BRI 25 (5 B RO BB, FRATTHR T 3 LR
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MR 2820 . A E S BB A Mg B G —hit Rl SEER, Z
SR PO RS =Wk 1B S-S s 1] KA 16T M w0k D S N k1 v s a4 Ve A SR SR =D
2 EE, BRI HBEERINGR, A IS M2 S

4.2.2 FFREBEIUES SR

SRS ORI 25 o 38— e, JH T B — Wik A B
O JRE L S SR L A, A PEIR I T (5 R 5 0
(e 8

Pl 4-4: FFALSRIUM 4581

WNE 4-4 Frong BAEAT H RN S, E—HuSH NG
Bz, XEAER TR =20 ML, o EERINEH S E i E Mz
LRI BB BUSARIRMIA—L)Z, RFFE BT RIS R — AL 2IH [F]
W AN o HE—ALR RN, RIS PG AARSdE, M 25y Rk e
I X B R RO ] ReLU $05 s AR

EMZBOTH, HAS% TEREREE, 8- BEEPEER, 55
=2 EREMEERA, s 2 RIE AR EERZ . [, K2 G
BRI, SEHIUZ G AT, Gl s 2 5 R I SR U R A 2 Y
Wy . R TR Y AR ) AT B A ATE GRS BUEAR 1 ), R E R
N PR P AR ORIN, , AR LT R IR o e A N 24 P — i, KPR A
MR 2 ol i, EARAE R R R, XAl AT 2 TR R A
A AR, IR TSR, SRR AT APRIEX Sl B B S
BOOHA G T 0, HILRERS M 2k LB IR I I 2%

TR — e, AT, W ABdEEX R EEFY, B
HiR—EBRIFH, AT AR BN 2%, 2R GRS R
PR IR 2 I AT [ P 25 454, SRERRIRARAIE , BIDREF— S 21 N i R 1R 1R
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Kl , XM S LR ILZRY .

4.2.3 GFYONHEZ P

NAEREAT A SIS, A, FATRELERRSAY BB AT REREAS I W i 2
—ANGEHE, BEEUL, RN SRR AN RARE , FRATRERE —HRIA R, H
WRBE LR T, B R B, S S I ) —i o), AT 28 ritE
REAZIEAH R 3.

MARIR BT b 2 B Bk, FT0 T BREIONERE SLE], (555924
A RE S KRN — SKRARAE B O ) 7 B A B, 4R B R PR S, A
1t R B — A N AR R LA TR S

FME n, ) b AL w 73 HIARE EAT TR AL SR B 4550 15— Withe B
FITRBUL R LI AR, Horp n AR U U ik, o AUl R 52 HUAS
FIFFAE B ERL, 2 A w 73 BRI UG BIRAE B R S FE R ST, BRG]
SE =LVl S R (T S S g VA W OB

n
reshape attention
C —m——
—® J :

max pooling
s —_—

el 4-5: RPN

R 4-5 FoR, B R WIRAE R, AR08 n ASHES iR,
XA YRR BTN h xow, ACERRWHHALE h M E BT, RE
N e, MU E R EE R, X B A UR EAFEEE AL, (E A
TCRNLEAYRFE .

TERFWIEMR N TS, @Rk oA ) L B R SR BEAER, B — B
WEE, ARG TIAMENGER. W, FROTERIIHSER LR, 7
N R IRRAIE AN U R B SR — AR, R 5 SRR A R AT SR, [l
ERIRRAER, X2 R H A ME A T B, SR kA — A H%
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R, W28 RERE AR . o), s AL, A — MR
PNEBIAE ., 1B — R A RHIE . AR, X BRI DR AE Y
e, R R THRAEE PR TR AL E RIS R, MEABE ) 25 KR E— D RFE
BRI — AL, AR SR BURFE

4.2.4 WGSNHEIIBLH

b T RERS L S RO X IR ALEEAT RO LAS , B AT T DAE L B A
A B SRR — N, IR — A BB I R EL bk, B kA A
Wil 1) e —AJ7 ), FRATRENS @ i M EE — Ryl (A W E LA, A 2 0%
AE R N AT IR

MBS IR B RE R 2 2 R K, FATBRT TR L. il
I B R L], W45 BE ) SRR B B B BURAAIE P 27 o HE B AR Y
Fetbini, MOX O REME LS it — B B AL, ARG BEF TR

c

EEEEEEEE
attention [ [ [ [ [ []]
n___ ., SEEEEEEE
EEEEEEEE

e
|

L @ — | FC Layer | — | Triplet Loss

Pl 4-6: T = I HL ]

e 4-6 FroR. FESEBUH BRSO T Ry Ea_E, JEF T s I
e X—BRREA RN nx e, Ho, n R HRIWEL, o hdE— MR
R BPRAEZERE , X AL E— 2 R RO AL 1 B o7 B A Rk 0E
PR 2In), FrVERILERENR T o, SHRAIE R B B RO <5 .

A MU AR I B, P25 BERS ST B R BUR BRI e A AR B, A
A fE RIS SR ZESPL, A — A AR

TEZE I WG ABE R APUHI ARG, SBRRFONEE LRI MEESREL, A
VIR LRI RI SR, M AR IR AL E R, R AES
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W AR R A EAN SR, SRR BB AR, FREIER LRI R A 4R

R AT SR U SR B RRAE SE I AT D, FATHE M I B AL 2 5
WY R, FRHEMU R A X RS e X R £ S [
ORFAE ) T3 = ek, ARX SR T A, SR F 3. 1.2
T T, AR .

4.3 5P

FEATT, ATE LN AR LI RE, KR s oL ey
AWERER, N T oA B R LRI R PERE, IR BB T
PR VER T Z IERRATEA T I 25 i Skt b, I 28 = Fa g2t i i 2k o
B, PP RAE TR R R RSB e, AT S AR — 2Ty
IRHREER, UHIRA TR T IR A R -

4.3.1 JHRiXA

T =B, FATEEH AR =+ WOH THEBURE, 2 R AEf i
M 25 R UG B RO RFAE 4R BE R/ NA 30 x 32 x 16 x 1), Horfr, 30 S ML EY ikl 32
IR S B, 16 A1 11 23 5 4R USRI R I ) SE A 7 o

TER RGO R LR, FNIE A 2 R BRI k8Os 4, J280h
L, B ATERCIPUHIRAELE S, gt G h SR U R n B 32, FEERE A
DL AR L AE BER, it k A1 v W4EERCH 160 TEMIZE R JIHLH
FAMICE 0922 S B PLHRI SRS R RPN HLHSEAH

W 268 5 RIS R 4B 2, th 4B 256 fEill g fe . ATl
U R ) =0k . 2> IR 0.00003, R/ E SR R
W 8T, BT AN 4 BoE s, BI6)I1ZE 80000 fe ik, H, —4
e YA B R ORAE H — A/ Mt R R R

TESHH, AT T CASIA-B Hiade™, BB C &AE 3.5. 1 ik
fI7nat, BAEAHSEE.
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4.3.2 EZIHEER TR

