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Implementation of Jetson Nano Based Face Recognition System
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ABSTRACT

Face recognition has improved a lot with recent advances in deep learning. Face recognition is processed in order
of face detection, face alignment, and face recognition. In this paper, We used the K-Face dataset consisting of
Korean faces for training the proposed face recognition model, and MTCNN is used for face detection. OpenCV
was used for face alignment, Resnet-50 was used for the backbone for face recognition, and the loss function was
learned by ArcFace method. Furthermore, In addition, an algorithm to receive KISA’s face authentication was
implemented, and a face recognition system was implemented in Jetson Nano, an embedded system. For KISA’s
face recognition authentication, I had to implement it as a DLL, so I used OpenCV. For deep learning learning,
Python and TensorFlow were used to infer the learned network for KISA authentication using OpenCV. We improved
the speed by using TensorRT for real-time performance in Jetson Nano, an embedded system. A GUI program using
Qt5 was developed for behavior testing, and images for testing were implemented to selectively use video files,
RTSP, and CSI cameras. Experiments confirm that the implemented system is capable of face detection and recognition

at a rate of 10 fps.
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Fig. 1. MTCNN Main Idea
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Fig. 2. Face Identification and Face Verification
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Fig. 3. Process for face alignment.
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A1l S B4 MElsh BE 71 Aole]

= AAksh, H3% 2ol Additive Angular Margin
< Flela, ARl FEE o83l B3R =4l
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S itk 37 5= Afcface £ 2] S

epdic).
. =FollA= Resnet-502

woz Abgsiolh

X wert M
[
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Fig. 5. Training a DCNN for face recognition supervised
by the ArcFace loss

Traditional method Residual block
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2! 6. Residual &=
Fig. 6. Residual Block

ResNet2 mlo]|ma 24T EA] /sl dye]Zo 2
412 Residual Block?] 302 wo] Zojx % i
AE =4 B sisie Al ]| "t Aje]
7} gk {183k o5 EH3kl velTe 84
(Shortcut)S FHEo|Z= 0 24 V| ES = o] 00] =
T2 v HE FHo] 27} HES ik 1
% 6+ Residual 555 et

2.3 Hlole Al

A J2)S $13F o] A= MegaFace, LFW),
YTF, CelebFacesS thofgl dlole] Alo] F7i=ar g}
t} KISAQIS-S 91aiAl gh=<19] dlofe] Alo] 83}
th 919 dlele AL Akle] FE o]F+= HlolH
Alo]7] wfiel] & rellAE A 1A FEulolE]
Ao gl gkleu]#] dlo]elQl K-face5 M-
stk K-facet= AW, A3d] x5 weisle] =
Q& ko= Fedgt b 34; dlolejMlelck &=
ql qb o]u]A] o= A H3XIS-I(NIA) #
TARAN Qlzel 24 AR Al FAQl A
HAAElo]~ 5 A19]e] d3to g FEE el =
Ql qkelw|#] dlelel= A, ) E2x& =3}
o ghlS Ak R Feodgt o <At dlole]e]a,
2017+ 200, 2018 2007, 2019 60072 41
of tiall A= E= 205, AP 6%, 2 30%, &
A 3%l dis] ZJsisick® dlolHe asiil=
(864x576), 7 I E(346x230), *3A=(173x115)

K-Face
Dataset

12l 7. K-Face H|°o]e]Ale] A%
Fig. 7. Configuration diagram of the K-Face dataset

32l 8. K-Face ¥F ©]7|#]
Fig. 8. K-Face face Images
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2 Ak sl “siAb Dy dAAR] S
SXIFA SAIE= S jpg” = EANge) dlo|EfH]
)] Ptz oA, D, WA, A, 23 91
W Al e 2beel wet vk e 73} o] 74
=o] slek

1382 K-Face?] dHlo|e|Al d=2 vepdch

2.4 KISA d=ZelY 2IE
KISA Hlo] XA HAIFAIE = A Fel A
3t vlo] e]IAIAE S PRES frEstal AlLE
of Aedat AEAE FUAIA AL nle] 29144
2o F 2 ] nle] 2l ARIALE A4S
wsfaAfigie A1E ol 3
w, AljEn] =, AR A
o] Fe] Alrk i =iellA
,Jrzqo =y o) %
S715& veRIsE &
ﬂrE‘rﬂdE‘r. 32 A A

QlZER | &0

= g7 Hold I3t I
£ KISA H}o]e dF<lA]
= KISA A5 A8 358

=A8L DB FAAR

O_\..

