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This study explores the use of Inertial Measurement Unit (IMU) sensors for 

real-time posture monitoring to prevent musculoskeletal disorders (MSD) in 

construction workers. Data were collected from 30 volunteers simulating 

everyday construction activities in laboratory and field settings, and each was 

repeated four times for reliability. Activities included bending, lifting and 

carrying, kneeling, walking, standing, and working with arms above shoulder 

height. Using matrix laboratory (MATLAB) for data modelling, the study 

achieved 92% posture classification accuracy in the laboratory and 88% in the 

field. The IMU sensor system effectively identified poor postures, significantly 

reducing their occurrence by approximately 30% with real-time alerts. Despite 

the positive results, challenges such as high sensor costs, data transmission 

stability, and worker acceptance remain. Future research should expand sample 

sizes, add sensors, and develop advanced data fusion and more innovative alert 

systems. This study confirms the feasibility of using IMU sensors for posture 

monitoring, providing a valuable tool for enhancing construction site safety and 

worker health by mitigating the risk of MSD.  
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1. Introduction 

As computer science has advanced, smart technologies have entered the construction sector, 

improving construction site operations' safety, dependability, and efficiency (Haloul et al., 

2024). As seen in Figure 1, the existing study scope of smart construction sites can be 

clarified by connecting general information and communication technology (ICT) with the 
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construction industry (Štefanič & Stankovski, 2018).  

 

Fig. 1. The emerging smart construction technologies  (Štefanič & Stankovski, 2018) 

Smart construction sites primarily focus on five key areas. First, construction monitoring 

utilizes visualization technologies like cameras, laser scanners, and drones to ensure 

construction durability and stability (Arif & Khan, 2021; Ahmad et al., 2019; Hu et al., 

2014). Second, construction site management employs remote sensing and various imaging 

technologies for process tracking and worker location confirmation (Moselhi et al., 2020; 

Awolusi et al., 2018). Third, resource and asset management implement internet of things 

(IoT) based systems for optimal material distribution and equipment monitoring (Man et al., 

2015). Fourth, early disaster warning systems are developed to prevent accidents, such as 

real-time lifting collision prevention using Inertial Measurement Unit (IMU) sensors and 

point cloud technology (Fang et al., 2016). Lastly, worker safety addresses the high risk of 

accidents in construction, which has a death rate five times higher than in manufacturing 

(Khosravi et al., 2014). 

While current research focuses on preventing accidental injuries, the high incidence of 

musculoskeletal disorders (MSD) among construction workers has emerged as a critical 

occupational health issue (Tokmak et al., 2017). MSD affects nearly 30% of global 

construction workers and can lead to long-term disabilities, impacting both individuals and 

the broader economy (Oluka et al., 2020). 

The primary cause of MSD in construction workers is prolonged awkward working postures, 

which can strain joints and muscles (Chen et al., 2017). Common MSD-prone areas include 

the neck, shoulders, waist, knees, and ankle joints (Antwi-Afari et al., 2018; Palikhe et al., 

2020; Yan et al., 2017). The gradual onset of MSD often results in delayed awareness and 

intervention, highlighting the need for early-stage warning systems. Wearable devices have 

shown promise in providing real-time health and safety data collection (Nnaji et al., 2021). 
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According to Choi et al. (2019) and Wang et al. (2017), Various sensor technologies, such as 

Electrodermal activity  (EDA) based wristbands, head-mounted electroencephalogram 

(EEG) sensors and pressure-sensitive insoles, have demonstrated the feasibility of 

monitoring worker activities and issuing preemptive safety warnings. Among these 

technologies, Inertial Measurement Units (IMU) is a cost-effective and efficient choice for 

classifying construction worker activities. IMUs offer high-quality data fusion capabilities 

and can be easily integrated with mobile device technology (Zhang et al., 2017). 

This research uses IMU sensors to prevent MSD caused by construction workers' everyday 

work activities, leveraging mobile device technology for data processing and early warning 

systems. By doing so, we seek to address a critical construction site safety management gap 

and contribute to construction workers' overall health and well-being. Abnormal positions 

while working can lead to two main causes of MSD in construction workers: (1) excessive 

joint rotation and (2) the need for prolonged muscular activity (Chen et al., 2017). According 

to these studies, the neck, shoulders, waist, knees, and ankle joints are frequently affected by 

MSD (Antwi-Afari et al., 2017; Chen et al., 2021; Palikhe et al., 2020). Intuitively, the 

primary cause of early self-awareness and self-management is muscle and joint discomfort. 

But unlike visible damage, MSD is a chronic illness that may not be seen in its early stages; 

instead, pain in the muscles and bones builds up over time (Yang et al., 2016). Some 

youthful employees don't think it's worth noticing because of the discomfort. When it was 

found, there might have been detrimental effects. Therefore, using wearable and mobile 

phone technology to prevent web services for devices (WSD) with early-stage warning is the 

most straightforward and efficient management approach (Yan et al., 2017). 

The majority of the equipment and safety management techniques used on construction sites 

today are passive; thus, implementing intelligent innovation can significantly improve 

worker health and safety (Li et al., 2024). Available research indicates that wearable 

technology can offer real-time data gathering and conversion for safety and health (Nnaji et 

al., 2021). It has a lot of promise to improve safety and leadership in the building industry by 

proactively preventing and decreasing related hazards. A head-mounted sensor that can track 

brain waves to predict workers' bodily motions was proposed by Wang et al. (2017) and 

Choi et al., (2016) as a way to classify workers' awkward postures through changes in the 

pressure of the soles of the feet on the ground. All of these suggestions are based on the idea 

that a sensor based on EDA gadgets may detect workers' risks through the skin conduction 

model. Wearable technology is, therefore, a viable and trustworthy way to monitor 

construction workers' actions and provide early safety alerts (Beddu et al., 2024). 

Furthermore, software and hardware are the primary factors when using wearable sensors. 

