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Presentation Outline: AR OFD
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1. Ford Motor Company & EE Systems

2. Automotive EE & Software Complexity Challenge and
Opportunity

3. A Paradigm Shift: Fully Integrated Systems Engineering
1. MBSE
2. Model Based Architectures
3. Why, When, Where & How

4. Model, Information, Intellectual property re-use: The
need for enterprise wide - PLM/ALM Solution

5. Lessons Learned so far.....
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Why do we need all these software Systems? @.\Eﬁao

I Past Present
on PR Y,

Future

Systems

CARBURETTOR HIGH EFF.
FUEL INJ. ADVANCED HYBRID/ELECTRIC

Safety &
Accident

Prevention

DE leH E "I(_;I on AUTONOMOUS DRIVING

Machine
Interface

TOUCH
RADIO SCREET MOTION SENSsITIUE CONTROL

Technology Progression leverages Vehicle Software & Control Systems -> Proliferation




Properties of EE Software Systems cm o

Space Shuttle (Ref. 1)

= 5 Computers on board

= 700 kByte Software

= 500.000 LOC/Instructions
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Boeing 777 (Ref. 2)
* Approx. 3 Million LOC

Enhanced
Vehicle Software and
Electrical Management

Capabilities are required
to maintain the

Robustness
and

Quality

of
Electrical Hardware
Software and
Control Systems

as

Feature Quantity &
Complexity Grows

ONE TEAM « ONE PLAN * ONE GOAL

CD Class Vehicle has approx.

» 50-70 Computers on board with multi-
core SW process management

= > 10 MByte of Control Software

= >15 Million LOC/Instructions

» > 5,000 Software Parameters

= > 50,000 functional requirements

= > 1,000,000 pages of specifications
= > 10,000 buildable Vehicle-Series-
Variants (based on ECU component
permutations per Vehicle line)

= In some aspects a CD class
vehicle has higher system, software
and build complexity than a
commercial aircraft....
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General Trends in Vehicle Electronics _ONE FORD _
Vehicle-to-Vehicle; Service; Web-Connectivity
E/E Content \ ,
Electrical Design focus is now on E-Connectivity 2
Feature/Functional interaction e -Board Communication
4 Complexity of software By E};w onnectedness
Relationships and \5 Consumer
Development of \ Electroic Devices
Cross domain requirements Sync M(I;C(Ial#rﬁ)te
— Feature focused Higher Power Diagnostics
Requirements | Adaptive
Headlamps
Electrical Design focus was LSG | InCarPC
on power Distribution and ACC E'F'Jwater
packaging- : Infotainment ump
Component Focused with local EPAS Software
integrations :
Telematics |/ EM Valves

J L PTC Heater | 1VDC
ESP - vV \/
" — Displays 7 Steer-by-
Airbag | Drive-by-Wire /\/ Blind Spot Wire
. i
Body Elec. Networklng etection
| aBs CAN, MOST, efc.| Brake-by-
Cluster 1 Adv —— 1 Keyless e
- } : ASM : Fuel Cell
P/T Electronics Restraints Vehicle
L - - \/ >
1880 1980 1990 2000 2010 CY
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HMI and Off-board Distributed Functionality

L Tord
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Human Machine Interface & Off-board services example

Emergency

Cloud >
Services

Services

* Delivery of customer features requires
the coordinated execution of multiple
modules exchanging signals both
wirelessly and over a number of
multiplexed networks.

* >70% of all new customer features are

software enabled and distributed in
nature.

» Service Oriented Architectures
(SOA) and well defined
functional/software architectures
are required to deliver efficient
coordination between modules.

