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Introduction

1. The need to account for automated vehicles in 
analysis of future year scenarios.

2. Modeling automated vehicle behavior.
3. Mixed flow scenarios for different fleet percentages.



Simulating Automated Vehicles

• Focus on modeling traffic flow operations of 
automated vehicles  (i.e. travel behavior 
assumed constant).

• Approach is to use an “automated vehicle 
driver behavior” in the simulation.

• Driving behaviors of automated vehicles 
estimated from previous research.

• Use of Vissim software developed by PTV 
Group.



Driving Behavior Literature Review

• Effects of Next Generation Vehicles on Travel Demand and 
Highway Capacity, (Bierstedt, et al., 2014)

• Introduction of Autonomous Vehicles in the Swedish Traffic 
System (Bohm, et al., 2015)

• Simulation of Cooperative Vehicle-Highway Automation (CVHA) 
Behavior on Freeways (Hunter, et al., 2015)

• Autonomous Vehicles and Connected Vehicle Systems: Flow and 
Operations Considerations (Mahmassani, 2016)

• List Of Scenarios For Connected & Autonomous Vehicles 
(Evanson, 2016)



Simulating Automated Vehicles



Simulating Automated Vehicles:
PTV Group Recommendations

PTV Vissim Methodology
W74 = Wiedemann 74 car following model
W99 = Wiedemann 99 car following model

 W74: change W74ax parameter.
 W99: change CC0 parameter.
 W74: change W74ax, W74bxAdd, W74bxMult parameters.
 W99: change CC0, CC1, CC2 parameters.
 W74: change acceleration functions.
 W99: change acceleration functions and CC8, CC9 parameters.
 COM Interface
 External Driver Model/ Driving Simulator Interface
 W74: reduce W74bxMult or set it to 0.
 W99: change CC2 parameter.
 COM Interface
 External Driver Model/ Driving Simulator Interface
 COM Interface
 External Driver Model/ Driving Simulator Interface
 COM Interface
 External Driver Model/ Driving Simulator Interface
 COM Interface
 External Driver Model/ Driving Simulator Interface
 Switch cooperative lane change;
 Change maximum speed difference
 Change maximum collision time
 Same lane – change default behavior when overtaking on the same lane.
 Define exceptions for vehicle classes.
 Define blocked vehicle classes for lanes, or define vehicle routes for vehicle classes.
 Use COM for platooning.
 Use different link behavior types & driving behavior for vehicle classes; and/or (depending on complexity of CAV 
behavior.
 COM
 COM Interface (new functionality provided in 9.00-03)
 Dynamic Assignment required.
 Allows access to paths found by dynamic assignment, vehicles can be assigned a new path either when waiting 
in parking lot or already in the network (if path starts from vehicles current location).

12 Exclusive AV lanes, with and without platoons

13 Drive as CAV on selected routes (or areas) and as conventional human controlled vehicles
on other routes; i.e. Volvo DriveMe project.

14 Divert vehicles already in the network onto new routes and destinations; i.e. come from a
parking place or position in the network to pick up a rideshare app passenger on demand.

9 Communicate with the infrastructure, i.e. vehicles adjusting speed profile to reach a green
light at signals.

10 Perform more co-operative lane change as lane changes could occur at a higher speed co-
operatively.

11 Smaller lateral distances to vehicles or objects in the same lane or on adjacent lanes.

6 Form platoons of vehicles.

7 Following vehicles react on green signal at the same time as the first vehicle in the queue.

8 Communicate with other AVs, i.e. broken down vehicle and others avoid it.

3 Accelerate faster and smoothly from standstill.

4 Keep constant speed with no or smaller oscillation at free flow.

5 Follow other vehicles with smaller oscillation distance oscillation.

No. CAV Behaviour Description

1 Keep smaller standstill distances.

2 Keep smaller distances at non-zero speed.



Simulating Automated Vehicles:
PTV Group Recommendations
Summary of PTV Group Recommendations:

• Modify Wiedemann car following parameters
• COM interface
• External driver model / driving simulator interface
• Cooperative lane change settings
• Dynamic assignment



