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Simulink as an Enterprise Simulation Platform

Simulating Spacecraft Communications for Deep-Space Missions
Dr. Deepak Mishra, Scientist/Engineer (SF) A N
Indian Space Research Organization S

Challenge
= Integrating large multi-faceted project

= Simulation at multiple stages and in multiple domains to explore the problem
Solution

= Leverage Simulink as a platform
MATLAB EXPO 2017
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Multi-Domain Modeling




Multi-Domain Modeling in Simulink
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Physical Modeling
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Robot Arm Multi-Domain Simulation
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Multi-Domain Model

*i youBot_Arm - Simulink

File Edit View Display Diagram Simulation Analysis Code Tools Help
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1. Plot motor currents (code) and torques (code)

2. Plot joint angles (code) and forces (code)

3. Plot box trajectory (code)

4. Explore simulation results using sscexplore

5. Plot optimization results: Friction, No Friction (code)
6. Compare optimization results (code)

l.E 7. Load model parameters (code)

8. Learn more about this example

= Sensors Sensors =
[56" In ]""— Belt 0”‘] Belt =——— Belt
[sh
Input Arm
Control Network (CAN Bus)
Outt In1
youBot Arm

Configure Test : Default (code)
Box Transfer only: Linear; Splines: Manual, Optim (friction), Optim (no friction)

Joint Tests: Pivot, Bicep, Forearm, Wrist, Max Torque, All 35

Run optimization: Friction, No Friction (code)
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State Charts and System Dynamics
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3. Plot box trajectory (code) Joint Tests: Pivot, Bicep, ist, Max | 2 i bus
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Multi-Domain Model

*i youBot_Arm - Simulink

File Edit View Display Diagram Simulation Analysis Code Tools Help
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1. Plot motor currents (code) and torques (code)

2. Plot joint angles (code) and forces (code)

3. Plot box trajectory (code)

4. Explore simulation results using sscexplore

5. Plot optimization results: Friction, No Friction (code)
6. Compare optimization results (code)

l.E 7. Load model parameters (code)

8. Learn more about this example

= Sensors Sensors =
[56" In ]""— Belt 0”‘] Belt =——— Belt
[sh
Input Arm
Control Network (CAN Bus)
Outt In1
youBot Arm

Configure Test : Default (code)
Box Transfer only: Linear; Splines: Manual, Optim (friction), Optim (no friction)

Joint Tests: Pivot, Bicep, Forearm, Wrist, Max Torque, All 35

Run optimization: Friction, No Friction (code)
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Physical Modeling

*i youBot_Arm - Simulink

File Edit View Display Diagram

Simulation

Analysis  Code

Tools Help

l-m-8| @

youBot_Arm

G -EH-ege b

7 M-

Normal 7

@ - ik

® |[Pa|yousot Arm »

O® B | E S

/' Home .\

BeltIn |-s=]Belt Out

Sensors

Belt =—p Belt

Arm === Arm

Sensors =

Arm

Input
Control Nehuork (CAN Bus)
% youBot_Arm/Am - Simulink — ] x
File Edit View Display Diagram Simulation Analysis Code Tools Help
E-o-8 <« EE-E-d®P o [Hra ] [vema -l @i
Arm

In1 pl=e—=

[Pa] yousot_Arm » [Pa] Arm ¥

Scopes
n <LC> m m Beltin_LC
L]

R: nsition1

<Box> BeltOut_En

Environment

u..@

m| BetouLc

B = m
F Finger B Rate Transition

Finger A

Bicep

Forearm
u

B

Wrist

. Gripper
< o

o

=]

Fo[—GB
Bf [5G F
FiE—O

Fw [I—G B

g

Bofg—dF

FgE—EwW

¢

u
i
Actuation
Motion

¢
A
¢
e

E

v @R
»
3

Configure Actuation: Motion, Motor

<Box> > Bellin_En

Sensors

Configure Test : Default (code)
Box Transfer only: Linear; Splines: Manual, Optim (friction), Optim (no friction)

Joint Tests: Pivot, Bicep, Forearm, Wrist, Max Torque, All 35

Run optimization: Friction, No Friction (code)
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Multi-Domain Model

