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Gesture Recognition Based on Convolutional Neural
Network

Abstract: As a natural and friendly way of human-computer interaction,
gestures attract more and more people of all ages. But the gesture is rich
in meaning, difficult in tracking and recognition. Artificial extraction of
the characteristics of the gesture recognition method is vulnerable to the
impact of the external environment, which makes gesture recognition still
a challenging subject. With the rise of the depth learning this years, it
brings gesture recognition a new way of thinking and created methods.
Based on the study of depth learning, this paper proposes a gesture
recognition method based on convolutional neural network, and designs a
prototype system based on vehicle gesture recognition. Specific work is
as follows:

1.This paper presents a static gesture recognition method based on
multi-scale convolutional neural network. Multi-scale convolutional
neural networks can extract more fine features than single-scale
convolutional neural networks which use different scale feature maps to
improve the accuracy of gesture recognition. Compared with traditional
static gesture recognition, static gesture recognition method based on
multi-scale convolutional neural network is more adaptable to complex
environment.

2.This paper presents an algorithm based on 3D convolutional neural
network for dynamic gesture recognition. Compared with the traditional
dynamic gesture recognition method, this method can automatically
extract the gesture feature through 3D convolutional neural network, and
it is not necessary to extract the gesture feature manually. Compared with
the 2D convolutional neural network , 3D convolutional neural network
adopts 3D convolution kernel and 3D pooling window, and 3D
convolutional neural network can extract time and space characteristics at
the same time.

3.This paper designs and realizes the prototype system of vehicle
gesture recognition. Vehicle gesture recognition prototype system
combined with static gesture recognition technology and dynamic gesture
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recognition technology, achieving the gesture control of four
commonly-used applications (music player, telephone, navigation and
radio).

This paper includes 33 images, 18tables and 78 reference documents.
Keywords: Convolutional neural network;Dynamic gesture recognition;

Static gesture recognition; Vehicle gesture recognition
Classification:TP391.4
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FEAG AR 22 R 245 T 1) A 4 b B AR R 2 50N -

X, = f (Z Xk + b}J (2-2)
ieM;
HAPNFRoREE, jRREBRERS ] ML M BRBBZITE X k &R
LB b RoRimE, x RARHERDS M B HME, RoRBom s BARERE
TEn ™ B

1 1 1 0 0 1 1 1 0 0
X1 X0 X1
0 1 1 1 0 4 0 1 1 1 0 4 3 4
X 0| X1 X 0|
0 0 1 1 1 -y | 0 0 1 1 1 2 4 3
X1 X0 X1 X1 X0 X1
0 0 1 1 0 0 0 1 1 0 2 3 4
X0 X1 X0
0 1 1 0 0 0 1 1 0 0
X1 X0 X1

B 2-5 At E &R
TEGR A M2 R CRRFE) B854 sl SSE A &
WAl o 72 AIRR 22 I 25 VT R, A2 st R R B SO AL B 1R K/
WA TR K. oA R W B s

Max(1,1,5,6)=6

111\ 2 4| BEhht:
Sl mikEnA e xe
5 JE/ 718 | sk
3 | 2 . 3|4
1| 2 .

B 2-6 R KLt E &R
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2.3.2 REfEHE

BRI N 25 T 1) Je [ A 9 T2 AT 2 0 25 A 2 R 4% o 1) 2 B0 A T SE 8T
M SRR Ao 22 I 255 (R I R0, 5 R 442 X 2% 1) e i) A% R B0 vh T DA 23 Dy = 7
ool S AE O R NS 0 S HCE T, 28 GO | + 12 2=
| ZRERZ; FEFENREI+1ZRERZEEZ2MA)Z.

SR AR TR AL “ARZ IR SR HIfRAR, WH SEE T FRIAEE & HIRIIZR
NTAZ ML o 2RSS T B 2 P 4 T AU R oS BT S8R B, ISR
WS HAE, A R B W, SEBUG A2 28 1 I 5 o

ML AR S HOE R . R R AR e S
B AR ZEIX — PRI AL B o SR ZE (TSR PRI DL, — i At R IR 22 1 5
— AR RN ET A

g :(dq,h_xout,j)g(xj) (2-3)
| Zormiz o) o
h=1

AR (23) AHEREEAR, AR (24) NS ERETHEAN.
Horprd, FRWIERH . Xoy ; FRSEBR, o(x,) REGE B0 FHL &
T b MRRSI, h RN h AMRATE, | IR | AN

FRA S LRSI AR, 56T A P 2 OB i B 3 A S

AW' =—-X"2(5")T (2-5)

Ab' =§' (2-6)

AW' BoR L ZIBUE, n FmFEIEK, §' R EkE, X RRI-1E
[, Ab' TR R E .

