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Abstract

Modern buildings create vast amounts of data throughout their lifecycle. Carefully managing the data makes it more
valuable. This data is contained in static printed materials or documents. These documents quickly become outdated,
and all too often much valuable time is lost tracking down the relevant information. It is important to associate project
information with specific elements in each location for future reference. Location based real-time information sharing
is key to productivity for an organization. Position coordinates may be used to link important information with the
given location and effectively connect data using indoor localization technology. This paper explores use of indoor
positioning technologies for organizing and accessing information in construction industry using content analysis.
Ultra-wideband (UWB) is a most promising technique that has proven effective in indoor localization. In addition, the
research reviewed past five years papers to understand the application of UWB in various stages of construction. The
research then studied potential stages where adoption of UWB can be an imminent research area to revolutionized
information sharing in construction. The research found that no research has been focused on using UWB during the
commissioning stage of construction, which is one of the important stages requiring real-time information sharing.
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1. Introduction

A large amount of data is associated with a building’s lifecycle - from preliminary planning of a building to the
demolition stage. The data associated with a building needs to be carefully managed so that it can be used at a later
stage when needed. Much of this data is contained in steady materials or documents. The construction industry still
relies on and gets hindered by paper-based static materials and processes such as, plans and drawings, blueprints,
manuals, supply chain orders, etc., (Lerkenfeld 2017). Additionally, paper-based static information sharing makes it
difficult to capture and analyze data, leading to loss of important and relevant information. Moreover, construction
transitioning to digital information delivery, with paper-based documents being phased out, as information storage
and retrieval is burdensome. Therefore, it is important to automate the tracking of necessary information associated
with relevant elements in a specific location for future follow up.

The construction industry is learning the importance of real-time and digital information sharing. To reduce
the costs associated with untimely information sharing, timely access to the data and information is crucial. Thus,
real-time information sharing process is a requisite in construction industry. Efficient transfer and extraction of
information is important and the location associated with each information is also necessary. Thus, location based
real-time information tracking and sharing are crucial for construction productivity and efficient flow of information
through different stages of the project delivery process. Position coordinates may be used to link necessary
information with a given location and efficiently connect data using indoor positioning technology. The technology
can help to ensure smooth workflow to share information in real time within and between different users (Lerkenfeld
2017).
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Indoor positioning technology is a system that continuously and in real-time determines the position of a
person or an object in an indoor environment (Alarifi et al., 2016). Indoor positioning applications may require
different quality attributes such as location accuracy, line of sight (LOS) condition, hardware, etc., and thus should
be carefully selected to meet the requirements of the application. Indoor location-based services are an important
application of indoor computing. Accurate position coordinates are a critical requirement for indoor positioning
techniques. This paper reviews the use of indoor positioning technologies for organizing and accessing real-time
information in the construction process. The research reviews and studies literature over the past five years to
comprehend the application of the most promising indoor positioning technologies at various stages of construction.
In addition, it explores emerging new application areas related to stages in construction that require automation of
real-time information sharing using indoor positioning technologies. The research adopts content analysis as the
primary methodology to review indoor positioning technologies and their applications. This involved investigating
research papers and articles with the following keywords: indoor positioning technology; features of UWB;
application of UWB; and stages of construction.

2. Indoor Positioning Technologies

A large variety of techniques and devices are used to provide indoor positioning in the built environment. The top 10
indoor positioning technologies are briefly introduced below (Li et al., 2020).

Wi-Fi is the most widely used indoor positioning technology, due to its paramount existence Due to high
availability of wireless application arrangement, Wi-Fi systems do not require new hardware equipment. The precision
of the systems is moderate, but power consumption is high (Zhao et al., 2014).

Bluetooth Low Energy (BLE) is common short-range wireless communication technology and is based on
standard Bluetooth. BLE and Wi-Fi use the same carrier frequency (2.4GHz) but BLE has much lower power
consumption (Alarifi et al., 2016; Li et al., 2020). BLE systems perform better than Wi-Fi systems by 27%, but
accuracy is still low compared to other communication technologies.

Radio Frequency Identification (RFID) is another short-range communication technology. RFID systems offer
moderate to high accuracy depending on line of sight (LOS) condition (Yang et al., 2014). The cost and power
consumption of RFID ranges from low to moderate based on system design and tags used (L. et al., 2020).

