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IV. Abstract 

 

The integration between robots and humans offers new opportunities for the creation of 

new assistive technologies that can be used in the field of agriculture. However, research 

analysing the impact of using exoskeleton on users’ limbs movement is limited. In this paper, 

we used IMU sensors to capture human motion data. Based on the motion data, the graphs of 

angle of motion against time were plotted. Thus, we can understand the impact of exoskeleton 

in assisting pole handling during manual harvesting. The motion data includes how the limbs 

of the subjects move, degree of angle of the subjects’ limbs. Analysis of the motion data showed 

that wearing exoskeleton causes lower motion angle. Note that the amplitude given by the IMU 

sensors correspond to the limb angle. When the amplitude of motion angle is lower, the limbs 

movements are also less compared to limbs movement when not wearing exoskeleton, which 

suggests reduced muscle activity when wearing exoskeleton. Perhaps by wearing an 

exoskeleton, the workers may consume less energy as there is support from exoskeleton to 

support the load.  
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V. Abstrak 

 

Integrasi antara robot dan manusia menawarkan peluang baru untuk mewujudkan teknologi 

bantuan baru yang boleh digunakan dalam bidang pertanian. Walau bagaimanapun, 

penyelidikan menganalisis impak menggunakan exoskeleton pada pergerakan anggota 

pengguna adalah terhad. Dalam hal ini, kami menggunakan sensor IMU untuk merekod data 

gerakan manusia. Berdasarkan data gerakan, graf sudut gerakan terhadap masa telah diplotkan. 

Oleh itu, kita dapat memahami kesan exoskeleton dalam membantu pengendalian tiang semasa 

penuaian manual. Data pergerakan termasuk bagaimana pergerakan subjek bergerak, tahap 

sudut anggota subjek. Analisis data gerakan menunjukkan bahawa memakai exoskeleton 

menyebabkan sudut pergerakan yang lebih rendah. Perhatikan bahawa amplitud yang diberikan 

oleh sensor IMU sesuai dengan sudut anggota badan. Apabila amplitud sudut gerakan lebih 

rendah, pergerakan anggota badan juga kurang berbanding pergerakan anggota badan apabila 

tidak memakai exoskeleton, yang menunjukkan aktiviti otot berkurang apabila memakai 

exoskeleton. Mungkin dengan memakai exoskeleton, pekerja mungkin menggunakan tenaga 

kurang kerana ada sokongan dari exoskeleton untuk menyokong beban. 
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Chapter 1:  Introduction 

 

1.1  General Overview 

 

1.1.1 Harvesting tools and practices 

 

In manual harvesting process, there are three common tools which are a chisel that is 

attached to a short steel pole, and it is used to harvest young palms that are about 3 metres high. 

For harvesting taller trees (taller than 3 metres), the workers use a pruning hook or sickle 

attached to a long pole. But when the trees reached the height of 15 metres, an extensible poles 

will be use to harvest fruit bunches (Abdul Razak Jelani et al., 2008).  

Conventionally, the harvesting task of palm use Aluminium Pole Knife (APK) (Saibani 

et al., 2015). While the working process of harvesting is demonstrated in Figure 1.1.  

 

 

Figure 1.1: Elements of work process harvesting palm plantation. 

© C
OPYRIG

HT U
PM



 

 

 12 

 

Technics in handling tools are important in the harvesting process. To ensure efficient 

cutting, the harvesting tools are targeted at the target point (frond base or bunch stalk) at a 

very high rate. In combination with the weight of the instruments and high cutting speed 

produces high momentum which gives sufficient energy to cut through the fronds (Abdul 

Razak Jelani et al., 2008).  

Other activities in harvesting that the workers must carry out besides cutting FFB are 

lifting the pole and carrying the pole upright. Depending on oil palm tree age and planting 

material, each palm may yield between 8 as well as 15 FFB annually and weighing between 15 

and 25 kg each (Abdul Razak Jelani et al., 2008). After cutting activity, lifting and carrying 

pole are also exhausting and energy consuming. Another factor that making harvesting 

activities consume high energy is because of the tools’ weight which can reached 8 kilograms.  

From Figure 1.2 to Figure 1.5 show harvesting activities in oil palm plantation by the 

workers. In Figure 1.2: A worker carry harvest pole. Before harvesting, the worker need to 

raise a tall harvesting pole to cut palm fruit from high in the trees as shown in Figure 1.3. Only 

then, the worker proceed to cutting frond and fruits bunches as in Figure 1.4. In Figure 1.5 as 

the final step in harvesting activities.  
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Figure 1.2: A worker carry harvest pole 

 
Figure 1.3: A worker raising a tall harvesting 

pole to cut palm fruit from high in the trees. 

