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Deep learning-based employee behavior analysis system

ABSTRACT

Employee behavior analysis is the use of surveillance video captured by the camera to
detect and analyze employee behavior, focusing on the behavior and actions of employees lazy.
In recent years, with the development of computer vision and the extensive arrangement of
surveillance cameras, the use of surveillance video to analyze employee behavior is a good
means of checking and checking. However, the traditional manual analysis has a large
workload, low time coverage, and difficulty in monitoring. It is difficult to persist for a long
time.

With the deep maturity of deep learning, the use of deep learning algorithms to detect and
analyze employees in the monitoring screen, and record and remind when certain behaviors
occur, can reduce the energy consumption of supervisors, reduce the cost of management, and
enhance the enterprise and the level of automated management of the store. This article
analyzes the behavior of specific people (employees) in the video and implements the ability
to detect specific behaviors of employees. The main work of the thesis is as follows:

1. Briefly describe the research background and research status of the subject, and put
forward the requirements according to the actual situation. The scheme of selecting the
yolo(you only look once) network framework for pedestrian detection, the mgn(multiple
granularities network) network framework for pedestrian recognition, and the residual network
for motion recognition is determined.

2. Built neural networks and achieved 95% corrects rate on the test set.

3. A video detection program has been written to realize the function of detecting and
saving the movement of a specific person in the video.

The goal of this paper is to achieve detection of surveillance video in the detection process,
mark lazy employees and save lazy pictures. Through the efforts during the establishment
period, this goal was achieved, but there are still some shortcomings: the detection accuracy of
the network for a small number of people with the same screen is reduced; the misjudgment of
pedestrians who are close to the store staff and the body is wrong. These should be the point of

improvement in the future..

Key Words: deep learning, convolutional network, pedestrian detection, pedestrian
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TALARKR . KB, BAS R SA TS A AR BT, BRI, % TR
EHURR A B IXA B, BORAEURE, FA:
1. SERCR AN AR 2 M BN R, 9 A A IR W S R 4 B 11
o VAT TR B AL, R B AN R B MRS I, T4 %
% G bbox [9E (Z RS ZIAEN 0, ML THEL, 125 5 i M 4 AR 52
HEE R
R A P =R B4R Ok B SR IR A DURTFPERE . 2 TR DB B BA A AT
o DIRE o
BRRAR 253, BRI BUERED AR, doora WERHIME
ZAE AT LLE G, IR E 105 x, y BRI A R A A AR, 2,9
{RSEBRIA A L f0 22, w, A BRIt O O SE AT RS, W, A SERRIBE R  w,
R, BT I7 AR A BRI T 28 AR R KN boxx 368 KN g isedt , SER 3 33 A7 0%,
B/ bbox HT LG bbox X/ Mk B ANGUR, A F T M4 HIZE. AR
1777 IR § 4 bbox FUR T 6 FTIX A object GEIE T bbox 5L box [ ToU 5K

it
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Wr, {EACKH bbox T E object) X — L HIHMIFEFER N 7 INPRil Rk 2, wTLLE
RSN il VA=

N .

| | | | | |
03 04 05 06 o7 08 09
w; w; w; w;

Small bbox Big bbox
2-7  A[FEK/IN bbox X B i A48 4k () B

T AR 2-5-4 5 2-5-5, 1EHURT 2-5-3 K MBho 2-5-4 H1 00572 T0 B AR EAS EEALE,
N T B R R, XAME—IRRT 1, IR R E RN 5.0 B X810 (¢ -
COZ RN object FI bbox 1B & BEFIN (K BEED s Anoon) Tizo Do {j""bf (C; — C)?
FEXTANE object H bbox HIEASEEETIM (#1K K% . 2-5-4 5 2-5-5 P [FEFEH bbox HIWT
HLEL, ERIARTE, #BE A T RN 2RI .
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2.5.3 triplet-loss 5% BB 3

Anchor

Negative £7777*§§§>
@ LEARNING /‘
.ki\\\*CD N

egative
Ks
© Anchor

Positive Positive

2-8 triplet-loss H f2!

triplet & —/ =704, BE—A anchor A, —fEMIIZREEF BENLHHEUH K 2
“PRUE”, FHEENLEAANEEA, Hp—ANHT anchor [F]—JSHIFEAR, 1044 positive; 115
A=A 2 F1 anchor AN —JEHIFEA, 1CM negative, IXAE I = AMFEARR R T — A =704,
MAEIX = e FEAl EI triplet-loss®®, it = o2l = Ao &R RHIE R A R IEAT R
2%, 3T = FIREARRRHIERIE, FATATELEM x_av x p. x n, triplet-loss %
ffi x_a. x_p ZIFIBEERATRERI/DN, T x a5 x n Z[ERFEB R ATRERIR, HFRZE(E
PFEA — AT ) 28 margin:
L =max(d(a,p) + margin—d(a,n),0) (2-5-7)
BARA K 2-5-7, SERR ISR EiE A 2 = M50l : 1. easy triplets, 2 hard triplets,
3. semi-hard triplets. easy triplets St & —JFiHHLZd(a, p) + marg i n<d(a,n), A7 E i
FTARAL R RE 6 S B 5R ; hard triplets 52 d (a, n)<d(a,p), HI anchor 5 positive )2 & 1R
1t; A semi-hard triplets FtAE T IR P E KT

2.6 KB/

A B AR BRI LI AT, B T S G TAT R AT I AR e A R R IR BTG R (1)
SAER, XEAMEHAT AN, AR, BiE TR yolo MAHELLEEITAT A
Foill; % mgn WA HESEREATAT NI ER0k 22 N4 AT SE IR B 05 %0 FFAr
YA T BT i I 2% K% I 483 ) (53 4 R 5
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FIE MEEIERRINS