FE 4.2 9p, AR T PIAEE LS, 2 AR R RGO P A
AT AL, O TR, AT BIPTIE T B A R R B
Ji. BEE R WECIRER ). BRIGEE I EIRMG R (88k), AR
BRI SO SR E, XAEE B2 Hd, &
RIONEE SRR B RIGNEE ), RIGRER R EER B,
P AT 2 — W R AE . W B 7 A SR AU Wt sl A 7 AL
i, RAEREIFEE ARG, SeAEWiN A T Rl AR5 S g sl L= il
il FELRER PR PIFER I M, IR RINER T, JEhigk
BRI T 20 BHETER AU QR IR R R AL A 2 1 45 28 1) PR
b N ER L E g

FANTHE CASIA-B 3T TR AR SEES, SEIRE RIS 4-1 R, 4l
MR A, MR RO AR T REFRECR, X TR
M7 R, RES IR X R K AR AL R N P (R BT R G, AR 4
TR AROR o

% A-1: AFERE LR KR AR

HENERTRX 0 18° 36° 54° 72° 90° 108> 126° 144° 162° 180° FIYiH Pk E

BEFHEFES 9918 9836 99.18 96.72 100.0 99.18 99.18 98.36 98.36 96.72 98.36 98.51
Mg 96.72 9836 97.54 9590 9836 97.54 9590 97.54 9590 97.54 95.90 97.02
ESHERESN 98.36 96.72 97.54 97.54 100.0 99.18 96.72 96.72 100.0 98.36 96.72 97.99
PR 98.36 9590 99.18 97.54 9590 97.54 97.54 96.72 9836 98.36 97.54 97.54

FOME MR AR R T, SR8 TR EMRCR . AT, WZOHEE
FINUH AR RE ) RAEB A RAE I T A RIS, B2 202208 T R3] i ) 7
H DA S o AR RR RSB T WG R TR A RAR B B X0
M EHFE, RARCRILEZE.

(N PHEE R LR MESSE R U, B2 T EIRIRECR, (H2am 2
TREGHREEIIROCR . XA E R B2 R 7 0 800 . B e — T
3R MR R LA eIk SR B A 0 |) 5 A5 R, S EUCIRA RO &
FPHI AL s 53 b7, T PSR LR A, KIESE I T M 452
B, MRS AR, G IR
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ERRE, B AR SR LR B AR A R S, e R ERK
WAL AN FTA R, B2 T iREFrRer, I e G gesc g, 2l
FXFER AL E

4.3.3 iR

N TR B U BRA RS 3 B b 45 5% R B A R A i, FRATI O
JAANTRI A5 2R eRABOR N SR A B P I 2. SEIREE R INER 4-2 PR, Ak
HRTDAR Y, R PRR K A R Gk, BSERERS SR T PERE , 15 R
EFRAGEE, REAEZ AL, RS T IR R B

K 4-2: WK R,

2 R 0° 18 36° 540 72°  90°  108° 126° 144> 162° 180° PHJIHALKERE
SIC4UR% 9836 97.54 99.18 97.54 9836 97.54 99.18 9426 97.54 100.0 100.0 98.14
A-Softmax % 98.36 99.18 98.36 98.36 100.0 100.0 100.0 98.36 98.36 98.36 97.54 98.81
HEFEHABIL 1000 9836 99.18 99.18 1000 99.18 99.18 98.36 99.18 99.18 99.18 99.18

FMIME 4-2 Fie I T — DB ISR S ARGLT 180° i, RPAL
AT T B ATk, BRI =040 A e i ReR s T 2440 i
T90° i, BEAMIATHETT -5 BHE K 1075 A DAk ELF, R 1] A-Softmax 2%
AHELFIRCR . FERR A RS G CAG , TEN A A R YL RT BEAN 40
SE R — Pk R %, (HUR A R B 2 BRI BRI FERY SR T, IR &
WA T—Er5T. BERYE, ARBBKRE, EARBA T 2H
EAEBTRBITERE, MR IR A REE AR, R B R B AV BER 3R =

NT BT R R RCR , A2 1RSI AL 2,
& 4-7 iR AR, AT T Hl—J7 YGRS AHAPRT EE , o4 1000
PR T — . BRI AR H, FRAI5E AR R %, AR ETHER
P, 1000 YRIAPASG, 24 74% AR BIREE T . B i) 75 AP 2k
HIRCR T AT ARk . (EEREAYE, A-Softmax 5 2% B SR R AP
EIHgE, HRad KnEIZAE, ZeRRmEE © =tk &em T
JC IR B R A & HARUEATOUA , (EASARR] B 03 94T NARFALE 22 18] 8 S 4
I, AN B AT NRRIEZ (B BE B S i, PR A 31 SR P RE REAS P42 7T,
R 2ad —BO R IR A S i A ) By —Jc4l, —Jcdlfike
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Accuracy Comparison

95 1
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85 1

80 -

accuracy

75 A

70 1

—— triplet loss
- angular softmax loss
—— proposed loss

65 -

60

1k 2k 3k a4k 5k 6k 7k 8k 9k 10k
# iterations

Kl 4-7: RIS A AL &

Bk I A MER, AR BT,

4.3.4 XfEESCSS

e, FATHR TIATITE G AR — L7 A4 LA TR BIPERE.
HARKY, oM7Y GaitGAN?? | PTSNMI | 3DCNN P F1 SPAE!! k47 T HE
B, 03k 4-3 Fon, AT IR T b B RO, JUH 4k
0°, 54° F1 108° i}, FRATIIT VAR IR BIRCR KRB 7 H AR TR FRCR,, 580
O T IRATT TSI VAR A R

% 4-3: IR

HE 0° 18° 36° 54¢ 72° 90° 108> 126> 144°  162°  180° FYYyiHGIAEEE
PTSN46I 96.77 99.19 9839 9839 9435 96.77 9597 9597 96.77 98.39 95.16 96.92
3DCNNB4 96.30 98.20 98.50 9540 9430 99.90 98.60 97.00 97.40 99.20 96.10 97.35
SPAE™ 98.39 99.19 97.58 9597 9597 9597 96.77 98.39 97.58 96.77 100.0 97.51
GaitGAN?2 100.0 99.19 99.19 9597 100.0 9839 97.58 99.19 99.19 99.19 100.0 98.90

BREER S + sk 100.0 98.36 99.18 99.18 100.0 99.18 99.18 98.36 99.18 99.18 99.18 99.18




4.4 KF)4% 55

4.4 AT

TEARF A, FATAT 7 ZMER 2SR S, B TCiRme 21 0 iy i
ASHHE, T T AU R BEAE A M B R . M — R &, 2
KAk B2 A5 BT s NB R &, BATBOT G TR B ALE,
RAR R BOIE T AL AT AR L AR b, FRATBT TR
HOIRIE e i R B i 165/ e S o3 TS D B TR D A A B S D
B RS EWHR UL AR R R POIE R IIIUE], AR B
RS FFBREGONIEE SR WG PLH, SR BB
I RIEER

