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B. Goal & Requirements
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=& AEE82 H0|= A0| ZHO|CH

Face Detection2 H9ol5l7| 2IsiiA= INNODEPSIAIZEE X|Z2EH2 Head Detector?}, MTCNN Face
DetectorE H|WaiE1 MESH DE2 MEHSIULE Face Detection Model 182 & & MEASH ZE(MTCNN Face
Detector)2 O|&3510] ¥=2 PHES £=al| HIZ inception-resnet v12 vgg-face22 st&A|7Z] Face Recognitiont
15510 AFRSICE J2|1 OFX|2te R inception-resnet VIS vgg-face2E &H&A|Z] Face Recognition ZES

845109 Face Tracking Module2 M A|F| 10 TestE FIRSHCL.

FHxel 2EE CteT 2t

e Video or Photo image Training and Test Framework
e Anomaly Detection Model Research

e Anomaly Detection Model 2+

e Integration on the INNODEP system

e Face Recognition Model Research

e Face Detection on the Anomaly Video Frames
e Integration of Face Detection Model

e Face Recognition Module 7+&

e Integration of Face Recognition on the system
e Check and Test Whole System Flow

e Optimization and Debugging

e Prepare Demonstration
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5. Approach

A. Anomaly Detector Module

el= 7|EXo=Z AAH FIHX|Q| Approach7t QUL SHt= Feature Extractor0f| CHeH H&20|1, CHE SiLt=

Anomaly Detection0i| CH3H 220|C}

M Feature Extractor0i| CHSt approachO|A] A A™YEH Zdnt 20|, 7|=9| C3D &2 H{2|1, Two-Stream
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20 72X O2 Kinetics-400 datasetS 0|28 ZiO|Ch a}X|ot A 8ISl HEQL 20| 7|2xoz 2|7t

Atgste H[O|A ZHIO| 7HE 246 2D ConvNet 2| LS = i, ImageNet2| dataset2 0|2 &&5t S0
&SE weightOl| Kinetics-4002 MEY Z<R, 2AZA%(0ll i kernelo| EC 1 o|0|7t 2HsX|= FHO| AS
T ACh= oS & = A2, 0| X310 HAESH Zut= CH22t 2Lt
Kinetics ImageNet then Kinetics

Architecture RGB | Flow | RGB + Flow RGB | Flow | RGB +Flow

(a) LSTM 53.9 - - 63.3 - -

(b) 3D-ConvNet 56.1 - - - - -

(c) Two-Stream 57.9 49.6 62.8 62.2 524 65.6

(d) 3D-Fused - - 62.7 - - 67.2

[ (¢) Two-Stream 13D | 68.4 (88.0) | 61.5 (83.4) | 71.6(90.0) || 71.1(89.3) | 63.4 (849) | 742(91.3) |

[If2kA, 22/ ImageNet2 st5 AlZ] 0|= Kinetics 4002 &t&6t Two-Stream 13DE &-25}0{ feature maps
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2MZ 57| QIsiME= HICIQE HIEICZ 5h= HICHst datasetO] QREICE 3HX|2H image GIO|E{AlTt= &)
H|C|Q2| AL 125 datasetO] DR B=35t1, QY= Xt2E 1 £2k0| Q2|9 917 2H0|| £25}7|0l= E49i0

SEsICHn TEto] EIC) St R2|= utEQl el Sof| 2st 2ME Aotz 20| of:l HIF 4 Agtol2t= o2
28 o|EX0|n B5E 4= Q= FH|0f Cislf 2412 of11 QU7| WE 0l YEHEQl | H|C| 0| stEo2E= BT
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HIC|REH= Zof Y2fsto] 10 Sti= HEE Loss et+E EYISHILE

highest anomaly score in the
anomalous bag
(most likely a true positive instance )

highest anomaly score in
the normal bag
(looks most similar to an
anomalous segment )

l(Ba, Br) = max(0,1 — max F(Va) + max f(Vn))
D @

A

”~ Y -~ /\ o~
(n—1) n

A (FOV) = FVT)? + A2 f(V),

1

f(V!) anomaly score (0~1)

2|7} 7|Z0]| &= =20 M= C3DE Feature ExtractorS AF23510 75.41%2| AUCE 4Lt

= C A

Method AUC

Binary classifier 50.0
Hasan et al. [18] 50.6
Lu et al. [28] 65.51
Proposed w/o constraints 74.44

Proposed w constraints 75.41

51X|3t Two-stream I13DE 0|28t Q2|2 BHS 83.2%2| AUCE SHAI5HICt.

