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for Simulation and Vehicle Integration
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AGENDA
Software-in-the-loop Simulation Framework

Evaluation Framework

Gaining insights from evaluation 
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• Software-in-the-loop simulation for development and parameter optimization
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Software-in-the-loop Simulation Framework
Functional Architecture

Bosch simulation and evaluation framework

Bosch cooperative driving system

Maneuver planning and 
coordination

Vehicle environmental
model

CarMaker Simulator

Visualization

KPIs Status

Data recording

Evaluation framework

Communication
module

Sensor output emulation Vehicle control interface emulation

Trajectory driver

KPI: Key Performance Indicator



• Custom evaluation framework for KPI computation and parameter optimization
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Evaluation Framework
Overview

ROS Bag
KPI 

computer

Parameter variation

• Scenario 

• Planner

Test vehicle
Same KPI evaluation pipeline for simulation and 

real-world tests

Introspection information from various 
system components

KPI: Key Performance Indicator    ROS: Robot Operating System



• Our use case: F1 – Cooperative Merging
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Gaining insights from evaluation 
Our Learnings from Simulations and Vehicle Tests

Vhcl01

Vhcl00 Traffic vehicle

• Same topology in simulation and 
on test track generated from 
Bosch-internal AV planning map

• Outtakes today

• Effects of planning horizon

• Tuning the willingness to cooperate

• Simulation vs real world

AV: Automated Vehicle



• Lead question: How to select the minimum required 
planning horizon?
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Gaining insights from evaluation 
Effects of Planning Horizon

• Longer planning horizon incurs higher gap between 
reference and requested trajectories

• Gap is used to tweak the willingness to cooperate



• Lead question: What is the effect of cooperation cost parameter 
(0.0: absolutely no cooperation, 1.0: always allow other’s maneuvers)

• Higher cooperation cost parameter results in

• Earlier cooperation

• Lower gap between reference and request trajectory
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Gaining insights from evaluation 
Tuning Willingness to Cooperate

Cooperation cost parameter 0.7 Cooperation cost parameter 0.8 Cooperation cost parameter 0.95

Need for cooperation detected;
Cooperation agreed

Vehicle needs to stop at 
end of scenario

Costs of reference trajectory 
reduce while converging to steady state
(driving w/ constant velocity)



• Lead question: Do simulation results carry over into real world?

• TL;DR: They do
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Gaining insights from evaluation 
Simulation vs Real World
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Costs in simulationCosts in real vehicle

Same costs 
pattern as in 
simulation 

8

Cooperation

Normalization of
motion

Steady state
maneuver

Deceleration due
to end of track

Acceleration to
target speed

Simulation has lower 
initial costs due to 
initialization at target 
speed
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