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Abstract

Recent climate change and urban complication have dramatically increased the potential for natural and
social disasters. As a result, as the interest in disaster response is focused, the goal of the disaster response
is to quickly recognize the disaster situation and apply a response manual for each disaster situation to
minimize human and material damage. However, since the experience of the disaster management personnel
is forced to accumulate while experiencing a disaster, there is a limit to recognizing the situation in the
early stage and performing an appropriate disaster response procedure. In this paper, we propose a deep
learning-based image recognition method for edge-based disaster situation awareness. According to this
method, it is possible for disaster management personnel to quickly respond to a disaster by minimizing
disaster damage by real-time processing and analyzing on-site images to detect the occurrence of the
disaster and predict the situation of the risk and uncertainty.

Keyword : Disaster situationn transmission, edge computing, disaster customized, context detection

1 Strategic Planning Department, 4STEC, Seoul, Korea [Director]
e-mail: ljhscorpion@paran.com

2 Department of Information and Communication Engineering, Kyungnam University, Changwon, Korea [Professor]
e-mail: dsjun9643@kyungnam.ac.kr (Corresponding author)

* 2 O 20198 YRARPISEESUPO MHASE oAU - AHHENZT|SIHEAIZS]
K|9S 2Hop =l HIYNRF-2018M3D7A1084943)X| 0 2 R | &L Ct
Received(January 13, 2020), Review Result(Ist: January 28, 2020, 2nd: February 20, 2020), Accepted(March 13, 2020), Published(March 31, 2020)

@ @ © 2020 The Authors. Published by NCISS.
@ This is an open access article licensed under the Creative Commons Attribution-NonCommercial 4.0 International License.
BY _NC To view a copy of this license, visit http:/creativecommons.org/licenses/by-nc/4.0/. 11



A Study of Technology and Application Plan on Context Detection for Customized Disaster

o_emﬂe_eﬂh.%hzool_mﬂumm_: S ou Ho o W Hl oF K0 T G O
=_e%m.n_v§ W B upn K0 T T W m:ﬂ A_w__ ol X0 W E NN Rm =
J = o < : A D -
%7_A|m%o__u+.m_._.__moﬂAo_e%o T T o 2™
N Kl oor z1 gy B o= oo BO o ~ M X o I Y 1o 3 O Do
<IN w0 zr oo RO Y F RN = =) oF & %0 10 — u|l Ko
oo &K - T 3 - = fEaqpd® - ¢ X
OH o7 = D oy A M = & o & H N s 9 S ®
Woe W R X g W o2 B % B ot 3 oF g Jo
= 0ol ® o gk 2 om ¥ <0 = TR = o 3 X %0
p ! S 5% T UgME S RN o= W = — & Ko n N
L T -, F O OO %0 UK ® A0 X
R Al R ono5x — o OO F o3 = & 5 H Jo =
X0 BroE o = o & ok Jlo < - 10 S T 0
rEEERME oo kx wWe St Hawo T RE
ol & KB gy 2 RO LB 2 <k B op fE T DB
ou oo BB RO g X & WS A o 2o _ RN OBOouo < A=
oo Bl oo g o o - b BlooT - S H s
ol TS T A
Wu_uu_nﬁ___e._w_ww%w_:u_mmuu mm_w_u__“noﬂu%mo@utw_vx_n
<4 77 o o o K2 <0 I ©°% Bl o <0 T o
L||r.___omq_|||._|._o|._..Al7_.=._ o @ HNLWU__u WAno_e_.__uw_ﬂ_
® Mo W T s 2o . o %_..HA_.._HAoWao Jo T =
S pERAUASHE Cdy CShgRaplEoa S °
~ 3 = owy o s S5 ol w < A_H_ﬂ S KR == ok |1 — o U
O3 Ry T 5 — @ o0 gy - RO L, oW BT
R =g P wo wS>o T oo m_o%&goo_uo_ea_ﬁﬁﬁzw
L ESBRBEIZE SN _RBRO LS, LF
o ) o ] ~ o 0 & & [
TR R e TR — X ooy Cwetgol T
&.WE%XW@H%W% ﬁ%&umumMemmﬂ_mmﬁmul_
0 o K = - o~ R W s N
L_l_ = L_n_ An_ (2] .AO [ ._Oﬂ o ol N = _|__l o 5]
_ o E o d T % oo K Ro <+ oF B oon S g
< T 3 4 R ouy ¥ m ool @y = oo gy 2 O g
ar mmo .“_-W of or _u__._JI S - ._Lﬁ_um_u _M/_“_ =2 o 5l r .__A._ﬂ 10 K E M«
T = T L= R m S foK X T Oogra o »
Mo B T 5 2 o ol bl -n & _ . 72— 3
1 o oo 1o _ ar < 0 S._O@_ln_
dr © i r = 3 3¢ ° T ook 3 o~ o = Ko & XY 1 = b
L IO o2 T o 10! — =5 B0 - ol O B
oo o0 .=~ L, @0 &5 oo of KO Bl 1 3T = X
- — <F 2 K = mooal o m 0%z 90 = I ol & N C AR
_Aﬁm o= m-/o_._._IE or — T Jd T4 1 mm — 70
= 2 RI KO = = T 0 =, = X0 T K -
= o Mo _ jo0 ol N o M H &I Tl 1o o T B0 A o nHy
Rom T FERWNTEE T NS Tl S D 20U
Iﬁ___;IoO_mﬂLH_@mﬂﬁmwﬂH, W+, - 9 I H R
R e . M5S0 oy IR0 W
< oz 2 g o — X o 0 o N oo ¥R om % ., 2 @0
O = X % RO OB ~ Ko 1 o 24 & ol O
W3 K < Jo o~ JE w0 B MR E Jo MR o ool * o TS
2 K < N K F 8r g0 & o] < m o w oK Ol o & Kr o0 &