=21 = =0
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AUC
tag: AUC
0.826
0.822
0.818
0.814
0.81

0.806

L2|= 0|E ¢|aliM 75 epoch| EH|0|HE HA 1, 0.4229| loss scoreE 7| 23120y, &0l Eo|HS 510

loss Zat= 3| H5HX| gf= AE £ 5 ULk
Loss/train
tag: Loss/train
0.8
0.7
0.6

0.5

0.4 -

0 10 20 30 40 50 60 7O
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B. Face Tracking Module
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O|235HA CHE Jato| H=HAS ZXIstL, aliet UZEEE AA| feature arrayE 255101, EX| A& H{Z
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E
LIEft H=20|0|X|2EE feature array2 &S510{0F 8tC 12|10 O|ZAH A0l feature array=

feature array@t A S ZAAISIH0{0F SHCH
a. Face Detection

A& 2 Q= Face Detection ZEN= = 71| SE 7t QL &M, INNODEPO|A H|Z3HZ=4 INNODEP Head

i

Detector®}, =M, MTCNN Face DetectorO|LC}.

F BE2 2tZto| ¥ ut ttHo| L=, Ol= HelsHAH CHE 29F 2Tt

Ars =S|

INNODEP Head Detector = & & - 50ms Face Recognition0i| HIZ2 & &35}7|
Je QEIX|E EES

AMOjFoZ V21 £ - 100ms

MTCNN Face Detector Face Recognition0f| HIZ M &7}s MO 2 =2 QEMX|E - IE|

F|eF
NNODEP Head Detector®| 2, £E7} O tt21, QEFX|E0| OjR X1, OFF XA Ho|= ME|E 0j &

SIUCE SFX[2, Face DetectorZt OFL|Z| WHEO), EFX|El Head YNHS Face FAHo= M7tEE + U= WHO|

MTCNN Face Detector®| 22, =7t dtfjXez 2|1, 29| WEHE 3= FX0[7| 20|, E=2t FASEH

HES 20ls 32 LQEXEEs 47 493 B, 30 S50 F7txel 20| L7 &AL SHA[T, Face

ro
Ll
9_

Detection®| [0, DiZ0ME U2 HofRt HEHsA| S24a1F0 27158l Xg] 810] Face Recognition} 253101
AFZO| 7HS3ITL E QEX|e] ZRE S0 Probabilityst 20| F20| Elof ZHESIA ZEIYO| T30l
QEIX|el Pt 2 I} EIX| YECh Eal, MY mHe| M50 ofztel Akt AR HCiH B2

LS —

HAIZte 2 AL80| 7Hs8t F=2| J&0lLt.

2t REl= F71XQ1 ZHedo| =t INNODEP2| Head detector ZES AFRSHK| 211, MTCNNS AIRSH=

Aoz ALY,
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I2/1) MTCNN(Z}) INNODEP Head Detector(2

El1) oM 2= Hiet ZH0| H|=Et A2tollA MTCNNE
HoFS ml, INNODEP Head DetectorE MTCNNZ2|

Face Detection 2&0| 318 7ts& A

ZA12t INNODEP Head Detector?| ZntE H|w3d

M P-Net CHE! AFBSI0 2=E

MTCNN Face Detection 2E2| Z<, gtx 10800{|A 1280x720 0|0|X|0{lA] 100ms/frame2| A
30fpse| HIC|Q0| AA|ZICZ XES7|0ls 2

HStotH, =

A= gsolct. xR, L2[7F 2Y EpZle

ATHHM, Face Detectiong QI3iM 2= TS EMst QL@

Z S0t LHEO| Aol Z2 427t tiRE0olT). oIF =3

717t 48 2 E2, bitrateE X2 2HHO| XM 240] 27+t
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Se= 2lsiM E40| 271 7
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°
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227t M Yo =2 MQlE CCTVOIA Q22| H=0| stHOIA RX|otn U= FH0| HER SE26| IX| Qi
metM S EE WE 42, Face Detection AHH|7¢ £|X| 2L, sHE O|O|X|ZEH ¥E £~ = embedding?]

