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Abstract 

 

Observing the working procedure of construction workers is an effective means of 

maintaining the safety performance of a construction project. It is also difficult to 

achieve due to a high worker-to-safety-officer ratio. There is an imminent need for the 

development of a tool to assist in the real-time monitoring of workers, in order to 

reduce the number of construction accidents. The development and application of a 

real time locating system (RTLS) based on the Chirp Spread Spectrum (CSS) 

technique is described in this paper for tracking the real-time position of workers on 

construction sites. Experiments and tests were carried out both on- and off-site to 

verify the accuracy of static and dynamic targets by the system, indicating an average 

error of within one metre. Experiments were also carried out to verify the ability of 

the system to identify workers’ unsafe behaviours. Wireless data transfer was used to 

simplify the deployment of the system. The system was deployed in a public 

residential construction project and proved to be quick and simple to use. The cost of 

the developed system is also reported to be reasonable (around 1800USD) in this 

study and is much cheaper than the cost of other RTLS. In addition, the CCS 

technique is shown to provide an economical solution with reasonable accuracy 

compared with other positioning systems, such as ultra wideband. The study verifies 

the potential of the CCS technique to provide an effective and economical aid in the 

improvement of safety management in the construction industry. 

 

Keywords: Case study; Chirp Spread Spectrum; Real time location; Safety 

management; 

 

 

Introduction 

Construction accidents are one of the major sources of workplace fatalities. In Hong 

Kong for example, there were 46 fatalities in the construction industry or around 24% 

of the total fatalities in all workplaces in 2011 (Labour Department, 2012). In 

investigating the causes of construction accidents, Abdelhamid and Everett (2000) 

found unsafe site environments and unsafe working attitudes (workers deciding to 

work in dangerous conditions) to be the major causes of construction accidents. 

During the last five years, numerous researchers have suggested new safety training 

modes. These include e-Learning (Ho and Dzeng, 2010), peer-led participatory 

training (Williams et al., 2010), tracking and visualisation (Teizer et al. 2013), virtual 

safety training systems (Li et al. 2012) and immersive virtual reality training 

platforms (Sacks et al., 2013). New training approaches may have improved the 



 

 

attitude of some workers, but there are additional factors such as work pressure, 

co-workers, intrinsic attitudes and other psychological variables involved (Choudhry 

and Fang, 2008). To deal with unsafe behaviour, observing safety procedures is one of 

the seven safety management approaches suggested by the OSHA’s handbook (Reese 

and Eidson, 2006). However, due to the high worker-to-safety supervisor ratio, it is 

difficult, if not impossible, for the safety management team to supervise the work of 

every single worker on site. In Hong Kong for example, only one safety officer is 

required to stay on a construction site when there are more than one hundred 

construction workers. The construction industry in general is lacking a tool to collect 

useful data for construction management (Cheng and Teizer, 2012). This means that 

there is no tool to assist the safety management team in collecting real-time data of 

construction workers for their real-time behaviour monitoring on site. As a result, 

accidents exist when construction workers act in an unsafe manner, even after they 

have received safety training.  

 

Recently, the advanced development of real time locating systems (RTLS) has 

prompted their application in construction research. An example of previous studies 

into the use of positioning systems to improve management is given in Figure 1 (Grau 

et al. 2009; Caldas et al., 2006; Yang et al. 2011; Chae and Yoshida, 2010; Hwang, 

2012; Carbonari et al., 2011; Cheng and Teizer, 2012; Teizer et al., 2010; Yang et al., 

2012; Teizer et al., 2013). The abovementioned research shows that these systems 

have the potential to improve construction management through: 1) materials 

management (Grau et al. 2009; Caldas et al., 2006); 2) equipment management (Yang 

et al. 2011; Chae and Yoshida, 2010; Hwang, 2012); and 3) worker management 

(Carbonari et al., 2011; Cheng and Teizer, 2012; Teizer et al., 2010; Yang et al., 2012; 

Teizer et al., 2013). Previous studies have obtained either the approximate position 

(e.g. Grau et al. 2009) or accurate position (Carbonari et al., 2011) of an object (e.g. 

worker, equipment or materials) to achieve different management goals. 

