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Abstract

The research goal of multi-label image classification is to accurately predict
multiple target objects in a given sample, which is widely used in practical scenarios
such as image retrieval, automatic annotation, and intelligent monitoring. Due to the
complexity of multi-label images, there are two key problems to be solved in the current
research on multi-label image classification: First, how to mine the dependencies
between categories. Second, the size and scale of objects in multi-label images are
different, and the feature information of small objects is easy to lose during the feature
extraction process, resulting in the problem of low classification accuracy of small
objects. Therefore, in response to the above two problems, this paper proposes a new
multi-label image classification model.

At the same time, since the composite expression recognition is essentially a multi-
label image classification problem, this paper makes some modifications to the
proposed multi-label image classification model and applies it to the composite
expression recognition. The main content of this paper will be summarized in the
following:

(1) To better mine the dependencies between categories, this paper proposes a
multi-head graph attention module. Specifically, first construct an initial label graph,
the nodes of the graph represent the feature vectors of each category label, and the edges
between graph nodes represent the correlation between category labels, and then learn
the graph through the self-attention mechanism of the graph attention network The
correlation between nodes, and feature interaction, and finally obtain the discriminant
features including label correlation for the final classification, thereby improving the
classification accuracy of the model.

(2) To improve the classification accuracy of small objects in multi-label images,
this paper proposes a multi-scale semantic attention module. This module uses the
feature maps output by multiple different convolutional layers for feature fusion to
enhance the feature information of small targets, thereby improving the classification
accuracy of small targets. At the same time, the label word embedding vector is used to
guide the learning of feature information related to each category in the feature map,



and the category-specific feature vector is obtained, which is used as the input of the
multi-head map attention module.

(3) In the compound expression recognition task, a compound expression label is
usually composed of multiple basic expression labels, such as "panic" is composed of
two basic expression labels "surprise" and "fear", which is in line with the multi-label
image. definition. Based on the above analysis, this paper converts the composite
expression dataset into a multi-label dataset, and then uses the proposed multi-label
image classification model to solve the composite expression recognition problem.

(4) In this paper, experiments are conducted on two multi-label image datasets,
MS COCO and VOC 2007, and the JAFFE expression dataset, to verify the
effectiveness of the model. The experimental results on the MS COCO and VOC 2007
datasets show that the proposed model has achieved 2.7% and 1.6% improvement in
mAP indicators compared with the ML-GCN model in the same environment, and the
JAFFE table dataset Compared with the DBM-DACNN model, the mAP index is also
improved by 5.1%.

Key words: Multi-label image classification; Label relevance; Graph Attention

network; Compound expression recognition
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EUR A AR &, MG R AE I HN RE T o e AR SCHAE IS 2 FR2E
B rh AT L, IS F AR TR R S 56 45 B B AIE B AR SCAE B = 7
2% H IE B2 3 RS AH S 1 J7 V5 Be % B 1 M SR FHBE AL 1) 40 R AL 22

(2) B2 AR5 EUR TR/ B AR B3 S UEmh AR 0 &, BT 2%
KRR BB RE L R T, BN BASA REVRHES BIR B 2 B2k, 33
TIFEARFR/N B AR N 7 B aE 2]/ B AR BRHIER R, 3TN/ B AR
P RAERR %, AR T — N2 REE SGEE I, B B 2R
FE B EUR R AT R, DARG 98/ B AR IAFIEAS S o SR 5 f FH ol o A 25 ] ik
N IR B REAE B 2 i 85 AN SR RR AR m) &, A ASE 0 7 I ot R v B 4 SR B A
MFRBERIRHE R R, TR AR 9 B 715 VRS N 21 22 Sk B S e

(3) LA T B R A IR ) 32 AL b TAL Gt () FEACSRAB AR 0], 1 A8 I S A
g, NI R IG 5 IR AR B —RAE R R RIS, e 7FE 2
FERRNGH MR E A RGPS R oy T RERGkR, — &
B S HEZNEARGEHE, KNI G ZIREEIRITE L. ACHEE
FRAE VN A Z ARG IR ) B, XA SCHR 1 2 b2 S o R AR AT
MBS, BHENHTEAERGRMN . EZEM g, ATHHE TR
BEHO RABFAE 2 3 s AN SR AR ) &, R H B R s i i B =
JIRLAH B I S 238 R S AR 2 (R AH G, H TR B R on e 2 . I
JEARAE—ANEEREEIEE AT, FRd S I A H AR R AT A
AR H IS AR B R A A A R R B4 T

1.4 AR RVLALR LK

AL NHAEN, BAEINHAR LT

Yavan

T R



B R R 28 1) 22 bR R BB 0 SR T8 I L AE B 5 R R R

KENA T ZHRBEG BT ARG TS MR, MR T
X PR AN T 1 6 ] A AN S BIOIR, I R ER AR T AR . B R AR ST
AR DA 25 B A5 A8 2 AT T U B

B E MHKREARNH

AREEA T BB A LS FES RR, IR T — g iy
FIGAR BT, B RN 1 LR R0 228 BB R RL, B J5iE
W EERERAN— LN, CLEEAINA T RIE R = A e85 R A
KHIR

=5 AT GAT FI 2 REE X B L B 2 A5 25 G/ i Y

ARENG LT GAT F1 2 RS SR L B 2 A5 25 G AT 7
R 2E . 1R R A R AT U0, e VA 4R TR AL = A
KR, RGN T T EASIZRI 4725 o A, SR6 v B 31 0 B0 42 A0 S i
W, BE NSRS F I sEI0 g AT LS AT

FVU T Z ARG RBRE S & R R

REE AR EREHAT N, @I RIS 228 B G r FAT 5 2 )
MR R, MR T AT MSSGAT A BHTIE I &R IRABEA, I
TR 28 72 (R AR G A &N ThRE . Bl S, A48 TR R
FHIAR 2R R AN S IR W B, A FREUR UL BRGNS . e, T4
AT ARAESIS T A AR A, R SRIR s kAT 1 X5 B i A i) 18 .