LH0| 2l=2| S O{FE HTtsl7|0l= SEHA| B2 sz £3E 71540 0L =L

matM, REl= 10fps| &2 EME SIS, AAH|DRQ9| fpsE 0|&510] HOIHE ZHHEX| ZHSIES

sIlen, 0|E SaliM BE =S 2AI6t Aut RO E L XI0[7f SIMA HA|Zt 240| 7HSoHES SULCY.
b. Face Recognition

Face Recognition2 IsiA 7|2 REZAME= inception-resnet vIg vgg-face22 stEAZI AE AFE3SIRLCE

2oz IR E2 H5S HOIXIT, vgg-face27t F= MARlel E= fIFE 7M0| E|0{R[0], 0| §=2l9|

Y= QlAlS 2lal ArEE 22 2HI7H 42 7t540| o|&to] =[RUCL Ol= St &EM, videoO|M ZE 24 S ot
T

AS5IAE EX0]7| = ALt

7t7t2 AIEIO|A Face Recognition 2t JH&tE o W 7|ES QIE{HOIM HE £ AAC Y UHE2
vgg-face2E 0|8310] tgAlzl ZHAS AMESIE W QX 2l =F9f Zut=rt M IH LELD, 0l

WEsE7| lsiM st=Ql U= CI0IEHE 671 HE ZOtM &&AIZl Zut Ui £2 ANE AUCh= AOoIACH

8}& Data + loss TAR@FAR

VGGFace2 + Softmax

Kakao Dataset + Softmax

Kakao Dataset + Softmax + centerloss

TAR@FAR
=0.001

8% Data + loss

VGGFace2 + Softmax

Kakao Dataset + Softmax

Kakao Dataset + Softmax + centerloss
(Ours) : ¥ if (kakao)

SEX|2t, 2] 09214 vgg-face22| 40GB7t He= HIO[EE &&5A7|= A L & ==6HA| FUA20, HEHS0|

Haot gep 2dsks EXNE

o

7

]
oA
H'|
10
e
M
inl
o
m
muin
4
ol

rlo

t1, notationE st= A

rr
HO



Anomaly EEHS I8liM 2|7t MY Sh= O|0|X| A|ZAE 647H0|Ct 100msOtCt stLte| mEjlg 2M S 5t7|
20| & 6400ms, 6.4x2| 7|7tot0]| LI U= CI|O|E{E Jtotof SICE ofX|TH s AIZAOA AtEHe| H=0|
Face Detection2 E1}6tH= 4L 1R E2R 9O, Face Detection= E3fstC e, YZQ| =XV} stZO =2

ASHA S0{7t Q= Z 7} B0t Face RecognitionOl| Z&t5t Cf|O|E{7} Ol 7| BEQIC} EE

\J
-
oT

ReH A=K, £

&
ZH dEoM tiREE 2A=0| Sttt OfL|2t = Old0] Mz 43AES F1 B F27F Bt T S0] SA|

Anomaly At 2|7} BAMSH= 64 frame2| A|ZA SILIOIA BLIX| 2211, QIFSH A|RA ALO|OjIM AEHO|

ALKEE 27t tHREEO|CE sttel AIRA0M E2E HE &EO| patl 513, n7le] AIRA0M E2E HE
A

SHOl=| A|RIAEE, 371 O|Ae| A|ZIAOM Anomaly

gjo

SE2 npEt & 4= QUCE MEHA 22|= Anomaly A&H0|

20| AS0| =X 42 W7HX| Y2 HEE HotM S AF|1, 0| 0|&3510] CHE H|C|2 AAO|M S 21t
FALQIZ0] U=X| ASSH=F SIQICE

Ol %XEl Face EmbeddingdEE A23OZM #|Xx 5tLte| Face EmbeddingDt AE235IS M=,
0.950(2F2] HE|eX|Y B ARO| FHYUSHA EHRlslok ot HEEE HJH 20|, 0.70|2 2 Fotr S SHtAIZ
2 ARAUD, 0|2 Qlslf QlZte| &folo| st AL 8 EY 4 JUULCE

6. Project Architecture

A. Architecture Diagram

[I13D Model #£=X]

Inflated Inception-V1 Inception Module (Inc.)
Rec. Field Rec. Field
711,11 11,2727
. TX7xT 1x3x3 J_
Video Conv M Max-Pool L~ Inc N
stride 2 lhldl1,2.2 stride 1,2,2
Rec. Field
23,75,75
3x3x3
Inc. «=— Inc. =— Inc. +— Inc Max-Pool ~— Inc.
stride 2
Rec. Field Rec. Field
‘\ 59,219,219 99,539,539
2x2x2 J
In¢, —— Max-Pool -J— Inc. — Inc. — AZKTSZoI J
stride 2 V-
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[Learner(Anomaly detection) Model 1 =X]

