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Overview of Lidar-Based AI-System Platform

0          0.5km      1km 

Public Road Network Platform 25 IntersectionsAI-System Installation

AI-System:
LiDAR

+
Artificial 

Intelligence 
(AI) 

on Edge Box

AI-Systems being installed on public roads 
both in the City of Irvine and UC Irvine, 

effectively two municipalities



4/20

Lidar-Based AI-System Traffic Analytics
Sample Data

Campus / E Peltason 1-30 
September 2023

Traffic Count

Near MissesTraffic Signal Coordination

Speed
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Near-Miss Detection, a Critical Safety Application
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Approach by Project Phase

Controlled Traffic 
Event Creation
• Define ego vehicle 

maneuvers
• Define traffic trajectories
• Define road conditions, 

weather, etc.
 

Primary: HIMaC2

Support: ANL, ITS

CDA Simulation
• Tools: Vehicle/signal 
controller, TransModeler, 

FASTSim
• Scenarios: Controlled 

Traffic Events
• Validation: Literature

 

Primary: ITS, HIMaC2

Support: ANL

CDA XiL Testing
• Tools: Controller, 
TransModeler, real-time 

computer, vehicles, 
dynamometer

• Scenarios: Controlled 
Traffic Events

• Validation: Simulation, 
literature

 

Primary: ANL
Support: HIMaC2, ITS

Full-Scale CDA 
Deployment

• Tools: Controller, AI-
System, vehicle fleets, 
ANL Flexible Vehicle 

Data Collection Platform 
• Scenarios: Controlled 

Traffic Events, Free 
Driving

• Validation: XiL, 
simulation, and literature

 

Primary: HIMaC2

Support: ITS, ANL

Scale-Up to         
LA-Area

• Tools: ANL POLARIS
• Scenarios: Controlled 

Traffic Events, Free 
Driving

• Validation: SCAG-MPO 
model and traffic 

observations, 
deployment, XiL, 

simulation, and literature
 

Primary: ANL, ITS
Support: HIMaC2

Goal: Establish and utilize a Public Road Network Platform of 25 intersections in the City of Irvine to:
• Institute a platform for field evaluation of emerging cooperative driving automation (CDA) technologies
• Assess a novel intersection AI-based mobility monitoring network (AI-System)
• Demonstrate a 15% energy efficiency improvement through a novel connected infrastructure technology
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Simulation and XiL Tools
• Vehicle and signal controller [1] with microscopic traffic simulation in Python and 

TransModeler
– Newell’s car following model
– “Vehicle Controller,” “Signal Controller,” and “Vehicle and Signal Controller” activation of AI-System
– Roadway configuration: two signalized intersections of three interlinked ring roads

• Vehicle energy model
– NREL FASTSim [2], 2016 Nissan Leaf 24kWh (closest to Scion iQ EV)

[1] Sun, Nam, Jayakrishnan, Jin, 2022. An eco-driving algorithm based on vehicle to infrastructure (V2I) communications for signalized intersections. Transportation Research Part C, 144 103876.
[2] A. Brooker, J. Gonder, L. Wang, E. Wood, S. Lopp, and L. Ramroth, “FASTSim: A Model to Estimate Vehicle Efficiency, Cost and Performance,” SAE Tech. Pap., vol. 2015-April, no. April, pp. 21–
23, 2015. 

Traffic Network of 
Three Interlinked Loops

Loop 2
Loop 1

Loop 3

1 km
0.5 km0.5 km
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V2I Controller Reduces Queueing and Increases Efficiency

Traffic without AI-System and Connectivity [1] Traffic with AI-System and Connectivity [1]
No queueingQueueing

[1] Sun, Nam, Jayakrishnan, Jin, 2022. An eco-driving algorithm based on vehicle to infrastructure 
(V2I) communications for signalized intersections. Transportation Research Part C, 144 103876.

• Novel vehicle and signal controller developed to improve energy efficiency and traffic efficiency [1] 
– Creates passing points, designed points in time for vehicles to pass through intersection
– Inputs: upstream and downstream vehicle detection, signal phase and timing (SPaT)
– Outputs: advisory speed limit when approaching intersection, control speed to pass through intersection

• Signal controller updates signal timing based on each approach’s traffic flow, allotting more green time to 
direction with higher traffic flow
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XiL Experiment Tools and Approach
Tools
• Vehicles under test: 2012 Scion iQ EV, 2023 KIA EV6
• Vehicle and signal controller by Sun et al. [1]
• Dyno: Simulated road load based on virtual vehicle conditions 
• XiL hardware: dSPACE MicroAutoBox III, custom robot driver
Approach
• Tested 16 scenarios in XiL with varying AI-System activation, 

traffic density, free flow speed, and control speed
• In each scenario, three vehicles were selected for XiL testing

1. Vehicle with fuel consumption closest to the fleetwide average
2. Vehicle with the lowest fuel consumption
3. Vehicle with the highest fuel consumption

ANL XiL Experimental Setup with Scion iQ EV

AP
BP

CAN

Robot DriverdSpace MircoAutoBox III
APP mapping

BPP mapping

Traffic Simulation

acc,vel Vapp, Vbpp

[1] Sun, Nam, Jayakrishnan, Jin, 2022. An eco-driving algorithm based on vehicle to infrastructure (V2I) communications for signalized intersections. Transportation 
Research Part C, 144 103876.