 



 

 

 
Figure 1. Positioning systems for construction use 

 

Previous research (Teizer et al., 2010; Yang et al. 2012) has demonstrated the 

potential of positioning technologies in safety management. Despite this, each study 

has different limitations, such as accuracy, cost and difficulties in deployment. Vaha et 

al. (2013) summarised the range, accuracy and cost of ten positioning systems. As the 

positioning systems have different characteristics, each may be suitable for some 

application but not all.  

 

This paper describes an approach to improve this situation by developing a proactive 

safety management system to monitor the real-time location of construction workers 

and equipment by a new RTLS. This RTLS provides reasonable accuracy with 

affordable cost and relatively simple deployment. A prototype system was developed 

based on the approach. A case study of a public housing project in Hong Kong is used 

to illustrate and test the performance of the method. 

 

Review of previous studies 

Figure 1 gives some examples of the previous studies, in which researchers have 

covered materials, equipment and workers management. To prove RTLS are suitable 

for the construction industry, researchers have different approaches to their validation. 



 

 

For example, some researchers examine the accuracy of the RTLS to see if reasonably 

accurate data can be collected to achieve their purposes. For example, Schipperijn et 

al. (2014) report the average error of GPS is 70cm in open areas and 520cm in urban 

area in Denmark. Qi et al. (2013) use iterative Taylor-series estimation to further 

improve the accuracy of 3D UWB, finding the positioning error of the system to be 

only 1cm in an indoor experimental environment. The latest development of these 

systems may provide highly accurate results, but they may perform differently in a 

construction environment. 

 

Peyret et al. (2000) use real-time kinematic (RTK) GPS to track the location of 

equipment in open areas. The accuracy of the system is better than that of GPS alone, 

but varies depending on its environment. Chae and Kano (2005) and Woo et al. (2011) 

suggest adopting radio frequency identification (RFID) for tracking workers in indoor 

environments by using a received signal strength index (RSSI) technique. Using this 

technique, Woo et al. (2011) recorded an average error of 2.93 to 5.92 metres. Razavi 

and Haas's (2011) case study of the use of RFID for tracking materials found that 

accuracy could be improved by using reference RFID tags, with an average accuracy 

varying from approximately 7 to 10 metres. More recent studies (Dzeng et al. 2014; 

Motamedi et al., 2013) show that RFID has the potential to improve facilities 

management during the operation phase. Motamedi et al. (2013) study the effect of 

increasing the number of data collection points within a building, obtaining an 

average error of 1.59m by using a cluster-based movable tag localization approach. In 

the construction environment, a similar result was also reported by Ding et al. (2013), 

with an average error of 1.37m and 2.56m in stairways and tunnels within a metro 

tunnel construction site in China. Montaser and Moselhi (2014) also compare the 

triangulation and proximity methods, finding that the triangulation method can 

provide better results (mean error of 1m and 1.9m for user location and materials 

tracking respectively).  

 

Others suggest integrating UWB, Zigbee and RFID to improve accuracy. Carbonari et 

al. (2011), for example, located construction workers by using UWB technology 

while Lee et al. (2012) report an average error as low as 45cm when using the RFID 

method. The tracking of construction workers is also proposed for visualisation 

integration (Cheng and Teizer 2013), education and safety training (Teizer et al. 2013). 

Rather than locating the workers within a site, Lee et al. (2009) suggest using 

ultra-sonic and infrared to prevent them from entering prohibited areas. Therefore, 

these studies indicate that RTLS has the potential for use in managing materials, 

equipment and workers on site. Teizer et al. (2007) and Cheng et al. (2011) use UWB 



 

 

technology to track the location of construction equipment, with Cheng et al.'s (2011) 

system having an accuracy as high as 0.34m.  

 

Some researchers have also proposed the integration of different RTLS to improve 

performance, such as coverage and accuracy. For example, early work by Song et al. 

(2005) advanced the notion of integrating GPS and RFID for locating construction 

materials on site through proximity techniques using RFID and GPS to obtain the two 

dimensional (2D) and three dimensional (3D) position of an object. More recently, 

Sardroud (2012) proposes the use of GPS to locate construction materials, RFID for 

identification and a general packet radio system (GPRS) for data transmission.  

