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Prototype of Multiple Joints Wearable Robot for Body Trunk and Implementation of Control

Methods based on Contact State
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Abstract: In order to realize assist of complex body parts such as body trunk, this paper presents a prototype
of wearable robot with multiple joints. Providing safe assist is the most important aspect for wearable robots; and
controlling the robot based on physical contact state between the user and robot is desired. In the previous research,
a novel control method based on pressure distribution (information of physical contact force with the user) has been
proposed and evaluated through simulation. To validate the method in real robot, 4 joints serial link type robot with
tactile sensors mounted on surface of the prototype robot is developed in this paper. Effectiveness of the method is
evaluated based on time-series contact force compared to that of conventional torque base control method.
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(a) Structure of multi-joint robot

(b) Position and number of sheet pressure sen-
sor

Fig.1: Multi-joint robot mounted sheet pressure sensor
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Fig.2: Wearing image and image of measured pressure

distribution

Fig.3: Controll System
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(a) Initializing the(b) Fitting to the(c) Shape of the

shape model subject’s bodysubject model

trunk

Fig.4: Modeling process of body trunk shape of a subject

Table 1: Table title

p* T Tmaz | Tmin
Joint1(Link1) | 5.16 | 0.10 | 0.13 | 0.077
Joint2(Link2) | 5.16 | 0.81 1.0 0.62
Joint3(Link3) | 5.16 | 0.31 | 0.39 | 0.23
Joint4(Link4) | 5.16 | 0.10 1.0 0.62
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(a) Torque control

(b) Pressure distribution control

Fig.5: Time series of movements of robot in the experiment
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(a) Jointl

(b) Joint2

(c) Joint3

(d) Joint4

Fig.6: Time series of measured torque
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(a) Link1

(b) Link?2

(c¢) Link3

(d) Link4

Fig.7: Time series of maximum force
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