3.1 yolo-v2 M4EIEE il Zk

3.1.1 yolo 53 M LELEH

104%104 | 3*3|1*1|3*3 3*3|1%1|3*3 26%26%| |3*3|1*1|3%3
*64 [ [HHBEH BRI 256 [ [RBAERY

13*%13%| | 3*3|3*3|3%3 1*1 ) 3*3 26%26* |10
1024 oAl LAl e Al e oAl 512

Hrth

imm  mifiat
256 64 E

2

o

3-1 yolo 732K M & 45 H4)

HI AT, A S 416%416%3 (UHHE, 1E stage M5, SELIPIE 3%3 B
JZRFZ 2%2 b 2 HEAT B 4E, B AR A 104*104%64 IS, SR 5 40t — 4 3%3,1%1,3%3
ZREBRAMN b 252 WAk E R IURFE I P 4E Jy 52%52*%128 18, AR5 A —4
3%3,1%1,3*3 Z 2N E—A 2%2 WAL ESREURMIE I B 4E Dy 26%26%256 (4R, <
JE R A 3%3,1%1,3*%3 Z 2B RHIFE] 26%26%512 (%t 0.

WAL= A — A5 3

a 73 il 0 A 202 WAL EAR Y 13*13%512 Wi, Had -4
3%3,1%1,3*3,1%1,3*3 [{] 5 ZEARL MM H —A 13*13*1024 5, H2EEW)E 3*3 1
BRI H] 13%13%1024 (R4 H 1,

b3 il 0 Phd—A 1*1 BRI IFE IS B R — A 13*13%256 % 2.

B 1(13*13%1024) 5 2(13*13%256)i@ 3 — 4> 3%3 FBALK— 4 13*13%1024 %
H, S LR B RHE SR RHERL G, M2 BAT 2 RLEE R . 2 SR id —> 1000
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WA ITCH A IER R, )5l softmax 51 2k pREHEAT LI W .
W 2% RN FH 2 JE AR 8 F batch normalization, #B# F ReLU & R

3.1.2  yolo #& M M4E L5+

104*104 3*3|1*1|3*3 3*3|1*1|3*3 26%26* 3*3|1*1|3*3
*64 [ BB SR EIET B 256 [ R am
1024 BB BB 512

i1

k*k*
i j38)
k=M +5)* Ny L] 13*13* 26%26%  1*1| D
Nos FRFAG TP A4 256 _- 64 M
nanchor ﬁﬁanchor bOXFf/"J/I\%I ﬁﬁ EZ

K] 3-2  yolo 73K 245 4514

HEITT AT, WAL 416%416%3 K2R, 1E stage WM&, &z 3%3 B
JZRFZ 2%2 bk 2 HEAT B 4E, AR A 104*104%64 IS, SR 5 40t — 4 3%3,1%1,3%3
ZREERAMN b 252 WAk R IURFE I P 4E Jy 52%52*%128 18, AR5 Ha—4
3%3,1%1,3*3 Z 2N E—A 2%2 WAL ESREURMIE I B 4E D 26%26%256 (4R, <
JE A 3%3,1%1,3%3 Z R RAEH] 26%26%512 (W4 0.

WAL= A — A5 3

a 73 il 0 A 2%2 WAL EAR Y 13*13%512 Wi, Had -4
3%3,1%1,3*3,1%1,3*3 [f] 5 ZEARL MM H —A 13*13*1024 5, HEEW)E 3*3 1
BRI H] 13%13%1024 (R4 H 1,

b 733 s 0 Phd—A> 1%1 BREIF LIS R R — A 13*13%256 HIHH! 2.

B 1(13*13%1024) 5% H 2(13*%13*256) i85t — 4> 3%3 HA R —A 13*13*%1024 ()5
H, A R R SRR AL S, R 2R R

2 [ EEAN 25 BUZ 2 #1048 batch normalization, #B{# Fl ReLU #4356 %

With, AREAEREE, MEALEE M kA 11 BEZNERZ, k HIESHE
B NI EE DS
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k=g, +5)*n (3-1-1)

anc/or
Hrpn  ARKAINYIEET NG ngnenor T8 anchor box N4
B E N GRE /4 Coordinate Loss (AL pRr{i 2 i %), Class Loss (A4 2 BR

#0) Fl Confidence Loss (B EEMEHED) FHATLH,

3.1.3 HIBENAR

ImageNet (45 %E: ImageNet HHE G2 —ANF T 0500 SR TIRH 78 1) KL mT A0 40 5L
Patk, it 1400 DHEIR, ©F 2 A2, HrH 2 ISLVRC 2012 HLFEH]
M EdE g, IMEAEEINZGER 128 HE bR B, RAFEA 5 Tk br2s i &
F MR 10 JTiRATFREIE o B REAGAH KA, A 4555 R . ImageNet
AR TR IZE yolo 432K HIIZREE .