 
Figure 1.4: A worker cutting frond and fruits 

bunches 

 
Figure 1.5: A worker collecting fresh fruit 

bunch (FFB) 

 

1.1.2 Advantages of upper limb exoskeleton  

  

The plantation labour workers are prone to muscle strain when performing harvesting 

activities. Muscle strain is a condition where tearing occurs due to the sudden extension of a 

joint beyond its normal range of function or by any other excessive physical demand made on 

the muscle (Ma and Ma, 2011). This type of injury to the biceps brachii or the pectoralis major 

and pectoralis minor can occur while the worker undergoes tugging activity or collecting fresh 

fruit bunch (FFB). The workers may feel stiffness, tenderness, or pain in the affected muscles, 

and motion in the affected joints may be limited (Ma and Ma, 2011). 
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To prevent this particular problem, implementation of the exoskeletons in the plantation is 

particularly beneficial. Exoskeletons are wearable devices that work in tandem with the user 

(Gonzalez, 2017). In addition to that, exoskeleton is placed on the user’s body and act as 

amplifiers that augment, reinforce or restore human performance. Exoskeletons can cover the 

entire body, just the upper or lower extremities, or even a specific body segment such as the 

ankle or the hip. In this study, we focused only on upper extremities exoskeleton.  

Exoskeleton is used to support the arms of professionals and skilled workers who carry out 

recurrent arm movements and/or fixed arm raising (work at or above the head) (Modic, 2018). 

With the aid from exoskeleton, the weight of the user's arms is transferred back and forth to the 

core (Modic, 2018). Similarly, exoskeleton also gives three main advantages to the wearer, 

which are significant decrease of injury issues at the workplace, reduced medical costs and 

reduced sick leave (Gonzalez, 2017; Modic, 2018).  

Other than that, exoskeleton also should lower workers’ exhaustion which may result in 

increased alertness, productivity and quality of work (Gonzalez, 2017; Yagi et al., 2016). Also, 

upper limb exoskeleton lifts as well as upholds the labourers’ arm in activities from chest to 

overhead. The profile is small and easy to wear, allowing freedom of movement, in all 

conditions (Akdoğan, 2019; Gonzalez, 2017; Modic, 2018).  

.  
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Figure 1.6: Example of upper limb exoskeleton.  

Another main goal of the development an exoskeleton was to assist the worker to support 

the load rather than solely let the muscle support the weight. The support in exoskeleton will 

aiding the workers’ elbows and shoulders in lifting and preventing the load strained the labours 

excessively (Yagi et al., 2016).   

A new finding shows that exoskeleton are relevant in Malaysia because implementation of  

exoskeleton in the plantation will help boosting productivity of the labours (Gonzalez, 2017; 

Namikawa, 2012) and to keep up with aging and to cope with difficulty in harvesting activities 

(Toyama and Yamamoto, 2009). The implementation of exoskeleton helps in harvesting and 

pruning thus aimed at making it industry and task-specific. 

 

1.1.3 Importance of motion study for manual harvesting activities  

 

In the oil palm industry, time and motion studies have now been widely accepted for 

evaluation of harvesting tasks (Saibani et al., 2015). A great number of time and motion study 

results are being used to improve work efficiency in the sector.  

By study motion and time, we can identify and measure the efficiency of the manual oil 

palm fruit bunches harvesting technique (Saibani et al., 2015). Time and motion study is a 
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means to justification for the need of mechanical system to accelerate the process of harvesting 

palm fruit and increase the productivity.  

Time and motion study’s aim is to get rid of unnecessary work with an addition to provide 

measurements for determining the performance of harvesting tasks. The study helps to examine 

the effective and non- effective motions used by the harvester in the harvesting process (Saibani 

et al., 2015). 

 

1.2 Problem Statement 

 

When the plantation workers undergoes manual harvesting without any external support, 

they are exposed to musculoskeletal injuries because of the weight load from tools or fresh fruit 

bunch (FFB) (Abdul Razak Jelani et al., 2008). Other than that, the workers’ health also may 

be effected by their bad body posture when carrying harvesting tools. They are also prone to 

muscle soreness when lifting load without external support or when doing repetitive activities.  

The purposes of this experiment is to evaluate how exoskeletons as wearable devices can 

assist the workers when handling harvesting tools. Besides that, we want to assess the effects 

of wearing exoskeleton towards the movement of limbs.  

 

1.3  Objectives 

I. To assess the impact of using exoskeleton for pole handling during manual harvesting. 

II. To configure the MTw Awinda system manufactured by Xsens (Enschede, the 

Netherlands) for collecting motion data in laboratory and outdoor operation.  
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Chapter 2:  Literature Review 

 

2.1  IMU Sensors and the Components  

The IMU is a 3-axis electronic device designed to estimate the orientation of the sensor 

and its motion (Matula, 2016). Also, IMU is used primarily in velocity, orientation and 

gravitational strength measurement devices. These miniature sensors include an embedded 

processor to calculate absolute orientation (roll, pitch, and yaw),  acceleration, angular velocity 

and North directional in real time (Pérez et al., 2010).  