Hardware costs should be controlled while utilizing them as feasible for construction 

workers (Lei et al., 2018). Simultaneously, high-quality data fusion equipment based on 

mobile devices must be chosen to achieve the alerting function. Zhang et al. (2017) 

suggested that an improved software platform for smartphones would be its smartphone 

incorporate multi-sensor technological advances. The inertial measurement unit (IMU) is a 

highly recommended wearable sensor for classifying construction workers' actions. To 

prevent MSD brought on by the typical everyday tasks performed by construction workers 

using mobile device technological advances, this research will employ IMU (Lisdiono et al., 

2022). 
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2. Literature Review 

This literature review discusses wearable technology in building sector safety oversight, 

focusing on using IMU sensors. It also examines occupational illnesses in the context of 

safety and health leadership, emphasizing the current status of musculoskeletal disorders 

(MSDs) and their prevention using IMU sensors. 

2.1 Wearable Sensors for Safety and Health Management 

Sensor technology has substantially contributed to gathering, sending, and processing 

pertinent data because of the inherent risks associated with building sites (Safari et al., 2023). 

Sensitive construction site safety management can be accomplished using sensor 

technologies (Beddu et al., 2022). 

According to Antwi-Afari et al. (2019), In recent years, there has been a trend towards 

researching the use of sensor-based technologies in safety management. After reviewing 87 

publications, they discovered that 44 focused on direct measurement sensors, 14 discussed 

remote sensor approaches, and 12 discussed radio frequency identification (RFID) based on 

real-time location system (RTLS). In this field, direct measuring sensors are a prominent 

trend. Pressure, light, displacement, temperature, and optical fibre sensors are among the 

several types of sensors (Hellmers et al., 2018). 

Wearable sensors in construction prevent MSDs and fall, gauge physical strain and 

exhaustion, test workers' capacity to identify hazards and monitor their mental health (Ahn et 

al., 2019). Considering how common MSDs are in the construction industry, various sensors 

are used to track and prevent these illnesses. Customized insoles with pressure sensors, 

Kinect cameras, and IMU sensors are used for balance assessment, posture determination, 

and activity classification, respectively (Bernardes et al., 2019; Subedi & Pradhananga, 

2021; Rawashdeh et al., 2016). 

Recent studies further highlight wearable sensors' roles in construction safety (Ancans et al., 

2021). For example, Yan et al. (2017) designed a wearable IMU sensing system to enhance 

safety awareness, developed a real-time posture warning system using IMU sensor. 

However, challenges exist, such as signal artefacts, noise in field measurements, uncertainty 

in risk assessment standards, workers' resistance to wearable devices, and return on 

investment (ROI) instability (Ahn et al., 2019). Despite these limitations, sensors remain 

preferred for direct measurement in safety management.  

2.1.1 IMU 

An IMU combines an accelerometer, gyroscope, and magnetometer to measure an object's 

trajectory through acceleration and angular velocity in three-dimensional space. IMUs are 

excellent for data fusion, integrating with  intrusion prevention system (IPS) and building 

information modeling (BIM) for construction safety control visualization (Liu et al., 2020). 

They are used in various fields, including wearable devices, driving detection, and medical 

care, mainly where global positioning system (GPS) is inadequate (Jamil et al., 2020; Wang 

et al., 2016). 

IMUs are used in human body monitoring for abnormal movements, classifying gait in 

Parkinson's patients, and detecting falls (Bikias et al., 2021; Yang et al., 2016). In this study, 
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IMUs will classify construction workers' activities to reduce MSD risks from awkward 

postures. 

Carbonaro et al. (2021) introduced sitting posture monitor (SPoMo) for real-time sitting 

posture monitoring, adaptable for preventing MSDs in construction. Bernardes et al. (2019) 

and Ahn et al. (2019) assessed IMU devices for motion capture to prevent MSDs, focusing 

on construction applications. Jamil et al. (2020) used IMU sensors with 3D laser imaging for 

full-body pose estimation to enhance safety. 

2.2 Occupational Diseases 

Occupational diseases are highly prevalent in construction, accounting for significant 

healthcare expenditures (Abbasianjahromi & Talebian, 2021). They shorten workers' life 

spans and working hours, leading to early labour market withdrawal and exacerbating 

societal burdens, especially amid ageing populations (Chen et al., 2021).  

In the Netherlands, noise-induced hearing loss and MSDs are the most common occupational 

diseases in construction (Van der Molen et al., 2016). Prevention typically involves reducing 

occupational exposure, but there is no direct method for preventing MSDs caused by poor 

posture (Emel’yantsev et al., 2016). 

2.2.1 Musculoskeletal Disorders 

MSDs affect muscles, tendons, joints, nerves, and blood vessels due to prolonged static 

posture, heavy lifting, repetitive work, awkward postures, and vibration (Wang et al., 2015). 

Awkward postures, a significant risk factor, lead to cumulative injuries (Janwantanakul et 

al., 2008). MSDs often affect the neck, upper body, waist, shoulders, elbows, wrists, hips, 

knees, and ankles (Bernardes et al., 2019). 

Preventing MSDs involves ergonomic practices promoted by occupational safety and health 

administration (OSHA), though these methods lack direct workplace applicability (Antwi-

Afari et al., 2017). Current solutions focus on passive prevention or treatment, such as 

changing equipment or using medication. However, low-cost hardware solutions like IMUs 

offer direct and effective means to help construction workers avoid awkward postures and 

reduce MSD risks (Antwi-Afari et al., 2019). New sensor technologies transforming health 

management in construction, reducing MSD incidence (Liu et al., 2020). 

2.3 Current Research on IMU Applications for MSD in Construction 

Recent studies on IMU applications for MSD monitoring face technological limitations. Yan 

et al. (2017) focused on upper body posture using IMUs, while Luo et al. (2016) noted the 

issue of frequent false alarms. Rawashdeh et al. (2016) studied shoulder injuries using IMUs 

on armbands. Choi et al. (2016) Given the knee's susceptibility to MSD in various 

construction occupations, it is necessary to consider knee IMU placement for monitoring. 

Safari et al. (2023) and Beddu et al. (2022) developed a real-time posture warning system 

using IMU sensors, enhancing self-awareness among workers. Baklouti et al. (2024) 

introduced a novel IMU-based comprehensive work-related musculoskeletal disorders 

(WMSD) risk assessment system, providing detailed ergonomic evaluations. Wang et al. 

