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Abstract 

Wearable sensor systems have recently been used to track human movement in and 

outside the office. In this thesis, we present a wearable posture tracker for monitoring poor 

sitting postures in daily life. The wearable posture tracker could be used to correct, measure 

poor postures. This device contains a posture correction band, which attached an 

accelerometer and a stretch sensor. The accelerometer was placed at the xiphoid process 

position to measure poor sitting postures, namely: hunched, leaning back, left, and right 

unbalanced postures based on the sensor’s tilting angle. Besides, a stretch sensor, which 

was attached to the subject’s upper back, was used to measure rounded shoulder posture. 

The capacitance of the stretch sensor changes linearly according to changes in the shoulder 

movement. 

The major contribution of this thesis is the development of the wearable posture 

tracker with two kinds of sensors and the quantitative verification of each sensor to monitor 

five poor sitting postures. To verify measurement of this device, a motion analysis system 

was used as the reference to compare the tilted angles which were obtained by the 

accelerometer with the tilted angles acquired from the camera system, the change in the 

rounded angles of the shoulders with the change in the stretch sensor’s capacitance. The 

results showed that there is high correlation between the changes, of which the correlation 

coefficients are larger than 0.9. Based on the positive correlation between data from sensors 

and the camera system, the system could be used as a wearable posture tracker for 

monitoring five kinds of poor sitting postures, specifically: rounded shoulder, hunched, 

leaning back, left and right unbalanced postures. 

Keywords: poor sitting postures, accelerometer, stretch sensor, wearable 

posture tracker. 
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Chapter 1 

Introduction 

1.1 Problems statements 

The poor siting posture is one of the crucial problems that were always debated in 

musculoskeletal disorders in working environment. According to some research, many 

adults working in sedentary occupations are spending roughly half of their total daily sitting 

time in poor postures [1, 2]. In a long term, improper sitting postures could lead to health 

diseases as well as other disorders [3-5] especially in the shoulder and lumbar spine [6], 

such as low back pain [7, 8], shoulder pain and disturbances in the functioning of the 

shoulders [9]. Therefore, a lot of efforts have been made to prevent these aforementioned 

problems. Some research was conducted in surveys regarding the sitting postures. The most 

frequent poor posture is the hunched-over sitting and about 40% of people are sitting in the 

“leaning on the backrest” posture [3]. In addition, several common postures are getting 

more and more attention as a growing concern, including sliding in a chair, rounded 

shoulder and unbalanced postures. 

To improve poor sitting postures, there are many methods to help people having a 

better posture. One traditional approach is that the physiotherapist observes the patient’s 

sitting posture while the patient is sitting on a hospital chair. Because results of the 

traditional method depend on the subjective assessment of therapist, the reliability and 

accuracy of this approach are not enough to diagnose the rounded shoulders. Aiming for 

more accurate results, the application of high-precision equipment in diagnosis could be a 

good approach. The range of intervertebral joint movement was measured by using X-ray 

machines [10, 11] and by computer-assisted anatomical positioning [12]. But X-ray 

techniques was not used in popular because of the bigness of these system and the negative 

impact on human health. To improve these disadvantages, a camera was used to measure 

the forward shoulder angle (FSA), which is defined from the vertical posteriorly to a line 
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connecting the C7 and the acromial markers [13]. A larger FSA indicates more rounded 

shoulders. In another research, Diraco et al. [14] used a wall-mounted camera system to 

identify several postures. Beside the mains limitation of this method such as: the reduced 

operating environment of the camera or the difficulty in calibrating the camera system, it 

is also impossible to apply to monitor the posture in daily life because of the bulkiness of 

these devices. For the purpose of checking our health and still doing our regular works at 

the same time, the devices applying to monitor postures of office workers in daily life is 

necessary. 

To use in daily life and improve the disadvantages of camera and X-ray systems, 

wearable sensors are considered as an approach with its main features being a portable 

device, long time analysis, and feedback by vibration. There are some commercial products 

such as Lumo Lift (Lumo Body Tech Inc, San Antonio, United States), Upright (Upright 

Technologies Ltd, Yehud, Israel), and ALEX (Namu Inc, Ulsan, Korea), all of which are 

used as wearable devices applying one accelerometer to coach the user’s posture. The 

ALEX device is attached behind neck to monitor neck posture. Upright and Lumo Lift 

devices are placed on the top of the shirt and on the back, respectively, to detect slouching 

posture. These products have the following in common: using one accelerometer to monitor 

specific posture. To monitor all parts of the torso, many sensors will be required to be 

attached on the trunk. 

By applying more the numbers of sensor, Nevins et al. [15] utilized accelerometer 

inclinations of six points along a subject’s spine to measure postural changes. The data was 

graphically visualized and compared the noted postures. Even though a measured precision 

was found to be within ± 0.39°, a limitation is that this system can just measure the postural 

change in the sagittal plane. Aiming to overcome this disadvantage, Wong et al. [16] 

applied three tri-axial accelerometers to detect spinal posture change in the sitting position 

on the sagittal and coronal planes and used a motion analysis system to verify the 

measurements. In another research, three thermoplastic strain sensors have been confirmed 

as capable of recognizing shoulder movements [17]. These sensors are stretched in the 
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horizontal direction when the shoulders are moved forward. Although their results 

demonstrated that three sensors could be used for tracking spinal postural changes or 

shoulder movements in sitting, there is no report with purpose for monitoring both of spinal 

posture and shoulder movements. 

In this work, we present a wearable posture tracker, which included an accelerometer 

and a stretch sensor, to monitor five kinds of typical poor postures, namely: rounded 

shoulder, hunched, leaning back, left, and right unbalanced postures. The implementation 

of the wearable posture tracker with two kinds of sensor and the quantitative verification 

of each sensor’s accuracy for detecting poor sitting postures were performed. 

1.2 Wearable posture tracker 

The wearable posture tracker was designed as a posture correction band, which is 

equipped with an accelerometer and a stretch sensor. This device could be used to not only 

correct by the posture correction band, but also measure poor postures according to the 

change in sensors. As can be seen in Figure 1, the accelerometer was attached on the 

wearable posture tracker at the xiphoid process position to monitor postural changes when 

the subjects were sitting in poor postures, specifically: hunched, leaning back, left, and 

right unbalanced postures. These postures were detected based on the accelerometer’s 

tilting angle. For the purpose of measuring rounded shoulders, the stretch sensor was 

attached to the subject’s upper back. The capacitance of the stretch sensor changes linearly 

according to the movements in the shoulders. 
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Figure 1. The proposed system: a wearable posture tracker. 