RN BIH1EZMEIEZREHZE. HTEE 1 +1 Z 8
P, AR 2B PRI P 110 4 P Rt A 2 P i R AR i T 4 P A AE 5 AR R 22 51
IXAFAF | +1 JZ (5 22 4 P NG B2 1 48 0B A — 3, B DAEBEAT R 2 10155
B, B ZE AT FoRAE (Up(é‘}“)) BH, up(é’}“)ﬁﬂﬂ Kronecker FefA ik &5
HHERERHRER RN T2k zZitHARXA:

5, = A (W) oup(5)) 2-7)

P FRERE (1R SRR S5, BRI R R, |
HRBBURIE | BRI, 1) oup (8 FR s RERIMITE, MR B B e 3
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Hke.
i . T

Ab} =>"(5),, (2-8)

wy TR
AM:%”“&AdﬂW (2-9)

i FR X AEB B R P b MRS R X FoR s | -2 M e, 7
RN,

B=REOL: B+ 1ZRERZH R RNZ . MG EMERR
WAAELESE 72 . P UAETH R R PR ZERS, R E =R PR i i ah %, 2t
TP 58, AEAGTH S Ak 4 FE A AL 2 O 4R —

S = f'(u!){Zﬂ“@KjJ (2-10)
jeM

F(u) FRHOR SO — I S, | BRI CREEE) M1 K, M %
TRE TR0 § KN+ LR MBS, K BRERIE, %05 0 oK, —fi
MR, RENEE SRR AR K DUSAREEAT 180 RERREE, AR L34
AT 180 RERARE, PO OVHATIURMLAT IS 0, (549 6T AT B RLEH R
HERETE S K, BRUR M SR — B, RIS ERLEL.

i B

Ab =>"(5) (2-11)
AR 58T
AB =nY (5 *d!) (2-12)

d! R ZH T REHMER A, uv RRARRNE, nRREIR,
24 ZRELERHZMEZILIT

B LIRS 2% 2 AlexNet, CaffeNet 252456, ORI T 844 H
JEHREURAE, AR5 R X SRR A T R B 43 SR B X sep 2 ORI H T A%
Je PEE ) R REAE AT BUE B4 2R, 3X 3 B0 LE N 25 BRI AR 4T (1) X 73 A H)
TR 2 550K S [X 50 1R B S RO A o (L2 T o IO 8% 25 AL A A AR HE IX 43 T LA A0 R AIE
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AR B, LAX o E A S, ShiVIMPIRh s . RS TR 1R 2
SAFANRFHEA REME DL 1R, BT AR S T 3R] TR A I B — R A
28 W 2 AR AE I AR UF (U8R . Songfan Yang 58 ABUTE 2015 R4 H T —Ff i
T2 REERFIERI BRI 2 R 28 T BB 70 IR AR o MR8 2R B 2 5 0 W 7L 3

VIRl E R GEHIEIE X T BB R AR BOZ AN [F) 73 3R AT Hi 3R  IX A /& Songfan
Yang 55 A3 H 251 2 RZRFIE G AR AP 22 45 1A% 0 JE AR . Sl SR AN ] R

FEN WPRFAE, SEIMUERRIRR 1 IR, XA RENS (A G AR 22 I 25 1) TR 545 21
Tt

2.4.1 ZREERBZWELEN

Z RIEEENLZR G H 2 — N R S . (B2 2 RIEMMESEGHME
WX 2% IR IR 2 is A N s /2 Songfan Yang $& H [ 22 JRORE #1248 X 28 25 hg s =i I

Avg-pool H FC ]7

Max-Pool

R’ 2-7 % R E BARAP 2 W& T &R
(Conv 2 T4 A&, ReLU & T# % &, Max-Pool & T3 KL Z, Avg-Pool & 7=-F ¥ il
B, FC 274 #%#EZ, Softmax % T Softmax Z)
Songfan Yang #& tH 1) 2 ]ROEE IR B 45 B 48 I 2% &5 0 2 W B — DN OS2
(ReLU J2) 5% MR IE B 4 P S, — B 6 B AR 36 7 1) B H
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—EEER L, 2P ER AN SRR SRR EE R R B REIE
AT RHERL S, H Softmax JZHEAT 43 FEH

W2 R R A 2 RUE BRI M G A IZE . Rz E&
RAEREAT BB SR, (A5 MR 1 73 2SR RS SE RS A4k - 1o HL 22 RUZG R
M2 PEEA ] St FHORIRHE K, JFRA At M2 IR KI5 R .