The IMU sensor technology consists of 3D gyroscope, 3D accelerometer and 3D 

magnetometer in one package (Ahmad et al., 2014; Paulich et al., 2018; Saibani et al., 2015) . 

IMU usually takes measures in three axes, totalling nine DOF, in three different axes (Ahmad 

et al., 2014).  Inertial Measurement units (IMUs), in order to accurately estimate the orientation 

of a fixed framework, are based on the use and combination of various inertial sensors 

technologies such as accelerometers, gyroscopes and magnetometers (Pérez et al., 2010).  

According to Matula (2016), The IMU has been measuring its orientation towards to 

the fixed frame on earth. The data can be displayed in various forms, but the Euler (pitch, roll, 

and yaw) is the most dominant. Figure 2.1 shows Euler angles orientation representation from 

IMU sensors.  

 

Figure 2.1: Euler angles orientation representation. 
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The accelerometer has been used to make measurements of inertial acceleration 

(Ahmad et al., 2014). While Matula (2016) define accelerometers as electromechanical devices 

which measure the acceleration rate, typically in meters per second squared. Furthermore, an 

accelerometer certainly senses static forces like gravity and dynamic forces like motion or 

vibration (Matula, 2016). The accelerometer is based on Newton's second law of motion, the 

calculation force F, with a constant scaling meter called a proof mass (Kajánek, 2008).  

𝐹 = 𝑚. 𝑎 

Gyroscope is an inertial sensing system used to measure the body's rotational rate 

(measured in degrees / s) (Ahmad et al., 2014). Matula (2016) expressed that the digital 

gyroscope known as the angular velocity sensor and a sensing instrument that rotates an axis, 

usually in degrees per second angle velocity. Pérez et al. (2010) added; gyroscopes measure 

the angular velocity applied to the object and thus the rotated angle and current orientation, 

where there is an initial reference. In addition, Paulich et al. (2018) said that when gyroscope 

data integrated over time, it provides an estimate of the change in orientation.  

 Jain (2008) explained the use of a magnetometer to measure the direction and strength 

of the magnetic field. Paulich et al. (2018) says the same statement by stating a 3D 

magnetometer is able to measure strength and direction of the surrounding magnetic field. 

Ahmad et al. (2014) added magnetometer attempts to measure the magnetic particular direction 

of the bearing and therefore can improve gyroscope reading.  

In addition, Matula (2016) stated that the Earth's magnetic field can be used as a 

compass, if it's the only magnetic field acting on a sensor to determine the direction of the 

sensor to the Earth North Pole. Paulich et al. (2018) also said that the magnetometer measures 

the Earth magnetic field if no magnetic disturbances are present.  
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Figure 2.2: Simplified explanation of accelerometer, gyroscope and magnetometer. 

  

2.2  Previous Researches Using IMU Sensors 

Pérez et al. (2010) have developed a sensor-based inertial monitoring system is 

presented to measure and analyse the movements of the top limbs. The researched is about 

portable upper limb motion analysis system for neuro-rehabilitation based on inertial 

technology. The main objective of the current study was the development of a real-time 

portable upper limb motion acquisition system for the upper limb and the preliminary 

validation of a therapeutic evaluation that would be accurate.  

 O’Donovan et al. (2007) describes the design and evaluation of the three-dimensional 

(3D) joint angle measuring technique for the miniature kinematic sensor. The technology 

makes 3D intersegment joint angle measurement possible and can be beneficial in a number of 

applications requiring joint angles monitoring. The technique does not depend on a fixed co-

ordinate system for references, so it can be used in a dynamic system. The procedure was 

assessed through applying it to ankle joint angle measurement. Experimental results show that 

the technique is used to accurately measure the ankle joint angles. 

 Hirose et al. (2013) proposes the method of dynamic movement analysis for ski turns 

with inertial and strength sensors. By informing inertial sensors using Unscented Kalman 
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filters, this method can estimate the Roll-Pitch-Yaw angle in local coordinates. The results of 

the analysis with a joint torque show the gliding forces of the skiers on the actual snowfield. 

The method of analysis and results can therefore be applied to evaluate the ability of turns and 

resolve the ski turning mechanism. 

 Cavallo et al. (2014) undergoes research focuses on the development and 

implementation of the attitude and heading reference system (AHRS), highly precise device 

systems and fast sensor data fusion algorithms to approximate the orientation of a rigid body 

towards the reference framework. More specifically, the gradient-based descent algorithm and 

the non-linear complementary filter-based algorithm are compared with standard Extended 

Kalman Filter (EKF). This is to demonstrate that an overall method can easily compete with 

and even overcome ad-hoc solutions under specific conditions. 