1.3 Objective 

Our goal is to develop the wearable posture tracker that could be used to correct and 

monitor five kinds of poor sitting postures, namely: hunched, leaning back, left unbalanced, 

right unbalanced and rounded shoulder postures. 
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Chapter 2 

Development of wearable posture tracker 

2.1 Problems statements 

2.1.1 Structure of spine in sitting postures 

The spine is composed of 33 interlocking bones called vertebrae that are separated by 

soft, compressible discs and supported by many different ligaments and muscles. It is 

divided into five segments: cervical (neck), thoracic (upper and middle back), lumbar 

(lower back), sacrum (pelvis), and coccyx (tailbone). 

 

Figure 2. The five different regions of the human spinal column. 

Even though vertebrae are separated by soft and compressible discs, they were 

supported by many different ligaments and muscles. Spinal column helps people to 

maintain balance, link vertebrae each other, and allow range of motion throughout the 

spinal column. It means improper spinal column (poor postures) will tend to pain and injury 

surrounding spine region. Nowadays, office workers are spending roughly half of their total 

daily sitting time in poor postures. According to some research, there are some poor sitting 
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habits such as: hunched, leaning back, rounded shoulder, left and right unbalance postures 

as shown in Figure 3. Hunched posture happens when people are hunching over a computer 

or smartphone, their head may tend to lean forward, which can lead to poor posture. 

Leaning back doesn't always cause discomfort, but over time this posture can cause strain 

on sensitized muscles and soft tissues. This strain may increase tension in the muscles, 

which may in turn cause pain. Besides, rounded shoulders are one of the most common 

postural problems when a resting shoulder position has moved forward from the body's 

ideal alignment. Other poor postures worth mentioning are left and right unbalance. 

Unbalanced postures maintaining a long time can place strain on the muscles and other soft 

tissues, and lead to muscle imbalances between the left and right side of their neck.  

    

(𝑎) hunching (𝑏) leaning back (𝑐) rounded shoulders 

  

(𝑑) left unbalance (𝑒) right unbalance 

Figure 3. Five kinds of poor sitting postures.  
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2.1.2 Accelerometer and stretch sensor 

The accelerometer module consists of a tri-axis accelerometer (BMA250E, Bosch 

Sensortec, Reutlingen, Germany) and a micro-processor (NRF51822, Nordic 

Semiconductor, 0213 Oslo, Norway) with a Bluetooth Low Energy (BLE) communication 

function. The accelerometer module is worn on xiphoid process position. 

For each poor sitting posture, the tilted angle of sensor was calculated as follows in 

Figure 4. The angles 𝑓𝑙𝑒𝑥𝑖𝑜𝑛(𝑒𝑥𝑡𝑒𝑛𝑠𝑖𝑜𝑛) 𝑎𝑛𝑔𝑙𝑒𝑎𝑐𝑐 ,  𝑙𝑒𝑓𝑡(𝑟𝑖𝑔ℎ𝑡) 𝑙𝑎𝑡𝑒𝑟𝑎𝑙 𝑎𝑛𝑔𝑙𝑒𝑎𝑐𝑐  

represent the absolute changed angles from the upright posture when subjects are in poor 

postures: hunched (leaning back), left (right) unbalanced postures, respectively. More 

specifically, 𝑓𝑙𝑒𝑥𝑖𝑜𝑛(𝑒𝑥𝑡𝑒𝑛𝑠𝑖𝑜𝑛) 𝑎𝑛𝑔𝑙𝑒𝑎𝑐𝑐 represents the absolute changed angle of the 

sensor from the upright posture when subjects are in a hunched (leaning back) posture, 

with angle of sensor in case of hunched (leaning back) posture as shown in Figure 4𝑎. The 

larger 𝑓𝑙𝑒𝑥𝑖𝑜𝑛(𝑒𝑥𝑡𝑒𝑛𝑠𝑖𝑜𝑛) 𝑎𝑛𝑔𝑙𝑒𝑎𝑐𝑐 is, the more hunched (leaning back) the posture is. 

Besides,  𝑙𝑒𝑓𝑡(𝑟𝑖𝑔ℎ𝑡) 𝑙𝑎𝑡𝑒𝑟𝑎𝑙 𝑎𝑛𝑔𝑙𝑒𝑎𝑐𝑐  represents the absolute changed angle of the 

sensor from the upright posture when subjects are in left (right) unbalanced posture, with 

angle of sensor in case of left (right) unbalanced posture as shown in Figure 4𝑏. The larger 

 𝑙𝑒𝑓𝑡(𝑟𝑖𝑔ℎ𝑡) 𝑙𝑎𝑡𝑒𝑟𝑎𝑙 𝑎𝑛𝑔𝑙𝑒𝑎𝑐𝑐  is, the more left (right) unbalanced the posture is. 

According to the changes of tilting angle in sagittal and coronal plane, an accelerometer 

could be used to monitor four kinds of poor sitting postures namely: hunched, leaning back, 

left and right unbalanced postures. 

 

𝛼 = tan−1
𝑎𝑧

√𝑎𝑥
2 + 𝑎𝑦

2
 

 

(𝑎) 
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𝛽 = tan−1
𝑎𝑦

√𝑎𝑥
2 + 𝑎𝑧

2
 

 

(𝑏) 

Figure 4. Tilted angles when subjects are in poor postures where (𝑎𝑥 , 𝑎𝑦 , 𝑎𝑧) is the output 

of an accelerometer is. 

(𝑎) Sensor’s tilted angle 𝛼 in case of hunched and leaning back posture; (𝑏) Sensor’s tilted 

angle 𝛽 in case of right and left unbalanced posture. 

Our wearable posture tracker is also equipped with another wearable sensor which is 

a stretch sensor. This commercial stretch sensor, known as a fabric sensor, manufactured 

by StretchSense Ltd. (Auckland, New Zealand). The fabric sensor, has an active sensing 

zone of 90 mm x 10 mm surrounded by a 2-mm sewable area, can be sewn into garments. 