  

Another way of determining the success of an application is to measure the effects of 

its use. For example, in Caldas et al.’s (2006), although the accuracy of the system 

was not mentioned, a field trial showed that the time required to determine the yard 

and colour codes (recalling step) and location (flagging step) of a pipe spool was 

dramatically reduced from 6 minutes 42 seconds to a mere 55 seconds. Teizer et al. 

(2013) tracked the location of workers during training to analyse the working and 

waiting time of workers. They found that the installation time of the workers in 

connecting 13 steel girders dramatically reduced from 505 seconds for installing the 

first steel girder to 128 seconds for installing the thirteenth girder. These examples 

show that RTLS can also provide statistical data for further analysis. 

 

The abovementioned studies have shown that RTLS can provide accurate positioning 

data in both open and indoor environments. However, existing RTLS also have 

different limitations. The accuracy of GPS, for example, is unstable in highly dense 

urban areas (Lu et al. 2007). GPS requires at least three satellites for 2D positioning 

and four or more for 3D positioning, but the blockage, distortion, or deflection of 

signals by buildings and temporary structures in highly dense urban areas can weaken 

the signals, thus providing inaccurate results (Lu et al. 2007). As GPS gives the best 

results in open areas, it is an effective and accurate means of locating materials only 

in these areas within a construction site. Other limitations include the data obtained 

and the deployment of the system. For example, Razavi and Haas's (2011) method can 

only acquire two dimensional positioning data. Shahi et al.'s (2013) use of the UWB 

method has obtained the most accurate outcome, with an error of around 10 to 15cm 

in 3D. However, the system requires a CAT5e cable to connect the receiver to the 

computer. The installation of typical UWB systems requires a Local Area Network 

(LAN), which is usually not installed during the construction of a floor cycle. This 

makes it difficult to use UWB systems on construction projects, especially for 



 

 

projects with a tight schedule or a quick floor construction cycle.  

 

Chirp Spread Spectrum (CSS) technology is a wireless personal area network 

technology that adopts IEEE 802.15.4.a. (Kim et al. 2007). CSS allows 2Mb/s data 

transmission, with an effective distance of 1km and relatively low power consumption, 

ranging from 1W to 100mW (Lee et al. 2012). It is safe for humans (Zhen et al. 2009) 

and highly compatible with other network technologies, thus minimising the chance 

of signal disturbance but improving the accuracy of its positioning (Cho et al. 2010b). 

While CSS is highly compatible with other network technologies (Cho et al. 2010b), 

it is particularly important in urban areas, when interference between the signals of 

different tags and different network technologies (such as GPRS and WIFI) within the 

same area is unavoidable. Deployment of CSS is also simple as it requires a 

wireless-only environment. CSS is used in this study and its performance is evaluated.  

 

In this paper, we propose a new safety management approach by using an alternative 

RTLS technology to monitor the real-time safety of construction workers on site. The 

proposed approach tracks the real-time location of workers in the building 

environment by using the CSS technology. A system prototype developed in the study 

is described. The developed system aims to monitor the workers on site and alert both 

the workers and managers once hazardous conditions are detected. All equipment 

used in this study is readily available. Details are provided in the next section. The 

developed system is economical, accurate and easy to deploy on site. The 

characteristics of the system should suit the dynamic environment of construction 

sites. The success of CSS will provide a new technology for the construction industry 

to consider and the case study provides a foundation for the use of RTLS in real 

projects in the future. The study can also provide a new tool for the construction 

industry to better alert construction workers when they are exposed to hazards. The 

proposed system is demonstrated and tested in a public housing project in Hong 

Kong. 