OB

L

—

PR HAIZE ME|&

of ek A

ot

T

A

=4 S o5 Ho|EH 0|

12



Journal of Next-generation Convergence Information Services Technology
Vol.9 No.1 March (2020)

2. 28

= HAF0M et M T SEd QA V2 T Y Ao ME HAIZt g
HMS5t7| fleh 7|8tetgol &= RE2M SASL Ol2ist XS 25| /5t HARH 480]
S5t el O|O[X|E AsHe =z M2[5t7| flof HeEidolets AMEL| HE & [MA 2=
ISMEYS 0|8%t 7|Agts WHo| =22a Ut Helde 2 Ho|Het FE H0|HE F0
X st&2 St= Ao MAl{dt ChaA HIXE stgg etz Y HO|HT 0|2 2E
AAZ O Qo] MAE HOt= HA0[Ch He|{d2 MEUS 522 4o =& 20
=2 ofF ds2 UEYR Aen, dxf HEld YU2F O[0X|e] A HAZES fl6f F=
CNN(Convolutional Neural Network)24/0| AFEE|D{, CNN2 Eh T A4HO| Ot O[O|X|2| S7t
£42 #2 £ U Convolution FilterS SoiM O|0|X| EFS FEL 1 EFS 0|&50]
O[O0 E 2&&Fdte Lue|E2 HE3IUL.

CHYot Ajetd CHIO|HE 7|8tz XjHerdat 2 E HojE &4 otdE M35 {9
CrYsol BAMDES S~HSHH, 0| 7|HC2E MH[A Zd3tE flot AX| 7[Hto] 2{EHatg oIX|/2A
HAE 7|=5tAULt.

2.1 YHICIE 23 7[8 fedd X2 7= HA
BackEnd Ul
| g Local DB meﬂ“;nmsr:a '-s‘ § » PClto USB3.0 |
( T
Inference Engine . o
g wmee ||| e
OpenVino Toolkit E MA 2485
OpenVX / Intel Media SDK Camera Streaming Data | 3
' ekt SensorData Inference Inference : i
Event Data Network Device té *USB 2.0to GPIO
| Network 5G/Mwave System
Linux-Ubuntu Edge Device &8 Hald 2& : VPU/CPU/GPU

