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Safe Smart Intersections that 
Protect Vulnerable Road Users 

• TC ERSTPP Project (8 Industry partners)

• Executing complex test scenarios in a four-

season climate

• Assessing the design, testing and integration of 

emerging CAV, V2X and smart mobility tech in 

intersections and safety for vulnerable road 

users

• Accelerating tech development, time to market, 

and future adoption (policy)



Safe Smart Intersections that 
Protect Vulnerable Road Users (VRUs)

Project is divided into four phases:

Phase 1: VRU Safety Test Plan Development

Phase 2: Area X.O And Kanata Smart Intersection – Testbed 
Preparation 

Phase 3: V2X And Machine Vision Testing and Data Collection 
for VRU safety at Area X.O

Phase 4: Public Demonstration, Data Analysis, and Final Report
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AVSC Best Practice for Metrics and Methods for 
Assessing Safety Performance of Automated Driving Systems (ADS)



Automated Driving System’s 
Object and Event Detection and Response (OEDR)



Machine Vision & V2X Testing Framework for VRU Safety









VRU views from Pole-mounted LiDAR and CAV



ROI

• Bounding boxes 
were drawn around 
each VRU present 
inside the ROI 

• VRUs outside of the 
ROI were not 
annotated.

RIDEAU STREET & KING EDWARD AVENUE

City of Ottawa

Candidate location to 
train machine learning 
algorithms by NRC, for 
VRU or object detection



LiDAR, Thermal Camera 
Positioning Calibration



Cloud-based Traffic/V2X Data API Engine

City of Ottawa
Traffic System



Security Credential Management System (SCMS)



5G / C-V2X Cybersecurity Testing

• Wedge Networks Cybersecurity and Real-time Threat Prevention

• Supported by the Government of Canada and EUREKA Cluster, 
Wedge Network is chair of the Canadian Cluster supporting the 
CELTIC-NEXT, 5G-SAFE-PLUSa 

• Wedge Absolute Real-time Protection™ (WedgeARP™) platform -
real-time threat prevention to secure 5G-Enabled road safety 
services, from CAV to transportation services infrastructures, 
software and proprietary algorithms for V2X Anomaly detection 
and response 

• Wedge network will be working with AreaX.O to provide 
demonstration and testing support for 5G Enabled Road Safety and 
Cybersecurity Authentication and threat prevention.  

• AreaX.O supporting the work by providing the advanced 5G 
hosting environment.  



Potential Cyber Attacks in V2X Communications



Technology Testing & Validation Domain # 1

Machine Vision 

and Deep Learning

Target Outcomes Success Indicators

Contribute VRU detection and classification 
data sets to improve  machine vision- and 
deep learning-based applications to enhance 
VRU safety at road intersections

Benchmark performance of detection rates, 
miss rates, precision, false positive rates, and 
false negative rates against other machine 
learning algorithms

Understand minimum triggering conditions 
for delivery of VRU safety messages to CAVs 

Pass or fail criteria for VRU detection,
classification, and notification based on 
parameters like GPS geofencing, motion 
vector filters, and machine vision algorithms



Technology Testing & Validation Domain # 2

RF Communications 
Fabric

Target Outcomes Success Indicators

Monitor RF interference and understand the 
spectrum usage for VRU safety applications, 
particularly in non-line of sight and diverse 
radio environments

Success is measured by the ability to detect 
and locate short duration or transitory 
sources of interference in the C-V2X from 
other radio frequency signals in the test 
environment, including 5G FR1 / FR2 sources 
and others

Analyze end-to-end CV2X communication 
metrics between RSU and OBU, and in-
vehicle logs of the V2X message handler 
inside the CAV.

Following metrics are targeted for analysis 
from site data collection:
• Transmit to receive message latencies
• Application end-to-end latency
• Received Signal Strength Indicator (RSSI)
• Reference Signal Received Power (RSRP)
• Over the air message size



Technology Testing & Validation Domain # 3

CAV Collision 
Avoidance

Target Outcomes Success Indicators

Analyze time-to collision (TTC) measurements 
between CAV and VRU

Based on the specified ODD and 
environmental conditions for a given test 
scenario, remaining TTC values between CAV 
and VRU can be analyzed with respect to the 
observed minimum risk maneuver (MRM) 
performed by the CAV, upon receipt of the 
VRU safety message.

Observe CAV response latencies for minimum 
risk maneuver (MRM), upon receipt of VRU 
safety messages

Pass / fail criteria for module to interpret the 
VRU safety message, and CAV by-wire sensor 
modules to perform the MRM in a VRU safety 
scenario. Analyses of in-vehicle platform 
latencies with regards to CAV by-wire 
activation for vehicle control, based on timely 
interpretation of the VRU safety messages
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