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Cooperative Localization for Multiple Mobile Robots using Constraints
Propagation Techniques on Intervals
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(Kyoung-Hwan Jo, Jihong Lee, and Choul-Soo Jang)

Abstract : This article describes a cooperative localization technique of multiple robots sharing position information of each robot.
In case of conventional methods such as EKF, they need to linearization process. Consequently, they are not able to guarantee that
their result is range containing true value. In this paper, we propose a method to merge the data of redundant sensors based on
constraints propagation techniques on intervals. The proposed method has a merit guaranteeing true value. Especially, we apply the
constraints propagation technique fusing wheel encoders, a gyro, and an inexpensive GPS receiver. In addition, we utilize the
correlation between GPS data in common workspace to improve localization performance for multiple robots. Simulation results
show that proposed method improve considerably localization performance of multiple robots.
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Fig. 1. The comparison of estimation by EKF and estimation by
interval analysis.
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Single FBP Algorithm

% Initialization

Choose w (size of time window) and & (tolerance of contraction)
[x,]={-0,%0],[y,] = [~o0,0L[6,] = [-0,0L[AS, ] = [-o0,],
[A,]=[—o0,0] % variable initialization

[7:]1=1[p,_,] % constant variable

% Displacement Estimator
Input: [AS, ,[AG,1,IAG, 1.1, s

[ASkfwﬂ] [Agk w+1] [Agk w1 gym] [pk—wﬂ]

‘While (variables < ¢ )
For i=k—-w+1 to k

% Forward Propagation
Solve CSP: {H, : F(x) =0}
% Backward Propagation
Solve Retro-CSP: {H, : F(x) =0}
End
End
Output: [AS, LIAG, L[ P, [AS, i LIAG, 0 L [Pyyii]

% Position Predictor
Input: [AS, LIAG, L, (%, goo s [Viar g B L2E L
(ANYSRY B V7SN N B YSP N N N S
While (variables < ¢ )
For i=k-w+2 to k+1

% Forward Propagation
Solve CSP: {H,,,:G(x) =0}
% Backward Propagation
Solve Retro-CSP: {H,,, :G(x) =0}
End
End

Output: %, L.Lye LIGi Lo [%eia Ly ia L6 s ]
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Multiple FBP Algorithm
% Initialization
Choose w (size of time window) and & (tolerance of contraction)
% Fusion of Multiple Robots’ Position Data
Input: [x1]c+1 ]:[yllc+l] [d)lc ?ﬂ] [d)lc’,;:ﬂ]’ )
(B B 7N | LAy NI ity
% n is the total number of robots. m is the order of robot,

and 0<m<n.

‘While (variables < &)

For m=1 to n

% Forward Propagation
Solve CSP: {H,, :1(x)=0}
% Backward Propagation
Solve Retro-CSP: {H,, :I(x)=0}
End
End

Output [xllt+] ]7[yllc+1]>' ! '[xl:Jrl]’[ylrc‘H]
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Fig. 7. Experiment measuring correlation between GPS data in
common workspace.
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Table 1. Operating parameter for multiple mobile robots (CASE I).
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Fig. 9. The real path of robots (CASE I)
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