2.4.2 ETZREERMEMENFHSFERANMWEZIZIT

BT 2 RIEGIRME P2 K FAS T HR N T T2 =R, B
AWM ZEINREE; o= RUERHMERESEE: = WfrEadlis.

FERRA M ZE BT, O TR B R I SEI SOR, A7 EE0 8 S 2
LA MR P E R Z RO D, 2 3B AE N2 It REA RE T 2 ZEoK, 1R
CRAGE, AR B ZH0E 2, IR 5 ML A LS, T Bl g B R &
XF SEEG A& T R R %uﬁﬁgﬁ%A‘MH%Fﬁ KX B DA [
SR, DUHCABERIRIEATHON, 8 S2I0 0T b, e B E & T 35 U0
2 AR, AKX CaffeNet. VGG CNN_F. VGG _CNN M. VGG CNN_S[33I654]
RGBT T, FFmZ L CaffeNet WA EEAE BT T 2 R
EAG Y TRt

JOBERHAIE B O T 9256 45 RS2 M AR K, n SRa —NMB0E 2 H R R 4R 2
InE|—ERE S WIS LG AR, 3 H i T2 E g m, 2 5 HIRRIZ T W17
Rk B RPERFEL D, FEANRRIE BT S50 R, T DI BCA i i R AR AR
R R E . LEAR SO RBERHIE B 35 2 2k T 20 0 B I AR, ol i SIe 6 b
5.

AT 2 RGN LR 1R Gt &, AR R k. Ao
BRI IE U AR AE A R R N — AN B4 MM TE U T o N T U T R AR AT R 4
BN

C=CO+§Zw2 (2-13)
C HREF ks, Cc MERFEMARMEE, 1 NSE, oBEH.

BT H AR B8 O ASUAEL SR A 3 AT AT

C
@ 8_ +Aw (2-14)
ow Ow

$ FALE % 5T N
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ac, oc
o =0-1—-nlo=1-n)o-n—2 2-15
N (1-n4) n— (2-15)

BEOBUE R RN I 1 1-na, Hrbp 2522, nA BOBUE R, il
AR AR, SR BARIIBUE R AN 244 LUK, IZREF (AR AUE LA
/0Ny FEBE/IN RIBUAE S I S5 55080 R 75 AN UK, T BES DD i 4 5 Bt 3L

B A BA T BRI 2 Z5 R T (]

Image

Full
connected

Full
B 2-8 A iki49 % R A KA 2 A%
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TEAM G S ANGREM 6 MLZER 3 MERE . 1 MEREGH
BRI R1ITX1D BN AT 96 MERK: 2 MERIZERZ KN NSXS B
KA1 HEE 256 MERZ; H3 M EBREGREZ KRN RN3IX3 BKN 1 HE 384
MNERZ; B ANBREERE RN RN IX3 BEAN 1B 256 MERE; B 5
MERZBERIE RN RN 3IX3 DK 1TAE 256 MERIZ; 2 1 ANk Zibib i
FIR/N3X3, 32K 2, RAERRMAG T =0 28 2 ANtk Z 0040 & 1R/ 3X3,
KN 2, RAERKIA T 56 3 ML R E RN 3X3, KN 2, R
R s 28 4 ARt & DO 3X3, SBKON 1, RS
s S ML EILE R/ 3X3, KN 2, RAFMi 720 56 6 Mk
W EMALE RN 3X3, KN 2, RAPFHMATT 0. RHE Songfan Yang 55
NBETH 2 RGP X 25 (1) S5 U], e B2 sh B R 40 Re LU it IR0 ARRAIE LA R
Z REUSAE, ARG IRATEIAZS 2 NMERZE. 5 4 MERZAEE 5 MG
JE % B REAE B 2 AT AR B, I — N B S TR R RS, B
A Softmax Z1EAT 73 FE1R 5