A Q152 S18) TRt dlole] 4 " Y| EH A
Bl S &/ 774 Agdo] H8slrk KISA W

s = [e)
% DLLS F3t dves A5 dH2E 33 & dF
QA Q1 HA5AS AXA et

2.5 dH|Cio} M AH|C|= AIAR

Qmlelofe] SME)E Asdel A the BES
A Jetpackye] A2 e, A e A vjAs] o,

1. nlele A=l <glE
Table 1. Bio Face Recognition Certification Criteria

Category EER
Light Expression Pose Accessory
Face
Recognition 1% or 2% or less 2% or 1.5% or
less less less

E 2. KISA A% A8 &5
Table 2. KISA performance test items

Category Details
others acceptance rate
FMR The ratio of when the biometric algorithm
compares two images and determines that they are
the same image, but is actually a different image
self-rejection rate
FNMR The ratio of When the bio‘metr.ic. algorithm
compares two images and identifies them as
different images, but is actually the same image
EER Error Rate when FMR and FNMR are the same
2344

E 3. 424 45434 DB AR
Table 3. DB configuration information for face
recognition performance test

1 set 2 set
Number of
people 500 people 500 people
DB f
. o.r 500 sheets 500 sheets
registration
Category | DB number | Category |DB number
1 lighting 4,000 sheets| lighting [4,000 sheets
direction(8) (500x8) direction(8) (500x8)
facial facial
DB for 2 exp?‘ensZion 2,000 sheets expi?s:ion 2,000 sheets
reczrg]mtl change(4) (500x8) change(4) (500x8)
3 pose 1,500 sheets pose 1,500 sheets
3) (500x8) 3) (500x8)
4 accessory |1,000 sheets| accessory [1,000 sheets
?2) (500x8) ?2) (500x8)
9,000 sheets 9,000 sheets
Total Images
18,000 sheets
DB for registration : Frontal/Main
white/Expressionless/Frontal lighting/Front pose
Shooting lighting direction(8) : 0 ,045 s 20 , 135°, 180°, 225°,
conditions 270% 315
expression(4) : Smiley, Angry, Eye closed, Surprised
pose(3) : 22.5°(Left, Right), 45°(Left)
accessory(2) : Hair band, Glasses
Image size(WxH) : 640x480
Format File Format : JPG file

cuDNN, TensorRT, H|AZE 2|52 FAA|7} 3
Al AgEle] Al efEAlo | 55 w2 41453}
Al "]ﬂfﬂ' F 9= H==3s Z=8Ze]tk micro SD
7lee AFE 2 AA 2 AR 37E deth B
1B)= 1:]/\ #o] 2 ¢]3F HDMI EE, §-4 o]cjul &
AL g 7Pl ol 2 E, shel A4& gk
CSI-2(Camera Serial interface) 7}wl2} 7], <]
Qlefdlo]~ RS- 13 409 S AE, 4719
USB 3.0 ZE, 5V 314l DC & & So] olesflo]2
F Zeth & 4 AS o] 7% ARKS Ve

E 4. AL Y 7)E Al
Table 4. Jetson Nano Technical Specifications

GPU 128-core NVIDIA MaxwellTM GPU
CPU Quad-core ARM® A57 CPU
Memory 4 GB 64-bit LPDDR4
Storage microSD (not included)
Video 4x 1080p@30, 4K @30, 9x 720p@30
Encode (H.264/H.265)
Video 2x 4K@30, 4K@60, 8x 1080p@30,
Decode 18x 720p@30 (H.264/H.265)
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Camera 2x MIPI CSI-2 DPHY lanes
Connectivity Gigabit Ethernet, M.2 Key E
Display HDMI 2.0 and eDP 1.4

USB 4x USB 3.0, USB 2.0 Micro-B
Others GPIO, 12S, 12C, SPI, UART
Mechanical 100 mm x 80 mm x 29 mm