Instance scores in positive bag

Dropout 60%
Dropout 60%

Dropout 60%

MIL Ranking Loss with sparsity
and smoothness constraints

Instance scores in negative bag

[MTCNNO]| AF2El P-Net, R-Net, O-Net2| 7]

P-Net
Conv:3x3  Cony:3x3  Conv: 3x3 B face
2 classification
Ix1x2

chrt:ssinn

X

input size 5x35x10 Ix3x16 1x1x32 Ii Facial landmark

12x12x3 localization
Ix1x10

- o ]

Conv: 3x3  Conv: 3x3 (e 2%2 fully S .
MP: 3x3 MP: 3x3 e Hfaueulassnﬁcauon

Qﬁﬁﬁ”ﬂ H

mputsize 1R daded® 3x3x64 128 L) Faclal landmark
24x24x3 i localization

Conv: 3x3  Conv:3x3  Conv: 3x3  Conv:2x2  Tfully -
MP: 3x3 MP: 3x3 MP: 2x2 connect /[I fac: classification

NpULSIZE 52 aaan ox10x64 dxdx6d 3x3xIR 256\H IFacial landmark localization
48x48x3 10

[Face Recognitiond| AF2El inception-resnet vie| Lx]
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Inception-ResNet v1

Softmax s oo
Dropout (keep 0.8) s
Average Pooling e

N

5 x Inception-resnet-C =~

!

Reduction-B el ]
!
10x I
Inception-resnet-B
I
Reduction-A Oufnt: 1717806
I
5 x Inception-resnet-A Cutst: 35350258
|
Stem R

I

Input (299x299x3)

P

Anomaly Detection Module

Inception-ResNet-A Inception-ResNet-B Inception-ResNet-C
o ckration Relu activation Reiu activation
® ®
~_ ~_
1x1 Conv 1x1 Conv
(896 Lingar) (1792 I._.nej]i
Tx1 Conv 3x1 Conv
(128) (192)
1x1 Conv 1x7 Conv 1x1 Conw 1x3 Conv
(128) (128) (182) (182)
1x1 Conv 1x1 Conv
(128) (192)
Relu act;w-a_b;; Relu aq;;;_n:
Stem
3x3CONV  ieszes
(256 stride 2 V)
i
ax3Comv Reduction-A Reduction-B
(192v)
I Filter concat Fitter cancat
1!1 oom T2T T80 T —
5 /T — AN
I f " 3acew 323 Conw i
3x3 MaxPool 3«3 MaxPool 33 Conw. 3x3 Canv e Lo | | erase | e
(stride 2V) ™ (E23%) BEERLY) "rJ (stide 2V) 1 i (258)
f 1 Gonr -l | il [y =
oo - N =
©4) o = Previous
i Filter concat Layer
313 Con\f 1aTx14TEa2
(32V)
{
3’(3_ Conv pr
(32 stride 2 V)
1
Inpm 2007903
(299x299x3)

video

input R

Image

ﬂ:.’; o

Anomaly
Detector

Optical =)

Flow
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[Anomaly Detection System ®&| 2= CHO|0{ 124]

Anomaly
Score
(0-1)

N

If score >
anomaly.threshold

module of generating embeddings of target faces

MTCNN
video ey
input Detector
- b

embeddings




module of searching of target faces

| I

searching

Resnet
video Face compare
nput Recognit Distance

broadcasting Detector on
embeddings

MTCNN
Face

reporting N\
results 74

searching

searching C
embeddings

Resnet

Face compare

Recognit Distance
on

MTCNN
Face
Delector

video
nput

reporting [\,
results

I/

searching

| I

MTCNN
video o Face compare
input e Recogniti Distance

reporting N
results i

B. Architecture Description

HIC|Q QIZS k| E|M, 0|2 Extractl3D Module LHEO0|A rgb frame2ZE X|HEl framelt2 =3l LHC|
O|=A| &%l rgb frame= 0|&35}01 13D ModuleO||A| feature map2 10247HE F&3aH L1, raft moduled| rgb