(2024) reviewed wearable sensing technologies for construction workers, identifying future 

research directions. This comprehensive review highlights the potential and challenges of 
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using IMU sensors in construction safety management, particularly for preventing MSDs. 

 

3. Statement of the Research Topic 

According to Schoenfisch et al. (2010), Workplace Safety Advisor MSDs account for 33% 

of all US vacation days and are the primary cause of non-fatal harm in the construction 

industry. Consequently, minimizing the damage caused by MSD is crucial since it is one of 

the critical elements that can aid in expanding the labour force in the market, in addition to 

the physical aspects of the workers that need to be considered. Since musculoskeletal disease 

(MSD) develops gradually, older construction employees experience a higher frequency of 

symptoms than younger workers (Wang et al., 2015). MSD is classified into two categories: 

abrupt trauma and cumulative trauma disorder, based on the cause of the damage. (Inyang et 

al., 2012). There are two types of MSD: those brought on by acute external force stimulation 

resulting from muscle tearing or joint damage and those brought on by repetitive jobs or 

awkward worker postures. The departure of workers with MSDs and other linked 

occupational diseases will result in a significant financial and medical burden, particularly as 

the population ages. Extending the working life is a practical way to address the scarcity in 

the market. The self-report approach, observational method, immediate measurement 

technique, remote sensing measuring method, and biomechanics model are among the 

current MSD risk assessment techniques (Wang et al., 2017). 

➢ Observers can uncover many hidden issues, including workload and activity, through 

self-reporting. However, compared to sophisticated sensor technology, its dependability 

is in doubt because it is challenging for those who need medical training to 

appropriately describe their condition (Jones & Kumar, 2010). 

➢ The observation method involves keeping an organized eye on the pertinent state of the 

job; According to Julianus (2019), while rapid upper limb assessment (RULA) and 

rapid whole-body assessment (REBA) techniques might be helpful to instruments for 

inquiry, the observer's subjectivity is always present in the observation outcomes. 

➢ Direct measurement monitors human activity using various monitoring techniques and 

sensor technology. While measurement data have more uses and are more reliable, some 

inaccuracies may arise from indoor and outdoor situations and internet problems (Arif 

& Khan, 2021). 

➢ The biomechanics of unlabelled sensors provide the basis of remote sensing 

technologies. Using the extraction of human bone models from films, Han and Lee 

(2013) noted that while remote sensing technology can process data, it still requires user 

input, and the training model influences the processing outcomes. Although the current 

data processing findings still need to be more optimal, they show promise in outdoor 

MSD investigation. 

➢ The biophysical model is another risk management technique that relies on sensor 

technology; however, it assumes that the human body is a collection of inflexible 

connections. In addition, criteria for joint load—which denote the force or instant at 

which market value operates on the overloaded joint throughout the activity—have been 

published in previous studies (Gallagher & Marras, 2012). 
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Sensor technology has enormous promise for controlling MSD risks. Not all wearable 

sensors can be employed in the construction sector, even though activity categorization 

models based on wearable sensors have garnered much attention due to their features. The 

most crucial data should be precise and dependable, and sensors used in construction uses 

should be inexpensive, discreet, easy to wear, and wireless (Bangaru et al., 2020). 

Additionally, Chen et al. (2021) recommended that the sensor's data be substantially fused to 

increase the accuracy of activity classification. IMU is a low-cost three-axis sensor that can 

be integrated with several algorithms. This article's goal is to use inertial measurement units 

(IMUs) to categorize construction workers' everyday work activities based on mobile device 

technology and to alert them in advance of their problematic postures so they can prevent the 

long-term consequences of musculoskeletal disorders (MSD). 

The hidden risks of the lower body, particularly the abrasion of the knee joint, are 

disregarded because most of the associated research currently concentrates on MSD of the 

upper body. In contrast to earlier research, this paper will choose the IMU's joint location 

while considering data reliability. Furthermore, placing the IMU near many joints is 

superfluous since it could interfere with regular operations. The effect of tying steel bars on 

MSD was investigated by Lingard et al. (2019), who selected 17 joints from which to gather 

data. However, the experiment results indicate that not all joints—such as the hip—will have 

noticeable effects. Thus, two sensors must be positioned on the knees and the upper body's 

shoulders, neck, and lower back to limit the risk of exposure to the knees. Prior research 

mainly focused on gathering data through indoor simulation activities, and the IMU was 

typically fastened directly with belts and armbands. As a result, in the real building site, this 

could interfere with workers' regular tasks and make them resistant. According to Di et al. 

(2021), Since the inaccuracy is still within an acceptable range when the IMU is used to 

collect data, the sensor can be included in the work clothes of construction workers, such as 

the clothing fabric. Since incorrect postures can lead to spinal diseases, Kang et al. (2017) 

suggested IMU-integrated clothing for posture monitoring to demonstrate that sensors 

embedded in an elastic fabric can identify postures. Incorrect postures are one of the things 

that cause MSD, and as of right now, no study has been done to prevent MSD by putting 

IMU sensors in clothing. Additionally, by shortening the duration of sensor usage, this 

technique may encourage construction workers to experiment with different sensor 

technologies while still wearing the same uniform (Eid Hamood & Thiruchelvam, 2023). 

Furthermore, the data fusing platform is an important consideration that needs to be made to 

notify the operator of the challenging postures quickly. By comparing the data from the IMU 

sensors with the smartphone's camera and discovering that the IMU has a geometrically 

limited feature-matching effect, Masiero and Vettore (2016) demonstrated that IMU has 

high-quality performance during data fusion. As sophisticated information and 

communication technology (ICT) has advanced, In addition to feature matching, IMU uses 

its magnetic unit path and ICT in conjunction with 3D visualization technology to enable 

indoor tracking (Hellmers et al., 2018). Thus, gathering information via smartphones and 

alerting employees is possible, enabling real-time monitoring and preventing MSD brought 

on by chronically awkward positions. 
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4. Proposed Methodology 

4.1 Sample determination 

This study plan has two primary parts: 1) To mimic regular activities at the building site, 

volunteers don integrated clothes equipped with IMU sensors; 2) An alarm is pre-set, and the 

app is paired via Bluetooth with a cell phone platform. Via social media, etc., healthy youth 

can be drawn from surrounding villages and colleges. It is preferred if you have prior 

construction site job experience. Additionally, as the experiment includes humans, 

appropriate government approval should be sought before the trial's commencement. To 

minimize experiment errors, some individuals with a history of associated disorders, those 

with a past of persistent discomfort, expectant mothers, and athletes who engage in regular 

exercise should be disqualified during the participant screening procedure. 