VOC Hi#i4E: VOC 4 2 F R4k yolo KM £ (I 24, VOC 2007 K4
SRRy — 3 9000 25k v, HATKRE A #A xml A& AR, AavE T B A
FAN object HIfE R C(ELUT bbox ALKxR, object KrXERE KRR, FriEIMARETIEA .
). T H. R HE% 20 AN

3.1.3 yolo &I

IR A 4R 7] F, ImageNet & — /M EH KINEHEE, B SIIZRBI1EE epoch
[¥) batch £ FLEER,  HH T FUI 1 BE BRI ZRAs R 2 1R, 17 L JE IR I 25k B th AN
B T7 45 B A I 8 AL . PRI yolo 73 2RI £ A FH I & B T AR, BT RES
A RIS SR, RS HAR T B, T RE 2 HERU

Yolo K5l W 2% BRI IS 78, 1 S ok B EAT AL BE, AbFEON 416%416 K/NEIE Y,
RIG R R A 32%32 BRI, AR PIRS TN T A KN bbox, RS AR T2
i 3 U ) BT bbox FIARAR . bbox TN /NCA K 73 R BEAT L . 2 5 X8 B A% F) i
BEAT AN, 2 Ja R WA A HY AT AL B, EERT U 25 SR o AN X 45 FR I 5 0 R =45
RERBUORE IR R o I 10K B B ARAL, e TE A B R oS P 45 RS2, (]I S84
HEFIRHE B B IE & ORI T 05 AR J5 HR RN A BB A [F] SE T

XFFAIIRZS, NZRP ) VOC B LbBo, i HIFBRCA BRI & 2R I
WZREFHIRCE, IR VOC & B Clgh. HTIRATZINZRR I 2%, K3
AT EA) xml ARZESCAZAE annotation SCIFIeHr, Xf N & & 7E JPEGImages Uk

16
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H, 4 M 000001.jpg FFiG .

H /1847 voc_label.py SCIFAE R label (7R ZEE4HE 20 KA KD, X—H M xml
SCAFHEEUEEAS object FRIPYANTHATALFR AN 73 2505 5., label STPFA: L2 JG FEFF AR REAT VI
Z5. BIRULVOC BEEA 20 M), BF WL BATE. 9. M % [, HER
AT yolo A5 I W25 (11 2k B B2 Lk N 26 BEEATAT AR, [RIEE I ZRE fi% class 2248
HIEFE person, ZBE AR 19 NMET. NZRMEGHE N E Jy 416%416, [FEFFEYIZRIET
fixt MG BENL (0.5 #E%) HE4T HSVAdjust (FIFH HSV Bl 2s (BRI EUR, Jolks K B
H—1, Z 5% rgb I hey 3, FXTHAGSS AR EAT 0-1 AL, iEIREE
TRIFFE[0.0,1L.O)HIFERI N, 25 hsy EIBEEH 3] reb fadk, XK BEHHTIEFD.
VerticalFlip (BUZHEE IR ). Crop (BURFENLELTT) 1 Resize CAEER/N) . YR i
WEIFE N 0.001, weight decay W E N 0.0005, momentum ¥ &N 0.9, JIIZ 160 4>

epoch.

3.2 ITAERAMEIEEKIIZ

3.2.1 mgn L8 L5 K it

1*1

K] 3-3 mgn ML 45#)
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Mgn J&8 8 —NF T3 ECA SR RHE 1 23 3SR A F T 3R BUR SARRIE I 4 3. (Rt
AT resnet50 R JERL, 7E res_conv4 1 2 J5 3 =M ASK S 43 32 304711 2,
I35 ply p2 A1 p3. pl J2 global (part-1) 4332, p2 W) part-2 [{4) 32, p3 & part-3
15332 pl 43 KN FE global 4332, JLAREE 7 5UA resnet-50 S2 T, RIS M
resnet-50 FIZEIGEH,  pl BOSRAE zg pl HIHRIEERZ 5T maxpool FE4ERT, K/NA
12%4; p2 1 p3 [K A 75 AL ERL FERFAE, DR PR BRI R AE B A RN s BT LAASHEAT R
DRI G B o &%, i S R B A T p2,  zg p2 IR R4 0d maxpool
FERAER, K/NA 24%8, HRPIANRLE 20 p2  z1 p2 WAFAEEE zg p2 BI501K), K/ANER
N 12%8; KT p3, zg p3 MIHFIEEE ARSI maxpool FE4EMT, K/NA 24%8, HTF =/
K z0 p3 « z1 p3. 22 p3 MIRHIEEZE zg p3 =553550 10, K/NER A 8*8.

X 28 35 Ji PO i HHRFAIE PRI prediict & FHIX 8 AMRFAIE£8 3ok — Y 36 R 4 4 4145 T B »
YERER 2048 T 5 5% R KAL) UL EEA N 28— R, zg pl. zg_p2. zg p3 (EHIT 4R
B G203 141 SRR LEAL B S AR R T i fg pl. fg p2. fg p3, X=AM
221t softmax A tripletloss Ja /74 7 6 MK KEL, Nk zg p2. zg p3 T 5 MRS
o 4 R RALIBAL AT 1%1 B R A4E 5 45 softmax loss &7 2E 1) 5 MK, AT
mgn JEIRMIZ 1 11 M5 R L

S B
S i

K 3-4 i ok pR B A #
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JRAG ) mgn W28 —3LF 8+3 J& 11 DR ek, FAT D kAT it . J5A 1) mgn 4
e AR = S0TF . 23 /N HEAT softmax BU triplet loss, JFECH &£ 32 B 1%
H AT triplet B3 softmax, PRIN b1 N4 % 1 softmax loss, 16442 &) e K it
S i H R =S X 28 2 SCHEAT I IR IE R A, BRI 1*1%3072 HRFAEAE H
softmax FFATAH, SN T 12 DMRKEREL, BREERTE T IMZE I TERE.

AT I A5 % R BOA] DAAE — B AR b R RDRL BRI 7 S B I R R R IR (]
BRI N, A5, X SBUERER LR, wLE T RIZ 11 GE .

oS S 1 X 28 LL ek AT s R A 1.07% 942 7 (L% rank D rank3. rank5).