The stretch sensor has an 80-mm maximum extension with a sensitivity of 3.82 pF/mm. 

When the subject has rounded shoulders, the sensor is stretched horizontally. 

When a person changes from a good posture to a rounded shoulder posture, the FSA 

increases according to the increase in shoulder length (Figures 5𝑎, 5𝑐). To measure this 

change in the shoulder length, a stretch sensor is placed on a wearable posture tracker 

attached to the subject’s upper back. The sensor length increases when subjects round their 

shoulders (Figures 5𝑏, 5𝑑) and the capacitance of the sensor increases linearly according 

to the movement of the shoulders. Based on the changes in capacitance of stretch sensor, 

the stretch sensor could be used to monitor rounded shoulder posture. 
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Figure 5. The differences between rounded shoulder and upright postures. 

(𝑎) 𝐹𝑆𝐴𝑢𝑝𝑟𝑖𝑔ℎ𝑡 , (𝑏)  Sensor length with upright posture, (𝑐) 𝐹𝑆𝐴𝑟𝑜𝑢𝑛𝑑𝑒𝑑 , (𝑑)  Sensor 

length with rounded shoulder posture. 

2.2 Development of wearable posture tracker 

2.2.1 Design of wearable posture tracker 

Our wearable posture tracker includes six main parts which are numbered in order: 

straps, left elastic fabric, right elastic fabric, middle elastic fabric, pocket as shown in 

Figure 6. 
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Figure 6. Overview of the wearable posture tracker. 

(1) Straps, (2) Left elastic fabric, (3) Right elastic fabric, (4) Middle elastic fabric, (5) 

Pocket. 

Straps were made of soft fabric and its length can be adjusted to fit for each subject. 

Left and right elastic fabric were used to maintain the stability of accelerometer case, while 

middle elastic fabric were used to place a stretch sensor. Besides, pocket also was made of 

fabric and used to place stretch sensor circuit. The detail dimension of each part was shown 

in Figure 7. 

 

 

(𝑎) 
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(𝑏) 

 

 

 

(𝑐) 

 

 

 

(𝑑) 

        

 

 

(𝑒) 

 

Figure 7. The dimension of each part of the wearable posture tracker. 
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(𝑎) Straps, (𝑏) Left elastic fabric, (𝑐) Right elastic fabric, (𝑑) Middle elastic fabric, (𝑒) 

Pocket. Unit: centimeter. 

With purpose of protecting sensor, an accelerometer case was designed with the 

dimension 45mm x 25mm x 9 mm. The structure of sensor case was shown in Figure 8𝑎. 

This case includes 2 main parts which were made of PLA material by using 3D printer 

(Figure 8𝑏, 8𝑐, 8𝑑). 

 

 

(𝑎) (𝑏) 

 
 

(𝑐) (𝑑) 

Figure 8. The structure of the accelerometer case.  

(𝑎) Overview of the accelerometer case, (𝑏) Upper part, (𝑐) Lower part, (𝑑) Real case 

produced by 3D printer. 
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2.2.2 Electric circuits  

Our wearable posture tracker have two sensing circuits: accelerometer module, 

stretch sensor module as shown in Figure 9.  

 
 

(𝑎) (𝑏) 

Figure 9. The Electric circuits. 

(𝑎) Accelerometer module, (𝑏) Stretch sensor module. 

Hardware of the accelerometer module consists of a microprocessor, vibration motor, 

lithium-ion battery, 3-axis motion sensor (accelerometer). Block diagram of accelerometer 

module was shown in Figure 10. This module was applied a USB port to charge the lithium-

ion battery and a low-dropout (LDO) regulator that can regulate the output voltage when 

the supply voltage is very close to the output voltage. Based on that, the power part will 

supply 3V for the operation of circuit. The microcontroller (Nordic nRF51822), was used 

in this module, interface with the accelerometer using I2C communication protocol. 

Besides, the MCU also supports Bluetooth Low Energy (BLE) protocol stacks to 

communicate with mobile phone. This module was connected to the app via BLE 

communication to transfer the data which are stored in a flash memory. The vibration motor 
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is used as a reminder when users adopt poor postures. In case of LED, it is used to indicate 

the power (on/off), Bluetooth connectivity, and battery recharging statuses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Block diagram of the accelerometer module. 
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The stretch sensor module has a fabric stretch sensor, a sensing circuit, and 3.7V 

lithium-ion battery. Block diagram of stretch sensor module was shown in Figure 11. In 

this module, Serial Peripheral Interface (SPI) was used to communicate between Bluetooth 

module and sensing module. The real-time data is transferred from stretch sensor module 

to smartphone via Bluetooth communication. Data can be visually displayed or stored using 

an app on the phone. 

 

 

 

 

 

 

 

 

Figure 11. Block diagram of the stretch sensor module. 
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Chapter 3 

Evaluation of wearable posture tracker 

3.1 Optimal accelerometer position 

Based on tilting angle of accelerometer, accelerometer could be used to monitor poor 

sitting postures. Some commercial products such as with ALEX, Lumo Lift, and Upright 

were equipped one accelerometer attached at a specific position of the trunk to detect only 

one poor posture. The Alex product is attached on the neck to monitor change in neck angle, 

Lumo Lift device on the chest and the Upright product on the lower back to detect 

slouching posture. These products have the following in common: using one accelerometer 

to monitor one specific posture. With the purpose of monitoring many poor postures, many 

sensors will be required to attach on the trunk. To avoid the lack of comfort when wearing 

multiple sensors on body, we would like to use one sensor to detect many poor postures. 

So we have to find the optimal position of one accelerometer which is the most sensitive 

position to detect four kinds of poor sitting postures: hunched, leaning back, left and right 

unbalanced postures. 

3.1.1 Experiment setup 

The analysis of sensor positions on the trunk was performed to determine the optimal 

position to attach an accelerometer, aiming to detect four kinds of poor postures: hunched, 

leaning back, left and right postures. The posture brace with seven sensor modules were 

worn on the body to measure tilted angles of the subject’s torso, as shown in Figure 12𝑎 

and Figure 12𝑏. By comparing tilted angles of sensor in seven positions, the most sensitive 

position for detecting four poor postures was decided, regarding the fact that wider tilted 

angle was resulted in better detection. 
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(𝑎) (𝑏) (𝑐) 

Figure 12. Sensor positions and poor sitting posture. 

