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Robust Object Tracking in Mobile Robots using Object Features and
On-line Learning based Particle Filter
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Abstract: This paper proposes a robust object tracking algorithm using object features and on-line learning based particle filter for
mobile robots. Mobile robots with a side-view camera have problems as camera jitter, illumination change, object shape variation and
occlusion in variety environments. In order to overcome these problems, color histogram and HOG descriptor are fused for efficient
representation of an object. Particle filter is used for robust object tracking with on-line learning method IPCA in non-linear
environment. The validity of the proposed algorithm is revealed via experiments with DBs acquired in variety environment. The
experiments show that the accuracy performance of particle filter using combined color and shape information associated with on-
line learning (92.4 %) is more robust than that of particle filter using only color information (71.1 %) or particle filter using shape

and color information without on-line learning (90.3 %).
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Fig. 1. Object tracking in mobile robots flow chart.

HE 0188 0I5 2R0IMS 2elst SXl =& 563

A QA FHstaat sk= 249 ROIE AEietal,
ROI®| G5 16x249] Fdo= 7|5 ALHR F ROI U
oM Fel 54L& vebd 5 9= HOG MEAteh 4 57
& Uehlie A slaEags gt 98l 271 Al

AR it BAIY 549 AAS Folwm, Fo 54
R AN Sgtolth GHE F 5 HARE Sl

A7) Al T ZeAM BAE Edse 2] 5
Hom AMgHTh 271848 B3 Y AAl LEH )2

ol HOG AASl A SAE RS 4 Atk
oI obgslel 2] gslel A el 2 shele) )
FAE Holgth 7 seZe] A Het A g T
ol gl el o) EA19) A A, A 9
Aol ) At e 5L AN B5E 98] 2] A

FE T A S 3

T o] FHE= %@J ok A SH3E AARE
s W T SRl IPCAE o83to] tiEAl AES Al
AR 15,16). o] AR go= 7 SE|FolA AlrkE A4
o Fef S AAdshs ARE dA 2l 7

)

:‘_]‘

>
2 o

ste| el A AVgst Fe) 54t AT A
E43te] S ARl 4 shelF) AEAE
o). ol TEele] ole) AN Lol shelFES) 1E 3
Aol 91218 AW, of ALelAle] At 4
TR} A Qo 592 AA, Ao
Ti 4002 Aelsigic,

—

4 ol
oN,

AR rQL' =
i
:cg

K
o
igl “‘"’ m{n

. A £ st S F&

olF ERolA 9 EAl FAHL FAstaA} sk EAlY] &
]S ol gt Aesllof slar EAE & mdslof sk
T 7HE WSk gk $El uhAl EAle] EAS 49
37] 8iAE 1 $7do] WA i E oo gtk o] &
e ek FHstat sk wAVE PR Beschy
Aot el L 0E THe) v SYVoR BAF V)
Zahi= o] AASIL A o5 ZRoAe] 73} o]
chrel B9 AL JHE Bolhd BAZL A
548 Aol 44 ek weh tEe) 548 o83
o] Agteltt. A7} 7AE 54 Aebl 4ele]
Yol B =R AE A 5220 HOGE ol g9t
. Color histogram
AFE vl A 71

“LF\F

ol AMEEE EAE Blske 5

e A slaEadolts9). A F]~ETIHS RGB,
HSV, YCbCr & tFd3t A2 GejellA ARtsf 8 = glow,
ol 7IWte R WE o8 ol ARSHI ok A s

g5lol Jors 019} Mo}oq Sk
21 A (Kemel)S

ZEARE A 7] A 2 e LS A8 A
A5} 8 A] FAsHE o b A7 Fasteh
Aol ol TgH] Yow Pt BA £& IS wd
shodl we AR A il A A gl ge
Ae) e aespl Bk el Pas A el A
Aa@ing Al mek 8 Ague dobd £ g
S8 WS Tilshs 2E 498 TAT 4 0. du
o W GEloR YEAE Gele v WAl 9ele %

al

o}



564 o &

fon
o
bl
o
u
Ql_l

[71. o1& A ()3 2ol FdH:

= ik( X
i=1

k(lx; ) =1-7

—u]

g, S2ETReA Uehlie 7 Az FHE el
AGE eulatel o) Mol & e Ade B Al A%
22 PIEAE R dle(x)-u] & BN 2
Ae] 914 x, olAe] A ghol s Agae] Wl 3t
Al AFE TS U k(X D) © BAE &
@3k RO 4 FAdoll A 71 v HAAzkx] o] AglE 1=
Aitskat ol AsaA sk 24l o 9k F4 Hate)
Atshe Ale W gg JET 23 2 HSV w4
HHue) AL A ()E olgsle] BAe] BURAelA e
AR} S| AETME AGE 0|3t S AA S| AETH
o) Aze et

A8 A AERE Bu Ads vehdy] flaiAes 1
A9 A sl Rnc 3] AR 6 AES o) 4a)
ook 3t} uwlebr] HSVEHo|A Ak hue), iﬁﬂsatumﬁon)
) (valuey S W olg8hEE PAsRon, 7 Adel 3

Object ROL

| [ N
-

(a) Original image.
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(b) Color histogram. (c) Weighted color histogram.
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Fig. 2. (a) Comparison between color histogram and weighted color
histogram in object ROL
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(b) 3D color histogram in HSV
(8x8x4).
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Fig. 3. 3D color histogram in HSV (8x8x4) in HSV model.
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(b) 24 HOG descriptors with 8
orientation bin.
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Fig. 4. 24 HOG descriptor with 8 orientation bin.

(a) Original image.
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Fig. 5. Process of IPCA for on-line learning.
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Fig. 6. Processing and result of particle filter for object tracking.

(b) Result of particle filter.
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Table 1. Experimental environments.

Intel® Core™2 Quad CPU Q6600
CPU/RAM 2.4GHz /4GB
Tool Visual Studio 2008 / OpenCV 2.1
Camera Microsoft Lifecam Cinema
Image resolution 640x480
Image fps 30 fps
% 2.DB it
Table 2. DB classification.
. ks frAE EA
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DB 01 (0] X (0] 8
DB 02 O X O 6
DB 03 O X O 6
DB 04 (0] X (0] 7
DB 05 X O O 3
DB _06 X (0] (0] 3
DB 07 X (0} (0] 3
DB 08 X O O 3

(b) Rapid illumination change (Night).
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Fig. 7. Example of rapid illumination change.
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(b) Result of proposed algorithm.
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Fig. 8. Comparison between particle filter using color histogram and
proposed algorithm.
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Fig. 9. Comparison between particle filter using color histogram and
HOG descriptor and proposed algorithm.
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Table 3. Performance evaluation in 8 DBs.

Color + HOG
Total Color [20] [14 Proposed
Name
Frame | Frame Frame Frame
% % %
Pos. Pos. Pos.
DB 01 | 3015 | 2128 | 70.6 | 2883 | 95.6 | 2923 |96.9
DB 02 | 2790 | 2361 | 84.6 | 2555 | 91.6| 2689 |964
DB 03 | 3545 | 2413 | 68.1 | 3397 | 958 | 3365 |[94.9
DB 04 | 3215 | 2198 | 684 | 3035 | 944 | 3052 |949
DB 05| 774 501 | 647 628 |81.1| 658 |85.0
DB 06 | 1360 731 | 538 957 | 704 | 922 |67.8
DB 07 | 1129 735 | 651 | 861 | 763 | 1014 |89.8
DB 08 | 1347 | 1147 | 852 | 1187 | 88.1 | 1253 [93.0
Average 71.1 % 90.3 % 924 %
Processing Time 7 ms 13 ms 55 ms

(b) Result of object tracking in night DBs.
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Fig. 11. Results of proposed algorithm in day/night DBs.
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