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Even though location data of construction resources, such as materials, 

heavy machinery and workers, is one of the most critical keys to understand the 

context of construction site, most sites still rely on human-oriented observations 

to localize the resources. As one of techniques for collecting location data, 

Radio Frequency Identification(RFID) technology has been extensively studied 

and widely used. However, RFID requires multiple readers or a lot of 

manpower for location data acquisition because RFID receiver is fixed or 

carried by human with GPS device. It is inefficient and infeasible in terms of 

time and cost in complex or large-scale construction sites. To address the issue, 

the aim of this study is to overcome the limitations of current approaches by 

proposing a localization method based on UAV-RFID integrated p latform. 



 

With Received Signal Strength Index (RSSI) of RFID and UAV flight log 

acquired by flying the integrated platform, we applied machine learning and 

deep learning techniques to localize the location of RFID tags. The method 

estimates the location of tags with high accuracy and acceptable error range. 

With this proposed method, we have demonstrated the feasibility of the UAV-

RFID integrated platform for construction site. 
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Chapter 1. Introduction 

 

This chapter mainly covers the importance of location information for 

construction resources. Then, the existing problems for generating location 

information were identified through the related research and reported cases. 

Lastly, the research objectives and its scope were established. 

 

1.1 Research Background 

 

Location information is the most useful elements for understanding 

the context of construction sites(Singhvi et al. 2003; Montaser and Moselhi 

2014). While controlling the location of construction resources(material, 

equipment, worker) helps to improve productivity and safety of the sites(Valero 

and Ad§n 2016; Cai et al. 2014), insufficient location information can lead to 

increase construction cost and period(Torrent and Caldas. 2009; Soltani et al. 

2015). Because many different kinds of construction resources are required 

even on small and medium-sized site, automated tracking techniques are crucial 

for successful execution of the project(Kim and Haas 2002; Su and Liu, 2007). 

Even though the location information are crucial for tracking 

construction resources, especially in large-scale projects, most construction 

sites still rely on human-oriented observations, such as direct observations and 

paper lists(Torrent and Caldas. 2009). These resource-tracking practices not 

only are labor intensive and time-consuming, but also have possibility of errors 
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for controlling construction items over long-term period and extensive areas. 

On the grounds that various resources are frequently received on the sites out 

of order of their installation sequence and high volume batches(Torrent and 

Caldas. 2009), there are greatly challenges for the identification and 

localization of construction resources.  

Furthermore, identification and localization of construction resources 

based on human-oriented observations are error-prone, labor-extensive and 

time-consuming(Jaselskis and El-Misalami 2003; Sacks et al. 2003; Thomas et 

al.2005; Grau Torrent and Caldas 2006; Su and Liu 2007). For example, 

workers waste their working time up to a third of the time, by searching for 

materials that they need(Rojas and Aramvareekul 2003;Caldas et al. 2006).  
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1.2 Problem Statement 

 

To address the issue, extensive research efforts have been made on 

localization technology, such as Radio Frequency Identification(RFID), Global 

Positioning System(GPS), Real Time Location Systems(RTLS) and Ultra-Wide 

Band (UWB). While the GPS is mainly used for locating heavy equipment, the 

RFID is currently the most feasible technology for locating materials. There are 

two types of readers used in construction sites ï fixed readers and hand-held 

readers. The former type is generally placed at the gates of a site to detect the 

materials carried on shipping trucks entering the site. The latter type is adopted 

to identify the location of the materials that are stocked or installed on the site 

during construction. When a tag is recognized, its ID and the readerôs location 

can be saved in a data management system. However, the use of the hand-held 

readers requires on-site workers to walk around the sites regularly for 

interrogating tags attached on materials. This manual inspection takes a 

laborious manual efforts and significant time that may become significant at a 

large-scale or a complicated site.  

In short, current localization research and technology have limitations 

for localization of construction resources, due to their limited coverage and low 

accuracy. The limitations can be summarized as follows. 

1) Multiple receivers or sensor network are required for localization  

2) Limited usages to narrow and confined area(usually indoor) 

3) Time consuming and low accuracy to apply to outdoor construction 

site 
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Considering the aforementioned limitations of current research and 

technology for localization of construction resources in outdoor site, problems 

to be addressed in this paper are presented below.  