322 BUIRENE

market1501 #4E%E: Market-1501 HaSEAEIR B R AR FRE, ERIAK, £
2015 SFEMEIF AT EEIEHE 6 MEEL G 5 DM miEfg sk 1 AMRIERE LD
IR 1501 M7 AL 32668 MR 4T NAETEAE . BT N E D 2 MG
HB, IEHA MG T A RERA ZIKEIA.

KT H A H 5%

bounding_box_test FEBCE FH T MHAZER 750 N, B 19,732 5kEHA.

bounding_box_train FAEECE FH T IIZEER 751 N, B 12,936 5kEHA.

query Fl gt query #& K 5@ BEAT triplet loss 3492, query o 750 AfEREA
Bk BEHLIE R KR IEN query, gt query HH ISR TR — 4~ query [IFIFLE
B 2 i LS CF)— AN AR AR BIG D AT TGRS CR)— D AR — gk
B B R R — A A EBO .

3.2.3 mgn I

T 285 2 35 T resnetS0 BEAT SO, BRI G AR I N 2K, resnet50 CL427E ImageNet
Hmse LN s H. EIIZRMRHERT EHE 1T HSVAdjust (FIH HSV a7 ]k
TEEENE, SR —Ak, 5% rgb GBI hey Bad, FEXTEEAL G K EAT
0-1 A%, 1EAKEEARFFLE[0.0,LOJMIVE I N, )5 FEA hsv 3546 3] rgb €3, FX
IKFERATIRNR ) VerticalFlip (G E B ). Crop (BURBENLILET) F1 Resize (%
RADBIHRAE AL adam DAL ST 5 S AL FR I S 8K AL &, I467°7 21 %4 0.0003,
%K 160 /> epoch, YNZRHALIK /NG E N 32,

19



WL TR ZE AR B8 3

B3R J5 IR 2 ISR 2 RN -

#3-1 o3t mgn LRSS LE

FRARFEE JE X 5% A4 % ) triplet loss
Rank-1 94.60% 94.40%
Rank-3 96.53% 98.00%
Rank-5 97.06% 99.00%

SO 5 (10 I 265 11 e AH LU sk BT IR X 26 P35 1.07% 427, A& Fiti .

3.3 FMEIRBIMEIEE X 1)IZk

33.1 BIEENZAR

BOT2018: iZillZ4E /& BOT2018 HrEEHOARPRIERI NI, IZER AR M
S B ERAAAERIE A5, 0 T IREERGL AT AR E, 3L label Hid
T RAMTNHIRERR . AT N B LEAT NSELIE AR, T AR S AT, Ik
I 4500 Tk IEF, MRS 500 5KIE . BT AR HE B2 R TAT R, 28RS
FEEIES HE . R ZEBIR RN, S MR F I E R, AT
0 HH 53 T30 T LA 06 1 T

332 WKL

WX 254 FH resnet50, FiH— 2048 M TR EERRE, ] softmax EREUEATZ
o

3.3.3  SEIRBIMLE)IZ

T 285 2 3 T resnetS0 BEAT ORI, BRI LT AR I N %K, resnet50 CL427E ImageNet
Atk LN S H. ENZRRIN ] BHE 24T HSVAdjust (R HSV 8 43 i)k
TREEG, JlIREIA—, ZJE% rgb BIBEARN hey (a3, FEOTEAAL G IR kAT
0-1 AL IHEE, LA BERFFTE[0.0,LOJMIVE I N, )5 FEA hsv (3546 3] rgb (A3, FX
IREEHATIRJE ) VerticalFlip (BRI EFI ). Crop (FEBENLELET) F1 Resize (%
KA HIHEAE
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T W 2 S LB T B, PR ISR B R AN AR T, (%2212 0.0005 1)
25 30 1> epoch JaiRBE THSERIRETI R R A 93.43%, @ pE[18], R T
— PR A DR RO S A5 Al T 1) B B (S R RS PR TR R SR 75 SN MR (BT

— AT I BN 545 B SURAE . HEA RIS S A5 THIR B 8 R, B RFALE
FREZE B HEAT Bl 20 AP, 5 283 2 2500 0 B B ROEA T IR & TR AR R Bl 1

LA B SUE BAER A R E B L N 2 —F “ZMBMNEE”, AXE
VP AL BIE, HaniE KAz ZR 06, SR BE R IE SR B 0, UK SRR it
ARUAE U T B SR AE MU 4 2 TSI T BRI 2 5 3t PT DA R e % . i Re
SCER BB TTVE S R AT L, X B R R AE R WS A, W R TN
AR ST HERf 2 BT Tt .

LR &, MR T AlphaPose X I ZRER I Fr EAT A0 2, ik B AT A B i A
FERUCI R IR 28 BRAIE - £538 24 ] % 0.0005 ) 30 4> epoch [5G » S HERIF AN 94.52%,
ZJa XN &35 213 0.0001 1 30 4 epoch IlZk 2% 21 2 0.00001 ] 30 4> epoch Y& )5
HER R ARFFLE 95.00% L I, e mi#ERi %N 95.14%, M FEIFIVIZRaAH LA 2 BTA 1.2%01)
$&Tt.

