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Why “Truck Platooning”?  

▪ Truck platooning allows trucks to follow 

each other closely, thereby reducing air 

drag and improving fuel economy.

▪ Platooning also has the potential to 

increase vehicle capacity on 

highways.

▪ V2V allows the truck platooning to form 

an electronically “coupled” two or 

more trucks.

Reference: US DoT FHWA

https://highways.dot.gov/research/laboratories/saxton-transportation-operations-laboratory/Truck-Platooning
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Design of vehicle platooning controller with V2V communication

Leader

Followers

▪ Platooning longitudinal control

▪ Truck-trailer kinematic model

▪ V2V communication

▪ A simple cuboid visualization
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Truck platooning reference examples

Vehicle Dynamics Blockset

Automated Driving Toolbox

• Platooning longitudinal

control

• 3D visualization using 

the Unreal Engine

• High fidelity Three-Axle 

Tractor Towing Three-

Axle Trailer 

• V2V communication

• Platooning longitudinal and lateral control

• Lateral control by LKA MPC controller and 

linearized truck-trailer lateral dynamics

• Simulate the Simulink test bench with 

RoadRunner Scenario

• High-fidelity Three-Axle Tractor Towing 

Three-Axle Trailer 

• V2V communication

+ Lateral Control

RoadRunner Scenario

Truck Platooning with RoadRunner Scenario

Model Predictive Control Toolbox

RoadRunner Scenario

https://www.mathworks.com/help/releases/R2023a/driving/ug/truck-platooning-using-vehicle-to-vehicle-communication.html
https://www.mathworks.com/help/releases/R2023a/driving/ug/truck-platooning-with-roadrunner-scenario.html
https://www.mathworks.com/help/releases/R2023a/driving/ug/truck-platooning-with-roadrunner-scenario.html
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Add Truck with Trailer to Scenario RoadRunner Scenario

https://www.mathworks.com/help/releases/R2023a/roadrunner-scenario/ug/design-vehicle-with-trailer-scenario.html

https://www.mathworks.com/help/releases/R2022b/roadrunner-scenario/ug/design-vehicle-with-trailer-scenario.html
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Lateral Control of Truck platooning with RoadRunner Scenario
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Workflow

Platooning
Test Bench

Scenario
Authoring

Scenario 
Simulation
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Workflow

Platooning
Test Bench

Scenario
Authoring

Scenario 
Simulation
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Platooning Test Bench

Platooning Test Bench

Accel

Steer

Ego pose

Controller
Vehicle

Model

V2V 

Transmitter

BSM DataV2V

Receiver

▪ V2V Receiver/Transmitter
– Receive the position and movement information of the other vehicles in the platoon

– Transmit ego pose to the platoon

▪ Platooning controller
– Longitudinal & Lateral Control

▪ Vehicle model
– High-fidelity Tractor-Trailer Dynamics
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Simulate RoadRunner Scenario with Simulink

Compact

Car

Actor Behavior Simulink

Follower1.slx Follower2.slx

Box

Truck
LeaderTruck Follower1 Follower2

Actor Runtime

Truck Platoon

Leader

Followers

Scenario

Logic
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Actor Behavior Simulink Model for Follower

V2V Receiver/Transmitter

Platooning

Controller

Tractor-trailer

6DOF

Vehicle Dynamics

RoadRunner Scenario interfaces
RoadRunner Scenario Reader RoadRunner Scenario Writer

Actor Behavior Simulink

Follower1.slx Follower2.slx
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Actor Behavior Simulink Model for Follower

RoadRunner Scenario interfaces

V2V Receiver/Transmitter

Platooning

Controller

Tractor-trailer

6DOF

Vehicle Dynamics

Actor Behavior Simulink

Follower1.slx Follower2.slx

RoadRunner Scenario Reader RoadRunner Scenario Writer
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V2V Transmitter and Receiver

V2V Receiver

Ch. Attributes

BSM

Decoder

BSM

Data

Pre-computed

SNR vs. 

Throughput

for Cellular-V2X

V2V

Channel

V2V Transmitter 

INS

Sensor

BSM

Encoder

BSM

Data

Target Vehicle #1

.

.

.