1) Limited coverage of the current methods for localization of 

construction resources 

2) Low accuracy of localization performance for outdoor 

construction sites 
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1.3 Research Objectives 

 

To address the aforementioned issue, this paper proposes a UAV-RFID 

platform that can locate RFID tags spread over a construction site in a more 

efficient way. The proposed platform replaces an on-site worker carrying a 

hand-held reader with a UAV flying 10m or higher. The proposed platform 

locates the RFID tags based on the collected data including the RFID RSSI 

(Received Signal Strength Index) and the GPS data of the UAV.  

By integrating UAV and RFID, location information of resources 

would be generated over the entire construction site without sensor networks or 

multiple receivers in a more accurate and faster way. The specific objectives 

are as follows. 

1) Objective 1: To extract and define variables for the localization model  

2) Objective 2: To design a system architecture for UAV-RFID integrated 

platform 

3) Objective 3: To develop a localization model based on UAV-RFID 

system 

To achieve the first objective, surveys technology on location data 

collection and research literature on localization techniques for construction 

resources. In addition to this, some studies on integration RFID with other 

technology are reviewed. And, in order to design, verify and validate the UAV-

RFID system architecture, preliminary experiments were performed. For the 

third objective, a general model development process that consists of variable 

selection, method selection, preprocessing of data, processing, result and 
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discussion was performed. Detailed descriptions of methodology to achieve the 

objectives will be discussed in the Methodology section. All in all, the research 

framework is as follow Figure 1.1.  
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Figure 1.1 Research Framework  
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1.4 Research Scope 

The scope of this research study encompasses construction resource 

localization in construction project which has large and broad outdoor area. 

Data collection and validation were performed on a sports complex in Seoul 

national university in Seoul, Korea. 

Some software and application were used for data collection. An 

application of UAV called Mission Planner was used for setting flight plan, 

controlling the UAV and getting flight log data, such as latitude, longitude, 

altitude, roll, pitch and yaw of UAV according to flight time log. And a RFID 

application, Taglab was used for controlling and extracting the RSSI log of 

RFID. The specifications of hardware and software will be presented in 

óSystem Architectureô section.  
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Chapter 2. Literature Review 

 

The objective of the chapter is to extract and define variables of the 

localization model as mentioned for the first research objective(Fig.2.1). In 

order to achieve the objective, this chapter surveys technology on location data 

collection and research literature on localization techniques for construction 

resources. In addition to this, some studies on integration RFID with other 

technology are reviewed. This chapter provides background information and 

knowledge for this study from previously conducted studies and technologies. 

It would help readers to grasp general information on localization and related 

technology.  

 

 

Figure 2.1 Literature Review Process  
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2.1 Data Collection Technology 

 

Extensive research efforts have been made on the localization 

technologies, such as RFID, GPS, and Ultra-Wide Band (UWB).  

 

2.1.1 Ground Positioning System 

 

 Global Positioning System (GPS) is a satellite navigation system 

developed and managed in the United States that allows to know the location 

where it is by using satellites. In general, signals from satellites in satellite 

navigation systems contain the following information. From these two 

information, it can generate the location information that consists of latitude, 

longitude and altitude along the time. 

1) Orbital information of the satellite: it can calculate the position of 

satellite. 

2) Time: at which the satellite signal is transmitted. By comparing it 

with the time received by the actual receiver, the distance between 

the receiver and the satellite can be calculated inversely from the 

speed of light(Zito, R et al, 1995). 

GPS has seen extensively studied and widely used in the construction industry 

for tracking resources. For example, continuously tracking the location of 
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construction equipment such as caterpillars and trucks to monitor their arrival 

and departure times on construction sites(Hildreth, J , 2005) and record the 

cyclic activities of equipment for further analysis(Pradhananga, N., & Teizer, J, 

2013). Although GPS may seem like a quite decent solution to get the 

information of construction resources, attaching a GPS receiver to each 

construction resource is unfeasible and cost-ineffective option(Bulusu et al. 

2000; He et al. 2003; Niculescu and Nath 2003; Sichitu and Ramadurai 2004; 

Torrent and Caldas. 2009). Addition to this, GPS may not work well in 

congested environments, which is typical in construction site (Khoury and 

Kamat 2008). 
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2.1.2 Real Time Location System 

 

Real-time locating system(RTLS) is a system to automatically identify 

and track the location of objects. It is a combination of hardware and software 

systems to automatically determine the coordinates of an object in real time 

within an instrumented area(H. Li et al, 2015). A wireless tag is attached to an 

object, and fixed reference points receive wireless signals from the tag to 

determine its location. RTLS is based on two techniques: 1) triangulation model, 

2) probabilistic model. The most common technique, triangulation model, 

triangulates the location of tags by measuring time-of-flight between access 

points and the tags. And, the other technique, probabilistic model, localize tags 

with the RSSI values at different access points.  