11/20

AI-System Activation Simulation
Fuel Consumption

XiL
Fuel Consumption

Simulation Fleetwide
Average Speed

Vehicle Controller
Control Speed: 20 m/s -31.6% -26.4% (iQ)

-15.0% (EV6) +58.1%

Signal Controller -4.41%
-15.6% (iQ)

-22.3% (EV6) -14.2%

Vehicle and Signal Controller
Control Speed: 20 m/s -38.4% -36.1% (iQ)

-39.0% (EV6) +44.0%

XiL Experiment Results Verify Simulation Results

• Up to 39% improvement in energy efficiency from battery electric vehicles on dynamometer

• Traffic efficiency is also likewise improved, demonstrated by the increase in fleetwide average vehicle speed

– Traffic efficiency improvement is of similar or greater magnitude to that of fleetwide energy efficiency improvement
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Vehicle Speed Controller Deployed with AI-System Data

Approach:
1. Server subscribes to AI-System API 

for objects in frame and SPaT
2. Server runs vehicle speed controller
3. Push results on publisher-subscriber 

framework 
4. In-vehicle phone app subscribes, 

filters by location

Campus Dr. & W. Peltason

Time-Space Diagram for Lane 2 on South-Bound Campus Dr.
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Scale-Up Demonstrates Benefit-to-Cost Ratio of 3

Approach: Microscopic traffic modeling in POLARIS allows vehicle and signal controller integration
Achievements:
• Base case of Free Driving achieved 97% accuracy for VMT compared to SCAG
• ANL developed API for POLARIS to integrate vehicle and signal controllers
• UCI ITS integrated vehicle and signal controllers through POLARIS API
• Benefit to cost ratio of 3

Orange CountyIrvineUCI

(incl. LA and Orange Counties)

POLARIS Network Summary
• 82,472 road links
• 57,354 nodes

• 11,994 signalized
• 7,257 charging stations
• Population: 17M (approx.)

SCAG Area
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Outreach and Education with SCAG Listening Sessions

• 1st: 25 attendees in SCAG region
• 2nd: 100+ registrants, 46 attendees from local/regional 

governments, companies, and community
• Interest in advisory speed limit which considers 

powertrain, impact of discourteous drivers (cut-ins), 
VRU safety considering increase in average speed

– Also: red light runner warning, overcome misconception of AI 
being invasive, POC detection accuracy
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Outreach and Education with Saddleback College

• Six guest lectures given to automotive and 
environmental science students
– Interest in object classification, safety, and ensuring 

benefits are for all users (equitable)
– Suggestion to incorporate V2I in infotainment system
– Appreciation for maintaining security, avoiding racial 

profiling and unnecessary surveillance with lidar 
sensor

• Participation in curriculum development at 
Saddleback College and southern California 
community college network

• Advising Saddleback in developing state-of-
the-art automotive course classrooms and labs

Saddleback@ATEP Renderings
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Digital Twin Development with ORNL and ANL – Real-Sim 

Adapted from Shao and Stutenberg, 2023



19/20

Next-Generation Lidar Enhances VRU Accommodation 
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Summary
• Established and utilizing a Public Road Network Platform of 25 intersections in the City of Irvine 

– Instituted a platform for field evaluation of emerging CDA technologies
– Assessing a novel intersection AI-based mobility monitoring network (AI-System)
– Assessing the AI-System to increase energy efficiency, traffic efficiency, and safety

• XiL experiments and simulation suggest AI-System can enable a 15% energy efficiency 
improvement while also improving traffic efficiency

• Metropolitan region scale-up suggest benefit-to-cost ratio of 3
• City of Irvine, UCI, DOE Labs actively using Platform to improve traffic flow and study CDA  

Controlled Traffic 
Event Creation

CDA Simulation
• Tools: Vehicle/signal 

controller, 
TransModeler, 

Simulink

CDA XiL Testing
• Tools: Controller, 

TransModeler, 
Simulink, real-time 
computer, vehicles, 

dynamometer

Full-Scale CDA 
Deployment

• Tools: AI-System, 
vehicle fleets, ANL 

Flexible Vehicle Data 
Collection Platform

 