_7;:_
frameg parameter2 E7|1 forwardE &&51| E|™, optical flow?} F£&0| &1, O]

oy

A ==& optical flowS
13D Module0|| @M forwardE S&5H| ™ CIA| 1024712| feature mapO| FZ=EICt O|E A F=&&! feature
map2 XA 2048712] parameterZ learner module(anomaly detector)d| E7|1 forwardE S&5HH ™,
Z|EX OS2 anomaly scoreE 0~1AI0[2| Y22 E=451A| EICE

017]0f|Af 2241 13D ModuleQ| Z<S 7|Z2| 2D ConvNet?! Inception-V1E& dimensionS $7}5t01 A|Zt=0]| CHEt

HI

Mg 715t B2 R2|= 0|2 inflated inception-v10|2t D 2EC}

Learner moduleQ| AL 0|7 st 2048712 =S 3E19| drop-out layerE& S3liA anomaly scoreE

==
=

Zaff LHC}

.

Anomaly scoreZ} 0.20|AQ1 AL dliEt AMEH0| X7} Qe ZIS 2 HTH510] generateEmbeddings module2
rgb frame sequenceE ME5A| EIC} Y DE0 A= Face Detectiong £&i5t0{ n7H2| ¥=Z0| SHOFX|™ s

M HE Face Recognition EE2 MESI0{ embedding®HE FE517| =ICt a2 embedding ME £ listof] =& 0|
E|1, anomaly score7t 0.2 O|&Ql 220 X|&£E= S AlLsA Z|Cf 20742 Mgts £ F&sHA L
anomaly A&0| S22 et |= AL face embedding liste| entryZ} 20707t E|= AR aliE embedding listE

broadcastingst0o] Ct2 H|C|2 AAON|M checkEmbeddingE £85I 2 ST} checkEmbedding2 AtA19| HIC|@

AAOM Y2 HEE F£510] M= face embedding list@t compareDistancedt4E Edl| FAIE SHE 5104
Sife =X[7} 0.70|2kQ1 B Z2t x|t st A&te| 0|0|X|Z 2|ZE ot EICh
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7. Implementation Spec

A. Input/Output Interface

a. input

1) SurveillanceManager Module
- mp4 Q&9 url

2) generateEmbeddings Module
- rgb frame list

3) CheckEmbedding Module
- rgb frame

- embedding list

b. output

1) SurveillanceManager Module
- anomaly score (float)

2) generateEmbeddings Module
- embedding list

3) CheckEmbedding Module
- image, score(float)

B. Inter Module Communication Interface

torch.nn.Module2 7|2 interface2 st I} pytorch?| 7|& @I

C. Modules

a. I3D Module

7|29l 13D module?| feature extract 7|52 Shetsk= Module

b. Raft Module

Optical flowE extract 5t= Module

21

X5 2= QlEmo]A0|ct,



c. Learner Module

Anomaly Detection Module

d. MTCNN Module

Face Detection Module

e. InceptionResnetV1 Module

Face Recognition Module

f. ExtractI3D Module

{12l 371e] BEE 0l

10247}9| featureZE 21, raft 2E0|| rgbza|Q S ¢!

Moduleoi| 2245101 10247H2] featureS &=Lt 0| learner2 &0l 245109 anomaly scoreS F&3t

g

Ct.

g. SurveillanceManager Module

video streamQZ2EE HAS rgb2 F£5}0{ extract i3d module0]| feeds}t

I—J

P Het

OS'D_, 6 o
anomaly scoreZ} 912 33| 0.20]8t9| 2|7} L}RA ™ anomaly A& 27}

liste| Z0|7} 0EL 2 4 embedding listE 22 EIFAEISHA EICE

h. CheckEmbedding Module

2t7to| video stream X2| ZHX|0IAM embedding listE HEF BHA| £,

=

CheckEmbedding Module0]| !245t0{M QA 29} sfigt Alglo| =x|st AL

£| 1, 0| 2|Z&-5HA ElLf.