In the past decade, there has been a surge of interest in the use of RTLS 

technologies in the construction sector. RTLS is an application used to locate 

the current geographic position of a person, materials, or equipment, facilitating 

data tracking and management, and is considered as one of the innovations that 

have changed traditional practices in the construction industry over the last two 

decades. Much research have shown that RTLS positioning has the potential to 

be applied in the construction industry (Taneja S. et al, 2012; Vaha P. et al, 2013). 

 However, RTLS requires the presence of a dense and expensive 

network of stationary receivers, because RTLS relies on the communications 
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between multiple tags, which are uniquely attached to the target objects and 

receivers. For the reason, in large-scale projects such as infrastructure 

construction, this fixed network would interfere with the dynamic nature of the 

construction environment, which requires the constant movement of materials, 

equipment, and workers. Current RTLS applications usually cannot help being 

confined to building environments(Torrent and Caldas. 2009). 
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2.1.3 Ultra Wide Band 

 

 Ultra-wideband (UWB) is a wireless communication technology that 

transmits a large amount of information at a low power using a frequency band 

of about 3.1 to 10.6 GHz, which is a wider band than the conventional spectrum. 

Tracking materials(Shahi et al. 2012), workers(Yang, et al. 2011) and 

equipment(Cheng et al. 2011; Vahdatikhaki et al. 2014) are general applications 

in construction industry UWB technology can localize the location of resources 

in the accuracy of a few centimeters. However, UWB technology requires a 

dense and expensive network of stationary receivers for localization with the 

accuracy range. The unit cost of which ranges between $2,500 and 

$5,000(torrent, 2008), and high cost of the tags, which makes it an infeasible 

option for large-scale construction projects.  
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2.1.4 Radio Frequency Identification 

  

Radio Frequency Identification(RFID) is a wireless sensor technology 

that identifies tagsô ID and recognize the information which the tags include  

using radio frequencies. The system consists of RFID tags and receivers(also 

called reader) that uses radio frequency signals to communicate with each other 

within a read range. In the mechanism of RFID system, once a reader detects 

the existence of tags within the read range by emitting signals to trigger the tag, 

the tag returns back with an identification signal. RFID tag can be divided into 

two types by the presence of the built-in battery: (1) passive (2) active. The 

passive tag has no internal battery and is powered only from the reader signals 

to operate. For this reason, the passive tag has narrow recognition range and 

has less storage capabilities. On the other hand, active tag contains internal 

battery and has a longer recognition range. In addition to this, RFID tag can be 

grouped into frequency domain as shown in Table 1: Low-Frequency 

Identification(LFID), High-Frequency Identification(HFID), Ultra High-

Frequency Identification(UHFID). LFID uses a frequency 120 to 140kHz, 

HFID uses 13.56 MHz, and UHFID uses 868~956MHz(Park, 2014).  
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Table 2.1 Classification of RFID tag by frequency  

 

 For construction industry, RFID has been extensively utilized and 

studied on different resources and in different areas. Fang et al. 2016 conducted 

research that track and manage workers indoors. And, several studies(Song et 

al. 2006; Montaser and Moselhi. 2014) researched the potential of RFID to 

track and manage construction materials such as pipe spools. Additionally, the 

other studies(Soleimanifar et al. 2011; Motamedi et al. 2013; Soleimanifar et 

al. 2014) conducted research about positioning and tracking based on RFID 

localization method.  

 However, the use of the hand-held readers requires on-site workers to 

walk around the sites regularly for interrogating tags attached on materials. This 

manual inspection takes a laborious manual efforts and significant time that 

may become significant at a large-scale or a complicated site. Due to the main 

challenges of RFID: (1) limited recognition range of readers, (2) sensitivity of 

received signal strength index(RSSI), it requires multiple receivers and dense 

network for localization of tagged resources.   
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2.2 Integration RFID with other technologies 

 

As mentioned above, the limitations of RFID technology can be 

addressed and overcame by integration with other technologies. Firstly, 

integration of vision sensors with RFID technology has improved object 

recognition tasks in an easier and more effective way. One of them combines 

photos of the tracked components with RFID tag information. Therefore, the 

system could generate a graphic file with embedded RFID tag 

information(Fumio et al, 2009). And, the use of photogrammetry and laser 

scanning technologies with RFID systems was suggested to manage the 

quantities and location of workers, materials and equipment(El-Omari and  

Moselhi 2011).  