(𝑎), (𝑏) Seven sensor positions, (𝑐) Hunched posture. 

Seven sensors were attached on subjects, i.e. on T1 ,T8 (1st, 8th vertebrae of thoracic 

spine, position 1 and 2 respectively), L3 (3rd vertebrae of lumbar spine, position 3), 3rd rib 

(on the right side of body, intersection of 3rd rib with plane that contains right nipple and 

parallel with sagittal plane, position 4), xiphoid process (on posture brace, position 5), 5th 

rib and 8th rib (under right armpit and on posture brace, position 6 and 7, respectively).  

This experiment was conducted with five subjects. Each subject performed three trials 

and each trial includes five seriated postures: upright, hunched, leaning back, right 

unbalanced and left unbalanced sitting postures. During the experiment, subjects followed 

the instruction in Table 1. 

Table 1 

The instruction for each posture when subjects performed experiment. 

Sitting posture The instruction 

Upright The back maintained straight. 

Hunched The trunk hunched forward 30° angle, as in Figure 12𝑐. 
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Leaning back The back leaned in chair with 45° trunk’s tilted angle. 

Left unbalanced The trunk leaned 30° angle to the left side. The chin placed on 

the left palm. 

Right unbalanced The trunk leaned 30° angle to the right side. The chin placed on 

the right palm. 

Additionally, the subjects were required to put their arms on the desk and maintained 

their postures while recording the data in three seconds. 

3.1.2 Result of optimal accelerometer position 

Data were analyzed by applying average and standard deviation for five subjects, the 

results were shown in the Table 2. 
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Table 2 

The average tilted angle of five subjects having poor postures at seven sensor positions on 

the trunk a. 

 
 

 

  

sensor 

position 

average tilted angle (°) 

   hunched                        

30° 

leaning back     

30° 

left unbalanced 

30° 

right unbalanced 

30° 

1  22.7 (4.7)  30.2 (5.7) 16.8 (3.6) 18.9 (5.6) 

2 22.7 (2.5) 32.0 (6.9) 17.8 (2.6) 15.1 (4.8) 

3 14.9 (5.0) 39.0 (5.5) 10.1 (5.9) 21.3 (6.6) 

4 24.1 (5.8) 35.2 (7.6) 19.3 (4.4) 11.8 (6.3) 

5 23.1 (2.5) 29.7 (4.9) 19.5 (3.1) 18.7 (7.7) 

6 19.9 (2.4) 25.9 (4.8) 15.6 (8.8) 12.2 (7.7) 

7 20.6 (2.1) 27.8 (5.0) 15.6 (5.1) 17.4 (9.1) 

a average tilting angle (standard deviation) 
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For each poor posture, seven tilted angles for seven positions of sensors were adopted. 

These angles were sorted to find the ranking of sensor positions for each poor posture. Next, 

according to the ranking of sensor positions for each poor posture, the sensor’s optimal 

position was found for detecting four poor postures. 

The ranking of sensor positions for detecting each poor posture was decided based on 

the average tilted angle, regarding the fact that larger tilted angle represented better 

detectable efficiency. For instance, for hunched posture, the tilted angle of 4th sensor’s 

position was the highest values among other seven positions, approximately 24.1° . 

Therefore, 4th position was the best position to detect hunched posture. The second and the 

third best detecting positions were the 5th and 2nd sensor’s positions, respectively. More 

specifically, the most detectable angles were 23.1° for the former, and  22.7° for the latter. 

In addition, the next four positions were sorted in descending order: 1st, 7th, 6th and 3rd 

sensor’s positions. For leaning back posture, the best three positions were 3rd, 4th and 2nd 

sensor’s positions, respectively, 39.0°, 35.2° , 32.0° , specifically. Furthermore, the next 

four positions were sorted in descending order: 1st, 5th, 7th and 6th sensor’s positions. To 

detect the left unbalanced posture, the seven positions were sorted in descending order: 5th, 

4th, 2nd, 1st, 7th, 6th and 3rd sensor’s positions. In case of right unbalanced posture, the largest 

angle’s value was of 21.3° which was detected in 3rd sensor’s position. In addition to that, 

the next six positions were sorted in descending order: 1st, 5th, 7th, 2nd, 6th and 4th sensor’s 

positions. 

In previous section, the ranking of sensor’s position for each posture was done based 

on the tilted angle. Furthermore, the next objective was to find only one optimal sensor’s 

position for all four postures. This optimal sensor’s position was chosen 

using  𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑟𝑎𝑛𝑘𝑖𝑛𝑔, which was calculated as average ranking for all poor postures of 

each sensor’s position. The 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑟𝑎𝑛𝑘𝑖𝑛𝑔 represents the overall detectable ability in all 

four postures as can be seen in Table 3. The lower 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑟𝑎𝑛𝑘𝑖𝑛𝑔 is, the better detection 

efficiency is. In this case, the position, which has the lowest 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑟𝑎𝑛𝑘𝑖𝑛𝑔, was the 
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optimal position. According to Table 3, xiphoid process (5th sensor’s position) should be 

selected as the optimal position to detect four kinds of poor postures using only one sensor. 

Table 3 

The 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑟𝑎𝑛𝑘𝑖𝑛𝑔 of seven sensor’s positions on the trunk. 

Sensor 

position 
1 2 3 4 5 6 7 

𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑟𝑎𝑛𝑘𝑖𝑛𝑔 3.50 3.50 4.00 3.00 2.75 6.25 5.00 
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3.2 Evaluate the accelerometer measurement 

After finding the optimal position of accelerometer, the accurate of accelerometer to 

monitor four kinds of poor postures have to be evaluated. The poor sitting postures could 

be represented according to the change in spine shape. Wong et al [16] applied a motion 

analysis system to observe the change in spine shape based on markers attaching on the 

spine. With a blend of performance and usability producing high-precision of the motion 

analysis system, this system was used in this experiment to verify the inclination estimation, 

comparing the tilted angles obtained by the accelerometer with the tilted angles acquired 

from the camera system. These tilted angles were compared to each other to identify their 

relationship. 