25 LWHESERSH

N TR TR BT 2 RSB E W 2% 1S T BT E AT VRO,
FATHRE NPT I EAT . 1R BRI 15 A 22 X 28 AR 22 ROBEAFAIE I
BRI E R BEATRILE ;s 2 ARG S T HRBINEMIE T 2 RIEG LM
2% B A T HARN IR 45 R AT FLEL

2.5.1 SCIGIREEATAE

ARSI LB A P8 A2 SR FH Nvidia ) GTX1060 ¥Rl Intel 1 6 X 17 Ab3
&%, GTX1060 &-REAF 6.1 MHE 1, A 6G BAFEE, REE NIREEEIIMLR
L N B AT

A S8 ) B IR 85 R T ) Ubuntul6.04 28 458 A1 AH 50 IR 58 A1 2 3] et
(BVLC) JFAK ] Caffe HEZE. Ubuntul6.04 /&% T Debian K47 A GNOME &
TG A —3K Linux #84E R 40, HAKUFAS B A RIFHIAEE M Caffe
FEZE S H AT BiAT TR B 2 S HE 2R, Caffe HEZE HAT RIS HIAMEZR S5/, I
B — ki 4 SEIL CPU A GPU Z [l 716 K I 25 s Caffe HESE & — M URHESE,
7t Caffe KATMIH —F5A 1000 MFEEZS GHELRN TR, HA DM KEM
%, Caffe A5 RIFHIMERE, B NVIDIA K40 GPU — R AEWS AL 6 T /57K
B
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2.5.2 BREYES S REFHEMEM SIS RO

TR B RUBE R AIE 1) 45 AR 22 DX 48 R R FH 22 P AR AAE 1) A5 B 28 X 4% 11
EE R B EG, FEAR T, AT T 7T LBLRAT B JLFR B R FERHIE R FE 5
AR X 2% CaffeNet. VGG _CNN_F. VGG CNN M. VGG CNN_S, JfH¥&A1
S IR LL X 25 LK), R VT E SBT3 A D 2 5 ) (1) 2 R VR P 5 LR 28 DX 445 A
B, SRJG AT T SEBRAT EE o AR SCERE SR F U ZRFE A0 10000, IIHAAE AR 9 1500,
XEFEARL A SRR REASERE R, LRERTE:

& 2-1 & MEGRA AL DEPTE A ARPTE NG

M 28 254 KA A B K R 2 B % 1
CaffeNet 83.7% 0.43s 2.5G
Multi_Scale-CaffeNet 90.3% 0.51s 3.4G
VGG_CNN_F 81.9% 0.40s 2.2G
Multi_Scale-VGG_CNN_F 87.1% 0.55s 3.33G
VGG_CNN_M 79.7% 0.56s 2.3G
Multi_Scale-VGG_CNN_M 86.8% 0.64s 3.6G
VGG_CNN_S 74.3% 0.65s 2.6G
Multi_Scale-VGG_CNN_S 85.3% 0.68s 3.7G

155 RBE B AR 2 WX 28 vh & iy v, 0 R A 32 N 4% 1A B Js — J2 R i o
VENHFAE, CaffeNet RHIE 7] B 4L A 4096, VGG CNN_F HHIE[A1 B 45 A 1000,
VGG _CNN_M HHE [ E4EEE N 1000, VGG CNN_S #AE4ERE 1000, £ R EZEHHA
P2 ) 265 (1) R AIE 24 T 32 B SR A O T e 4% 38— AP PR e 4% 28 — 2
FRE BB & K/ N3 $R . Multi Scale-CaffeNet A SCEFREE 2, 4, 5 PMEM
i B AE IO, B AE4E 2 AS Y 92165 Multi Scale-VGG CNN_F #8458 1,
3, S AN E T H RRE N, REAEZE BEAE 9 20005 Multi_Scale-VGG_CNN_M
WEEEE 1, 3, 5 B E M RER NN, FFAE4E AR 2000 ;
Multi_Scale-VGG_CNN_S 7EEFEEE 1, 4, 5 EWMHRFEIMN, FIE4EEah
2000, IXLEEFIPE L 5] 2 RBERHEEAT 250, FRArgE SR8 T 2 4.
MK 2-1 ATLLE H, 2 RJZEHE RGN, R 5248 28] TR KM
PeTt, TSI N2 RERHERE WS I8 = B AR & W 28 5 S TN 26 (HR M %%
YN ZRIB 18] 04T H MR P4 o, 32 PR R IR AR A 28 X 245 45 R T 52 R I
KA, TAEASCR T 2 REE AR 2 WX 28 b 388 HEAT LU R M 2% B 22 11
BRUTE, BT LA S5 BT 75 BT TR %A KR . WA
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T FRATE 0 7 2240, B DL 28 T3 BRI T AR S 0 0, sk (8151 25
P4 265 e 75 B P A3 I B ASOR