@d@bb@/
APIM — Sync Module NAV — Navigation Unit
IPC — Instrument Cluster BCM - Body Control Module

7 PCM — Power Train Control Module



Complex Mapping of CTQ Work products B T
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Trans- || Engine| | ABS CEM Clustef
mission & Gateyyay
Speed displa
| [
ACC N . . Model Architecture
Dl sStri b u ted Parameterization
C__ASR > Eunction Initialization Data
Immobilizer unctions Chart.s. .
Transition/Actions
< Auto. Trans > Library Elements

Architecture

Behavioural Models Environment Data
Plant Models

Control System Designs

Software Objects

Hardware Components

Calibrations

Test Vectors
DVMs

Su bsxstems

Results Files
Test Environment
Parameterizations Data Dictionary
Parameter Mapping |
i . Hardware Setup
*All supporting work products must be managed using a Driver Mappin
well defined Product Definition codification system and Initialization data
Supporting naming conventions E;wironment Data
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Example Vehicle Electrical System Growth

Networked ECU Signals [#] STWEE
[#] Lines of Code [#]
MY2006 10-15 200 - 300 ~ 3 Million
MY2010 20-30 1000 - 1500 ~ 10 Million
MY2012+ 50-70 3000 - 4000 ~15 Million
2006 2012+

EONV (0), EOTC (0) CD338/4 Optional IA\NIFNR 5 CD338/4: Op ttttt 1

&PATS (S D378: Standard Al CD378: Standard _
i Tc™ RCM | | ocs | ABS |

ain
iper
ue| | Motor
| scemy

semr | | = Fosm| | ocs

Iswem),

—! Hsa.cany

ABS- !

DLC
| — ¢ Overall automotive software
@B @ @ | complexity is growing rapidly

« Distributed software-system/controls solutions are
growing rapidly

« System dependencies (coupling) are growing

* Functional safety related SW systems increasing

Customer input signals are growing exponentially

B
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i i  SW Lines of code (KLoC) is growing rapidly =~ | 57 "o | |
P 1 o
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|
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Requirements Engineering _ONE FORD

(| .
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Engineering Mechanical Requirements
(50,000)

N_

- Electrical &
Electronics
Engineering
h_

- Software Systems
Engineering
- Architectures
|

Systems Engineering

- Sub-Systems
- Features

- Functions

- Components \
- Dependencies

VSEM

- Software

: : \
Engineering 1O LS Lo /K/K/

- S/W Components 4323323323 1 42442
- S/IW Memory Maps

- S/W Architecture
* Mechanical Engineering requirements are typically less complex than EE-SW requirements and more stable

* EE-SW System requirement generate many decomposed levels of requirement-specifications that are more

dynamic in nature.
* Software Systems Engineering bridges the gap between Traditional Systems Engineering and Software

Engineering, it is an elaboration of the SE principles/practices.
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Version — Variant — Release Management

* Release Configurations / Configurable Baselines

Releases: @ ® @

]

SUOISI9A
1

— ®
T T
Requirements Architecture Implementation Validation Calibration

Verification
Key Process Area — Work Products

Courtesy of Reiner Busch, Ford Aachen Research Laboratories
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PLM/ALM HW-SW Relationship Management EXEH

Mechanical Domain Software Domain On-Board/Off-Board
Complexity Complexity Software Domain
(10% Dependencies) (10° Dependencies) Complexity
(10% Dependencies)
s

Higgs-Boson event

Newtonian Physics Quantum Physics

- All product design work products/artifacts must be managed effectively; preserving

their dependencies between content, versions & builds
* This presents a Multi-dimensional, multi-variant, multi-domain challenge that

extends off-vehicle.

In conventional engineering, we work in the linear zone where
stress is linearly related to strain and the behaviour of the
engineering system at ‘run-time’ is much more predictable.
Software is in general, fully chaotic.

* Les Hatton, IEEE Software July/1999. 12




Why do Model Based Systems Engineering ? o.?%m

* Generic Software E/E Failure Mode Mapping:

Work Product Objects Failure Modes
* Architectures - Missing
* Features - Incomplete
- Inconsistent
- Incorrect (content)

* Interfaces , o
- Incorrect Version/ no versioning

- Inappropriate design

- Unaligned (incorrect configuratio™

* Test Vectors - Un-accessible (Global Engineenny ceners)
* Software Binaries - Non-Validated

- Duplicate and/or Conflicting [y

* Number of Critical-to-Quality work products and associated failure modes typically
increase with: growth in SW-EE Feature content, growth of organizational interfaces,
growth in global markets and re-use strategies

 Parameters

* Executable Models




Model Based Systems Engineering/Validation onErom

Vehicle Level Testing

Customer_ Requw_ement Vehicle Level Validation
- Operational View - (Ford) = =
(MBA) ' -

