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multi-sensor information fusion
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Abstract: We propose for the mobile robot an algorithm for real-time outdoor scene comprehension based on multi-

sensor information fusion. An elevation map is built from 3D laser points for describing the terrain features, while the

ground surface characters are acquired from visual information by using the conditional random field model. By projecting

the grids of the elevation map onto the image, the fusion of terrain features and ground surface characters are achieved by

using the statistical method. Then, the grids which fuse multi-sensor information are evaluated for the traversability of the

outdoor environments, thus achieving the outdoor scene comprehension of the mobile robot. Experimental results and data

analysis show the validity and practicability of the proposed approaches.
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2 (The sensor models)
2.1 (3D laser range finder)

,

( 1 ).

,

3

pp = (ρ, θ, ϕ),

: ρ , θ

, ϕ .

, , ,

,

,

, σρ, σθ, σϕ. 1

. 1 a, b, c 3 .

1

Fig. 1 The 3D laser range finder
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L = 2Δ+ cos2 θ cos2 ϕ + 2σ2
ϕA2,

Xρ = − sin 2ϕ(σ2
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ϕAB,
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2,
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∇ pc pp , σp pp

,

σp = diag{σ2
�, σ

2
θ , σ

2
ϕ}.

2.2 (Vision sensor)
Flea2( 2 ). 3

,

:

x = fx(
X

Z
) + ux, y = fy(

Y

Z
) + uy, (3)
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, .
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2 Flea2

Fig. 2 Flea2 camera
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3

Fig. 3 Pinhole camera model

3 (Outdoor scene comprehen-

sion)
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3.1 (Elevation representation)

2.5 , ,
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Pi(x, y) ≈ N(pxy
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3.2 (Scene classification)
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e = −
m∑

i=1

p(Yi) log2 p(Yi). (10)

(9)(10) m , Yi

, p(Yi) . 8×8
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Fig. 4 The result of image processing

3.3 (Scene comprehension)
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5

Fig. 5 Projections of the grids
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Fig. 6 The different relationships from the observation point

to the position of vertical grids
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7

Fig. 7 Classification of grids based on heights
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Table 1 Penalty factor for topographical features

· · ·
γ 1 0.9 0.7 0.5 0.1 0.1 · · ·

4 (Experiment results)
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Fig. 8 Autonomous mobile robot
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Fig. 9 The result of fusion when the robot is stationary
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Fig. 10 The result of fusion when the robot is moving
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Fig. 11 The distortion of laser points when the robot jolted

2

Table 2 Time for image processing and elevation

map building

/ ms
/ ms

No.1 No.2 No.3 No.4

0.56 0.31 0.28 0.35 0.32

0.19 0.18 0.20 0.19 0.18
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Fig. 12 Long-range Monitor System

5 (Conclusion)
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