2.6 Tensor RT

TensorRT+= 5% H2d mds z43}slo]
GPU Aolrle] 28 418 Sulelx] Al oF
A HEd Aes AT =S E 5 ole
el #z3} qlzle]r}. Caffe, Pytorch, TensorFlow
0 Jeid ZHd=E w8 s ded =l
< TensorRTE 538 Skl wels A 3}s)od
JETSON TX2, TESLA T4, TESLA V100, JETSON
NANO 59| vt} GPU Z#i&l A& 7lolrh.
8l TensorRTE dlB|t]o} GPU I4kel| Hgsl |
A3t EES olgslel e HAMsRiEE
Optimizer$} t}ofgk GPUoﬂ A 2l AALS sl
#Eels] (Runtime) %S Z3F3I} TensorRTH o
2y ZY YA 5% mdlL 2]l oln|t]
of TYFNA] HH ] FE S d =S
9= k5, vIES = HA3) GPU HA3) Vs ES
ey 2de) A% ALFFr) w3k A9 Hey
wd 7RSS 23 ey s iR
Ak 2w Aejueeld, 1= A3} A
AFE T, A HlA vle] 2 e Bl e
o] glekl 73] 9% <lln|tio} TensorRT AL e}
ek

GPU PLATFORMS

I P TEslAT4

{ FRAMEWORKS

Caffe -——L

i TensorRT T ? JETSON NANO
Pytorch e——— %
! —-——0 & TESLA V100
Tensorflow e—— Optimizer | Runtime i

\—‘—' B ersonmee

N

2] 9. NVIDIA TensorRT 74
Fig. 9. NVIDIA TensorRT configuration

II. MQHEl HUZQIA] AJAH
3.1 AlAE—H ?.A-I

T3 102 AA A=] PAEE veERIc 231
o} 7h 52 dwlA s 2, KISA DLL, Al

K-Face Dataset

Face Detection
Alignment
112112

Resnet-50
Backbone
Fully Connected

Training Model

Model Model
Frozen pb Frozen pb

Training Training

OpenCV OpenCV

readNet readNet

Embedding Embedding
Vector Vector

Euclidean
Distance
<th

Yes
- Result :
Result : Same Differeent

KISA DLL

{ Face Registration } { Image }

Training Model

Uff -> engine

[ Embedding } [ Embedding }
Vector Vector

[ves
Result : Same Result : Different

Jetson Nano

a3 10, Alxd A=
Fig. 10. Block diagram of system.

el SR b

Helde] 3 sto| S o83k, Held =
S EN E“H** 55 ARk AAl 25 98l
A el KISA Q128 913 s A
Yol FABhs WS AMERlch KISA 9155 914
Al Visual Studio C++5 AH8-3l9] DLLZ 3} 1t
Eolof gl & el Held o skl e
ARgo] 7F538kar, Visual Studio C++ 2 A-go] 715
2 OpenCVE A43iick. A the wEG]A 3
371 $J8lA TensorRTZ 532t 7}s3le®
UFF(Universal Framework Format) {2 W7 %
Azl HdE WHEF AREERIch 2 el
MTCNN 3 7% W3} K-Face dlo]e] A& AR
3lo] WlE © 2 Resnet-507 A <=2 ArcFace S
Apasjol shershaich. Sl WES KISA A%
A= e R Eol|A] TensorRTE ARE-3le] A7 5
Zhehs A= QA AlzEHE T

32 d= #&
= =relMe A AE S A sk
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93aL, Vel shsl e AR83eitk K-Face s ©]-8-3}
o] dF 75L& RetinaFace®} MTCNN HFH-S- ALS-
3le] Bl~EgF A3 MTCNNe| FH £2 A& A5
& vehle] = =ellAis MTCNN #HHE AR83)
Ak

E =rddlAE 755 g5tlelelE w8 I <l
2] W®.0 g MobileNetV2?"19} Resnet-508 AH-31
o FS Agsict Ade AWt o £
Resnet-502 o T Algsly, £ =
ArcFace, CosFace, 2= EM~E x}8alo] 52 %]
3 sigdch g5 2R P 2 A5 vEe
ArcFace W& AR&SISichk 3 5+ = <Al Ab
43k Wl 2 AR v)a AaE eh W, %e
2 oA A AFES ot

Hla  dlole]  Ale  LFW, AgeDB30(Age
Database)®®, CFP-FP(Celebrities in  Frontal
Profile)®, K-FaceZS AH8-3}3it}t. K-FaceS A|<]3+
Lol Hlele] Al - Aloal lgela, 314 ol
E o] b AA| Aol B2 Aot s A &
71 ok

