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Multi-object Tracking System for Disaster Context-aware using Deep Learning

Chanran Kim  Jein Song  Jaehoon Lee

Zuminternet Research Institute
QoF
IR A A=dollA] Algo] Ak sl QRALE B, fLASH: 712 37T oo S WA 4 Qi) Tk
At A=dolM = o]zt o] Solsh 2oIgkgof st Aot Jigto] &is] o] 2ojx| 1L It A ARdollA] Al&okA Cixist
7] Helixe AR i) 71eo] st olof] & =2 72 4 tiuE Yol AR, AFsAL APAA 59 RIS QIAskaL
?;i AALS mo7] Yol FAlsk= Eeld 718 O A 34 A|ARLS AJQkstc). 2019 Q1E5A]s R&D JE ABR] A=RIA]
HIoA9] o] Auz MY dss 593t

1. §& goict.
T Aol gAlol= AR o7 A, &&= 54 7les2
XA, Al 5 BRI do2 QIst ol &|Askstr] YsliAl <l i EN iﬁﬁ}LEﬂ gr8sl A oJcH9]. EAA 7]uto] otu2|ES Ea)
SAlst 2HEAS o]8gt 7]0] A+ 7S QIEH], 2. fRIE AdAl7lo] Yist B2 50 J2fn] e AAKE & glom, o]2 E3)
71 Aid ol Atde] Aol ol 7 £ollA aRARS "I sfjele] 9xlole  AWslch chmAol gxlol JF s)dae
5t FAlsto] Aot mefshet] 289 Ad Aol tEof 24K SORT[10] 2877} 9ic}. 2219 7]8} 7153} chaA| dajy 7]ute] 7
02 AT 2 Qle 2 AL RIS AaAo2HN 2857 A 2R 7]122 2A1A Hu2 2857] s APAL 152 st
© 2R A 20l =52 & 4 QU SR R 2RI O}, ClER 02 RNN 7 A9 591 LSTMS 885t Re3[11] ZA
7t &Rt A 220l FolstH A ARE HHshs A T of 717} 9ch
22 goltt. o]o] & =7 A A QIRIE gt QSRS AlARE
AR 3. Aok A28
RIekshe= Al2RI0] Sidsh= wAlE 2 37IRIZ Lieo] Ao
At A W= =2 Aol EE&5 o83t A4 Yol 7t Hlosk= A|AEI0] o |EIAl= 12l 19] 2402 o]2ojAlc}. 3
]EH ozt 8ol FAlof| 7Fsot, FA6t1A} sl OiYE -S40 A A 7A%3F AF] AR RE2 Uy cRo2 Holsh Solit 7
SRR} wetA et 7R LAloA X1 AFGErt AdEe] = olo 2¥E dajy 7]ulo] x| A% 7|42 ARE 220] ARES A
o}, & SR st YR oA 2gst FAafolr] tizol s¥st 2517, 7lujelo] Sxlole molslo] OJx] AWE welstn] MRS AR
ARl steete 3719k FEP tefstithe Aol Al ¥R = o sht}. ZAshs ZAFIS0] Tajelzt o] A 52 A, RNN 7]8te]
RS WAL mA, S Aol 7RRIsH FAlsHoF stk ol DS 595}0] 94T mujolo 2 U] MAo] SE] AWE mlokslo]
B BollA AR HAE AL wAfste] AE 2o ASTSINE
2. ¥4 A & o 3 0y 292 590 RS KRS /142 BRIISLC, &
FRog EAIE 34 9 Aldsto], Q7RALe] 0t 8T 4 Qe ©f
Held 7Nk A QA Jls2 37 one-stage Hdut Ear} o KHL]» A¥EES. molst 4 oIt}
two-stage 2.2 WHXICt Two-stage /32 ZBAIPE 2 4 Q= 77 752 CNN 7]8te] 2ajy 9elo] RetinaNetS £H2:5}9ic}.
SHE Afshs WY FRke Wie st AlARS et A & melo)A ov\g ] 9k zke. 37]0] A0 RN Zpolat 4
0]1, one-stage g2 1 F IS 5*] o kst get Sl QT2 olal ojAre Halslo] Zizko| fslo] A2 ABsloic) 7 B

ot 7P thaAlQl two-stage 74 914 7152 R-CNN[3]C.2, whE

gk dAboA9] A& AnE NMS(Non-Maximum Suppression)© 2
1 S Fast B-CNNA, Faster B-CNN) 581 14501 3714 Sqolo] 215 745 272 £551900}. RetinaNet ResNet-50+FPN
o2 Aot one-stage ZA| QA 71&L SSD[6], YOLO[7], o

