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Fatal In jury Facts

• 2 4 , 7 45 indiv idua ls (about  7 5 0  per year)  los t  their  l ives  in  
work zone cras hes  (1 9 8 2 -201 4) .

• 1 5 7 1  deaths  rela ted to  h ig hway cons truct ion (2 0 0 3 -2015) .

• H ig hway work zone fa ta l i ty  occurs  every  8 . 7  hours .  

• A  work zone cras h occurred once every 5 . 4 m inutes .
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Highway Construction Safety
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• Building safer highway work zones: 

Measures to prevent worker injuries from vehicles and equipment (2001, NIOSH)

• Work zone intrusion alarm technology (WZIAT)

• Crash detection inside work zone

Current Preventive Measures

SonoBlaster® Work Zone Intrusion Alarm Warning radius and alert radius (Teizer, 

Allread et al. 2010)



Current Research Gap

(a) Collisions from outside the work zone; (b) Collisions from inside the work zone
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Focus on intrusions of passing vehicles.

WZIAT

Focus on crashes between workers and 
equipment or construction materials.

Crash Detection Inside Work Zone

OR
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Research Scope

• Connect inside and outside of the work zone

• Receive real-time locational data

• Workers

• Connected and automated vehicle (CAV)

• Construction equipment

• Detect potential hazards

• Provide real-time messages and instructions

• Recognize activities of workers.

• Demonstration & Experiments
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UWB tags 

and anchors 

Real-time safety 

monitoring on VCC 

monitor  

Real-time communication

Data Collection & Communication
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Data Collection & Communication
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Work Zone
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Location, Speed, 
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• Calculate threat zones

• Recognize activity/movement pattern

• Predict Unsafe Proximities, Detect 
imminent threats

• Provide warning messages & 

instructions



Algorithm Design- Workers-on-foot
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• General Threat Zone

• Distance to the work zone border (only consider workers-on-foot)

• Road Shape (Straight/Curve Section)
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Threat Zone Design - Vehicle(CAV) & Equipment

0 8 /

.

METH O DO LOGY

• General Threat Zone (Teizer 2015)

• General alert zone distance: 1 m (Vehicle) & 1.5m (Equipment)

• Steer degree of CAV: 6 degree (Zhao et al. 2014)

• Driver reaction time (t1):  2 seconds (Copradar 2017)

• Friction coefficient (u): 0.8 dry road (Chen et al. 2017)

Alert zone: ABCD

Warning zone: ADFHGE

Warning distance: d

d = vt1 + v2/2a
a= ug

d



Database Design

Equipment dimension database

Common vehicle dimension database

Activity database
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Proximity Detection & Visualization Diagram
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Activity Recognition
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Activities Category: 

Influencing factors identification:

• Average speed

• Static time

• Parallel/perpendicular to traffic

• Moving in/against traffic direction

Ensemble Bagged Trees

• Accuracy: 75.5%

• Confusion Matrix

Category Description

1 Jackhammeri

ng

(3)

Utilizing hand-held equipment which

required consistent or inconsistent static

position, such as jackhammer, drill, etc.
2 Walking (16) Normal walking or running of workers.
3 Rolling (10) Utilizing hand-held equipment which

required regular moving, such as small

compactor, etc.
4 Guiding (14) Workers may walk backward to guide dump

truck or other heavy equipment to adjust

their locations.
5 Random (6) Random movement of workers, may

include change of directions and other

unpredictable activities.
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Algorithm Result
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Vehicle

Worker
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Demonstration
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• Multiple work zone scenarios set up with 
workers on foot and equipment

• VCC Monitor will show the work zone entities 
in real-time

• Blue = safe

• Orange = proximity/workers in the area

• Red = threat detected

• Safe-D application will show alerts received by 
CAV
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Demonstration
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Research Summary



Research Significance
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• Provide a holistic, efficient, convenient hazard detection and warning system.

• Enhance safety level of construction sites.

• Help inspectors or managers in monitoring the real-time work zone remotely. 

• Collect more activity samples from experiments

• Develop methods to alert workers and equipment operators

• Develop new safety garment with hazard detection application

Future
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