BhE RS Ry

AR BRI R EE T4y R AR SR T T AR EAT S 45 R 32 H AR SR I 72
Filale BN AL EE TIENKSOF AT R, FEEEERS FX A S TAER
AN T2 BA BN AR AT S i AN J2 i LSS AT T R



2 FREBARNTE

2158

RERA A B TARY KB RFR . B, BT AGRE N Z 4R
BRGRERLE T EER IS, TR EG AR 48 1) — 224 5 R iRt
ITVEAMII U R )5 PRI 43 PRI T I 22 28 1 2 B R R 0 A . AR
SR FURT B T R EREIRR], EARRR)E RN R AR RBSE T 17
W, FEVEAULIA 1 AR IR o = s BRI A SC R

2.2 FIERM%

(a) PHE S5 (b)El4hHy
P 2-1 [P % 5 g A ] g a0

P R X 28— P Bl e+ 0 I R AP e X 2% [ SE R R 2% (R A 35 4
AT AR St Ak PR AR IR A 18] ) I S R Bt O ELRERS TR B P2 30 M O RF AL
ARPITJE R, A AR 0 48 A Ak PRI 32 ) ) Wt A 5 oL ARz ) I
RENS IR I Mo SR OB A4S AIE, XA T B RN FIRFAEALE] . BT 2 L]
MSHSEEN] . ERFERINEEZ, ZRBFETHERME MR RE,
B AR AH . K 2-1@Fras. R, ISEATE T AAAER KRR ARRR
A EEE, MR ZHUAERE AL, i Zmg. ZdizmMss, it
PLI 28 LA S 7y 1254055, G 2-1()fs . ORG24 Tk v Tk
W 18] ) B 5 R it v BT VR 2 0E 908 TR S8 25 ) 18 I 5 M Kitis B b T
B, T2, BRIGBRMamMamititd, HARHZY E CNN, AT LN
P AR A ) e o 6 BRI 2% mT DL [ Ak R 5030 1 5 320 PR AN [R] ) 128
RUTiE: BT B SRR EE T2 (3 B AR . i B s ) R IR T
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B R R 28 1) 22 bR R BB 0 SR T8 I L AE B 5 R R R

GRUE B E R, B EAE SR O E S, R E AT B RERAE,

0 2225 TR 7 VR R o e SR & s, A2 IR EE AT B RE.

TGRSy B X A TTVEREAT A 40

(1) FEFHA G4 (Spectral-based Graph Convolutional Networks) :
F TP BB N g NERRE B AR 25k, AT SEIL G AR 5 E . R

PR 5 72 7S A AR T B ) L P A A AT L 22 e e R AR 38/ 1 3fe AL

TREENMET TMI .

F(f*g)=F(f)eF(9) (2-1)
U T B b AT (8 L A 475 ) T s
f*g=F*(F(f)sF(g)) 22)

£ ERAF, FAET 0 AR (i B AR A AR e R A o A o U 73

B RAE I AR ARSI SR AR R A

Tk, MR E B B I A R 2 ) M A AR R AR A e B
P, SR JE FE A A AT SRAR A, B 3 I e L P00 A R AR A ) SRR
e nl JFOR I 238, XM se il 1 — IR B R . o, IS S AT 1 L
A e i R R AT R, 45N RCRE VRIS 28 B B i B AR SR

AY AY

A 5 R LR ESERE B R
e (200000\ (010010\(210010)
030000 101010 1 3 -1 0 -1 0

eee |002000||[]101[]0| 0 -1 2 -1 0 0
. |000300||001011| |001311|

a 0000 30 110100 1 -1 0 -1 3 0

e 000001 knonlnc)) 0 0 0 -1 0 1

] 2-2 R b ke

HREE A ERE G G AR 4 MR D, AR5t
L=D-AREK G M EREERE L, W1 2-2 Pron. 2RJE XS AT RRAIE 70 i -

L=UAUT (2-3)

U={u,u,,u,,..,u.} (2-4)

A
A= (2-5)
ﬂ“n



At 226718 S

Hrb, URH LI n DMRFIEREA ST A RGE 7 ASRFIEEL R
FAERE . SRS AR B U R R S 5 AT (8 BL AR 46k

f=UTf (2-6)
Hop, f REESESHE NRHN. R f 20 i 5B et A8 6 5 265

Fore UTRAHERREU M E . onf £ AT LI AE 1

~

f =Uf 2-7)
wJa, S E R EERRTHEAXN:
(f*g)s =U(U FloUg) (2-8)

SRIG E L AN 3 9, =diag(UTg) , BRI R 2% 1) 4 3UAT LA AL«
x*g, =Ug,U"x (2-9)

