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About Bosch Research and Technology Centre ‘
Mission and overview

“To conduct applied research for Bosch’s BUs that generates differentiating technologies and
Innovative solutions for global and regional opportunities”
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Problem statement ‘
What do we want to achieve?

» Simulation framework for simulating multiple trucks in a logistics centre

» Trucks drive to their loading docks to load and unload
» Use case a proof-of-concept for multi-ego simulation framework
Electrified Automated Connected '
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Simulation framework for a specific Simulation framework for a generic virtual vehicle for Simulation framework for a multi-agent simulations.
virtual vehicle ¥V MiL/SiL. Single detailed ego vehicle with Bosch SW & Agents interact with each other and the infrastructure —
components in a simple environment v trucks in a logistics centre ?
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Simulation framework A
Solution proposition - Architecture

» Design of a modular and scalable simulation framework that enables
» Separation of truck vehicle dynamics from the environment
» Simulating truck models with varying levels of fidelity and composition

» Interaction of several agents in a shared environment
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Simulation framework for highly autonomous trucks
Simulink as the simulation integration platform
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»Simulink offers a »Many ego vehicles » Offers 3D scenario
modular simulation share the same creation through ?’ g 3_\‘«1
framework with clear environment making RoadRunner and | - - / \\
separation of vehicle the framework Unreal Engine S Gt
from environment scalable
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W. Scalability g Visualization ‘]

Translation
Rotatiol
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»Planners, controllers » Tool familiarity and »0ngoing » —
and semi-trailer

ready-to-use
models readily

collaboration with
reference examples MathWorks and
available for fast technical advisory
framework
prototyping

5

sl ‘ Tooling ‘ Collaboration .\
box

Srivathsan Ravi (Bosch, CR/RTC3-IN) in collaboration with Shashank Sharma (MathWorks) | 2021-04-14

BOSCH




Simulation framework for a multi-ego workflow

Proof of concept = 1
I

» Case study focus NN

] Trailerinfo

» Feasibility & modularity

1. Supervisory Control:

» 2D & 3D visualization Tasking multiple agents
Route optimization for multiple agents
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CurrSteer F— [CurrSteer]
Velocity [—— ———— ¥ Velocity
[YawRate] —» CurrYawRate
Vehiclelnfo [—
[CurrSteer] —| CurrSteer
Router Dynamics

2. Path Planning: 3. Vehicle Dynamics: [>{3DVisinta
RRT* planner Adapted an existing ' —
Dubins path segment example using in-built
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Simulation framework for a single vehicle workflow ‘
Workflow overview

=
Ol Vehicle

Path Control Vehicle

Visuals

Localization

& Mapping Planning Dynamics

Define environment Compute reference Compute desired steer, Model & integrate with Integrate 3d simulation
and set up source and trajectories between acceleration and 9DOF truck with trailer engine with the given
sink locations poses braking model scene

Srivathsan Ravi (Bosch, CR/RTC3-IN) in collaboration with Shashank Sharma (MathWorks) | 2021-04-14 BOSCH




Simulation framework for a multi-ego workflow
Workflow overview
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Simulation framework for a multi-ego workflow ‘
Supervisory control

Challenge:
How can the trucks complete trips without colliding with each other?

Solution:

Task assignment & route optimization for multiple agents

Assumptions:
All agents communicate via one central server
Only 1 trip can be assigned to 1 agent at a given point in time

Environment

IEN g
setu P &
» Map modelling » Cost calc. for trips » Conflict management
» Number of agents » Assign agents to » Low level route generation: RRT* planner
» Number of tasks tasks » Reference poses to controller
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Simulation framework for a multi-ego workflow ‘
Path planning & controls

In-built planner RRT* to generate trajectories

Reference path generated composed of Dubins
segments

Trajectory generation by computing a smooth
path & velocity profile

Planning output fed into a Stanley lateral and
longitudinal controller
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Simulation framework for a multi-ego workflow ‘
Vehicle dynamics

Reference Rigid vehicle body models to calculate longitudinal, lateral, and yaw motion
application “Three-

Axle Tractor Towing Hitch subsystem allows relative longitudinal, lateral, and yaw motion between tractor
a Three-Axle Trailer” BELEREIE]
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Vehicle simulation
Co-simulation workflow

ene in
eal

Parking Lot
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Vehicle simulation
Co-simulation using a default Unreal scene

Compute scene
costmap to

Co-simulate with
Simulink model

Create scene in Bring scene in

RoadRunner Unreal
oadRunne compute planner

Desktop  Window  Help

File Edit View Inset Tools
Dede |2 08|KE

Flat surface

Running
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Vehicle simulation
Co-simulation using a custom RoadRunner scene

Compute scene
costmap to
compute planner

Co-simulate with
Simulink model

Create scene in Bring scene in
RoadRunner Unreal
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Initial framework

prototype
demonstrated
simulation of two
autonomous trucks

¢ Out of the box functions
and reference examples

Concluding remarks
Summary

02

Single development

environment for vehicle
model, planning, scene
simulation and
visualization

eSeparation of environment
and vehicle models
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The initial framework
will serve as proof-of-
concept for modular and
scalable simulation
framework for multi-ego
simulations

04

Framework will help
function developers at to
test and validate
functions for
autonomous driving.

05

Simulation strategy will
change depending on the

number of actors (< 10 or
>10)
edifferent solution approach

from MathWorks for more
than 10 actors.

BOSCH



Concluding remarks
Future outlook

30
Path planning with reverse manoeuvre is

gl work in progress

107 ........... .

ol
o : MathWorks is also investing in Reverse
'l g planning
-30
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Truck and Trailer Automatic Parking Generalized communication platform for
Using Multistage Nonlinear MPC P

Robotics System Toolbox™ multi-agent simulation
Model Predictive Control Toolbox™
Optimization Toolbox™

R2021a

1 6 Srivathsan Ravi (Bosch, CR/RTC3-IN) in collaboration with Shashank Sharma (MathWorks) | 2021-04-14

© Robert Bosch Engineering and Business Solutions Private Limited 2021. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights BOSCH



https://uk.mathworks.com/help/mpc/ug/truck-and-trailer-automatic-parking-using-multistage-mpc.html
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