BRGNP RENS 2] — SKAFAL P N A [RGB AR s 2,
1oL A 22 > B REAE P PN PR DX 1A R 5 one S = T B o AV ok A5 1 2% X 3
PRI 18] B S BV a7 B SRR S R o AR SR
Hr, ATDARE AR O RS Sl ok, Je R ERFIEE N R R, OGRS
iR R . fea, FATHE CASIA-B Bl Liseds, UEM T Pl A2k
P






Fhii BaEPUN RSB

NI

N T BAEA SR SR RIR A RS S, RO A SR IR
RIS AE TR R G . FEAT R BATBOTH L I SRR
ST IR Y2

5‘ 1 %rh%ﬁ

W E LT A AR AT RBRBI AW A, X T By IR BB 5K H . A1
HF SRR E0R B 5 AR, 2R BB sk NBEA TR, R m]
PATCHA . AR TR, XA AR AR BIME A DR AN A B, 2B R
SR B iR R GE, AT DA AR 2R R B ORI 5, I T % s
SEE PSRN, SRR

HNT ARGERE IR, FATF B A as Sl 2kl TR U SRR A
B AESERR ] A P RN 2R . BEAS R GER] LAY AN ER Sy, 23 Bl
WA SR A R, T BB R AT AGE B E RS
PEAToRA, ARSI R AL PR AR s AR AR, X RRRBIRATA
(] R P 30 (S s il HOE R LS, a0 E e ST VR, 5 R R BT AT
MEVEATEEXS . AR ERBIEE R . AT 3590 K B R 1 AL B AR .

T AU R AL B DA R FFAE SR BRI AR 98 VT B B, i S8 B R I — e 5
TR A B A B TR STRR AW f Edb 7. O TARIERARCR . JA TR
ARGy i e, He i e LS R W RGBSk, SRS
JGEB TSI, HARF UL s 4 5t s i b 50 R AR AR BT 55
LA SRS 2 AT NRFAEORAFAE T, IR R SR I Rl AT A
FFAAE, 52 B BT A R AR T U SR B A AR AE . SRS B b P2 ok
FR—MTA

57



58

&
)
el

W AIRA A KT

5.2 &gkl

N 5-1 R, AT RG060 & =B 2 @ Bl b e . 1
WSR2 U B e AT UL, $RIBON 55 Je AT N e BRI
TEFEWTT B, 5 A1) 2 B 1 SR BT A 2 SR A At v 5 IR BT B, B
B PRI SR I B9 A SRR 55 P o B A R AR AT RO, AR ISR . AEA Y
XX =AMEBRAR N4

7k B8 o
-
— ==
TEMHIY Bt =
— b —_—
ﬂ& AU {%ﬁ
AT PO B B

FHEELXS | — UM 45 2R

K 5-1: RGHEARIE

5.2.1 Edsmsbpe

TESE P AU IUIR il A L ] BE S AP AE AR 22 1A R S50 1 10 2503l 1 BN —
HURNOL, HAEIRAE L, AIPL S T ARBE AL, A7 AR (0 (5 B B 3 5t
P QAN AT RBRXEFEEN T, RS IGRPEdE— 2 s
TR RS, e AT AR TAL PR B . X LT B A s AL PR A
PR B S B AT AR5

FeBUP SR B R fr il U AT E AT NS TR EDT R, RAGEIFT
NFHER K S RAT NPIE R DIR R AE R E o 1, 17 NS B K, B
EARICHN 00 L4 AL T —Ma Mk, BEERERR i T A (o (5 5L DA S
S (BRI O 90, ZRAS BOMuERR ) RSB 45 R .

FATX BRI AT FslRE, R Tiafrl g, A5 50, W
T RESAT AR EE SR T, 2SR B R ARz 3 H
PRI . BAMAOSRYL, 1207 R E SN T St A, RS R ol
HWRITEANZE, RIERASCE e, HEIEGR+H 5T RERIRRK



5.2 Akt 59

B, YRRz HARTTER B . ) L(x, y) SRS & miEg A T
(x,y) AeBBRE, H B(x,y) FREBIHIE AT (xy) ZerGRMAE, FEaTdk
P—EENBIEICH T, ERJENRMEERY, Di(x,y) = 1 AAFXVALE 2
frill B SR, Di(x,y) = 0 ARRXT A B2 5. SR A
g
Lif |[Ix(x,y) = B(x,y)| > T
Dy (x,y) = (5-1)
0, else
WA 5-2 Jrn A s SR A2, o, B 5-2a 25 AU g 35—t ,
[l 5-2b @ EELH R SIS, Kl 5-2c i 2 I E ) H AR .

(a) %y APUATII (b) T3t (c) K im &4 51
Bl 5-2: B st bR T A

X HLE S ALY 2 R ] — AN B AR5 Sk SR B A G B A L
A, T IR U P A A — W SIS E RIS 2 T SRR

BT N UG, B2 PR R EIA TR BUC L BT AR FF. BT
B NTREBAHDUE BN TF], £ E PR AN d T g R LE sh sk & 7 % 5O
W), PRSI AN BE AL AR, DR TR B MU AT AR5« AT
XELRFITA AT ARG E] 64 x 64 1R K, WEARGRMERK, BANWREREDS
SR, ER ORI R R IR RS, e SRR A, S EU
RIS 2, MR FE AN X i SR R 2. il 5iik, 64 x 64 5%
AR AL RN,

AR AT 2B T A7 (1) B edsdT A h B s
BEATARR yi, PARSARH IR EATAAR y25 (2) B yi 5 y2 PRI
fof, R PR DA LR B S B S B3R, X HLHLS = 645 (3)
W B AR AR AR P A B i, WXL R A HL S/2 MR E, WA
AR S/2 AMEFE, WIS 00 TR50 IR I 77330 BRI O QRS Iy 5.1



60

R
I

F AR ARkt

HETR. XFFREFRANIE 5-3 .

(@) 17 NFRIGE R (b) Xt 3 &
Bl 5-3: X557 AR/

T 5.0 REREXN R
BN FEXSFREERIE D, HEh b, ik ws BHGRGEIERIERREL R(1, s), H

H, TR, s IR R RN S S5 a R BRI
itk XS ERAEEIE D
L Yiop — W B EIHAEATARAR
Ybottom < ETX‘—F/I%%%B?T :l:*T
ratio «— § / (y bottom — Y top)
w_ =ratio X w
Dresized = R(D [ytop . Ybottom> - ]’ (S, W_))
Xsum = 0
count =0
forie {1---S}do

for je{l---w_}do
Xsum = Xsum + ]
count = count + 1
end for

. end for
© Xmid ¢ Xeum/cOUNt
. D = Diresized| : s Xmia — S/2 & Xmia + S/2]
. return D

—_

R AN L

e e e e e

5.2.2 {HELFR
e 5-4 NS AR R AR A . MRS AR SRS 2 Al sl TR
sl FL, W R ARSK IR St A 5B B BRI, A i B L SR
AN, PRI A AR R, Rl R 1 45 e, LI R
T i SR [ TR A5 B FE IR, XX R B S R A T
AFFERTREL, RARIBCHRAVRFILEAT TR, HT IR ZamiR.