INS

Sensor

BSM

Encoder

BSM

Data

Target Vehicle #2

INS

Sensor

BSM

Encoder

BSM

Data

Target Vehicle #n

Leader

Followers

Platooning with V2V

LTE ToolboxTM

Leader

Followers

Automated Driving Toolbox

BSM (Basic Safety Message) by SAE J2735

https://www.mathworks.com/help/lte/ug/release-14-v2x-sidelink-pssch-throughput.html
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Basic Safety Message (BSM) 

by SAE J2735

Automated Driving ToolboxTM

For more details

▪ SAE J2735 – Data and 

message set dictionary

▪ Defines the Basic Safety 

Message (BSM)

– Latitude, longitude, Elev

– Speed

– Heading angle

– Steering wheel angle 

– Lat, long acceleration

– Vehicle length, width

https://www.mathworks.com/help/releases/R2022a/driving/ug/intersection-movement-assist-using-v2v.html
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RoadRunner Scenario Reader

Actor Behavior Simulink Model for Follower

RoadRunner Scenario interfaces

V2V Receiver/Transmitter

Platooning

Controller

Tractor-trailer

6DOF

Vehicle Dynamics

Actor Behavior Simulink

Follower1.slx Follower2.slx

Longitudinal Control

Lateral Control

RoadRunner Scenario Writer
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Longitudinal control

𝒂𝒆𝒈𝒐 = 𝑪𝟏𝒂𝒍𝒆𝒂𝒅 + 𝟏 − 𝑪𝟏 𝒂𝒇𝒓𝒐𝒏𝒕 −𝑲𝟏 𝒗𝒆𝒈𝒐 − 𝒗𝒍𝒆𝒂𝒅 − 𝑲𝟐 𝑳 − 𝒙𝒆𝒈𝒐 − 𝒙𝒇𝒓𝒐𝒏𝒕
𝟐
+ 𝒚𝒆𝒈𝒐 − 𝒚𝒇𝒓𝒐𝒏𝒕

𝟐

휀𝑖 = 𝐿 − 𝑥𝑒𝑔𝑜 − 𝑥𝑓𝑟𝑜𝑛𝑡
2
+ 𝑦𝑒𝑔𝑜 − 𝑦𝑓𝑟𝑜𝑛𝑡

2

Spacing error = ego - preceding car position

Spacing error will 

converge to zero

Ego velocity will 

converge to lead velocity

Trade off between lead 

car and preceding car
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Lateral control

Path Analyzer refPath

(defined by RRS)

𝑥

𝑦

𝜃𝑘

𝑡𝑘

𝑣𝑘

Lateral 

deviation

Yaw angle 

deviation (∆𝜃)

Model Predictive Control Toolbox
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Lateral control

Path Analyzer

Lane Keeping Assist System

Using Adaptive MPC

Model Predictive Control Toolbox

Lateral deviation

Yaw angle deviation 

Previewed curvature

Vehicle model with
state-space matrices

https://www.mathworks.com/help/mpc/ref/lanekeepingassistsystem.html


18

MathWorks AUTOMOTIVE CONFERENCE 2023

Lateral control

Path Analyzer

Lane Keeping Assist System

Using Adaptive MPC

Linearized truck-trailer lateral dynamics Model Predictive Control Toolbox

Lateral deviation

Yaw angle deviation 

Previewed curvature

https://www.mathworks.com/help/mpc/ref/lanekeepingassistsystem.html
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Linearized truck-trailer lateral dynamics

𝑨 =

−𝐶1 − 𝐶2 − 𝐶3
ሶ𝑥1

−𝐶1𝑙1 + 𝐶2𝑙2 + 𝐶3𝑙3
ሶ𝑥1

−𝑚1 ሶ𝑥1
−𝐶4 − 𝐶5

ሶ𝑥1

𝐶4𝑙4 + 𝐶5𝑙5
ሶ𝑥1

−𝑚2 ሶ𝑥1

−𝐶1𝑙1 + 𝐶2𝑙2 + 𝐶3𝑙3
ሶ𝑥1

−𝐶1𝑙1
2 − 𝐶2𝑙2

2 − 𝐶3𝑙3
2

ሶ𝑥1

−𝐶4𝑙6 − 𝐶5𝑙6
ሶ𝑥1

𝑙6
−𝐶4𝑙4 − 𝐶5𝑙5

ሶ𝑥1
+𝑚2 ሶ𝑥1

0 0
𝐶4𝑙7 + 𝐶5𝑙7 + 𝐶4𝑙4 + 𝐶5𝑙5

ሶ𝑥1

−𝐶4𝑙4𝑙7 − 𝐶5𝑙5𝑙7 − 𝐶4𝑙4
2 − 𝐶5𝑙5

2

ሶ𝑥1
+ 𝑙7𝑚2 ሶ𝑥1

0 − ሶ𝑥1 0 ሶ𝑥1

Plant Model - Truck-trailer lateral dynamics

Reference paper

𝑀 ሶ𝑥 = 𝐴𝑥 + 𝐵𝑢
𝑧 = 𝐶𝑥

𝑀 =

𝑚1 0 𝑚2 0
0 𝐼1 −𝑙6𝑚2 0
0 0 −𝑙7𝑚2 𝐼2
1 −𝑙6 −1 −𝑙6

𝑩 =

𝐶1
𝐶1𝑙1
0
0

𝑥 =

ሶ𝑦1
ሶ𝜙1
ሶ𝑦2
ሶ𝜙2

𝑪 =

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

𝑢 = 𝛿

ሶ𝑥1: forward velocity of tractor is not included in the state vector  

to make the system linear.