 Seel et al. (2014) contribution which is related to joint angle calculation based on 

human motion analysis inertial measurement data. Concentrate on methods to avoid assuming 

certain orientations in respect of body segments in which the sensors are fitted. Provide results 

from transfemoral amputee gait studies in which an optical 3D move-capture system compares 

inertial unit (IMU)-based methods. 

 

2.3  IMU Sensor Calibration  

Sensors calibration are done by following simple quaternion-based estimation methods 

by YEI Technology (Labs, 2013). They propose that quaternions are used for the sensors to 

compute downward with forward vectors and requires an initial calibration by standard T- 

position. T-pose for calibration is when arms directly off the body's side and palms forward as 

shown in Figure 2.3. Angle is calculated from the orientation data with respect to calibration.  
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The importance of sensor calibration to yield accurate measurements obtain from IMU 

sensors which in turn, makes good estimation of the motion possible. The calibration process 

is one of the steps to configure the sensor system for collecting motion. 

 
Figure 2.3: T-pose for sensor calibration 

 

2.4  Fusion Filters  

Accelerometer, gyroscope and magnetometer have varying types of issues which are 

very limited when use separately. Furthermore, none of these sensor could be used to measure 

appropriate Earth fixed-frame orientation information. However, alternatives are available to 

combine this information and to correct mistakes using fusion filters.  

Kalman Filter is an algorithm that measures previously and predicts next outcome, then 

fused with present measured information. It can be executed in real time, but it is more accurate, 

so it needs more calculation power (Matula, 2016). In Euler depiction, pitch and roll is 

predicted using accelerometers and gyroscope information, while the yaw is based on 

gyroscopes and magnetometers information. In Euler format, pitch and roll are usually 

measured using accelerometers and gyroscopes information (Paulich et al., 2018). 
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2.5  Conclusion 

In this research, the application of Inertial Measurement Unit (IMU) sensors as motion 

tracking systems is most appropriate because of its ability to accurately track the desired 

motion. One of reasons is IMU sensors are able to communicate wirelessly and are suitable for 

lab-like environments and outdoor activities, which makes them suitable for application in 

unconstrained environments such as the plantation area. By using wireless communication, 

IMU sensors also does not restrict the movement of the workers. Last but not least, IMU sensors 

are light in weight so the sensors will not disturb the movement while performing the 

experiment.  
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Chapter 3:  Methods 

 

3.1   General Overview 

The experiment was performed in a laboratory and data were collected from three 

subjects. The subjects were selected based on demographic information such as gender, age, 

physical ability and body size. All of the subjects were male and 23 years old. The subjects 

have no physical disabilities hence they were considered to be in good level of health.  

The subjects were selected based on these demographic information because the 

intention was to resemble the actual demographic information for labours in plantation. 

However, the subjects had no working experience. However the activities are simple. The 

anthropometry measurement of the subjects are recorded in Table 1: Anthropometry 

measurement of the subjects. These information are used to determine the corresponding 

motion data of each respective sensors.  

Anthropometry 

information  

Anthropometry measurement (cm) 

Subject Number 1 Subject Number 2 Subject Number 3 

Height 167 172 165 

Chest measurement 37 36 38 

Arm length 45 50 47 

Hand span 21 23 21 

Front sleeve length 50 54 52 

Leg length 90 95 92 

Table 1: Anthropometry measurement of the subjects 

 

The subjects are required to simulate the action of manual harvesting activities, namely 

calibration phase, lift up pole phase, tugging phase, lift down pole phase and recalibration phase 
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as shown in Figure 3.7 to Figure 3.11. The purpose of calibration activity is to align the IMU 

sensors orientation and to make sure the motion data conform to the real-time sensor 

orientation.  

In addition, tugging activity was performed to replicate manual harvesting activity in 

the plantation. The subjects were required to repeat three times for tugging activities and also 

required to reach 3 meters height. The recalibration phase was required to validate the 

orientation of the IMU sensors after lift up, tugging and putting down the pole. 

In this experiment, the subjects were required to wear the prototype exoskeleton. This 

upper limb exoskeleton is designed to support their right and left arms and the load from 

harvesting tools.   

 

Figure 3.1: Summary of motion data acquisition in flowchart 
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3.2   Experimental Procedure 

 

1. Each subjects had to wear IMU sensors which were placed at left scapula, right scapula, left 

humerus, right humerus, left radius, right radius, left metacarpal, right metacarpal and 

coccyx as shown in Figure 3.13.  

2. All subjects were required to wear the exoskeleton and without exoskeleton and each subject 

was required to undergo manual harvesting activities. As shown in Figure 3.2 to Figure 3.7.  

3. The activities included calibration phase, lift up pole phase, three times tugging phase, lift 

down pole phase and recalibration phase as shown in Figure 3.8 to Figure 3.12.  

4. The subjects were required to carry a 7 kilograms pole when carry out harvesting activity. 

Motion data (roll, pitch and yaw) was recorded by using MT Manager version 4.6 Software.  

