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NS 686 – Wearable Sensor Network for Work Zone Safety: Literature 
Search 
Thursday, June 16, 2022 

Prepared for: Brent Rusco 

Prepared by: Jim Byerly, Electronic Resources Librarian 

Resources searched: EBSCO Database, Transport Database, TRID, Web, MnDOT Library Catalog 

Summary: Results are compiled from the databases named above.  Links are provided for full-text, if 
applicable, or to the full record citation.  I completed my searches using the following terminology: workzone, 
work zone, sensor, network, wearable, construction zone.  

Selected Resources from the TRID Database 
 
Work Zone Safety III: Calibration of Safety Notifications through Reinforcement Learning and Eye Tracking. 
[Project].  Office of the Assistant Secretary for Research and Technology. Start date: 1 Mar. 2021. 
https://trid.trb.org/view/1844340 
Description: Despite increased regulations, restrictive measures, and devices used for warnings, work zone 
injuries and fatalities are still observed at highway construction projects with alarms/notifications being ignored. 
With a vision to reduce the number of injuries and fatalities, Phase 3 of the research team's worker safety 
project extends the original scope and adds two new main components, including the addition of eye-tracking 
for identifying worker attention under dangerous situations and a reinforcement learning model used to 
optimally send alarms to workers to maximize their attentions along with wide deployment and demonstration 
of the team's previous C2Smart research effort. This phase of the project aims to make sense of the biometric 
sensor data (i.e., heart rate and pupil movements while workers omit or accept safety notifications) through 
state-of-the-art reinforcement learning approaches. The outcomes of this research will bring an understanding 
to the unknowns of worker behaviors on why they decide to ignore/accept notifications for calibration of when 
and at what frequency to send notifications to workers for a better acceptance rate. Key questions this 
research answers are, at what conditions workers ignore/response to warnings at work zones? How we can 
calibrate notification systems for getting responsive actions from workers? What are the modalities, 
frequencies, and timings of pushing notifications in these calibrated systems? Through wearable sensors, 
hardware integrated realistic representations of work zones in virtual reality and eye tracking, in this phase of 
the project the team will widely have pilot demonstrations of the integrated platform to collect worker behavioral 
and biometric (heart rate, eye-tracking) responses to alarms/warnings/notifications issued under realistic 
scenarios and modalities of warning mechanisms (e.g., sensory, visual, audial) that were developed in earlier 
phases of this project, and mine these captured data towards understanding human behaviors in response to 
modalities of notifications.  
 
 
A Holistic Work Zone Safety Alert System through Automated Video and Smartphone Sensor Data Analysis. 
[Project].  Office of the Assistant Secretary for Research and Technology. Start date: 1 Nov. 2020. 
https://trid.trb.org/view/1745134 
Description: This project is inspired by major gaps identified in the literature pertaining to the work zone safety 
monitoring systems that leverage advanced technologies for tracking workers, identifying hazardous situations, 
and alerting individuals in danger. The existing systems have two key shortcomings. First, they either target 
safety hazards external to the work zone (e.g., only vehicular accidents) or workers’ state internally and 
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related to their physical/physiological state (e.g., only human-factor ergonomics or fatigue). Second, previous 
work fails to address the lack of trust as an adoption barrier of such technologically advanced systems. This 
project presents a hybrid approach in which visual- and wearable-sensor data are used for safety monitoring 
and alert generation to offer a practical mitigation strategy to both external and internal safety risks. It 
leverages smartphones as a pervasive and standalone resource for collecting data and communicating safety-
related instructions to workers. The project also uses information systems and behavioral science theories (i.e., 
technology acceptance model and Diffusion of Innovation theory) to build end-users trust toward scalable 
adoption of the developed systems. 
 
 
Lee, Yong-Cheol; Choi, Jin-Woo. Development, Education, and Implementation of a Low-Cost Audio Sensor-
based Autonomous Surveillance System for Smart and Connected Transportation Infrastructure Construction 
and Maintenance [supporting dataset].  Transportation Consortium of South-Central States (Tran-SET); Office 
of the Assistant Secretary for Research and Technology, 2020, https://doi.org/10.5281/zenodo.4273186, LSU 
Digital Commons, 1, md5:0f1dbab02b78ec9c7a39553be9585f00 
https://trid.trb.org/view/1857880 
Abstract: Each state department of transportation (DOT) has to govern and oversee an enormous number of 
transportation construction and maintenance projects. However, since a transportation construction project 
entails several miles of a job site including numerous work tasks and equipment operations, it has been 
increasingly challenging for each DOT to consistently monitor progress of all projects in each State as well as 
efficiently evaluate work performance. In particular, with limited human resources and time, DOTs in Region 6 
States have managed large-scale transportation construction and maintenance projects by a human inspection 
and recovered direct and indirect damages of transportation infrastructure systems caused from the recent 
natural disasters. In this demanding situation, DOT practitioners and project managers have long recognized 
the importance of automated monitoring and surveillance of transportation construction and maintenance 
processes that helps consistently track work progress and take immediate remedial action. As one promising 
supplement for site monitoring and human inspection, this project proposes a new approach for low-cost audio 
sensor-based autonomous site and safety surveillance of transportation construction and maintenance, which 
allows for faster, more convenient, and more accurate work zone monitoring. The proposed innovation using 
the sound-based site and safety monitoring framework possesses several competitive advantages over 
traditional site management and existing vision-based work monitoring methods, which not only sounds can be 
easily recognized and instantly analyzed by diverse sound sensors. In addition, this sound-based monitoring 
approach supports an unlimited range of monitoring angles and illumination levels with lightweight data 
processing and comparatively quick analytics. To achieve these goals, this study developed a low-cost 
wearable audio-sensor for automated work zone monitoring and real-time activity log generation. This new 
intelligent site and safety surveillance system is expected to support real-time monitoring of construction 
progress, evaluation of task performance, and rapid identification of safety issues in transportation construction 
and maintenance projects. 
 
