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Simultaneous Localization and Mapping Problem via H, Filter Considering Finite Escape Time

Yoshihiro OKAWA* and Toru NAMERIKAWA**

This paper deals with the Simultaneous Localization and Mapping problem via H filter considering finite
escape time. The estimation via H filter occurs finite escape time depending on the value of the parameter ~y
and then the estimation fails or deteriorates. In order to avoid it, we propose a novel algorithm of the update
equation of the filter gain. The convergence of the error covariance matrices are proven. In simulation and
experimental results, the avoidance of the finite escape time and the correctness of derived theorems for the
convergence are confirmed and then we can show robot’s state and environment information can be estimated.
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Table 1 Simulation parameters

Parameter[Unit] Symbol Value
Sampling time [s] T 0.1
Simulation time[s] SimTime 500
T
Initial state of the robot Zr, [ 00 0 }
60, 100), (160, 200), (60, 240
Landmark positions [cm] (@i, i) ( (1203(340% (10)&;0) )
Initial error covariance matrix
P 107° x I.
of the robot o N
Initial error covariance matrix oo 10° x Ing

of landmarks

: : . 105xI3 0
Covariance matrix of process noise Q 3

0 0
10-° x Io

Covariance matrix of observation noise

Range of process noise

Range of observation noise

Velocity [em/s]

;;;;;;;;;;;;;;;;

200 00 00 00 00 00
Time [s] Time [s]

Fig.4 Velocity Fig.5 Angular velocity
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L BBEDMEEHRTHTY, FET-HF |2 X 5785413 KF |12
LB#ELYI/NELBoTBY, FET-HF 2 Wb 2 &1
LD HEEREEDT R L 722 & 2R C& 5. [FRIC Fig. 9 @
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Fig.6 Estimation results
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Fig.7 Estimated error covariances
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Fig.8 Squared errors of the robot
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Fig.9 Squared errors of the landmarks

5. HIFEEERIC & BARAEL
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Fig.10 Experimental setup
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Table 2 Experimental parameters

Parameter[Unit] Symbol Value
Sampling time [s] T 0.1
Number of steps [step] SimTime 286
Initial state of the robot TR, [0o0o0]”
Landmark position [mm)] (4, ¥i) (0, 1132)
Initial error covariance matrix of the robot Py, 1075 x I3
Initial error covariance matrix of landmarks Py, 10° x I
Covariance matrix of process noise Q 10 SOX I3 g
Covariance matrix of observation noise R 1075 x I,
Design parameter ¥ 16
Design parameter § 0.035
Threshold Piim 0.05

mns]

Turning Rate [rad/s]  Velocity [

‘‘‘‘‘

landmark Amigobot Step

Fig.11 Experimental overview Fig.12 Control input
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Fig.13 Estimation results
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Fig.15 Squared errors of the landmarks
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|A| < |A+ B (A.1)
A7 = At (A.2)
A>0=|A|>0 (A.3)

B. #5%E 2 fIFA
[Proof] #iif 2 OFEM % IFMNEE HWTITR ).
LEFn=17T

(1) trP? < Pum O%&

P =P W (B.1)
INENI=0,n=1TH5bEED (41) XHHY 7.D.
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P AP +W)=AP) £ AW (B.2)
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LD,

(2) n=i—1FTIiCl=q(¢#0) ThDH,
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