Additionally, the activities were record by a camera video to help determine the phase of an 

activity and also time of activities was recorded using timer trigger hardware. 
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Figure 3.2: Subject 1 without exoskeleton 

 
Figure 3.3: Subject 1 wearing exoskeleton 

 
Figure 3.4: Subject 2 without exoskeleton 

 
Figure 3.5: Subject 2 wearing exoskeleton 

 
Figure 3.6: Subject 3 without exoskeleton 

 
Figure 3.7: Subject 3 wearing exoskeleton 
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Figure 3.8: Activity 1 (Calibration of 

sensors) 

 

Figure 3.9: Activity 2 (Lift up pole) 

 

Figure 3.10: Activity 3 (Tugging) 

 

Figure 3.11: Activity 4 (Lift down pole) 

 

Figure 3.12: Activity 5 (Recalibration) 
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Figure 3.13: Illustration of IMU sensors location at subject's limbs 

  
Legends: 

; IMU sensors 

Backside view Side view 

Left scapula Right scapula 

Coccyx 

Humerus 

Radius 

Metacarpal 
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Chapter 4:  Results and Discussion 

 

4.1  IMU Sensor Calibration and Orientation 

From Figure 2.1, the term of roll in motion data refers to rotation of an IMU sensor at x-

axis, pitch refers to rotation of an IMU sensor at y-axis and yaw refers to rotation of an IMU at 

z-axis. While angle of motion (measured in Degree) which is shown at horizontal axis in every 

graph indicates the rotation of the body limbs with respect to the rotation the IMU sensors at 

x, y and z-axis. From there, we able to plot the motion data (roll, pitch and yaw) for respective 

body limbs. 

 

Figure 4.1: Orientation of sensor when motion data is near to (0°, 0°, 0°) 

 

The sign when the sensors are properly calibrated is the display of the axis for all sensors 

shows similarity. For example, the x-axis of all IMU sensors  at upper limb (referred to Figure 

3.13) should pointing from left to right, y-axis should will pointing to front and z-axis will 

pointing upward. However, the sensors may be display different orientation depending the 

location of IMU sensor at body. Thus, bring to another sign for properly calibrated sensor 

which the displayed orientation of IMU sensors should follow the real time orientation of the 

sensors at the body. Taking example motion data sensor at coccyx, the roll motion data 

(referred Figure 4.8) shows the initial status reading is 70° which the IMU sensor at coccyx are 

tilted at x-axis. Ultimately, the proper sensors calibration will display the real time orientation 
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of sensors. For example, Figure 4.1 shows the orientation of sensor when the IMU sensor at 

right humerus properly calibrated so motion data is near to (0°, 0°, 0°) and also display the real 

time IMU orientation.  

From Figure 4.2 to Figure 4.7, we able to see the IMU sensor orientation for positive and 

negative roll motion data, positive and negative pitch motion data and positive and negative 

yaw motion data. Noted that, when sensors rotates clockwise; the motion data will be represent 

in positive values and vice versa. Also, these figures are to define the orientation of an IMU at 

right radius (referred Figure 3.13).  
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Figure 4.2: IMU sensor orientation when roll 

motion data is positive 

 
Figure 4.3: IMU sensor orientation when roll 

motion data is negative 

 
Figure 4.4: IMU sensor orientation when pitch 

motion data is positive 

 
Figure 4.5: IMU sensor orientation when pitch 

motion data is negative 

 
Figure 4.6: IMU sensor orientation when yaw 

motion data is positive 

 
Figure 4.7: IMU sensor orientation when yaw 

motion data is negative 

 

 

4.2  Impact of the Exoskeleton toward motion of limbs  

© C
OPYRIG

HT U
PM



 

 

 32 

 

 

 

 

Figure 4.8: Graphs for roll motion data at coccyx. (a) Subject number 1. (b) Subject number 2. (c) 

Subject number 3. 
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Figure 4.8 shows the roll motion data at coccyx (referred in Figure 4.9) and this data 

are to determine the lower body flexion and extension. In Figure 4.8(a), Figure 4.8(b) and 

Figure 4.8(c) shows graphs when wearing exoskeleton for subject number 1, 2 and 3. During 

lift up pole and lift down pole for all of subjects show lower degrees of motion comparing not 

wearing exoskeleton. By calculating differences of motion angle when wearing and not 

wearing exoskeleton for all subjects during lift up pole and lift down pole graphs, we able to 

identify graph in Figure 4.8 when subject wearing exoskeleton show lower angle drop compare 

to not wearing exoskeleton.  This is because the subjects flexed their body forward when 

reaching and put down the pole (as shown in Figure 3.9 and Figure 3.11) but not as low as not 

wearing exoskeleton. Also, the graphs in Figure 4.8 show one second delay when the subjects 

wearing exoskeleton. From here, we can see that the exoskeleton imposed some movement 

restriction on the subjects’ lower body.  