Zigbee is designed to be used in small personal area networks (Alarifi et al., 2016). It is secure technology for
short-range communication with low data rate, low power, and low cost (Zheng and Lee, 2004). Zigbee has a moderate
performance at the sub-meter (1mm to 1m) level only.

Indoor Global Navigation Satellite Systems (GNSS) depend on radio frequency (RF) waves to carry signals. The
main benefit of indoor GNSS systems is that the targets can use smartphones to seamlessly position themselves
indoors. However, signals cannot penetrate other floors in buildings (Rizos et al., 2010). Indoor GNSS systems with
high number of repeaters offers accuracy and precision at sub-meter level with longer response times (Jardak and
Samama, 2009).

Ultrasound can achieve very high positioning accuracy and precision at the sub-millimeter (<1mm) level when
noise interference is less (Medina et al., 2013). One limitation of ultrasound systems is that signals cannot penetrate
walls and has a low coverage.

Range Imaging is evolving technology in metrology and navigation sector. This is device-free communication
technology which does not require receiver on the positioning targets (Li et al., 2020). Range imaging provide 6D
object pose estimation (3D position and 3D orientation). One limitations of range imaging systems are strict
requirement of line of sight (LOS) conditions. (Brscic et al., 2013).

Geomagnetic Waves for indoor positioning have emerged in recent years. Geomagnetic waves exist everywhere
in the environment but establishing accurate and precise indoor positioning systems based on geomagnetic waves is



very challenging, due to low visibility (Shu et al., 2015). Additionally, geomagnetic waves can vary both horizontally
and vertically (Li et al., 2020).

Image Processing is an emerging technology. Image processing systems uses computer vision techniques and
visible light cameras developed on smartphones and other cameras (Werner et al., 2011; Song et al., 2011; Alarifi et
al., 2016). These system offers moderate accuracy at sub-meter level in static environment with little noise interference
(Kawaji et al., 2010). The system requires line of sight (LOS) condition for image processing for better precision (Li
etal., 2020).

Ultra-wideband (UWB) is a short-range wireless communication protocol that uses radio frequency (RF) waves
to enable devices to 'talk' to each other and provide a simple example (e.g., tap free mobile payment, asset tracking,
building access control, ticket validation). UWB transmitters transmit high data while consuming small energy
(Svalastog, 2007). UWB offers short pulse radio frequency (RF) waveforms and large bandwidth (Shen et al. 2008),
which results in fine time resolution, good potential for application in localization and positioning, and better immunity
to multipath effects (Jiang et al., 2011). The low frequency of UWB signals permits the pulses to effectively transmit
through various obstacles as experienced by other wireless modalities. Based on various researchers, UWB systems
is most suitable and foremost technologies among other indoor positing technologies in terms of large data
transmission, accuracy, and precision with minimized error to sub-centimeters (1cm to 1mm) level, even under strong
noise interference (Ghavami et al., 2006; Liu et al., 2007; Svalastog, 2007; Cheng, 2012; Shahi et al., 2012; Segura et
al., 2012). Given its potential advantages over other indoor positioning technologies, this paper explores how best to
leverage UWB technologies to improve the different construction processes by providing real-time access to
component-level information.

3. Key Features of Ultra-Wideband

UWB has various important features that are explored and studied in the literature on different industry sectors. Alarifi
et al., (2016) performed SWOT analysis for evaluating UWB technology and summarizing its key features in terms
of strengths, weakness, opportunities, and threats. Some of the key features of UWB are summarized in Table 1
(Hamaéldinen et al., 1999; Miller, 2003; Aiello and Batra, 2006; Otis and Rabaey, 2007 ; Ubisense, 2009; Porcino and
Hirt, 2011; Savioli et al., 2012; Alarifi et al., 2016).

Table 1: Key features of UWB

Strength

Weakness

Opportunities

Threats

e License free

e Large bandwidth

e Short pulses

e Low power consumption

e Less interference with other

systems

o Effective multipath
resolution

¢ High data rate transmission

e Acquire high level
processing

e Carrierless transmission
e Opposition to Jamming

e Potential interference
with systems
operating on same
spectrum

elong time to
synchronize

e Tracking system

e Indoor navigation

e Localization  and
positioning system

e Commercially
expensive

® Not totally immune to
multipath

e Design and
implementation may
be challenging

4. Applications and Uses of Ultra-Wideband in Construction

UWSB technology is most promising for indoor positioning and localization applications (Alarifi et al., 2016). Due to
the increase in demand, researchers have begun to explore new opportunities to leverage. UWB technology is



becoming more widely used in the construction industry. In recent years, a significant amount of research effort and
application of UWB has been carried out to enhance the efficiency of construction (Jiang et al., 2011). UWB has been
applied to various stages in construction for precision positioning and localization both for research and industry
purposes.