KRBT RS TR 4% L 7E CaffeNet JEAiE E, N R EFRESE
L. R & Multi_Scale-CaffeNet X 2532 Y EURT R )4 A5 Ak b 2%

09 Jrs o L T
0.8 1 W
0.7 4
0.6 1
R
(I) 50‘00 10600 15600 20(‘]00>

B 2-9 FHR 30 E H5ERRHETIE

IR IR BUFIRE B AR AL BT DU IR LEHT 1300 IRYIZRIEAR, IRk FE IR E
Fe T, BEEIEARE IR FE IR T 2218, £EJ5 10000 X2 20000 ARG H
HILES, RIS L FRA SRR T AR AT HRS ik, RO
28 TR ) Bl ME UFET, BT DUORE R T kAR B — o B, BRI SRR
BT, XL TR

2.5.3 SRGEHSFHRMNGELRERIILSH

g ST HRBINELRZ , A CEI T H RAGRMERFS T BR A5
IR AS I (A LB SR HEAT FL

BT B A ) LB S I i 2 T35 UM o ST BB AT A ks I, H5 T
SRR AN R, PR SR T 5 B I 1) Py B4 il e g, AR THEERE AR
ARG &, GO B /IO IR A 45 2R

1
=

B 2-11 & 28 5 F 40 Eem s R
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B 2-13 A &K X FHEem s R

NS T A A R FA RS T RN 5T 2 R G IR 2 R 2%
HIERS T AU S R

(22 BEFFHEFHIRAE

FH, L 1 2 3 4 5 6

o) 45 B 1] AL A 92.1% 91.5% 93.0% 91.5% 92.1% 93.3%

% R B BARAY 2 W 2% 92.1% 92.1% 92.7% 91.6% 92.1% 92.9%

R 2-BEEHFHEIFYRANE

FH»£ 1 2 3 4 5 6

) &5 B ] LA 79.7% 79.1% 78.2% 81.4% 82.1% 85.6%

% R B RAAY 2 H 4 85.1% 85.7% 86.4% 87.0% 85.2% 87.7%

MR 28T S5 AN ] B o B S B 5 SR R] DU H 3 T 3l 25 ) T B i i a5 T3
TR TR 9 357N B T 38Rl A0 22 RUBE G AR 22 I 2% 1 - 35 R0 R 2 0 O F AN
FEARK o K2 D N AE a7 B 5T 350 00 31 B 0 52 J5T 2 MU AR BE SRAS 4 1Y
SR, XU RN AE RAXS LURT . M RAE R, TR H SRR UG
$EOK, P DASEIG: 45 RN AR 22 W 25 AH EL AU AR BRI Z2 0 o IR T WA T2 RS
GRUNZ W 2% (TS T AR A T B RIS & N 7E 7T E 4

MEASF IR A v LU Y, 2 RSB RIN A 4 25 T35 2 8] (1
TR A 22 5 A0 U T3 S I TR IR S i T3 R R = 2 T, RIS T2 R
JEERR M2 1) F BT, B IR I 7 T A BRRHE, 12T
ZNASI TR A A T 5507 A F RN F S ML, R A E & A s+
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3,
2.6 KEINE

ABEEINE THETHFERE; LENR T ERMEM IR GG
AL 0 2% AT [ AR 3R A S AR FEE AR s SRR 70 7 SR R AR %, 4R T
Bt 2 RIEGRMEM 2 MFS T AR RaiEd S 2 e REER s
2% (R s, R T 2T 2 RUE BRI M 28 (S T A0 R T R
JEERME ML, W 5EGES T BITEBAT R, BT HBRRE M
2% A T RN IR T 2 IR B N B SR TR St S TR %,
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3 FESFHIRH