BTN TT R R B TR A AT, & T A ) 77 v 1A
(R X AE T BT B g AR, G Bruna 25 A\ P8I it s F o 20 Bl e A s
BHIERZ, $eh 12— AR T B EIGIR M S, SR IX M7V R Ot 2
SR, 2016 4F, Defferrard 25 A2 4 T ChebNet, IS £ i,
KIEALENME SR, KT BIEREAE. TSGR, VIS RM%
HAFRM T E AR, JE 2 SRR, 2017 45, Kipf 55 \BIgE—5E
7 ChebNet, Ff$2i 7 —Hr Ny GCN K54 (Graph Convolutional Network)
GCN kH 1t S kK2 iU T ERER, HEBMEREZREG 124, Kk
KRR AR R R, HEBRE AW NTR:

H'" = f(H',A)=c((D**AD?H'W")) (2-10)
Horf, A=A+l D=2 A H'FTREINEEBZMMA, W' R

PRI B ST R R . o (o) AR BOE R 3L

T, W LLEEHES 2 A B RUE G H A B AR R 48 R AN 22 5] 18]
TRZIAERRRR, WE 2-3 fin. B2, KR5S AE7E R SRR,
BT P A AR R 245 5 R P 5 AR 5030 A 2 S e e B A rp AT AR A
It LAZ S5 A e B W B T AT R AR A, S RIRSIESERE U, S B

12



B R R 28 1) 22 bR R BB 0 SR T8 I L AE B 5 R R R

P dEAT (8 L AR e o PR R T K T VR BT SRR S IR BRAE B, T
EARAER H T R

S e
hidden B
layers

\. L e
input layer output layer

& 2-3 G 2%

(a) 2D HM (b) BB
K 2-4 B KIS

(2) FET 75 (A3 1) B 46 FR 9 2% (Spatial-based Graph Convolutional Networks):

T (A B A AR ) 2% 1R AR 2 o SC— A R B B AE R S5 A BUH B gk AT
GRRERE. W 2-4(a) 7R, ATUAE 2D BUR H B ME R SR o — AN
o BABMERAEG HMIERME R A LAHE, EUR S — 0 B 451,
R ERHATERERAE, R AT M E I 8 NN R AT AR A
BE. T2, ATHEIAE 2-40)Patd ot f it Ros, Hix b g — g
TR ITVF I A X0 21 T 1 ORI T s B B AR JE SR . HAE, X 2D
B & Kb EME R AR AR PR, I BRA e AT A . it
TEERYL, BRSO B8 E T RMUE T B E AN E, i DARE T2 (A
3 PR A R AR il 75 i X R AR [ ) R A 2 TS B S AR X 4
A LK TGS ) GON H e s B AR BT R RS ks, fEIL R EAS 218 K,
AN 51 H 7 28 T 25 485 ) P AR X g 1497461

13



At 226718 S

2017 4, Velickovi¢ 58 NP 1 —Fhd: T2 (W3 B B AR 45, RITIELAE
BN (GAT). ZMZEIN T BiER AL, B R R A R e
LR N DRV 5 R R S IR B R AR AT S R, AT T L B e AL
Ho XMOTIEERME AT IR R ST R AR, Em TR TERE. &
TR T M 2% R R 25 R0 4 8] 2-5 Fos o

softmax

concat/avg /.,
h

(a) VERE AL (b) % et B AL

K] 2-5 BV = JIHLH
TEE P h e RTACF LT A @ MAAE, B BTE 7 SRR E R RSN
h={h,h,,...0.}. RIS, MF BRI HUBI S FAN T A2 18] (v 7% R
THE AW R FR:
e, =a(Wh,wh,) 2-11)
Hr, WeRTFEEREEHFEZEIMBEE, & N8 j STy
B ZEFERE AR BTENFOT ARAET SRR 2, IrE IRAT
T S HIAT R SRR AEA N, KK Je NP HOT & | FESEI R

i&eij ’ ﬁﬁﬁxﬁﬁlﬁﬁfﬁgﬁt

exp(e;)
ICCh

Hop oy NA—WIRRERE RS, TRRE LR ARG 2 5 &K BT &
IR

a; = softmax; (g;) = (2-12)

exp(Leaky Re LU (&' [Wh, ||Wh,]))
a; = — —
P> exp(LeakyRe LU (@' [Wh [|Wh, 1)

(2-13)

14



B R R 28 1) 22 bR R BB 0 SR T8 I L AE B 5 R R R

£ B, TAREERME, |WELREREF. S2ERINER,

LA 3 SRR (8 7 2 D 5 m AR AR 55 <0 1 s R R AT R, A2
[0 YRR R «

h = G(Z a;Wh;) (2-14)

SRJE, IOV 2 S L EE PRI I PR . BRI S, w2
A Z A ML MFER N ZREAT AXQ-1DKHHE, BaRE2AHRLERD
oy Y ARFIEIE R OR, 19 B B & 1% Hh -

L
h'=o EZZN: (2-15)

