=]
AA7F o= dejyd AR A 2 1] 2
A
O] zé:'é_;*, o]%_/':*’ Zé Og E]_]_*, %}.%O]*,**’l)
1At dut =] ~dlgsk QI gl [oT and Big-data 1741
e—mail : junghoon450@gmail.com

Real-Time Back-end Deep Learning Video Service
Framework

Jeong-Hun Lee®, Seung-Su Lee", Yeong-Bin Jeong®, Kwang-il Hwang"**"
“Dept. of Embedded Systems Engineering, Incheon National University
“ToT and Big-data Research Center, Incheon National University

Qe o}
A Qeigel FA WA ek, v GAeel Jud A= o FelAolan Aulzst A
HolAa gk o] eldt theg AulzBo] FaEE FeEo] vrFaty, ghze] Aol e P9t
slo] Adow olefd Held Juk gAY Ao FHL=gE o847 s AHag of
3k 297t gk ey, dueF pReAd s Fess was Auzsk GaskAn, A4
AE 9 use As A8 Goldi FAFE N80 HE Aokl YT AYER Hg AT,
gate] B =RoAE thd@ utolzel 9 dolEE 27 i slwel Uk FRE A4 $§o)
75 gk 1ﬂ%i AEste] Z2AY T AN A3}E feedback™ S & i &4 2 back-end HEd
PR Az ZYYNaE Ak
. M2 S ggAeel Me PFE 2AE AT £ gdom, F
A7 QA %o el 96l CAM. CCTV ® PO BE Aulzs E Storage % A%dtel 23
EoOgd 9Ue 283 ojFusoa EE Ansiel g ER ARagE TEE 5 s Al A
ZyA Agsa gdok 59, Heldel ERA BAe o ARl sk, Ferps TNk A= AN 2o
A E] Bolol A 1EoF A% A Eaol riorst i AAZE AR FEe S e FAH e A
of @ =AL sbsetA wEC AR, oeld Hel ool e
g g ng 49402 #4307 AsAE W GPU O del® AeA A% Aelel we sAwe A v
oF Bk @e W % AR R9E s geld ¢ & 4
azdold E Age] Aute] Azgol Aasih O e dEdles ddel Ba
a8k, EgA el o= ];ﬂ Aga a2~ +d O Qe A4 ol m& HEA Ae&=
< daME A4 oEe AgsE B Az

i A4gee o
Fal doleE B4
2 e e wds |

5 ARE EV\] E]rd’\]i‘%i 2
21 AJ¥]~ (Back-End Deep Learning Service)’7} &7
.

A2 o]# g Back-end AMH|AE FE$=
AFetes 7leel oEste] A& E I Qlth 59
Rekognition [1], Azure Stream analytics [2],
Video Intelligence API [3] 5 7} tiE2 <l W= o
LAl Au) 2~ oltt EEhe-E 7]Rke] wldlT xuj o] A

A Al A
3], Amazon

Google

AR A TEATANAL e A
: S2654155)

22 9= AAAC AW 7
Nol= Wajy Mulx 71& v F Q3o

T E

o)

agste] 2 =iolA e odd tutelx (RER, o
= BHE P cam9 94 dHoHE 22 T 7| H

AE FE AL Z8o] e AME HFste] ZEA
d 9

T AN A= feedback S 4 9+ back-en
k!

QIR AUl THYAAF A,

-1112 -



N

o>

o

Service Requester

(1 1) W

Client

EFHwrIP)
HAZ AR AL Hakre)

CAMIRTP)

S AR 2Tk ce)

CAM(RTP)

HAIZHIRR A ZINTCP)

E QA Ans A

RTP

2019 F=A|

=27 x26A ®235 (2019, 11)

Back-end Server

iy
| Gl

el 2
o

Server

=g ez

L2 ooy rr

Videa file /

Socket(TCP)

—

(RSO thread
info ha—

It e
iy
10

e &
m

o O e
fz
%

1‘
oo ox rlr
=
3
jgol
ol

¥y 2aE

2
oy
i

1
A

*

(29 2) WA= A s

B

A ARE vlgo® TCP A2AS o|&sla] Felo]dE
dulel~z A2 A2s AN At 2 AgoA ¢
e AAAAS Y&l YOLOv3 [7]1 S AF&dA, &g
MAQA BEL v AAA4 25 SSD8IY A& )
U RER OE R WA flo] giAE & drh

23 Mulx ZREZ

a9 3014w whsh ge] E
E FeeldE (el 25)e A .
goldEr WA WA AWz TCP H452 Awshi,
Adel F@HW AF Gl WF An (he 9,
CAM Hlol8 $)& A%8a, sz RTPE o] §3te] #al
= oAqnz 94 A5 A

olst EAel FetolAEo| M Aelad WMAXE AN
AFeha (2 aAelAE AAAHel BE BOUNDING
BOX A2E %), ol ug g4xe Anst ANz
A%

Client
START G HIX|
ACK ( 0x04 )
RECT GIAIX]|
(N2 THE 8 %) Azt Ztm b \
(ZEEE HE)
ojojxjof
Rectangle Hk =8, ARTE H st
AL (m=Ez ) /
END H|4[X] '
\‘ 47l Close ,
CHE A2 07|
(1% 3) An]2= WA A Flow

STX: 0x02

ETX: 0x03

ACK : 0x04

START : 0x05 STX TYPE Length Message e ETX

END : 0x06

RECT : 0x07

MSG - 0x08

Length: Length of Message

Detect
object

YOLO

Tz

Z AQE Au e Tinpo] 2ol A
ob M= MustEZ T4 5o
nel o] FEtolAEd A= Mt e
7 RTP A
Hale o= Zete]dEe