R FHARBIBARRLH T AL BRI B e AL 5%, R AR 1L,
#h 2 BIEh ST . S TR N AN LI R AR5, Behs
S FHHLEEINFE AL GRS T AR RN THRIT R EEAT R,
AEAE T RO RF AL 1 1 B0 SR 25 SR AR K, A A 1) BT AR A5 3 TR U
i1y H ¥k AR AR M N 2 A 2 AR A, TR R F AN A . BRI
ISR N THRICFARHE, BRAPIE I 25 e MUITZRREA [ 5 2% S BEARFAE .
WA GARH B A B ARAREAE X 258 N AT] )R BEXRT B P EAT 70 28R,
H TR AL B BE 7T o A FR NG AR I 28 I SRAL BE 25 T, T &
BT H RS, R AT 3D BAME M 2% 1)z T H Rl 77 %

3.1 REENEFHEIRH

HEpS T M, ShAF BN T B R 45 G 1) 5 B A mAE S, XA
RN T PRI K . ALGBES T HRBIINERGT T ARG, K
AT HAB R FAE RS 8] T (RIS S LA F ORI R SE I B8 T R o
AR T B LRME Sl & F R RT iR 50

D REEREA R — Mgt AL, G52 T 20 4D, IFETE & A0,
RGBT 1 V2 B E I RURP . BT Ia By /R B AR 1 3h A8 T R0 U5
PORIEF S IEAE N F AR B RF LA T IR0 o B N FHE BRI ERE ,
REFEERMZ BHE (PRSI (x, y, 2) BREBRALZE (o, B, 6))
FIFHAPSNPIE, KRS 7 T 5RO I R SR B 2 & T3
R B S 2R B R R SR AE 7 41, TR N ZR8 R KRR AR R ) A A
{E, JEIRLHT A SRESR R R RR A, AR5 R 3 o TR R R
HIBIES T A VIR T N — B SR B, AR R X 2R T3
ANVER RS FE R, B T3 A 5 IS IN BB o T35 % . (E2REE TS AR
%, RS RBERERGBOR R 2%, UIZRAE B 2 HORBOR .

BT RIS A S AT HRBINE, Bk TSI GEF o HEIHR, 4
Ja R E — R AN EHGHEAT IH— AL AL PR, TR — sk S B DR BT SR 5 i s
FH VN LTS TH MR o X R T F5R0 G b BEWE IR 47 AR T
RIAFFH, HEHTER TRZS FHME L, X280 F 3R
o0 A 1A AR R 2% 1 F R R AR

21



Bl £ 2247 18 3C 3 A FH R

EHASI A AR A A e — AR UL R SE . 1 TAES A T 3R 10
SRR RE— AT (I 18] 7 I BEARAN—FF BT AAE T SR R 2 5 A5 AR 1K)
R B8 FF SR FH 51 285 B ] 00 88 3k IR x4 T P S BEAS — BB 0« Bhas
IS [) KA SR20R T A8 s A N ah s TR AE, I THENNAREA 5 S B A
Z [E) R RR R S SR B A T 1R o 52k T B S R BB 1 3 & T 55 R
FALE BN AN )RR Sk se B 8, TF SR, (BRI T 3h A (e I 1) T 3541
T SLENS B TR B

3.2 ETHERMEMZAIIINT XEE

GIPHZ WZ8 0 T B 7 I 70 KBRS TR EE 3, BEE TR IEAN, 1B
R B T BRI R BRI N 4% . 7E 2015 4F Andrej Karpathy 245 45
U 8 D 288 PE A AT AL 38 1 () e i 81 B8 — o AR 20 IO 2% 5 LA ) Ak FE AN g R
1] B [ 2% BEON BT RS MR I B AR, B FR R BT B B
22 I 28 PR I R Lo B R I 2008 IS4 22, BRI RN IR BE G, i A
TARTARLAd #2289 28 65 ) A A2 A AR IR 28 X 8% B 28 TRV R 2R

H 1l T A 28 I 28 (R R 73 R I B0k = B0 455 KA I d 2 (LSTMD
IR 28 RIAAT 73 S R . HEAA A X 28 S5 M A AI 3 SR 5. 3D BRI A I 4% 1K)
AR 3 S IHE