 
Lee, Yong-Cheol; Choi, Jin-Woo. Development, Education, and Implementation of a Low-Cost Audio Sensor-
based Autonomous Surveillance System for Smart and Connected Transportation Infrastructure Construction 
and Maintenance.  Transportation Consortium of South-Central States (Tran-SET); Office of the Assistant 
Secretary for Research and Technology, 2020, https://doi.org/10.5281/zenodo.4273186 
https://trid.trb.org/view/1858384 
Abstract: Each Department of Transportation (DOT) in the United States has to govern and oversee an 
enormous number of transportation construction and maintenance projects. However, since a transportation 
construction project entails several miles of a job site including numerous work tasks and equipment 
operations, it has been increasingly challenging for each DOT to consistently monitor progress of all projects in 
each State as well as efficiently evaluate work performance. In particular, with limited human resources and 
time, DOTs in Region 6 States have managed large-scale transportation construction and maintenance 
projects by a human inspection and recovered direct and indirect damages of transportation infrastructure 



 
 

 
3 

systems caused from the recent natural disasters. In this demanding situation, DOT practitioners and project 
managers have long recognized the importance of automated monitoring and surveillance of transportation 
construction and maintenance processes that helps consistently track work progress and take immediate 
remedial action. As one promising supplement for site monitoring and human inspection, this project proposes 
a new approach for low-cost audio sensor-based autonomous site and safety surveillance of transportation 
construction and maintenance, which allows for faster, more convenient, and more accurate work zone 
monitoring. The proposed innovation using the sound-based site and safety monitoring framework possesses 
several competitive advantages over traditional site management and existing vision-based work monitoring 
methods, in which sounds can be easily recognized and instantly analyzed by diverse sound sensors. In 
addition, this sound-based monitoring approach supports an unlimited range of monitoring angles and 
illumination levels with lightweight data processing and comparatively quick analytics. To achieve these goals, 
this study developed a low-cost wearable audio-sensor for automated work zone monitoring and real-time 
activity log generation. This new intelligent site and safety surveillance system is expected to support real-time 
monitoring of construction progress, evaluation of task performance, and rapid identification of safety issues in 
transportation construction and maintenance projects. 
 
 
Zou, Zhengbo; Bernardes, Suzana Duran; Kurkcu, Abdullah; Ergan, Semiha; Ozbay, Kaan. An Integrated 
Approach to Capture Construction Workers’ Response Towards Safety Alarms using Wearable Sensors and 
Virtual Reality. 27th EG-ICE International Workshop on Intelligent Computing in Engineering 2020, 2020, 10p 
https://trid.trb.org/view/1768500 
Abstract: Despite the continuous efforts from federal and state agencies to improve safety at traffic work 
zones, incidents continue to occur, resulting in 675 fatalities in the U.S. during the last decade. Current safety 
measures at work zones, such as visual and audible alarms are ineffective due to the lack of calibration 
studies to evaluate the attention span of workers towards alarms, given variances in the alarm modality, 
frequency and duration. This study proposes an integrated approach combining virtual reality (VR) and 
wearable sensors to capture data regarding workers’ behaviors towards safety alarms when workers are 
exposed to simulated dangerous situations in VR. This dataset is needed to understand the relationships 
between workers’ responses (i.e., react or dismiss) and the characteristics of the received alarms (i.e., 
modality, frequency, and duration). The proposed approach was implemented on an urban intersection from a 
real-world work zone in New York City for user studies. 
 