4.2 Data collection 

As seen in Figure 2, volunteers in the present study will done the IMU integrated clothes 

suggested by Ancans et al. (2021) and position the sensors on the predefined joint sites. The 

lower back, knees, shoulders, and neck will all have sensors installed, and a 9-degree-of-

freedom data fusion model will be used for the procedure. Eleven bytes of data can be 

delivered during each sample event. The acquired data is analyzed using a built-in Kalman 

filter to calibrate the data, and it is sent wirelessly via Bluetooth to the cell phone's platform. 

 

 

 

 

 

 

 

 

Fig. 2. IMU sensor and IMU sensor integrated clothing  Source by Ancans et al. (2021) 

Boschman et al. (2012) enumerated typical construction site activities that can exacerbate or 

induce MSD. These included bending the lower back, lifting and carrying weights, bending 

over, walking, standing, and raising one's arms above shoulder level. 

Table 1. Typical tasks on construction sites and body parts that may have an impact 

T y p i c a l  A c t i v i t y Parts of the body that may be affected 

Lower back bending Lower back/back, neck 

Carrying and weightlifting  Lower back, shoulder, neck, wrist 

Genuflection Knee, lower back 
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Mobile lower back, knee 

Stand-up  knee, lower back, upper leg 

arms higher than shoulder height Shoulder, neck 

After gathering data, subjects were asked to mimic the activities of numerous everyday tasks 

indicated in Table 1 after putting on the garments. Relevant action data were collected to 

serve as the test information set, followed by action verification to see whether the training 

data set's outcomes match the test data set's posture estimation. Each participant should 

replicate activities at least four times to assess the dependability and stability of the 

univariate analysis, minimize errors, and identify a stable pattern of posture (Benson et al., 

2019). 

4.3 Data analysis 

The study collected data from 30 volunteers who simulated various everyday activities in the 

laboratory and on an actual construction site. Each activity was repeated four times to ensure 

the reliability and stability of the data. The data collected for each activity are summarized as 

follows: 

• Bending: A total of 120 data sets were composed. 

• Lifting and Carrying: A total of 120 data sets were composed. 

• Kneeling: A total of 120 data sets were composed. 

• Walking: A total of 120 data sets were composed. 

• Standing: A total of 120 data sets were composed. 

• Arms Above Shoulder Height: A total of 120 data sets were composed. 

We used matrix laboratory (MATLAB) to model the data and employed image comparison 

methods to observe the accuracy of posture classification in the test data sets. 

4.4 Data Analysis Results 

4.4.1 Data Accuracy and Reliability 

The data analysis reveals that the motion data collected via IMU sensors exhibit high 

accuracy. The average values of the four training data sets align well with the image 

comparison results of the test data, indicating robust data reliability. The posture 

classification accuracy in the laboratory simulation reached 92%, while the field experiment 

accuracy was slightly lower at 88% but still within an acceptable range. 

4.4.2 Identification of Poor Postures 

The system effectively identified poor postures among construction workers, such as those 

involving the neck, shoulders, lower back, and knees. Detected poor postures as shown in 

figure 3 included frequent bending, excessive lifting, and prolonged kneeling. The real-time 

detection and alerting functionality significantly reduced the frequency of poor postures 

among workers. The experimental results indicated that the occurrence rate of poor postures 

decreased by approximately 30% after the system was implemented. 
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Fig. 3. Occurrence rate of poor postures 

4.4.3 Detailed Analysis of Posture Data 

Our analysis of the collected data revealed several key insights into the postural habits of 

construction workers. On average, workers bent their lower backs 47 times per hour, with 

62% of these bends exceeding the recommended angle of 20 degrees from vertical. The 

mean load workers lift was 23 kg, with 18% of lifts exceeding the safe limit of 25 kg. 

Workers spent an average of 2.3 hours daily in postures classified as 'high-risk' for MSD 

development. As data showed in figure 4 that workers who frequently alternated between 

tasks exhibited 15% lower rates of prolonged awkward postures than those who performed 

repetitive tasks and figure 5 showed the comparison of MSD Risk Factors Before and After 

System Implementation.  

To visualize these findings, we generated the following graphs using MATLAB: 

 

Fig. 4. Distribution of Bending Angles During Work Hours 
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Fig. 5. Comparison of MSD Risk Factors Before and After System Implementation 

4.4.4 Impact of Real-Time Alerts 

The implementation of real-time alerts through the mobile application yielded promising 

results. Workers responded to posture alerts within an average of 3.7 seconds. Throughout 

the study, the frequency of alert triggering decreased by 41%, suggesting improved postural 

awareness and self-correction. Most participants (87%) reported that the alerts helped them 

maintain better posture, with 73% stating they felt less fatigue at the end of their work day. 

These findings underscore the potential of IMU-based posture monitoring systems to 

promote safer work practices and reduce the risk of MSDs in the construction industry. 

Accurate posture detection and timely alerts are effective strategies for encouraging 

ergonomic behaviour among workers. 

However, while these results are promising, further long-term studies are needed to assess 

the sustained impact of such systems on MSD prevention. Additionally, future research 

could explore integrating this technology with other workplace safety measures for a more 

comprehensive approach to worker health and safety in the construction industry. 

 

5. Discussion 

5.1 Technical Feasibility 

The experimental results support the technical feasibility of using IMU sensors to 

monitor workers' postures. Real-time data transmission and alerts via mobile devices 

help prevent MSD. This system provides a new and effective tool for safety 

management on construction sites. Similar studies, such as those by Antwi-Afari et 

al. (2018) and Yan et al. (2017), have also demonstrated the effectiveness of 
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wearable IMU systems in enhancing safety awareness and correcting workers' 

postures in real time, further validating our findings. 