-

Microsoft Excel - FTS_VIS_O0B_Draft.xls

asten  Fenster P
Q@ > -4 %] uss% - @

: il ] va - Bty ds = =[0I o onn +0 .00 3= s= e fien . .
A # Lepl Escaped Software Defects Distribution — Hl L System TeStl N g
00
| ’ & 2, K L MmN o[
_ . 3
System ; 8 Frs)
4 | Funcrien B - 8 roes
R . t e & 1000 | — e
equirements ;
0 . : [
Logical View- (MBR) e I —— ST R— R
_ _ — Implementation -
- — 21 u-.ww.:m-.-‘w.‘ e 10 _é lllllllllllll
— - ) e A
HE. e
.....
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e — System Verification —
e (Ford)

Component
p ] VIS Fsp30 | x| | |WMMSWno
., . ] ’EJSLM e[ T [wMmMAw o
[vis_ps0 | x| | [RsmSwne:
p eC I I C a I 0 n S Mest Result { Result Data £ Function List £ Test ervironment ' FA Visibility { FA Visihity Stress { FA Info 4 Change Record { Reference Doc
AgboFormen~ N W [ O 2] 4 A o 8] & S - A-E=E A _ui

- Physical View — : —
Component

(MBD) Creation/Testing
(MBAutoCode/Test)
M
« Software Development/CMMIi/SPICE
« Spiral «  Agile

« Rapid development « Extreme
14

Model Based
Component Testing




Model Based Re-Use o=

ONE TEAM « ONE PLAN + ONE GOAL

Traditional Textual Document Approach Use Case - Object Oriented Approach (UML)

(Example: Global Infotainment Systems)
* Requirement #1 Test Sequences . Sequepce,qiagrarp Develezinent
(Text) Visio Diagram : > s tiee oL R R B = .
. : T T e + Use Case #2 b e e eeEe Ew
- Paragraph Requirement #2 s G- Pee— o =13
(Text) Visio Diagram o * Use Case #3 e — . ey (_“‘7
* Features - Requirement #3 e  Scenarios ———| - - . :
(Text) Visio Diagram ’ Scenar!os ) e v T
« Document * Scenarios T
" S~ N \M A G ! ™ N~ 7S o g 4
Levels Requirement Manual Embedded Manual en Requirement Executable Auto-Génerated
Objects Graphics Test Cases Objects Embedded Graphics Test vectors
Executable Models Auto Code Executable Models Auto Code for —
MBSE — The MathWorks for Rapid MBSE — Rha i Production ardware
! psody
Stateflow/Simulink Froeh eIl UML Target Interface
Test Input Algorithm Expected Test Input o | /nput Algorithm Output ” Expected
> O »| Output = O & | Output
» (} (:) » 3 © (} (:) ° 3
» 4 » 5] 5]
T f OO0 > ii & o OqO S
;% Plant Dynamics T s — Plant Dynamics — |5
Model Lm = — Model P
‘ : — -
— .— — D .—. o
. } s 3
0 0
Test Sequence/Harness ~ Test Sequence/Harness i
*Test coverage statistic - % MC — Modmed conartion - 0 DC — Decision Coverage
Platform Independent Model — PIM (Fully Re-usable) Platform Dependent Model — PDM(Vehicle Specific)

15
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Model Based Testing/Hardware-in-the-Loop

o HiL/ SiL
MiL/ PiL
O={ O= O =0 . i i
Model Based Virtual Validation o= o FO [=0 .TF;TSS Egﬁgt\);g;%%tion
o= [0 =0 *Vehicle Level
Model Integration Testing
Re-Use

Platform Dependent Model (PDM)

Model
Function 4
(Platform Independent ¢ &
0 0 Model (PIM)) -0 —0 Yoy, .\\ )
/O/e \
0- -0 VNS =
0— —0 S8, Frge
9 o,
Signal Abstraction Layer Supplier ACG
(Auto Code Generation)
Model . .
Rec-)Uge High quality target code
Test Harnesses generation
o= o bo =0
0= O kO =0
» Acceptance Level Test Harness o= O [0 o FAutomated Regression
* Detailed Test Harness Testing
- Module Level
- Feature Level

Efficient Utilization of Model-in-the-Loop, PiL & Hardware-in-the-Loop Testing requires:

- Adoption of Platform Independent Models * Signal Abstraction Layer Mapping to Maximize Artifact Re-use
« Platform Dependant Model * Management of Test Artifacts: Test Environments, Test

Vectors, Model Parameterization Data, Plant Models
16




Models, Models Everywhere...but not a one will Sync! Eein

When, What and How to Model -
Considerations

 Business Process Modelling
 How dependent are the Development, Production and
Service Process-Objects?
« What degree of Business/Engineering visibility do you
want to provide?

