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Background

• Emergency vehicles (EVs) frequently interact with other 

road users in urban environments, which can lead to delays 

in emergency response and traffic incidents involving EVs.

• A microscopic traffic analysis of driver response to 

emergency vehicle (EV) is not a well-researched topic.

• Also interesting to analyze the change in response if the 

drivers are warned of an approaching EV, e.g. based on a 

Day-1 C-ITS service, EVA.

• Studying responses to approaching EVs using naturalistic 

datasets presents considerable challenges.

• Limited attempts to model driver response to EV in 

microscopic traffic simulation studies.



Aim

• Characterize driver response behaviour to an 

approaching EV without and with EVA warning

• Investigate the impact on EV performance due to the 

change in driver response



Driving Simulator Experiment Events

1. Driving in the left lane with a bus lane to the

right. EV approaching from behind.

2. Driving in the right lane with parking lots in

the left. EV approaching from behind.

3. Approaching an intersection and turning

right, with the EV from the front and turning left.

4. Approaching an intersection and continue

straight, with the EV crossing from the left.

EV Trajectory

Ego Trajectory
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Example Profile
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Methodology for Driver Response Behavior analysis

1. Perform piecewise linear regression on speed profile of ego vehicle:
I. Identify optimal no. of breakpoints (based on min. BIC)
II. Filter breakpoints to identify the breakpoints corresponding to the start and end 

of response:
A. speed 
B. acceleration
C. time

III. Potential Response point (t_speed) = first breakpoint

2. Find peaks in steering angle profile near the first breakpoint:
I. Find both positive (turning right) and negative (turning left) peaks
II. Find the start of the peak (t_steering).
III. Revise response-point if t_peak < t_speed



Results



Results
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Empirical Models for Driver Response

Parameter Definition Model Remarks

Response 

Distance

Distance to 

the 

Emergency 

Vehicle at 

which the 

ego vehicle 

starts to 

react

Empirical 

CDF of 

response 

positions for 

CVs and 

single value 

for CAVs

Both CV and 

CAV react 

further away 

from the 

emergency 

vehicle when 

PDI is active 

Deceleration Ego vehicle 

deceleration 

rate during 

response

Empirical 

CDF of 

average 

deceleration 

during 

response for 

CVs and 

single value 

for CAVs

CVs react 

with stronger 

deceleration 

when PDI is 

not active.

CAVs have 

the same 

deceleration 

rate with and 

without PDI



Design of Experiment for Impact Assessment

Stage CAV Level
CV+CAV 

%

CV

% 

CAV

%

Intro-1 Pessimistic 10

10 0

5 5

0 10

Intro-4 Optimistic 40
20 20

10 30

Est-1 Pessimistic 40
10 30

0 40

Est-4 Optimistic 70
20 50

10 60

Prev-1 Pessimistic 70
10 60

0 70

Prev-4 Optimistic 100

20 80

10 90

0 100

500 m
(warm-up stretch)

2000 m
(study stretch)

500 m
(cool-down stretch)

Traffic Demand volume/capacity (v/c)

Free Flow 0.2

Intermediate Flow 0.5

Congested Flow 0.8



Impact on EV
EV Speed Distributions

• Baseline: EV speeds frequently drop to 
70–75 km/h in congestion.

• PDI Impact: Shifts speeds close to the 80 
km/h limit by clearing traffic ahead.

• Scale: Benefits increase directly as 
CV/CAV market penetration grows.

• Reliability Shift: System performance 
moves from highly variable to reliable.

• Introductory Stage: Wide distribution 
with near-zero gains due to low 
penetration.

• Prevalent Stage: Compact, high-
performing distribution with a minimum 
delay reduction floor well above 40%.

   

 

Relative gain in EV 
Travel Time Reduction

Relative gain in EV 
Delay Reduction



Conclusion & Next Steps

• Drivers respond early and less aggressively with the
warning.

• Improvement in EV speed and increased reduction in
EV travel time and delay with increase in MPR of
CCAM.

• Driver response needs to be validated with real-life
trials.

• Individual driver response is assumed to be
independent of surrounding vehicles.

• EV driving behaviour needs to be calibrated for more
realistic impact assessments.



Augmenting and Evaluating the Physical and 
Digital Infrastructure for CCAM deployment
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