Scale-Up to     
LA-Area

• Tools: ANL 
POLARIS

• Scenarios: 
Controlled Traffic 

Events, Free Driving
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Vehicle and Stoplight Controller

• Novel vehicle and signal controller developed to improve 
energy efficiency and traffic efficiency [1] 

– Three categories of controller action:  
 (1) Vehicle, (2) Stoplight, (3) Vehicle and Stoplight

• Vehicle controller creates passing points, designed 
points in time for vehicles to pass through intersection 
using upstream and downstream vehicle detection and 
signal phase and timing (SPaT)

– Vehicles follow advisory speed when approaching intersection and 
then follow control speed to pass through intersection

• Signal controller updates signal timing based on each 
approach’s traffic flow, allotting more green time to 
direction with higher traffic flow

• When both vehicle and signal controllers are active, the 
signal controller acts first

Passing Point Creation [1]

Passing Point Selection for CAVs [1]

[1] Sun, Nam, Jayakrishnan, Jin, 2022. An eco-driving algorithm based on vehicle to infrastructure 
(V2I) communications for signalized intersections. Transportation Research Part C, 144 103876.

Advisory speed

Control speed

Passing 
point
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Simulation Parameters
Simulation Parameter Variations
• Traffic count

• 10 through 60, by increments of 10
• Free flow speed (m/s)

• 10 through 25, by increments of 5
• Control speed (speed through intersections) (m/s)

• 5 through [Free flow speed], by increments of 5
• AI-System action distance (m)

• 80 through 300, by increments of 55
• Controller actuation

• Off, vehicle only, signal only, vehicle and signal

Simulation Parameter Constants
• FASTSim vehicle: 2016 Nissan Leaf 24kWh 

(closest match to Scion iQ EV of XiL testing)
• Max acceleration: 2 m/s2

• Max deceleration: 4 m/s2

• Vehicle length: 4.7 m
• Headway: 2 s
• 200 s simulation time (600 s with Signal Controller)
• 100% CAV penetration
• Signal timing: 25 s green, 6 s yellow, 2 s all red
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Fuel Consumption – Fleet  
• Colors map to fleetwide fuel 

consumption change from 
corresponding no controller 
scenario (e.g., -0.15 signifies a 15% 
fleetwide fuel consumption 
reduction on a kWh/mi basis)

• “FF” signifies free flow speed (m/s)
• “CS” signifies control speed (m/s)
• For each subplot, the horizontal axis 

notes the number of vehicles on the 
network and the vertical axis notes 
the AI-System action distance (m) 
and corresponding I2V range

Traffic count

Fractional 
change
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Speed – Fleet
• Depicts the average speed 

of the fleet, a metric used 
to quantify the traffic 
efficiency (as opposed to 
energy efficiency)

• Note color bar reversal as 
positive values signify 
improvement in traffic 
efficiency

Traffic count

Fractional 
change
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XiL Experiment Scenarios 

AI-System Activation Traffic Count Free Flow Speed (m/s) Control Speed (m/s) AI-System Action 
Distance (m)

Traffic Distribution 
(Links 1/2/3)

None

10 20 - - 0.33 / 0.33 / 0.33

40 25 - - 0.33 / 0.33 / 0.33

40 20 - - 0.20 / 0.40 / 0.40

50 20 - - 0.20 / 0.40 / 0.40

Vehicle Controller

10 20 20 300 0.33 / 0.33 / 0.33

10 20 5 300 0.33 / 0.33 / 0.33

40 25 15 300 0.33 / 0.33 / 0.33

40 25 20 300 0.33 / 0.33 / 0.33

Signal Controller 50 20 - - 0.20 / 0.40 / 0.40

Vehicle and Signal 
Controller

40 20 15 300 0.20 / 0.40 / 0.40

40 20 20 300 0.20 / 0.40 / 0.40

40 20 10 300 0.20 / 0.40 / 0.40
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Scale-Up and Cost Benefit Analysis

Base Scenario AI-Systems 
(100% CAV) Difference Annual Benefit Present Value of Benefit 

(5yr lifetime)
Gasoline Consumed 
(mt) 24,900 24,300 600 $273 M $1.25 B
Emission (mt)
CO2
NOx
SOx
PM2.5

94,421
50.66
10.34
4.61

92,086
49.40
10.09
4.50

2,335
1.25
0.26
0.11

$199 M 
$9.19 M 
$5.02 M
$40.1 M

$936 M
$42.0 M
$22.9 M
$183 M

Total $526 M $2.43 B

Total Cost

Capital $457 M

Installation $58.1 M

Maintenance $9.28 M

Subscription/License $38.9 M

Cellular Service $12.3 M

Present value of $791 M

Benefit-cost ratio: 3.07
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ID Cross Streets # of 
LiDAR