(03 1) MHEE SROIX| Do AZEY0) U AlAY BYE

[Fig. 1] Deep learning software and system configuration of disaster environment situation

(A8 112 2 g7oN FdE F8= J8ez, ddY AREY a2 &5 A S(Action
Layer)t AMH|A AS(Service Laye 22 TEE[0f LD, AFHS2 &4 29 snyHel
REOZ NUHyY BEFS &, YERY ZE, FEUE 22 FEEON UM MHA AS2
SEUX| MH[AS £A37| flst 7|90] &= ZE2MN SISO OEHE0|A REl SHEER
e



A Study of Technology and Application Plan on Context Detection for Customized Disaster

2.2 AX|CiHtO| A BHFT|H AP YA EE, HEHES) A4 - 2N 5 2E YT

Inference Engine
OpenVino
OpenCV,. OpenVX, Intel MediaSDK
LocalDB
Ubuntu 16.04

Camera— 4k3
intel iSISMITHOI 22,
4GB. GPU,
Intel movidius
SSD

Network Device

[8 2] KHLHSIR AlstOlAl el M7

O OoL

[Fig. 2] Disaster situation detection model design

(13 21 AXI7|8ol HEOIY BY 87 TZOR, Mot HY K| oY L A 7|22
=
T

Trained Model Intermediate
Real-time Data

.. 1 Validation Data

Import MODEL OPTIMIZER / INFERENCE ENGINE
» . Ul 0w | oua | Forward
5 = APPLICATION

m m:. E 3 L LOGIC
prototxt — Result

HARDWARE UNITS PROVIDED BY INTEL
caffemodel

[A8 3] AX|7[EE Z7|AskE 7= 24
[Fig. 3] Edge-based machine learning structure design
HE/AE AMS HH KNaloty| et M8 SHEY 0 TPU(Tensor Processing Unit), On-Device Al
S8 FEZ 9%t VPU(Visual Processing Unit) ZZMA S GPU Cluster 7|8 7t&7|59| A
ClHto| A0 AME ZhsSh B = USB 28 HEIZ AHCIE FX|O|M F2 AM 153 B52
(28 312 olof st += HA JEo|C.



Journal of Next-generation Convergence Information Services Technology
Vol9 No.l March (2020)

24 SIENE ANE U FY BJHOE F WOt 27 U

ok

ey 7y

ns

Auto Annotation

Gathering a| Labelling

Verification
Data

| Training System

Capture Data

Data Gathering and Data annotation Node-level data

Server C'::;z:“" learning model
k: progress and Verification
node generation b:I catio
q ol
Training Server and Detection learning
Inference Engine [Forward-Backward Propagation] ;"’5'9”"“ “"“’m""h model
J verification by

clustering

¥
accident
- model

e 0 ©

| | Trained Network Distribute Server
Trained Networx | (SEE—

\ Determining Downioad
Weight
L:J;ar;nzg ¥ Network s :!nervll‘:):a:)er
Optimizer
node node

[28 4] Mtefg k5 HIo|EH 0]~ S5t A

[Fig. 4] Disaster situation learning database construction plan design

JAetE ZIE oERY 2ol 24 Sl BUE flst 24 CIOEH0|A F=ES I MHEE
YEE dot oiian], of2(st RUS0| MY E AA Ao SLts OX=XE o5
o, Ol 7|Hez o5EYs

7

7FotnAt SHALE [AF 4] =i HIOIHH|0|A ZA o] et
o

JEe =z, CHyst oty HHHEZ 2835 DYE HWEHIIE 25t o|O|X| Q1A ARE 2ot
0|0 X| U (ImageNet) 7HE| 02| S3 H|AO| et s M5e SAA|F|7| Q3to] Mjetzo] F&e
FE CfYst HEES F=5QCt

3. A1}

ro
1=
ne
=]
o
)
10
19
o>
H
e
njo
0=
0x
Ot
Q
fim]
19
o>
njo
m (¢]
e
o
I}
=)
a
Rl
)
=)
m
N
A
<
Rl
r2
<
>
2
e

o
PC ServerS O|83}QILCt O|0|X| ¥ H|C|2 Simulation® 2 ZAZS & A& A& GPU 7|HH UH|CIE