This paper reviewed research papers over the past five years on the application of UWB in five main stages of
the construction process (feasibility, design, construction, commissioning, operation and maintenance (O&M)) (Table
2). During the construction stage, UWB has been primaily adopted and in various ways, such as construction resource
position and tracking (Li et al., 2021; Zhang and Liu, 2020, Siddiqui et al., 2019, etc.), site supervision (Wei et al.,
2021, Norrdine et al., 2020, Shen and Zhang, 2020, etc.), and safety management (Pittokopiti and Grammenos, 2019;
Rodriguez et al., 2019). During O&M, UWB can be used for operation and maintenance planning (Hou et al., 2020),
non-destructive testing (Kim et al., 2017), detection of corrosion condition of concrete and other building materials
(Nishimoto et al., 2019;), electrical application control (Fiawoyife and Louis, 2018). In design stage, UWB is applied
in indoor scanning (Chen et al., 2019), if required during design planning based on existing situation of project, e.g.,
renovation project. Limited research has been focused on using UWB during the feasibility and commissioning stage
of construction (Table 2).

UWB has many potential applications to be researched. Following the review of research papers, this research
mapped the key features of UWB application with the requirements of the different stages in construction, to highlight
the potential benefits UWB can provide to various stages of construction (Table 3). After mapping, it was found that
UWB has considerable potential in the three project lifecycle stages — construction, commissioning, O&M and less
potential in the design and feasibility stages (Table 2). There are various research papers on the application of UWB
at the construction and O&M stages. However, there is nothing on the commissioning stage, despite the potential
benefits of UWB application at this stage (Table 2). Commissioning process documents the performance standards of
the various building systems and verifies that designed and constructed work meets design standards ((WBDG, 2016).
UWB can be helpful at commissioning stage by tagging performance information with the specific location of the
building elements and systems obviating the need to rummage through design and construction documents, drawings,
equipment manuals, technical specifications, and handover notes.

Table 2: Papers on UWB application at various stages of construction

Stages in Construction

Feasibility Design Construction Commissioning O &M
UwB Chenetal,, 2019 Arabshahi et al., 2021; Zhao et al.,, 2021; Hou et al., 2020;
Wei et al., 2021; Li et al., 2021; Dérobert et Nishimoto et al.,
al, 2021; Norrdine et al., 2020; Li et al., 2019; Fiawoyife and
2020; Norrdine and Motzko, 2020; Jie et al., Louis, 2018; Kim et
2020; Zhang and Liu, 2020; Ansaripour et al., 2017

al., 2020; Moselhi et al., 2020; Shen and
Zhang, 2020; Umer and Siddiqui, 2020; Wen
et al., 2020; Zhnag et al., 2020; Siddiqui et
al., 2019; Pittokopiti and Grammenos,
2019; Rodriguez et al., 2019; Jin et al., 2019

Table 3: Potential uses of UWB at various stages of construction

Stages in Construction

Feasibility Design Construction Commissioning o&M

Use of UWB X XX XXX XXX XXX

X — Least use; XX — Average use; XXX — Highest use

5. Discussion



The construction industry should revolutionize how building information is accessed and create efficient information
retrieval mechanisms for the construction workforce. UWB is a well-suited technique that has proven effective in
indoor positioning and tracking. UWB-based technology can be used for organizing and accessing information as part
of the commissioning of a building by providing a simple, intuitive, and inexpensive solution to easily access accurate
building information, when and where necessary. Adoption of UWB for location based real-time information sharing
at the commissioning stage of construction is crucial and is an important application area for the future. The acquisition
and transmission of data during commissioning is time-consuming, monotonous and requires a huge human effort
when done using conventional approaches. Use of UWB at commissioning stage in building enables the use of real-
time location services, direction of interest and a smart device to allow easy access to actionable data created during
the lifecycle of a project. This approach should organize content according to location coordinates to help track
referential information as per associated location coordinates in a time-efficient manner thereby, facilitating better
coordination and communication between owner and teams during project handover and commissioning. UWB
provides wireless coordinates that are associated with physical locations for high tech location and direction. As a user
moves around a building site, different information or functionality can be made available using an augmented reality
or 2D interface on a standard smart device. New information or functionality can be made available based on the user’s
context (e.g., new location and new direction of interest). Reference manuals, how to videos, part ordering, e-
commerce, design plans, as-built records, manuals, or any other desired digital capability, can all be available via a
simple point and touch interface.