KL EIZ 2SR PF IR N 2% (RNND A i — Fplolo0l w1 B ARIE S
S PRI R o RN ICAZ N 28 S R LS AE T RS R FH P ekt alad < Hs
A7 7SS B A (R B . CERRAR 3 A B ey, A T X A0 B AR AIE
AT SR A A RE LIS W ) IERR BEAZ, T LSTM 2% 5 1 & b BEIX M)
{13 LSTM ZER 7 R h 13 8] TIRZ N H . {Hi2 LSTM S5 5E 0%, XFHIi15
TEARA G AL B A i R AR R, GRS EEER 2, XA AR R A A
et TR K

HTHEA M (Rank-Pooling) FIRLAI 73 SR VAL, S X440 1 ERL i 45
BRI WM AT RS A, AR5 456 A SR 2 W 4 SR B RRE, 75
Temporal Pool 21T Rank-Pooling TH5, 5t /5 ¥ A Softmax JEHE4T 73 F51H
Al

FoT 3D BARHE N 2% AR 73 R ERAGARAE B 3 4 PR N AR A 42 )
7%, 18 3D B 3D WALTREUN T HRFE. 5 2D BARREE W24 1) e R AN [RIAE
T 3D BRME ML KA 3D BRUZA 3D Jtifh, AMUBEEHERCS AL, ERE
SRS (B RFALE o
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3.3 3D BIRMAR ML LT IT

FEANTT R AR SCR T BIFE T 3D BRMA M S T AR 7%, K
SCRE LR JUAS T A 43 CNN P28 p iy 22 (5 B RS 7720, 3D B A P 4%
BARG Y, 3D BRMEM LRI UIZE.

3.3.1 ONNMEHHFZEEEmMEAN

FAEE BB 7 2R, A S0 A B fe 2 T R AR S L, 1T L 75 2255 18
IS [FAFALE A SR H o AWM 73 28 7 b 5 I [R5 B AN (A5 R, A Re S B H A R
FFAE e B AR X 2 AL BEALPI ) I 25 A5 B R & P 4R S5 KB = Fl, B IR 5 X 2 45
1, BRI A I Ex S, iS4 S5 A8,

LT R W 4 A - SR I 4 S R R P A AR 15 DA 3 4EFERE IR
XEA RS —DEZ, A S A R SR T E R A, SEIl
=5 B E . BAREH I EPR:

FC |
FC |
Pooling

Conv

Pooling
Conv

Video

K 3-1 FHaxs T &R
(FC 274 %4 &, Pooling & =iL/%, Conv & THEAE)
GG SO i 5 D 2 6 g = AT BT P8 23 il i N BB ST R S AR A P 25 v, 3
i BRI AT, SEIUCE— MR FIRHIE, S8 5 AE B o 0 A 452 X 45 HHeol B A ot
IRHE )& FF,  SEIL (5 SR G . HARMZE g5 i &
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FC |

1 |
T

Pooling

Conv

Pooling

Conv

Video

B 3-2 ek b & A
(FC 274 &4 &, Pooling XL Z, Conv & THEAK)
GG Rl & W 51 . SSRGS R R A A 3 4B, 70 il A\ 2]
LA 3D BHUR, B LB, AHRIER, AN BBRES A, RS 6

2 —NERZ

= MW T EFTR:

FC
FC
Pooling

Conv

Pooling

Conv

Pooling

Conv

Video

.
.
.

[ l
| | | | |
T

T

| | | | |
T T

] I ] I

B 3-34FakerE R

(FC 2 =4 #4# &, Pooling & AL Z, Conv & THEME)

3.3.2 3D HHHERIKM LKL

Du Tran 557E 2015 SE52 1 1 —F 3D B A28 0 48 ok 27 ST 1 I 25 R AL
FH 5 S MR A5 Bl B R PE 7 SR AR 5 s AEII D SRAE S5 Th A2 T R IR
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5 2D HERMEM AL, P14 3D B 3D AL KGRI 4 M 2% RENS S 4TI
XS AR BT @M. 3D B APRL IN 2% ) A AR A #8 A2 [ P A P A ) A
B L, T 2D HYAS AR 2R I 25 AU I AE 22 (R3O, TR &2 2D B AR 4R X B
MIEIR . 2D BRI IR EER AR 3D A5 AR h 22 0 2 X AIEAT B A s R &
LI

=

output output
L L output

1 kg > kDI — kgdq -
H &
W
W

DBEHULILE oD BTN Y s
B 3-4 2D HARIEAE A2 3D A AR T ER
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