 

Methodology 

The flow of the proposed approach is presented in Figure 2. A prototype system was 

developed based on the flow of this study. To verify the proposed approach, it is 

important to establish: 1) the accuracy of the positioning data obtained by the CSS; 2) 

the accuracy of CSS in a construction environment; 3) the ability of the system to 

identify hazard scenarios based on position data; 4) the cost of the system is feasible 

for the construction industry; 5) the deployment of the system suits dynamic 

construction environments. Testing was carried out both on- and off-site to verify the 



 

 

system’s capability. This included an on-site trial to verify the accuracy of the locating 

system in a construction environment and an off-site trial to verify the ability of the 

system to identify possible hazards. The reason for the off-site trial was to avoid any 

potential construction accidents and to reduce disturbances caused to the construction 

site. The accuracy and deployment of the system were examined by testing and site 

trial. The cost of the system is reported in the next section and details of the tests are 

provided in the subsequent section. 

 

 
Figure 2. Flow of the developed system 

 

System Architecture 

The developed safety management system comprises three components: 1) user client; 

2) servers; and 3) location engine. The three components were developed by different 

programming languages. The first component, user client, was developed by using 

Unity Pro. Unity Pro is a game engine development kit which allows the user to 

develop different interfaces by using standard modules assisted by a computing 

language. End-users communicate with the system through the user-client interface. 

The second component of the system is formed by a web server, application server 

and database server. These servers are developed by a common 

computer-programming tool, such as Microsoft IIS 7 and Microsoft SQL server. This 

component serves as a bridge connecting the user-client to the location engine. All the 

data for a project is stored in this component, including three-dimension models (i.e. 

building information modelling (BIM)) of the site, equipment, surrounding 

environments (i.e. surrounding buildings or site formation) and pre-defined hazardous 

areas (i.e. geometric data). The locations of the observed objects (i.e. workers and 

equipment) are also translated and visualised by this component. The third component 

of the system is formed by the location engine and location network. The location 

engine obtains the location of the observed object while data is sent to the server 



 

 

through the network. The system uses CSS location technology. CSS is defined by a 

recent standard, IEEE 802.15.4a, and is expected to provide a new positioning 

solution (Kim et al. 2007). In this study, a commercial system, the nanoPAN 5375RF 

module developed by Nanotron Technologies GmbH, was used. The module is 

responsible for ranging and communication (data transfer), operating in a 2.4 GHz 

ISM band. The programmable data rate of this system is capable of operating from 2 

Mbps to 124kbps, which is sufficient for the module to communicate with the server. 

A systemetrical double-sided two-way ranging (SDS-TWR) and the time of flight 

(TOF) positioning technique is used. 

  

Testing of the system 

Accuracy of the system 

The developed system was tested by means of a public housing construction case 

study project in Hong Kong. Public housing in Hong Kong is developed by the Hong 

Kong Housing Authority and Housing Department. There are a few standard designs 

for the public residential buildings in Hong Kong. For example, Chen et al. (2001) 

studied the embodied energy in a residential building of Hong Kong. They 

investigated the embodied carbon of a first Harmony Block (H1) and New Cruciform 

Block (NCB), which were the typical residential buildings during 1980s and 1990s. In 

this study, the design of the public housing project is Trident 4. The selection of the 

Trident 4 design was random. The design of the building has no implications on the 

result of the case studies. As the standard design is usually reused for new projects 

after minor modification to suit the site environment, the implementation of the 

proposed system in this case study is reusable for similar public residential projects in 

the future subject to minor modifications.  

 

This testing aimed to verify that the system could accurately locate objects on a 

construction site. The deployment of the system was also verified during the test to 

provide information on the difficulties and time required for installing the system. The 

tests were carried out during the construction of the 34th floor of the building. The 

testing area only covered the east wing of the building with an area of approximately 

150m2. The developed system required at least four anchors to be installed to cover 

the east wing for obtaining the positioning data. The floor layout and the location of 

the four anchors are shown in Figure 3. The deployment of the four anchors will need 

to be duplicated to provide cover for another wing. As requested by the project team, 

the system was not deployed to cover the whole floor in order to reduce 

inconvenience caused to site activities by the testing. 

 



 

 

 

Figure 3. Floor layout and the locations of the anchors 

 

Both the deployment and testing of the system were completed during a half-day test. 

