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A Human Supporting Manipulator Based on Manual Control
Using EMG Signals

Osamu Fukuda*, Toshio Tsuji* and Makoto Kaneko*

This paper discusses an EMG based control method of a robotic manipulator as an adaptive human supporting

system, which consists of an arm control part and a hand and wrist control part. The arm control part controls joint

angles of the manipulator’s arm according to the position of the operator’s wrist joint measured by a 3D position

sensor. The hand and wrist control part selects an active joint out of four joint degrees of freedom and controls it

according to EMG signals measured from a human operator. A distinctive feature of our method is to use a statistical

neural network for EMG pattern classification. This network can acquire stochastic representation of measured EMG

patterns through learning based on the log-linearized Gaussian mixture model, so that it can adapt changes of the

EMG patterns according to the differences among individuals, different locations of the electrodes, time variation

caused by fatigue or sweat, and so on. It is shown from the experiments that the EMG patterns during hand and wrist

motions can be classified sufficiently by using the network. It may be useful as an assistive device for handicapped

persons.
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Fig.1 Picture of the human supporting manipulator
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(c) Upper arm control

Fig.2 A link model of the manipulator
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Fig.3 Components of the system
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Fig.4 Picture of the end effector
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Table 1 Specifications of the end effector

Joint Motions Movable range | Holding force | Gear ratio
Js Spination/pronation 360° 6.9 [kg-cm)] 5.8
Js | Radial flexion/ulnar flexion 60° 9.0 [kg-cm] 7.5
J7 Grasp/Open 120° 9.0 [kg-cm)] 30.1
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Fig.5 Forearm control part
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Table 2 Structure of the LLGMN
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(a) Upper arm control

(b) Forearm control

Fig.10 Motion pictures while controlling the manipulator
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Fig. 11

Gaussian Mixture Model
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