FH T~ B i 0 N 2% 7 B SRR A O T R S AR R T R TR A S PR A
TR H R R G BRI, FEEMAL. T, N T REEN K
BLE 4R, Hamilton 8 N3 1 B R FE K & W 4 (GraphSAGE) M7,
GraphSAGE R[AT GAT, AT feWAbBE A, & AT RHME B & 1 2
A BT AR JE T, A2 R SRR, X AR JE 7 BT R . 1l 3R
[ 7 i 020 JE 1T AR AR R B 0 T SRR o SR 7 A AT BARE
IRACER ) S 2R R, ] DARRAR VT SRR e B2, AT S A5 28 W DAAR 2 Ak 3 R A%
S8R . Atwood 5 NI BEHLIF LR BIR) K B ME K
M ARE, ' 78 86 R & M4 (Diffusion Convolution Neural
Networks, DCNN),

g BRI, EIGRMA aene A Aot A B s M 5, s e E Bt T s
FREAE, BT R 2 MBS B T S AL, T2 I AT SRR . IXFh
FTRAMUFEIE T B S RE, a5 THAFETARELR. ME2a%EG
H & ANFR R A ) 98 R ORIRFT & I G AL, DRI AT DA P b 040 45 4 SR ) b
B A ORVEAT A . I ol ff H GCN 7E B L AT B AR A, BT
FME B 5 HAET S RMEBME S, ScOEZ G B2 B E#, M
PERIPRAE Z B AR OC R, I X L AR OC R NGB rh A7 Fo00l, $R A Y
13 R UET R

2.3 BIREER D FIRBNE

ZhR% BB 5 8 B AEMTH SN AT LLUERA 0 45 5 R AR I 2
FhRRE . WAL S b RN H B B ARR B2 181 W AR RO &, BRI
A LB A28 H bR a8 2 8] R0 R SETH R (1 7 e R . B K

15



At 226718 S

P28 R PRHE A JRE PRI Ao 22 ) % T AR 47 b S A PR X b S R R 080 S M R B ) 52
B T VFZ T ICE IORTE, TR 2 1) N U Rs B e X 2 ] T 22 R 25
BorIauE, JERAR T ERII. T2, ATET RN AN 4 PR A H
P 22 X S R Z AR RE AR S TR 1) 2 b 2 R (R 73 I

2.3.1 ETEHEZMEHZIREE GRS HIER

2019 4, Chen 58 NPUE IRAE 2 AR BUER 70 5 403805] N GCN FF42H T ML-
GCN 1AL, F T2 PR 25 RO R o 2RI I HE B G 2 5 S R AE
AN R DG, A AR A5 (10 ] e B ik 2% > WS B B AR A AR OC JR ) 43 2K 4
FF 06 AR AE AT 2 452590 250 ML-GCN 384N R0 28 J2: i 213 1 o 124575 11 2
PEHEZL G 2-6 T

LA ML-GCN Ry A0 R v b 2435800 D 00 1) PR R A 2 B
BEER, I8 CNN P28 R IR I G I S R IE R, %A AL {8 14 /2 RseNet
VERZER 7 BIRFESE T IR 25 . SR 1 15 200 BB E SN — A 2 R R AL 2,
AR BIEB IR ER R . G ERB 1, BEBRIER A x, W RER:

= fowp (foun (1;6,,)) € R® (2-16)
$op O 2575 ONN R 5%

BT 0 A R I . R N T, REMEH —
P25 . ML-GCN A FIARZE R R ) B3 1 o, B Gt Hds S 25 3590

WEZE R 5 TR — TCARBEAENE A . 40 @ Bt VI 25 oh R [l A A 2t ) LA
$naEE M eRYC ) Comsmmsii. 5, Wit U FARERI L%,

=M;|N, (2-17)

SRR — A ERAE 7 KSR P AT —AEAL, AR s

if
Aj:{

LA B AR BRI o I AR R R A T A A

H'" =h(AH'W") (2-19)

[EEN
=9

(2-18)

o
=
=U

16



He TR R 28 1) 2 bR R B 40 BB 98 B LA 6 A5 R0 I R H

Hrb, H'SBORS R RNRHERIR, W RoRE R BEERE, H'M &

ANE LRI R RRHIER TR, hC) ISR, ARIRARHEAL S AR EHERE,
B8 SO T B I B PR R, SRR T E IR ) AR R i T 3K

Representation learning

f cnn D

c
Dot product E

$S0T [PQET-BINN

o Tl i Sl e s et

Generated

] [
11 1
B pieeessma sty paeeeesnan RoRen St en o I classifiersy |
| !Baseball Bat  Baseball Glove | |Baseball Bat  Baseball Glov \ iBaseball Bat  Baseball Glov Y |
i ! ]
1 ' 1 [ I | 1
:
1 d : ,’D P 1
] ]
:
' GC = 'GC! e L 1D MR
1 — —ti I
I d | I
' Ball Ball .. .
1 1 : 1
1 1 Y 1
: 11 C 1

& 2-6 ML-GCN ## %!
ML-GCN [ 3= B AR FI F B FA 25 2 o) — NS bR B8 A5 B 42K
7, HT X & 4 R s P EUERERE T 2025 T SSGRLBYN L 2 AN [F]
SSGRL iz H B AL 3 W0 28 ) R HEAT e J5 O RP AR EAT RFAE A B, 4230 AR5 AH
K, MR ERAH B MEN SR ER SRS ER, RFHET K.
SSGRL WA 4 ] 2-7 o

t=1 t=2 t=T
A5
: 0 9 9
0 [e] PP
Q Q. A -7
0 0 S
— sp | — 4 [ O )
e o) ¢
(@] Q £ : label
(0] © O © d b ? distribution
o o é
— SD ’_‘ I | | | .
GNN GN‘N_’ GNN ’ H

2-7 SSGRL & #!
ZBAY S fi FH CNN AT 2 SR UG RRE, #EE T &0 Glovel* i)l
A5 3] (AR 2 T RN ) B AV R X2 Tt A SO0 PEMGRSAE S AT R A A A, K 1R
R R A E T 2K B A T . SN 1, 453 CNN W& 531K