22

rgb stream=2 generateEmbeddings0i| /245101 embedding listE &l56

box

o

5101 video?| frameS ANAA rgbm=y|elS AMA5101 0| 13D Moduleod]| 2

o
0

rir

215101

21245109 optical flowE MA5t0, M=l optical flowE 13D

ol
o

X Z=7|0IC} rgb frameS

HA|E O[0[X|E

e g
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8. Solution

A. Implementation Details

FQ Zaliaet 2t F2HAS[ FQ methodS2 LIZ2t 2T

1) Optical Flow MM& 2|8t RAFT class

RAFT(nn.Module):

forward(self, imagel, image2, iters=20, flow_init= , upsample=

2) Feature Extraction2 ¢|8t 13D class

I3D(torch.nn.Module):

forward(self, inp, features=

out = self.conv3d_la_7x7(inp)

out = self. maxPool3d_2a_3x3(out)
out = self.conv3d_2b_1x1(out)

out = self.conv3d_2c_3x3(out)
out = self. maxPool3d_3a_3x3(out)
out = self.mixed_3b(out)

out = self.mixed_3c(out)

out = self.maxPool3d_4a_3x3(out)
out = self.mixed_4b(out)

out = self.mixed_4c(out)

out = self.mixed_4d(out)

out = self.mixed_4e(out)

out = self.mixed_4f(out)

out = self. maxPool3d_5a_2x2(out)

out = self.mixed_5b(out)

out = self.mixed_5c(out)

23
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out = self.avg_pool(out)
out = out.squeeze(3)
out = out.squeeze(3)

out = out.mean(2)

3) Anomaly Detection2 2|st Learner class

Learner(nn.Module):
forward(self, x, vars=
if vars
vars = self.vars
x = F.linear(x, vars[0], vars[1])
x = F.relu(x)
x = F.dropout(x, self.drop_p, training=self.training)
x = F.linear(x, vars[2], vars[3])
x = F.dropout(x, self.drop_p, training=self.training)
x = F.linear(x, vars[4], vars[5])

return torch.sigmoid(x)

4) Face Detection2 2|8t MTCNN class

MTCNN(nn.Module):
forward(self, img, save_path= . return_prob=
detect(self, img, landmarks=

extract(self, img, batch_boxes, save_path)

5) Face Recognition2 ¢|8t InceptionResnetV1 class

InceptionResnetV1(nn.Module):
forward(self, x):
x = self.conv2d_Ta(x)
x = self.conv2d_2a(x)
x = self.conv2d_2b(x)

x = self.maxpool_3a(x)




x = self.conv2d_3b(x)
x = self.conv2d_4a(x)
x = self.conv2d_4b(x)
x = self.repeat_1(x)
x = self.mixed_6a(x)
x = self.repeat_2(x)
x = self.mixed_7a(x)
x = self.repeat_3(x)
x = self.block8(x)
x = self.avgpool_1a(x)
x = self.dropout(x)
x = self.last_linear(x.view(x.shape[0], -1))
x = self.last_bn(x)
if self.classify:
x = self logits(x)
else:
x = F.normalize(x, p=2, dim=1)

return x

6) Anomaly ScoreZE £&5}7| /8t ExtractI3D class

ExtractI3D(torch.nn.Module):
extract(self,
device: torch.device,
flow_xtr_model: torch.nn.Module,
anomalyDetector: torch.nn.Module,
mtcnn: torch.nn.Module,
resnet: torch.nn.Module,

models: Dict[str, torch.nn.Module]




7) video stream 22|51, extractI3D0]| H|C|2 A|REAE H|Z5t= 7|52 St= SurveillanceManager class

SurveillanceManager:

do(self, video_path: str)

8) Broadcasting®2 S0{2 embedding list?} #xl| XZ|= H|C|QR0| LIE[Lt Q22| QAIEE A=
CheckEmbedding class

CheckEmbedding:
check(check_embeddings, frame):
frame = Image.fromarray(cv2.cvtColor(frame, cv2.COLOR_BGR2RGB))
allboxes, probs = mtcnn.detect(frame)
boxes =[]
bestFound =
if allboxes
for i in range(0, len(allboxes)):
if probsli] > 0.99:

boxes.append(allboxes[i])

if len(boxes) > 0O:
boxes=np.array(boxes)
faces = mtcnn.extract(frame, boxes, save_path=
papas = faces.chunk(len(boxes), dim=0)
aligned =[]
for e in papas:

aligned.append(e.view([-1,160,160]))

aligned = torch.stack(aligned).to(device)
embeddings = resnet(aligned).detach().cpu()
idx=0
scores = [100]*len(boxes)

for embedding in check_embeddings:




for c1in embedding:
for el in embeddings:
dist = compareDistance(cl - el)
if dist < scores[idx]:
scores[idx] = dist
if dist < self.bestScore:
self.bestScore = dist
bestFound =

idx+=1

if bestFound self.bestScore < 0.7:

frame_draw = frame.copy()
draw = ImageDraw.Draw(frame_draw)
idx=0
for box in boxes:
if scores[idx] < 0.7:
draw.rectangle(box.tolist(), outline=(255, 0, 0), width=6)
else:
draw.rectangle(box.tolist(), outline=(0, O, 255), width=6)

idx+=1

numpy_image = np.array(frame_draw)
cv_image = cv2.cvtColor(numpy_image, cv2.COLOR_RGB2BGR)
return cv_image

return

B. Implementation Issues




Anomaly Detection & Face Tracking A|AEIZ J=5H=H| YA 7to|LiOr 2XH7t EQUJE LIRSS L2210t

Zrt.

