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Abstract 

The purpose of this paper is presenting a new advanced hardware/software system, boasting two main 
features: first it performs real time tracking of workers’ routes in construction sites; then it implements an 
algorithm for preventing workers to be involved in hazardous situations. This research step is part of a wider 
ongoing research concerning the development of a new generation of advanced construction management 
systems, allowing for real-time monitoring and coordination of tasks, automatic health and safety 
management, on-site delivering of technical information, capture of as-built documentation. Exploiting the 
high accuracy provided by the UWB system responsible for position tracking and successfully tested in 
previous research, our software interface is able to graphically reproduce (and store) the travel patterns of 
workers. Moreover, it constantly checks if they are accessing hazardous areas, using an algorithm based on a 
predictive approach: it is conceived to predict in advance whether any worker is approaching a forbidden 
area, in fact performing virtual fencing. This approach could be easily extended to other applications, too. 
Some preliminary tests simulated in the DACS laboratory are described and the obtained results discussed.  
 
Keywords: UWB tracking system; health and safety in construction; virtual fencing; automated monitoring. 

1. Introduction 

It is well accepted that construction sites’ management is a very tough task, due to a number of reasons 
(Naticchia et al. 2005): they are custom designed, they host the realization of very complex building projects, 
involving thousands of parts and components, and changes of design plans at construction time are not 
uncommon. Hence, human resource and facility management would need a continuous monitoring, in order 
to be correctly performed. In addition, their organization is very strongly related with health and safety 
objectives. Considering that coordinators for health and safety matters at the construction level cannot 
always attend construction works while they are ongoing, it can be inferred that the practical application of 
the prescriptions required by the health and safety plan (according to European Council Directive 
92/57/EEC) are left to workers. In addition, also coordinator’s enduring presence on construction sites 
would not be adequate to prevent accidents in very large sites, as not capable of ubiquitous control. This 
situation often leads to scarce application of health and safety requirements, that could be the cause of 
dramatic accidents.  

However, a set of recently marketed technologies could provide the necessary background for 
developing a new generation of real-time construction management systems, which can be seamlessly 
integrated into the actual arrangement of the construction work (Abderrahim et al. 2005). The two main 
kinds of technologies are: on one side, accurate tracking technologies, that could provide in real time the 
position of all workers present in a construction site; on the other side, tools for behaviour capture, used to 
model and then predict assets’ behaviour, in order to infer what is going to happen. 

The good aspect of tracking technologies is that some of them are very accurate, and are able to track 
workers by just equipping them with such small embedded tags, that they do not interfere with ongoing 
activities. It obviously needs a system setup to cover all the area of interest. Considering that they will give 
back in real time the position of every employed resource, then it could be interfaced with a system having 
the task of predicting what is going to happen and analyze if it could trigger some dangerous situations. It 
would have the advantage of improving presently adopted approaches for safety management and 
optimizing resource usage and working efficiency at the same time. The tools developed for behavioural 
model capture would have the task of discerning dangerous situations in advance. 

This paper concerns a feasibility study of a pro-active system for health and safety management in 
construction sites, fully described in paragraph 3, and mainly composed by two parts: the first performing 
real-time position tracking, while the second providing real-time prediction of risky events. The results 
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obtained from preliminary experimental tests performed in our laboratories will be described and discussed 
to plan further steps.  

2. State of the Art 

Despite mobile computing for production management has already been developed and reliably applied 
to manufacturing (Fuller et al. 2002, Brewer et al. 1999), it is almost completely missing in construction sites, 
due to its outdoor, heterogeneous and highly evolving nature. Some preliminary results have been obtained 
in construction sites through the application of standard outdoor position tracking technologies. Some 
researchers have developed a mechatronic helmet, equipped with a GPS antenna and a bidirectional 
communication system for workers’ safety control (Abderrahim et al. 2005). A lot of efforts have been made 
to explain the main advantages that would be pursued with the adoption of mobile computing (Rebolj et al. 
2001). Among them, the most important ones, devoted to the field of construction management, are: supply 
delivery records and progress updates directly at the jobsite; rapid communication and collaboration 
throughout the entire project life cycle, from financing and planning through engineering and design, 
procurement, construction, and facility management; systems that provide construction teams with a project-
specific extranet, whereby remote team members can access up-to-date documents.   

For that reasons, the main efforts have been directed towards mobile computing technologies 
development and resource tracking. Within the first field of research there are some very valuable works: an 
integrated RFID and GPS technology for the purpose of tracking highly customized prefabricated 
components and avoiding delays in construction (Ergen et al. 2007); embedding RFID tags in building 
components to store design data, which can be passed to the people in charge of maintenance during its 
operational phase (Cheng et al. 2007); efficiency improvement of tool tracking and availability increase by 
using RFID tags (Gajamani et al. 2007).   

On the other side, there have been several attempts to develop systems for continuous resource 
monitoring, adopting a wide range of technologies, from Rfid to GPS. However, the only one that was 
shown to be really capable of providing good performances for very complex  places, resulted to be Ultra 
Wide Band: fieldwork tracking in an iron made construction showed a position accuracy significantly better 
than 1 m (Teizer et al. 2007), the same happened for reinforced concrete made construction buildings 
(Giretti et al. 2008). It suggests that this technology would be very suitable for safety management, were 
accurate localization is critical to avoid workers’ access into hazardous areas, to perform collision avoidance, 
to prevent falls from height and a number of accidents. Other research is facing the problem from a higher 
perspective: for example, a Project called “SightSafety” has the main aim of developing innovative and 
proactive systems for automated collision detection avoidance, which is part of a more ambitious project 
regarding health and safety management in constructions sites (Riaz et al. 2006). Very interesting is the two 
tier software system the authors have developed, whose business logic has been designed to recognize 
whether dangerous situations take place. It is also stated that the higher the position accuracy, the better the 
system performs its tasks. That remarks the importance of using some very accurate location systems like 
UWB. 

Therefore, now big interest is focused on how tracking systems could be interfaced with software 
systems to recognize dangerous situations and which kind of algorithms should be developed to pursue this 
last objective. Among all the tested approaches, there is one attempt consisting in recording time series paths 
(derived from UWB tracking), in order to identify those ones which are safer by the frequency workers pass 
across them and then signal when some workers would choose a not safe path (Teizer et al. 2008). This 
approach is very similar to what proposed in other fields of research, where algorithms for behavioural 
models are developed: they were used to forecast workers’ behaviour, in order to perform risk avoidance in 
advance with respect to the time when risky situations are experienced (Wang et al. 2004): thus, alert 
messages may precede dangers. Our paper rises from such considerations and tries to propose a first 
software application for virtual fencing of dangerous areas in construction. It laid the basis for further 
development about the production of the final system release, to be installed and tested in real construction 
sites. 
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