17



At 226718 S

GARER R 1, RSN AR A RN 1) & X, He G A AR X R 1k i
PR AR AL B () PEMBARFAE £, LA ) B X

f! =P (tanhU" f,)O NV %)) +b (2-20)

Horbt Py UM VSN E B S RE S, b RRE . SR S
{5 2 N RIS 0 B ) RAC

ac,wh = ¢a ( fcl,wh) (2'2 1)
"REAEMERER R E)G, MIHET A1

L ep(E.)

c,wh ZW,YW g‘c‘wyh' (2—22)

B, APTA AL EPAT IO, DLRARRAIE ) &
fc = z a‘c,wh 1:c,wh (2-23)
Hoepr,  fFORHEE T2 € IRHERE . 285 RHEANRE T I 45 L 1]

& T AT A ARHE I &, S R A AR T 0 ML-GCN AL R

TSI R HE R R, SSGRL SR T 1148 EH 2 W 2% K AT H-4E A |,
R AT

z; =o(W’a +U’h™) (2-24)
r, =o(W'a +U'h™) (2-25)
h' = tanh(Wa +U (r' ©h'™)) (2-26)
h=@l-z)oh™+z oh (2-27)

ERAXFHIW? . U W U W AIU B A2 S R E S 4L

2.4 EERBEIRANNE

RN TS 704, RILE & RG] ] U2 —Fh 2 AR 2E By 3
[, FF AR B bR bnE B 5 R R IAT RO RCR IR A EAR, T2 A
2R BB RN FUIAL |, B2 SREEGE IR Z ARG, Wik

18



B R R 28 1) 22 bR R BB 0 SR T8 I L AE B 5 R R R

HIEHRE AR BB RIES, RIA ISR ERB I IR T B SRR
Ao THE, T RATRN RAG R AR AR BEAT P4/ 24
NEERIGRAME S RIRE E IR R G B, LT SENLRES 3R )
HZ R T RIE B EORAS . B A NI RIE AR A N R A5 1R G R0 BT
BAKKBXA, EEAARGETENTUSHRERMNEEAR. BE6%
T MR AT RE A I & 2N ARG RS NIRRT RPN E 2-8 B,

K 2-8 A& A5 IR AL

(1) ANBEAREI . b F4E B 28375 NS B 1R G PR AR 05V 2 s,
IR LB 20 R R AR A s (5 . O 17 BRI S 7 o PR 1 g
RIS, I8 XA IR IEFEA BT FAC B AR . A INIX 20 Bt /&
T RErIE 2 ARG IR BE ST IAE S k. 2P R E R AL E A
BT FEA R BGPTSR 4 B AR X k) o3 ok, Sl Bt
BN R I H 5 XK

(2) RAEFFIESRI . ENRGRBIESS F, RIS — A EH B
HIP B AR R SR UG 2 SRR AN R BN R G R AL, X SRR 2 0T A
R REE R R, NGRS R IR SR IO N R TR i A 225k
HEMAEH, V2T IUE SO T AT A A et

(3) KMEHHK. REDREANERF R T RRE D, ENH B2
MRS B & PRI RS R IR REAT 7028, AT N2 3R 15 BB BT R 1 A
i

W, o

2.4.1 ARG

NSRS A2 ) 3 22 H B2 TR 2R BB NI FTE R X 8. RO N R
AT E ST TINER, @ Ak 2R e E, 4
RE NS 25 BRI 1 78 DX AR S X, AT PR IE SR HURIAT 2 N R AR R AL

FENJRASIN P393, BF 5 308 Ao RS I I 75 95 MR i P 4 o AR
FERI X3 27 VAE AR HE N S BAROR St IR T AR AL, IR S AN R &
SRR B AR RAE . 2R, R 5EAS B AE A8 5 € MBI EEAT LEARL, BA
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At 226718 S

For N UG A AR AE A o AR U L AR AU S b T 5, (L i A
AR, RIIEAEH TIrE %5t

2 ML ST G AR ) 7V Viola-Jones 51202, Z 55758 F] Haar-like ¥
TEXT NS HEATHER, SR J5E T AdaBoost HiE I EAR, YIZRE A9 2R el —
oIy RAE, I 2RI RABRIRAE &, TR AT AN A I 1) 752K
o ZITIEAAEAT T AR BRI AR, 30 B N e I . Rt
Viola-Jones HIEAEIRJE 2% > iz T NGRS 2 /Y — B2 3 A I 7772 .

BARAALE T 2 TR 1 777, Viola-Jones BIEAE NS INE S R A TR K
PIRCRIETE, HHEREMRE, JFHAZITIAE SR 5 T #- A7 ANkl e
B RCR AN R AR AR . Bl AE TR FE 5 2] A8 N T R A A p A W J I H 2 1)
Re1, WEFEANIIT AT B R 5 2] gl A A I 8, T A A il 453
TR ETT A T IRE S ST T A Be s Se A2 e M, 36 n] A 5 A
REAS I RGBS . 2015 4, Li % ANPL# ISR} Viola-Jones b T ofuidt, i
T—AHIBAL Cascade CNNo A A @ 1 5| N TR B0 28 0 28 SR il TR T T80 53¢
HBEAT NAS I I 2 H I — 22 i @, FF H Cascade CNN 18 [AJFE R T Bk
(R EAR, I = AN A B I 8 A T — S B R N 2 o I X A
J730 WS R AIBT BORT DL B RO TR B, AT DUEE DR A [ml 28 1 (R I o
PEF R E ARG T 1, AT BRI 25 (1) S AH AN SR T Ak i 2, 3R 1S
R NAHEE L. Zhang 55 APMHEH T — MRERKZAESELE (MTCNND,
B E i U N A I A0 O B A (v @ A R AN AN T B R 2% S5
MTCNN AR T IR AR, AN IR 28 45 M A AN [ B0 H AR A5 2k oR £
I HIE IS Z AR5 1 7 SILEAR AL . 2B R RE s Heas . v A RS I B4 o i)
NGNS fi L

