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Background



Pedestrian and Intersection Fatalities
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• Traffic fatalities in the United States rose to 
approximately 42,915 in 2021 (NHTSA)
• Pedestrians and cyclists account for ~8,000 or 

almost 20% of those fatalities

• The most recent data for intersections suggests that 
upwards of 10,180 fatalities happened at 
intersections in 2019

• These data show a growing trend in pedestrian 
fatalities overall and intersection deaths as well

• This project explored how new intersection infrastructure, including 5G and C-V2X technologies, can be 
leveraged to provide safety alerts to pedestrians and drivers alike.



Methods

1. Install private 5G equipment, camera, and edge computing 
platform
• Expecting ultra low latency suitable for safety critical alerts such as for pedestrian 

collisions

2. Perform system calibration and machine learning model validation
3. Develop HMIs for pedestrians and vehicles to make use of alert 

capabilities of the private 5G deployment
4. Perform scenario testing to evaluate accuracy and total system 

latency



Private 5G System Development



Private 5G High Level Diagram 
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Private 5G Hardware Setup



RU Mounting Design
• Pole mount was designed by 

VTTI team to hold the RU and 
GPS device on one of the 
traffic intersection horizontal 
arms.



RU Mounting at Smart Road Intersection



EDGE Computing Enclosure Design
• VTTI team had challenges to 

find one single enclosure to 
house all the EDGE and Private 
5G equipment.
• Enclosure boxes should handle 

low/high temperatures and be 
waterproof.
• 3 enclosures were used to 

house the sub-systems:
• UE Device for Private 5G 

connectivity
• POE for Camera Power and 

Management Control Link
• Edge Computing platforms and 

power supplies.



Installed Equipment
• VTTI team installed 

successfully the lower MEC 
sub-systems including:
• Private 5G UE and RU
• 4 Cameras (2 per Vertical arm)
• Power supplies
• WiFi connectivity for Remote 

Power Control.



Private 5G Spectrum Usage
• Private 5G deployment uses 

VT’s CBRS spectrum 
allocation.
• VTTI team get FCC approval 

to conduct the experiment 
using 3.4 – 3.5 GHz frequency 
band.
• No SAS integration was 

required.



System Calibration

• The full intersection system 
was calibrated by placing boxes 
within each camera’s FOV and 
recording video data

• LiDAR unit was used to 
provide ground truth 
positioning relative to the 
camera view



HMI and Safety Alert 
Development



Pedestrian Lighting Board

• As the system is capable of identifying 
potential collisions between pedestrians 
and vehicles, VTTI developed an HMI 
hardware to alert pedestrians when a 
threat situation is detected.
• The Pedestrian Lighting Board includes:

• C-V2X OBU to process SAE J2735 Messages 
broadcasted by the RSU network

• Embedded computing platform that 
generates patterns on the LED panels.

• Speaker for auditory alerts



Pedestrian Lighting Board



In-Vehicle HMI
• We designed a prototype visual HMI that can 

provide alerts to drivers
• C-V2X OBU processes messages from the private 5G 

deployment



Scenario Testing



Intersection Scenario Testing

• Six use-cases were provided by NEC to evaluate the private 5G 
deployment and edge compute capabilities
• Collision Prediction
• Street Parking Notification
• Traffic Accident Detection (post-accident)
• Pedestrian Crossing Detection
• Right and Left Turn Detection
• Overspeeding Detection



Collision Prediction

• Key performance indicators
• Time from predicting a collision to displaying on a tablet: less than 1 second 

(6m at 15mph)
• Detection rate: 80%



Street Parking Notification

• Key performance indicators
• Time to display the position on the research vehicle’s HMI:  1 second after 

occurrence
• Detectable distance: within 40m of the camera.
• Detection rate: 80%



Traffic Accident Detection

• Key performance indicators
• Time to display the position on the research vehicle’s HMI: 1 second after 

occurrence
• Detection rate: 80%



Pedestrian Crossing Detection

• Key performance indicators
• Time from detecting a target pedestrian to displaying the position on the 

research vehicle’s HMI: less than 1 sec
• Detectable distance within 20m from the camera.
• Detection rate: 80%



Right and Left Turn Detection

• Key performance indicators
• Time from detecting a target vehicle to displaying the position on the 

research vehicle’s HMI: less than 1 sec
• Detection rate: 80%



Overspeeding Detection

• Key performance indicators
• Time from detecting a target vehicle to displaying the position on the 

research vehicle’s HMI: less than 1 sec
• Detection rate: 80% (target: more than 90%)



Scenario Testing

• We performed many variations of each scenario 
with pedestrians or vehicles crossing or 
approaching from different areas to ensure 
accuracy across all intersection entrances
• In total 138 unique scenarios were performed, often 

with multiple repetitions
• Scenarios involving collisions with pedestrians were 

ran with an AB Dynamics articulated pedestrian target



Results



5G Deployment Data Speeds



Latency and Detection Rates



Total System Latency



Conclusions

• The private 5G network implementation was able to provide low-
latency alerts for all target scenarios
• Total system latency was approximately 350ms, from when the event 

started to when the HMIs would receive the alert
• Improved latency  is always beneficial for safety critical applications
• Current work is ongoing to improve latency

• Work still to do to assess HMI appropriateness and effectiveness
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