 
Zou, Zhengbo. Point Cloud Data for Worker Safety Project [supporting dataset].  C2SMART Connected Cities 
with Smart Transportation; Office of the Assistant Secretary for Research and Technology, 2020, 
https://doi.org/10.5281/zenodo.3906942, Zenodo, 1 
https://trid.trb.org/view/1858276 
Abstract: These three files are the scanned data for the worker safety project. The scanned location includes 
two urban intersections and a part of an urban highway. These three files can be opened by Autodesk Recap, 
which is a point cloud manipulating software. This data can be requested by contacting Dr. Semiha Ergan at 
semiha@nyu.edu 
 
 
Shen, Yubin. Worker safety project Apple Watch application [supporting dataset].  C2SMART Connected Cities 
with Smart Transportation; Office of the Assistant Secretary for Research and Technology, 2020, 
https://doi.org/10.5281/zenodo.3906904, Zenodo, 1 
https://trid.trb.org/view/1858275 
Abstract: This is an Apple Watch application developed to deliver alarms on the wrist of a construction worker 
when he/she is working in a virtual construction environment. This data can be requested by contacting Dr. 
Semiha Ergan at semiha@nyu.edu. 
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Ergan, Semiha; Ozbay, Kaan; Zou, Zhengbo; Bernardes, Suzana Duran; Shen, Yubin. Increasing Work Zone 
Safety: Worker Behavioral Analysis With Integration of Wearable Sensors and Virtual Reality.  C2SMART 
Connected Cities with Smart Transportation; Office of the Assistant Secretary for Research and Technology, 
2020, 57p, https://doi.org/10.5281/zenodo.3906942 
https://trid.trb.org/view/1768499 
Abstract: With the development of wearable technologies, an increasing number of research studies have 
been exploring the feasibility of using wearable sensors to send alarms to construction workers. The 
advancement of virtual reality (VR) enabled researchers to simulate potentially dangerous situations (e.g., 
speeding vehicles) in work zones without putting workers in harm. Therefore, the combination of VR and 
wearable sensors provides an opportunity for researchers to study the optimal configuration for sending 
notifications to workers. This research first identified the key factors of a work zone that can influence the 
possibility of incidents as: work zone location, work duration and work type. Next, three work zone scenarios 
that are more likely to result in work zone incidents were identified based on a thorough literature review and 
screening of past news stories regarding worker injuries at work zones. Three scenarios based on real 
incidents were identified as more likely to lead to work zone incidents, including (1) setting up barriers to 
define a work zone perimeter that is close to an urban intersection; (2) striping/marking a road on an urban 
highway; and (3) installation of traffic sensors on the side of an urban highway. Finally, the authors proposed 
an integrated approach utilizing VR and wearable sensors to determine when, how, and at what frequency to 
push alarms to workers at work zones based on the physiological states of workers collected from the 
wearable sensors and workers’ behavior towards the alarms when they are in dangerous situations in VR. 
The approach is composed of four steps as: (1) recreating real-world work zones in VR, (2) enabling 
interactions in VR for construction activities, (3) conducting traffic simulation to obtain realistic traffic patterns 
near work zones and embedding vehicle movements in VR, and (4) developing a smartwatch application to 
send safety alarms and monitoring workers’ responses as well as their physiological states using wearable 
sensors. 
 
 
Work Zone Safety: Behavioral Analysis with Integration of VR and Hardware in the Loop. [Project].  Office of 
the Assistant Secretary for Research and Technology. Start date: 1 Mar. 2020. 
https://trid.trb.org/view/1700547 
Description: Despite increased regulations, restrictive measures, and devices used for warnings, work zone 
injuries and fatalities are still observed at highway construction projects with alarms/notifications being ignored. 
With a vision to reduce the number of injuries and fatalities, Phase 2 of the research team's worker safety 
project extends the original scope and adds a Hardware in the Loop (HIL) component to simulate real traffic 
scenarios through simultaneous interactions with variety of vehicles and deployed sensor data in immersive 
virtual environments. The project aims to understand the key parameters (e.g., work zone location 
characteristics, personal vigilance levels, duration of construction work) that play roles in behaviors of workers 
in response to notifications received from various warning mechanisms (e.g., sound, vibration). Key questions 
this research answers are, at what conditions workers ignore/response to warnings at work zones? How we 
can calibrate notification systems for getting responsive actions from workers? What are the modalities, 
frequencies, and timings of pushing notifications in these calibrated systems? Through wearable sensors and 
hardware integrated realistic representations of work zones in virtual reality, the team plans to collect worker 
behavioral and physiological (heart rate) responses to alarms/warnings/notifications issued under various 
realistic scenarios and modalities of warning mechanisms (e.g., sensory, visual, audial) and analyze these 
captured data towards understanding human behaviors in response to modalities of notifications. 
 
 
Park, Jee; Sakhakarmi, Sayan. Embedded Safety Communication System for Robust Hazard Perception of 
Individuals in Work Zones.  University of Nevada, Las Vegas; Center for Construction Research and Training, 
2019, 18p 
https://trid.trb.org/view/1680010 
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Abstract: This report discusses the development of a prototype wearable Embedded Safety Communication 
System (ESCS) to improve occupational safety through tactile alerts sent to construction workers  when a 
hazard is sensed. The research objectives included optimum vibratory sensor configuration;  identifying key 
hazard information, such as, location of intrusion point, and level of hazard;  codifying and testing signal 
profiles; and field trials to evaluate system performance. The field trials validated the effectiveness of the 
system in warning test participants in two scenarios, a collision due to intruding vehicles and a collision 
between workers and construction equipment. 
 