2.4.2 FEFFIEIREL

RIGFILIEROE R R R P TR 2 —, PSRRI RS 4L ) i &
BRI R U I HER R o N\ T AR A A AR A 2 3 SO AR LA I —
FEMIAZAL, TN ARG RFAE SR IR A gl A 3 S AH D% B 595 A5 S 1) N I T 48
RAGFEA PR IR R R AL, SR )5 B 0 SR8 X IX e SR I 3 1) R 15 45
ML T I8, A LMZ IR IS R 52 U AR, 73 e gt i F TR BURF AN
IR 2 IRFAIE
(1) FLIRAHRFIE
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B R R 28 1) 22 bR R BB 0 SR T8 I L AE B 5 R R R

RS T TAFIE A] LgE — 24 7y 9 2 T S0 B RFAE A T LRl R R A o 3G
H, T SURPRHES Gabor /NEIEPYHIRE (AN (LBP) PO Wi
% Gabor /NEvk BARRES A SO I EUR I SCERAHME S B, H2 %A
EWARAE — E BIREG, %775 HAS 2 R AR 4EE0d = DL R A AR TU AR
LBP S A] LG IR A BE AR AL AN 1 FE ALV A SE 4 (R St DRI E S L
NI G R T7 T R I o SR, 27 VR IR S AR T 25 ) 52 1M 75 14,
I H = A s 4 B 7 B B B SER A — g R o FEHE T LFIRHE 1) 92
WO, Hh )74 SIFT (REEARRHERH) BT, @i fEA R
JRUBE = 8] ot S i o7 B EAT Jm BBt AT AR N R RRAIE P 3R A5 58 w1 X 7012
(2) BT IR 5 2] HRHE

FH IR B 2 ST BB 0 SR 70 S IS 1 K I st R A R0 T e e 1t
T RH RS, VEZ T FUN ROIT UGN IR i 22 I 25 N FH 21 3R 15 1R ) A5
AR TS F TIRBURFE, IR M 2] DLE S 5 ) SR I E G R R E, A
8 7 B2 I F TIRBURFIE I RS, I RR 8 $R B — 285 TR IUT VA TLiE SR U
FEEHFE. Veena Mayya 25 NP8 H 48 VR B B A N 28 F IR i i R s . i
T GPU WM, A BAGRFAESE U [A) 2 2 982D, FF HAE 24N SE3 1 e s iR
Jill £ . Mollahosseini 55 AP iF 17— /N B IR J2 IRB) #0222, 38 i fs
Inception Z5itRIHBI ANRGRNE . B 7R —HA, AR 2 ML 7%
Liu 55 N 53525 T =ANANFEEFZ BRI ZE I 28 o IR X =N I 28 1 i H
AT, BRIEANTN{E. Connie 5 NOUEIHAES ) SIFT £RES5 CNN
MENE IR EA S &, DAt — 2B 3 m 1 3R A5 RO TR 2

2.4.3 FIFN

T RRREVOIMES SRR T RGN PR, PR F BTS2
FRARNT I I AR 2 2 B N BRI EAT R0, 4 LA Rl 43 B0 RE Y
NEFRNEIG . WP % 32K 0515A SVM. KNN Al HMM 5. SVMI©2
FI A R R B AR 4 B o B B v e 2 l), DUSRTS AR 0 95 P T . KNN Hi%
(SRR FHRFEAR T B K A SAR B AR ZEAT 43 88k, KA B
P P AN R SN AR A = AN R, 1 KNN B G 5 W
A, —REIERIE R SRS RERE, R A B R I, B AL
fi%; = KEPBERSEmEEN R R, AR KA RSE 25
FEER.
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AFEFALGRINLES 2 T KI5k, BT IR I 73 K52 T L SR
URS AL [ BEAT (9 o IR 52 2T 1) 3 SRTE L el & h 2 A 4 B R AL
rRAR . IR SIS B BB R R A\ B e R E it 38, e
f IO e B0 A BN T TR R G R MR, RJa TR
KRR KI8T S/ MEBUR R 732888, T3 21— 70 SRR AR B K50
RAFKIAAT AT MR AR R AESS -

T KNN BIEM S, 408 8RR 20 HERe - AR, 08 KNN 5%
s ML TR R SEE, TRl TR AR T B B R S Rl < R
Ao L, ARG EMNBREAL, W R T EEIE TR E I B R 4R,
MM AR TERE . X T3 FEREE A ST R0 E M =, IR AR &
FERX o RAF TR IE . NIt fESCPriig i, AR 2 T fE R
RIS, RIEF N E G2 R B R I8E, DR m R R AR PR BE -

