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Abstract

In recent years, object tracking techniques have grown dramatically with the advances of deep learning. Object
tracking systems combined with deep learning show good tracking performance but they require high computational
cost. Simple Online and Realtime Tracking(SORT) is a multiple object tracking algorithm that is used with an object
detection system. SORT requires a large amount of operations even when just few objects in distance need to be
tracked. In this paper, we propose a system that reduces the amount of computation by combining SORT with the
light-weight object tracking method using Euclidean distance. We implement the hybrid object tracking algorithm that
changes the tracking method flexibly according to the situation. Finally we show that the amount of computation for

the proposed algorithm is effectively reduced compared to the SORT.
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Table 1. Computational complexity according to object
tracking method
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Algorithm 1 Low computation multiple object tracking

For each frame,

1. Get detection result of the current frame from YOLO
2. Calculate Euclidean distance o between objects from
the current frame and the previous frame

3. if more than one object has d less than half the height
of the object then

4:  Set the Euclidean delay to zero

5 if previous tracking method is Euclidean then

6 Increase the Kalman delay by one

7 if the Kalman delay is smaller than one then

&: go to 18

9 Use the Kalman filter to get the predicted location of

objects

10:  Match the predicted location and the detection result
with the Hungarian algorithm

11:  Update the Kalman filter

12: else

13:  Set the Kalman delay to zero

14:  if previous tracking method is SORT then

15: Increase the Fuclidean delay by one
16: if the Fuclidean delay is smaller than three then
17: goto9

18:  Compare the detection result with the previous frame
to match the objects with the shortest

19: end if

20: Save the tracking result of the current frame
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Fig. 4. Low computation multiple object tracking
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Length 114 seconds
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Number of annotated trajectories 19

B Ao AEE AFEY AR O 2
t}. CPUE intel i7-8700K, 3.70GHz, GPUE GTX
108061 A}%}@H H2el= 32GB, -%%'xlﬂl%
Ubuntu 18.04 LTSC|t}. 3 S744 Ads X3
SIS w PETS 09-S2L1 ©lojEd] &+ 7|2 &
g AYE o8 W, SORTE °|&d W A

=)
=

kel WHES AL W ) AE 2
(Multiple Object Tracking Accuracy)v 3%

F 3% S8 ALt Yol V1€ fEEE A
oS ARESE WSl MOTAZF 73.4%81 Zlof nl3|
Aote WHS S AL MOTAZF 75%3] AL X2
of AGEE NAANATE A& & T Utk

w3k =3 AJZF ZHoA &S 7|2 SORTO H]
3 MAEAYE AS ¢ 4 stk 7]¥€ SORTHE
AHEE A tisiME 8 ARkl 12029%E
YOLO2| 3 A|7kQl 105625 ZHHS Al 14.69
z9] o AN7HS Zte W, ARk W] 49
AR 115722 YOLOS 38 Al A93e

MOTA
39} 2,

=

N

o

2

¥ 32 FH do| e A 2o

Table 3. Experimental results for each tracking method

cking method| Euclidean SORT Proposed
Result distance method
Exeoution time 10560 | 12029 | 1157

(including YOLO) (s)

Exucution time

(excluding YOLO) (9 | 0% | 1488 10

MOTA(%) 734 774 75

2

= E?&‘:}.

Ak WHo] SORTE S843l9edE IR

& MOTAE Hol&= o+ Z% ZH7} SORTH
A}%-’c}‘_ H]—lﬂoﬂ u]gH Z-LQ ;Gy_i 04047] uH_‘";Lo]l:]-
;q]\_ H]—H-lo]]/q SORTE 7-7(4 H]—H—l ] g_}ﬂ‘— /\]
e & o) AATE AA ] Fole] Antroh
2 A I "otk & F AA7F wad w7t
A Atk e B AEE dVle oHu 4
o] AgtEl= AYE At WHUE HL3H%
&+ W} 1 F ulE FVAFE W] AdE v
s 1 ARAS & 2= 9t



Journal of KIIT. Vol. 17, No. 11, pp. 1-8, Nov. 30, 2019. pISSN 1598-8619, eISSN 2093-7571 7

T 4 7|%0| == Helo w2 A Ao
Table 4. Experimental results for the reference distance

iteria to switch tramogrr:gd T e
Result object / 2 | object
Execution time
(incluging YOLO) (s) 157 | 11985
Exucution time
(excluding YOLO) (s) 10.1 14.25
MOTA(%) 75 -7