 Business Operational Models
* In-house Software System Development (SwSystDev)
» Outsourced-Supplier SwSystDev

« Hybrid SwSystDev (Internal/Supplier) (Feature/Function Co-
linking)

» Suitability of Feature/Subsystem for Executable modelling
« Degree of re-use
« Feature Complexity

Feature Stability

Feature Distributed Nature

Degree of newness...

Domain Competency/skillset

« Type of Model Framework
« Standards (Industry, Corporate, Domain, Organisation.).
« Degree of Compliance/Leveraging of Standards

17
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Business Models, Process Models, Product Models... B

* Big picture processes and models...

Business Co-ordination

Project management
Quality Management
Change Management
Cost Management

CORE
Product Development

Business model
Application/Architecture model
Detailed Design

Code * test

System & Test

Issues Management

APPLICATION
Product Implementation

Detailed Implementation
Design

Implementation Code and test
Systems Test

Acceptance Test

Issues Mnagement

Product Customer

Usage/Dealerships
Release Mngmnt
Performance Mngmt
Customer Support
Warranty Mngmt
Change Mngmt

Business Facilitation

Configuration and
Variant Management
Interface
Management

Training

Quality Assurance
Metrics and Reporting



Architectural Views _ONEFORD_

Module Views C&C Views Allocation Views Other documents
s D S © v € S ® ® ® ® ® ® ®
= = E=INC) o g B ® ® ® ® ® ® ®
S NG = > = ® ® ® ® ® ® ®
o T @ & 9]
€ T © & S
3 < al a o
[oX
a © 5 E
®
Project Manager S S S . .
Development team D D D D C Wh|Ch ArCh|teCtu ral
Test Engineers D D D D Perspectives are Critical to
Integration Engineers D D D D Business Success?

Design Engineers S * What degree of
Service Engineers interoperability do you need

(W)
(W)
(W)
(W)
(W)

Hreurling Lnsr LN S between the Architectural
Internal Customers .

Views?
End Users/Customers
Analysts > B E b b - Whaf[ Degree of Executable
Infrastructure/EcoSystem IT support S S S Architecture Model do you
New Stakeholders X X X X X need to implement ?
Current/Future Architects D D D D

Key: D - Detailed Information; S - Some Details; O - Overview Information; x - anything

Derived from Data within "Documenting Software Architectures, 2nd edition, Paul Clemens et al"



: :
Effectiveness? Failures Models, Causal Factors & PCA Study  KDTEReLEN

Ranking for Model Based Design/Systems Engineering Level Goal
Alternative Utility
Powertrain Transmission Control 0.858
. . . Sync Module - Customer Facing 0.852 DN W T |
— . T
Six Sigma Studies (DFSS & DMAIC) I e ——
Powertrain Control Module 0.787 N T
- ity Saf . == Em e
e P M T responss 070 S w——
ro C e S S a p S Active Safety 0.776 NN e
Powertrain Engine Control 0.757 I
Restraints Control Module 0728 NN BN N
. . i i . I T O
° H Id d e n Fa Cto rl es gs:tkr:g];sngglc;;upam&Pedeslraln System) g;;g ——— T
Driver Information and Warnings 0661 NG T
MyKey 0655 NN T
i . T
 Capability Assessments s 05—
\Wiper/Washer Systems 0.641 I W I
Adjustable Accelerator/Brake Pedal 0.641 I T W1
- Tilt/Telescoping Steering Column 0.627 D W o
- i . [
* Causal factor - Defect Correlation o o —
Vehicle System Services 0.601 INNNNNGNGNGEEEN T
H M M . T T
statistical studies Sobip Vel S e
Driveline Control 0585 NN T
Suspension/Ride Control 0581 NN T
e, 0 L) . Power Supply 0.575
e The Critical Few — Critical to B (CTB) | -
e Critical rew FItical TO business Earior Lighing. o572

