
Integration of RT-LAB/MapleSim and RT-LAB/Carsim
forfor 

efficient real-time simulation

Cybernet Systems Taiwan Cybernet Systems Taiwan 

Author : Gavin Liao / Clone YungAuthor : Gavin Liao / Clone Yung

Speaker : Anderson LiaoSpeaker : Anderson Liao



Agenda

Introduction

CarSim

M l SiMapleSim

Integration



Agenda

IntroductionIntroduction

CarSim

M l SiMapleSim

Integration



Introduction

MapleSimMapleSim CarSimCarSim OpalOpal--RTRT

EWB
Model

Vehicle
Model

Real-Time
environment



Introduction



Agenda

Introduction

CarSimCarSim

Wh t iWh t i C SiC Si•• What is What is CarSimCarSim

•• RealReal--Time SimulationTime Simulation via RTvia RT--LAB LAB 

•• ExampleExample

MapleSim

Integration



What is CarSim？
Computer Simulation of Vehicle Dynamics teleologyComputer Simulation of Vehicle Dynamics teleology 

Easy to useEasy to use AccurateAccurate

CarSimCarSim

Animation ResultAnimation Result ExtensibleExtensible



CarSim Run on Real-Time Simulator by RT-LAB 



Example : ABS Controller

Console Part

Target Part

ResultResult
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What is MapleSim？

S b li C t ti T h lSymbolic Computation Technology

Easy to useEasy to use
Custom componentCustom component

yy

3D Visualization3D Visualization ConnectivityConnectivity



How MapleSim improve performance

y1=b+x^2y1=b+x^2
y2=y1+cy2=y1+c

Example 1 (Combine)Example 1 (Combine)A

B

Input: x x 
output: y2y2

1equation runs 
faster than 2equations!

100 equations
Sub ASub A

Can be combined as y2=b+x^2+cy2=b+x^2+c

100 equations

100 equations

+
Sub BSub B

Example2 Example2 (exact (exact solutions)solutions)

DEs: dydy(t)/(t)/dtdt=x(t),=x(t),dxdx(t)/(t)/dtdt==--x(t)x(t)
Conditions: x(0)=1,y(1)=0x(0)=1,y(1)=0

100 equations≠

200 equations

pp (( ))

Can be solved as x(t)=x(t)=ee--tt,, y(t)=y(t)=-- ee--t t +1/e+1/e

We don’t need to solve the ODEs 
in every simulating iteration!

200 equations

!!!

These simplification processes will considerably save time for simulation!!



How MapleSim improve performance

Solve algebraic loop problem!!

＋
－

u z

Through
When u=1・・・

u

Through 
Symbolic process

Through
Numeric Process

Using output to 
calculate output？

2

z u z
uz

= −

=impossible！

Need Need We should assume

calculate output？

1

u=1 then

:z u z= −

0.499987z = L

iterationsiterations
lots of lots of 

iterationsiterations

1
2z =

Approximation solution Exact solution



Example – Inverse Pendulum

SimMechanics/
SimPowersystem

MotorMotor

Inverse pendulumInverse pendulum
MapleSim

ResultResult：：
M l Si d l dM l Si d l d l t fl t f

MapleSim

MapleSim model saved MapleSim model saved lots of lots of 
time for simulation!time for simulation!



Results comparison

Obviously, MapleSim Model took less than half time of the 
original Simulink model!original Simulink model!

Before (SimMechanics) After (MapleSim)
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Conception

Problem:Problem:
The pressure signals will 
be sent into a fluid 
dynamics time constant 
first, which will cause a 
time delay for braking

GoalGoal：：
Use a EWB directly to calculate 
the torque needed for braking



MapleSim EWB Model

Custom component

C t tCustom component

AdvantageAdvantage：：
We can simply use some innovative build-in components to create an EWB 

d l i l th d ! A d t t tmodel in less than one day! And we can create custom components 
just by input their governing equations in Maple environment. Everything is 
easy and intuitive!



Move EWB model into Simulink

Simulink block generation

SubsystemSubsystem

Create Create 
subsystemsubsystem

Auto Auto 
Equations Equations 
generationgeneration

AutoAuto
SS FunctionFunction blockblock

Simplify equations

SS--FunctionFunction blockblock
Code generationCode generation



Replace the EWB model

Wheel velocityWheel velocity

Vehicle velocityVehicle velocity

EWBEWB

Braking torqueBraking torque

ABSABS controllercontroller

ActuatorActuator

result：
• Responding time is reduced
Braking distance is a little bit longer• Braking distance is a little bit longer



Optimize variables with Optimus

•Since we are not sure how much braking torque will cause the best result, we 
use Optimus to tune the gain values of braking torque.

•Traditional tuning process：

•New process (Optimus)：

Decide a set of parameter Simulate Check result

Repeat
New process (Optimus)：

Start MATLAB

Call CarSim for simulationGenerate a new parameter 
set a tomaticall

Retrieve and record results

set automatically



Result comparison

Conditions: Conditions: 
• Both Start in 137km/hr
• Both are Braking at 1 sec

Start braking at 1sec Final result

75m
76.74m 71.72m

EWB car respond faster EWB car need a shorter braking distance

with hydraulic brake systemy y

with electronic wedge brake system



Seeing is Believing



Translate Model to RT-Lab

CarSim 
Model

O M d lO M d l

Model
Open an exist Open an exist SimulinkSimulink ModelModel

Open ModelOpen Model For model edit and regroupFor model edit and regroup

Generating TransferringGenerating Transferring
BuildBuild

Generating, Transferring, Generating, Transferring, 
Compiling  Compiling  

Loading on the ComputationLoading on the Computation
RunRun

Loading on the Computation Loading on the Computation 
nodesnodes

CarSim RT Start the model executionStart the model execution
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C SiC Si /OPAL RT b Cl Y d J h Y/OPAL RT b Cl Y d J h YCarSimCarSim/OPAL_RT by Clone Yung and John Yung/OPAL_RT by Clone Yung and John Yung
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