15



A Study of Technology and Application Plan on Context Detection for Customized Disaster

=

RTSP Video Stream GPU Processing

" Fl
U Encoded Video Data Decoded Video Data Filtered Image Data
_— _— -_—
mesDecodedVideoData )

Video Stream GPU Accelerated Video
Client Decoder

[28 5] AX7[EE Y HEY HolX| 28 8=

[Fig. 5] Edge-based disaster customized situation detection module composition diagram

[(E 1] WY HE5d 2] 28 /1y

[Table 1] Disaster customized situation detection module development environment

Server Al

QIE AO{9MICH 19-9960X HE CPU

GIGABYTE X299 WUS H|O|M/&

A4 DDR4 16GB PC4-21300 HI2E| * 4ea

GIGABYTE GeForce RTX 2080 Ti UDV E{EXA D6 11GB
2 970 EVO Plus series 1TB M.2 NVMe SSD (MZ-V7SITOBW)
WHOIE IronWolf NAS 6TB SHEL|AZ (STE000VNO033)

LG GH-24NSD1 &3 DVD

- SuperFlower SF-2000F14HP LEADEX PLATINUM

- 3RSYS T1000 22 #|0|A

- CORSAIR HYDRO SERIES H100i PRO RGB CPU &3

o
rE
re
-1
=2
>
rir
[l
i
n
_|>.|-.
r>
oX
=)
o
o
oo
rot
N
E
mo
=
(i
0%
ofot
nE

O[Ox| 24 & ZX[E <ol

— = [ |
A3, Ubuntu LTSE 0|85t MH A|AEES FESIRALE. Tensorflow Object Detection APIO|A]
H3Ele DanE 0|85t0f RHZ oH&5t1, oH5E ZH2 GeForce boardE 0|83t M XY
ChAg Q1AL AT AAH FE2 PC Server2tZO|Al 23 O|OJX| H|O|EIE O|86t0] g5 o =,



3

o
i

S YOl

(=]

Vol9 No.l March (2020)
A

yo| E HlOJEQ] 3%

X
o

4

—

.
O:

t

L
[

i

—

—

Journal of Next-generation Convergence Information Services Technology

|

27}

tCt tAol AH|CIE 2EO|

-
o

=
=~

=~

X'I()lxl

Ct4 22|17} U Gpu7Z|Et YH|C|E BEQ|

=
—

at7|of
FEE Moloto] u3eg7|8e H&0| 7tsaiMEt (A 6]

oo

of et

=
s

=F 7l

{

.
[}
o

ES
=

o o2k

a
=

ot

SEALE
o o
AT

.
O:

=7b 3A

Aot AX|7[Ee] At

@
of OI%, 2% W7} |

P

—
[— =
el ot

-
o

ol
—

Z2E

4.
oz
stol X

Ab| A et

=

m|

b A
Mool S xa=isr| 2

[Fig. 6] Customized situation detection for disaster sites(example)
<]
—

3

o
o

3

—

.
o

= g7oAM= o

A0 0|2

Oof CHet =29t

0
oo
oill

&r

A

!

=0 %

-
o

H

7kl CH

A

70

i

M
(e}
17

24

=

=

a4

A
=

ICT 7|

3

—

.
o

E0 AR
OB %]

o

=

e
=

H

2 Ofg-thH-tS-572 4TAZ 7

o

SR, 2 AF0ME HSO|LE FE 22 oMl K



A Study of Technology and Application Plan on Context Detection for Customized Disaster

LA A|AHIOl Mol & Z|le AS SXOZ ot QUCL o2t SHE sty {Ito] ML
2ot dntEs MAHESIE AME o QA ZE0| MESIYIoH, YXHoZ SIMAMAS| HatE
Zxet 2 #& 9 oUfet= CHE 7|9 O|sIE BME &df A= HUOREE LS 22
JHLUSIRICE Ol2fot YEfHt= = Yot FEH ML AE S A0 MEE 7|E HEE HiZ2= ¢
Al MOl FHQ| O|F0|L HZZ2 AX[Ste M HEFH AKX BES Al HESIICT