*i youBot_Arm - Simulink

File Edit View Display Diagram Simulation Analysis Code Tools Help
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1. Plot motor currents (code) and torques (code)

2. Plot joint angles (code) and forces (code)

3. Plot box trajectory (code)

4. Explore simulation results using sscexplore

5. Plot optimization results: Friction, No Friction (code)
6. Compare optimization results (code)

l.E 7. Load model parameters (code)

8. Learn more about this example

= Sensors Sensors =
[56" In ]""— Belt 0”‘] Belt =——— Belt
[sh
Input Arm
Control Network (CAN Bus)
Outt In1
youBot Arm

Configure Test : Default (code)
Box Transfer only: Linear; Splines: Manual, Optim (friction), Optim (no friction)

Joint Tests: Pivot, Bicep, Forearm, Wrist, Max Torque, All 35

Run optimization: Friction, No Friction (code)
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Discrete-Event Modeling

4\ MathWorks
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Domain-Specific Blocksets and Toolboxes

«  Simulink has numerous domain-specific tools, for example:

st View Debog Desttop Window Help

Myquise Filter

Aerospace : -
Blockset Toolbox

Powertrain mg Robotics System §
MATLAB EXPO 2017 Blockset Toolbox
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Customer Success in Multidomain Modeling

ABB, Deltamarin, and VTT Simulate and
Optimize Ship Energy Flows

Challenge
= Increase the energy efficiency of large vessels

Solution
= Use Simulink and Simscape to model, simulate, and optimize ship energy flow

Results
= Cost- and fuel-saving design improvements
= Testing costs reduced by tens of thousands of euros

15



Customer Success in Multidomain Modeling

“Simulink and Simscape enabled us to create a dynamic model of
a complex energy system that spans several physical domains. By
simulating this model, we can see how a new energy subsystem
will perform before it is built, and provide customers with an

accurate estimate of their return on investment.”
Juha Orivuori, ABB

Solution
= Use Simulink and Simscape to model, simulate, and optimize ship energy flow

Results
= Cost- and fuel-saving design improvements

= Testing costs reduced by tens of thousands of euros

4\ MathWorks
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Simulation Integration
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Disconnected Component Intellectual Property (IP)

= Your IP exists in many forms and in many locations, making integration
difficult

MATLAB EXPO 2017

4\ MathWorks



Integrating Your Code

- Multiple ways to reuse your legacy code with Simulink

)
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Integrating Third-Party Simulation Tools

Mature and extensive APIs for third-party tool integration

Tire behavior assessment
Vehicle dynamics modeling e | Thermo-fluid system simulation
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Partner Ecosystem

= Numerous partners provide interface to Simulink

MATLAB EXPO 2017

Products Solutions

Academia

Support  Comi

Third-Party Products & Services

Overview

Refine by Product Type

Become a Partner

‘Cameras and Frame Grabbers 1

Data Analysis Tools

Embedded Software - Tools,
IDE, RTOS

Lab Experiments
Modeling and Simulation
Tools

Rapid Prototyping and HIL
Systems

Refine by Task

Acoustics

Computational Biology
Control Systems

Data Acquisition or Import
Data Analysis and Statistics

Desktop, Web and Enterprise
Deployment

ital Signal Processing

Refine by Industry
Agrospace and Defense
Automotive
Biotech and Pharmaceutical
Chemical and Petroleum
Communication Infrastructure

‘Consumer Electronics

2

42

~

Search Products S

Wodeling an

Adams/Contn
Easy integration

Altia Design &
Design and simul

Automotive D
A global data dicl

Autonomie
Plug-and-play co

AVL InMotion
ReaHife simulatic

axisuite
Software for the ¢

Biomechanics
Biomechanical a1

BOOST
Thermodynamic |

CADNexus/C
Interoperability b

CANoe
Tool for design a

CarMaker for
‘Open integration

‘ Mathwork,s' ‘ Acselerafing the pace of engineering and science

() United States b | ContactUs | How To Buy

Jim Tung | My Account | '

CarSim, TruckSim, BikeSim
Simulation of the vehicle dynamics for SIL, HIL, and Driving Simulators

CISC RFID ASD Kit+Librarv.

