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Problem Description

Given: the arrival information 
of automated vehicles and 
conventional vehicles

Goal: to optimize the average 
delay by advising automated 
vehicles and controlling signal 
phase and timing



The Real-time Framework

Involves Sensing technologies
ÅDedicated Short Range Communication

ÅRadar

Å(Camera, Lidar)

Autonomous Vehicle Technology
ÅNavigation and Localization algorithms

Optimization Algorithm
ÅVehicle Path Optimizer

ÅSignal Status Optimizer



Intelligent Intersection Control System



Sensor Fusion for Intelligent Intersection Control

Goal: Classify and track all traffic participants 
up to ~600 feet away from the intersection

Challenging Multisensor-Multitarget problem

ÅOcclusion is common in medium-heavy 
traffic

ÅNeed to synchronize and associate sensor 
data in real-time

ÅNeed accurate models of uncertainty in 
sensor measurements and vehicle 
dynamics



Traditional Traffic Sensors + V2I

Dedicated Short Range 
Communication (DSRC) for 
Vehicle-to-Infrastructure (V2I) 
(range ~900 ft)Doppler-based advanced 

detection traffic radar (range 
~600 ft) Video Camera (range ~300 ft)



V2I Communication Infrastructure

Vehicles are equipped with On-Board 
Units (OBUs) containing a DSRC radio

In the image:

2. Cohda Wireless Mk5 DSRC radio

3. Small computer for developing OBU 
software

4. GPS antenna



V2I Communication Infrastructure

A Cohda Wireless Mk5 is used as our Road-Side Unit (RSU), and is connected to a server 
running our sensor fusion and optimization algorithms at the intersection

Can receive Basic Safety Messages from multiple instrumented vehicles simultaneously 
over the 5 Ghz band



Demonstration of Fusing DSRC and Radar 

Tested proof of concept DSRC and radar sensor fusion system at isolated intersection

One Smartmicro radar and Five Cohda Wireless DSRC units

Demonstrated ability to classify and track connected and conventional vehicles in isolated, 
low-traffic scenario
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Uncertainty in GPS from off-the-shelf DSRC

Fusing data from DSRC with traffic radar and 
video camera data requires careful time 
synchronization and a probabilistic model for 
the uncertainty in the reported vehicle 
position.

Need sub-meter precision to ensure safety 
of traffic participants.

GPS can be affected by tall buildings, trees, 
and poor satellite coverage due to, e.g., 
cloudy skies 



DSRC GPS compared with high-precision GPS 

Figure at left shows spatial error in DSRC 
GPS for a vehicle slowing to a stop at a 
red light, compared to a high-precision 
GPS sensor

The DSRC GPS error is biased when 
vehicle is in motion (partly due to small 
clock synchronization error between GPS 
sensors)

Overall, measurement error appears to 
be non-Gaussian, and the bias (offset 
from 0) proves to be difficult to estimate 
and remove

Stopped at red 
light

Approaching 
intersection



Optimization Algorithm

Objective: Minimize the Average 
Travel Time Delay experienced at 
the intersection

Approach: Mathematical 
Programming

Description:
ÅAutomated Vehicles Shall receive a 

trajectory at the time they enter the 
detection range

ÅThe Trajectories Shall comply with 
signal status and have no conflict 
with other vehicles

ÅThe joint decision on Trajectories 
and Signal Phase and Timing yields 
the minimum average travel time 
delay



Adaptive Signal Control with Trajectory Optimization

With information about trajectories, green intervals can be allocated to serve phases. 
The lag time accounts for the distance vehicles must travel to arrive at the stop bar.

This image shows how green and yellow times that are assigned to each phase can 
cover arrivals (the ones with delta t) on a continuous basis.



Three-stage Trajectory for Lead AV



Trajectory of a Follower Vehicle



Automated Vehicle Trajectory Optimization

Depending on vehicle class and position:

ÇLead automated vehicle Trajectory Optimization (LTO)

ÇFollower automated vehicle Trajectory Optimization (FTO)

ÇLead conventional vehicle Trajectory Estimation (LTE)

ÇFollower conventional vehicle Trajectory Estimation (FTE)



Lead vehicle Trajectory Optimization

The objective function: Travel Time Delay of vehicle n
in lane l

The summation is over the travel time of all stages 
(which is equivalent to the total travel time of lead 
AV)

The fraction is the base travel time assuming vehicle 
would maintain its desired speed

Therefor, the travel time minus base travel time 
shows travel time delay (extra time vehicle spent to 
travel the detection distance)



Exact Heuristic Algorithm to Solve LTO

We showed the optimal 
solution to LTO is on the 
boundary of its feasible 
region (constrains on 
previous slide)

Under the for loop we 
move on edges and search 
ŦƻǊ ƻǇǘƛƳŀƭ ŀƴǎǿŜǊΦ LǘΩǎ 
done by setting all variables 
fix except one of them 
which is free to change 
between its bounds.


