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Simultaneous Localization & Map-building of Mobile Robot in the
Outdoor Environments by Vision-based Compressed Extended Kalman
Filter
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(Sukjune Yoon, Hyun Do Choi, Sung-Kee Park, Soo Hyun Kim, and Yoon Keun Kwak)

Abstract : In this paper, we propose a vision-based simultaneous localization and map-building (SLAM) algorithm. SLAM problem
asks the location of mobile robot in the unknown environments. Therefore, this problem is one of the most important processes of
mobile robots in the outdoor operation. To solve this problem, Extended Kalman filter (EKF) is widely used. However, this filter
requires computational power (~O(N), N is the dimension of state vector). To reduce the computational complexity, we applied
compressed extended Kalman filter (CEKF) to stereo image sequence. Moreover, because the mobile robots operate in the outdoor
environments, we should estimate full d.o.f's of mobile robot. To evaluate proposed SLAM algorithm, we performed the outdoor
experiments. The experiment was performed by using new wheeled type mobile robot, Robhaz-6W. The performance results of

CEKF SLAM are presented.

Keywords : mobile robot, outdoor exploration, simultaneous localization and map-building, compressed extended kalman filter
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Fig. 1. The schematic diagram of robhaz-6W.

(a) Concave shape

{(b) Convex shape
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Fig. 2. The adaptability of robhaz-6W.
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(a) Left rectified image (b) Right rectified image
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Fig. 3. Camera rectification.

19 4. Robhaz-6W.
Fig. 4. The prototype of robhaz-6W.
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(a) Feature selection (b) Feature tracking
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Fig. 6. Feature selection & tracking.
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Fig. 7. Active & inactive features.
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Fig. 8. The tracking results of active(red square) and inactive(blue
point) features.
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Fig. 11. SLAM result in the outdoor environment.
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1, HE 2AA9 HEE 01000tk B AFoA= Al
7 AANQIE S o)gste) A2 AEoe] 7153 Montano E°
[13] 2l8iA] Ak WS AMESHSiTh

1% 11(a), (b)E CEKF $} EKFE ©]83 SLAMY| 24E
Z}z} VRl A48 Robhaz6Wel A4 o)F HZoela, A
Aoz uhlol] olgi F43 HRo|th ¥ 12 yFo| UE
o2 |om 53 24388 232 25} Robhaz6We] A
o)% 7ZZE Robhaz6We 22 T2 A ofair A EH
ol EAHE AHE SAsH LUtk

29 AE B3 B9, EKF SLAM®) 7% 10mo] 53§
A oF 04me] 1] A2 7FA1, CEKF SLAME] 7%= oF
0.5me] 9% $x& 7}tk EKF SLAM3} CEKF SLAM2|



Journal of Control, Automation, and Systems Engineering Vol. 12, No. 6, June 2006 591

Robhaz-6W<2] (xyz) WaFe ze] 38 ex= 19 139 2
th 1% 139 R9A= A3} Zo| CEKF SLAMY] Z-¢- 23t
7} FA7) Fo=E E2 AAHoR 7] dold gl
o} agja o] A% 5™ A= 1Y 1490 BeAE A
3} o] Eof E7) "Ar)

zg]a 7t 13)o]] 3k EKF SLAM™ CEKF SLAMS] A4t
AZhE ole] ¥ 29} Zth

[ X1 S

Red(Circle) : }( Direction
Green(Square) : Y Directior
Blue(Cross) { Z Direction |

o
g ° 2
8 = B

‘Standard Devuation [m]

°
3

0.04

No. of State

(a) EKF SLAM result

OMf- — — — == — o — ———— g — = — ———— = — =~

|

|

1

: | h Red(circle):| Direction
Green{Square) . Y Directios

\ ' | Blue(Cross) | 2 Direction |

R T B P e

'

1

|

°
S
T

|

|

|
+

|

'

|

|

[

o
2
2
!
|
|
4

Standard Deviation [m])

|
i
1
50 100 150 200 250 300 350
No. of State

(b) CEKF SLAM result

% 12. Robhaz-6W A4 2.3}
Fig. 12. The standard deviation of robhaz-6W in SLAM process.

ot

$Standard Deviation in X(m)
o
o o
g 2
T
1
)
ﬂﬂ/ﬁ
i
t ]
| |
| |
] |
] I
Lo
I
|
|
]
]
Lo

10 15
No. of Calcutation

2% 13. CEKFSLAMS] 533 93}
Fig. 13. The position error of feature in CEKF SLAM.
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Table 2. Calculating time in SLAM process(msec).

Calculation Time(msec)
EKF SLAM 92
CEKF SLAM 31
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Fig. 14. The generated obstacle map.
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(¢) The generated obstacle map
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Fig. 15. The position estimation result of long range travel.
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