5.2 FZ#Hakit 61

o \ B —
S| S s
”ng iR “CEBRTh”

J5 Uit G BHIT

A, BTFES
v FHIE v

B 1R ‘

ik [ | B EHHE JB[FIZS

S5 SR

12 R 1D

A

Bl S5-4: A AR

FESEBR AR T, B AT AN 2 BOE MO S, 2 e A [l 1Y
EREOLT, IR HREATE, B2 H AR TAE. N T %
BXAZE, AN DM ID, 5 SR, i
RLRF B AT N ID 5 C2Ae P tad, AR R, Ao A
AIM—ZFr IR, A EN— 8T A

JE X HEAE 55 SE I PAG , FF R BRI 45 B, MERF, S AE e A
A CHEMEE BIER. B, IR

5.2.3 BUILHE

Wk 5-5 Fron ARSI AR AR K IR AR T S AL A5 0 A
iy ATAGRA R, PR BRI AR A R AT AR S AL
B, AR SR _E SR R RS R, NS A S CESRORE R, Rk
e A AR 1 2 i, S8 Ao i a1 SR 5P 25

FEJe b, E e ISR BB R IR BB A AL, AL
S ENHE PR BT A AT NP ESRE TR, WIS AR TR R, B 5 FrR
AT NFFE AT P AL . ARG T SR IERIAL 55, R 422 25
FAEXS AT N 5 2 ] — M A, BRI )y 508 UA P 2 8] Y 7% 5%
B, WERHE/NT AR BE, AR A SR E T F — M7 A
JmIR O, DAz NE R W, R 8RR AT A& TR T A
HfEE .



o ;ﬁ_ﬂ’.:?f ,}/;—_‘i&i/u\gl] ,% é’}’tﬂy’ifl_

«ﬁﬁﬁ%”_.%mhﬁf GE R
Je i 2 |ismEi A
VEHI 2

— ] s Bk B —

B Pl i S B[R

ol PEFRITA 5
TR A
RJE TR
M N7
K 5-5: R AR AR R
JE B iX AT e A S, Blim e S PR “CRBISER” WIE R, [RIEE

HAREER R TR, 2L, AR N

5.3 HRot%EM

AR SN G ARG LB, AR, 2> B SE IS B
SCBL, MO, FEATTH, BRRARENARF LR TR

5.3.1 mfFsEi

M SR A TR R B A B, s A2 R, R aRAT]
Ve T W0 e 2, i A R B S R R S AT S U,
AT P20 5 B8 AT 35 AR B 45 I, J o P IR TRAAE A SR LS ST . R,
i 2 S RS A, 5o S E AR VT RE ST, A i A
I 28 1B 15 R

FESCE R, FRATEEERGE M AEIR 3b+ SEEBBRANT IR RS, S5 3R A
2 % $ 1080P it gk C920e, A B A4 T— 2 ML HEE )y, A% A 3l
PRSI B o Al AL A R, AR ARG A B8 K R, W LA
TR AR S, RGBT ZrNH .

TGRS, FATEREET Linux REMRS S, CPU K 4 O Jeky
IR i7-4790 CPU, F4ii2 3.600GHz, iafTNAFHR 24GB. i T REZHOTHHEHRTE
(0 AR, FAIE Y R4 GeForce GTX TITAN Black, THHAEJ) /2 ALY



5.3 ZHREMN 63

IR, 4 6GB M1

5.3.2 Efkoei

FAMT ARG 5e 5T Python 1. Hdm DI AECLIE Ul PARAR P 5
R , i 5 )5 s A TR, R R A& 1 25 J5 i . FAT6E Qt Creator
SEMCE DL FRAL R R E B AT, BT PyQu AR A, BRI
VSRR A 2R A SR Windows, Linux, Android flli0S 42 248, 53k
IR HTSE AT DAIBAT TR NME RS, EHRIG. A1 opencyv-python J£®
FIRUBR SRR A RAT BT numpy JE©RF SR 21 AU R 75 . TERTS
Ui, FATHE protobuf J¥ H LA K 7R B AL BT ML, LT
AR, SC3F e SCBARait, RIGIEIRR

Jadmth, AR AR R SRR AR XA o X Hi
ekl R, S IA — R AR, AR, Bt &
WA AN S OER, Jaims X E ], ERREBCERFHE R R, —[F
SRABEE, DAME R R ARSI 2, AT 1 IR ¢ R B A
FiE 1evel DB SR AFAHRICHE , B i Ll i SR I TR 3 I i, AL
AT PP/ 5 A A B R o 20 i S £ R UM SR, FAT T BRI R
FAE R, SRR P R RRE ) AT HOX , 0B b AR R ) i, 2R (1] 3R
iR T RGP BIRIR S IR, FAELT pytorch FEZE IO PR T 72
R T HE R ST HER , RHEZR R R, P DAMR s (b S S 45 N TS A
o T8

5.3.3 R

FeATiX BLRF A i 1 — & Linux BB N ss, ARSI MiatT
BOR

©PyQt5: https://github.com/baoboa/pyqt5

@opencv-python: https://github.com/opencv/opencv-python
®numpy: https://github.com/numpy/numpy

@protobuf: https://github.com/protocolbuffers/protobuf
®levelDB #§#}#/%% : https:/github.com/google/leveldb
©pytorch: https://github.com/pytorch/pytorch



. %ﬁ’—%"ﬁ _/\j—liéi,ﬂ\ﬂll ,% é’}ffb‘fifl_

FEFFAB T FLRIAN R 5-6 s . FEMUTNS, Hoomiy “STIPLY #&4,
PRGBS O, e R 2] 67 0 By, A R AT AN 85 AT
NRHI” F4, FEATAT NREMF R RAE S, ARG AT AN, 2Bk
WE 5-7 ProsifE BRAS, SEARERT AN BOEER, ST Ak
FrNID, A7 Nl ID SR E—FRifs

X v A FARIN AR 2 X

STIFARAL
47 NI L
TFb 71 B R
K 5-6: F& 5 AL
X v A EHHE LA A # X

AN ES k=

B ATEMATD  abcl23456)

e A

Bl 5-7: {5 B AS

sty TFURRA” AL, RIS R, SRl 58 B 2 B 3 % 5 2 5 v
BTN EGRBIAL ST WERRAT NIEMAL TS, SAESE AL S5, RE R R (]
B H B o AFTAT NRBIRATSS, BeZARBIRRR, FIREt 2 M e i ik ] 3]
B, ETER H b 0K 5-8 Fn, XL B2 BaRTE A T B SCAREN .