RFID system and appl

Cockpit®

Design for Six Sigma &

CosiMate
Mechatronics co-simul

D-Six
Real-fime software for

DELFT-TYRE
Tire behavior assessm

Distributed Param
Suite of blocks for conl

DSHplus
Fluid power simulation

Dymola
Dynamic Modeling Lat

DYNA4

Open simulation frame

EDEM
Discrete element meth
material handling and |

enDYNA®
A software tool for real

Enginuity
Highly versatile engine

ESSE Distributed
Modeling, simulation,

Mechanical Simulation,

Corporation

GISC Semiconductor,

FIPER (Federated Intelligent Product EnviRonment)

A tool to streamline the design of highly engineered products

Flowmaster ®
Fluid system modeling, sim

FMI Blockset for Simu
Enables FMI compliant mot

FMI Target for Simulit
‘Add-on for exporting model

FTire and FTire/link
Physical tire modeling

g.BSanalyze
Multimodal offiine bi

GL Studio®
Transition high-end graphic

gPROMS Block Objet
Process modeling, simulatic

GT-SUITE
Engine, powerirain, and vel

HLA Blockset
Simulink interface to HLA ft

HYDSIM
Simulate transient behavior

iISIGHT
Software for process integr:

JMAG
Simulation software for elet

MADYMO

Software for analyzing and optimizing occupant safety designs.

MagNet
Low-frequency eleciromagn

MUXlab Architect
CAN and LIN architecture si

No-Hooks/OnTarget F
A tool for bypass rapid protc

NuVinci Core
Simulates continuously vari

NX Motion Control Sin
Mechanism simulation allow

optiSLang
Software for CAE-based sel
robust design optimization

ORION
Calibration automation tool 1

ParaMagic, Melody, P
SysML parametric solvers tt
execution across multiple to

PreScan
Simulation of ADAS and act

Realtime BrakeHydrai
Real-time simulation of hydr

RecurDyn
Cosimulate a high fidelity mi

Saber®

Dassaull Systémes
Simulia Corporation h

TASS International

Synopsys, Inc

Design and analysis of mixed-technology and mixed-signal systems

SIDLAB

SIDLAB HB

Simulation of sound generation and propagation inside ducts

SIMPACK

SIMPACK AG

Complete multibody simulation in combination with MATLAB

SimulationX
High-end modeling tool for simulating

SimWise 4D

Simulation and validation of function:

Structural Dynamics Toolbox
Finite element modeling and modal &

SystemVision
Mechatronics system modeling and :

Thermolib

Toolbaox for thermodynamic calculatii
Simulink®

Thermosys
An air conditioning and heat exchang

TILMedia Suite
Software package for the calculation

Transient Performance Advis
The master modeling and simulation

UniPhi

Data dicfionary and model management tool

VAPS XT
Custom Human-Machine Interface (HMI) prototyping, simulation, and development using commercial
tools

veDYNA

A professional software tool for the efficient simulation of vehicle dynamics in real time

Vehicle Dynamics for use with MATLAB/Simulink
Time-based dynamic simulations of steering, ride, and handling

Virtual.Lab Motion
Multibody dynamics modeling interface and solver

WAVE

Engine and powerirain simulafion software

Wind River Simics
Full-system simulator and virtual platform for software and systems development

Working Model 2D
Software for motion simulation and analysis of mechanical systems on deskiop computers

Presagis

TESIS DYNAware
GmbH

Miliken Ressarch
Associates, In

LMS Headquarters

Ricardo

Wind River

Design Simulation
Technologies

Results 51 - 69 of 63
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Customer Success in Simulation Integration

Develop Integrated Vehicle Safety Applications
Siddharth D'Silva, Principal Engineer
Autoliv

Challenge =
= Design and validate safety-critical algorithms before implementation

Solution
= Leverage Simulink as a platform by integrating third-party software

MATLAB EXPO 2017
22
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Customer Success in Simulation Integration

“Seamless integration with third party software solutions enables
rigorous development in a safe environment. For application
engineers or system engineers, it is very useful that you can
export these complex third-party tool functionalities in the form of
S-functions and run co-simulation.”