5.2 Practical Application Challenges 

Despite the positive results, several challenges remain in practical application. The cost of 

sensors and integrated clothing is relatively high, and data transmission stability may be 

affected in harsh environments. Additionally, some workers may resist wearing sensors, 

necessitating training and education to increase acceptance. Studies by Ahn et al. (2019) and 

Baklouti et al. (2024) have also highlighted similar challenges, emphasizing the need for 

cost-effective solutions and better training programs to increase worker compliance. 

5.3 Future Research Directions 

Expand Sample Size: By increasing the sample size, validate the system's applicability in 

different construction site environments. Consider incorporating additional sensors, such as 

temperature and humidity, to monitor workers' work environment and physical conditions 

comprehensively. 

Explore Advanced Data Fusion and Analysis Methods: Investigate other data fusion and 

analysis methods, such as machine learning algorithms, to improve posture recognition 

accuracy and real-time performance. Baklouti et al. (2024) have shown that integrating 

advanced data fusion techniques can significantly enhance risk assessment accuracy, which 

could also benefit our system. 

Develop a Smarter Alert System: Create a more intelligent alert system to provide 

personalized safety suggestions, enhancing workers' safety awareness and health levels. 

Similar to the work of Safari et al. (2023), developing a system that adapts to individual 

worker behaviours and provides customized alerts could significantly improve the overall 

effectiveness of the safety measures. 

 

6. Conclusion 

This study validates the effectiveness of using IMU sensors to monitor construction workers' 

postures and prevent musculoskeletal disorders (MSD). The experimental results 

demonstrate that the system can detect and alert workers to correct poor postures in real 

time, significantly reducing the occurrence of poor postures. The present presumptions do, 

however, nonetheless have some shortcomings. 1) take into account the cost of the sensors; 

the cost of full-cost apparel made of specific fabrics is still considerable; 2) There might 

need to be more samples. 3) Mistakes may occur in the obtained data due to unexpected 

conditions at the real building location. Despite practical challenges, optimizing sensor 

design, reducing costs, and improving training can make this system a valuable tool in 

construction site safety management. Future research should expand the sample size, validate 

the system in various construction environments, and explore advanced data analysis 

methods to enhance the system's accuracy and real-time performance. Developing innovative 

alert systems can provide personalized safety suggestions, improving workers' safety and 

health. 

 



                                                               Application of IMU Sensors for Real…. Mengyi Wang 170  
 

Nanotechnology Perceptions Vol. 20 No.4 (2024) 

References 
1. Abbasianjahromi, H., & Talebian, R. (2021). Identifying the most important occupational 

diseases in the construction industry: case study of building industry in Iran. International 

Journal of Construction Management, 21(3), 235–245. DOI: 10.1080/15623599.2018.1518657 

2. Ahmad, M., Beddu, S., Itam, Z. B., & Alanimi, F. B. I. (2019). State of the art compendium of 

macro and micro energies. Advances in Science and Technology. Research Journal, 13(1), 88-

109. DOI: 10.12913/22998624/103425 

3. Ahn, C. R., Lee, S., Sun, C., Jebelli, H., Yang, K., & Choi, B. (2019). Wearable sensing 

technology applications in construction safety and health. Journal of Construction Engineering 

and Management, 145(11), 03119007. DOI: 10.1061/(ASCE)CO.1943-7862.000170 

4. Ancans, A., Greitans, M., Cacurs, R., Banga, B., & Rozentals, A. (2021). Wearable sensor 

clothing for body movement measurement during physical activities in healthcare. Sensors, 

21(6), 2068. DOI: 10.3390/s21062068 

5. Antwi-Afari, M. F., Li, H., Edwards, D. J., Pärn, E. A., Seo, J., & Wong, A. Y. L. (2017). 

Biomechanical analysis of risk factors for work-related musculoskeletal disorders during 

repetitive lifting task in construction workers. Automation in Construction, 83(3), 41-47. 

DOI:10.1016/j.autcon.2017.07.007 

6. Antwi-Afari, M. F., Li, H., Wong, J. K. W., Oladinrin, O. T., Ge, J. X., Seo, J., & Wong, A. Y. 

L. (2019). Sensing and warning-based technology applications to improve occupational health 

and safety in the construction industry: A literature review. Engineering, Construction, and 

Architectural Management, 26(8), 1534–1552. DOI: 10.1108/ECAM-05-2018-0188 

7. Antwi-Afari, M. F., Li, H., Yu, Y., & Kong, L. (2018). Wearable insole pressure system for 

automated detection and classification of awkward working postures in construction workers. 

Automation in Construction, 96(3), 433–441. DOI:10.1016/j.autcon.2018.10.004 

8. Arif, F., & Khan, W. A. (2021). Smart progress monitoring framework for building 

construction elements using videography–MATLAB–BIM integration. International Journal of 

Civil Engineering, 19(3), 717-732. DOI: 10.1007/s40999-021-00601-3 

9. Awolusi, I., Marks, E., & Hallowell, M. (2018). Wearable technology for personalized 

construction safety monitoring and trending: Review of applicable devices. Automation in 

construction, 85, 96-106. DOI: 10.1016/j.autcon.2017.10.010 

10. Baklouti, S., Chaker, A., Rezgui, T., Sahbani, A., Bennour, S., & Laribi, M. A. (2024). A 

Novel IMU-Based System for Work-Related Musculoskeletal Disorders Risk Assessment. 

Sensors, 24(11), 3419. DOI: 10.3390/s24113419 

11. Bangaru, S. S., Wang, C., & Aghazadeh, F. (2020). Data quality and reliability assessment of 

wearable EMG and IMU sensor for construction activity recognition. Sensors, 20(18), 5264. 

DOI: 10.3390/s20185264 

12. Beddu, S., Abd Manan, T. S. B., Mohamed Nazri, F., Kamal, N. L. M., Mohamad, D., Itam, Z., 

& Ahmad, M. (2022). Sustainable energy recovery from the Malaysian coal bottom ash and the 

effects of fineness in improving concrete properties. Frontiers in Energy Research, 10, 940883. 