3.2.1 Experiment setup 

The accelerometer module consists of a tri-axis accelerometer and a micro-processor 

with a Bluetooth Low Energy communication function. The accelerometer module is worn 

on the optimal position of accelerometer, xiphoid process position. 

Twenty healthy young male volunteers, with no back-pain disease recorded in their 

medical history, participated in the experiment with mean (SD) age, stature, and body mass 

are 27 (±3) years, 171.5 (±4.5) cm, and 65 (±6.7) kg, respectively. Healthy indicates, that 

all participants were not suffering from any kind of injuries, illnesses, musculoskeletal 

disorders, or other health-related diseases that might influence the result. 

Each subject performed the four postures in a sequential order: hunched, leaning back, 

left, and right unbalanced postures. For each poor posture, the subjects performed five 

levels of trunk’s tilted angle from neutral upright posture to maximum poor posture. The 

subjects were required to put their arms on the desk and maintain their posture during 

collecting the data for three seconds at each level of the experiment. To perform the upright 

posture, subjects sat with a straight back. Additionally, they were positioned with an 90° 

angle between femur and tibia. 
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Prior to the data collection, photo-reflective markers were attached on the right side 

of six bony points of each subject: L5, L3, T12, T10, T2, C7 (the vertebrae of spine) as 

shown in Figure 13𝑏 . After that, the experiment proceeded collecting data from two 

systems, the camera system (motion analysis system OptiTrack, Naturepoint, Oregon, USA) 

and the sensor module (accelerometer). The camera system consisted of six cameras, which 

were distributed around the subject’s sitting position and connected with the computer. The 

sensor module was attached on the skin at bony position “xiphoid process” (Figure 13𝑎) 

and the data recorded by a mobile application. Data from both systems were collected 

simultaneously.  

 

 

(𝑎) 
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(𝑏) 

Figure 13. The experimental setup for the evaluation of accelerometer measurement. 

(𝑎) The camera system and the experimental process to verify the measurements of the 

accelerometer based on the relation between angles from the camera system and 

accelerometer module; (𝑏) The position of the six markers in sequential order: L5, L3, T12, 

T10, T2, C7, respectively. These makers were captured by camera system. 

3.2.2 Analysis method 

To analyze the poor postures, angles created from the six markers distributed along 

the spine were also used to analyze the vertical line. More specifically, angles 𝑎𝑖 , 𝑏𝑖 were 

derived from the vector connecting two consecutive markers and the vertical line as shown 

in Figure 14. Additionally, 𝑎𝑖 , 𝑏𝑖 were the angles when the subject was sitting in a poor 

posture and in the upright posture, respectively. 

To evaluate the poor sitting postures by this motion analysis system, four angles 

𝑓𝑙𝑒𝑥𝑖𝑜𝑛 𝑎𝑛𝑔𝑙𝑒 
𝑐𝑎𝑚𝑒𝑟𝑎

, 𝑒𝑥𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑎𝑛𝑔𝑙𝑒 
𝑐𝑎𝑚𝑒𝑟𝑎

 , 𝑙𝑒𝑓𝑡 𝑙𝑎𝑡𝑒𝑟𝑎𝑙 𝑓𝑙𝑒𝑥𝑖𝑜𝑛 𝑎𝑛𝑔𝑙𝑒 
𝑐𝑎𝑚𝑒𝑟𝑎

, 

and 𝑟𝑖𝑔ℎ𝑡 𝑙𝑎𝑡𝑒𝑟𝑎𝑙 𝑓𝑙𝑒𝑥𝑖𝑜𝑛 𝑎𝑛𝑔𝑙𝑒 
𝑐𝑎𝑚𝑒𝑟𝑎

, as shown in Figures 14𝑏 to 14𝑒, indicate the 

difference from its initial upright posture to the poor postures. More specifically, these 

angles represent the changed angle of the spine from upright posture, captured by the 

camera when subjects are in poor posture. The larger angle is, the poorer posture is. 
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Additionally, these angles were compared with the changed angles from the sensor to 

identify correlation between them. 

 

(𝑎) 

 

 

𝑓𝑙𝑒𝑥𝑖𝑜𝑛 𝑎𝑛𝑔𝑙𝑒 𝑐𝑎𝑚𝑒𝑟𝑎

=
1

5
∑(𝑎𝑖 − 𝑏𝑖)

5

𝑖=1

 

 

(𝑏) 

 

 

𝑒𝑥𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑎𝑛𝑔𝑙𝑒 𝑐𝑎𝑚𝑒𝑟𝑎

=
1

4
∑(𝑎𝑖 − 𝑏𝑖)

4

𝑖=1

 

 

(𝑐) 
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𝑙𝑒𝑓𝑡 𝑙𝑎𝑡𝑒𝑟𝑎𝑙 𝑓𝑙𝑒𝑥𝑖𝑜𝑛 𝑎𝑛𝑔𝑙𝑒 𝑐𝑎𝑚𝑒𝑟𝑎

=
1

4
∑(𝑎𝑖 − 𝑏𝑖)

4

𝑖=1

 

 

(𝑑) 

 

 

𝑟𝑖𝑔ℎ𝑡 𝑙𝑎𝑡𝑒𝑟𝑎𝑙 𝑓𝑙𝑒𝑥𝑖𝑜𝑛 𝑎𝑛𝑔𝑙𝑒 𝑐𝑎𝑚𝑒𝑟𝑎

=
1

4
∑(𝑎𝑖 − 𝑏𝑖)

4

𝑖=1

 

 

(𝑒) 

Figure 14. Angles are extracted from markers on the subject’s spine in sitting position. 

(𝑎)  Upright posture; (𝑏)  Hunched posture; (𝑐)  Leaning back posture; (𝑑)  Left 

unbalanced posture; and (𝑒) Right unbalanced posture. 𝑎𝑖  is in a positive angle if the 

vector connecting two consecutive markers tilts to the same side with posture’s orientation. 

3.2.3 Evaluation result 

The good relationship between angles of the trunk by using the camera system and 

sensor module is shown in Figure 15 demonstrating high correlation coefficients (𝑅2). 
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Figure 15.  The relation between two angles from accelerometer and camera when subjects 

were sitting in poor postures. 