JdejLt & S0t AN E0lets M ot f JfMsforgt At stAEE0| &L UC
£9|, Heid 12|E Lt 26t AAEHDHo| QUojM 2HEo| Cfst 2Aar 24X f7HE[Q
42 2EXHE MESY|7 o en, M ko ME Zuts #aIt LIEHCE E2ld
718k T SHEY AIXE 2ot BE HE Al FH | G4l LA X[EA sHE H|O|H
HO|A =0 EQsiH, dMs St 22 O|HAMZ0E= Hrol ¥na|F et 7fMol 2
| ALt

Befd 7[8te] Tt A”HEY AHQIXE 2o JHH MEO0| A|HEEES Sl THE|YULY,
o2 4K AMUEE 7| MdE MBS Foff M LMo ME 4ES Mt MEHEES K[J
5t} 20l XFUSS Sofl, 7|4 SELE XY FH A2 A DY A|d= AT EX|
Lt RO § 715 Ha2gs0| oo & ¢4 ZotE 282 0X}; oot

References

[11 Y. H. Shin, J. S. Yun, S. H Seo, J. M. Chung, “Deployment of Network Resources for Enhancement of
Disaster Response Capabilities with Deep Learning and Augmented Reality”, Journal of Internet Computing
and Services, vol. 18, no. 5, October 2017, pp. 69-77, doi: 10.7472/ksii.2017.18.5.69.

[2] B. J. Kim, “License Plate Detection System Using Faster R-CNN method for Outdoor Images”, Master’s
thesis, Division of Electronics and Information Engineering, Chonbuk National University, Republic of
Korea, 2016.

[3] C. Y. Kim, W. S. Lee, “Developing Stereo-vision based Drone for 3D Model Reconstruction of Collapsed
Structures in Disaster Sit”, Journal of Korea Academia-Industrial cooperation Society, vol. 17, no. 6, June
2016, pp. 33-38, doi: 10.5762/KAIS.2016.17.6.33.

[4] H. C. Song, M. S. Kang, T. E. Kim, “Object Detection based on Mask RCNN from infrared Camera”, Journal
of Digital Contents Society, vol. 19, no. 6, June 2018, pp. 1213-1218, doi: 10.9728/dcs.2018.19.6.1213.

[5] J. Huang, A. Fathi, V. Rathod, 1. Fischer, C. Sun, Z. Wojna, M. Zhu, Y. Song, A. Korattikara, S.
Guadarram, K. Murphy, “Speed/accuracy trade-offs for modern convolutional object detectors”, Conference
on Computer Vision and Pattern Recognition, July 21-26, 2017, Honolulu, HI, USA, doi:
10.1109/CVPR.2017.351.

[6] I J. Kim, C. B. Choi, S. H. Lee, “Improving discrimination ability of convolutional neural networks by

hybrid learning”, International Journal of Document Analysis and Recognition, vol. 19, no. 1, November
2015, pp. 1-9, doi: 10.1007/s10032-015-0256-9.

18



Journal of Next-generation Convergence Information Services Technology
Vol.9 No.1 March (2020)

[71 Y. Bengio, “Learning deep architectures for AI”, Foundations and Trends in Machine Learning, vol. 2, no.
1, November 2009, pp. 1-127, doi: 10.1561/2200000006.

[8] O. Russakovsky, J. Deng, H. Su, J. Krause, S. Satheesh, S. Ma, Z. Huang, A. Karpathy, A. Khosla, M.
Bernstein, A. C. Berg, L. Fei-Fei, “ImageNet Large Scale Visual Recognition Challenge”, International
Journal of Computer Vision, vol. 115, no. 3, April 2015, pp. 211-252, doi: 10.1007/s11263-015-0816-y.

[9] A. Krizhevsky, 1. Sutskever, G. E. Hinton, “ImageNet classification with deep convolutional neural
networks”, Communications of the ACM, vol. 60, no. 6, May 2017, pp. 84-90, doi: 10.1145/3065386.

19