Siddharth D’Silva, Autoliv

Results
= Industry first integration of stability control inertial sensor into airbag control unit

= Restraint control module software development time reduced by 30%

MATLAB EXPO 2017
23



Scalability
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Scalability Challenges

MATLAB EXPO 2017
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/Component-Based Modeling with Model Reference
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Team Workflows

Performance

Componentization
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Performance Scalability

= Easy scalability to multicore or cluster/cloud computation environment

B2 S L e &
Wew MNew Open | Compare Import Save
Script v -
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simulation
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simulation
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|y Analyze Code
{r Run and Time

Simulink  Layout

S

runs
runs
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E? (D) Preferences éb {D |y Communiy

Add-Ons  Hep —
*  [Z] Leam MATLAB
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Performance Scalability

- Big data workflow
— Processing large amount of simulation inputs / outputs

MAT file — MAT file
= =

Performance
27
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Complex Design Development through Componentization

® ® ®
° [ ° a8 &
= Supporting team workflows a8 o B ®
P &
— Faster modular development
- More eﬁeCtive Verification Aini Qut f» {n'] Out1fpe t1 Outl > ﬁ‘1 et Du:> In1 my-fiter Out1 e
—_— Increased reusablllty Virtual Subsystem Atomic Subsystem MUTiibcrg;’bljﬁ(tem - Nor::ﬂnoaﬁjllode 4 Acceléﬂ:tdeedllmode

= Improving performance
— Incremental loading and code generation
— Simulation speed
— Memory usage

Componentization
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Capabilities Enabling Team Workflows

— Source control

— Design comparison and merging
— Dependency analysis

— Task automation

Team Workflows

4\ MathWorks

A\ Simulink Project - Lift System

SIMULINK PROJECT
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T bility data file (1) Simscape 41
raceability data file (L) ——— | Simscape Multibod...
»| % ift_inetiz pmslx  F |4 lift_intertii
Simulink Coder 811
hd
() Laers Show All
Bﬁj] Classification i

Fl & Arifact [

: @ @ Convenience

o) @ Narieed v
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Source Control Integrations

4@\ MathWorks:

=  Microsoft Team Foundation

Server (TFS) integration aVai|ab|e Products Solutions Academia Support Community Events
now from MathWorks File File Exchange

Exchange

TFS Version Control Integration

by Jasper Schneider
17 May 2016 (Updated 26 May 2016)

TFS Version Control integration in MATLAB and Simulink

-, Watching this File

Fam . Ogit EEEES
’ Version everythin
‘ E M Microsoft

SUBVERSION

Team Workflows 20
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Integrating Work from Different Engineers via Merge

4\ Simulink Project - Elevator System

[ SIMULINK PROJECT PROJECT SHORTCUTS

(5 Project Path

{0} Preferences B LE@

o Project: Elevator System
@] Shortcut Management [ Name ~ SVN Classification Status dsgs I g n
; LG Batch Job . Batchlobs @ None vis
n% Dependency Analysis 2K Con.\ponents (] Des!gn vig 28
1. Lift Door Controller ® Design = 2
1. Lift Doors ) Design v 13
1. Lift Inertia (6] None viE 3
= 1) Lift Position Controller o Design v 28
1% @  Design
.. Lift Supervisory Controller ® v 27
.. Motors o Design viF 13
1. Visualization @ Design vig 2
Documents @ None v 2
. SystemLevelModels @ None v 12
J) Tests (6] Test viE 8
| Utilities 6] None viE 1
il Labels ~
@ Built-In SVN Integration (1.8) ¥
| Details N

Team Workflows
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4\ Simulink Project - Elevator System

