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Crown Lift Trucks
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Adopting Model Based Software

Initial Goals

Architecture Decisions

Code Generation Experience
Virtual Truck Simulations
Performance Improvements

. Verify, Test and Report
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|. Model Based Software — Initial Goals
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lI. Model Based Software — Architecture Decisions
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Initial MBS Version:
o MATLAB

o Simulink

o Stateflow

Data Dictionary Concept
Shared Network Files

(8) Legacy MATLAR Users
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lIl. Model Based Software — Code Generation

Modular Model Design

'"ihi;{AEgddﬂ Gen: Benefits Virtual Atomic Model
. SimlinkCoder Subsystem | Subsystem  Reference

* Embedded Coder
(4) System Developers Ease Of Use + +

Readability + +
R201th R201Zb -
Traceability

Initial MBS Version: Reusability
- MATLAB

: gitmulmk Concurrent
. ateflow

Data Dictionary Concept Development
Shared Network Files
(8) Legacy MATLAR Users



lIl. Model Based Software — Code Generation

Initial Code Gen:
o MATLAB Coder
Simulink Coder
Embedded Coder

(4) System Developers
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lIl. Model Based Software — Code Generation

Initial Code Gen:
> 7 Hrs to Generate Code

Single Core - 8 GB RAM
SVN Source Contral
(4) System Developers
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. Model Based Software — Signals and Parameters

i I I Tims5: i Vim0 oy View i Viem T o Vi Vi,
[ Slanal | i 7| st YT e ablefruon st Varisble et st Vaiiabie Jrtructar Va Vaiiable ot Eructur v
G Immalmwmmmwnm - - - . - :
poted] il Inported] TnpotedEtesnF citss] o 3
eTerT [T g &

OIS - - - - -

(fseing aro et e et 5 i ¥ ¥ i = 2 2 ¥ = =
, (inporied] TmperedEmen ity e a (inpoiied] TmperedEern
. TrporsdEran nporied] —InportedEnan

[ T =TT e = ] N = o e T ST Enporied| oo Jimpore] _mpondeien - mporied] imporeiEwen 3

Eipod] EwerwFHw TperedE e

(7 )

inpated] Pl

al impensaEmar o]
ImponedEmarae ]
limportedtateinoite

npned| rpodEen

- - - TrpenedEnsi ]
- - = e e
enpored| —importedsion enported| impotedEatem £ - (enporied] el Tgartar; @ inponted] —imporedtetern

Tpeed]

Tnpere o]
limgoried] Iy

poriedEwan

EgerTerl

i3 bus T
Jous o et b+

Fiporsd|— ExpnTerls
i e

. - EipsIToFTE
iupgrea fimienea) impenei e

Valve cils_cd
EF eareE bledE Ve

Euponed| _EwponToFis
Yimbonea rpmnestsemi-efie]

] )
impored| ImpordE e
(mperied] —TmpeiedEiter.
[T
i) (m wv\rdEn\em
Expora|  ExponTerTs
SEven ez e b G - ExporToris -
EvEri st _ap_buz - EaparTariE
—
(enpnad] lenpened] TponeEsen
E von_status puizup TUT - - - -
T T I a Eipeied]_ Eipororls
- - npged|ImperieErien -
- - 3 Eiposd|— ExpenTerls
Fie | pomsa] e dEien 3
T T - Tpsred]
= = = 3 Eipoied| _ Eipoitedaional
Eipoiea| — Expanteris
inpoted] rnpored]

(enporied]

TmportedEsion

rnpoted]

TnpartedErton

rnpoted]

TnpartedEsten

mporedEiten

mpored]

mpored]

Exporied]

g ol

enpoted]

Tnparedeion

T e S SRR ST T

Expored)

EiparTor




lIl. Model Based Software — Code Generation

|ﬂitiﬂ| [:I]dB EEI]' Software environment

*  MATLAB Coder Code replacement lirary: _
Simulink Coder Shared code placement: |Shared location

* Embedded Coder
(4) System Developers

R20Mty © RIZL R2Ma Normal v
Normal
Accelerator

o : e : Rapid Accelerator
Initial MBS Version: Indllwdual Builds: Software-n-the-Loop (SIL)
*  MATLAB * Simscape Processor-in-the-Loop (PIL)
e Simulink e MATLAB Report Generator xtemal
o Stateflow e Simulink Report Generator
Data Dictionary Concept Virtual Truck, Hil,
Shared Network Files Shared Code Placement )
(8) Legacy MATLAR Users Reference Config Sets “ E commonsIMbuild

(8) System Developers Eﬂ Model Workspace
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lIl. Model Based Software — Code Generation
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Initial Code Gen:

o MATLAB Coder
Simulink Coder
Embedded Coder

(4) System Developers
*
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Initial MBS Version: Individual Builds:

« MATLARB * Simscape

o Simulink * MATLAB Report Generator

* Stateflow e Simulink Report Generator

Data Dictionary Concept Virtual Truck, Hil,

Shared Netwark Files Shared Code Placement
Reference Config Sets

(8) Legacy MATLAR Users
(8) System Developers
L



lIl. Model Based Software — Code Generation

Initial Code Gen:
> 7 Hrs to Generate Code

Single Core - 8 GB RAM

SVN Source Control
(4) System Developers
L I 7 TP R Traction

Initial MBS Version: Individual Builds:
MATLAR 10-20 Minute Code Gen

Common
Hydraulic

Auto Gen C-CODE

o Simulink Single Core - 16 GB RAM
« Stateflow IBM's RTC Source Contral
Data Dictionary Concept (8) System Developers

Shared Netwark Files
(8) Legacy MATLAR Users



Vehicle Ap PS Model Based Vehicle System Apps

System Apps ) .