WE(Back Bone) WEZ ARRSHH, focal lossES 2319

RetinaNet[8] 50] ?lon, FrjHo2 Fete = FA|qt AAL &= wif one-stage Yol B715H7 o AT Wolr} RetinaNeto]

2o} Al4s tfgo] WAsh A= one-stage ZHA] QIAl 71&0] A

697



2020 r=gS-0dolgstel sAstate]

Residual Network

Feature Pyramid Network

_— —_— Class + Box
— — Class + Box
—_— —_—
—> e Class + Box [D l:l
/ﬁ'ames R \/Xframes
Boxes with class
Sort tracker
— |||
/Xﬁ'ames
—
1 f/
ﬁ B frames
Re3 tracker > — Boxes with IDs
Ly frame(t) . '() K)
1 f @ —7 %
—
frame(t+1)
23 1 AR B A A 0 34 Asd B3

A ToRt 37]ek vlgo] o} Bl o] wAoh multi-scale
feature pyramids[12]5 A}&3iC}

o 73] 24 gueise J|RAoR ofd 9 ol 4%
8 7R] Aot S 4 melelold 2ae AR o) ARl e
£ 7tsl= IoU(Intersection of Union)E &3ttt WA 7Hete]
2Ajlg Telst o AEAS RSP Sslol ) 0458 olgdt
. U7 @4S0A ORB(Oriented FAST and Rotated BRIEF)[13]
Halog EXS A& 4l 7|&5td, FLANN(Fast Library for
Approximate Nearest Neighbors)[14] &12]&0 2 tfjxlste] L
ot skl chet T ek s PaIc uel SRS e
gxleloz ket of% olgal meel 7ie] el IRl BA
o B Y= ol8sto HAlY A= wERdH 7u2e] ATiA

o $AIQolE FA HIANN 0}F A2 AR 4 9lc. weA
ARjS) B, mRlo] BT SR & 4 9k
2 2ol ARSI O ] 2L F AmeiEe poe 5

D)

29k A OB oE AN 3N guige 289 7R
SORT(Simple Online and Realtime Tracking) W&ol SORT=
72701 Hole] YA L Afe) 2 7)ol 7kt A7 o AR %
A 7)30lct. 71E0] SORT 2] Wto|A= Faster R-CNNO2 717]
S YAt FASIIRIY, 2 =wold Alshs AlARIOA =
RetinaNeto. 2 CiAI5I3ICt. Wb SORT £417]9] ZTkgeE{e} 712
Ot FuRlES Lot A HE0ke EE3ITE F WAl obE A &
A an2]EL defd 7]8ke] Re3(Real-time Recurrent Regression)
Wrolek. 74le] ek SA 2 ARIo] T wialol 7J<lst 7] 27
7]&olct. 150 fps(frame per second) 2.2 AARE A2}t 7155HHA
=2 e 250 2 =7oA Akl A2 275 SORTR}

Re3 W2 YEstol 2589 Z2ng =it

d

698

|4 5m 0] =o]oj|A] ~30~30% Ato]Q] ThefRt 2t g &ojsth
FHDQ] 30& Zo] & 4710 fps) 5007H] dishiAl Aol 4285t
T} 2019 QIFAls R&D 15HE AN F AAAREE bAREOR2
Agte]Qlct Algh ARE Ul 25 A4t sh7] flsto] mef|d] Zibkg st
SIIT, ofi= 2:00] 45-& Eo]7] YSIHE AHBER: WRoICk Keras
¢} TensorFlow QYIS AMslo] Jfakslgon], o 7to] ojy|
AREE 'JHISHA] 7] sl BN R AJARLS S5l Geforce
RTX 2080 Ti 11GB 271 AM&3to] GPU AAkS 4a¥stict AES.27t
=2 5E QUoRRE TF7IFE 3204 oo WAl RIS Aldsta
Attt sigste wl 2= AR, AoP7], A0bd, ARE APA, @
Edfolojt}. F7she Al T 243 57 Slaet AT Atele) 7t
5 2o AR dss FVRITHL

STAHILNME 124N 25 oiofshe Jlo] 71 Fasta
2, o]of] tisfi il og =2 7HaA], b2 Akt YA ol o
gt 7bs Al 12 FofAlt). of2fet A 7HsA17t Mg 22Tt
el A2 YERE 4 ot Zoixd tlolelAlo] tigt A Ants A
(D= Aktet Zuks & 1o UEtgich & 12 9 39, 59, 108,
2059] 4 gt} AQkeh Wwio] A4S UEHC) slig Axk= 2019
QABAIE R&D IHE U] 2R oMo 54 Atz 2 A
Adllo] Aokt Wi o= AR A7H 41" Bofl 259 RS 243t

— —

d(pp ql) = \/wl (P1

7(11)2 +w2 (pz 7(]2)2 +.. +wn (P,L 7%)2 (1)