(𝑎) Hunched posture; (𝑏) Leaning back posture; (𝑐) Left unbalanced posture; and (𝑑) 

Right unbalanced posture. 

The camera system was employed to evaluate the accuracy of the sensor. The angles 

measured be the camera were increased if the subjects were sitting in a poorer posture. As 

can be observed in Figure 15, the existing covariates shift between the angles captured by 

sensor and camera. Indeed, the angle from the camera increased similarly to the sensor’s 
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angle. This observation verified the fact that a wider sensor’s angle can detect the poorer 

posture, confirmed by the corresponding wider angle from the camera.  

The error analysis and reliability of these measurements were verified by applying 

root mean square error (RMSE) and correlation coefficient. Correlation coefficients of the 

four poor postures were approximately 0.95. The root mean square error (RMSE) 

represents the sample standard deviation of the differences between predicted values and 

observed values. Therefore, the smaller RMSE is, the more accurate the predicted value is. 

In this paper, RMSE between two angles from accelerometer and camera was below 5° for 

poor sitting postures. Specifically, for hunching, left unbalance, right unbalance, the values 

were 5.0°,  4.3°,  2.8°, respectively. In case of leaning back sitting posture, it was  9.0°.  

The angles measured by the camera and accelerometer represent the changed-values 

of the spine angle for the entire and partial torso, respectively. Therefore, there is a 

difference between the former and the latter. In case of a leaning back posture, the lower 

part of the trunk changes more than the upper part, despite the fact the sensor was attached 

on the xiphoid process, its position belongs to the upper part. It caused that the changed 

angle from the camera was much higher than the changed angle from the accelerometer. 

That explains why the RMSE in case of the leaning back sitting posture was higher 

compared to the other postures. 

3.3 Evaluate the stretch sensor measurement 

Much effort has been made to diagnose rounded shoulders. Thigpen et al [13] applied 

a camera system to monitor rounded shoulders. The camera was used to capture FSA in 

which a larger angle indicates more rounded shoulders as shown in Figure 16. Another 

study captured the FSA using a three-dimensional optical motion analysis system that 

included four cameras [18]. However, both systems are complex to set up and difficult to 

apply in daily life as a monitoring system. 
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Figure 16. FSA is measured from the vertical posteriorly to a line connecting the C7 and 

the acromial markers. 

For posture monitoring, thanks to its low cost, light weight, and low power 

consumption, a wearable device, is usually used as to measure the posture during daily 

activities. Some examples of such commercial devices that utilize a wearable sensor as a 

monitoring system: ALEX, Lumo Lift and Upright products. However, these products 

focus only on the neck and lower back while there is no report of these devices being used 

as an accelerometer to monitor rounded shoulders. 

To overcome the above limitations, a stretchable sensor could be used to monitor 

rounded shoulders. Three thermoplastic strain sensors were confirmed as capable of 

recognizing shoulder movements [17]. These sensors are stretched in the horizontal 

direction when the shoulders are moved forward. Even though these strain sensors can 

measure shoulder movements, there are no detailed reports about their performance or 

accuracy in measuring rounded shoulders. Moreover, using three sensors is complex, hard 

to set up and replace for daily using. 

According to the most sensitive region when shoulders was moving forward in 

research of Mattmann et al [17], our proposed wearable posture tracker applied a stretch 

sensor which was placed in upper back to monitor rounded shoulder posture based on the 

changes in capacitance of stretch sensor. Because of the high accuracy and resolution of a 
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motion analysis system, this system was used to verify the sensor measurement as the 

reference to compare and find the relation between the change in the rounded angles of the 

shoulders and the change in the stretch sensor’s capacitance. 

3.3.1 Experiment setup and protocol 

A camera system was used to verify the measurements of the stretch sensor. As shown 

in Figure 16, the FSA from the camera system was used as a reference to measure rounded 

shoulders. The FSA was calculated by taking the average of the FSAs of the left and right 

sides. A larger FSA indicates that the shoulders are more rounded. To analyze the rounded 

shoulders, the changes in the FSA and capacitance, as calculated by Equations 1 and 2, 

respectively, were compared to each other (Figure 17𝑎). The changes in capacitance and 

FSA increased when the subjects were sitting with more rounded shoulders. 

      ∆𝐹𝑆𝐴 =   𝐹𝑆𝐴𝑟𝑜𝑢𝑛𝑑𝑒𝑑 − 𝐹𝑆𝐴𝑢𝑝𝑟𝑖𝑔ℎ𝑡 (1) 

       ∆𝐶 =   𝐶𝑟𝑜𝑢𝑛𝑑𝑒𝑑 − 𝐶𝑢𝑝𝑟𝑖𝑔ℎ𝑡 (2) 

where ∆𝐹𝑆𝐴 (°) is the change in FSA, and ∆𝐶 (pF) is the change in capacitance from an 

upright to a rounded shoulder posture. 
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(𝑎) 

 

(𝑏) 

Figure 17. The experimental setup for the evaluation of stretch sensor measurement. 

(𝑎) The camera system and the experimental process to verify the measurements of the 

stretch sensor based on the relation between ∆𝐹𝑆𝐴 and ∆𝐶, (𝑏) The positions of the stretch 

sensor and the three markers. 
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Before performing the experiments, photo-reflective markers were attached to three 

bony points on the back of each subject: C7 (the vertebrae of the spine), and the left and 

right acromion process, as shown in Figure 17𝑏. Data were collected from two systems 

simultaneously: the camera system (motion analysis system, OptiTrack, Oregon, USA) and 

the stretch sensor module. The camera system consisted of six cameras placed around the 

subject, who is sitting, and connected to a computer. The stretch sensor module was 

attached to the posture correction band and the module’s data were recorded by a mobile 

application. 

The experiment was conducted with nine healthy young male participants (age = 26 ± 

2 years, height = 167.7 ± 3.5 cm, and weight = 62 ± 4.4 kg) who had no history of back 

pain, spinal surgery, any kind of injuries, or any disorder affecting the cervical, thoracic 

and lumbar regions. 

Each subject was measured three times during the experiment. Each time, the subject 

sat with a 90° angle between the femur and tibia, then placed their shoulders for three 

seconds in each of five different degrees of shoulder roundedness, ranging from a neutral 

upright posture, in which the subjects sat with straight backs, to maximally rounded 

shoulders. 