Secondly, RFID system integrated with GPS technology has been 

extensively used and researched. (Torrent and Caldas, 2009) suggested a 

methodology for identification and localization of construction components by 

using GPS, RFID and mobile rover. The scanning time for 11,500m2 was 30 

minutes, while UAV could scan in 11 minutes for 11,500m2 if the UAV flies 

2m/sec with 20 meters height(Fig.2.2). And, only the area where to be accessed 

by the rover could be scanned. (Cai et al, 2014) used GPS and RFID for locating 

construction resources. However, the suggested method should need multiple 

receivers for localization of construction resources.  
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Figure 2.2 UAV flight plan  

 

Third, by integrating RFID system with UAV, the limitations of RFID 

recognition range could be overcame. (A. Buffi and R. Cioni, 2017; Y. Ma et 

al., 2017) suggested a new localization system by integrating UAV and RFID. 

Both of them performed localization of tags based on the integrated platform. 

And, tag location was estimated with centimeter order accuracy for both of the 

research. However, the recognizable height is 2 meters when scanning the tags 

with the integrated platform, which is too short to apply the system to 

construction sites, especially outdoor site. This is because they used passive 

tags for each localization system.  
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2.3 Existing Localization Algorithms 

 

 In general, localization method can be further distinguished into three 

types: 1) range-based, 2) range-free, 3) profiling-based(Soleimanifar et al, 

2014). Regardless of the algorithm applied, the localization process divided into 

the following two steps: signal measurement and position calculation(Zhang et 

al, 2010). In the first step, the RF signal is transmitted between receivers and 

tags, in which the attributes of the signal such as arrival time and signal strength 

are captured. In the second step, the position of the target is determined based 

on the processing signal parameters obtained in the first step. 

 

(1) Range-based: the most commonly used indoor positioning 

technique is to estimate the position, depending on the estimate of 

the distance or angle between the tag and the reader. (e.g. angle of 

arrival(AOA), time of arrival(TOA), time difference of 

arrival(TDOA)). However, these methods rely on line-of-sight 

communications and require expensive and customizable network 

infrastructures(Almuzaini and Gulliver 2010). In real-world 

scenarios such as construction sites, localization errors increase 

dramatically due to the sensitive behavior of the signal. A solution 

to this localization accuracy is to deploy a dense and expensive 

fixed anchor node network, but this network interferes with the 



20 

 

 

normal progress of the construction operations(Torrent and Caldas, 

2009).  

(2) Range-free: defined exclusively by the perceived connection 

between a tracked tag and its neighbors(Soleimanifar et al, 2011). 

Since range-free algorithms do not depend on sensitive signal 

measurements, their mechanisms can better withstand real-world 

conditions. The algorithms provide a simplified version of the 

ranging-based approach in the context of large-scale sensor 

networks(He et al. 2003). For the reason, the result of localization 

is relatively crude, and the approaches require a dense presence of 

stationary anchor nodes to optimize the location results. 

(3) Profiling-based: Received Signal Strength(RSS) profiling-based 

localization techniques directly associate location of tags with 

RSS data to mitigate the impact of variation of circumstances on 

the reliability of the estimated range(Haque et al. 2009). The RSS 

profiling-based method first creates a radio signal strength map in 

the localization area. The map is configured online using a sniffing 

device, a tag sensor node located at a profiling point in a location 

known offline or online by pre-collected measurements(Krishnan 

et al. 2004). The map represents a temporary spatial distribution 

model of the RSS in the region being investigated. The RSS 

mapping model is stored in a database on a central server. By 
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referring to the RSS mapping model, the location of the mobile 

node (tag) can be estimated by comparing the RSS measurements 

obtained by the mobile node with the measurements taken at the 

profiled points with known coordinates. 
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Chapter 3. Preliminary Study 

 

In this chapter, a system architecture for UAV-RFID integrated 

platform is designed as mentioned for achieving the second research objective, 

which is to design a system architecture for UAV-RFID integrated platform. 