5.4 KF )4 65

X v F AR AR £ X
7= I\ o ~ A o] pseny
T NEM 17 A5l W, =
TRl | g |10 aPei348

el 5-8: ISR R

5.4 A

FEAF S, FATH AP RENE, ST AT BBty SRR 5. it
ZAGNEEL, A DABIEA SO BRI A SR S, RS R GRS B L,
R R A 24 B BB A Sm ARG B B O iR s, S AT A i S (1A
RAEER]






LAV SRS

iy

W (B R ARRI AW &, AR BRI 2] TARR R .
e, BB i T T AEAR 2 B T IR B AT DA B, DA SR
SAEVA DR R A BRI, OR T2 R AR R At (B2, Ui as
WHIFSE, KREARAE T B A M s #H LSTM #iZ M4, R & M 4
A ASRBUS 2 =5 (5] o Y SR B AE R, (H @ TeIR B U N R RO K &R . LSTM
FSRAEAE XTI ] BT, (H2m T HM AR R 7k, SE0ai3
IR

TEASCH, BAIVNERZTAESIE, BT T —Mafii ik, s
SEBUH EIRA K PER B SRAIE . BUAh, AR SGEMNIRRFE RIBLE A, BF5E
TRERE IR GIA L SR BTk 0730, BRI T AR I PLH . 3
TSRS AR SCRIr R 07 YA B 2 S B 2 SR B st b . AR, AR 2
ZEUTHRAN T -

o NWERAMAEHIE, FAFRE T —Fhaprm i R k%, ik sk Bt e
WA B =PRI, BRI R H R, BASAHRE S eAs
FFAEZ 18] 1 B /N TS R B O AR AR AL 2 TR] Y B s SCRBRE R 211 B0 38
R RIS 2 ) BRI IR . = eI Sk R A AL AERR
A, MRT 7 R R R B AE R LS A, S T R 5S4
WEFIPEAL , FATR AR BURRFAE UG, A —JZIH— =, TR 2
B —ANFAZET W40 L, RIS . 78 CASIA-B Hdl4E A1 TUM
GAID %flidke BT SCIR 4 R 2R, AP i A S T A R SR
R, UER T B b T IR A R

® S NN TARIBER R 2, FATHR A8 R LR R AR D SR . A
REFC R I P21 P ) A — Wi B 2 R 2 ) 5 S VR 5, FRATTER T
FREERCOPLS], 0 AR R RPN T LR IO L. Hod, &
RPOEE VLR RS (A5 M 28 e BN R S TR R &, MU ARS AR
PERRAZIEF IR B mitla) i L R 2 B R P A5 S, fE

67



68 FxF YL ESZ

05 55 P BT AR AR A T DA IR R )y 4 ARk
F, LT DA 6 . 285896 17E CASIA-B $dind ERISEH , HIER
T AE A A AT 5 2 LA R
o FLAILES PR S, B T T S HRIEE SRR . ARG
ASRERANEG 4B RAUG . H ATSEI RS,
G5 TR AT G LB IORUR: J5 B 00 B AT A B RIAT AR 515
B, RV R E BRI, TSRO P P AT A O (5
HEIAS SO TAEBR R, T DAZRSETF IR SCOBIIE TAE. $5%8, AURMER b
B, A I R B £ AR R AR 1T 5, R RS A
SO, ORI S TR RGO AL, R AR A
(LR, BRI PR BRI E . AN 7 TS G 5
(B2 £ b AT 2, (R4 flE ) 30 R R S B U 26 8, TR
SRR T . JLAN, MR, R — AT A TS 4
B, 3o TR A T MR R T R B I JEE, th TT DA A I £
RIATIRSC. 0, T DAAKSE M FERE2E ST P I, R 05 AR ) S0 0 2
B, DASE] S H AR, SRS A X A R
AT 5 AN — B S R TTTE T AT . A B SN 22135 B TT R4
T, AR R B R R R B, (RSB TE R AR H B2 A
SFUOLSEATRR S TFIT I, AN TEo G B PR S AR e
KL . AT AHR R i B, UL MR . AT
HOMLE , WA AL RN RIS B, 54 L (3 ELIRRTT o , L6 R
B2 ASERE £ AT 3, R UL T o LR T B A 9430



225 (i

DELAC K, GRGIC M. A survey of biometric recognition methods[C]/
Proceedings. Elmar-2004. 46th International Symposium on Electronics in Ma-
rine. [S.1.]: IEEE, 2004: 184-193.

NIXON M S, TAN T, CHELLAPPA R. Human identification based on gait:
volume 4[M]. [S.1.]: Springer Science & Business Media, 2010.

BEN X, GONG C, ZHANG P, et al. Coupled bilinear discriminant projection
for cross-view gait recognition[J/OL]. IEEE Trans. Circuits Syst. Video Technol.,
2020, 30(3):734-747. https://doi.org/10.1109/TCSVT.2019.2893736.

YU S, TAN D, TAN T. A framework for evaluating the effect of view angle,
clothing and carrying condition on gait recognition[C]//Proc. 18th International
Conference on Pattern Recognition: volume 4. [S.1.]: IEEE, 2006: 441-444.

NANDY A, PATHAK A, CHAKRABORTY P. A study on gait entropy image
analysis for clothing invariant human identification[J/OL]. Multim. Tools Appl.,
2017, 76(7):9133-9167. https://doi.org/10.1007/s11042-016-3505-0.

ZHANG Z, TRAN L, YIN X, et al. Gait recognition via disentangled represen-
tation learning[C]//Proc. the IEEE Conference on Computer Vision and Pattern
Recognition. [S.1.: s.n.], 2019: 4710-4719.

ZHANGP, WU Q, XU J. VT-GAN: View transformation GAN for gait recognition
across views[C]//Proc. International Joint Conference on Neural Networks. [S.1.]:
IEEE, 2019: 1-8.

ZHANG Y,HUANGY, YU S, et al. Cross-view gait recognition by discriminative
feature learning[J]. IEEE Transactions on Image Processing, 2019, 29:1001-1015.

CHAO H, HE Y, ZHANG J, et al. GaitSet: Regarding gait as a set for cross-view
gait recognition[C]//the AAAI Conference on Artificial Intelligence: volume 33.
[S.1.: s.n.], 2019: 8126-8133.

HAN J, BHANU B. Individual recognition using gait energy image[J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence, 2005, 28(2):316-322.

69


https://doi.org/10.1109/TCSVT.2019.2893736
https://doi.org/10.1007/s11042-016-3505-0

70

B ik

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

BASHIR K, XIANG T, GONG S. Gait recognition using gait entropy image[C]//
International Conference on Imaging for Crime Detection and Prevention. [S.l.:
s.n.], 2009: 1-6.

LAM T H, CHEUNG K, LIU J N. Gait flow image: A silhouette-based gait
representation for human identification[J/OL]. Pattern Recognition, 2011, 44(4):
973-987. https://www.sciencedirect.com/science/article/pii/S003132031000495
4. DOI: https://doi.org/10.1016/j.patcog.2010.10.011.

WANG C, ZHANG J, PU J, et al. Chrono-gait image: A novel temporal tem-
plate for gait recognition[C]//European Conference on Computer Vision. [S.L]:
Springer, 2010: 257-270.

LUOJ, TANG J, TIAHJADI T, et al. Robust arbitrary view gait recognition based
on parametric 3D human body reconstruction and virtual posture synthesis[J].
Pattern Recognition, 2016, 60:361-377.

WANG X, YAN W Q. Cross-view gait recognition through ensemble learning[J].
Neural Computing and Applications, 2019:1-13.