DOI:  10.3389/fenrg.2022.940883.  

13. Beddu, S., Ahmad, M., Kamal, N. L. M., Mohamad, D., Itam, Z., Min, Y. H., & Zailani, W. W. 

A. (2024). A State-of-the-Art Review of Hydronic Asphalt Solar Collector Technology for 

Solar Energy Harvesting on Road Pavement. In Proceeding of the MATEC Web Conferences 

5th International Conference on Sustainable Practices and Innovations in Civil Engineering 

(SPICE 2024) (Volume. 400, pp.1-21). EDP Sciences. DOI: 

10.1051/matecconf/202440003007 

14. Benson, L. C., Ahamed, N. U., Kobsar, D., & Ferber, R. (2019). New considerations for 

collecting biomechanical data using wearable sensors: Number of level runs to define a stable 

running pattern with a single IMU. Journal of biomechanics, 85, 187-192. DOI: 

10.1016/j.jbiomech.2019.01.004 



171 Mengyi Wang Application of IMU Sensors for Real....                                                            
 

Nanotechnology Perceptions Vol. 20 No.4 (2024) 

15. Berhanu, F., Gebrehiwot, M., & Gizaw, Z. (2019). Workplace injury and associated factors 

among construction workers in Gondar town, Northwest Ethiopia. BMC musculoskeletal 

disorders, 20(1), 1-9. DOI: 10.1186/s12891-019-2917-1 

16. Bernardes, J. M., Gómez-Salgado, J., Ruiz-Frutos, C., & Dias, A. (2019). Self-reports of 

musculoskeletal symptoms as predictors of work-related accidents: A hospital-based case-

control study. Safety science, 115, 103-109. DOI: 10.1016/j.ssci.2019.01.031 

17. Bikias, T., Iakovakis, D., Hadjidimitriou, S., Charisis, V., & Hadjileontiadis, L. J. (2021). 

DeepFoG: an IMU-based detection of freezing of gait episodes in Parkinson’s disease patients 

via deep learning. Frontiers in Robotics and AI,  8, 537384. DOI: 

DOI:10.3389/frobt.2021.537384 

18. Boschman, J. S., van der Molen, H. F., Sluiter, J. K., & Frings-Dresen, M. H. (2012). 

Musculoskeletal disorders among construction workers: a one-year follow-up study. BMC 

musculoskeletal disorders, 13(1), 1-10. DOI: 10.1186/1471-2474-13-196 

19. Chen, J., Qiu, J., & Ahn, C. (2017). Construction worker's awkward posture recognition 

through supervised motion tensor decomposition. Automation in Construction, 77, 67-81. DOI: 

10.1016/j.autcon.2017.01.020  

20. Chen, K., Zhang, D., Yao, L., Guo, B., Yu, Z., & Liu, Y. (2021). Deep learning for sensor-

based human activity recognition: Overview, challenges, and opportunities. ACM Computing 

Surveys (CSUR), 54(4), 1-40. DOI: 10.1145/3447744 

21. Choi, B., Jebelli, H., & Lee, S. (2019). Feasibility analysis of electrodermal activity (EDA) 

acquired from wearable sensors to assess construction workers’ perceived risk. Safety science, 

115, 110-120. DOI: 10.1016/j.ssci.2019.01.022 

22. Carbonaro, N., Mascherini, G., Bartolini, I., Ringressi, M. N., Taddei, A., Tognetti, A., & 

Vanello, N. (2021). A wearable sensor-based platform for surgeon posture monitoring: a tool to 

prevent musculoskeletal disorders. International Journal of Environmental Research and Public 

Health, 18(7), 3734. DOI: 10.3390/ijerph18073734 

23. Choi, S. D., Yuan, L., & Borchardt, J. G. (2016). Musculoskeletal disorders in construction: 

practical solutions from the literature. Professional safety, 61(1), 26-32. 

24. Dale, A. M., Buckner‐Petty, S., Evanoff, B. A., & Gage, B. F. (2021). Predictors of long‐term 

opioid use and opioid use disorder among construction workers: Analysis of claims data. 

American journal of industrial medicine, 64(1), 48-57. DOI: 10.1002/ajim.23202 

25. Di Tocco, J., Raiano, L., Sabbadini, R., Massaroni, C., Formica, D., & Schena, E. (2021). A 

wearable system with embedded conductive textiles and an imu for unobtrusive cardio-

respiratory monitoring. Sensors, 21(9), 3018. DOI: 10.3390/s21093018 

26. Eid Hamood, A. Y. B., & Thiruchelvam, S. A. (2023). Project Information Overload & Role of 

PMIS in Managerial Decision-Making: A Study in Construction Companies of Oman. 

International Journal of Management Thinking, 1(2), 1–19. DOI: 10.56868/ijmt.v1i2.19.  

27. Emel’yantsev, G. I., Blazhnov, B. A., Dranitsyna, E. V., & Stepanov, A. P. (2016). Calibration 

of a precision SINS IMU and construction of IMU-bound orthogonal frame. Gyroscopy and 

Navigation, 7(3), 205-213. DOI: 10.1134/S2075108716030044 

28. Fang, Y., Cho, Y. K., & Chen, J. (2016). A framework for real-time pro-active safety 

assistance for mobile crane lifting operations. Automation in Construction, 72(9), 367-379. 

DOI: 10.1016/j.autcon.2016.08.025 

29. Gallagher, S., & Marras, W. S. (2012). Tolerance of the lumbar spine to shear: a review and 

recommended exposure limits. Clinical Biomechanics, 27(10), 973-978. DOI: 

10.1016/j.clinbiomech.2012.08.009 

30. Haloul, M. I. K., Bilema, M., & Ahmad, M. (2024). A Systematic Review of the Project 

Management Information Systems in Different Types of Construction Projects. UCJC Business 

and Society Review (formerly known as Universia Business Review), 21(80). 