# of 
Edge 
Boxes

18 Campus Dr / Cornell 1 1

24 Culver Dr / University Dr 2 2

12 University Dr / Campus Dr 2 2

15 W Peltason Dr / Campus Dr 1 1

17 E Peltason Dr / Campus Dr 2 2

22 Culver Dr / Campus Dr 2 2

16 Campus Dr / Stanford 1 1

19 Campus Dr / California Ave 2 2

21 Culver Dr / Vista del Campo Rd 1 1

23 Culver Dr / Harvard Ave 2 2

20 Culver Dr / Anteater Dr 2 2

25 Culver Dr / Michelson Dr 1 1

11 Mesa Rd / University Dr 1 1

10 California Ave / University Dr 1 1

13 University Dr / Harvard Ave 2 2

14 Harvard Ave / Bridge Rd 1 1

ID Cross Streets # of 
LiDAR

# of 
Edge 
Boxes

7 E Peltason Dr / Anteater Dr 2 2

8 E Peltason Dr / Pereira Dr 2 2

9 E Peltason Dr / Engineering 
Service Rd

1 1

6 E Peltason Dr / Los Trancos Dr 1 1

3 W Peltason Dr / Michael Drake 
Dr

1 1

1 W Peltason Dr / Pereira Dr 1 1

2 W Peltason Dr / Mesa Rd 1 1

4 Health Sciences Rd / Michael 
Drake Dr

1 1

5 California Ave / Michael Drake 
Dr

1 1

City of Irvine UCI

Total: 11

Total: 24

LiDAR
Total: 35

Budgeted: 35

Edge Boxes
Total: 35

Budgeted: 35

Total: 24

Total: 11

Public Road Network Platform Installations of AI-System
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Description                        Progress by Month                                 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
0.0 Project Management
0.1 Kick-Off Meeting

1.0 Design, Simulation, Permitting, and Procurement
1.1 Design and Simulate Controlled Traffic Events

1.1.1 Design portfolio of Controlled Traffic Events
1.1.2 Simulate vehicles in Controlled Traffic Events
1.1.3 Analyze simulation data
1.2 Prepare for AI-based System Installation

1.2.1 Determine AI-based system installation locations
1.2.2 Attain permitting for AI-based system installation
1.2.3 Procure AI-based systems
1.3 Prepare Vehicle Fleets and XiL Experiments

1.3.1 Procure individual-use vehicle fleet
1.3.2 Procure autonomous vehicle fleet
1.3.3 Procure data logging and connectivity technology
1.3.4 Install and commission data logging and connectivity technologies
1.3.5 Prepare XiL experiment setup
1.4 Outreach and Education

Go/No-Go Decision Point (D1)
2.0 Installation, XiL Experiments, and Deployment

2.1 AI-based System Installation and Commissioning
2.1.1 Install infrastructure system technology
2.1.2 Commission infrastructure system technology
2.2 Experiments (XiL, Simulation) of Controlled Traffic Events

2.2.1 Run experiments of controlled traffic events
2.2.2 Analyze XiL and Simulation experimental data
2.3 Deploy Vehicle Fleets 

2.3.1 Deploy three vehicle fleets
2.3.2 Collect Free Driving data
2.4 Outreach and Education

Go/No-Go Decision Point (D2)
3.0 Demonstration and Analysis

3.1 Analyze Free Driving Data
3.1.1 Analyze Free Driving data
3.2 Run Controlled Traffic Events (Field, XiL, and Simulation)

3.2.1 Run controlled traffic events with fleets
3.3 Analyze Deployment Driving Data

3.3.1 Analyze Controlled Traffic Events data
3.3.2 Compare deployment data to simulation and XiL experiments
3.4 Scale Up and Cost Benefit Analysis

3.4.1 Develop agent-based model scenario of metropolitan area
3.4.2 Scale up analysis
3.4.3 Cost benefit analysis
3.5 Outreach and Education

End of Project Goal

Task/ 
Subtask

BP1 BP3
Q1 Q2 Q3 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13

BP2
Q4 Q5

M1.2.1
M1.2.2

M2.3.1

M2.1.1

M3.1.1

M1.2.3

M1.3.1

M1.3.3

D2

D1

M3.2.1

M3.3.1
M3.3.2

M3.4.1

End

M1.1.1
M1.1.2
M1.1.3

M1.3.2

M2.2.2
M2.1.2

M3.1.2M3.1.3

M3.4.2
M3.4.3

M2.4.1
M2.4.2

M2.3.2

M1.3.4
M1.3.5

Detailed Schedule
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