N

<]

e g vl At

5
Table 5. Comparison result of backbone and loss function

Dataset | ArcFace | CosFace | Softmax
LFW 60.38% | 58.83% | 61.33%
AgeDB30 | 50,30% | 50.58% | 49.15%
Resnet-50
CFP-FP | 53.67% | 53.99% | 54.50%
K-Face 99.38% | 99.10% | 98.71%
LFW 53.40% | 58.53% | 66.10%
AgeDB30 | 55.52% | 50.00% | 53.73%
MobileNetV2

CFP-FP | 51.00% | 54.19% | 60.36%
K-Face 96.57% | 96.21% | 97.95%

3.4 KISA o1&

B =Hola] olg3ke KISA 9152 7|della] dF
Al A2l Akt 74 Al E o R kA Ak A
A Z 2 AMgo] 7}53)) KISA <&2 9]3)] KISA
% Aol W DLL 7o) Zgslc}. DLL 7t
Q3] =& 7288 Visual Studio C++5 A3}
A7) Hlo]el2] dhe- PCAYellA] Pythong- A&}
g2 ZH Y I Z2SE ALkt
Tol| M eyl welS- pDLL oA A3}
7] Sl C++ellx] 527153 OpenCVE AHg-3lsith

r e

o|

o O
E

e ﬁl £

¢
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OpenCVellA] &%l "l z29 ndls ALS3)7]
34 pb Tl W3te] Hasc) pb A2 2T
7Rt B AR skdelry. aAY =
(Frozen graph)3t 2|5 A3} pb IpUd = WA
o|== Aol AEFe]| Brls stk Mk pbatd
< OpenCV 9] readNet 315 ©|-83l] F25& 31l
t}. OpenCV?] readNet() = F3HE 715371 A
A=l wd slelst VEYT F2E TdskeE A

7ds o] 83}ed Net AAE AAdach readNet()

=
3= Y3S “Net readNet(const String& model,

o)

9999

const String& config = ””, const String& framework
= ");eolt}. 2§ = forward IG5 ARSRICh

3.5 Tensor-RT Z&

AL e FAeAe] da 1422 OpenCV,
TensorflowE 53F AL 3l o}t &= 312 <l
3l A 37F desiodt) B =4+ TensorRT=
AR s 3wt 2 HAEE skl
TensorRTolA] 2elS ARE3l| $JaAd uff ==
ONNX(Open Neural Network Exchange)P? =2 w2}
o} 3t B =Folx]= convert-to-uffS E34]
frozen pb IS uff T2 AT} WSS uff
7}91-& TensorRT <%l T} = Wst & A4 B e
Wl ozl sdz HAS 984 tensorrtd]
builder.build_cuda_engine(network) <=5 AR8-gtc}
ozl g Rraby) s

deserialize_cuda_engine() 5= A3}

V. LZQIMAIAR Tl

4.1 Face Recognition Dataset 7=

B =i =elognt 4% K-Face2 H)
oEJAlRES AMEBle] FalEiel. AlA| KISA 53
A BEFo]n|A| 2 Abel| x| FFEE dlo]el Al #1A|
HAgE F71 odlely Als Folste] ARgERich
K-Face Hle]e]Ale] a3} dAks o]83le] s 2
HAEE 28l da 752 MTCNNoZ 213
F devtaE o8]t HE IAS AH 112112 =
71¢] orA = P53k ShF olv|Al= 620,202
Ao R Fllar, B 913 22 o|vlA] % 5%, oF
£ olvlA] 24 5% = APt A= FHaE B
400702 AF&-8lgd). +-45°, +-30°, +-15°, 0 o% &
77VA weF (4] Wk g ok, mal 2R 5 dlolE
23k ozt 22+ oV, el 2o 29 &
7 mE3ho R dole AL FE3ldck 1711
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Fig. 11. K-Face Images and Face Detectlon & Aliened
Image

U

K-Face o["|#] ¥ =& & 4 HHo] 3= ov]