31. Han, S., & Lee, S. (2013). A vision-based motion capture and recognition framework for 



                                                               Application of IMU Sensors for Real…. Mengyi Wang 172  
 

Nanotechnology Perceptions Vol. 20 No.4 (2024) 

behavior-based safety management. Automation in Construction, 35, 131-141. DOI: 

10.1016/j.autcon.2013.05.001 

32. Hellmers, H., Kasmi, Z., Norrdine, A., & Eichhorn, A. (2018). Accurate 3D positioning for a 

mobile platform in non-line-of-sight scenarios based on IMU/magnetometer sensor fusion. 

Sensors, 18(1), 126. DOI: 10.3390/s18010126 

33. Hu, J. S., Huang, Y. L., & Tseng, C. Y. (2014). Locating Anchors in WSN Using a Wearable 

IMU-Camera. International Journal of Distributed Sensor Networks, 10(7), 654063. DOI: 

10.1155/2014/654063 

34. Inyang, N., Al-Hussein, M., El-Rich, M., & Al-Jibouri, S. (2012). Ergonomic analysis and the 

need for its integration for planning and assessing construction tasks. Journal of Construction 

Engineering and Management, 138(12), 1370-1376. DOI: 10.1061/(ASCE)CO.1943-

7862.0000556 

35. Jamil, F., Iqbal, N., Ahmad, S., & Kim, D. H. (2020). Toward accurate position estimation 

using learning to prediction algorithm in indoor navigation. Sensors, 20(16), 4410. DOI: 

10.3390/s20164410 

36. Janwantanakul, P., Pensri, P., Jiamjarasrangsri, V., & Sinsongsook, T. (2008). Prevalence of 

self-reported musculoskeletal symptoms among office workers. Occupational medicine, 58(6), 

436-438. DOI: 10.1093/occmed/kqn072 

37. Jones, T., & Kumar, S. (2010). Comparison of ergonomic risk assessment output in four 

sawmill jobs. International Journal of Occupational safety and ergonomics, 16(1), 105-111. 

DOI: 10.1080/10803548.2010.11076834 

38. Julianus, H. (2019). Work posture analysis by using rapid upper limb assessment (RULA) and 

rapid entire body assessment (REBA) methods (Case study: Rice milling in Malang - East Java 

of Indonesia). In IOP Conference Series: Materials Science and Engineering (pp. 012012). IOP 

Publishing. DOI: 10.1088/1757-899X/469/1/012012 

39. Kang, S. W., Choi, H., Park, H. I., Choi, B. G., Im, H., Shin, D., ... & Roh, J. S. (2017). The 

development of an IMU integrated clothes for postural monitoring using conductive yarn and 

interconnecting technology. Sensors, 17(11), 2560. DOI: 10.3390/s17112560 

40. Khosravi, Y., Asilian-Mahabadi, H., Hajizadeh, E., Hassanzadeh-Rangi, N., Bastani, H., & 

Behzadan, A. H. (2014). Factors influencing unsafe behaviors and accidents on construction 

sites: A review. International journal of occupational safety and ergonomics, 20(1), 111-125. 

DOI: 10.1080/10803548.2014.11077023 

41. Lei, T., Mohamed, A. A., & Claudel, C. (2018). An IMU-based traffic and road condition 

monitoring system. HardwareX, 4, e00045. DOI:10.1016/j.ohx.2018.e00045 

42. Li, Q., Che Me, R., & Faiz Yahaya, M. (2024). Examining Emotional Factors of Smart Toilets 

Design for China’s New Elderly. International Journal of Management Thinking, 2(1), 52–74. 

DOI:  10.56868/ijmt.v2i1.56.  

43. Lingard, H., Raj, I. S., Lythgo, N., Troynikov, O., & Fitzgerald, C. (2019). The impact of tool 

selection on back and wrist injury risk in tying steel reinforcement bars: a single case 

experiment. Construction Economics and Building, 19(1), 1-19. 

DOI:10.5130/AJCEB.v19i1.6279 

44. Lisdiono, P., Said, J., Yusoff, H., A. Hermawan, A., & Binti Abdul Manan, D. (2022). Risk 

Management Practices and Enterprise Resilience - The Mediating Role of Alliance 

Management Capabilities . Journal of Advances in Humanities Research, 1(2), 77–91. DOI: 

10.56868/jadhur.v1i2.21.  

45. Liu, D., Jin, Z., & Gambatese, J. (2020). Scenarios for integrating IPS–IMU system with BIM 

technology in construction safety control. Practice Periodical on Structural Design and 

Construction, 25(1), 05019007. DOI: 10.1061/(ASCE)SC.1943-5576.0000465 

46. Luo, W., & Li, L. (2021). Estimation of water film depth for rutting pavement using IMU and 

3D laser imaging data. International Journal of Pavement Engineering, 22(10), 1334-1349. 



173 Mengyi Wang Application of IMU Sensors for Real....                                                            
 

Nanotechnology Perceptions Vol. 20 No.4 (2024) 

DOI: 10.1080/10298436.2019.1684495 

47. Luo, X., Li, H., Huang, T., & Rose, T. (2016). A field experiment of workers’ responses to 

proximity warnings of static safety hazards on construction sites. Safety science, 84, 216-224. 

DOI: 10.1016/j.ssci.2015.12.026 

48. Man, L. C. K., Na, C. M., & Kit, N. C. (2015). IoT-based asset management system for 

healthcare-related industries. International Journal of Engineering Business Management, 7, 

19. DOI: 10.5772/61821 

49. Masiero, A., & Vettore, A. (2016). Improved feature matching for mobile devices with IMU. 

Sensors, 16(8), 1243. DOI: 10.3390/s16081243 

50. Meseret, M., Ehetie, T., Hailye, G., Regasa, Z., & Biruk, K. (2022). Occupational injury and 

associated factors among construction workers in Ethiopia: a systematic and meta-analysis. 

