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Pattern Classification of EMG Signals Using an Event-Driven Task Model

Toshio Tsuji*!, Kousuke Takahashi*!, Osamu Fukuda*? and Makoto Kaneko*!

Electromyogram (EMG) has been often used as a control signal of a prosthetic arm, which includes information on

not only muscle force but operator’s motor intention and mechanical impedance of joints. Most of previous researches,

however, adopted the control methods of the prosthetic arms based on the EMG pattern discrimination and/or the

force estimation from the EMG signals, and did not utilize any knowledge on tasks performed by amputees such as

a grasping-an-object task and a spooning-soup task. In this paper, a new EMG pattern discrimination method is

proposed using a statistically organized neural network and an event-driven task model. The neural network outputs

a posteriori probabilities of motions depending on the EMG signals. The task model is represented using a Petri

net to describe the task dependent knowledge, which is used to modify the neural network’s output. Experimental

results show that the use of the task model significantly improves the accuracy of the EMG pattern discrimination.

Key Words: EMG Signal, Neural Network, Prosthetic Arm, Human Interface, Task Model
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Table 1 Places and transitions

Places Transitions
Po Standby to Opening
p1 | Graspping a bottle || t1 | Graspping in Q1
P2 Pouring t2 | Supinating in Q2
p3 | Graspping a cup ts | Graspping in Q3
P4 Drinking water tq | Pronating in Q4
ps | Graspping a spoon || t5 | Graspping in Q5
D6 Spooning up te | Supinating in Qg
p7 Eating soup t7 | Pronating in Q4

Table 2 Modification vectors used in the experiments

m ‘ Motion | Modification vectorl vy, 1[0

0 Standby {1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0}
1 | Graspping a bottle | {0.1,0.1,1.0,0.1,0.1,0.1,0.1,0.1}
2 Pouring {0.1,0.1,0.1,0.1,0.1,1.0,0.1,0.1}
3 | Graspping a cup | {0.1,0.1,1.0,0.1,0.1,0.1,0.1,0.1}
4| Drinking water | {0.1,0.1,0.1,0.1,0.1,0.1,1.0,0.1}
5 | Graspping a spoon | {0.1,0.1,1.0,0.1,0.1,0.1,0.1,0.1}
6 Spooning up {0.1,0.1,0.1,0.1,0.1,1.0,1.0,0.1}
7 Eating soup {0.1,0.1,0.1,0.1,0.1,0.1,1.0,0.1}

The task
of drinking water

The task of eating soup
by using the spoon

The task of
pouring water
into the glass

Fig.9 Task model for having a meal
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Table 3 Classification rates for motions included in the task

(a) The proposed method using the task model

Motions

[ Subject AQ %O]] Subject BO % 0] Subject CO % 0[] Subject DO % 0] Subject EO %0

Graspping a bottle 98.8 + 0.8 921+ 7.3 89.8 + 10.2 94.0 = 3.7 96.0 + 3.7
Pouring 99.4 + 04 91.9+ 7.9 97.0 £ 3.6 97.0 £ 2.8 96.4 + 4.2
Graspping a cup 92.6 £ 8.6 97.2 + 25 94.5 £ 6.7 80.1 + 12.7 92.1+ 7.0
Drinking water 91.1 + 6.5 954 + 4.2 96.3 + 4.8 81.1 + 8.6 94.8 + 8.7
Graspping a spoon 97.1 + 2.6 924 + 115 95.5 + 3.6 96.2 + 3.2 86.5 + 5.9
Spooning up 979 + 1.8 96.7 + 1.4 98.9 £ 1.2 97.7 £ 1.7 90.6 + 4.3
Eating soup 95.5 £ 3.5 92.6 + 4.7 98.7 £ 1.0 88.6 £ 9.1 98.1 + 1.6

(b) The previous method not using the task model

Motions [[ Subject AD % 0[] Subject BO %0 Subject CO %0[| Subject DO % 0[] Subject EJ %0
Graspping a bottle 51.3 + 16.6 88.2 + 8.6 81.9 + 9.8 74.4 £ 13.7 93.1 + 3.5
Pouring 943+ 1.9 83.8 £ 10.5 90.8 £ 9.8 780 £ 5.0 54.7 £ 17.3
Graspping a cup 474 + 223 937+ 3.8 85.4 £ 9.2 64.5 £ 10.2 88.5 £ 6.0
Drinking water 79.3 £ 4.0 81.3 £ 12.4 66.0 £ 24.2 61.3 £ 9.8 83.9 + 22.9
Graspping a spoon 59.9 + 11.2 87.6 + 11.2 80.3 = 9.6 60.5 + 14.6 83.1 + 6.9
Spooning up 87.2 £ 6.2 68.2 & 15.2 943+ 4.3 64.5 £ 8.2 59.4 £ 9.7
Eating soup 73.8 £ 11.7 75.7 £ 9.3 77.1 £ 13.0 76.4 £ 16.8 78.9 £ 29.2
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Fig.10 An example of the EMG pattern discrimination for a
having-a-meal task
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