6. Conclusions

Indoor positioning technology has changed significantly in different industry sectors with the rapid development of
wireless positioning and tracking technologies. Ultra-wide band is a fast, secure, short range, low power radio protocol
used to determine location with accuracy unmatched by any other wireless technology. UWB provides accurate
positioning throughout buildings in various fields and facilitate better decision making due to its distinctive technical
features. This study reviewed indoor positioning technologies and found UWB the most favourable for organizing and
accessing real-time information in construction. Content analysis was adopted to review papers on indoor positioning
technologies for real-time information sharing over the past five years. It also explored papers on the application of
UWB at various stages of the project delivery process. In addition, the research also explored potential application
areas for UWB application. It can be concluded that there is considerable potential in leveraging UWB technology to
facilitate efficient information flow at the commissioning stage of a project - especially between geographically
distributed team members and without the need for a huge IT infrastructure.

References

Aiello, R. Batra, A. (2006). Ultra-Wideband Systems: Technologies and Applications. Newnes-Elsevier: Burlington,
MA, USA.

Alarifi, A., Al-Salman, A., Alsaleh, M., Alnafessah, A., Al-Hadhrami, S., Al-Ammar, M.A., Al-Khalifa, H.S. (2016).
Ultra-Wideband Indoor Positioning Technologies: Analysis and Recent Advances. Sensors, 16, 707.
https://doi.org/10.3390/s16050707.

Ansaripour, A., Heydariaan, M., Gnawali, O., Kim, K. (2020). VIiPER: Vehicle Pose Estimation using Ultra-WideBand
Radios. Proc. of 16" Annual International Conference on Distributed Computing in Sensor Systems, 120-127.
DOI: 10.1109/DCOSS49796.2020.00029

Arabshahi, M., Wang, D., Sun, J., Rahnamayiezekavat, P., Tang, W., Wang, Y., Wang, X. (2021). Review on sensing
technology adoption in the construction industry. Sensors, 21 (24), 8307. DOI: 10.3390/s21248307

Brscic, D., Kanda, T., Ikeda, T., Miyashita, T. (2013). Person tracking in large public spaces using 3-D range sensors,
IEEE Transactions on Human-Machine Systems, 43(6), 522-534,
https://doi.org/10.1109/THMS.2013.2283945.

Chen, C., Tang, L., Hancock, C.M., Zhang, P. (2019). Development of low-cost mobile laser scanning for 3D
construction indoor mapping by using inertial measurement unit, ultra-wide band and 2D laser scanner.
Engineering, Construction and Architectural Management, 26 (7), 1367-1386. DOI: 10.1108/ECAM-06-2018-
0242.

Cheng, G. (2012). Accurate TOA-based UWB localization system in coal mine based on WSN. Physics Procedia, 24,
534-540. 47.



https://doi.org/10.1109/THMS.2013.2283945

Cheng, T., Venugopal, M., Teizer, J., Vela, P.A. (2011). Performance evaluation of ultra-wideband technology for
construction resource location tracking in harsh environments, Automation in Construction, 20(8), 1173-1184,
ISSN 0926-5805, https://doi.org/10.1016/j.autcon.2011.05.001.

Dérobert, X., Baltazart, V., Simonin, J-M., Shreedhar S.T., Norgeot, C. (2021). GPR Monitoring of Artificial
Debonded Pavement Structures throughout its Life Cycle during Accelerated Pavement Testing. Remote
Sensing; Basel, 13(8), 1474. DOI:10.3390/rs13081474.

Fiawoyife, K., Louis, J. (2018). Electrical appliance control for smart buildings using real-time location tracking and
virtual environments. Proc. of 35" International Symposium on Automation and Robotics in Construction and
International AEC/FM Hackathon: The Future of Building Things. DOI: 10.22260/isarc2018/0132.

Ghavami, M., Michael, L.B., Kohno, R. (2006). Front Matter Ultra-Wideband Signals and Systems in Communication
Engineering, John Wiley & Sons, Ltd: Newark, NJ, USA.