FaEE 2o
stk 18 20

¢

Nuber of Rectangle
Ox10 - AP H 2 US(O|IHE)
0x11 ~OxFF - A2kl of 4

Message
ZBLE ‘2 JESIS string

Number of

Rectangle Sets of Coordinates

(¥ 4) WAIA Format

- 1113 -



20190 FASHELENS] =

E #1263 H23 (2019, 11)

Ho
I

3. 4y A3
ELE

ER FiEHo] AxEgol® FET AH
AR e TFE HARANY
GPU(GEFORCE 1060)& &A1 PCE AM&stslow, =
gholdER = dho] giulElrt AR =g slo], Uyt
wEEY 59 9, 283 [P CAMY PCE AHEEHA
o}

32 EolAE/AN Y Arjx 3

RTPO] A¥ ¢} EgoldE @& FFMPEG gho]lE g
g [8]15 ol&ste] TR e, AW Linux 7]9e A&
ZEJAE MEstd oy, FEolAdEE linuxe windows

£ BT AT dEs el

e
o
o 2
ul
o

main()

Server
SendStram thread

Video image read Stream Image [y
and draw rectangle after image Fetch image
/ and image show encode

Thread creations

Socket thread
\ Receive and Socket
send
message(STARTE
ND, ACK, RECT)

StartStream()
Video open

Draw rectangle
and image show

(29 5) ZgoldE AXEY 0] 74

Parse parameters,

Socket thread
Run function as parsed Receive and

send Socket Draw rectangle
message(START, ocke and image show
END, ACK, RECT)

demol) in demo.c

Load Network
Open video stream

©
s
5
Check &
Execution start time <

Fetch thread

Fetch image RTP
from
RTP stream

%,
-
S L
€,
\ ),

detect thread

Do detect and
draw boxes
Thread join and

The end of the loop
Display frame

From video buffer

(1% 6) A8 AZE o T4

33 Anlz= Fd A3

a9 7 PC ZoldECA APA 534 HdS
Wale Muj=g S8 A Fo A AU B 02
ANE AATFOE AH|A wE ARE HQlth 18 A
AL Ao AgAoln], FAld LEZXLS FTo|dE
oA AAIZE Hu|AE ik AE BelT

g 84 = IP CAMS 7i¥g} 945 Ha= A=

34 AsH7t
3.4.1 Video Throughput

AAHAE Aes H7] 93 $EE video ©lolH ]
throughputs S8 vk oAl B wie} o] A2 o &
=34 570l A 2% 300Mbps ©] 49 throughputs E.$
on, olx T3 Hit

3

sow 4BA F

Ao 7 15 frame/secs Z%43f+= A

A
A AAE AEE A
(3. 1) Throughput 23 23}

|_s¥¢ | A 8 | c | o | E | =& |

Throughput(bps) 352922 437743 436280 313987 325274 373241

342 Z2 A A A9 AF A4

i

9 AEe A 0w, A5E Gl )
I g

= dl oMo A =



=27 x26A ®235 (2019, 11)

Al olel Hig WEw A3E W A (F
trip AE ZAPTh 1Y 9lA mi wpsh o] AY

[e]
ﬁajq'ﬂ' X]#'?SHH A&
o] A& wjg- W
HolEr

=

£
£2
)
3
1)
@
o]
o
Ry
re
9
T
T
0%
_O|L
rlr
o,
Jo
!
B
N
of
0%

W

g1 A AR =

| o o
F 298 A% Aol FsE FRolh

0.0025

w o<
O o g 00
Kal=T:
@ 9
g.'g 0.0015
=<
& 3
3 3 0.001
w0
53
O 0.0005
<
0
TEBBLIR2BBISIBLCBICAESHBIE
GRS 2R SN RN R
Frame Numbers
(9 9) Z2 A1 A8 23 Ak 54
4. 4 E
2 =foAE vt fule]xo 4 HoHE 24 &
= 71 Qe FEe A E8&o] Tled AME dFE

3]
—8}04 Z2AA —?— A A7V A5 feedback ¥S F Y&
g G3EA Anlx Zgdas
?}%E}. AES F3 At A 2Tt ke 37 of A
QOJOWAQ , A A %E’ioﬂfﬂ —Or"F
=

R g @l 2 o
nqo
)
3
T
Q)
@)
W
a
° 3
o 2
n:KL
[y}

for QY (K
o 2 & o

i
kl
Fo
rek

[1] Amazon Rekognition,

https://aws.amazon.com/ko/rekognition/

[2] Azure Stream analytics,

https://azure.microsoft.com/ko-kr/services/stream-analyti

cs/
[3] Google Video Intelligence API,
https://cloud.google.com/video-intelligence/
[4] HLS, Pantos, R.P. (April 2016). "HTTP Live

Streaming

draft-pantos—http-live-streaming-19”.
Network Working Group: 1.

(5] RFP 3550, RTP Full Standard,
http://www.cs.columbia.edu/ hgs/rtp/rfc3550_full.txt

[6] OTT, Joerg; PERKINS, Colin. Guidelines for
extending the RTP control protocol (RTCP). 2010.

[7] Shafiee, Mohammad Javad, et al. "Fast YOLO: a
fast you only look once system for real-time
embedded object detection in video.” arXiv preprint
arXiv:1709.05943 (2017).

[8] Liu, Wei, et al. "Ssd: Single shot multibox detector.”
European conference on computer vision. Springer,
Cham, 2016.

[9] FFMPEG, https://ffmpeg.org/download.html

- 1115 -