Driving Behavior – Tested Values
Car Following Parameters

Parameter VISSIM 
Default Value

Fehr & Peers 
Tested Value Notes

Look ahead distance 0-820 0-1640 2x default

Look back distance 0-490 0-980 2x default

Observed vehicles 2 10 Increased

Smooth close-up behavior Checked Checked



Driving Behavior – Tested Values
Car Following Model – Wiedemann 99

Parameter VISSIM 
Default Value

Fehr & Peers 
Tested Value Notes

CC0 - Standstill Distance 4.92 4.1

CC1 - Headway time (Gap 
between vehs) (s) 0.9 0.25

CC2 - Car-following 
Distance/following variation 13.12 9.84

CC3 - Threshold for entering 
following -8 -12

CC4 - Negative following 
threshold -0.35 -0.35 Same as default

CC5 - Positive following 
threshold 0.35 0.35 Same as default

CC6 - Speed Dependency of 
Oscillation 11.44 0

CC7 - Oscillation acceleration 0.82 0.82 Same as default

CC8 - Standstill acceleration 
(ft/s2) 11.48 11.48 Same as default

CC9 - Acceleration at 50mph 4.92 4.92 Same as default



Driving Behavior – Tested Values
Car Following Model – Wiedemann 74

Parameter VISSIM 
Default Value

Fehr & Peers 
Tested Value Notes

Average standstill distance 6.56 4.92 75% of default

Additive part of safety 
distance 2 1.5 75% of default

Multiplicative Part of safety 
distance 3 2.25 75% of default



Driving Behavior – Tested Values
Lane Change Parameters

Parameter VISSIM 
Default Value

Fehr & Peers 
Tested Value Notes

General Behavior free lane selection free lane selection

Max Deceleration -own vehicle 
(ft/s2) -13.12 -13.12

Max Deceleration -trailing (ft/s2) -9.84 -9.84

-1 ft/s2 per distance - own veh & 
training veh 200 200

Accepted deceleration - own veh 
(ft/s2) -3.28 -3.28

Accepted deceleration - trailing veh 
(ft/s2) -1.64 -1.64

Min headway -front/rear (ft) 1.64 1.23 75% of default

Safety distance reduction factor 0.6 0.45 75% of default

Max deceleration for cooperative 
braking (ft/s2) -9.84 -13.12

Increased the cooperative 
braking to the max 
deceleration

Cooperative lane change Not checked Checked

Max speed difference (mph) 6.71 6.71

Max collision time (s) 10 10



Driving Behavior – Tested Values
Lateral Parameters

Parameter VISSIM 
Default Value

Fehr & Peers 
Tested Value Notes

Collision time gain (s) 2 2

Min longitudinal speed 
(mph) 2.24 2.24

Time before direction 
changes 0 0

Overtake same lane veh -
min lateral distance 
standing 

0.66 0.495 75% of default

Overtake same lane veh -
min lateral distance driving 3.28 2.46 75% of default



A Note On Applying Driver Behavior 
Parameters to Calibrated Networks
• In many instances, driver behavior is 

changed from VISSIM default as part of 
calibration process.

• Therefore, analyst might consider starting 
from the calibrated values, then adjusting 
as appropriate.



Case Study 1: Interchange System in 
Northern California
• Test model: Calibrated existing conditions network 

for interchange system + surrounding area in 
northern California.

• Applied the automated vehicle driving behavior 
parameters to varying percentages of the vehicle 
fleet.

• Driving behavior applied network wide.
• No COM interface or external driver module.



Case Study 1: Interchange System in 
Northern California

Summary of Network-Wide MOE’s

Automated Vehicle Fleet 
Percentage

Network Total Delay 
(vehicle hours)

Network Average Speed
(mph)

0% 2,478 47.6

10% 2,400 47.9

30% 2,059 49.1

50% 1,892 49.7

70% 1,815 50.0

90% 1,756 50.2

100% 1,736 50.3



Case Study 1: Interchange System in 
Northern California

Summary of Network-Wide MOE’s

Automated Vehicle Fleet 
Percentage

Network Total Delay
%-diff versus 0%

Network Average Speed
%-diff versus 0%

0% 0% 0%

10% -3% 1%

30% -17% 3%

50% -24% 4%

70% -27% 5%

90% -29% 5%

100% -30% 6%



Case Study 1: Interchange System in 
Northern California
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Case Study 1: 0% AV Video



Case Study 1: 50% AV Video



Case Study 2: Freeway Corridor in 
Southern California
• Test model: Calibrated existing conditions network 

for 4.5 mile section of state freeway including ramp 
terminal intersections. 