A== Ayt Wkl
Z4gkel WeE A & Qo
71%0l He AZE F OHE ITMAE AY
MOTAE 77%Z SORTO| - 7}7k2 F=A]olt}, &
AAEo] AbE ol w3 M2 o He] oA
dolx F2 Hblo] SORTE A3HE 7] w&o) Zvt
JHE § B ARE 4L F o] MoTAY} &
7htatt. sARE A4k GAl F7HL7] wiEel
& Az 9Al SORTO 7MHAl 718 AS & ¢
Atk webA dake Hes 9 1 A 7150l
He AgE AAsA 24 Havt

N

f

o

i
©

o

o L
olN
)
i—'&
e
X
o
iz

ol
Clig
flo
o

e
N
N,

D)

M
=)
r
re
>
tlo
i)
o
fru
o
l

X re
>~
>,
)
o 2 >
N
NE §
rEl
jus)
Bl
)

n:E ol

oo
ot
e
rlor
it o

g 08w AA #4
F AR 24 AzEe A
%

R0 re Hop

)
N

al

Ho
iy
)

A E o] &3 WHETE 3
SORTET} 8] A7hs ¢
/\17& AA FAN = ThestA
Ptk ZLefu 8 Alto] =l
o] Hla =& FA F7I8HA
AAo] ZA 3t T& AFAE A
SORTY| HIAY AZe| Frhdes Ho

Clig
o

d
> P ooX

1

o
ol

b= Al
g A

L

ol

8

i3

)

PN URT
med)
ofr

&2 =

Yo

£
ir

mo b o B o > o o oft iy

o

¢

O-L4
(

_

g oro fo pok mlo N R L T 0 ot
o M
P
ﬁ

E
HU
rot
iy}

References

[1] J. Redmon, S. Divvala, R. Girshick, and A.

Farhadi, "You only look once: Unified, real-time

Proceedings of the IEEE
Conference on Computer Vision and Pattern
Recognition (CVPR), pp. 779-788, May 2016.

[2] S. Ren, K. He, R. Girshick, and J. Sun, "Faster

r-cnn:  Towards real-time object detection with

object detection”,

region proposal networks", Advances in neural
information processing systems, pp. 91-99, Jun.
2015.

[3] A. Bewley, Z. Ge, L. Ott, F. Ramos, and B.
Upcroft, "Simple online and realtime tracking",
2016 IEEE International Conference on Image
Processing (ICIP), pp. 3464-3468, Sep. 2016.

[4] R. Kalman, "A new approach to linear filtering
and prediction problems a new approach to linear
filtering and prediction problems", Transaction of
the AMSE: Journal of Basic Engineering, Vol. 82,
Issue 1, pp. 34-45, Mar. 1960.

[5] H. W. Kuhn, "The Hungarian method for the
assignment problem", Naval Research Logistics
Quarterly, Vol. 2, Issuel-2, pp. 83-97, Mar. 1955.

[6] R. Girshick, J. Donahue, T. Darrell, and J. Malik,
"Rich feature hierarchies for accurate object

The TEEE
Conference on Computer Vision and Pattern
Recognition (CVPR), pp. 580-587, Jun. 2014.

[7] R. Girshick, "Fast R-CNN", The IEEE
International  Conference on Computer Vision
(ICCV), pp. 1440-1448, Dec. 2015.

[8] J. Ferryman and A. Shahrokni, "PETS 2009:
Dataset and challenge", Proc. IEEE Int. Workshop
Perform. Eval. Tracking Surveillance, pp. 1-6,
Dec. 2009.

detection and semantic segmentation”,



20199 24€ : st
HIFE T (FEAAD

2019 39 ~ @A) : Y
HIE S A
ARk HAlE, Hed, A

20114 2'% : ?i

2016»# 3 ~ 34 z}%mfﬂﬂ
SZEHO 5L 1

B4pot : MR, 248

o]l & (Jeong-Gun Lee)

19963 2€ . FAhsta
A7 A ¥ 0] 8HA

19981 2¢ : FHer]=d
AREA 12‘_5]—31]_(16‘_]—/\—] /\})

20054 2€ : FFH| &
HEFA M@(ﬁﬂw})

2005 59 ~ 2007L4 7% :
ABYA gty AFH 9, A

20143 2¢€ ~ 20149 12€ : AEIA ﬂ%@m AFH 9,
HE A7

20081 2€ ~ &4 STy AFHITEY wF

Aok : VLSI/CAD, e 7%, HlE7] 3= 47,
OAd 3244, WE AFE, GPU 72




	실시간 응용을 위한 혼합형 다중 객체 추적 시스템의 구현
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. 저연산 실시간 다중 객체 추적 시스템
	Ⅳ. 실험 및 결과 분석
	Ⅴ. 결론
	References