Hamalainen, M., Hovinen, V., Latvaaho, M. (1999). Survey to Ultra-Wideband Systems. Eur. Cooperation Field Sci.
Tech. Res, 262, 1-7.

Hou, Z.S., Wang, H., Xu, M., Wang, G., Peng, L., Lu, H., Wang, Z.F., Zhao, P. (2020). A scenario information space
model construction method based on grid operation scenario. Procedia Computer Science, 166, pp. 88-92. DOI:
10.1016/j.procs.2020.02.025

Jardak, N., Samama, N. (2009). Indoor positioning based on GPS-repeaters: performance enhancement using an open
code loop architecture, IEEE  Trans.  Aerosp. Electron. Syst. 45 (1), 347-359,
https://doi.org/10.1109/TAES.2009.4805284.

Jiang, S., Skibniewski, M.J., Yuan, Y., Sun, C., Lu, Y. (2011). Ultra-wide band applications in industry: A critical
review. Journal of Civil Engineering and Management, 17 (3), 437-444. DOI: 10.3846/13923730.2011.596317.

Jie, H., Liu, K., Zhang, H., Xie, R., Wu, W., Guo, S. (2020). AODC: Automatic Offline Database Construction for
Indoor Localization in a Hybrid UWB/Wi-Fi Environment. IEEE/CIC International Conference on
Communications in China, 9238772, 324-329. DOI: 10.1109/ICCC49849.2020.9238772.

Jin, T., Sadeghpour, F., Jergeas, G. (2019). Feasibility investigation and accuracy assessment for a new generation
UWB tracking system. Proc. of Annual Conference - Canadian Society for Civil Engineering.

Kawaji, H., Hatada, K., Yamasaki, T., Aizawa, K. (2010). Image-based indoor positioning system: fast image matching
using omnidirectional panoramic images, Proc. of the 1st ACM International Workshop on Multimodal
Pervasive Video Analysis, 1-4, https://doi.org/10.1145/1878039.1878041

Kim, T.H., Navagato, M.D., James, R., Narayanan, R.M. (2017). Design and performance of a microwave non-
destructive testing system for damage analysis of FRP composites. Proc. of 32nd Technical Conference of the
American Society for Composites, 4, 2378-2393

Lerkenfeld, H. (2017). ADEACA. https://www.adeaca.com/blog/real-time-information-sharing-is-key-to-
productivity-for-construction-companies/.

Li, C.T., Cheng, J.C.P., Chen, K. (2020). Top 10 technologies for indoor positioning on construction sites, Automation
in Construction, 118, 103309, ISSN 0926-5805. doi.org/10.1016/j.autcon.2020.103309.

Li, T.-Y., Duan, F.-J., Liang, C.-J., Jiang, J.-J., Fu, X., Wang, Q., Huang, H.-X., Wei, Q.-F. (2021). A high precision
unmanned aerial vehicle positioning system based on ultra-wideband technology. Measurement Science and
Technology, 32 (5), 055101. DOI: 10.1088/1361-6501/abdbd4

Liu, H.; Darabi, H.; Banerjee, P.; Liu, J. (2007). Survey of wireless indoor positioning techniques and systems. IEEE
Trans. Syst. Man Cybern. Part C Appl. Rev. 37, 1067-1080.

Lucas, J.D., Burgett, J.M., Hoover, A.W., Gungor, M.X. (2016). Use of ultra-wideband sensor networks to detect safety
violations in real time. Proc of the 33 International Symposium on Automation and Robotics in Construction,
250-257. DOI: 10.22260/isarc2016/0031

Medina, C., Segura, J.C., De la Torre, A. (2013). Ultrasound indoor positioning system based on a low-power wireless
sensor network providing sub-centimeter accuracy, Sensors 13 3), 3501-3526,
https://doi.org/10.3390/s130303501.

Migliaccio, G., Gatti, U., Teizer, J. (2011). Remote construction worker location, activity and safety monitoring. Proc.
of the 28" International Symposium on Automation and Robotics in Construction, 650-651. DOI:
10.22260/isarc2011/0121

Miller, L. (2003). Why UWB? a review of ultrawideband technology; Technical Report for NETEX Project Office,
DARPA by Wireless Communication Technologies Group, National Institute of Standards and Technology:
Gaithersburg, MD, USA.