Steering [~VFB

Energy

Traction

Simulink Models

Common
Hydraulic

Auto Gen C-CODE

Diagnostic|\scaL

Model Parameters

1 Auto Gen C-Code
325K Lines of Code
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OnTrac™ Traction Control

DEMONSTRATION IN A CONTROLLED ENVIRONMENT




V. Model Based Software — Virtual Truck
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V. Model Based Software — Virtual Truck

Height (in)

Lift Speed Correlation (test vs model)

Pressure Correlation (test vs model)
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V. Model Based Software — Improved Performance

Initial Code Gen: Parallel Builds: Desktop
MATLARB Coder * Parallel Computing Toolbox e
o Simulink Coder + Polyspace Static Analysis Parallel Compuﬁng

Embedded Coder o V&V Toolbox BN [T
(4) System Developers Parallel Simulation and Build Toolbox

(12) System Developers
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Initial MBS Version: Individual Builds:

« MATLARB * Simscape

o Simulink * MATLAB Report Generator

« Stateflow «  Simulink Report Generator e

Data Dictionary Concept Virtual Truck, Hil, Simu k:
Shared Netwark Files Shared Code Placement Blksefsl . nd
(8) Legacy MATLAR Users Reference Config Sets Other leQX&S

(8) System Developers



V. Model Based Software — Improved Performance

Initial Code Gen: Parallel Builds: Desktop
> 7 Hrs to Generate Code 3-10 Minute Code Gen o

Single Core - 8 GB RAM (uad Core - 32 GB RAM Parallel Compuﬁng
SVN Source Contral GIT Distributed Source Control TIbOX
(4) System Developers (12) System Developers g -
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Initial MBS Version: Individual Builds:

« MATLAB 10-20 Minute Code Gen

o Simulink Single Core - 16 GB RAM

« Stateflow |EM's RTC Source Contral e

Data Dictionary Concept (8) System Developers Simu k}
Shared Netwark Files Blksefsl . nd
(8) Legacy MATLAR Users Other leQX&S



VI. Model Based Software — Verify, Test & Report

Initial Code Gen:
o MATLAB Coder
Simulink Coder
Embedded Coder

(4) System Developers

Parallel Builds:

* Parallel Computing Toolbox
* Polyspace Static Analysis
* V&V Toolbox

Parallel Simulation and Build
(12) System Developers

Test & Report:

e Simulink Test
MATLAB Compiler
Bi-Directional Req's Links
(20) System Developers

Initial MBS Version:
o MATLAB

o Simulink

o Stateflow

Data Dictionary Concept
Shared Network Files

(8) Legacy MATLAR Users

Individual Builds:

* Simscape

* MATLAB Report Generator
e Simulink Report Generator
Virtual Truck, Hil.

Shared Code Placement
Reference Config Sets

(8) System Developers

Verification:
Dependency Analysis
Simulink Design Verifier
3-way compare and merge
(I6) System Developers



VI. Model Based Software — Verify, Test & Report

Initial Code Gen:
> 7 Hrs to Generate Code
Single Core - 8 GB RAM
SVN Source Contral

(4) System Developers

Parallel Builds:

3-10 Minute Code Gen

Quad Core - 32 GB RAM

GIT Distributed Source Control
(12) System Developers

Test & Report:
Simulink Test,

MATLAB Compiler,
Bi-Directional Req's Links
(20) System Developers

Initial MBS Version:
o MATLAB

o Simulink

o Stateflow

Data Dictionary Concept
Shared Network Files

(8) Legacy MATLAR Users

Individual Builds:
10-20 Minute Code Gen
Single Core - 16 GB RAM
IBM's RTC Source Contral
(8) System Developers

Verification:

3-10 Minute Code Gen

Quad Core with 32 GB RAM

GIT Distributed Source Control
(I6) System Developers



VI. Model Based Software — Verify, Test & Report
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Global Locations

USA

New Bremen, Ohio
New Castle, Indiana
Greencastle, Indiana
Kinston, North Carolina
Celina, Ohio

Minster, Ohio

New Bremen, Ohio
New Knoxville, Ohio

L ' h & ‘ - EUROPE
g Munich, Germany
Roding, Germany

MEXICO
Querétaro
CHINA
Suzhou
Suzhou

@® Headquarters AUSTRALIA

® Crown-Owned Dealers Sydney

@ Manufacturing

® Dealers SINGAPORE

Singapore
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