To measure the static accuracy of the system, two workers were each equipped with a 

safety helmet and asked to stand at specified survey points within the area. Their 

positions provided by the system were then compared with their actual positions. This 

process was repeated more than forty times from 0 to 8.5 metres away from the 

survey points. Similar to Cho et al.’s (2010a) study of their CSS-based positioning 

scheme, half-metre measurement intervals were used. Due to the area of the covered 

location, the experiment could only measure a maximum of 8.5 metres from a survey 

point. An average error of 86.8 centimetres was recorded. Figure 4 shows the 

distribution of the data in metre units. Compared with the results of previous studies, 

which have a measurement error of 0.34m to 5.94m (Chae and Kano, 2005; Woo et al., 

2011; Carbonari et al., 2011; Lee et al., 2012), these results mean that the accuracy of 

the developed system is acceptable. 

 

After verifying the accuracy of the system for static objects, the next step was to 

verify the accuracy of the system for moving workers over two tests. In the first test, 

one worker was required to walk in a pre-defined rectangular route (10 metres x 20 

metres), as shown in Figure 5. The worker took 1 minute and 47 seconds to complete 

the route. 513 data points were collected during the test. As with the static test, the 



 

 

system captured the position of moving workers reasonably well, and with a similar 

average error. 

 

 
Figure. 4. Distribution of the collected data 

 

Figure. 5. Result of test 1. 

 

For the second test, two workers walked randomly around the 34th floor. As it is 

impossible to obtain the true location of the workers during movement, the accuracy 

of the system was measured using video capture. The system can capture more than 

two workers within the same area but it would be harder for the team to validate their 

location due to the view angle of the camera being used. Figure 6 gives an example of 

the comparison between the captured positions of workers and their real locations 



 

 

during the test. 

 

Inspection of the video capture indicated that the system accurately captured the 

movement and moving direction of the two workers. With an average time of 200ms 

taken to calculate the position of the workers, the system can update the position of 

the monitored workers five times a second. This high update-frequency allows a 

smooth system tracking of the position of the workers as they move around. 

 

 
Figure 6. Comparison of the real situation and the system display 

 

Deployment of the system 

Another advantage offered by CSS is the deployment of the system. The setup is 

shown in Figure 7. The system is connected to the anchors, repeater and rover via 

WLAN. The red zone, which is covered by the four anchors, is an individual area 

monitored by the system. The installation of one zone can cover an area of 

approximately one hundred square metres (10m x 10m) or larger in an open space 

with less obstacles. To cover an even larger area, the system can monitor several 

zones simultaneously. Compared with previous studies using UWB (Cheng et al. 

2011), the developed system can replace the LAN connection with WLAN, providing 

a more flexible setup in a construction site environment. The power supply of the 

equipment used in this study can perform continuously for more than 72 hours and 

could be recharged within hours. During the case study, the setup was completed 

within 13 minutes by two assistants. This included the installation of four anchors, 

one rover and one repeater. The installation time also included the running, calibration 

and connection of the system to the server.  

 



 

 

 

Figure 6. Setup of the proposed system 

 

Cost of the system 

The development of the CSS system server and user interface is not discussed here as 

that is not the focus of the study. The CSS system employed the use of the nanoPAN 

5375RF module, the cost of which is around USD100. This is inexpensive, compared 

with similarly accurate advanced positioning technologies. In the case study, 16 

modules could provide enough signals to cover each floor area while two more 

modules are required to serve as a rover and repeater to complete the system. This 

will provide an update of the location of one worker five times a second or five 

workers one time a second. The overall cost of the system is estimated to be 

USD1800. A quotation obtained for a single RFID reader was more than USD2000. 

Another quotation obtained for a UWB locating solution indicates its cost to be more 

than USD150,000 for a set of total solutions to serve up to fifty workers. The cost of 

the RFID-based and UWB-based RTLS hardware would therefore be much more 

expensive than that of the proposed system. In terms of providing equipment to cover 

a whole construction site, this clearly indicates that the CSS system will save a 

significant amount of expense.  