£ 199 nge) A4 B Aelet At Ha



20208 t=S-0jdol5ee] A st

(a)

(b)

Score
9.906489317
9.862762437
10.4932817
12.39941792
15.94229937

Team

Ours (top-2)
top-3 average
top-H average
top-10 average
top-20 average

5 Ag

2 =80 9019 Q12A)S R&D I3 AA| QIR 22 A7}
oA gt 2 FolX] Jalid 7|9t o iR 24 AJARLS
Aetetct B2 GAg BAsk7]o A3Et one-stage 7/99] ZARIQIA]
71z A 719 AREA Ve 2 Geld 7R AR 24 T)eg o
A2 slo] gh85leict. sksHjolelrt AL Alsto)7]of Hojg 57,
A8l E—l PHS GEol9 Adeo0l T 0= 7ot

oda

o
a=

o
=
o

mﬁ

anel 2

0] =g 20209 AR ]ed B sAlR)o] Aoz
AEgRle]  Rge wep 29
(No.IITP20190017620021001, E2 %AlolA2] Tis 7ix] £A1
deld 7l G A2l 71 i)

- OO

@

699

[1] Restas, Agoston. "Drone applications for
supporting disaster management." World Journal of
Engineering and Technology 3, no. 03 (2015): 316.

[2] Hassanalian, Mostafa, and  Abdessattar
Abdelkefi. "Classifications, applications, and design
challenges of drones: A review." Progress in
Aerospace Sciences 91 (2017): 99-131.

[3] Girshick, Ross, Jeff Donahue, Trevor Darrell,
and Jitendra Malik. "Rich feature hierarchies for
accurate object detection and semantic
segmentation." In  Proceedings of the IEEE
conference on computer vision and pattern
recognition, pp. 580-587. 2014.

[4] Girshick, Ross. "Fast r-cnn." In Proceedings of
the IEEE international conference on computer
vision, pp. 1440-1448. 2015.

[5] Ren, Shaoqging, Kaiming He, Ross Girshick, and

Jian Sun. "Faster r-cnn: Towards real-time object
detection with region proposal networks." In
Advances in Neural Information Processing

Systems(NIPS), pp. 91-99. 2015.

[6] Liu, Wei, Dragomir Anguelov, Dumitru Erhan,
Christian Szegedy, Scott Reed, Cheng-Yang Fu, and
Alexander C. Berg. "Ssd: Single shot multibox
detector." In European conference on computer



2020

AFYS-0col3aAe) s ataTe)

vision, pp. 21-37. Springer, Cham, 2016.

[7] Redmon, Joseph, Santosh Divvala, Ross Girshick,
and Ali Farhadi. "You only look once: Unified,
real-time object detection." In Proceedings of the
IEEE conference on computer vision and pattern
recognition, pp. 779-788. 2016.

[8] Lin, Tsung-Yi, Priya Goyal, Ross Girshick,
Kaiming He, and Piotr Dollar. "Focal loss for dense
object detection." In Proceedings of the IEEE
International Conference on Computer Vision(ICCV),
pp. 2980-2988. 2017.

[9] Risse, Benjamin, Michael Mangan, Luca Del
Pero, and Barbara Webb. "Visual tracking of small
animals in cluttered natural environments using a
freely moving camera." In Proceedings of the IEEE
International Conference on Computer Vision(ICCV)
Workshops, pp. 2840-2849. 2017.

[10] Bewley, Alex, Zongyuan Ge, Lionel Ott, Fabio
Ramos, and Ben Upcroft. "Simple online and
realtime tracking." In 2016 IEEE International
Conference on Image Processing (ICIP), pp.
3464-3468. IEEE, 2016.

[11] Gordon, Daniel, Ali Farhadi, and Dieter Fox.
"Re3:Real-TimeRecurrentRegressionNetworksforVisua
ITrackingofGenericObjects."[EEE Robotics and
Automation Letters(RA-L) 3, no. 2 (2018): 788-795.

[12] Lin, Tsung-Yi, Piotr Dollar, Ross Girshick,
Kaiming He, Bharath Hariharan, and Serge
Belongie. "Feature pyramid networks for object
detection." In Proceedings of the IEEE conference
on computer vision and pattern recognition(CVPR),
pp. 2117-2125. 2017.

[13] Rublee, Ethan, Vincent Rabaud, Kurt Konolige,
and Gary Bradski. "ORB: An efficient alternative to
SIFT or SURF." In 2011 International conference on
computer vision, pp. 2564-2571. leee, 2011.

[14] M. Muja and D. G. Lowe. “FLANN - Fast
Library for Approximate Nearest Neighbors.”
http://people.cs.ubc.ca/~mariusm/index.php/FLAN
N/FLANN.

700