A1 vepdcl

4.2 KISA 2IZ

KISA o 12 Q155 9184 KISAel AJ§4lA
A5 2Ag) Q%S 918 FHE 9 DLL dd2
AlF=lo]okslr| wjel| Visual Studio C++ 20155
o]-g3lo] F3alA| ¥rk Pythono® T3% shab
4 DLLE 33k= 322 OpenCVE o]g3}o]
el S Yol & odvk dE AE 2 g
= 9% PC°1W Pythone o83, Held
3 (*] /\]-9-5]—1;}. EP/\Q nde
pb Fd = W = OpenCV ReadNet() 375 o]&
3] shpwl ndlS e8] 0 7 forward() 35 AR
slo] 228 st} KISACA Q1% B34 94 AL
A Al Fstedor gtk AR AI§)-2 Visual
Studio C++Z o]ﬁe‘f}ﬂ DLL 3}l ukE5o] KISA®
nEste] Hi2~E7} 7hgsich A A 41314 DB=
Z 900 oM, A e Al %ﬂrﬁ}ﬂd BAEE
53 S AlPS 2A| Sick AR A8 535 KISA
o] 91&¢ DLLS #|&3P4 KISAoA HA43 Hl~E
dlole] AL S3le] AFF % 7S Ssk
KISA <QlgA1E HHAEICL

4.3 NE LirollM A

AL el b ME Sl 9 CSL
RTSP(Real Time Streaming Protocol), H|t]2 s}

= 37],2] H]—/\li ﬂ]-_oa 2= O)\E% g]_oﬂ]"/"_ 71—7]—‘/]
SAFE i H S Fele A9 APssid, Rt
s B4} A vhe 25 0 Sl wEE vehd
o 42 S=a} 21 s gealsh] sla A
Qt5E o843l GUI Z2as Nisisdch

% 138 GUI A e Jehich 13 13
o] Ae sellA Ao T8 uiels A=

Execution Jetson Nano Board Camera
environment Module

O 12, A 3, AE v 2o e 2
Fig. 12. Execution environment, Jetson Nano Board,
Camera Module

- Exit Button

I3 13. GUI A3 i}“ﬂ
Fig. 13. GUI Execution Screen

dFs ZFHsPH oflel 55 3 (Registration
View)oll A7} 5|1, 55 ©]E{(Registration Name)
& $A ¥ 55 W E(Registration Button)S &3}
o] 55°] 7Fssich

I5 14+= 34 o1 2 okt dAe] 7kest &~
Eq] AAE vepdch

X 6> Stream *47(49] ZF 3}Ee 8-S ehick

I3 15+ 47 555 9% Face A4S HER
t}. Face A% %-ﬂr?——-lo 23 55 4 529 IdE9
olF 4, 551 A7 2SS 7Isel ol

® 72 odF AAe] 7 3 e-S deRick

AL e e AXE ARE flsiAd
TensorRTE AH8-8fofoF gt 3 8 MTCNN "
S A3 79 TensorRT ARgel uhE AlF vla s

et

Davinci Face Recognition
Play Vview Help

i 7 stream ctri+R

N | © Face Ctrl+F
e

a2l 14. Stream A3
Fig. 14. Stream Setting
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E 6. Stream A< 7 = g
Table 6. Contents of each item of Stream setting

F 9. TensorRT ARg-oll W& ArcFace Al H|xL
Table 9. Performance ArcFace comparison using TensorRT

CSI Camera | CSI(Camera Serial Interface) Camera
IP Camera RTSP Camera
Video Video File
Resolution CSI Camera Resolution
fps 1~30
address Network Camera IP address
id Network Camera Id
password Network Camera Password
port RTSP Port Number
rtsp url rtsp:://address(rtsp url)
File Name Video File Path
View Size 320x240, 640x360, 704x480, 960x540,
1280x720, 1600x900
DNN Resize Check Deep Neural Network Resize
DNN Size Deep Neural Network Resize

Davindi Face Recognition [l

[ If you change the ListBox position,
Face and Name are changed to

the registered face and name.

a8l 15, 9= 44
Fig. 15. Face Setting.

F 7. Face 4] 7+ 358 g
Table 7. Contents of each item of Face setting

Detecting a face in the file and then
Add .
registering the detected face

Modify Modified the name of a registered face

Delete Delete registered face
Setting the threshold of distance when
discriminating the same face

Threshold

H 8 TensorRT A&l w2 MTCNN A% H]aL
Table 8. Performance MTCNN comparison using
TensorRT

OpenCv 4.1.0 |TensorRT Time
Time (msec) (msec)
640x360 340 ~ 360 60 ~ 70
1280x720 | 1,30 ~ 1,400 117 ~ 120