 

 

Figure 4.9: Location of an IMU sensor at coccyx 
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Figure 4.10: Graphs for pitch motion data at coccyx. (a) Subject number 1. (b) Subject number 2. (c) 

Subject number 3. 
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Figure 4.10: Graphs for pitch motion data at coccyx. (a) Subject number 1. (b) Subject 

number 2. (c) Subject number 3. When focusing at tugging activity in Figure 4.10 (a), we can 

see that there amplitude differences for subject no.1 compared to another subjects. Subject no.1 

shows larger differences in average, while subject no.2 and no.3 show less differences in 

average in angle of motion. Noted that pitch at coccyx in Figure 4.10 is to determine the lower 

body’s rotation. Figure 4.10 (a) shows that when wearing exoskeleton, the body of subject no.1 

rotate to the left but less compared to not wearing the exoskeleton. However, the situation is 

not same to subject no.2 (Figure 4.10 (b)) and no.3 (Figure 4.10 (c)) as their lower bodies 

rotation does not effected by wearing exoskeleton. This shows that wearing exoskeleton give 

an advantage in order to prevent musculoskeletal system diseases as there is restriction towards 

the body rotation.  

While in lift down pole activity from Figure 4.10, the graphs for all subjects shows 

different trend. But actually the graph want show that subject’s body rotation when put down 

the pole. For subject no.1 and no.2, when wearing exoskeleton show less rotation than when 

not wearing exoskeleton. However, Exoskeleton does not impose restriction on subject no. 3’s 

body rotation.  
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Figure 4.11: Graphs for roll motion data at right scapula. (a) Subject number 1. (b) Subject number 2. 

(c) Subject number 3. 
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Figure 4.12: Graphs for roll motion data at left scapula. (a) Subject number 1. (b) Subject number 2. 

(c) Subject number 3. 
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Figure 4.11: Graphs for roll motion data at right scapula. (a) Subject number 1. (b) 

Subject number 2. (c) Subject number 3. Figure 4.12: Graphs for roll motion data at left scapula. 

(a) Subject number 1. (b) Subject number 2. (c) Subject number 3. As we able to measure roll 

motion data at scapula (Figure 4.11 and Figure 4.12), so now we able to determine the forward 

and backward movement of upper body. By comparing roll motion graph between left and right 

scapula for all subjects during lifting and put down the pole, we able to see the graphs shows 

similar trend. The graphs show that the subjects will bow with lower angle when wearing 

exoskeleton. This result shows that exoskeleton will improve the subjects’ body posture and 

prevent over flexion of the subject’s backbone. 

 

 
Figure 4.13: IMU sensors location at left scapula and right scapula 
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Figure 4.14: Graphs for pitch motion data at right scapula. (a) Subject number 1. (b) Subject number 

2. (c) Subject number 3. 
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Figure 4.15: Graphs for pitch motion data at left scapula. (a) Subject number 1. (b) Subject number 2. 

(c) Subject number 3. 
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Figure 4.14 shows graphs from pitch motion data at right scapula and Figure 4.15 shows 

graphs from pitch motion data at left scapula. From pitch motion data at scapula as shown in 

Figure 4.14 and Figure 4.15, we can estimate the upper body rotation. The graphs in Figure 

4.14 and Figure 4.15 show that exoskeleton does not have significant effect on the upper body 

rotation for tugging activity. However, there are significant time delay for motion data when 

wearing exoskeleton. This can be describe that exoskeleton does slow down the subject 

movements.  
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Figure 4.16: Graphs for yaw motion data at right scapula. (a) Subject number 1. (b) Subject number 2. 

(c) Subject number 3. 
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Figure 4.17: Graphs for yaw motion data at left scapula. (a) Subject number 1. (b) Subject number 2. 

(c) Subject number 3. 
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Figure 4.16 show graphs for yaw motion data at right scapula and Figure 4.17 show 

graphs for yaw motion data at left scapula. From yaw motion data at scapula (Figure 4.13), we 

can estimate the upper body tilt. The graphs show that exoskeleton does not gives significant 

effect on the upper body tilts for harvesting activity. However, there are significant time delay 

for motion data when wearing exoskeleton. This can be describe that exoskeleton does slow 

down the subject movements.  

  

© C
OPYRIG

HT U
PM



 

 

 45 

 

 

 

 
Figure 4.18: Graphs for roll motion data at right humerus. (a) Subject number 1. (b) Subject number 2. 