3.3.2 Evaluation result 

Figure 18 demonstrates a high positive correlation coefficient (𝑅2) between the change 

in the rounded angles of the shoulders (∆𝐹𝑆𝐴) and the change in the stretch sensor’s 

capacitance (∆𝐶). 
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Figure 18. The relationship between the changes in FSA and capacitance of the nine 

subjects.  

The results show that the more rounded shoulders is, the greater increase in the 

capacitance is. The correlation coefficients of each subject were calculated by taking the 

average of the correlation coefficients of the subject’s three times of measurements. The 

average correlation coefficients of all nine subjects were larger than 0.9, implying that, 

without a doubt, a larger change in the capacitance indicates “more rounded shoulders”, as 

the corresponding FSA is wider. 

Even though there is a high positive correlation between ∆𝐹𝑆𝐴 and ∆𝐶, the range and 

trend in the ∆𝐹𝑆𝐴  and ∆𝐶  of each person are different, which is due to the different 

shoulder widths of the subjects. The changes in FSA and capacitance in the maximally 
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rounded shoulders range from 14° to 37° and from 49 pF to 123 pF, respectively. The 

stretch sensor was sensitive enough (3.82 pF/mm) to monitor the rounding of the shoulders. 
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Chapter 4 

Discussions and conclusion 

4.1 Discussions 

This study demonstrated that the proposed wearable posture tracker was able to monitor 

five kinds of poor postures such as: hunched, leaning back, left unbalanced, right 

unbalanced and rounded shoulder postures. The evaluation of the poor sitting postures 

using a camera system showed a high relation not only in the tilted angles of the body using 

accelerometer and camera, but also in change in capacitance and FSA, of which the 

correlation coefficient were larger than 0.9 as shown in Figure 15 and Figure 18. 

This results indicate that our device with its compact features can be applied as a 

wearable sensor in daily life. A wearable sensor is essential to monitor sitting posture, 

especially in the office. To overcome disadvantages of traditional posture monitoring, such 

as time-consuming or difficulties to implement, the wearable sensor can assist in prolonged 

poor posture monitoring, evaluation sitting habits, and provide convenient feedback in a 

working environment. 

To take the advantage of a wearable sensor, some products such as with ALEX (Namu 

Inc, Ulsan, Korea), Lumo Lift (Lumo Body Tech Inc, San Antonio, United States), and 

Upright (Upright Technologies Ltd, Yehud, Israel) were presented. These commercial 

products include one sensor that is attached at a specific position of the trunk to prevent 

specific pains: the Alex product is attached on the neck to prevent neck pain, Lumo Lift 

device on the chest to prevent upper back pain, and the Upright product on the lower back 

to prevent lower back pain. These products have the following in common: using one 

accelerometer to monitor specific posture. To monitor more poor postures, many sensors 

will be required to be attached on the trunk. By applying two kinds of sensors, our results 

demonstrated an estimation of five kinds of poor postures using our wearable posture 

tracker which is verified by with a motion analysis system. 
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4.2 Limitations and future works 

Even though the correlation coefficients between angles of the trunk by using the 

camera system and accelerometer are higher than 0.94, there was still a difference between 

the leaning back posture (Figure 15𝑏) and the hunched, left unbalanced, or right unbalanced 

postures (Figure 15𝑎, 15𝑐, 15𝑑). This is also indicated in the RMSE analysis. In case of 

the leaning back sitting posture, the RMSE was higher than in the other postures because 

in this posture the lower part of the trunk changes more than the upper part, even though 

the sensor was attached on xiphoid process (which belongs to the upper part of the trunk). 

Thus, this is a limitation of this system when estimating leaning back posture. 

Because each subject's shoulder width is different, it tends to that the stretch sensor 

cannot respond normally when particular subject exhibit rounded shoulders. To overcome 

this disadvantage, a size of the wearable posture tracker that is particularly suited to each 

subject should be considered. That is why the initial length of the sensing area of stretch 

sensor is important and depends on each subject’s shoulder width. In case of wearing 

improper initial sensor length, there were disadvantages that led to some discrepancies in 

the data. In this case, the changes in the capacitance and FSA do not follow the trend as 

shown in Figure 18. Figure 19 illustrates the relation between the changes in FSA and 

capacitance when the wearable posture tracker with an inappropriate size is worn. In the 

first stage, when the subject changed from an upright posture to one with maximally 

rounded shoulders, the FSA and capacitance changed linearly. However, within a certain 

range, the change in capacitance increased more rapidly than did the change in FSA, 

because the size of the posture correcting band did not fit the subject, who could not tighten 

the band around the back sufficiently.  
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Figure 19. The relation between the changes in FSA and capacitance when the wearable 

posture tracker with an inappropriate size is worn.  

Each symbol in the graph shows a subject performing the experiment once going from an 

upright posture to maximally rounded shoulders. 

Another limitation worth mentioning is the low number of participants in the 

experiment. Moreover, these participants were young males between the ages of 25 and 32 

years. Future experiments should be conducted over a prolonged period of time spent 

monitoring daily activities with a larger number of individuals of different ages. A device 

with a feedback capability, such as vibrations, could be designed to immediately warn the 

user of sitting with rounded shoulders. Such a feature would help improve a user’s posture 

during daily activities. 

 

4.3 Conclusion 

The wearable posture tracker could be used to monitor five kinds of poor sitting 

postures, namely: hunched, leaning back, left unbalanced, right unbalanced and rounded 

shoulder postures. 

  



38 
 

References 

1. Kazi A, Duncan M, Clemes S and Haslam C (2014) A survey of sitting time among 

UK employees. Occupational Medicine 64, 497-502. 

2. Clemes SA, Houdmont J, Munir F, Wilson K, Kerr R and Addley K (2016) 

Descriptive epidemiology of domain-specific sitting in working adults: the 

Stormont Study. J Public Health (Oxf) 38, 53-60. 

3. Grandjean E and Hünting W (1977) Ergonomics of posture—Review of various 

problems of standing and sitting posture. Applied Ergonomics 8, 135-140. 

4. Naqvi A (1994) Study of forward sloping seats for VDT workstations. Journal of 

Human Ergology 23, 41-49. 