Algorithm | Resolution

MTCNN

d=Z¢12] ¥4l ArcFace?] 73-F%- TensorRTZ &
§3to] Adgt A5 32 A7te] 30 msec AL wh
2A) A= e} s Ve ReolA TensorFlowE
Al YEH e MRy 307 Ry S{7)
= BRI 2 A= 2F8]o] (Jetson Xavier) S ALl
H~Eslgdrl, % 9% TensorRT  ARgol &

. TensorFlow Cuda 10.2 | TensorRT Time
Algorithm .
Time (msec) (msec)
ArcFace 90 ~ 100 9 ~20

ArcFace A% 8|S vepdch

TensorFlow Cuda 10.2= 90 ~ 100 msec,
TensorRT+ 9 ~ 20 msec® TensorRTE AFE-3Ho &
7 Gxrt el s 2]l sk

V.2 B

ol 3=l dEE A% K-Face dlo]
B A o]g3te] shpaloint ks SIg Wil oR
Resnet-505 ARS8}l Sz eEmx W3 BARS
Ql ArcFaced AH83le] d& A sl &
= A4S $l8Ad MTCNN HHH o2 da HAE
= A d=5 AE3ka, MTCNNS 538 5%
ErlzE olgsle] dF AHE F dF A S
ZIch KISA &2 4 d52 913 se2id =
22 S WS OpenCV-E AHEale] Eajelon]
2122 1314 KISA®IH 278H= DLLE W7a}e]

S xL?‘sg o) dwt] s A|aElel AE s
AE AL T2E7] 91814 TensorRT

"]—9‘5}04 A= A 7333t} TensorRTE] A}

golyol wle} S22 vimelglon), B2 Wimg
Sl A GUI Z2 23S Jdslsic). o4 35
2 ]l AFREe ARSIl wlitel] 2318 A
oFl A A Aol "WolAl= wAI7E slsick -
it A= Aol oAk A8 ulr] WS
Qlgol w2 AFr] AFEE Fol7] $ldl =l
dlelel AR ope} tlelRt dlolejAle] A4t i
el gk A5 A& & olgolck

References

[1] M. A. Turk and A. P. Pentland, “Face recog-
nition using eigenfaces,” in Proc. 1991 IEEE
Comput. Soc. Cont. CVPR, pp. 586-591, 1991.

[2] P. Viola and M. Jones, “Rapid object de-
tection using a boosted cascade of simple fea-
tures,” in Proc. 2001 IEEE Comput. Soc.
Conf. CVPR, 2001.

[3] P. N. Belhumeur, J. P. Hespanha, and D. J.

www.dbpia.co.kr



=

i AE v 7Rk dF A Alad T

(4]

[5]

(6]

(7]

(8]

B

[10]

[11]
[12]

[13]

[14]

[15]

[16]

Kriegman, “Eigenfaces vs. Fisherfaces:
Recognition using class specific linear projec-
tion,” in /EEE Trans. Pattern Anal. and Mach.
Intell., vol. 19, no. 7, pp. 711-720, Jul. 1997.
Y. Taigman, M. Yang, M. Ranzato, and L.
Wolf, “DeepFace: Closing the gap to hu-
man-level performance in face verification,”
2014 IEEE Conf. CVPR, pp. 1701-1708, 2014.
M. Omkar, et al., “Deep face recognition,” in
Proc. BMVC, pp. 41.1-41.12. BMVA Press,
Sep. 2015.

Y. Sun, X. Wang, and X. Tang, “Deep learn-
ing face representation from predicting 10,000
classes,” 2014 IEEE Conf. Comput. Vision and
Pattern Recog., pp. 1891-1898, 2014.

J. Deng, J. Guo, N. Xue, and S. Zafeiriou,
“Arcface: Additive angular margin loss for
deep face recognition,” in Proc. IEEE Conf.
CVPR, pp. 4690-4699, 2019.

J. Redmon and A. Farhadi, “YOLOV3: An in-
cremental arXiv:1804.02767,
Apr. 2018.

A. Bochkovskiy, C.-Y. Wang, and H.-Y. M.
Liao, “YOLOv4: Optimal speed and accuracy
of object detection,” arXiv:2004.10934, Apr.
2020.

H. Gan and C. Qing, “Research on face recog-
nition algorithm based on MT-CNN,” Ind.
Contr. Comput. J., vol. 31, no. 11, pp. 119-
122, May 2018.

OpenCV Library, https://opencv.org/

K. He, X. Zhang, S. Ren, and J. Sun, “Deep

recognition,”

improvement,”

residual learning for
arXiv:1512.03385, 2015.

