
Impact of Moderate and 

Heavy Rain on

Connected and Automated Vehicle 

Highways

CEE 678 – Advanced Traffic Modeling and Simulation 

Bin Ran, PhD

Spring 2021



OUTLINE

• Introduction

• General Documentation 

• Findings and Analysis Regarding Rain Scenarios 

(Simulation Input)

• Simulation Methodology and Parameters Used for 

Rain Scenarios

• Simulation Logic and Outputs 

• Conclusion & Future Studies



OVERVIEW OF ACRONYMS 
• AV- Automated Vehicle

• CAV - Connected and Automated Vehicles 

• CAVH - Connected and Automated Vehicles and 

Highways

• IRIS - Intelligent Road Infrastructure System 

• ITS - Intelligent Transportation System

• RIU - Roadside Intelligent Unit

• RSU - RoadSide Unit

• V2X - Vehicle To Everything communication

• VISSIM - Verkehr In Städten - SIMulationsmodell 

(Traffic in cities simulation)



SEGMENT OF HIGHWAY
I 90 Cherry Valley to Gilbert 



LEVELS OF CAV



CONNECTED AND 
AUTOMATED DRIVING

Allow to handle 
mixed traffic 
between 
automated and 
conventional 
vehicles. 

Facilitate coping 
with 
unpredictable 
behavior, 
unforeseen 
events and 
changing 
conditions like 
inclement 
weather.

Simulation 
software is a 
great tool for 
evaluating the 
effect of these 
elements in the 
transportation 
facility.



CAV

Roadside 
Intelligent Units

Traffic Control

• Local Optimum

• V2X

• LiDAR, Camera, Radar.

• LiDAR, Camera, Radar, 
Reference markers.

• Information flow

• Dedicated Lane

• Platoon Efficiency

• Global Optimization

• System Safety

• Energy Consumptions

ITS Level 3



CLOUD/EDGE ARCHITECTURE

Cloud computing 

● On-demand availability of 

computer system resources

Edge computing

● The optimization of cloud

● Move the computation close 

to the source of data, to the 

edge



CLOUD/EDGE ARCHITECTURE



HIGH DEFINITION MAPS

● The high definition (HD) maps are 
particularly built for AV/CAV. 

● Precise at centimeter level 

● Work with sensors and 
complement sensors in complex 
environments (i.e. rainy or dark 
environments)

● Provides contextual awareness of 
the surroundings and knowledge 
of the road rules. 



LOCATION IDENTIFICATION

● Locate with a really small margin of error by 
incorporating sensor fusion and localization to 
assist in the decision making process

● Automated driving at a high level (> L3) demands 

centimeter-level positioning technology (< 10cm)

● It is to establish where a vehicle is (initial position) 

and where it is going (target position)



CONNECTED REFERENCE 
MARKERS

● Small box of device

● Can be attached to any roadside or 

overhead places (i.e. light poles, 

highway barrier, buildings)

● Connected to other location 
identification devices



CYBERSECURITY

Cybersecurity/information technology security (IT 
security) is the protection of systems, programs and 
networks from the theft of or digital attacks/ 
damage to their hardware, software, or electronic 
data



DRIVING IN RAIN

https://drive.google.com/file/d/1kTGB7gztmo0c_lUutB9CmGG-rI1Q08--/view?usp=drivesdk

https://drive.google.com/file/d/1YSe3TGjw2kDnXQ-uHX4msyFEhJJGQXYZ/view?usp=drivesdk

https://drive.google.com/file/d/1kTGB7gztmo0c_lUutB9CmGG-rI1Q08--/view?usp=drivesdk
https://drive.google.com/file/d/1YSe3TGjw2kDnXQ-uHX4msyFEhJJGQXYZ/view?usp=drivesdk


RAIN INFLUENCE IN TRAFFIC

Impaired Visibility

Malfunction of Sensing Devices

Friction Factor

Drainage

Flooding



RAIN IMPACT ON HUMAN 
DRIVERS● Accident rate is ~3x  higher in rain than during dry 

conditions 

○ Can be as great as 10 times (CA, TX) [Ivey].