SIMULINK PROJECT PROJECT SHORTCUTS

%) Reset Default Model Template ") Set Default Model Template

] Reset Team Prefs

(2] Shortcut Management
' Batch Job

Eﬁ] Labels

MATLAB EXPO 2017

'lfci”‘-iﬁoject e

1 Lift

. Lift Door Controller

.. Lift Door Controller

. Lift Doors

. Lift Doors

. LiftInertia

. Lift Motor

. Lift Position Controller

. Lift Position Controller

1. Lift Supervisory Controller
. Lift Supervisory Controller
.. Motors

1. SystemLevelModels

4 Tests

L Utilities

1. Visualization

.. Visualization

%4 basic_animation.six

%4 ElevatorTemplate.sitx

fﬂ exportToR2016a.m

’El generateBillOfMaterials.m
f’j generatelCD.m

%4 generic_motor.skx

E] history.m

[@ lift_door.req

%] lift_door.slx

%E lift_door_controller.slx

Path

S\Tests

S\Components

S\Tests

$\Components

S\Tests

$\Components

S\Tests

$\Components

S\Tests

S\Components

S\Tests

$\Components

S\

S\

N\

$\Components

S\Tests
S\Components\Visualization
S\Utilities

$\BatchJobs

$\BatchJobs

S\Utilities
$\Components\Motors
S\Utilities
S\Components\Lift Doors
S\Components\Lift Doors
$\Components\Lift Door Controller

Status

LRSS S LS
& [~

Dependency Analysis — Modular Development

Classification

Test
Design
Test
Design
Test
Nene
Test
Design
Test
Design
Test
Design
None
Test
None
Design
Test
Design
Other
Design
Design
Design
Design
Design
Design
Design
Design

2|7 B8[): ©-

m

Details

4\ MathWorks
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Dependency Analysis — Modular Development

SMULNE PROJECT PROJECT SHORTCUTS

EHQ@EEWH' uﬂmgm&'ﬁﬁ

mmmm Options.  Analyze mﬁwuvéw E“’“ Select Find  Export

-

FILE AMNALYIE VIEW LAYOUT
O Project: lift_systern_orig Uﬁ] c*|-
EHET Files
Ll':l..l Modified Files File Type ¥
& Shoreut Mansgement
iz Batch Job

Show model structure

| % it systemsbe ¥

Team Workflows

List products required

5 genenic_motorske

Y| Iift_door_controller.sk

dency Type

[ 27 LifisystemModeling don._

|4 lift_door.req

Highl

ight issues

™| " Ift_inertia.she

}I & lift_inertia_pm.sh ¥

> % it intertia_utilssh ¥

lift_system_orig
Root: \\UK-GWALKER-LT\

Products (7T)
MATLAES.1
irnulink 8.8
Simscape 4.1
Simscape Multibody 4.9

Samulink Coder 811
*a lift_system_HarmessT> show All
/4, Problem Files (1)

LiftSystembdodelhing. doox
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Task Automation — Configuring Project Environment

DR COEReeeeEm) o -

I:ll:::I #'| Reset Default Model Template  # | Set Default Model Template
= Lift History
*'| Reset Team Prefs #'| 5et Team Prefs B uift system  *) Generate ICD
New [ Lift System Modeling
“'| Reset siprj #| set siprj
MAMNAGE DOCUMENTATION ENVIRONMENT TOP LEVEL MODELS UTILITIES

4\ Simulink Project - Lift =N Eol =

Configuring Project Environment

Starting Lift

Initialize project path

Identify shadowed project files

Set Default Model Ternplate (5\Utilities\setDefaultModel Template.m)
Set Team Prefs (S Utilities\setTearmPrefs.m)

Set slprj (34 Utilities\set_slprj.m)

A
s 5 = E

0 Cancel

Team Workflows

= Robustly configure the
team environment

= For everyone

= Automatically

34



Sharing Outside Your Team

Quick File
Packaging

Model Protection
(IP Management)

4\ MathWorks

Reporting and
Documentation

Sharing
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Simulink Addressing Scalability Challenges

MATLAB EXPO 2017

/

~

%

Performance

Team Workflows

/Component-Based Modeling with Model Reference \

Componentization

4\ MathWorks
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Simulink as Enterprise Simulation Platform

“There is no such tool, which gives the simulation
environment as well as the hardware verification
and validation. In a single environment, | am
getting these together. That is why | use S —
MATLAB and Simulink.” Multi- Integration

Scalability

Domain |
Dr. Deepak Mishra, Modeling

Indian Space Research Organization

MATLAB EXPO 2017
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