3.4 KBNS

AFEFENH T yolo Al mgn HIMLE L5, S48 1% mgn W2 Birff ) et , B
g5 T IIZRRCR, S 1% mgn X256 1 S 2 A 2300
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F4E RIITASTHEESI
4.1 LR
AT BG40 4 — L L

K 4-1 B TAT N

A TAT A MR SEDURE P T sk BL I T B 9 : SN — B, AE A 0 45 5 HOAT
NI, — B i shEstic s Fok. FEFP RIS =58, i 4-1,
N A PR A AT A 4

42 wIEER

O oams

\ 4

F LA T A

\ 4
56 P ZE TR R 4 S B
A TR RFHE

\ 4
RERFAE [ B R AF N A
THFESE

\ 4

O e

K 4-2 AR RERE
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FESLLTE DIRE, M mi 2 — A2 AT Al O B3 . AR i Tl e B AT i AR 4t
— RS G2 CRAEAREE S . BAROE ) 2SR R B R DOREFAE LA, RS T
gL X R DR AN LI H0EE, WRIE RGPS 2 ki 4 U
RAE[BITHIEAE, H— Dol R BN A TR A (CEERBEERREARED .

1jpg 2jpg 3jpg 4jpg 5jpg 6jpg 7jpg

4-3 T LAEH G TE

FERLIR P AR T I AN F 5 AL R i T 25K, A 4-3 s &R, Ik
S S TS S ENIZEATEE . RS ORAF 2 uniform SO, 2 JE A
ZRIF AT N BRI 2508 B R BEAT AR B, SR B A r (FORFAE 1) B DR AT 2 AR evs ST
T 22 e W 24 5 SRR o AR AR AR B A T AAE S B ko A2 P i A P o 3 Lk 1
BEATRFAE SR B A #RAE , 75 BT RAAE LU XTI B35 ovs SO D S BORFAE ) B 2EAT LR
T AN AR R HE S #8 EB HEAT — UK 53 TARRIE SR, 4w T s AT 30

43 BEgSH

P& 73 A e S Dh RE R IR 1T, M = X 28 AR VO IR 2EAT 70 i AL B - Yolo 1
KATUT NAELL, NIREEME R IT NS mgn BRI 27 5T0/EAT N, 4T A
PR G B, RIS A REEAT N — MR i, IXRE ATLUEE SRR IR, A
Hrisfra] s SHPERG I DR BEAT 704, I R AR BT Tl T R 73 W 2% AT
HAR U -
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4 HRA I [ A A e
[ EgES T o 75 JE AT ! >W%E§£@
NI »
v v v
R W LA FRFEIR 1] AR
TINZER A5 X 2% AT NE1%., TEACER P 3
R R IE{E EHAT ANEG
gZERK ZE N &
A4 THfE TRIfE R 2%
BRI, 2 AT N E
EXIEH% \4 \ 4
e N ZE N ZEHK
N N N SIA I
PRiE AT AN PRGN B THE Eiyn
\ 4
Y olo X £ 4 il
B & RiT N, T
IR Bl 4T N ALFR 4

AHEATFRE PRIC AT

G

K44 EGSHTRE

43.1 REUTALLER

BRI 5 B0 10 MiiF2 AL 1 sk IE R, XA #5477 HSVAdjust (R HSV Bt
SRR EUG, S KA —1, 25K rgb BISEEHN hey (3K, TN EEAL G B
AT 0-1 AL VR A, LK FECRFFTE[0.0,L.O]HIVE R N, ZJ5 P A hsv B4 1] rgb (3,
PN IR EEAT IR SR« VerticalFlip (G B ) Crop (EIMEBENLEEY) 1 Resize (i
BRAD WIHEAE, R BTN I ZRET T yolo PIZE, 2% 3K [l T A bR A AL bR e
WA o TN ML I 20 UG E KN, BRI el Al b R AR SR I R Ak bR, T
LT FH AL AR 45 N AL AR 45 SE R AR

432 FIEIT AR

AT BB ORAT NE R T, BRI T NAbbr e, BERAER K E
MRYEAT NAERR AT R BY o K58 8Y 4 AT N B A AE 9 N IE NN ZREF BT N R A 28,
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[P 2 i L (AR5 1) B2 R A 6 mP ™ 2 PRV RPALE P P R RF AL TR B AT X L, P T SRR
B, B H AR AE 5 R P P AR R AL 17 R O R PR /N T BIAE o, AT BA
FIWHZAT ANRLZJE T A L, IR BRSO, 347~ P iRAE, QURRKKEE R KT
BE o, BRI AVONIZAT AR R T, BAREAOAT N, EIEEE T T — D A

433 FIERTITH

T R R s R AR U2 T P00, AR SRR BT N A bs e, ROk J B AT
ORRE, RN DERFBIA, ERET NG, H2eid sl 2 i, izA4
PR RAT N G2 5, BLAE PR BIA AR AL bR b AT BT o Rk BYAS 21 03 T &AMy
B NIE NI R BEAT 704, AR IR [ Br PR B L, X B R TRE K
FrEEATARE, ARic uBe L.

44 SERWEGH

&5 SR HH A — SR AR X A 1 R b A B A AN R €, AN TR A4 R B AE X
T NHEATARC RS R, AR AR ks S R I 214G B L 1 TR A AT DR AT

‘/ 25 3

P

i % T

BHLFH
H& Bl yolo W 2 44l H
HAL bR LIRHES LT, HE
¢ RAF
FR A yolo ™ 28 16 H v
e R T ]
HEAN 42 FRAE Fo B R

) FFUA I 8] FRO ARSI [
HATAN N
i A v

il
o
\ 4 \ 4

PRIHESAT N, HEAR FARHES R, HEAR
B LR ARG

K 4-5 25 R
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A=A Mg A e K R AT N R, ARIEbR AL

1o QAT NBIEAT 3 AR S AL A B PR S LA B, Wk X B iAT N B A
R AERI AR AT N RIS R ST HLAE AU P ke I AR b Ak i — > BRATE, B B
TAEBTF LA b

