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Abstract In this study, electromyography was obtained in the six muscle areas that move the joints of the two legs, and by analyzing
it, an exercise robot system capable of gait rehabilitation was proposed in consideration of the individual's muscle state. Through this,
the system was constructed to prevent the effect of exercise from decreasing because the patient's will was not reflected when walking
exercise was simply provided automatically. As a result of the evaluation of the developed system, it was confirmed that the pedestrian
rehabilitation robot system manufactured through this study had performance suitable for the design requirements, and it was also
confirmed that the usability evaluation was comprehensively satisfactory. The results of this study are thought to be of great help to
patients who are having difficulty in gait rehabilitation, and are believed to be helpful in the development of electromyography
signal-based gait robot systems.
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Fig. 3 User interface of Manual exercise mode
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assessment
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Table 1. Accuracy assessment results for hip joint

average SD error rate(%)
-10° -9.733 0.046 2.67
-5° -4.673 0.145 6.53
20° 19.373 0.031 3.13
35° 34.593 0.201 1.16
Total average error rate(%) 3.37

Table 2. Accuracy assessment results for knee joint

average SD error rate(%)
-15° -14.807 0.356 1.29
-30° -31.087 1.131 3.62
-45° -47.293 0.663 5.10
-60° -63.180 0.712 5.30
Total average error rate(%) 3.83

Table 3. Accuracy assessment results for ankle joint

average SD error rate(%)
-10° -15.533 0.172 3.56
-5° -7.760 0.399 347
20° 7.807 0.162 4.09
35° 15.947 0.370 6.31
Total average error rate(%) 436
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Fig. 7. Experimental set-up for Communicable distance
assessment
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Fig. 8. Experimental set-up for sensitivity assessment

Table 4. Result of measurement sensitivity assessment

[+
set error rate (%) average

value | 50Hz | 100Hz | 150Hz | 200Hz | ©rTor

3.5mv 209 | -1.83 | -840 | 926

30mv | 003 | -1.27 | 337 | 893

3.18 %
20mvV | -090 | -1.45 | 265 | -8.80

1.0mV 060 | -0.90 | -2.80 | -2.60
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Table 5. Scenarios for Use Satisfaction Assessment

task Detailed work

Turn on the power and enter each exercise
mode screen.

Operate the patient liting device
forward/backward, up/down.

1

3 Move for each joint in manual motion mode.

Set the speed to 50% in automatic motion
mode.

Set the driving time to 20 minutes in the
automatic motion mode.

6 Set the EMG signal to be received.

Try pressing the emergency stop switch during
operation.

Try moving (initializing) the equipment to the

8 initial position of the motor in the manual
motion mode.
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Table 6. Satisfaction with safety evaluation questions in
the subject's role

Table 9. Result of satisfaction assessment questions for
manipulation and functionality in the role of the operator

no Question good < Score — bad
no average
i Is the movement unstable in manual exercise 5 4 3 2 1
mode? 1 7 2 1 0 0 46
5 Are there any inconveniences in the automatic 2 6 3 1 0 0 45
exercise mode? 3 5 4 1 0 0 4.4
3 Is the footrest stable when operating in 4 8 2 0 0 0 48
exercise mode? 5 6 2 2 0 0 44
4 Isn't the tightening of the harness too strong? Total average 4.54

5 Does it hurt when it's lifted?

Do you have any anxiety when you come
down from the exercise device?

Are there any risk factors such as collision
during the operation of the equipment?

Table 10. Satisfaction assessment questions for
convenience in the role of operator

no Question

Table 7. Result of satisfaction with safety evaluation
questions in the subject’s role

1 Is the size of the product appropriate?

2 Is each menu on the screen appropriate?

Do you feel any discomfort or anxiety when

good < Score — bad you move?
no average
o 4 3 2 1 4 Is it easy to operate the desired motion?
1 6 4 0 0 0 46
5 5 4 1 0 0 44 5 | Are there enough safety devices?
3 7 3 0 0 0 47
4 6 2 2 0 0 44 Table 11. Result of satisfaction assessment questions for
5 6 2 2 0 0 44 convenience in the role of operator
6 7 2 1 0 0 46 good < Score — bad
7| 8 2 0 0 0 48 no = 4 3 5 ;| 8verage
Total average 4.56 1 7 2 1 0 0 46
2 8 2 0 0 0 48
Table 8. Satisfaction assessment questions for 3 6 2 2 0 0 44
manipulation and functionality in the role of the operator 4 7 5 i 0 0 46
no Question 5 9 1 0 0 0 49
i Is the button for setting each exercise mode Total average 4.66
easy to find?

Is the icon shape of the setting screen suitable
for understanding the behavior?

Wasn't the composition of each screen
complicated?

4 | Was the screen size and location appropriate?

When the patient was on board, was there any
safety objection to running the equipment?
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