• Applied the automated vehicle driving behavior 
parameters to varying percentages of the vehicle 
fleet.

• Driving behavior applied network wide.
• No COM interface or external driver module.



Case Study 2: Freeway Corridor in 
Southern California

Summary of Network-Wide MOE’s

Automated Vehicle Fleet 
Percentage

Network Total Delay 
(vehicle hours)

Network Average Speed
(mph)

0% 12,834 27.4

10% 10,872 30.0

30% 9,248 32.5

50% 8,609 33.6

70% 8,466 33.8

90% 8,523 33.7

100% 8,578 33.6



Case Study 2: Freeway Corridor in 
Southern California

Summary of Network-Wide MOE’s

Automated Vehicle Fleet 
Percentage

Network Total Delay
%-diff versus 0%

Network Average Speed
%-diff versus 0%

0% 0% 0%

10% -15% 9%

30% -28% 18%

50% -33% 22%

70% -34% 23%

90% -34% 23%

100% -33% 23%



Case Study 2: Freeway Corridor in 
Southern California
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Key Takeaways
• Automated vehicles can be considered in 

analysis of future year scenarios.
• Microsimulation of automated vehicles can 

be simple (basic driving behavior 
adjustments) or complex (COM interface or 
external driver module).

• The assumption for vehicle fleet penetration 
percentage will affect MOE’s. 



Applications
• Long range planning studies with 

microsimulation components.
• Infrastructure capacity studies.
• Used in conjunction with assumptions for 

shifts in travel demand associated with 
automated vehicles.



Capacity Test
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Questions?



Wiedemann 99 Car Following Model
CC0 (Standstill distance): defines the desired distance between stopped cars. It has no variation.

CC1 (Headway time): the time (in s) that a driver wants to keep. The higher the value, the more cautious the driver is. 
Thus, at a given speed v [m/s], the safety distance dx_safe is computed to: dx_safe = CC0 + CC1 • v.

The safety distance is defined in the model as the minimum distance a driver will keep while following another car. In 
case of high volumes this distance becomes the value with the strongest influence on capacity. 

CC2 (‘Following’ variation): restricts the longitudinal oscillation or how much more distance than the desired safety 
distance a driver allows before he intentionally moves closer to the car in front. If this value is set to e.g. 10m, the 
following process results in distances between dx_safe and dx_safe + 10m. The default value is 4.0m which results in a 
quite stable following process.

CC3 (Threshold for entering ‘Following’): controls the start of the deceleration process, i.e. when a driver recognizes a 
preceding slower vehicle. In other words, it defines how many seconds before reaching the safety distance the driver 
starts to decelerate.

CC4 and CC5 (‘Following’ thresholds): controls the speed differences during the ‘Following’ state. Smaller values result 
in a more sensitive reaction of drivers to accelerations or decelerations of the preceding car, i.e. the vehicles are more 
tightly coupled. CC4 is used for negative and CC5 for positive speed differences. The default values result in a fairly tight
restriction of the following process.

CC6 (Speed dependency of oscillation): Influence of distance on speed oscillation while in following process. If set to 0 
the speed oscillation is independent of the distance to the preceding vehicle. Larger values lead to a greater speed 
oscillation with increasing distance.

CC7 (Oscillation acceleration): Actual acceleration during the oscillation process.

CC8 (Standstill acceleration): Desired acceleration when starting from standstill (limited by maximum acceleration 
defined within the acceleration curves)

CC9 (Acceleration at 80 km/h): Desired acceleration at 80 km/h (limited by maximum acceleration defined within the 
acceleration curves).



Wiedemann 74 Car Following Model
Average standstill distance (ax) defines the average desired 
distance between stopped cars. It has a variation between -
1.0 m and +1.0 m which is normal distributed around 0.0 m 
with a standard deviation of 0.3 m.

Additive part of desired safety distance (bx_add) and 
Multiplic. part of desired safety distance (bx_mult) affect the 
computation of the safety distance. The distance d between 
two vehicles is computed using this formula:

d = ax + bx
where ax is the standstill distance
bx = (bx_add + bx_mult*z) * sqrt(v)
v is the vehicle speed [m/s]
z is a value of range [0,1] which is normal distributed around 0.5 
with a standard deviation of 0.15.
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