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Ergonomics evaluation of forest-fruit-picking machine is very important to design harvest machinery.
In order to study the ergonomic features of knapsack forest-fruit-picking machine, a fatigue evaluation
model of upper limb biceps brachii muscle based on surface electromyography (sEMG) signals was
established by arm fatigue test. Combining the heart rate test and the model, the arm fatigue
characteristics of the knapsack forest-fruit-picking machine and handheld picking machine were
compared. The results showed that increasing ratio of heart rate and fatigue degree with knapsack forest-
fruit-picking machine were less than those with handheld picking machine in the same situation.
Therefore, the knapsack forest-fruit-picking machine is more labor-saving than the handheld picking
machine, and can effectively relieve muscle fatigue.
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Fig. 1  Overall structure diagram of knapsack forest-fruit-picking

machine
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Tab.1 Borg scale score

Borg 4MH 9% 55 B 323 LA Wi A R
Borg score Fatigue feeling Measure muscle contraction
0 TGIEHE No feeling 0
0.5 M2 Extremely light 5
1 fR%2 Very light 10
2 55 (#%) Weak (light) 20
3 145 Medium 30
4 40
5 i# Strong 50
6 60
7 TR5# Very strong 70
8 80
9 90
10 W5 Extremely strong 100

T ME 4 B JRBEAE 3 ~5 Z (8] SME N 6 B RGE 7R 5 ~7 Z [Al;
SHE R 8 A9 B EGENT 7 ~ 10 Z[A], TR K . Notes: score is
4 ,the feeling is between 3=5; score is 6, the feeling is between 5-7;

score is 8 and 9, the feeling is between 7-10 and can linearly grow.
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Tab.2 Results of questionnaire on the relationship between

fatigue energy and subjective values of Borg

ZiH %55 e Borg F W {H
Subject Fatigue energy/J Borg subjective value

1 0.543 6 1

2 0. 6609 1.5

3 0.776 3 2

4 0.713 5 2

5 0.8115 2

6 0.647 8 1.8

7 0.4364 1

8 0.5619 1.2

9 0.5873 1.5

10 0.8139 2

11 0.5228 1

12 1.0195 3

13 0.9433 2.5

14 0.3970 1

15 0.3340 1

16 0.4369 1

17 0.6355 1.5
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Tab.3 Heart rate testing results

K +min "~

beat per minute

Zib#  BIRE HORRE TS
Subject  Stationary state Knapsack state Handheld state
1 68 69(1.5% ) 82(20.6% )

2 63 77(22.2% ) 82(30.2% )

3 65 80(23.1%) 88(35.4% )

4 65 67(3.1%) 70(7.7% )

5 60 63(5.0% ) 79(31.7%)

RS NBUE LRI EL . Note: bracketed value is the increasing

ratio of heart rate.
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