 

Hazardous Zones 

As with previous research (Lee et al. 2012; Carbonari et al. 2011; Lee et al. 2009), the 

user can define hazardous areas in the system, such as the location of heavy 

equipment and floor openings, prior to its operation on site. Previous studies focus on 



 

 

three different hazards: workers falling (’falls’) (Lee et al. 2009), being struck by 

moving objects (‘struck-by’) (Wu et al. 2010) and being caught in, or between, 

accidents (‘caught-in/between’) (Wu et al. 2010). Methods of avoiding these hazards 

addressed by previous studies are listed in Table 1. The automatic identification is 

based on setting hazardous area exclusion zones, which can be dynamic (moving 

vehicles, hoisted materials, etc.) or static (materials, floor openings and floor edges). 

The shape of the hazardous areas can also be different (irregular for materials, 

rectangular for floor edges and openings, circular for hoisted materials). To define 

hazardous areas, the user inputs the physical coordinates of the areas involved into the 

system, which automatically highlights the selected areas and stores them as 

hazardous areas in the database. The areas are saved individually, and the user can 

adjust them after they are saved.  

 

 Causes Concepts Methods 

Falls  Falling from elevation Avoid workers being 

near to a floor edge or 

floor opening 

Compare the position 

of workers and 

hazardous areas (floor 

edge or opening) 

(Lee et al. 2009). 

Struck by Struck by falling 

material 

 

 

 

Struck by equipment 

Avoid / alert workers 

working near crane 

path 

 

 

Avoid / alert workers 

being near equipment 

in operation 

Compare the position 

of workers and 

hazardous areas 

(certain areas around 

the equipment or crane 

path) 

(Wu et al. 2010) 

 

Caught in/between Caught in/between 

equipment 

Avoid / alert workers 

being near equipment 

in operation 

Compare the position 

of workers and 

hazardous areas 

(certain areas around 

the equipment) 

(Wu et al. 2010) 

Table 1. Classification of hazards covered by this study 

 

Performance of the system 

The proposed system improves construction safety by alerting workers to proximate 

construction hazards. This study tested the performance of the developed system for 



 

 

workers against dynamic and static hazardous zones. The ability of the system to 

identify workers entering dynamic and static hazardous zones would enable it to 

identify the scenarios mentioned in Table 1. Due to the safety issues involved in 

accessing real construction sites, the experiments were carried out in a 10m x 15m 

area within the campus area of the university. In the experiments, a helper carried a 

tag attached to the top of a tripod to simulate the movement of the hook of a tower 

crane. The first experiment aimed to simulate the loading and lifting process of a 

crane operation on site. The hook of a tower crane was set as the hazard source. The 

moving path of the crane was set as the hazardous area of being struck by falling 

materials (static workers and a moving source). The purpose of the tower crane was to 

hoist a steel component from the material yard to its destination. The hazardous zone 

was set to be a circular area with radius of two metres (which could be different for 

different sources of hazards) around the hook of the crane. The worker was asked to 

walk near, or walk into, the hazard zone and all alerts sounded and worker movements 

were recorded. The testing process was repeated 10 times. 

 

Another experiment was designed to verify the performance of the system against  

static hazardous zones. The worker walked in different directions, such as 

perpendicularly or parallel to the boundary of a predefined hazardous zone. The 

hazardous zone was a rectangular shape. This is to simulate the situation in which a 

worker is walking toward a floor opening. The worker was instructed to keep at least 

one metre away from the hazardous zone during this test when not entering the zone. 

The distance of one metre was set to prevent false alarms as the error of the system is 

approximately 0.8 metre. The process was repeated 10 times. The workers had entered 

the hazardous zone six times during the experiment and not entered the zone four 

times (two times perpendicular and two times parallel to the boundary of the zone). 

During the experiments, the system successful identified all the situations when the 

worker had entered the area. Alert signals were also sent from the system to the 

workers. Despite this success, it was also found that there was an approximately one 

second delay in the positioning process. This was believed to be caused by the 

transfer and calculation time of the signal.  

 

Summary 

During the testing and case study, the static and dynamic accuracy of the system, 

developed based on CSS, were verified on site. The level of accuracy is similar to 

previous research (Chae and Kano, 2005; Woo et al., 2011; Carbonari et al., 2011; Lee 

et al., 2012). The case study also provided information on the deployment, time for 

deployment and the definition of the hazardous zones. Comparison between the 



 

 

overall performances of the studied RTLS is shown in Table 2. According to the 

quotation obtained during the study, the hardware cost of using the CSS nanoPAN 

5375RF module is much cheaper than using RFID and UWB for the same purpose. 