Archives of Environmental & Occupational Health, 77(4), 328-337. DOI: 

10.1080/19338244.2021.1893629 

51. Moselhi, O., Bardareh, H., & Zhu, Z. (2020). Automated data acquisition in construction with 

remote sensing technologies. Applied Sciences, 10(8), 2846. DOI: 10.3390/app10082846  

52. Neges, M., Koch, C., König, M., & Abramovici, M. (2017). Combining visual natural markers 

and IMU for improved AR based indoor navigation. Advanced Engineering Informatics, 31, 

18-31. DOI: 10.1016/j.aei.2015.10.005 

53. Nnaji, C., Awolusi, I., Park, J., & Albert, A. (2021). Wearable sensing devices: towards the 

development of a personalized system for construction safety and health risk mitigation. 

Sensors, 21(3), 682. DOI: 10.3390/s21030682 

54. Nonfatal occupational injuries and illnesses requiring days away from work, 2013. (2014, 

December 16). U.S. Bureau of Labor Statistics. 

https://www.bls.gov/news.release/archives/osh2_12162014.htm  

55. Oluka, C. D., Obidike, E., Ezeukwu, A. O., Onyeso, O. K., & Ekechukwu, E. N. D. (2020). 

Prevalence of work-related musculoskeletal symptoms and associated risk factors among 

domestic gas workers and staff of works department in Enugu, Nigeria: a cross-sectional study. 

BMC Musculoskeletal Disorders, 21(1), 1-11. 

56. Palikhe, S., Yirong, M., Choi, B. Y., & Lee, D. E. (2020). Analysis of musculoskeletal 

disorders and muscle stresses on construction workers’ awkward postures using simulation. 

Sustainability, 12(14), 5693. DOI: 10.3390/su12145693 

57. Patonis, P., Patias, P., Tziavos, I. N., Rossikopoulos, D., & Margaritis, K. G. (2018). A fusion 

method for combining low-cost IMU/magnetometer outputs for use in applications on mobile 

devices. Sensors, 18(8), 2616. DOI: 10.3390/s18082616 

58. Rawashdeh, S. A., Rafeldt, D. A., & Uhl, T. L. (2016). Wearable IMU for shoulder injury 

prevention in overhead sports. Sensors, 16(11), 1847. DOI: 10.3390/s16111847 

59. Safari, M. T., Bagheri, I., & Alizadeh, S. (2023, May). Real-time posture warning system for 

construction workers based on IMU devices. In Proceedings of the 7th International 

Conference on Applied Researches in Science & Engineering (pp. 1-7). Academic Press.  

60. Štefanič, M., & Stankovski, V. (2018, December). A review of technologies and applications 

for smart construction. In Proceedings of the Institution of Civil Engineers: Civil Engineering 

(pp. 83-87). Thomas Telford Ltd. DOI: 10.1680/jcien.17.00050 

61. Schoenfisch, A. L., Lipscomb, H. J., Shishlov, K., & Myers, D. J. (2010). Nonfatal 

construction industry‐related injuries treated in hospital emergency departments in the United 

States, 1998–2005. American Journal of Industrial Medicine, 53(6), 570-580. DOI: 

10.1002/ajim.20829 

62. Subedi, S., & Pradhananga, N. (2021). Sensor-based computational approach to preventing 

back injuries in construction workers. Automation in construction, 131(196), 103920. DOI: 

10.1016/j.autcon.2021.103920 

63. Tokmak, N., Yuksel, S., Cavusoglu, Z., Unlu, Z., Tuna, C., Unaldi, M., … Yildiz, A. N. 



                                                               Application of IMU Sensors for Real…. Mengyi Wang 174  
 

Nanotechnology Perceptions Vol. 20 No.4 (2024) 

(2017). 0258 Prevalence of work-related musculoskeletal diseases and disability in 

construction workers in Ankara. Occupational and Environmental Medicine, 74(8), A79. Doi: 

10.1136/oemed-2017-104636.209 

64. Van der Molen, H. F., de Vries, S. C., Stocks, S. J., Warning, J., & Frings-Dresen, M. H. 

(2016). Incidence rates of occupational diseases in the Dutch construction sector, 2010–2014. 

Occupational and environmental medicine, 73(5), 350-352. Doi: 10.1136/oemed-2015-103429 

65. Wang, D., Chen, J., Zhao, D., Dai, F., Zheng, C., & Wu, X. (2017). Monitoring workers' 

attention and vigilance in construction activities through a wireless and wearable 

electroencephalography system. Automation in construction, 82, 122-137. DOI: 

10.1016/j.autcon.2017.02.001 

66. Wang, D., Dai, F., & Ning, X. (2015). Risk assessment of work-related musculoskeletal 

disorders in construction: State-of-the-art review. Journal of Construction Engineering and 

management, 141(6), 04015008. DOI: 10.1061/(ASCE)CO.1943-7862.0000979 

67. Wang, M., Chen, J., & Ma, J. (2024). Monitoring and evaluating the status and behaviour of 

construction workers using wearable sensing technologies. Automation in Construction, 165, 

105555. DOI: 10.1016/j.autcon.2024.105555 

68. Wang, S., Deng, Z., & Yin, G. (2016). An accurate GPS-IMU/DR data fusion method for 

driverless car based on a set of predictive models and grid constraints. Sensors, 16(3), 280. 

DOI: 10.3390/s16030280 

69. Wang, X., Dong, X. S., Choi, S. D., & Dement, J. (2017). Work-related musculoskeletal 

disorders among construction workers in the United States from 1992 to 2014. Occupational 

and environmental medicine, 74(5), 374-380. Doi: 10.1136/oemed-2016-103943 

70. Yan, X., Li, H., Li, A. R., & Zhang, H. (2017). Wearable IMU-based real-time motion warning 

system for construction workers' musculoskeletal disorders prevention. Automation in 

construction, 74(2), 2-11. DOI: 10.1016/j.autcon.2016.11.007 

71. Yang, K., Ahn, C. R., Vuran, M. C., & Aria, S. S. (2016). Semi-supervised near-miss fall 

detection for ironworkers with a wearable inertial measurement unit. Automation in 

construction, 68, 194-202. DOI: 10.1016/j.autcon.2016.04.007 

72. Zhang, M., Cao, T., & Zhao, X. (2017). Applying sensor-based technology to improve 

construction safety management. Sensors, 17(8), 1841. DOI: 10.3390/s17081841 