 
Development, Education, and Implementation of A Low-Cost Audio Sensor-based Autonomous Surveillance 
System for Smart and Connected Transportation Infrastructure Construction and Maintenance. [Project].  
Office of the Assistant Secretary for Research and Technology. Start date: 15 Aug. 2019. 
https://trid.trb.org/view/1644227 
Description: Each DOT has to govern and oversee an enormous number of transportation construction and 
maintenance projects. However, since a transportation construction project entails several miles of a job site 
including numerous work tasks and equipment operations, it has been increasingly challenging for each DOT 
to consistently monitor progress of all projects in each State as well as efficiently evaluate work performance. 
In this demanding situation, DOT practitioners and project managers have long recognized the importance of 
automated monitoring and surveillance of transportation construction and maintenance processes that helps 
consistently track work progress and take immediate remedial action.  
As one promising supplement for site monitoring and human inspection, this project proposes a new approach 
for low-cost audio sensor-based autonomous site and safety surveillance of transportation construction and 
maintenance, which allows for faster, more convenient, and more accurate work zone monitoring. The 
proposed innovation using the sound-based site and safety monitoring framework possesses several 
competitive advantages over traditional site management and existing vision-based work monitoring methods, 
which not only sounds can be easily recognized and instantly analyzed by diverse sound sensors. In addition, 
this sound-based monitoring approach supports an unlimited range of monitoring angles and illumination levels 
with lightweight data processing and comparatively quick analytics. To achieve these goals, this study will 
involve the following steps. First, this system will entail a schedule-based sound recognition approach using 
dynamic sound data training. By using project schedule including daily work activities, this system dynamically 
restricts the types of sound training data, significantly enhancing sound classification accuracy. Second, this 
system will involve a low-cost wearable audio-sensor for automated work zone monitoring and real-time 
activity log generation. The light-weight sound data can be readily captured, analyzed, shared, and visualized 
for real-time site monitoring and activity log generation that have not been achieved by the current methods 
because of limited human resource for in-person site monitoring and heavy-weight video data processing. This 
new intelligent site and safety surveillance system is expected to support real-time monitoring of construction 
progress, evaluation of task performance, and rapid identification of safety issues in transportation construction 
and maintenance projects. 
 
 
Marois, Alexandre; Cloutier, Marie-Soleil; Saunier, Nicolas; Godillon, Sylvanie; Lafond, Daniel; Vachon, 
François. Safety, stress and work zone complexity: A field study on police officers performing on-foot traffic 
control. Transportation Research Interdisciplinary Perspectives, Volume 1, Issue 0, 2019 
https://trid.trb.org/view/1653632 
Abstract: Workers such as police officers are exposed to many hazardous situations while performing traffic 
duties, which renders them vulnerable to work accidents. Such a dangerous work context can lead to high 
stress levels. This is conducive to performance impairment and, consequently, to high-risk situations in which 
safety, for both workers and road users, may be jeopardized. It then seems important to better understand the 
stress experienced by traffic workers to ultimately improve road safety. Hence, the current study aims at 
investigating whether work context could be associated with the stress levels of police officers doing traffic 
duties on foot. Nineteen police officers in Quebec City and Montreal, Canada, performed traffic duties on 
several sites (including constructions ones) while their physiological state was measured by a wearable 



 
 

 
6 

sensor harness. Change in subjective stress was measured every 15 min. Characteristics of the environment 
were also noted for every working site, which permitted to perform hierarchical cluster classifications to assess 
each site's complexity. Results show that stress levels were significantly lower for less complex sites. 
Interestingly, traffic and safety measures—identified through automated computer vision—differ depending on 
the site complexity and were generally associated with measures of stress. Taken together, these results 
suggest that the context in which pedestrian workers perform traffic duties, that is the environment and the 
higher-risk events to which they are exposed, can lead to higher levels of stress. Implications for road safety 
are discussed in light of these results. 
 
 
Increasing Work Zone Safety: Worker Behavioral Analysis with Integration of Wearable Sensors and Virtual 
Reality. [Project].  Office of the Assistant Secretary for Research and Technology. Start date: 1 Mar. 2019. 
https://trid.trb.org/view/1607555 
Description: Despite increased regulations, restrictive measures, and devices used for warning, work zone 
injuries and fatalities are still observed at highway construction projects with alarms/notifications being ignored. 
With a vision to reduce the number of injuries and fatalities, this project aims to understand the key parameters 
(e.g., work zone location characteristics, personal vigilance levels, types of construction work) that play roles 
in achieving responsive behaviors in workers. Key questions this research answers are, at what conditions 
people ignore/response to warnings at work zones? How we can calibrate notification systems for getting 
responsive actions from workers? What are the modalities, frequencies, and timings of pushing notifications in 
these calibrated systems? Through wearable sensors and realistic representations of work zones in virtual 
reality, the research team plans to collect worker behavioral and physiological (heart rate) responses to 
alarms/warnings/notifications issued under various realistic scenarios and modalities of warning mechanisms 
(e.g., sensory, visual, audial). With a reinforcement learning based approach, the collected data will be used 
for determining expected worker/driver behaviors (validated through subjects’ heart rate data) when prompted 
with an alarm/warning/notification learned from similar behaviors. The outcome of this research will help to 
calibrate when, at what frequency, and how to (with what modalities) share warnings with habitants of work 
zones for effective responses towards reduction of incidents.    
 
