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3D Omni-directional Vision SLAM using a Fisheye Lens Laser Scanner
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Abstract: This paper proposes a novel three-dimensional mapping algorithm in Omni-Directional Vision SLAM based on a fisheye
image and laser scanner data. The performance of SLAM has been improved by various estimation methods, sensors with multiple
functions, or sensor fusion. Conventional 3D SLAM approaches which mainly employed RGB-D cameras to obtain depth
information are not suitable for mobile robot applications because RGB-D camera system with multiple cameras have a greater size
and slow processing time for the calculation of the depth information for omni-directional images. In this paper, we used a fisheye
camera installed facing downwards and a two-dimensional laser scanner separate from the camera at a constant distance. We calculated
fusion points from the plane coordinates of obstacles obtained by the information of the two-dimensional laser scanner and the outline of
obstacles obtained by the omni-directional image sensor that can acquire surround view at the same time. The effectiveness of the
proposed method is confirmed through comparison between maps obtained using the proposed algorithm and real maps.
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Fig. 1. 3D Omni-directional Vision SLAM.
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Fig. 2. The 3D mapping system based on 2D laser data and fisheye
image.
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Fig. 3. (a) The robot system (b) Image from fisheye lens.
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Fig. 4. Outside point analysis of the obstacle candidate regions.
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Fig. 6. Extraction of obstacle candidate location using labeling.
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Fig. 7. Extraction of outside point in labeled obstacle region.
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Fig. 8. Fusion point extraction method in fisheye image using laser
scanner information.
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Table 1. The comparison of the experimental results in 3-d

localization (1).
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Fig. 12. The estimation results of the location of the hexahedron (1).
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Fig. 16. Real position estimation of outside point based on fusion
point.
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Table 2. The comparison of the experimental results in 3-d
localization (2).

No Reference(cm) | Proposed Algo. (cm) Error(cm)
X y X y X y
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©) -5 20 -4.49 18.60 0.51 | -1.39
@ -28 0 -28.8 -0.03 -0.8 | -0.03
® -28 -9.5 -25.99 -8.16 2.00 1.34
B dh) 126 | 1.25

A ARE FE3IIL & 204 B mr 71—0] AA 91219
F=9 212709 32 JEE v|ashd xFS 1.260m, yFH
125cme] 938 K Qon &=L (l)bﬂ oo
1~16.7cm, Q¥ “dol=2 -09~132cm«] A= Al 1Y
losh & 210 ol @O FfEae Auie ek

o] 9]&A e AE9 A& H|wdt Ay} $IHS 7)o
FET LWI Aol 1A= A S 2 Aol gigd
AW gl WASA g ATY FohEel K= +4
A 2313

3} %
H

RL—HU_‘EL

V. 28

ol A= #lo]A] Alxe] FRE 7|HEe R ol oln
AdA RS 33 o] FHHS 7o R 3akY HolE
HARE A 32 AEE Pshe daElEss Altet
Sitt. o] dwE|EFS oA dlolE] 7|Wke] EKF $1# 4
I A FEREE 2R A2H A8 A9 e AU
HA SLAM= ©]-8-3 749 227} 4em ~ 6emo|A| Wt 927}
2cm VREO. R Fo]ETHI2) & tRE 3D SLAMe] H]s] A
WEF o)A dlols Rk thd 2em AR W oAk
25 T 3a FellE A= GRE e F28 <+ )
= AY £52 7R 9ol A 234 dlo) A AlA
o} FHlERE o] 8¢ Tt FERE oy 2R 8wt =
< Flolth £ =iollA Atet A= 2 daEEe o
A A GJHE o] gste] 7t FollEe] BH S FE3,
oQk ofm Aol Al HSI9F 8] ~ET13E o]gsto] i o3

+  Estimated position
Real position

“ 30

10 y-axis (cm)

25 +  Estimated position
Real position

20|t

y-axis (em)

o
T
A

R i i
-40 -35 -30 -25 -20 -15 -10 -5 0 5 10
x-axis (cm)

917 5A delee] oA Al 91A F4 A3
Fig. 17. The estimation results of the location of the hexahedron (2).
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