And then, verification and validation for the designed system were performed 

through three preliminary experiments. Each experiment was designed and 

proceeded in the following process(Fig.3.1). For each experiment, some 

singularities concerning the system were found.  

 

 

Figure 3.1 Preliminary Experiment Process  
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3.1 UAV-RFID Integrated Platform 

 

 UAV-RFID integrated platform consists of three layers (Fig. 3.2). 

Through the access layer, the user can access and control the other two layers 

by handling the UAV controller and the laptop. The hardware layer includes an 

RFID Link Gateway and mini PC mounted on the UAV (Fig. 3.3, 3.4). A user 

can control the UAV via controller or a ground station application called the 

mission planner installed on the laptop. Through the mission planner, the user 

can input a flight path mission to UAV. Through the software for remote control 

called TeamViewer, a user can control the RFID system by operating the mini 

PC in the hardware layer and the RFID software called the Taglab. The RFID 

receiver (the RFID link mobile gateway) communicates with active tags on the 

ground via radio signals of 433MHz. 

 The Real Time Kinematic(RTK) GPS and the gyro sensors mounted 

on the UAV generates types of flight log data ï the location and the pose (roll, 

pitch, and yaw) of the UAV. The RSSI log data is generated from the RFID 

reader, and stored in the mini PC. 
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Figure 3.2 UAV-RFID Integrated Platform Architecture  
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Figure 3.3 Hardware Specifications  

 


















































































	Chapter 1. Introduction.
	1.1 Research Background
	1.2 Problem Statement
	1.3 Research Objectives
	1.4 Research Scope

	Chapter 2. Literature Review .
	2.1 Data Collection Technology
	2.1.1 Ground Positioning System 
	2.1.2 Real Time Location System 
	2.1.3 Ultra Wide Band
	2.1.4 Radio Frequency Identification

	2.2 Integration RFID with other technologies
	2.3 Existing Localization Algorithms.

	Chapter 3. Preliminary Study.
	3.1 UAV-RFID Integrated Platform.
	3.2 Preliminary Experiments .
	3.2.1 Experiment 1: Interference between RFID and UAV 
	3.2.2 Experiment 2: Correlation between RSSI and distance.
	3.2.3 Experiment 3: Footprint area of UAVRFID platform 


	Chapter 4. Model Development
	4.1 Received Signal Strength(RSS) Profiling based Localization Model .
	4.2 Machine Learning based Localization Model
	4.3 Deep Learning based Localization Model

	Chapter 5. Implementation and Discussion
	5.1 Received Signal Strength(RSS) Profiling based Localization Model .
	5.2 Machine Learning based Localization Model
	5.3 Deep Learning based Localization Model

	Chapter 6. Conclusions
	6.1 Summary.
	6.2 Contributions and Future Study.



<startpage>11
Chapter 1. Introduction. 1
 1.1 Research Background 1
 1.2 Problem Statement 3
 1.3 Research Objectives 5
 1.4 Research Scope 8
Chapter 2. Literature Review . 9
 2.1 Data Collection Technology 10
  2.1.1 Ground Positioning System  10
  2.1.2 Real Time Location System  12
  2.1.3 Ultra Wide Band 14
  2.1.4 Radio Frequency Identification 15
 2.2 Integration RFID with other technologies 17
 2.3 Existing Localization Algorithms. 19
Chapter 3. Preliminary Study. 22
 3.1 UAV-RFID Integrated Platform. 23
 3.2 Preliminary Experiments . 27
  3.2.1 Experiment 1: Interference between RFID and UAV  27
  3.2.2 Experiment 2: Correlation between RSSI and distance. 32
  3.2.3 Experiment 3: Footprint area of UAVRFID platform  38
Chapter 4. Model Development 41
 4.1 Received Signal Strength(RSS) Profiling based Localization Model . 42
 4.2 Machine Learning based Localization Model 47
 4.3 Deep Learning based Localization Model 52
Chapter 5. Implementation and Discussion 57
 5.1 Received Signal Strength(RSS) Profiling based Localization Model . 57
 5.2 Machine Learning based Localization Model 59
 5.3 Deep Learning based Localization Model 61
Chapter 6. Conclusions 63
 6.1 Summary. 63
 6.2 Contributions and Future Study. 65
</body>