 
  

Selected Resources from the EBSCO Databse 
  
Record: 1 
Title: 50 Making a Difference profile: Alma Pickle  

Authors: Lillie-Beth Brinkman 

Source: Journal Record, The (Oklahoma City, OK). 10/11/2019.  

URL: https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=L54158149JROK&site=ehost
-live 

Database
:  

EBSCO MegaFILE 

  
  
Record: 2 
Title: Trimble, JTRP partner.  

Source: Fleet Owner. Jun2020, p49-49. 1/3p.  

https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=L54158149JROK&site=ehost-live
https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=L54158149JROK&site=ehost-live
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NAICS/Industry 
Codes: 

488490 Other Support Activities for Road Transportation 

Abstract: TECHNOLOGY In 2017, trucks were involved in 18,000work zone crashes--or 19% of the 
totalcount--resulting in 4,000 injuries and 270fatalities, according to the National 
WorkZone Safety Information Clearinghouse.One reason is the distance a fully 
loadedClass 8 truck requires to decelerate fromhighway speeds of around 65 mph on 
thehighway to a full stop, which is about 525feet. To give truck drivers more warning 
ofimpending slowdowns, Trimble MAPSpartnered with Perdue University andIndiana's 
Joint Transportation ResearchProgram (JTRP) to develop an in-cab audibleand visual alert 
system that detectstraffic backups. Scheduled to launch thissummer, the system aims to 
assist driverswho use Trimble's commercial navigationand driver trip planning apps 
CoPilotTruck and MileOn by PC*MILER. [Extracted from the article]  

  Copyright of Fleet Owner is the property of Endeavor Business Media and its content may 
not be copied or emailed to multiple sites or posted to a listserv without the copyright 
holder's express written permission. However, users may print, download, or email articles 
for individual use. This abstract may be abridged. No warranty is given about the accuracy 
of the copy. Users should refer to the original published version of the material for the full 
abstract. (Copyright applies to all Abstracts.) 

URL: https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=147626270&site=ehost
-live 

Database:  EBSCO MegaFILE 
 

Selected Resources from the Web 
 
Improved intrusion accident management using haptic signals in roadway work zone 
https://www.sciencedirect.com/science/article/pii/S0022437521001663 
Abstract 
Introduction: Roadway work zones are known for hazard vulnerability, with many injuries and fatalities each 
year, due mostly to intrusions. Despite several available measures to improve safety, existing mechanisms are 
unreliable for workers to perceive alerts, due to the harsh working environment, with loud noise and limited 
vision. This research attempts to overcome hazard perception difficulties by introducing a new communication 
mechanism for intrusion hazard perception. Method: The presented communication mechanism is based on 
past tactile sensing research, and is enhanced by signal profile and message modeling investigations. 
Experimental field trials were conducted for mechanism evaluation with a goal of improved situational 
awareness through tactile sensing. Results: The trial results show that users perceive warning messages well, 
even when their vision and hearing are limited, and that the signalized messages perceived could augment 
users’ understanding of a potential hazard, allowing immediate precautionary actions. Practical Applications: 
The application of haptic signals in vulnerable work zones has the potential to improve upon limitations in 
innate sensing (e.g., vision and hearing), thus presenting an opportunity to better protect workers from 
potential accidents. 
  
Perceived Effectiveness of Highway Work Zone Intrusion Mitigation Technologies: A State DOT Perspective 
https://ir.library.oregonstate.edu/concern/graduate_thesis_or_dissertations/5425kj69h 
Abstract 
Highway work zones are extremely dangerous environments due to the presence of workers near high-speed 
traveling vehicles. This dynamic environment results in a disproportionate number of accidents that cause 
injury and casualty to both drivers and workers due primarily to vehicular intrusions into work zones. Several 