(c) Subject number 3. 
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Figure 4.18 show graphs for roll motion data at right humerus. By looking for all 

activities, subjects’ right humerus (Figure 4.18(a), (b) and (c)) show less rotation at x-axis when 

wearing the exoskeleton. During tugging activity, the graphs show that there is small amplitude 

changes when comparing wearing and not wearing exoskeleton. The graphs for wearing 

exoskeleton have smaller angle of motion. This mean that exoskeleton impose restriction to 

muscle on roll motion at right. However, this restriction are beneficial to the subjects because 

will helps to prevent muscle soreness. Similarly in lift down pole activity, when wearing 

exoskeleton, right humerus not rotate as much as not wearing exoskeleton. 

 
Figure 4.19: IMU sensors location at humerus, radius and metacarpal. 
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Figure 4.20: Graphs for pitch motion data at right humerus. (a) Subject number 1. (b) Subject number 

2. (c) Subject number 3. 
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Figure 4.20 show graphs for pitch motion data at right humerus. In tugging activity, pitch 

motion graphs for wearing exoskeleton from all subjects (Figure 4.20(a), (b) and (c)) show 

larger amplitudes compared to not wearing exoskeleton. The reason is because the subjects 

need to give extra forces when tugging. The forces are applied to against the force exerted from 

spring under the right humerus. Due to the extra forces, the subjects create higher inertia at 

right humerus and give larger angle pitch motion.  
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Figure 4.21: Graphs for roll motion data at left humerus. (a) Subject number 1. (b) Subject number 2. 

(c) Subject number 3. 
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Figure 4.21 show graphs for roll motion data at left humerus. During lift up pole 

activity, subject number 1 (Figure 4.21(a)) and 2 (Figure 4.21 (b)) show similar graph pattern 

for both wearing and not wearing exoskeleton. This shows that left humerus of both subject 

circumduction vigorously either wearing or not wearing exoskeleton. However, graphs for 

subject number 3 (Figure 4.21(c)) shows different pattern roll motion pattern as the left 

humerus shows steady drop of angle. This is because left humerus of subject number 3 rotated 

steadily on x-axis.   

While in tugging activity, subject number 1 (Figure 4.21(a)) shows many spikes for 

both wearing and not wearing exoskeleton graphs. However, in the graph for not wearing 

exoskeleton show larger angle of motion compared to not wearing exoskeleton.  In this activity, 

subject number 1 (Figure 4.21(a)) moves his left humerus circumduction (Figure 4.22) 

vigorously when not wearing exoskeleton. When wearing exoskeleton, the angle of motion is 

been reduced and this is beneficial to prevent muscle soreness and injury.   

 However, subject number 2 (Figure 4.21 (b)) and 3 (Figure 4.21 (c)) show no spike for 

both wearing and not wearing exoskeleton. This means that the subjects’ limb did not make 

sudden rotation at x-axis. But, the graph for wearing exoskeleton shows lower angle of motion 

compared to not wearing exoskeleton. Which bring advantages in preventing muscle soreness.   
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Figure 4.22: Angular movement: abduction, adduction, and circumduction of the upper limb 
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Figure 4.23: Graphs for pitch motion data at right radius. (a) Subject number 1. (b) Subject number 2. 

(c) Subject number 3. 
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Figure 4.24: Graphs for pitch motion data at left radius. (a) Subject number 1. (b) Subject number 2. 

(c) Subject number 3. 
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Figure 4.23 show graphs for pitch motion data at right radius. Figure 4.24 show graphs 

for pitch motion data at left radius. Pitch motion data from the graphs will help to determine 

abduction and adduction for right and left radius. When refer at graphs for pitch motion data at 

right and left radius, we can see that the graphs for all subjects (Figure 4.23 (a), (b), (c) and 

Figure 4.24 (a), (b), (c)) when wearing exoskeleton during lift up pole and lift down pole show 

lower angle of motion. The reason for smaller angle of adduction (Figure 4.22) for right and 

left radius when wearing exoskeleton is because the radius movement was restricted by 

exoskeleton but at the same time the exoskeleton support the radius as shown in Figure 4.25.  

 

 

Figure 4.25: Adduction when wearing 

exoskeleton 

 

 
 

Figure 4.26: Adduction when not wearing 

exoskeleton 

However, the graphs for wearing exoskeleton during tugging activity shows similar 

trend and amplitudes comparing with not wearing exoskeleton. This is because exoskeleton 

did not impose restriction on the movement of radius during tugging activity.  
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Figure 4.27: Graphs for yaw motion data at right radius. (a) Subject number 1. (b) Subject number 2. 

(c) Subject number 3. 
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Figure 4.28: Graphs for yaw motion data at left radius. (a) Subject number 1. (b) Subject number 2. 

(c) Subject number 3. 
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Figure 4.27 show graphs for yaw motion data at right radius and Figure 4.28 graphs for 

yaw motion data at left radius. When referred at left radius and right radius yaw motion data 

(Figure 4.27 and Figure 4.28), we are able to determine left radius and right radius rotation on 

z-axis. For both left and right radius (Figure 4.27 and Figure 4.28), we able to understand that 

exoskeleton does not impose the restriction towards the angle of motion. So, the left and right 

radius abduction and adduction (Figure 4.22) does not affected by exoskeleton.  