2.5 REFING

AR FE BT AR S TARW KB 0 — M R FR AN H . BT ASCEIANE
TER T 2% [ IE B HAZ IR AR 2 2 TR AR DG, TR AT 1 Jext Bl N 45 (1 —
SENE S DA R B AT VRIS EAR T LA BRI, SR)G
AR BN 2 I 900 T R A I 4% 1) 22 bR 25 IRMR o R R TR 4 il LA AR TR
J71540 ML-GCN. SSGRL, VEAA2H T EA TR DL R IX S8 75 3 A% O JE %
EARTRNIRIG, WATETEANAE T EERE MR, QRFRERIE R+
[ = AN R IR.
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B R R 28 1) 22 bR R BB 0 SR T8 I L AE B 5 R R R

3 £TF GAT MZ REFESGERNNFIR SIREE 57 K48
i)

3158

T 7E Bt 5 eb R I B B AR X R TRl AR R, Rk AT A
A FE YR AR AR TR R O R ORI T B 0 R UE R . HH BT 2458
BG5S % R NI B AR B, TESRBURFIE B F2 H /s B ARIRRIEAS 2
ARESER, FEUNERTEZ AR I Re A AU, RRAE X T 2 Ak
SRPEI B . B0 BRI I, ARTEER T — PR 1 2 AR A G o A
M MSSGAT. KEEENH MSSGAT MIREAIHELE, F40 Bl VLN A 23 24 A 7Ry
[ = A BN B R bR B SRS TE A 2 b0 28 UG B A b AR 52 2 HH 1 A
BUHEATINAR,  FFH SL50 45 5 FAB DA IR BLEEAT X L 2347

3.2 MSSGAT &&!

3.2.1 =8 S {FiESR

BT 2SR GEFE S Z DR, RUIERAT 2 e BRI 280,
GRS BT R R FE A, A SN SRE RE
HOv B, 13 2 b2 BB 0 FAN T b2 BB 8 BA A . IS
I H LR R 2 18] P REAFAE— € VKR, PP L 2 A28 (50 S8 AT LB 124 2
ANBREE Z 18] B S R A B AR AL BEAT T, T B AL R 2 SR HMER R . T
A g G I A P R R IR 2k P R 2 2 R ARG B, Fe i T
W Z AR5 BIUER  RA5 M MSSGAT . 2 2 U AR A B E = I Mk b i B R
JINUHE B 3 2 2T B 5K R A B AN S S PR, B A AR AR 26
T Z 18] ARV 2 SRR ZEAH OGRS IE, S A 3thadb AT 45 SR A0«

A FEPE ) MSSGAT 8 B S RF AL SR U B . 2 RUSETE SGER I
N2 3k A R IR = AN G . AN B AESE an 8] 3-1 o 1E
FROESE IR, AREEH ResNet-101RGEIERRFE, FHk IR =14
FUZ e ARz B p o 8 2 RUEIE SUER IR, A0 = A

R B RFAE AT R AR RR 5, S8R AR RN [ B dig 55 S0 e T4 3R
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=

AR IR . fE2 K ERER RS, A EER R 8 B ER PR
FREE T2 MR AR 7 B B G ROz AR 2 Z MK AOR &R, B RIRAE S
PREEAH IS B [ & T 2K

R R A
it el

SREEGERAN
RER

K 3-1 MSSGAT 7 &

3.2.2 F{ELR AR IR

T BLAE IR 2 BR A A R B 5T, AR SO A ResNet-1010844F 4
MSSGAT A PIRFIEFE L T W25 . [F8 ResNet e B 7 55 VERR AL KA
s BT CALE AR R T ST LR S 0k AR 22 455 #0523 4 8 ResNet Sk 2 B EE KR
fiE.

HMWREGRME NI 2 5, RZ ANEINN, RS IR,
BAGRIEIA G Bt 2, SR 30 BRIk =5, s e g 52 715
BRIPERE . PRMRIESLIG R, YUERMGIAE|—EIREG, dRMRM %A
INA AR 1 Re AR B4 T, M 2 A 1 AL A 20 A o DA s, 23K
BUERA R T B o RN ANIBTINR X 28 2 2 350 186 B SR AR B HE o BT ax A
R, AL NS T — FIRFE R 22 4%, HE R A SCTH Y ResNet, ‘&
AT DU AR R /R R AT B IR (4 [R] B AN 2 PR AR TR (g M e
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B R R 28 1) 22 bR R BB 0 SR T8 I L AE B 5 R R R

identity

K 3-2 TR ZE R
BR 22 R P T AR Oy 2 TE L AR S . ISR 2 FR
N FHH R RFAIE P R /N8 T8 HICET AR ), ke 222 LSS U o i N 3R AT — 8 ) 7 46k
JE R SR AT, WS BRI i 32 fioR, A0ERE X FIEhZ
RFEHEEW, TFRZERMNZ FOOI5y, B M HE FX)+X.

layer name | output size 18-layer 34-layer 50-layer 101-layer 152-layer
convl 112x 112 Tx7, 64, stride 2
3% 3 max pool, stride 2
[ 11,64 ] [ 1x1,64 ] [ 1%, 64 ]
2x | 56%56 / : : :
COMEX | 20X [zngﬂ 2 :ngﬂ 30| 3xaet |x3 | | 3x3.64 | x3 3x3,64 | %3
T T | 1x1,256 | | 1x1,256 | | 1x1,256 |
. ; - ; [ 11,128 ] [ 1x1,128 ] [ 1x1,128 ]
convdx | 28x28 :ngg X2 szgg xd | | 3x3,128 | x4 | | 3x3,128 [x4 | | 3x3,128 |8
LA LS T s | L 1x1,502 | | 1x1,512 |
- ; - ; [ 1x1,256 ] 1%1,256 ] Ix1,256 ]
R , . .
convdx | 14x14 :z:;zg X2 Zi:;g X6 | | 3x3,256 | x6 || 3x3,256 |[x23 || 3x3,256 |x36
S Lo = | Ix1 1024 | [x1,1024 | 1x1,1024 |
- ; - ; [ 1x1,512 ] { Ix1,512 1 { Ix1,512 1
2
comsx | 7x7 :i::? X2 :i::g 31 3x3,512 Ixa | 1 3xas12 1x3 | | axas12 13
Lo Lo | 11,2048 | [1x1.2048J [1x1.2048J
Ix1 average pool, 1000-d fc, softmax
FLOPs L8x10° | 36x10® | 38x10° | 76x10° | 113x10°