https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=147626270&site=ehost-live
https://search.ebscohost.com/login.aspx?direct=true&db=keh&AN=147626270&site=ehost-live
https://www.sciencedirect.com/science/article/pii/S0022437521001663
https://ir.library.oregonstate.edu/concern/graduate_thesis_or_dissertations/5425kj69h
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emerging work zone intrusion mitigation technologies (WZIT) can be utilized to mitigate the impact of vehicle 
intrusions in work zones. However, despite the growing availability of commercial WZIT technologies, no 
widespread adoption in the work zone settings is observed. Departments of Transportations (DOTs) can play 
an important role in the adoption of WZIT by promoting its use with highway contractors on their projects. One 
of the primary determinants of this element of adoption is the perceived effectiveness of a particular 
technology, which has not been studied deeply by previous studies. Thus, the primary research goal of the 
thesis is to assess the DOTs perceived effectiveness through statistical analysis of the selected WZIT 
technologies to enable successful implementation of the technologies. To achieve the goal, the following three 
objectives were pursued: (1) systematic literature review resulting in list of commercially available and potential 
work zone mitigation technologies; (2) industry survey to collect quantified data based on the DOTs perceived 
effectiveness; (3) analysis of survey data using a one-sample t-test to identify technologies with high 
effectiveness perceptions. As a result of this research, the following functions of these technologies were found 
to have most promise for WZIT purposes on highway work zones: Unmanned aerial system (UAS) for 
signage, Intrusion alert system with pneumatic tube sensor (e.g., Worker Alert System), Queue warning 
system with networked cone/barrel sensor (e.g., iCone System), Wearable lighting (e.g., Halo light) and 
Smart watches/bracelets. 
 
Development of a Connected Smart Vest for Improved Roadside Work Zone Safety 
https://vtechworks.lib.vt.edu/handle/10919/104207 
Summary 
Roadside work zones (WZs) present imminent safety threats for roadway workers as well as passing 
motorists. In 2016, 764 fatalities occurred in WZs in the United States due to motor vehicle traffic crashes. A 
number of factors (aging highway infrastructure, increased road work, increased levels of traffic and more 
nighttime WZs) have led to an increase in WZ crashes in the past few years. The standard WZ safety signage 
and personal protective equipment worn by workers at roadside WZs have not been completely effective in 
controlling WZ crashes. This project aims to address this issue by designing a wearable device to accurately 
localize, monitor, and predict potential collisions between WZ actors based on their movements and activities, 
and communicate potential collisions to workers, passing drivers, and connected and automated vehicles 
(CAVs). Through this project, a wearable worker localization and communication device (i.e., Smart Vest) was 
developed that utilizes the previously developed Threat Detection Algorithm to communicate workers’ locations 
to passing CAVs and proactively warn workers and passing motorists of potential collisions. As a result, this 
research is expected to significantly improve the safety conditions of roadside WZs through prompt detection 
and communication of hazardous situations to workers and drivers. 
  
On-body placement of wearable safety promotion devices based on wireless communication for construction 
workers-on-foot: state-of-the-art review 
https://www.mdpi.com/article/10.3390/s22093134 
Abstract 
High auditory noise levels and limited visibility are often considered among the main factors that hinder 
seamless communication on construction sites. Many previous research studies have leveraged technology to 
overcome these obstacles and communicate using the hearing, sight and touch senses. However, the 
technological efficacy does not secure the users’ perceptivity of the wireless communication devices. Statistical 
data regarding the number of fatal accidents on construction sites have remained steady despite regular 
efforts. This study analyzed prior research on wearable safety promotion devices for personnel that move 
around the jobsite on foot. A seven-point checklist was utilized to shortlist prior studies (2005–2021) attempting 
to provide safety information wirelessly to the construction workers-on-foot. The reasoning behind various on-
body placements was investigated along with the information conveyed using the three communication 
modalities. A novel communication network is also introduced to visualize the technical details. Lastly, 
limitations and future recommendations have been presented to gain insights about the factors that might 
affect the placement of the wearable safety promotion devices. 
  
Tactile-based wearable system for improved hazard perception of worker and equipment collision 

https://vtechworks.lib.vt.edu/handle/10919/104207
https://www.mdpi.com/article/10.3390/s22093134
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https://www.sciencedirect.com/science/article/pii/S0926580521000649 
Abstract 
Although past studies investigated automated hazard-identification methods, few explored workers' awareness 
capabilities for detected hazards. Recent research identified that workers have difficulty becoming aware of 
potential risks in harsh construction environments (limited vision and hearing). In response, this study 
investigated a new communication method with a wearable tactile-based system to improve worker's hazard 
perception. Built on past research, we identified key informational details to represent detected safety hazards, 
developed a tactile-based communication mechanism, and conducted a series of field trials. Results were 
assessed to determine the system's reliability with respect to several scenarios, conducted in a controlled 
environment for safety reasons. Test results demonstrated that the system is capable of alerting workers of 
pre-identified collision hazards without relying on their innate sensing (hearing and vision). Findings could help 
workers to become aware of detected hazards in harsh environments, where it is difficult to hear alerts or spot 
potential hazards. 
  
A UAS-based work zone safety monitoring system by integrating internal traffic control plan (ITCP) and 
automated object detection in game engine environment 
https://www.sciencedirect.com/science/article/pii/S0926580521001874 
Abstract 
Current practices are limited to effectively identify unsafe conditions due to a lack of integration between 
internal traffic control plans (ITCP) that can guide safe activities in construction worksites and safety monitoring 
systems. To address the limitation, this study proposed the novel concept of a safety monitoring system by 
leveraging unmanned aircraft systems (UAS), game engine-based ITCP, and deep learning. In this study, 
workers and equipment were automatically recognized through object detection from aerial images. Through 
the case study, this proposed concept was validated to monitor the unsafe activities of workers by four rules 
established. While the limitations of this study were documented, such as the low number of aerial images to 
train deep learning model, the low performance of object detection, and the errors that occurred when 
augmenting the detection results in the game engine, this study also emphasized the potential of the proposed 
digital ITCP-based safety monitoring system. 
  