https://conservancy.umn.edu/bitstream/handle/11299/155339/1/Mn-DOT1997-18.pdf
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RoadRunner Scenario Reader

Actor Behavior Simulink Model for Follower

RRS Writer

V2V Receiver/Transmitter

Platooning

Controller

Tractor-trailer

6DOF

Vehicle Dynamics

Actor Behavior Simulink

Follower1.slx Follower2.slx

RoadRunner Scenario interfaces

Vehicle Dynamics Blockset

Trailer Body 6DOF Three Axles
Vehicle Body 6DOF Three Axles

https://www.mathworks.com/help/releases/R2023a/vdynblks/ug/three-axle-tractor-towing-a-trailer.html
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Workflow

Platooning
Test Bench

Scenario
Authoring

Scenario 
Simulation
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Workflow

Platooning
Test Bench

Scenario
Authoring

Scenario 
Simulation



23

MathWorks AUTOMOTIVE CONFERENCE 2023

RoadRunner

Scene & Scenarios

scenario_Platooning_01_CurvedRoadscenario_Platooning_02_HighCurvature

RoadRunner scene equivalent to 

Unreal default scene – Curved Road

High curvature zone

(𝐾𝑚𝑎𝑥= 0.016, 𝑅𝑚𝑖𝑛=63m)

Mild curvature zone

(𝐾𝑚𝑎𝑥= 0.006, 𝑅𝑚𝑖𝑛 =167m)

Leader car slows down      

at the start of high curvature 

Leader car slows down      

at the start of high curvature 

How do the 

followers react?

How do the 

followers react?

Control objective: The truck follows a lane center of a curved road 

while maintaining a predefined space between vehicles in a platoon.

Lateral control

Longitudinal control

https://www.mathworks.com/help/driving/ref/curvedroad.html
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RoadRunner

Scene & Scenarios

scenario_Platooning_03_DecelAndStopscenario_Platooning_04_CutInFrontOfLeader

1) Disabled car 3) Leader car applies 

an emergency brake

2) Evasive lane change
1) Cut-in vehicle to the platoon

2) Leader car slows 

down to avoid a collision

4) How do the 

followers react?

3) How do the 

followers react?

RoadRunner scene equivalent to 

Unreal default scene – Curved Road

Control objective: The truck follows a lane center of a curved road 

while maintaining a predefined space between vehicles in a platoon.

https://www.mathworks.com/help/driving/ref/curvedroad.html
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Scenario authoring using RoadRunner Scenario

scenario_Platooning_03_DecelAndStop

1) Disabled car 3) Leader car applies 

an emergency brake

2) Evasive lane change 4) How do the 

followers react?

Scenario Logic

“How to author scenarios using 

RoadRunner Scenario?”
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Scenario authoring using RoadRunner Scenario
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Workflow

Platooning
Test Bench

Scenario
Authoring

Scenario 
Simulation
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Workflow

Platooning
Test Bench

Scenario
Authoring

Scenario 
Simulation
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scenario_Platooning_01_CurvedRoad
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scenario_Platooning_02_HighCurvature
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scenario_Platooning_03_DecelAndStop
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scenario_Platooning_04_CutInFrontOfLeader
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Key takeaways:
Lateral Control of Truck Platooning With RoadRunner Scenario

▪ Demonstrated how to design a platooning test bench 

model consisting of

– Platooning longitudinal and lateral controller

– High-fidelity 6 DOF tractor-trailer model 

– V2V communication

▪ Implemented the platooning lateral controller using 

– Lane-keeping assist Model Predictive Control

– Linearized truck-trailer lateral dynamics 

▪ Simulated the Simulink test bench with RoadRunner

Scenario

• Automated Driving Toolbox

• Vehicle Dynamics Blockset

• Simulink

• RoadRunner

• RoadRunner Scenario

• RoadRunner Asset Library

• Model Predictive Control 

Toolbox
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Thank you

Please contact me at spark@mathworks.com

with questions

mailto:spark@mathworks.com
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