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Abstract: Recently, several robotic wheelchairs have been proposed that employ user-friendly interfaces or
autonomous functions. Although it is desirable for users to operate wheelchairs on their own, they are often
accompanied by a companion. In designing wheelchairs, therefore, it is also important to reduce the com-
panion load. In this paper we propose a new robotic wheelchair that can move with a companion side by
side to support their communication. In contrast to a front-behind position, in a side-by-side position it is
more difficult for wheelchairs to adjust its position when the companion makes a turn. To cope with this
problem we present a new people tracking technique using a laser range sensor to observe the companion’s
bodily behaviors. A particle filter is employed to track the companion’s position and orientation of body
based on the range data. We confirm that our robotic wheelchair can move smoothly with a companion side
by side by using a body orientation of the companion. We conducted the experiments at an actual elderly
care facilities to confirm the effectiveness of our robotic wheelchair.
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Fig. 1 (Left) Wheelchair moving along a companion. (Right) Difficulty when the com-

panion makes a turn to the direction of the wheelchair.
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Fig. 2 Questionnaire for robotic wheelchair moving along companion.
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Fig. 3 Observation of companion’s behaviors when she guide a wheelchair user.
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Fig. 4 (Left) Human model for tracking. (Right) Observation model of body outline

on laser images.
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Fig. 5 Likelihood evaluation by laser image. (Left) Evaluation

based on maximum distance. (Right) Complete match-

ing (minimum distance) case.
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Fig. 6 Overview of our robotic wheelchair.
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Fig. 8 How to use the robotic wheelchair.
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Fig. 9 Experiments to confirm tracking performance.
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Fig. 10 Trajectories of companion and wheelchair when
the companion turning toward the direction of the

wheelchair.
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Fig. 11 Trajectories and changes in orientation of companion and wheelchair while they

are moving side by side.
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Fig. 12 Experiments at an elderly day-care center.
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Fig. 13 Example of conversation in the experiment.
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Table 2 Questions in the questionnaire.

Q1 | ERFFRINE &~ D88, COREOFIEG TRAEFENMFIROET A2

Q2 | FFEEDMTE T D 5 h, B OBREZ FRHEE T 5 FIIT L ORETT 2?2

Q3 | TR IHRT T & FEEOMERE THE LV LD ENTT 2?2

Q4 | EROM, FMFEELFERTFIHE LT LELLR?

Q5 | ERFEBRLTODM, MFELEILRLT 72 TT A2

Q6 | ER TSRO B 7= X ITEITLELEDN?

Q7 | ZOHERFIXEBEOAFITKITZ D EBNET A2

Q8 | ZO X RHERMTIRD o BN TN TTN?
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c
=)

B

chair @

B

Wheel- Wheel-
chair chair .g
=

Caregiver

Caregiver

(a) (b) (c)
14 [fEH & BT ORI BIAR

Fig. 14 Relative positions between the companion and the

wheelchair.
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Fig. 15 Summary of a questionnaire for workers at an elderly

day-care center.
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