Building a Smart Work Zone Using Roadside LiDAR 
https://ieeexplore.ieee.org/abstract/document/9564527/ 
Abstract: 
Work Zone (WZ) related injuries and fatalities from vehicular crashes are rising because of the increasing 
maintenance needs of the aging transportation infrastructure in the United States. Although many potential 
benefits from commercial WZ intrusion technologies have been recognized, they have not seen widespread 
adoption due to cost, simplicity, and limitations in their design to only provide post-intrusion alarms. Hence, 
there is significant interest and motivation in developing Smart Work Zone (SWZ) safety systems that 
predictively warn workers of vehicle intrusion threats with more accuracy and greater lead times. In this paper, 
we review the perception and alarm requirements, and propose the emerging Light Detection and Ranging 
(LiDAR) as a suitable sensing component. Specifically, we analyze LiDAR resolution and frequency in the 
context of a WZ application, detail an initial vehicle detection and tracking algorithm running realtime between 
sensor updates, and provide annotated datasets for a stationary roadside LiDAR in highway / urban road 
environments. 
  
Safety is the new black: the increasing role of wearables in occupational health and safety in construction 
https://link.springer.com/chapter/10.1007/978-3-030-20485-3_41 
Abstract 
As wearable technologies are gaining increased attention in construction, we present an integrated solution for 
their adoption in occupational health and safety (OHS). Research methods include a structured literature 
review of 37 articles and a year-long design science research project in a construction group. The main results 
are (1) the identification of new wearable solutions made available by industry 4.0 to prevent hazards, and (2) 
a wearable model for voluntary regulations compliance. For theory, our research identifies key application 

https://www.sciencedirect.com/science/article/pii/S0926580521000649
https://www.sciencedirect.com/science/article/pii/S0926580521001874
https://ieeexplore.ieee.org/abstract/document/9564527/
https://link.springer.com/chapter/10.1007/978-3-030-20485-3_41
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areas for integrated smart OHS in construction and highlights the importance of continuous monitoring and 
alerts to complement the traditional sampling techniques. For practice, we offer recommendations for 
managers wishing to implement continuous compliance checking and risk prevention using wearable 
technology. Our findings help improve health and safety audits supported by digital evidence in the sector with 
most risks of accidents in the European Union. 
 
Personal warning sensor for road construction workers (MnDOT) 
https://dot.state.mn.us/research/reports/2019/201908.pdf 
Abstract 
This study demonstrated the capabilities of a work zone intrusion alarm system, called Advance Warning and 
Risk Evasion (AWARE), during a Minnesota paving project. The portable radar-based technology intelligently 
detects and tracks potential vehicle intrusion threats, as well as worker locations, to warn both workers and 
errant drivers. The research project’s Technical Advisory Panel observed the system in operation by a road 
crew in the Minneapolis area and gleaned insights about the technology and data it collects. Study authors 
also initially hoped to analyze raw individual vehicle trajectory data to assess intrusion behaviors in detail; 
however, the required data was unavailable due to system limitations. 
 
Case study to evaluate work-zone safety technologies in highway construction 
https://drive.google.com/file/d/17ycITi9-i0X4H6dKITFKHkiddYt7onL7/view 
Abstract: The construction industry is known for its conservative approach toward adopting new, emerging 
technologies. This conservative approach for adopting technology is caused by multiple factors including the 
lack of adequate resources to guide construction practitioners in the process of evaluating whether a 
construction firm should adopt a certain technology or not. Previous studies have already proposed rigorous 
protocols for evaluating work-zone technologies, but the implementation of such protocols is still unclear to 
many construction practitioners. The objective of this study is to provide a case study example of how 
evaluation protocols can be used in practice to determine whether a firm should adopt a certain work-zone 
technology. The case study focused on assessing the usefulness of commercially available work-zone 
intrusion alert technologies (WZIATs). The results of the evaluation revealed that some WZIATs could be more 
attractive to construction organizations and agencies in terms of providing louder alarms, being more mobile, 
and allowing a higher transmission range. The case study example discussed in this study is expected to 
provide invaluable practical information to practitioners in the construction industry interested in evaluating and 
adopting emerging technologies. 
 