KRIZHEVSKY A, SUTSKEVER I, HINTON G E. Imagenet classification with
deep convolutional neural networks[C/OL]//PEREIRA F, BURGES C J C, BOT-
TOU L, et al. Advances in Neural Information Processing Systems: volume 25.
Curran Associates, Inc., 2012. https://proceedings.neurips.cc/paper/2012/file/c3
99862d3b9d6b76c8436€924a68c45b-Paper.pdf.

DENG J, DONG W, SOCHER R, et al. Imagenet: A large-scale hierarchical
image database.[C/OL]//CVPR. IEEE Computer Society, 2009: 248-255. http:
//dblp.uni-trier.de/db/conf/cvpr/cvpr2009.html#DengDSLL0O09.

FENG Y, MA L, LIU W, et al. Unsupervised image captioning[C/OL]//IEEE
Conference on Computer Vision and Pattern Recognition, CVPR 2019, Long
Beach, CA, USA, June 16-20, 2019. Computer Vision Foundation / IEEE, 2019:
4125-4134. http://openaccess.thecvf.com/content_CVPR_2019/html/Feng_Un
supervised_Image_Captioning_ CVPR_2019_paper.html. DOI: 10.1109/CVPR
.2019.00425.

CHEN J, LEI B, SONG Q, et al. A hierarchical graph network for 3d object
detection on point clouds[C/OL]//2020 IEEE/CVF Conference on Computer Vi-
sion and Pattern Recognition, CVPR 2020, Seattle, WA, USA, June 13-19, 2020.
IEEE, 2020: 389-398. https://doi.org/10.1109/CVPR42600.2020.00047.


https://www.sciencedirect.com/science/article/pii/S0031320310004954
https://www.sciencedirect.com/science/article/pii/S0031320310004954
https://doi.org/https://doi.org/10.1016/j.patcog.2010.10.011
https://proceedings.neurips.cc/paper/2012/file/c399862d3b9d6b76c8436e924a68c45b-Paper.pdf
https://proceedings.neurips.cc/paper/2012/file/c399862d3b9d6b76c8436e924a68c45b-Paper.pdf
http://dblp.uni-trier.de/db/conf/cvpr/cvpr2009.html#DengDSLL009
http://dblp.uni-trier.de/db/conf/cvpr/cvpr2009.html#DengDSLL009
http://openaccess.thecvf.com/content_CVPR_2019/html/Feng_Unsupervised_Image_Captioning_CVPR_2019_paper.html
http://openaccess.thecvf.com/content_CVPR_2019/html/Feng_Unsupervised_Image_Captioning_CVPR_2019_paper.html
https://doi.org/10.1109/CVPR.2019.00425
https://doi.org/10.1109/CVPR.2019.00425
https://doi.org/10.1109/CVPR42600.2020.00047

K Lk 71

[20]

[23]

LIF, LONG Z, HE P, et al. Fully convolutional pyramidal networks for semantic
segmentation[J/OL]. IEEE Access, 2020, 8:229132-229140. https://doi.org/10.1
109/ACCESS.2020.3045280.

WU Z, HUANG Y, WANG L, et al. A comprehensive study on cross-view gait
based human identification with deep CNNs[J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2016, 39(2):209-226.

YU S, CHEN H, REYES G, et al. GaitGAN: invariant gait feature extraction us-
ing generative adversarial networks[C]//Proc. the IEEE Conference on Computer
Vision and Pattern Recognition Workshops. [S.l.: s.n.], 2017: 30-37.

HU B, GUAN Y, GAO'Y, et al. Robust cross-view gait recognition with evidence:
A discriminant gait gan (diggan) approach[J]. arXiv preprint arXiv:1811.10493,
2018.

HE Y, ZHANG J, SHAN H, et al. Multi-task GANs for view-specific feature
learning in gait recognition[J]. IEEE Transactions on Information Forensics and
Security, 2018, 14(1):102-113.

YU S, CHEN H, WANG Q, et al. Invariant feature extraction for gait recognition
using only one uniform model[J/OL]. Neurocomputing, 2017, 239:81-93. https:
//doi.org/10.1016/j.neucom.2017.02.006.

MNIH V, HEESS N, GRAVES A, et al. Recurrent models of visual attention
[C/OL]//GHAHRAMANI Z, WELLING M, CORTES C, et al. Advances in
Neural Information Processing Systems: volume 27. Curran Associates, Inc.,
2014. https://proceedings.neurips.cc/paper/2014/file/09c6¢3783b4a70054da74f
2538ed47c6-Paper.pdf.

VASWANI A, SHAZEER N, PARMAR N, et al. Attention is all you need[C/OL]//
GUYON I, LUXBURG U V, BENGIO S, et al. Advances in Neural Information
Processing Systems: volume 30. Curran Associates, Inc., 2017. https://proceedi
ngs.neurips.cc/paper/2017/file/3f5ee243547dee91fbd053c1c4a845aa-Paper.pdf.

WU B, XU C, DAI X, et al. Visual transformers: Token-based image represen-
tation and processing for computer vision[J/OL]. CoRR, 2020, abs/2006.03677.
https://arxiv.org/abs/2006.03677.

IOFFE S, SZEGEDY C. Batch normalization: Accelerating deep network train-
ing by reducing internal covariate shift[C]//International conference on machine
learning. [S.l.]: PMLR, 2015: 448-456.


https://doi.org/10.1109/ACCESS.2020.3045280
https://doi.org/10.1109/ACCESS.2020.3045280
https://doi.org/10.1016/j.neucom.2017.02.006
https://doi.org/10.1016/j.neucom.2017.02.006
https://proceedings.neurips.cc/paper/2014/file/09c6c3783b4a70054da74f2538ed47c6-Paper.pdf
https://proceedings.neurips.cc/paper/2014/file/09c6c3783b4a70054da74f2538ed47c6-Paper.pdf
https://proceedings.neurips.cc/paper/2017/file/3f5ee243547dee91fbd053c1c4a845aa-Paper.pdf
https://proceedings.neurips.cc/paper/2017/file/3f5ee243547dee91fbd053c1c4a845aa-Paper.pdf
https://arxiv.org/abs/2006.03677

72

B ik

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

XU C,MAKIHARA Y, LI X, et al. Speed-invariant gait recognition using single-
support gait energy image[J/OL]. Multim. Tools Appl., 2019, 78(18):26509-
26536. https://doi.org/10.1007/s11042-019-7712-3.

LIJ, ZHANG J, NI J. B-FE IS RE 5 BRI A A 0 28 A5 R 5 ¥ (Gait
Recognition Method Based on Modified Gait Energy Image and View Detection)
[J/OL]. iTEAHF}2#, 2016, 43(8):300-303. https://doi.org/10.11896/j.issn.1002-
137X.2016.08.061.

VERLEKAR T T, CORREIA P L, SOARES L D. View-invariant gait recognition
system using a gait energy image decomposition method[J/OL]. IET Biom., 2017,
6(4):299-306. https://doi.org/10.1049/iet-bmt.2016.0118.

ZHAO G, LIU G, LI H, et al. 3d gait recognition using multiple cameras[C/OL]//
Seventh IEEE International Conference on Automatic Face and Gesture Recogni-
tion (FGR 2006), 10-12 April 2006, Southampton, UK. IEEE Computer Society,
2006: 529-534. https://doi.org/10.1109/FGR.2006.2.