1) performance issue

0k Xx7| of|Aoll= Anomaly Detection ModelZ} Face Recognition ModelQ| £ =7} 2X|7t € 242 Of| AFSHLCt

SHX|2H AR JHetE stn BHIAEZ siEL|, MTCNN Face Detector@t RAFT Optical flow extractor7} &2}

A =SR] QERATE

CHAl, BE =S M|3ot= 20| OfL[2}, 100ms0| stLte| Z|UE Me|sts W= WEFE MetiCt O|E 2ol
stream= X|He M s stream?| fpsE YIISIEE oI, fpsE 0|8st0] HHO| frameZ AHEXIE

HAFS10] i |0l A 14 X2|o| FENZ TMSHUCH RO 0|2 stridedtn EHH O, ZHThstA
self stride = math.ceil(fps/10)

S 2 Althsto], AHFEE 31 0| SsHM AL HRH2Z gtx10807|E2 =,
(HIC| 24 ZOoly /(K2 AlZhH ~

S ysi9ict,

2) Face Detection error
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MTCNNS| Z2 91| ZFSI0IAN & 4 YIS0|, 0|2 78|12 FEIAS 717 £28 U2 ol4jsts X7} Uk

et O|ZdE EEE 35010k SHRACt.

frame = Image.fromarray(cv2.cvtColor(frame, cv2.COLOR_BGR2RGB))

allboxes, probs = mtcnn.detect(frame)
boxes =[]
if allboxes
for i in range(0, len(allboxes)):
if probsli] > 0.99:

boxes.append(allboxesli])

Q|9 Zt0| ULt S245l%| boxS S 25|51 A probability £X|7} 0.99 0| ARl A0t Face Recognition0f| Ql23&t

3) multi Face Recognition on one frame

if len(boxes) > O:
boxes=np.array(boxes)
faces = mtcnn.extract(frame, boxes, save_path=
papas = faces.chunk(len(boxes), dim=0)

aligned =[]

for e in papas:

aligned.append(e.view([-1,160,1601))
aligned = torch.stack(aligned).to(device)

embeddings = resnet(aligned).detach().cpu()
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MTCNNO]|A| face detect YAUS extractH|AE0| st AL aligned=l faceES

£
listS0] 25 BfHMAN A= HEHZ LtR7| WZ0], O Face Recognition0fl Helst=S CHA| 2|31 =T

0|Z E3l|lA embeddingsE 20| A EIC}.

4) Broadcasting embedding lists

if len(stack) - 1 == self.stack_size:

result, embeddings = anomalyDetector(feats_dict, stack, device, stack_counter, rgb_frames, padder)

if result > 0.2:
peaceCnt =0
self list_of_embeddings.extend(embeddings)
if len(self.list_of_embeddings) >= 20:
Broadcasting(self.list_of_embeddings)
self.list_of_embeddings = []
else:
peaceCnt +=1
if peaceCnt > 3 len(self.list_of_embeddings) > 0O:
Broadcasting(self.list_of_ embeddings)
self.list_of_embeddings = []

peaceCnt =0

Broadcasting®| A2 X A|Z! embedding?| entryZ} 207l O|AtO|ALL, peaceCnt7t 35|HL} 7{A AZlxMoz

AM8H0| Z2 5|10, embedding list] entry?} ZXi5H= AL broadcastingS 57| EIC}.

