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EKF-based SLAM Using Sonar Salient Feature and Line Feature for Mobile Robots
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Not all line or point features capable of being extracted by sonar sensors from cluttered home
environments are useful for simultaneous localization and mapping (SLAM) due to their ambiguity
because it is difficult to determine the correspondence of line or point features with previously
registered feature. Confused line and point features in cluttered environments leads to poor
SLAM performance. We introduce a sonar feature structure suitable for a cluttered environment
and the extended Kalman filter (EKF)-based SLAM scheme. The reliable line feature is expressed
by its end points and engaged togather in EKF SLAM to overcome the geometric limits and
maintain the map consistency. Experimental results demonstrate the validity and robustness of
the proposed method.
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Fig. 1 Cases causing failure of SLAM in the line feature
maps, and the point feature maps built by sonar
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Fig. 2 Example of the specific hypothetical circle
satisfying the geometric constraints from three
individual sonar footprints
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Table 1 Pseudo-code: Convex Saliency Circling

for i=1>mxn (@)
if Fin <20 < Fiax (b)
for j=it1>mxn ()
it 7imin <27 < Finax (d)
for = 6Oumin 2 Omint B A=+ O]
FPA model {In : ( 0;, zj, G.;min), )

(0), 2 Gmin), ¢ 5 Out: (g0, g,)}
if Pmin < G < Pmax (®
for k=j+1 >mxn (h)
if |D-gzd <o ()
C=1Cq,49] 0]

2
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Fig. 3 Example of classification of circles extracted by
the convex saliency circling process and the sonar
salient features defined as a centroid of circles of
each group
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Fig. 4 Local effects caused by the relative correction
differences between two line features during the
EKF-updating process
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Fig. 5 Line feature and endpoints extraction method using
sonar data
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Table 2 Pseudo-code : Line and endpoints extraction

LeastSquare{In : (x1,)1),...,(x,, V) ; Out: ¢y, ¢3} (a)

fori=1->n{ (b)
Xefi(en,eoxinyi), Yirfa(er,60,Xy) (©

}
forp=1->n (d)
for g=p+1>n (e)
Distance =£3(X), Y, X, ¥,) ®
If Distance > Max_Distance (2)
E=[X,Y, X, Y] (h)
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Fig. 6 (a) Odometry and estimated trajectories in a real
home environment, (b) Result of a classical EKF
based SLAM. A small uncertainty of observation
leads to fail the SLAM consistency easily, and (c)
Results of line feature maps using a new
expression of line features
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Fig. 7 Information for a new observation of sonar salient
feature relative to the robot frame
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Fig. 8 Robot platforms (a) Pioneer-3DX mobile robot
equipped with Polaroid sonar sensors, and (b)
sixteen Polaroid sonar sensors position in a top
view of the Pioneer-3DX

(a (b)
Fig. 9 Experimental home environment: (a) photo of the
home environment, and (b) its CAD map

Fig. 10 Feature extraction on exploration: (a) only SS
feature, and (b) together with line features
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Time Step
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Fig. 11 Determinant of the robot pose covariance: red
plot(Fig 11(a)’s) and blue dot plot(Fig 11(b)’s)
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