
  

  

Abstract—An agricultural power assist suit (PAS) was 

developed and researched in our laboratory. The range of 

movements of the joints and the physical burden in retaining 

the posture when wearing the PAS were evaluated. The PAS 

was found to provide approximately 80% of the degree of 

freedom of the human body, and the muscle burden on the 

upper arms and thighs was reduced by 42.3 and 50.2%, 

respectively, on average during isometric exercises. The 

movements during pruning and harvesting work are yet to be 

evaluated. An experiment was conducted to study the body 

movements of farmers during the harvesting of radish and 

cucumber to evaluate the fatigue reduction effect owing to the 

use of the PAS. The workload was reduced by up to 77% for 

radish harvesting and up to 58% for cucumber harvesting, and 

the muscle activity was reduced by up to 64% for radish 

harvesting and up to 68% for cucumber harvesting when 

wearing the PAS. 

 
Index Terms—Agricultural work, power assist suit, surface 

EMG, training impulse (TRIMP).  

 

I. INTRODUCTION 

A questionnaire survey conducted on the farm workers of 

Yin Yin regarding body parts subjected to fatigue during 

agricultural work showed that a heavy load acts on the arms 

and waist during pruning and harvesting, suggesting the need 

for assistance in maintaining the working posture [1]. The 

introduction of agricultural machines has reduced the 

physical burden on farm workers and increased the efficiency 

of agricultural production. However, as these machines are 

large, they cannot be employed in places with many slopes 

and narrow areas or in small-scale farms. Moreover, pruning 

and harvesting are activities that need to be carefully carried 

out by human hands and are hence difficult to mechanize. We 

are therefore engaged in the development of an agricultural 

power assist suit (PAS) for farming that can reduce the 

physical burden on workers performing delicate work 

irrespective of the terrain. 

The range of movements of the joints and the physical 

burden in retaining the posture when wearing the PAS have 

been evaluated [2]-[6]. The PAS was found to provide 

approximately 80% of the degree of freedom of the human 

body, and the muscle burden on the upper arms and thighs 

was reduced by 42.3 and 50.2%, respectively, on average 

during isometric exercises. The movements during pruning 
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and harvesting work are yet to be evaluated. 

This study aims to evaluate the physical burden on farmers 

during pruning and harvesting activities when wearing the 

PAS. We employed subjects who simulated harvesting work 

and measured their workload and muscle activity in cases 

with and without wearing the PAS. The study reports the 

evaluation results of the fatigue reduction effect when using 

the PAS. 

 

II. OVERVIEW OF PAS FOR AGRICULTURE 

The PAS developed in this study is an exoskeleton-type 

motorless suit, as shown in Fig. 1. The frame is made up 

mainly of a carbon fiber-reinforced plastic and weighs 

approximately 8 kg. A ratchet mechanism is mounted on the 

shoulder to assist in maintaining the posture of the upper 

arms during pruning and harvesting of crops grown on 

trellises. A spiral spring is mounted on the knees, and the 

repulsive force of the spring assists in maintaining the posture 

of the lower back during the rising operation. 

 

＜Spiral spring＞

＜Ratchet＞

Spiral spring

Ratchet

 
Fig. 1. Agricultural power assist suit. 

 

 The assist force provided by the ratchet mechanism for 

each arm corresponding to an allowable ratchet torque of 

29.4 Nm and an arm length of 0.24 m from the ratchet center 

was 122.5 N, with the total for both arms being 245 N. In 

addition, a spiral spring was attached onto the knee joints. 

The reaction force of this spiral spring assisted the wearer in a 

half-sitting posture. The assist force provided by the spring 

mechanism corresponding to a spring constant of 0.82 

Nm/deg and a maximum usage angle of 120° results in a 

maximum torque of 98.64 Nm. For a frame length of 0.41 m 

from the knee center to the knee joint, the assist force is 

240.59 N, with the total force for both feet being 481.18 N. 
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The spring mechanism can be activated using a switch 

installed in the thigh frame, enabling the wearer to activate 

the assist function from any position. 

Fig. 2 shows the structure of each joint of the agricultural 

PAS. To realize flexion and extension, abduction and 

adduction, and external and internal rotations of the hip joint, 

revolute joints are provided in the vertical direction of the 

sagittal, frontal, and horizontal planes. To realize 

dorsiflexion and plantarflexion and abduction and adduction 

movements of the ankle joint, a revolute joint is provided 

vertically with respect to the sagittal and frontal planes. As 

the shoulder joint has a high degree of freedom and 

complexity, rotational joints are provided separately for 

abduction and adduction and external and internal rotations. 

