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Agenda

• Develop Mixed Traffic Planning for 

AVs and Human-Driven Vehicles in 

Simulation

• Analyze Impacts of Different AV 

Penetration Rates on Traffic 

Performance



Human-Driven Vehicle (HDV) Autonomous Vehicle (AV)

Human-Driven Vehicle vs Autonomous Vehicle 



Develop Mixed Traffic Planning for AVs and HDV

❑ A Microscopic Traffic Simulation Software 
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❑ Goal: The Impact of Connected and Automated 
Vehicles (CAVs) on traffic efficiency and safety at 
different penetration rate.

Develop Mixed Traffic Planning for AVs and HDV



❑ Car Following Model for CAV
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Develop Mixed Traffic Planning for AVs and HDV



❑ Lane Changing Model for CAVs: LC 2013 → cooperative 1

Develop Mixed Traffic Planning for AVs and HDV



❑ Car Following Model for Normal Car
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Develop Mixed Traffic Planning for AVs and HDV



Device in SUMO

❑ Vehicle devices are used to model and configure different aspects such as 
output (device.fcd) or behavior (device.rerouting). Two Examples

Taxi SSM

https://sumo.dlr.de/docs/Definition_of_Vehicles%2C_Vehicle_Types%2C_and_Routes.html#devices

https://sumo.dlr.de/docs/Definition_of_Vehicles%2C_Vehicle_Types%2C_and_Routes.html#devices
https://sumo.dlr.de/docs/Definition_of_Vehicles%2C_Vehicle_Types%2C_and_Routes.html#devices
https://sumo.dlr.de/docs/Definition_of_Vehicles%2C_Vehicle_Types%2C_and_Routes.html#devices
https://sumo.dlr.de/docs/Definition_of_Vehicles%2C_Vehicle_Types%2C_and_Routes.html#devices
https://sumo.dlr.de/docs/Definition_of_Vehicles%2C_Vehicle_Types%2C_and_Routes.html#devices


Device in SUMO

❑ Driver State: Induce imperfection into car-following and lane change models.



Device in SUMO

❑ Driver State: Induce imperfection into car-following and lane change models.

has.driverState.device → true
driverState.maximalReactionTime → 0.5
driverState.initialAwareness → 1.1
driverState.errorTimeScaleCoefficient → 100
driverState.errorNoiseIntensityCoefficient → 0.5
driverState.speedDifferenceErrorCoefficient → 2
driverState.headwayErrorCoefficient → 2
driverState.speedDifferenceChangePerceptionThreshold → 0.5
driverState.headwayChangePerceptionThreshold → 0.5



Device in SUMO

❑Check Route File



❑ Lane Changing Model for Normal Car: LC 2013 → cooperative 1 to 0.5

Develop Mixed Traffic Planning for AVs and HDV



❑Create A Network

2,000 Meter 600 Meter 800 Meter

Develop Mixed Traffic Planning for AVs and HDV



❑ Add Traffic Volume

F_0: 1800 Vehicle Type: CAVs F_1: 500 Vehicle Type: CAVs

F_2: 1800 Vehicle Type: Normal F_3: 500 Vehicle Type: Normal

Analyze Impacts of Different AV Penetration Rates



❑Result

Penetration rate: 100 % (CAVs) – 0 %(Normal)

Penetration rate: 50 %(CAVs) – 50 %(Normal)

Penetration rate: 0 %(CAVs) – 100 %(Normal)

Travel Time: 260
 

Travel Time: 314

Travel Time:

Analyze Impacts of Different AV Penetration Rates



Normal Mixed Traffic

Li, R., Sun, S., Wu, Y., Hao, H., Wen, X., & Yao, Z. (2023). Fundamental diagram of mixed traffic flow considering time lags, platooning intensity, 

and the degradation of connected automated vehicles. Physica A: Statistical Mechanics and its Applications, 627, 129130.

Analyze Impacts of Different AV Penetration Rates
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