Moselhi, O., Bardareh, H., Zhu, Z. (2020). Automated data acquisition in construction with remote sensing
technologies. Applied Sciences (Switzerland), 10 (8), 2846. DOI: 10.3390/APP10082846.


https://doi.org/10.1109/TAES.2009.4805284
https://doi.org/10.1145/1878039.1878041
https://www.adeaca.com/blog/real-time-information-sharing-is-key-to-productivity-for-construction-companies/
https://www.adeaca.com/blog/real-time-information-sharing-is-key-to-productivity-for-construction-companies/
https://doi.org/10.3390/s130303501

Nishimoto, M., Rohman, B.P.A., Naka, Y. (2019). Estimation of Concrete Corrosion State Using Ultra-Wideband
Radar Signatures. International Geoscience and Remote Sensing Symposium (IGARSS), 3610-3613. DOI:
10.1109/1GARSS.2019.8899258.

Norrdine, A., Kasmi, Z., Ahmed, K., Motzko, C., Schiller, J. (2020). MQTT-Based Surveillance System of 10T Using
UWB Real Time Location System. Proceeding - IEEE Cyber, Physical and Social Computing, CPS Com, 216-
221. DOI: 10.1109/iThings-GreenCom-CPSCom-SmartData-Cybermatics50389.2020.00050

Norrdine, A., Motzko, C. (2020). An internet of things-based transportation cart for smart construction site. Proc. of
IEEE Congress on Cybermatics, 160-167. DOI: 10.1109/iThings-GreenCom-CPSCom-SmartData-
Cybermatics50389.2020.00042

Otis, B.; Rabaey, J. (2007). Ultra-Low Power Wireless Technologies for Sensor Networks; Springer Science &
Business Media: Berlin, Germany.

Pan, J. (2007). Medical Applications of Ultra-WideBand (UWB). Project: Future Internet Architecture (mobility,
routing scalability, multihoming, naming and addressing)

Pittokopiti, M., Grammenos, R. (2019). Infrastructureless UWB based collision avoidance system for the safety of
construction workers. Proc. of the 26" International Conference on Telecommunications, 490-495. DOI:
10.1109/1CT.2019.8798845

Porcino D., Hirt W. (2011). Ultra-wideband radio technology: potential and challenges ahead. IEEE Commun.
Mag. 41, 66-74. doi: 10.1109/MCOM.2003.1215641.

Pittokopiti, M., Grammenos, R. (2019). Infrastructureless UWB based collision avoidance system for the safety of
construction workers. Proc. of 26" International Conference on Telecommunications, 490-495. DOI:
10.1109/1CT.2019.8798845.

Rizos, C., Roberts, G., Barnes, J., Gambale, N. (2010). Experimental results of Locata: a high accuracy indoor
positioning system, Proc. of IEEE International Conference on Indoor Positioning, and Indoor Navigation
(IPIN). 1-7. https://doi. 0rg/10.1109/IPIN.2010.5647717.

Rodriguez, S., Zhang, C., Hammad, A. (2019). Feasibility of location tracking of construction resources using UWB

for better productivity and safety. Proc. of 17" International Workshop on Intelligent Computing in Engineering.

Savioli, A.; Goldoni, E.; Gamba, P. (2012). Impact of channel access on localization in cooperative UWB sensor
network: A case study. Proc. of 9" Workshop on Positioning Navigation and Communication (WPNC), Dresden,
Germany, 19-23.

Segura, M.; Mut, V.; Sisterna, C. (2012). Ultra-wideband indoor navigation system. IET Radar Sonar Navig., 6, 402—
411.

Shahi, A.; Aryan, A.; West, J.; Haas, C.; Haas, R. (2012). Deterioration of UWB positioning during construction.
Autom. Constr, 24, 72-80.

Shen, X.; Chen, W.; Lu, M. (2008). Wireless Sensor Networks for Resources Tracking at Building Construction Sites,
Tsinghua Science & Technology, 13(Supplement 1): 78— 83. do0i:10.1016/S1007-0214(08)70130-5

Shen, W., Zhang, C. (2020). Feasibility analysis of an automated construction progress management system based on
indoor positioning technology. Proc. of the 2" International Conference in Sustainable Buildings and
Structures, 344-350. DOI: 10.1201/9781003000716-47

Shu, Y., Bo, C., Shen, G., Zhao, C,, Li, L., Zhao, F. (2015). Magicol: indoor localization using pervasive magnetic
field and opportunistic WiFi sensing, IEEE Journal on Selected Areas in Communications 33 (7), 1443-1457,
https://doi.org/10.1109/ JSAC.2015.2430274.