Furthermore, the frame is equipped with a sliding mechanism 

to correct the mismatch between the rotation centers of the 

human joints and the PAS joints. There is no joint on the back 

to support the load acting on the shoulder and elbow joints; 

nevertheless, there is springiness. In addition, to correct the 

axial distance of the joints between the human body and the 

PAS, adjustment mechanisms are provided on the femur, 

lower femur, shoulder horizontal surface, and back of the 

exoskeleton frame. The frame length can be adjusted in 10 

mm intervals. 
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Fig. 2. Joint structure of the PAS. 

 

Carbon fiber-reinforced plastic (CFRP) (custom-made by 

ACM Co., Ltd.) is used for most of the exoskeleton frame 

(weighing approximately 8 kg) for weight reduction. In 

addition, clearances are provided between the PAS frame and 

the human body, because the restraint position with the 

human body when wearing the PAS is only at three places: 

the foot, the waist, and the arms. The clearance between them 

and the PAS is 0 mm because the legs, waist, and arms are 

restrained using a belt. For the shoulder, back, and knees, the 

clearances provided are 50, 35, and 45 mm, respectively. 

 

III. MEASURING WORKLOAD AND MUSCLE ACTIVITY 

We recruited eight subjects (height: 163 to 170 cm, weight: 

53 to 76 kg), including six healthy men (denoted by letters A 

to F) in the age group of 21 to 41 years and two elderly 73 

year old men (G and H). The purpose and procedure of the 

experiment were explained in advance to the subjects, and 

their consent in participating in the experiment was obtained. 

The subjects were asked to simulate the harvesting of 

radish and cucumber as shown below, with and without 

wearing the PAS. 

Harvest operation of radish: Flexion and extension of knee 

joints; forward bending. 

Harvest operation of cucumber: Flexion and extension of 

the knee joints while maintaining a 90° flexion position at the 

shoulder and elbow joints. 

 The operation time was 6 s, and the experiment consisted 

of 10 sets (1st to 10th), each set involving 3 min of work and 

1 min of break. A metronome was used to ensure that the 

operations have identical timing. 

The training impulse (TRIMP) [7], [8], which is an index 

used to assess training load in sports, was used as the index 

for the workload. From the average heart rate HRex during 

work, the heart rate HRrest at rest, the maximum heart rate 

HRmax, and the working time T, the TRIMP for men can be 

determined using the following formula. 

 

Here, x denotes the value obtained from the Karvonen 

formula, and the constant term is a value that considers the 

difference in the load intensities between men and women 

(Men: 0.64 е1.92x; women: 0.86 е1.67x). As the subjects did not 

suffer from arrhythmia, the heart and pulse rates were the 

same. The pulse rate was measured using Epson’s 

wristwatch-type wearable activity meter PULSENSE [9], 

which had very little impact on the activity.  

The muscles chosen for surface myoelectric potential 

measurement [10] were the rectus femoris (RF), the medial 

latissimus dorsi (VF), and the lateral latissimus dorsi (VL). 

The personal-EMG (Osaka Electronic Equipment Ltd.) was 

used as the measuring device, and BlueSensor M 

(manufactured by Ambu) was used as the electrode. The 

myoelectric potential was obtained through a band pass filter 

with a sampling frequency of 3 kHz, an amplification factor 

of 1000, and a frequency range of 20 to 500 Hz. The analysis 

target was the measurements of 12 rounds including two 

rounds of operation of odd numbered sets as well as the 10th 

set. The muscle activity was determined from integrated 

electromyography (IEMG). A time–frequency analysis was 

performed using continuous wavelet transform taking the 

Morlet wavelet as the mother wavelet function, and the 

dynamics of muscle fatigue was evaluated. 

The reduction rate was calculated from the following 

equation using the average values of the workload and 

muscle activity. 

 

Here, RL denotes the workload reduction rate, RE denotes 

the muscle activity reduction rate, the subscript “with” 

indicates that the subjects wore the PAS, and the subscript 

“without” indicates that they did not wear the PAS. When the 

TRIMPs＝𝑇 ×  
𝐻𝑅ex − 𝐻𝑅rest

𝐻𝑅max − 𝐻𝑅rest

 × 0.64𝑒1.92𝑥     1  

𝑥 =
𝐻𝑅ex − 𝐻𝑅rest

𝐻𝑅max − 𝐻𝑅rest

                      (2) 

𝑅L＝  1 −
𝑇𝑅𝐼𝑀𝑃𝑠with

𝑇𝑅𝐼𝑀𝑃𝑠without

 × 100         (3) 

𝑅E＝  1 −
𝐼𝐸𝑀𝐺with

𝐼𝐸𝑀𝐺without

 × 100          (4) 
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reduction rates RL and RE were positive, the workload and 

muscle activity were said to be reduced on account of 

wearing the PAS. 