\

K 4-6 Frid HEEBTFHLA R T

2+ AnARAT N A 52 AR AT, WIS Al 52 TAEBTFHL, XA LA
JE P %6t R AR AR AL I — AN ZIHE, R BT B2 T

K47 bridH R T
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3. WURARENLZAT NHITE, B AR &S B AR AR AL I — A B EHOHE, R BT
RIAT A 9AT N

AR 5E KB A ERTEAT N2 E T N KR E R AR EE
AP L 22 5, R AR BRI A B Ry R B AT (IR D S ot 52 B A
B, BORIETE AL, (E 2 A AR 2 7 A PR AR

=1
5

K 4-8 KLl 51 Ho T LA R I ]

27



WL TR ZE AR B8 3

F5EF RBEERE

51 EEWTIERSE

7 NEAR AN SRR SE I 53 AT o i G B 3%, BEE N TR Re it — 2k
J&, RKATAIMH B — R TTHOR, A8 B 20 51 TAT e, [R]I-m] B
S B ARG . BRI, XAT 5 BRI 5T BA S I S R 3

RICEFNA T ARG T SRS, G5 T AT B AR i 06 B 1) KA 7
s SRIEE RATR T TR IR B A S N ) AR DA S X 2% I R R 2 T DR SE
WITEAP R, DU RS

1. ARSCHEFS T yolo [MZEAEAY 3 R YNGR AR s B F T ik T mgn X 2% 48
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BitsR: MILRIEE

Yolo o il o4 28 $5 2 -
class Yolo Person2(nn.Module):
def init_ (self, num_classes,

anchors=[(1.3221, 1.73145), (3.19275, 4.00944), (5.05587, 8.09892), (9.47112,

4.84053),

(11.2364, 10.0071)]):

super(Yolo Person2, self). init ()

self.num_classes =num_classes
self.anchors = anchors

#IT X%, B—Z#RfE H BN, ReLU

self.stagel convl = nn.Sequential(nn.Conv2d(3, 32, 3, 1, 1, bias=False), nn.BatchNorm2d(32),
nn.LeakyReLU(0.1, inplace=True), nn.MaxPool2d(2,

2))

self.stagel conv2 = nn.Sequential(nn.Conv2d(32, 64, 3, 1, 1, bias=False), nn.BatchNorm2d(64),
nn.LeakyReLU(0.1, inplace=True), nn.MaxPool2d(2,

2))

nn.BatchNorm2d(128),

self.stagel convd = nn.Sequential(nn.Conv2d(64,

self.stagel conv5 = nn.Sequential(nn.Conv2d(64,

nn.BatchNorm2d(128),

2))

nn.BatchNorm2d(256),

self.stagel convé =  nn.Sequential(nn.Conv2d(128,

self.stagel conv7 = nn.Sequential(nn.Conv2d(256,

nn.BatchNorm2d(128),

self.stagel conv8 =  nn.Sequential(nn.Conv2d(128,

nn.BatchNorm2d(256),

2))

nn.BatchNorm2d(512),

self.stagel conv9 = nn.Sequential(nn.Conv2d(256,

self.stagel conv10
nn.BatchNorm2d(256),

self.stagel convll = nn.Sequential(nn.Conv2d(256,

nn.BatchNorm2d(512),

self.stagel convl2 = nn.Sequential(nn.Conv2d(512,

nn.BatchNorm2d(256),

self.stagel convl3 = nn.Sequential(nn.Conv2d(256,

nn.BatchNorm2d(512),

#PE A S, A SR O

128, 3, 1, 1,

nn.LeakyReLU(0.1, inplace=True))
self.stagel conv4 =nn.Sequential(nn.Conv2d(128, 64, 1, 1, 0, bias=False), nn.BatchNorm2d(64),
nn.LeakyReLU(0.1, inplace=True))

128, 3, 1, 1,

bias=False),

bias=False),

nn.LeakyReLU(0.1, inplace=True), nn.MaxPool2d(2,

256, 3, 1, 1,

nn.LeakyReLU(0.1, inplace=True))

128, 1, 1, O,

nn.LeakyReLU(0.1, inplace=True))

256, 3, 1, 1,

bias=False),

bias=False),

bias=False),

nn.LeakyReLU(0.1, inplace=True), nn.MaxPool2d(2,

512, 3, 1, 1,

nn.LeakyReLU(0.1, inplace=True))

nn.Sequential(nn.Conv2d(512,

256, 1, 1, O,

nn.LeakyReLU(0.1, inplace=True))

512, 3, 1, 1,

nn.LeakyReLU(0.1, inplace=True))

256, 1, 1, 0O,

nn.LeakyReLU(0.1, inplace=True))

512, 3, 1, 1,

nn.LeakyReLU(0.1, inplace=True))
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self.stage2 a maxpl = nn.MaxPool2d(2, 2)
self.stage2 a convl =nn.Sequential(nn.Conv2d(512, 1024, 3, 1, 1, bias=False),

nn.BatchNorm2d(1024), nn.LeakyReLU(0.1,
inplace=True))
self.stage2 a conv2 = nn.Sequential(nn.Conv2d(1024, 512, 1, 1, 0, bias=False),
nn.BatchNorm2d(512),
nn.LeakyReLU(0.1, inplace=True))
self.stage2 a conv3 = nn.Sequential(nn.Conv2d(512, 1024, 3, 1, 1, bias=False),
nn.BatchNorm2d(1024),
nn.LeakyReLU(0.1, inplace=True))
self.stage2 a convd = nn.Sequential(nn.Conv2d(1024, 512, 1, 1, 0, bias=False),
nn.BatchNorm2d(512),
nn.LeakyReLU(0.1, inplace=True))
self.stage2 a convS = nn.Sequential(nn.Conv2d(512, 1024, 3, 1, 1, bias=False),
nn.BatchNorm2d(1024),
nn.LeakyReLU(0.1, inplace=True))
self.stage2 a convé = nn.Sequential(nn.Conv2d(1024, 1024, 3, 1, 1, bias=False),
nn.BatchNorm2d(1024),
nn.LeakyReLU(0.1, inplace=True))
self.stage2 a conv7 = nn.Sequential(nn.Conv2d(1024, 1024, 3, 1, 1, bias=False),
nn.BatchNorm2d(1024),