Siddiqui, H., Vahdatikhaki, F., Hammad, A. (2019). Case study on application of wireless ultra-wideband technology
for tracking equipment on a congested site. Journal of Information Technology in Construction, 24, 167-187.

Song, Z.; Jiang, G.; Huang, C. (2011). A Survey on Indoor Positioning Technologies. In Theoretical and Mathematical
Foundations of Computer Science; Springer: Heidelberg, Germany,198-206.

Svalastog, M.S. (2007). Indoor Positioning-Technologies, Services and Architectures. Cand Scient Thesis, University
of Oslo, Oslo, Norway.

Ubisense Company Ubisense Website, (2009). Available online: http://www.ubisense.net/en/

Umer, W., Siddiqui, M.K. (2020). Use of ultra-wide band real-time location system on construction jobsites:
Feasibility study and deployment alternatives. International Journal of Environmental Research and Public
Health, 17 (7), 2219. DOI: 10.3390/ijerph17072219.

Wen, L., Han, J., Song, L., Zhang, Q., Li, K., Li, Z., Zhang, W., Zhang, B., You, X., Sung, Y., Ji, S., Song, W. (2020).
An automated real-time localization system in highway and tunnel using UWB DL-TDOA technology. Wireless
Communications and Mobile Computing, 8877654. DOI: 10.1155/2020/8877654


https://www.researchgate.net/project/Future-Internet-Architecture-mobility-routing-scalability-multihoming-naming-and-addressing
https://www.researchgate.net/project/Future-Internet-Architecture-mobility-routing-scalability-multihoming-naming-and-addressing
http://www.ubisense.net/en/

Werner, M., Kessel, M., Marouane, C. (2011). Indoor positioning using smartphone camera, Proc. of IEEE
International Conference on Indoor Positioning and Indoor Navigation, 1-6.
https://doi.org/10.1109/IPIN.2011.6071954.

Wei, L., Yu, J., Zhao, X., Pan, W. (2021). Design of intelligent supervision system for metrology center based on
UWBtechnology. Journal of Physics: Conference Series, 1983 (1), 012070. DOI: 10.1088/1742-
6596/1983/1/012070 Yang, L., Chen, Y., Li, X.-Y., Xiao, C., Li, M., Liu, Y. (2014). Tagoram: real-time
tracking of mobile RFID tags to highprecision using COTS devices, Proceedings of the 20th Annual
International Conference on Mobile Computing

and Networking, 237-248. https://doi.org/10.1145/2639108.2639111.

Zhao, X., Xiao, Z., Markham, A., N. Trigoni, Ren, Y. (2014). Does BTLE measure up against WiFi? a comparison
of indoor location performance, Proc. of the 20th European Wireless Conference, 1-6. https://
ieeexplore.ieee.org/abstract/document/6843088.

Zhao, M., Chang, T., Arun, A., Ayyalasomayajula, R., Zhang, C., Bharadia, D. (2021). ULoc: Low-Power, Scalable
and cm-Accurate UWB-Tag Localization and Tracking for Indoor Applications. Proceedings of the ACM on
Interactive, Mobile, Wearable and Ubiquitous Technologies, 5 (3), 3478124. DOI: 10.1145/3478124.

Zhang, Z., Liu, Z. (2020). Design of UWB Portable Personnel Positioning Device for Underground Construction.
Chinese Journal of Sensors and Actuators, 33 (6), 922-928. DOI: 10.3969/j.issn.1004-1699.2020.06.021 Zhang, C.,
Shen, W., Ye, Z. (2020). Technical feasibility analysis on applying ultra-wide band technology in
construction progress monitoring. International Journal of Construction Management. DOI:

10.1080/15623599.2020.1834928

Zheng, J., Lee, M.J. (2004). Will IEEE 802.15. 4 make ubiquitous networking a reality: a discussion on a potential
low power, low bit rate standard, IEEE Communication Magazine, 42 (6), 140-146,
https://doi.org/10.1109/MCOM.2004.1304251.


https://doi.org/10.1109/IPIN.2011.6071954
https://doi.org/10.1109/MCOM.2004.1304251