2t7+o| video stream X 2| EE0|A| broadcasting2t2 embedding list2 CheckEmbedding Z&0i| 21215104, &Y
rgb frameOj|A| L2 = QISHEL} CiEE 501 0.70]TH2] XIO|ME HO|= QI=0| LIEMd 42 HE11E 2[5t imageE

Af510f 2lmESICE

tA=E,

O[ZA =l HOIE 21=2| poseSO| Z45H7| 022 poseO|7L, S2HYS2Z 0.950(5H2t =|H 2| =8 51=5

rr

ol
9

Z7|0|= Oo|HACZ SIX| & BZ7 9122 st 0|4 7|0t 51H HIZ broadcasting2 St=E

=

Siict ™K o™ MdEXo=z Z|ZEI0| 72| O|ROXX| gfn, O 42 o X7t 2 = Ut
THERSHMQACE J2{Lt 0|2 B false positive rate?t HHF S271| E|0f A|ARX o= ofn|7} ofstrt EHSHO]

fletzo| z|chst 2l=

0

HE FE5t0, DS HIZ L= TN H|R5HA 47l 22t 2|=—e = AR 072 7|&EUS

HHO| O = P& 4= Qli= Z1E | =IAC
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9. Results

Optical Flow

snu@inno-Ms-7C79: ~/test4

face detect :
face detect :
face detect : 28
face detect : 32
faces: torch.Size([1, 3, 160, 160]) boxes: 1
e size: torch.Size([3, 160, 160])
face detect : 36
face detect : 40
face detect : 44
detect : 48
detect 52
detect : 56
detect : 60
end generating embeddings
feats tensor([[0.0802, 0.0874, 0.0612, .., 0.3717, 0.2109, 0.1634]],
device='cuda:0")
/sample/testtest2.mpd @ stack 4 (rgb stream
303 0.339 jumpstyle dancing
092 playing paintball
067 training dog
053 rock climbing
039 jogging

AISIEHM1) RGB Stream, Optical AEZIS 08310 Anomaly DetectionS 3t1, anomaly 480l embeddingS #OILHE ZiS H0iF7| I3t EmbEO| EHYl=

»
L
. ﬁih.

/4

N
\
N

£
ZA|
"

‘i !
Vi
A

="/

p45679
P45679/2640 [00:36<00:00, 92.53it/s]
pas5679
pas679
P45679/2640 [00:36<00:00, 92.81it/s]
| 2640/2640 [00:36<00:00, 71.65it/s]
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A. Experiments (& ZIgH)

1) &g aA

INNODEP H|Z AZ H|C|2 1671

- Anomaly A&l0| Et71 H|C|229| 74 771 - W&, 87|, 2l &
- Anomaly AfElO| E7|X| 942 H|C|IQ9| M4 o7f - EES S| HB=, =S GfEi0] 12T I3,

ARZHSO0| R22|X|0] CiL = k=, L Al &, HiACH, HOIEY S

Face Recognition2 H|C|2 474

2) A

]

ol

02

(1) SurveillanceManager Z&0{|lA INNODEP #Z H|C|RE ol 2/0{A Anomaly Detection & Face
Tracking System2 15 A|ZICt

(2) 2O2tH|C 22| &S H|wWsto] Bl H|t= &g 21A0] =1 Q=X| HA ST

(3) Anomaly &&H0A Face Detection O{£2E 2=iQI5t1, broadcasting0| O|RO{XES M, CIE AA

HIC|R0M slig QIES HiEX| 2|ZE O|0|X|E SohA &elsitt.

B. Result Analysis and Discussion (&& Z1})

DR

]

A Qo
HH| test video - 1671
Anomaly 4&H2 B2 H|C|R S&9| 74 - 774

Face Recognition M|3E |st H|C|2 S&!I9| 7H4= - 474

ox

Anomaly A&S Anomaly= EHEHSH AL - 674
Anomaly AH2}0| O Anomaly2 ZHCHsH A - 174

Anomaly A&H0]| A Face Detectiondj| Ad2st AL - 37

=

Face Detection0]] 438t AL, Face Recognitiond]| 425t AL - 87

)4

IJ2L'

2zt E9|

INNODEPO|| A M|Z3H Z=Al 167H2| E|AE H|C|R2}, Face Recognition2 SH=C|| AF25H H|C|Q 471E 0|85104

EHIAEZ ZISSI9CE 16702 HIC|Q 7420 Anomaly &S EHe H|C|Q9| JH4= 774QICt 0|2 0|83510]
Anomaly Detection X3 E 319520, AnomalyX&HE Anomaly2 2|ZEst ZL7t 671, Anomaly AEH0| OH-IG|
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Anomaly2 2|ZE3H 297t 1) LAIBIQIC Wt Anomaly EHCiOl AmEt A9 271X e 2 4
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¢ [Appendix] User Manual
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