Korea Internet & Security Agency, https://

image

www.kisa.or.kr

Nvidia Corporation, https:/{developer.nvidia.co
m/embedded/jetson-nano-developer-kit
YoungJoon Hwang, Jinha Song, Jongho Nang,
“Design  for CCTV
Architecture on Jetson nano with FFMPEG

Smart Platform
and TensorRT,“ Proceedings of the Korean
Information Science Society Conference, pp.
1664-1666, 2020.

Sang-hun Chun, Ji-hoon Choi, Ye-jin Kim,

(17]

(18]

[19]

(20]

(21]

(22]

(23]

[24]

[25]

(26]

(27]

(28]

(39]

(30]

Sung-kwan Kang, “Smart Door
Implementation Using Jetson Nano-Based
OpenCV and Deep Learning,” The Journal of
Korean Institute of Communications and
Information Sciences, 46(2), pp. 380-387, Feb
2021.

Nvidia Corporation, https://developer.nvidia.co
m/tensorrt

S. Zhang, et al., “S3FD: Single shot scale-in-
variant face detector,” in 2017 IEEE ICCYV,
pp. 192-201, Venice, Italy, 2017.

J. Deng, et al., “RetinaFace: Single-shot mul-
ti-level face localisation in the wild,” in Proc.
IEEE/CVF Conf. CVPR, pp. 5203-5212, 2020.
T.-Y. Lin, et al., “Feature pyramid networks
for object detection,” in Proc. IEEE Conf
CVPR, pp. 2117-2125, 2017.

A. Krizhevsky, et al., “ImageNet classification
with deep convolutional neural networks,”
Commun. ACM, vol. 60, pp. 84-90, Jun. 2017.
M. Wang and W. Deng, “Deep face recog-
nition: A survey,” arXiv:1804.06655v9, 2020.
W. Liu, et al., “SphereFace: Deep hypersphere
embedding for face recognition,” in Proc.
IEEE Conf. CVPR, pp. 212-220, 2017.

H. Wang, et al., “CosFace: Large margin co-
sine loss for deep face recognition,” in Proc.
IEEE Conf. CVPR, pp. 5265-5274, 2018.

G. B. Huang, et al.,, “Labeled faces in the
wild: A database forstudying face recognition
in unconstrained environments,” Wkshp. faces
in ‘Real-Life’ Images: Detection, alignment,
and recognition, 2008.

Al Hub, kface.aihub.or.kr

M. Sandler, et al., “MobileNetV2: Inverted re-
siduals and linear bottlenecks,” in Proc. IEEE
Conf. CVPR, pp. 4510-4520, 2018.

S. Moschoglou, et al., “Agedb: The first man-
ually collected, in-the-wild age database,” in
Proc. IEEE Conf CVPRW, pp. 51-59, 2017.

S. Sengupta, et al., “Frontal to profile face
verification in the wild,” IEEE WACYV, pp.
1-9, 2016.

https://onnx.ai/

2349

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "21-12 Vol.46 No.12

& 2 4| (1I-Sik Chang)
2011 29 : Agdelr|sdist

o NID§7|stes] AAL

2020 39~FHA : A2FEh]
s AFur]eld+
Ale] A led-<d

20200 9Y~FA] : A2l
Eoigka  VITHARIE R
ekl AR Ealvo]o] ekl g ikl

<FAltel> Azlgsl, §AEs) FEAl Fst

[ORCID:0000-0003-0822-9857]

2350

gt 31 0k (Goo-Man Park)

19841 29« F=gostal A
A3t g}

198611 2 : AAH & A5
sl gl

1991 2« AAeH ek ARl
s} gahubal

1991 349~1996d 94 : 4Hd
A} AlEAR|AT-4 Al

20161 14~2017 129 : A3 ]sdishal v
ITEIARIEeH) 91

199911 84~&A) : Aetsr]ethstar AAHTH o
ot

20061 19~2007 849 :Georgia Institute of
Technology Dept.of Electrical and Computer
Engineering, Visiting Scholar

Tl AFENIA, AB5HAZEIE]

[ORCID:0000-0002-7055-5568]

www.dbpia.co.kr



	젯슨 나노 기반의 얼굴 인식 시스템 구현
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. 제안된 얼굴인식 시스템
	Ⅳ. 얼굴인식시스템 구현
	Ⅴ. 결론
	References