K 3-3 ResNet 24 14 14

Wi 3-3 fs, R 2B BRI ] 73 Fofl ResNeto FF H S &N
Er sk Z B W LUK B, ResNet-18/34 3 9 Filt j £ [t 45 AR e 2 el 95 J2 45 1
R, T ResNet-50/101/152 3X = Fh X Z8 A8 FH 1 & = E GRS, 2 50%t
N 3-4 FR P RRASE] BT S FR 2B . ResNet-18 A1 ResNet-34 K F 172 & 3-4
M sk E, FANRERBEWA 3x3 FEHRE4 . 1 ResNet-50. ResNet-
101 Fl1 ResNet-152 R H 2 B 3-4 sk =, BAREDIH A 1x1 &M
JEy A 3x3 FIBREM—A Ix1 MBRZH. ZFrLAfE ResNet-50/101/152
A £ F fif FH 5% ZE B 5 ResNet18/34 AN, S22 T HAISHE
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256-d

| 1x1, 64
l relu

| 3x3, 64 |
l relu

| 1x1, 256

K] 3-4 IREETL R 3L

TEARFESE H A, FRATIEE Res Net-101 1 i RS (I RFAE P2 BUR B A T
PRI GASE, MW 3-3Fa LLE S, Res Net-101 FEEANMEAIAE SANERZ,
Hpg—2E& 777 e, Re2lUNMERE, HbENMEHEaS 7241
“bottleneck design” ZEHIIFRZE R, W4 I &G & — MR PHiLE. —4
EREM— Softmax 77K )Z

XTSI BB AR, 458 — K EMBRIBEA I, REkBUE =41
GRS, EIZBEIUY] feature map, 1R F7R:

X, X, X, =F, (1:6,.) (3-1)

cnn cnn

Hor B (450,,) TR BEARIESR UM 45, X, e RWTN X, e R

X e RW N 735l = ANAFE RBERIFFAE K, O RnERI TR B2 S 1S4

3.2.3 ZREEGEEHER

N T AR R B G B TR R N B AR 22 S RE, SR A2 RUETE X
T G A 2 A R R AL BRI 9/ B AR RRF LA S, IR AR 2%
B SCHR 2 S MR AE I RS 8 TR0 MRS Ak 1) o, D0 oA P S 0 LR T A
ALY B e b 2 3] 1) 5 SR B R A 5% ) R ARFAIE

B, BRIRMESR IR 1 =N REIEIE, e X, X, Xy, IR

LRI N 2 22 ROBEE SQER s, )5, K= RERRHEEES, H
i LN E RN DL RIS LN

)2 :wl(a)z(xl):a)s(xz)ixs) (3-2)

Hbvo, o, Mo, =1 RN RRERZ.
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B R R 28 1) 22 bR R BB 0 SR T8 I L AE B 5 R R R

E1F B 2 RZ R A HRE X JG, ASCRAAS SSGRLPZAUINIE & bl
A 0, 4EbR 2Tk 1] & word e R Xof MG R AEEAT RRAE A0 fif . AR A0 T

FToR:

E = ®,(word) e R“® (3-3)
a(iw,h) :O-( )2 w,h 'eiT) (3-4)
Za\i/v,hxw,h
VR E—— (3-5)
D un
w,h

AARE-3)P O LRI H L, K RN B oy DY e

AICEIN T ERHLS] . 2P PR R E RS 3 2] 535
REFFEF R X TR T RS, A SO AR TE LA Sk T R

A

IR, MARG-HFR. Hp, o RRE | MRAIARZHE LR, X,
() w, h FRFHERME R SO E, R RIRE. a,, RRNE (w,h) 55 i
AN Z B R R I, o(s) /2 SigmoidWUFE k¥l . Zidif TR it
BN AT AL E 5 i X R 8y, » ARG BEAT DB Y LASRAG 55 i AN 5101

BERR, WARG-S)FR. by ZoRRE TR @ M ERR. B %R
RV SCTE R ) B R B — AL TR0 B R R UK AE

V={V. V. Ve }

3.24 ZLEFENER

E IS HH F A [ IR0 G 2 ) o] REAEAE — 8 B R BRFIR B S &R, T2
AR T B SR ERAR S 2 AR R, FETIN T B S 14K
H 38 N bR 2 2 A ARG R o TR 2 RBEIE S R B S 245K 1A
B REE R PRHE Y ={V VsV 3 2 5, FRATTHRE X L ] S AR A B 0 A
FHOI N B E B AT RS B 78 70 F F B SOk 2 ST 25 2 TR 1
FHORME, A i & A RS RAE BHH n & Z =12,.2,.-2. 3o TR BIER
MESE G ] 3-5 s
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