 

IV. EVALUATION OF FATIGUE REDUCTION IN SIMULATED 

HARVEST ACTIVITY 

Fig. 3 shows the result of the workload reduction rate. All 

the subjects engaged in radish harvesting and seven subjects 

involved in cucumber harvesting showed positive values. 

The average reduction rate was 48% for radish harvesting and 

31% for cucumber harvesting. 

 

-20

0

20

40

60

80

R
L
(%

)

-20

0

20

40

60

80

R
L
(%

)

A B    C    D   E  F  G H A B    C    D   E  F  G H
 

           (a) Radish harvesting                       (b) Cucumber harvesting 

 

 Fig. 3. Workload reduction rate RL. 

 

Fig. 4 shows the reduction rate in the muscle activity. The 

workload on the VL of subject E of the cucumber harvesting 

group could not be measured and was therefore excluded. 

The reduction rates for RF of 8 subjects, VF of 6 subjects, and 

VL of 5 subjects in the radish harvesting group and for the RF 

of 7 subjects, VF of 6 subjects, and VL of 5 subjects in the 

cucumber harvesting group showed positive values. The 

average reduction rates were 31% for RF, 19% for VF, and 

9% for VL in the radish harvesting work and 29% for RF, 

10% for VF, and −2% for VL in the cucumber harvesting 

group.  
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(a) Radish harvesting 
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(b) Cucumber harvesting 
 

Fig. 4. Muscle activity reduction rate RE. 

 

Fig. 5 shows the changes in the muscle activity of subject 

C. The burden on the rectus femoris, which is a bi-articular 

muscle involved in the flexion and extension of the knee joint 

and flexion of the hip joint, was reduced. The figure also 

shows the change in the muscle activity of an elderly subject 

H; no reduction effect was observed for this subject. Subject 

C shows a low value of muscle activity when wearing the 

PAS, indicating reduced muscle burden. The elderly subject 

H did not see any difference in the muscle activity when 

wearing the PAS. However, the muscle activity decreased 

when the PAS was not used. Therefore, when wearing the 

PAS, it is concluded there was no change in the amount of 

muscle activity due to repeated work, regardless of the age of 

the wearer. 
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Fig. 5. Change in the muscle activity during cucumber harvesting. 
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Fig. 6. Change in posture of subject H during harvest activity. 
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  Fig. 7. Result of wavelet analysis on RF in the case of cucumber 
harvesting. 
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The change in the bending posture of subject H with and 

without the PAS in the 1st and 10th sets shows a remarkable 

difference, as shown in Fig. 6. By comparing the minimum 

angles of the knee and hip joints in the 1st and 10th sets in the 

case of radish harvesting, we find a difference of 26° for the 

knee joint and 8° for the hip joint without the PAS, whereas 

the difference is 8° for the knee joint and 13° for the hip joint 

with the PAS. In cucumber harvesting, there was a difference 

of 13° for the knee joint and 2° for the hip joint without the 

PAS and 3° for the knee joint and 11° for the hip joint with 

the PAS. No change in the posture was observed in the PAS 

case. However, when the PAS was not used, the posture had 

changed to one of forward bending without bending the knee.  

 In the PAS case, the result of wavelet analysis on RF shows 

that there is no shift to the low-frequency range from the 1st to 

the 10th sets, and there is no sign of fatigue, as shown in Fig. 

7(a). On the other hand, in the case of subjects B, D, E, and F, 

who exhibited no change in the movement or reduction in the 

muscle activity, the results of wavelet analysis in the PAS 

case shows a shift to the low-frequency range with each 

successive set, with evident muscle fatigue, as shown in Fig. 

7(b). 

This shows that the workload and muscle activity can be 

reduced when the PAS is used in assisting agricultural 

activities, enabling continuous repetition of the same 

operation. 
 

V. CONCLUSION 

We conducted an experiment to study the body movements 

of farmers during the harvesting of radish and cucumber to 

evaluate the fatigue reduction effect owing to the use of a 

power assist suit. The workload was reduced by up to 77% 

for radish harvesting and up to 58% for cucumber harvesting, 

and the muscle activity was reduced by up to 64% for radish 

harvesting and up to 68% for cucumber harvesting when 

wearing the PAS. Wearing the agricultural PAS helped 

reduce working fatigue, thus making continuous operation 

possible. 

In the future, we will conduct experiments on actual 

sloping terrains. 
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