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On-line estimation of Slip-ratio for Exploration Rover on Loose Sand
—Development of Wheelig with Built-in Force Sensor Array—

*Keiji NAGATANI (Tohoku Univ.), Katsuhisa YAMANA (Tohoku Univ.),
Genya ISHIGAMI (Tohoku Univ.), Kazuya YOSHIDA (Tohoku Univ.)

Abstract— Planetary rovers that explore surface of the moon or the Mars are faced with slippage of wheels
because of sandy and loose ground. To follow a given trajectory and to avoid stuck of wheels (a sink of
wheels into the ground), it is very important to know a relationship between wheels and the ground. One
of the important parameters is slip-ratio of each wheel, but it is very difficult to estimate (or calculate)
by conventional approaches on-line. Therefore, we developed a wheel with built-in force sensor array that
enables direct measurement of distribution of normal stress. By measuring the normal stress, slip-ratio can
be calculated by using the terramechanics approach. In this paper, we discuss how the slip ratio can be
calculated from distribution of normal stress, and introduce a system of the wheel and a measurement result.
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Force sensor array :
measuring contact area and
distribution of normal force

Fig.2 Function of wheel with built-in force sensor array
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Fig.3 An example of distribution of normal stress
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sensing area

Fig.4 An overview of wheel with force sensor array
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Fig.5 An overview of FlexiForce
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Fig.6 New configuration of sensor array

Fig.7 An overview of basic experiment of measurement
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Fig.8 Profile of measurement result
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