nn.LeakyReLU(0.1, inplace=True))
#HILAL A 1
self.stage2 b conv = nn.Sequential(nn.Conv2d(512, 64, 1, 1, 0, Dbias=False),
nn.BatchNorm2d(64),

nn.LeakyReLU(0.1, inplace=True))

#ILAR e 2

self.stage3 convl = nn.Sequential(nn.Conv2d(256 + 1024, 1024, 3, 1, 1, bias=False),
nn.BatchNorm2d(1024),

nn.LeakyReLU(0.1, inplace=True))

#RME A 1 A 2, 7335

self.new_stage3 conv2 = nn.Conv2d(1024, len(self.anchors) * (5 + num classes), 1, 1, 0,
bias=False)

#1141 BRI 2

def forward(self, input):

output = self.stagel conv1(input)
output = self.stagel conv2(output)
output = self.stagel conv3(output)
output = self.stagel conv4(output)
output = self.stagel conv5(output)
output = self.stagel conv6(output)
output = self.stagel conv7(output)
output = self.stagel conv8(output)
output = self.stagel conv9(output)
output = self.stagel conv10(output)
output = self.stagel convll(output)
output = self.stagel conv12(output)
output = self.stagel conv13(output)

residual = output# P 2% H1 {153 32

output 1 =self.stage2 a_maxpl(output)

output 1 =self.stage2 a convl(output 1)
output 1 =self.stage2 a conv2(output 1)
output 1 =self.stage2 a conv3(output 1)
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output 1 =self.stage2 a conv4(output 1)
output 1 =self.stage2 a convS(output 1)
output 1 =self.stage2 a conv6(output 1)

output 1 =self.stage2 a conv7(output 1)
output 2 =self.stage2 b _conv(residual)

batch size, num_channel, height, width = output 2.data.size()

HATHRT Y 2 AT AR

output 2 = output 2.view(batch_size, int(num_channel / 4), height, 2, width, 2).contiguous()
output 2 = output_2.permute(0, 3, 5, 1, 2, 4).contiguous()

output 2 = output_2.view(batch_size, -1, int(height / 2), int(width / 2))

RS 1 A 2, EE B RUEAS B AR

output = torch.cat((output_1, output 2), 1)

output = self.stage3 convl(output)

output = self.new_stage3 conv2(output)

return output

St mgn R 25 5 4
class MGN(nn.Module):
def init (self, args):
super(MGN, self). _init ()
num_classes = args.num_classes

resnet = resnet50(pretrained=True)

self.backone = nn.Sequential(

resnet.convl,

resnet.bnl,

resnet.relu,
resnet.maxpool,
resnet.layerl,
resnet.layer2,
resnet.layer3[0],

)

#% F resnet /ENHT 4 J2

res_conv4 = nn.Sequential(*resnet.layer3[1:])
#IE I3 S

res_g conv5 = resnet.layer4

res_p_conv5 = nn.Sequential(
Bottleneck(1024, 512, downsample=nn.Sequential(nn.Conv2d(1024, 2048, 1, bias=False),
nn.BatchNorm2d(2048))),
Bottleneck(2048, 512),
Bottleneck(2048, 512))
res_p_conv5.load state dict(resnet.layerd.state dict())

self.p1 = nn.Sequential(copy.deepcopy(res_conv4), copy.deepcopy(res g conv5))
self.p2 = nn.Sequential(copy.deepcopy(res _conv4), copy.deepcopy(res p conv5))
self.p3 = nn.Sequential(copy.deepcopy(res_conv4), copy.deepcopy(res_p_conv5))

if args.pool == 'max":

pool2d = nn.MaxPool2d
elif args.pool == 'avg'":

pool2d = nn.AvgPool2d
else:

raise Exception()

33



WL TR ZE AR B8 3

#global maxpool

self.maxpool zg pl =pool2d(kernel size=(12, 4))

self.maxpool zg p2 = pool2d(kernel size=(24, 8))

self.maxpool zg p3 = pool2d(kernel size=(24, 8))

self.maxpool zp2 = pool2d(kernel size=(12, 8))

self.maxpool zp3 = pool2d(kernel size=(8, 8))

#EEYE

reduction = nn.Sequential(nn.Conv2d(2048, args.feats, 1, bias=False),
nn.BatchNorm2d(args.feats), nn.ReLU())

self.red = nn.Sequential(nn.Linear(3072, 256), nn.BatchNorm1d(256), nn.ReLU())

self. init_reduction(reduction)

self.reduction_0 = copy.deepcopy(reduction)
self.reduction_1 = copy.deepcopy(reduction)
self.reduction_2 = copy.deepcopy(reduction)
self.reduction_3 = copy.deepcopy(reduction)
self.reduction_4 = copy.deepcopy(reduction)
self.reduction_5 = copy.deepcopy(reduction)
self.reduction_6 = copy.deepcopy(reduction)
self.reduction_7 = copy.deepcopy(reduction)
HAETEREZ, AT softmax