Toward AI-enabled augmented reality to enhance the safety of highway work zones: Feasibility, requirements, 
and challenges 
https://www.sciencedirect.com/science/article/pii/S1474034621001816 
Abstract 
Highway work zones are considered among the most hazardous working environments. In 2018 alone, 124 
workers lost their lives to fatal accidents. The lack of predictive safety systems that notify workers of upcoming 
dangers in advance is a major reason to blame in the highway maintenance and operation community. This 
article presents an integrative design framework for bringing recent advances in Augmented Reality (AR) and 
Artificial Intelligence (AI) to enhance the safety of highway workers through real-time multimodal notifications 
on-spot. To this end, this article conceptualizes and co-designs three major pillars: (1) AR user interface design 
for multimodal notification, (2) real-time AI at the edge for vehicle detection/classification from distance, and (3) 
real-time wireless communication in work zone setting to enable latency-aware operation between AI and AR 
components. Our early results demonstrate that we can achieve 24.83 FPS end-to-end execution latency on 
the Xavier AGX Jetson board with 48.7% mAP on BDD100K dataset, and a real-time communication covering 
120 meters with an average latency of 5.1 ms at the farthest distance. Our mixed-method user research also 
reveals an acceptable level of excitement and engagement from the body of highway workers toward both the 
proposed technology and the designed user interface. Overall, this article provides a proof-of-concept toward 
AI-enabled AR safety systems in highway work zones. 
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Developing a success model for implementing wearable sensing devices in the construction industry 
https://search.proquest.com/openview/7243ae220d61a15f6c323974a686bcef/1?pq-
origsite=gscholar&cbl=18750&diss=y 
Abstract 
In recent years, the need to curb high workers’ fatality rate in the construction industry 
has led to extensive efforts by practitioners and researchers to seek new work methods. 
Researchers have suggested that the limited use of technological applications – such as data 
capture and processing tools – is a possible reason for the poor safety performance. In a bid to 
optimize jobsite processes, Wearable Sensing Devices (WSDs) are slowly emerging as a class of 
viable tools with strong potential to improve personalized safety measurement and monitoring. 
While some industries have successfully utilized WSDs, such as Smart Personal Protective 
Equipment (PPE), to track pieces of data related to health, fitness or even location, the 
construction industry has been relatively slow in implementing WSDs. Although some gains are 
expected, construction management research is yet to provide clear evidence of the impact of 
WSDs on vital organizational performance metrics such as safety and productivity. To fill this 
gap, the present study established a WSD success model using multiple complementary 
frameworks and theories. To further strengthen the perception on the impact of WSDs as an 
effective control measure, an overview on the utility, potential impact, and current use of WSDs 
is provided. The success model was tested using survey questionnaires retrieved from 415 WSD 
users in the United States. Test results indicate a good fit and an overall positive relationship 
between WSD use and organizational success. This hybrid model provided critical insights on 
the impact of WSDs on the project, and organizational metrics, essential information for 
supporting the increased adoption of WSDs. It is believed that this framework will also guide 
construction practitioners in the effective integration of WSDs into their work processes 
 
Real-time monitoring of construction sites: Sensors, methods, and applications 
https://www.sciencedirect.com/science/article/pii/S0926580521005501 
Abstract 
The construction industry is one of the world's largest industries, with an annual budget of $10 trillion globally. 
Despite its size, the efficiency and growth in labour productivity in the construction industry have been 
relatively low compared to other sectors, such as manufacturing and agriculture. To this extent, many studies 
have recognised the role of automation in improving the efficiency and safety of construction projects. In 
particular, automated monitoring of construction sites is a significant research challenge. This paper provides a 
comprehensive review of recent research on the real-time monitoring of construction projects. The review 
focuses on sensor technologies and methodologies for real-time mapping, scene understanding, positioning, 
and tracking of construction activities in indoor and outdoor environments. The review also covers various case 
studies of applying these technologies and methodologies for real-time hazard identification, monitoring 
workers’ behaviour, workers’ health, and monitoring static and dynamic construction environments. 
 
Requirements Analysis for the System Level Design of Smart Work Zones 
https://ieeexplore.ieee.org/abstract/document/8753874/ 
Abstract: 
The road work zone crash statistical data indicate that there is a clear need for more efficient and effective 
safety devices and methods in work zones. This paper focuses on developing an initial requirements analysis 
for smart work zone safety systems. It is anticipated that work zones can benefit from systems that integrate 
reliable and effective detectors with fast and efficient data dissemination technologies. Such systems can be 
employed in work zones and generate timely and customized alerts within the vicinity of the area to prevent 
accidents. The advances in the areas of sensor design, artificial intelligent systems, image analysis tools, low 
cost mobile computing devices, advanced wireless networks, and web applications can be translated and 
fused into integrative systems and reliable methods that enable the implementation and operation of safer 
work zones. A successful requirements analysis constitutes the first step towards building systems that meet 

https://search.proquest.com/openview/7243ae220d61a15f6c323974a686bcef/1?pq-origsite=gscholar&cbl=18750&diss=y
https://search.proquest.com/openview/7243ae220d61a15f6c323974a686bcef/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.sciencedirect.com/science/article/pii/S0926580521005501
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the needs of various stakeholders. This paper gives an account of the major requirements that need to be met 
by effective smart work zones to address the problem of work zone accidents. 
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