WOLF T, BABAEE M, RIGOLL G. Multi-view gait recognition using 3D con-
volutional neural networks[C]//Proc. IEEE International Conference on Image
Processing. [S.1.]: IEEE, 2016: 4165-4169.

FU Y, WEI Y, ZHOU Y, et al. Horizontal pyramid matching for person
re-identification[C/OL]//The Thirty-Third AAAI Conference on Artificial In-
telligence, AAAI 2019, The Thirty-First Innovative Applications of Artificial
Intelligence Conference, IAAI 2019, The Ninth AAAI Symposium on Edu-
cational Advances in Artificial Intelligence, EAAI 2019, Honolulu, Hawaii,
USA, January 27 - February 1, 2019. AAAI Press, 2019: 8295-8302. https:
//doi.org/10.1609/aaai.v33i01.33018295.

LIU W, WEN Y, YU Z, et al. Sphereface: Deep hypersphere embedding for
face recognition[C]//Proc. the IEEE Conference on Computer Vision and Pattern
Recognition. [S.1.: s.n.], 2017: 212-220.

HERMANS A, BEYER L, LEIBE B. In defense of the triplet loss for person
re-identification[J]. arXiv preprint arXiv:1703.07737, 2017.

HOFMANN M, GEIGER J, BACHMANN S, et al. The TUM gait from audio,
image and depth (GAID) database: Multimodal recognition of subjects and traits
[J]. Journal of Visual Communication and Image Representation, 2014, 25(1):
195-206.


https://doi.org/10.1007/s11042-019-7712-3
https://doi.org/10.11896/j.issn.1002-137X.2016.08.061
https://doi.org/10.11896/j.issn.1002-137X.2016.08.061
https://doi.org/10.1049/iet-bmt.2016.0118
https://doi.org/10.1109/FGR.2006.2
https://doi.org/10.1609/aaai.v33i01.33018295
https://doi.org/10.1609/aaai.v33i01.33018295

K Lk 73

[39]

[40]

[41]

RUMELHART D E, HINTON G E, WILLIAMS R J. Learning representations
by back-propagating errors[J]. nature, 1986, 323(6088):533-536.

KINGMA D P, BA J. Adam: A method for stochastic optimization[C/OL]//
BENGIO Y, LECUN Y. 3rd International Conference on Learning Represen-
tations, ICLR 2015, San Diego, CA, USA, May 7-9, 2015, Conference Track
Proceedings. 2015. http://arxiv.org/abs/1412.6980.

CASTRO F M, MARIN-JIMENEZ M J, GUIL N, et al. Evaluation of CNN ar-
chitectures for gait recognition based on optical flow maps[C]//Proc. International
Conference of the Biometrics Special Interest Group. [S.1.]: IEEE, 2017: 1-5.

CASTRO F M, MARIN-JIMENEZ M J, GUIL N, et al. Automatic learning
of gait signatures for people identification[C]//International Work-Conference on
Artificial Neural Networks. [S.1.]: Springer, 2017: 257-270.

BATTISTONE F, PETROSINO A. TGLSTM: A time based graph deep learning
approach to gait recognition[J]. Pattern Recognition Letters, 2019, 126:132-138.

XU K, BA J, KIROS R, et al. Show, attend and tell: Neural image caption
generation with visual attention[C/OL]//BACH F, BLEI D. Proceedings of Ma-
chine Learning Research: volume 37 Proceedings of the 32nd International
Conference on Machine Learning. Lille, France: PMLR, 2015: 2048-2057.
http://proceedings.mlr.press/v37/xuc15.html.

HE K, ZHANG X, REN S, et al. Deep residual learning for image recognition[C]//
Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition
(CVPR). [S.l: s.n.], 2016.

LIAO R, CAO C, GARCIA E B, et al. Pose-based temporal-spatial network
(PTSN) for gait recognition with carrying and clothing variations[C]//Chinese
Conference on Biometric Recognition. [S.1.]: Springer, 2017: 474-483.

PASZKE A, GROSS S, MASSA F, et al. Pytorch: An imperative style, high-
performance deep learning library[M/OL]//WALLACH H, LAROCHELLE H,
BEYGELZIMER A, etal. Advances in Neural Information Processing Systems 32.
Curran Associates, Inc., 2019: 8024-8035. http://papers.neurips.cc/paper/9015-

pytorch-an-imperative-style-high-performance-deep-learning-library.pdf.

BHANU B, HAN J. Model-based human recognition—2D and 3D gait[M]//
Human Recognition at a Distance in Video. [S.1.]: Springer, 2010: 65-94.


http://arxiv.org/abs/1412.6980
http://proceedings.mlr.press/v37/xuc15.html
http://papers.neurips.cc/paper/9015-pytorch-an-imperative-style-high-performance-deep-learning-library.pdf
http://papers.neurips.cc/paper/9015-pytorch-an-imperative-style-high-performance-deep-learning-library.pdf

74

B ik

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

CUTTING J E, KOZLOWSKI L T. Recognizing friends by their walk: Gait
perception without familiarity cues[J]. Bulletin of the Psychonomic Society,
1977, 9(5):353-356.

DENG J, GUO J, XUE N, et al. Arcface: Additive angular margin loss for deep
face recognition[C]//Proc. the IEEE Conference on Computer Vision and Pattern
Recognition. [S.1.: s.n.], 2019: 4690-4699.

DING S, LIN L, WANG G, et al. Deep feature learning with relative distance
comparison for person re-identification[J]. Pattern Recognition, 2015, 48(10):
2993-3003.

DOCKSTADER S L, BERG M J, TEKALP A M. Stochastic kinematic modeling
and feature extraction for gait analysis[J]. IEEE Transactions on Image Processing,
2003, 12(8):962-976.

HE X, ZHOU Y, ZHOU Z, et al. Triplet-center loss for multi-view 3D object
retrieval[C]//Proc. the IEEE Conference on Computer Vision and Pattern Recog-
nition. [S.L.: s.n.], 2018: 1945-1954.

LIAOR, YU S, AN W, et al. A model-based gait recognition method with body
pose and human prior knowledge[J]. Pattern Recognition, 2020, 98.

LIU W, WEN Y, YU Z, et al. Large-margin softmax loss for convolutional neural
networks.[C]//the 33nd International Conference on Machine Learning: volume 2.
[S.L: s.n.], 2016: 7.

LUOH, GU Y, LIAO X, et al. Bag of tricks and a strong baseline for deep person
re-identification[C]//Proc. the IEEE Conference on Computer Vision and Pattern
Recognition Workshops. [S.1.: s.n.], 2019: 0-0.

OHLYAN S, SANGWAN S, AHUJA T. A survey on various problems & chal-
lenges in face recognition[J]. International Journal of Engineering Research &
Technology (IJERT), 2013, 2(6):2533-2538.

SCHROFF F, KALENICHENKO D, PHILBIN J. FaceNet: A unified embedding
for face recognition and clustering[C]//Proc. the IEEE conference on Computer
Vision and Pattern Recognition. [S.L: s.n.], 2015: 815-823.