However, all of the yaw motion graphs when wearing exoskeleton for all subjects at 

left and right shows one second delay. This shows that by wearing exoskeleton, the subject 

movements are tend to be delay. 
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Chapter 5:  Conclusion and Recommendation 

 

5.1  Conclusion 

Exoskeletons are wearable devices used to assist the workers. Many upper limbs 

exoskeletons may assist lifting as well as upholds the labourers’ arm in activities from chest to 

overhead. Implementation of the exoskeletons is to prevent excessive muscle straining among 

the plantation workers.  

When designing exoskeleton, we need the subject’s movement to be predicted so we able 

to minimize discomfort. To help understand the impact of exoskeleton on the user, we used 

IMU sensors to measure the subject’s limbs movement. From the experiment, we able to 

demonstrate that that exoskeleton had few advantages to the subjects.  

The advantages is wearing exoskeleton will helps to reduced muscle activity. The reason 

is because when wearing an exoskeleton, the subject’s angle of movement are much lower 

because the movement is restricted by the exoskeleton.  

However, there is also one disadvantage when wearing exoskeleton which is causing time 

delay. The subject body movement delay may cause by the restriction at some part of 

exoskeleton such as supports and spring under the arms or when the exoskeleton harness was 

fasten at the subject’s body.  
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5.2  Recommendation 

 

5.2.1 Recommended workflow 

A few significant points have to be kept in mind to generate the most precise information 

from inertial movement trackers.  As explained in the discussion the MTw Awinda orientation 

estimate is based on a Kalman filter, which usually sequentially processes information and 

develops with time a brief moment shortly after start-up (10s to 15s) without or with motions, 

preferably without magnetic distortions. The method is known as "warm up filter." 

It is suggested to avoid cuts during recording and to minimize time intervals with wireless 

disconnections, so that buffer overflow is prevented. Throughout and at the end of recording, 

information packets stored are transferred. With the MTw's well within the Awinda Master 

wireless range this method will be more effective. 

5.2.2 Future of this project 

In the future, we will focus more on the analysis of the exoskeleton based on joint angle 

rather than only comparing the body limbs’ angle of motion. The reason to introduce new 

parameter when analyse the exoskeleton, is to help us to understand more on how far that an 

exoskeleton will impact the workers movement. Estimation of joints angle should also give 

better understanding on how much the exoskeleton will restrict the subjects’ limbs movement.   
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Appendix 

 

Standard Operating Procedure 

 

Hardware 

 

 

Figure above: Docking station and dongle known as master for data transmission. 

 

 

 

Figure above: From left: head band, glove, Velcro straps, station and IMUs, shirt, IMUs and timer 

trigger hardware. 
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Setting Up Hardware Connection 

 

1. Place all the MTw’s into the slots (docking area) on the Awinda station. 

2. Connect the Awinda station into the laptop via USB cable or connect the Awinda USB 

dongle into the laptop (if necessary) 

3. Open up the MT Manager application from the desktop 

4. The software (MT Manager) should automatically scan all ports for hardware connection. 

If not, click on the Scan All Ports icon from the toolbar menu 

 

 

5. To add timer trigger, click on Synchronization Configuration, then set the desired trigger 

setting and save. 

 

 

6. To start measurement, remove MTw’s from the Awinda station, and click on wireless 

configuration to connect wirelessly to the available Master (Awinda station or dongle). 

Enable All Wireless Master to detect the MTw’s then Start Measurement on All 

Wireless Masters, and close. Below is an example of 3 MTw’s that are wirelessly 

connected to the Awinda station (Wireless Configuration window activated to show 

connectivity and signal strength). 
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Figure above: xsens MT Manager Interference 

 

Inertia Motion Unit (Mtw) Placement 

 

 

Figure above: Sensors placement (front view) © C
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Figure above: Sensors placement (side view) 

 

 

Figure above: Sensors placement (backside view) 
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Monitoring Mtw 

 

1. With the MTw’s wirelessly connected to Awinda Master (whether Awinda station or 

Awinda USB dongle) their status can be measured and tracked via several tools. For 

example, clicking on the Inertial Data icon will allow users to monitor Acceleration, 

Angular velocity, and Magnetic field for the corresponding MTw. 

 

 

 

2. To record a file, press the Record icon (red circle) from the toolbar menu and end the 

recording once done. Log files can then be retrieved for further scrutiny and analyzed. 

 

3. To export the recorded data, open the saved log files, edit the preference of data that need 

to be exported. Click on white sheet on toolbars to export the data files. For example inertial 

data in Excel files.  
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Additional Information 

 

 

Wireless update rates depends on the number of IMU in use, kindly change the rate before start 

measuring at the Synchronization Configuration. 
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