5. Grimes P and Legg S (2004) Musculoskeletal Disorders (MSD) in School Students 

as a Risk Factor for Adult MSD: A Review of the Multiple Factors Affecting 

Posture, Comfort and Health in Classroom Environments. Journal of the Human-

Environment System 7, 1-9. 

6. Black KM, McClure P and Polansky M (1996) The influence of different sitting 

positions on cervical and lumbar posture. Spine 21, 65-70. 

7. Lis AM, Black KM, Korn H and Nordin M (2007) Association between sitting and 

occupational LBP. European Spine Journal 16, 283-298. 

8. Haynes S and Williams K (2008) Impact of seating posture on user comfort and 

typing performance for people with chronic low back pain. International Journal of 

Industrial Ergonomics 38, 35-46. 

9. Roddey TS, Olson SL and Grant SE (2002) The Effect of Pectoralis Muscle 

Stretching on the Resting Position of the Scapula in Persons with Varying Degrees 

of Forward Head/Rounded Shoulder Posture. Journal of Manual & Manipulative 

Therapy 10, 124-128. 

10. Smidt GL,DayjW and GerlemanDG (1984) Iowa anatomical position system: A 

method of assessing posture. European Journal of Applied Physiology 52, 407-413. 



39 
 

11. Van Mameren H, Drukker J, Sanches H and Beursgens J (1990) Cervical spine 

motion in the sagittal plane (1) Range of motion of actually performed movements, 

an x-ray cinematographic study. European Journal of Morphology 28, 47-68. 

12. Gervais P and Marino GW (1983) Procedure for determining angular positional data 

relative to the principle axes of the human body. Journal of Biomechanics 16, 109-

113. 

13. Thigpen CA, Padua DA, Michener LA, Guskiewicz K, Giuliani C, Keener JD and 

Stergiou (2010) Head and shoulder posture affect scapular mechanics and muscle 

activity in overhead tasks. Journal of Electromyography and Kinesiology, 20, 701-

709. 

14. Diraco G, Leone A and Siciliano P (2010) An active vision system for fall detection 

and posture recognition in elderly healthcare. Design, Automation and Test in 

Europe (DATE10), Germany. 

15. Nevins RJ, Durdle NG and Raso VJ (2002) A posture monitoring system using 

accelerometers. Canadian Conference on Electrical and Computer Engineering. 

Conference Proceedings, Canada. 

16. Wong WY and Wong MS (2008) Detecting spinal posture change in sitting 

positions with tri-axial accelerometers. Gait & Posture 27, 168-171. 

17. Mattmann C (2008) Body posture detection using strain sensitive clothing. Doctoral 

Thesis. 

18. Edmondston SJ, Chan HY, Chi Wing Ngai G, Warren MLR, Williams JM, Glennon 

S and Netto K, (2007) Postural neck pain: An investigation of habitual sitting 

posture, perception of ‘good’ posture and cervicothoracic kinaesthesia. Manual 

Therapy 12, 363-371. 

  



40 
 

Acknowledgments 
 

There have been many people who have walked alongside me during the last two 

years. Foremost, I would like to express my very profound gratitude to my family for 

providing me with unfailing support and continuous encouragement from the moment of 

making my decision to the time of presenting this thesis work. Of course, they always give 

to me unconditional and boundless love from I was born.  

I would like to express my sincere gratitude to my supervisor, Professor Youngjoon 

Chee for the continuous guidance of my M.S study, for his patience, motivation, and 

immense knowledge. Professor supports me not only in work, but also in my life. He 

always encouraged me to extend all of my limitations. His friendly attitude and 

encouragement in many ways during my Master course are deeply appreciated.  

I would also like to thank friends and colleagues at the University of Ulsan for their 

support which made my stay and studies in Korea more enjoyable. In particular, I am 

grateful to Dr. Khanh for his enthusiasm support to help me out of troubles. 

And finally, last but by no means least, thanks is for my special girl who is always 

beside me, put things in perspective and provide inspiration even though I am studying 

abroad. You are special gift for me in my life. 

 

Thanks for all your encouragement! 

 


	Chapter 1 Introduction .
	1.1 Problems statements 
	1.2 Wearable posture tracker .
	1.3 Objective .

	Chapter 2 Development of wearable posture tracker 
	2.1 Problems statements 
	2.1.1 Structure of spine in sitting postures .
	2.1.2 Accelerometer and stretch sensor .
	2.2 Development of wearable posture tracker .
	2.2.1 Design of wearable posture tracker .
	2.2.2 Electric circuits .

	Chapter 3 Evaluation of wearable posture tracker 
	3.1 Optimal accelerometer position 
	3.1.1 Experiment setup .
	3.1.2 Result of optimal accelerometer position .
	3.2 Evaluate the accelerometer measurement .
	3.2.1 Experiment setup .
	3.2.2 Analysis method 
	3.2.3 Evaluation result .
	3.3 Evaluate the stretch sensor measurement 
	3.3.1 Experiment setup and protocol .
	3.3.2 Evaluation result .

	Chapter 4 Discussions and conclusion 
	References .
	Acknowledgments .


<startpage>10
Chapter 1 Introduction . 1
 1.1 Problems statements  1
 1.2 Wearable posture tracker . 3
 1.3 Objective . 4
Chapter 2 Development of wearable posture tracker  5
 2.1 Problems statements  5
 2.1.1 Structure of spine in sitting postures . 5
 2.1.2 Accelerometer and stretch sensor . 7
 2.2 Development of wearable posture tracker . 9
 2.2.1 Design of wearable posture tracker . 9
 2.2.2 Electric circuits . 13
Chapter 3 Evaluation of wearable posture tracker  16
 3.1 Optimal accelerometer position  16
 3.1.1 Experiment setup . 16
 3.1.2 Result of optimal accelerometer position . 18
 3.2 Evaluate the accelerometer measurement . 22
 3.2.1 Experiment setup . 22
 3.2.2 Analysis method  24
 3.2.3 Evaluation result . 26
 3.3 Evaluate the stretch sensor measurement  28
 3.3.1 Experiment setup and protocol . 30
 3.3.2 Evaluation result . 32
Chapter 4 Discussions and conclusion  35
References . 38
Acknowledgments . 40
</body>