● Visibility is the primary factor responsible for a 

driver’s ability to avoid accidents.

○ Friction factor, flooding



RAIN IMPACT ON HUMAN 
DRIVERS

● In moderate rain, visibility is around ~90%, 

decreasing linearly to 80% when traveling at 

highway speeds (60 mph).

● In heavy rain, visibility can drop to as low as 20% 

when traveling at highway speeds [Ivey].



OVERVIEW OF CAV SENSORS
● For vehicles to be autonomous, they are equipped 

with different types of sensors which work 

together. They include: 

○ Sonar*

○ Radar

○ Lidar

○ Camera

○ GPS

[Zang]



RAIN IMPACT ON SENSORS:
RADAR

● Overall, radar systems are heavily impacted

by rain, with detection range reduced by up to 

45% under severe rainfall conditions [Zang].

○ Effects on EM waves are categorized as: 

■ Attenuation 

■ Backscatter 



RAIN IMPACT ON SENSORS:
LIDAR

● If a raindrop is very close to the laser emitter, 

there will be a high chance for reflection and false 

detection [Zang].

● In moderate rain, sensitivity decreases by 18%. 

● In heavy rain, the sensitivity drops 64% 

[Hasirlioglu].



RAIN IMPACT ON SENSORS:
CAMERA

● Rain causes sharp fluctuations in the intensity (or 

brightness) measured in images and videos, 

which degrade the performance of camera vision.

● Raindrops can be seen by camera up to 24 m 

away, but those that fall closer to the lens have a 

greater negative effect on image intensity. 



RAIN IMPACT ON SENSORS:
CAMERA

[Garg]



RAIN IMPACT ON SENSORS

● Precipitation may also affect the 

sensors physically. 

○ short circuit from raindrop

○ frost or fog can cover the camera’s 

lens [Zang].



RAIN IMPACT ON SENSORS:
GPS

● Frequency of GPS signals is chosen because it is not 
affected by local weather conditions.

○ Not by rain, but potentially by windshield wipers, 
depending on placement of the unit [Zang].



HOW CAVH CAN HELP

● When the rain starts, the CAV automation will be 
downgraded from L4/L3 to L1 or L0:

○ For moderate rain, downgraded to L1

○ For heavy rain, downgraded to L0

● The CAVH system can bring back the intelligent 
levels from 2 (or 1, 0) to level 3 (or 4). 



● IRIS/RIU/RSU can provide sensing functions and can 

help partially light-up the lane

● Connected reference markers can help precisely 

identify the location of vehicles and lanes

● “RIU + reference markers” jointly help CAV conduct 

lane keeping – with the lane lighting up

○ Heavy rain: IRIS/RSU + Reference marker takes 

fully sensing function

○ Moderate rain: IRIS/RSU + Reference marker 

enhance the sensing function

● The infrastructure would help greatly during the long 

transition from mixed traffic to full automation 

HOW CAVH CAN HELP



PLATOONING



Level of 
Intelligence

• Vehicle

• Infrastructure

Vehicle 
Composition

• Human driven vehicles

• CAV

Infrastructure 
Composition

• RIU; reference markers

• TCC; 5G Network

Data

• Volume of traffic (through movement, ramps)

• Speeds

Driving 
Behaviors

• Car following & lane changing parameters

• Speed Distributions

• Link behaviors

SIMULATION OF CAVH SYSTEMS



Driving Behaviors

HDV Lanes

Human driven 
vehicles, no assistance 

from infrastructure.

CAVH

Aggressive mode, 
dedicated lane.



CHECK IN



CHECK OUT



SIMULATION PARAMETERS

Period: 7200 s

Number of runs: 2

Data collection interval: (3600 – 7200)



SPEED DISTRIBUTION

Human driven lanes Dedicated 
lane



MODEL CALIBRATION



RESULTS – HEAVY RAIN
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RESULTS – MODERATE RAIN



CONCLUSIONS

● Rain impacts both human drivers and CAVs

● VISSIM rain scenarios show a dedicated CAV 
lane performs better than human driven lanes

● Future studies will include real-world data from 
CAVs
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