Similarly, the time required to install the CSS system is short and CSS is operated in a 

wireless environment and therefore less disruptive of construction work on site.  

 

 Accuracy 

(metres) 

Cost Remark 

CSS-based 0.8 Low  

GPS 

0.7 (open area) 

to 

5 (urban dense) 

Lowest  

RFID 7-10 High  

UWB 0.34 Highest 
Installation of reader requires an Ethernet 

connection for timing synchronisation. 

Table 2. Comparison between the RTLS studied  

 

Limitations 

To completely deploy the developed system in a construction project is difficult at the 

moment. Workers do not want to be monitored and are aware of the privacy issue. The 

project team was also reluctant to rely on this system as any resulting construction 

accidents would have heavily impacted the project both in terms of cost and time. The 

developed system was only verified in one wing of a public residential construction 

project in Hong Kong for a short duration. To deploy and test the system within a 

construction environment is dangerous and the main contractor of the construction 

project was aware of the potential accidents that may be caused to or caused by the 

research team during the test. Although the developed system was not completely 

applied to the project, the performance of the system was evaluated in a construction 

environment and testing environment similar to that of previous research (Cho et al. 

2010a; Chae and Kano, 2005; Woo et al., 2011; Carbonari et al., 2011; Lee et al., 

2012).  

 

Conclusions 

The construction industry is generally lacking in proactive safety management that 

closely monitors the movements of site workers. In recent years, much research has 

been carried out to investigate the potential of doing this automatically through the 

use of electronic positioning systems. The aim of these systems are to provide an alert 

when any worker violates pre-defined hazard proximity rules and thus is of 



 

 

considerable assistance to site safety management teams. Research to date has 

examined different indoor positioning technologies and localisation methods, 

including GPS, UWB and RFID. While most of the results of previous studies (e.g. 

Woo et al., 2011; Cheng et al., 2011) in this area have indicated reasonable levels of 

accuracy for UWB and RFID, other important factors were neglected, including the 

initial costs and deployment processes involved. There is also a lack of previous 

studies that experimented with the performance of RTLS in high-rise construction 

sites. Meanwhile, some of the previous studies are very difficult if not impossible for 

use in practical situations. For example, Cho et al. (2010b) proposed an untethered 

UWB system for construction tracking but the results show an average error of around 

1 metre.   

 

Through testing the system in a construction environment, this paper provides a 

further alterative by incorporating the use of the CSS nanoPAN 5375RF module to 

track the position of construction workers. With an average positioning error of 0.8 

metre and response rate of 200ms, the system appears to be capable of delivering 

better results in a wireless environment. The deployment of the CSS-based system 

was also demonstrated in this study. The quick and simple deployment of CCS makes 

it suitable to be used in a fast construction cycle project. Thus, in the search for a 

suitable means of proactive safety management of construction work, the CSS system 

offers a clear practical advantage by providing a more flexible aid in the automatic 

positional monitoring of site workers. This is due to its reduced deployment time, as 

well as the cost in comparison with other alternatives (e.g. RFID and UWB). All in all, 

CSS may be the RTLS that could provide the most accurate positioning data in a 

wireless environment, and the deployment and cost of the system makes it suitable for 

a dynamic environment, such as being used during a floor construction cycle. The 

research described in this paper, therefore, indicates that CSS has the potential for 

effective use in construction safety management as the developed tool has the 

potential to accurately identify workers that are exposed to construction hazards. 

 

Limitations 

Due to the limitations of the construction site involved, only a relatively short and 

small-scale application was studied. Future larger scale case studies with a longer 

application period would help provide a more realistic verification of the capacity of 

the system. But that may also involve other sensitive issues. For example, workers 

may refuse to wear the equipment due to privacy issues. Who will take the 

responsibility if an accident happens when using this kind of tracking system? Future 

larger scale case studies would also reveal any additional problems that may be 



 

 

encountered during maintenance and operation.  
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