#self.fc_id 2048 0 =nn.Linear(2048, num_classes)
self.fc_id 2048 0 = nn.Linear(args.feats, num_classes)
self.fc_id 2048 1 =nn.Linear(args.feats, num_classes)
self.fc_id 2048 2 = nn.Linear(args.feats, num_classes)

self.fc_id 256 1 0 =nn.Linear(args.feats, num_classes)
self.fc_id 256 1 1 =nn.Linear(args.feats, num_classes)
self.fc id 256 2 0 = nn.Linear(args.feats, num_classes)
self.fc_id 256 2 1 =nn.Linear(args.feats, num_classes)
self.fc_id 256 2 2 =nn.Linear(args.feats, num_classes)
self.fc_fuse = nn.Sequential(nn.Linear(4096, 1024), nn.BatchNorm1d(1024), nn.ReLU())

self. init_fc(self.fc_id 2048 0)
self. init_fc(self.fc_id 2048 1)
self._init fe(self.fc_id 2048 2)

self. init_fc(self.fc_id 256 1 0)
self._init fe(self.fc_id 256 1 1)
self. init_fc(self.fc_id 256 2 0)
self._init fc(self.fc_id 256 2 1)
self. init_fe(self.fc_id 256 2 2)

(@staticmethod

def init reduction(reduction):
# conv
nn.init.kaiming normal (reduction[0].weight, mode='fan in")
#nn.init.constant (reduction[0].bias, 0.)

# bn
nn.init.normal_(reduction[1].weight, mean=1., std=0.02)
nn.init.constant (reduction[1].bias, 0.)

(@staticmethod

def init_fc(fc):
nn.init.kaiming_normal (fc.weight, mode='fan_out')
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#nn.init.normal_(fc.weight, std=0.001)
nn.init.constant (fc.bias, 0.)

def forward(self, x):
x = self.backone(x)

pl =selfpl(x)

p2 =self.p2(x)

p3 = self.p3(x)

#global maxpool %

zg pl = self.maxpool_zg pl(pl)
zg p2 = self.maxpool zg p2(p2)
zg p3 = self.maxpool_zg p3(p3)

zp2 = self.maxpool_zp2(p2)
z0 p2 =2zp2[:,:, 0:1, :]
z1 p2=2zp2[:,:, 1:2, ]

zp3 = self.maxpool_zp3(p3)

z0 p3 =2zp3[:,:, 0:1, :]

z1 p3=2zp3[;,:, 1:2, ]

72 p3 =2zp3[:,:, 2:3, ]

# PN H

fg pl = self.reduction_0(zg_pl).squeeze(dim=3).squeeze(dim=2)
fg p2 = self.reduction_1(zg_p2).squeeze(dim=3).squeeze(dim=2)
fg p3 = self.reduction_2(zg p3).squeeze(dim=3).squeeze(dim=2)
f0_p2 = self.reduction_3(z0_p2).squeeze(dim=3).squeeze(dim=2)
fl_p2 = self.reduction_4(z1_p2).squeeze(dim=3).squeeze(dim=2)
f0_p3 = self.reduction_5(z0_p3).squeeze(dim=3).squeeze(dim=2)
fl _p3 = self.reduction_6(z1_p3).squeeze(dim=3).squeeze(dim=2)
f2_p3 = self.reduction_7(z2_p3).squeeze(dim=3).squeeze(dim=2)
1 pl =self.fc_id 2048 0(zg_pl.squeeze(dim=3).squeeze(dim=2))
1 p2 =self.fc_id 2048 1(zg p2.squeeze(dim=3).squeeze(dim=2))
1 p3 =self.fc_id 2048 2(zg p3.squeeze(dim=3).squeeze(dim=2))
#softmax i iH

1 pl =selffc id 2048 0O(fg pl)

1 p2 =self.fc id 2048 1(fg p2)

1 p3 =self.fc_id 2048 2(fg p3)

10 p2 = self.fc id 256 1 0(f0 _p2)

11 _p2 =selfifc id 256 1 1(fl p2)

10 p3 =self.fc_id 256 2 0(f0_p3)

11 _p3 =selfifc id 256 2 1(fl p3)

12 _p3 =self.fc id 256 2 2(f2 p3)

HININ— AN 22 JRRFAE fg_p4, HHEEAT triplet

midfeat = torch.cat((fg_pl, fg_p2), dim=1)# shape:[1,4096]

midfeat = self.fc_fuse(midfeat) # shape:[1,1024]

combofeat = torch.cat((x5c_feat, midfeat), dim=1) # shape: [1,3072]
fg p4=self.red(combofeat)#256

predict = torch.cat([fg_pl, fg_p2, fg p3, fg p4, 0 p2, f1_p2, {0 p3, f1_p3, 2 p3], dim=1)

return predict, fg_pl, fg p2, fg p3,fg p4,1 pl,1 p2,1 p3,10 p2,11 p2,10 p3,11 p3,12 p3
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BRI 2%
class ResNet50 Phone BOT(nn.Module):
def init_ (self, classes = 2, loss={'xent'}, **kwargs):

super(ResNet50 Phone BOT, self). _init ()
self.loss = loss
resnet50 = torchvision.models.resnet50(pretrained=True)
self.base = nn.Sequential(*list(resnet50.children())[:-2]) # X i/a™)=, fc il pooling
self.phone_classifier = nn.Linear(2048, classes)#s I )2
self.feat dim =2048 # feature dimension

def forward(self, x):
x = self.base(x)
x = Favg_pool2d(x, x.size()[2:])
f=x.view(x.size(0), -1)
phone = self.phone_classifier(f)#softmax 1 F

return phone
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