TAKEMURA N, MAKIHARA Y, MURAMATSU D, et al. On input/output
architectures for convolutional neural network-based cross-view gait recognition

[J]. IEEE Transactions on Circuits and Systems for Video Technology, 2017.



K Lk 75

[60] WANG H, WANG Y, ZHOU Z, et al. Cosface: Large margin cosine loss for deep
face recognition[C]//Proc. the IEEE Conference on Computer Vision and Pattern
Recognition. [S.1.: s.n.], 2018: 5265-5274.

[61] WANG Y, SONG C, HUANG Y, et al. Learning view invariant gait features with
two-stream GAN[J]. Neurocomputing, 2019, 339:245-254.

[62] WEN Y, ZHANG K, LI Z, et al. A discriminative feature learning approach
for deep face recognition[C]//European Conference on Computer Vision. [S.L]:
Springer, 2016: 499-515.






g W

e AN Sl B, SRR, PR AR AR A, AR B
BRI R USCRRRDT2AR 28— K, MG & S G ry L B 2 B R 221
Bebd, RAEHE —DARHEETENL LR AL, EFRXA LA 28R 1L
FOH T R AR e AR . Il EX =4, SRR T RZ RS LR IAXE,
Hig AT, R ARG TARKACER, X LR B AT A ) 2741
S al S B . X L, I OE R 440 T 3N B2 TR~ AT .

B, RN R B AUR T U . BE BB RS T
T vpg I ) 5 2 A Bl S, FERR AL i R T, AR, AR
A RESIFIRHITRE ), S EIARRE RRGIR T, R BB IS IR T AL
FHIMALHITEHIRE Sy, 2 R 2 . AL, HERBIE NFEA TR AR 1
RIRHITIAGE , AT NI 450 . B PR S5 4% . R IRSs 4%, DA
e ol P PO S /s 8 45, X SR ) B A TR AT T RIS AR T AR R T Bl
SEAFFATAI B R] AR BEAT . 10 SRR BRI, BRI A 1 =l %
Uy, AR A SOe S, EXERATWOFTE LA Lo

Hlk, Bt =R, SREMERMAERN Ehe Rt RZ . 1t
O, EEENFEARR A, BRASRE EASRIHE, MAILREEE R Z
MR, Rl YRR 2 gt R WA ATEd & AR
t, feth A CHYRETE, A5 B ) g ok il i e AL

i, BRI E AN A, A AR B R AR R
TR, FICIRTE ML RIE L, R AT 2 5 SRk 3 AT A2 DA A A T
BT, AT B AT A S A, A2 Fe mrt i b i SRR A J5 o

77






i D3 S5 BHFE R

HEAAE B
FEEE, B, BUR, 1997 4F 1 A, IPEEKA

BH
2018 459 J1 — 2021 4F 6 J] BRCRZATHRALRIE SHAR R i+
2014 459 J] — 2018 4 6 )] Bntip K242 TR 4l AR

B A 22 91 1] S Iy 22 AR R
1. Xuejian Li, Feng Han, Jian Zhao, Furao Shen, “A More Robust Gait Recognition

System Based on Metric Learning” , under-review.

Bt 2 0 ] 1y K B L 1)

1. HER, 54, whilg, &XE, —MEEEPNHEiR A S I EEEE SR
Y. EARHES: 202110109320.0

2. BR%, BN, N, RER, XE, KRR, —METIRERGE S
TEMLES NS IR AN . TR TGS 201810644120.3

Pt LA S 5 R R e

L B H AR A RT3 RN & AT i 2 M 45 15 B & &
S Wt 5%, Information fusion system based on deep perception and incremental

associative memory neural networks” (PR 2019 41 A 2022 4 12 H ),
AT L B AR SIS

b T e VR U IETE R BN IR/ 3 &

1. whlde, Z=fd, OIS, 2200t 2019 ¥ )5 IKCEST “—iy—B%” [ b R4
oAk, [EPR AR

79






PO SRS

AN GEA T R B O T A 2 98 S SRR P e R ARy (DAR TR
AR ), BB NMAOOE SCRAT P EARMIT GERR) R
1 EE A8 S04 SCRHRPEY - (R ML A 24 0738 S04 SCRi ey
AR (P ERLAAAIE SCA SR PEY .« O F5 A2 018 SO A SR
FEY WTRADARE - 4% BB IARTE AT R, TR g CH RS
PSRN, AE K EPERTL2A 08 SCREMEEREY i FITE B A%, [7]

A CERRT AUE S AN R

[(BEcZaE

4 H H

WICH 4 BT R MR LS 2 SR AR5

WHgetkes | MGI833044 | FifEBE & | HHEMNRESHARR | #OA4FE | 2018

. At O A2l
W o B
O it R A=A (e HE N E2))

{E#4 Email lixj @smail.nju.edu.cn

44 HE G B K Bz
W TE L :
@ R
O O, R dg J H % 43 H H

RIS SR AOE SR fE— I (R R ET) -







	南大封面
	中文摘要
	英文摘要
	目 次
	插图清单
	附表清单
	1 绪论
	1.1 研究背景和意义
	1.2 国内外研究现状
	1.3 本文主要工作
	1.4 本文组织结构

	2 预备知识与相关工作
	2.1 卷积神经网络
	2.2 基于传统机器学习的步态识别算法
	2.3 基于现代深度学习的步态识别算法
	2.3.1 基于端到端的方法
	2.3.2 基于视角转换的方法

	2.4 本章小结

	3 结合识别与分类的步态识别损失函数设计
	3.1 常用损失函数介绍
	3.1.1 基于分类的损失函数
	3.1.2 基于距离的损失函数

	3.2 损失函数设计
	3.3 损失函数的协同优化
	3.4 步态识别模型的学习算法
	3.4.1 训练阶段
	3.4.2 测试阶段

	3.5 实验与分析
	3.5.1 数据集介绍
	3.5.2 实验细节
	3.5.3 跨视角识别精度
	3.5.4 不同三元组损失计算方式
	3.5.5 损失函数有效性
	3.5.6 批归一化层的作用
	3.5.7 对比实验

	3.6 本章小结

	4 基于注意力机制的步态识别网络的设计
	4.1 注意力机制
	4.1.1 基础注意力机制
	4.1.2 键值对注意力机制

	4.2 基于注意力机制的网络结构设计
	4.2.1 卷积神经网络的缺陷
	4.2.2 特征提取模块
	4.2.3 像素级别注意力机制
	4.2.4 帧级别注意力机制

	4.3 实验与分析
	4.3.1 实验设置
	4.3.2 注意力机制作用方式
	4.3.3 损失函数实验
	4.3.4 对比实验

	4.4 本章小结

	5 步态识别系统设计
	5.1 系统概述
	5.2 系统设计
	5.2.1 数据预处理
	5.2.2 注册过程
	5.2.3 识别过程

	5.3 系统实现
	5.3.1 硬件实现
	5.3.2 软件实现
	5.3.3 效果展示

	5.4 本章小结

	6 总结与展望
	参考文献
	致 谢
	简历与科研成果
	学位论文出版授权书