Process, Methods, Tools and Information
Management

e CTB Metrics

— Hierarchical Decision Process to Prioritise the
Critical Few

(| iy O1 Feallle Re-Use ETgINg TECHTOI0Uy/ Featire Lever Of Feallle Chialge over ba
[ Level of Functional Safety I Level of Historical Warranty/Issues [ Level of Intellectual Property

Preference Set = New Supplier

 DMAIC and DFSS based analysis identifies and prioritises the key areas that need to be
addressed
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Model Driven Architecture - MBSE Process?

Functional
Requirements

Functional Requirements
Marketing Requirements
. saefas

ztoarl%eet;tilge};;r;:ma ArCh itectu re
Feature Design Phase
Requirements  Definition

Engineering Logical “EE-SW
e e A_rchitecture BoM
Non-Functional View
Requirements

Functional Deployment Phase
Architecture
View
Physical
View

Sync modulg
BCM modul¢ e
Functional S—

Deployment
View

1y

Component
Phase

Chassis

PCM modulg
f Signal Database
EMS  EngineSpee
£t
n
| 1 1

COding Component ——

Specificationf..=

#define_SYS_CTRL_LOGIC_CAL

Detailed Control _
Des i g n P h ase CAL F32 _ y:g;master_enb_delay_c =0.4F;

}
if (1(BFd37.Cd31_veh_motion_logic) ) {

BFd37.Cd31_veh_motion_logic= 1 P h
Yelse { aS e

Cd31_reverse_motion = (cf_reverse !=0) || (cf_veh_dirn == 1);
Cd3 icle_moving = Ip_out > vkph_moving;
S




Textual Requirements & Executable Model Mapping et
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@~ @ - Systems Engineering (Tom (goket)-dba /DBA [] [TC31POC])

£ 000426-5MT | (7=} Function #1 | £ 0005060cking2

Name | <Enter MName Here> | TYPE | RequirementSpec ~ | [#]child

Requirement Variant Formula

000507 /4; 1Hocking3 (View)

¢5 REQ-000632/A; 1-NO TITLE =

Hg REQ-000633/A; 1-Locking (View) )
E| -Hg REQ-000634/4; 1-Trim Panel Lock Switch Input Process (View) o
bR {5 REQ-000635/A; 1-Trim Panel Lock Switch Debounice

=2 Hg REQ-000636/A; 1-Keypad Switch Input Process (View)
[ 5 REQ-000637/A; 1-Keypad Switch Debounce

E} Hﬁ' REQ-000638/A; 1-Liftgate Glass Release Switch Input Process (Vies

-5 REQ-000539/A; 1-Process Spedfications ? Reguirements i

E| |’2 REQ-000640/A; 1-Decklid Release Switch Input Process (View) -
: 55 REQ-000641/A; 1-Keypad Switch Debounce

). /42 REQ-000642/4: 1-Liftgate Release Switch Input Process (View

,-' REQ-000643/A; 1-Process Spedfications Requirements
REQ-000644/A; 1-Autolock (View)

1 REQ-000645/A; 1-Feature Behavior Summary

REQ-0005646/A; 1-FEATURE BEHAVIOR DETAIL
REQ-000847/A; 1-AutoLock Functional Requirements {(View)

' REQ-000648/A; 1-AutoLock Personalization
REQ-000645/4; 1-AutoLock depends on Ignition Status

REQ-000650/4; 1-AutoLock only works when transmission i

e BECLO0NES A Aol ok Figite State Machine

-5 REQ-D00652/A; 1-Autolock State Transition Diagram Reguir

» Fundamental capability is to have fuII
Linkages, Dependency info and Version
Visibility between:

* Requirements/Functional Specifications
» Test Vectors i e _ _

« Executable Models e | B o
. P aramete rS/S I g n al S Eg Sliding_Door_Memary_Lock_Event_Decision_T able

] Sliding_ Door_Memory_Lock_E went_Decision_T: ettt ER A ——
-2 Sliding_Door_Memory_Locking_Driver_Side

« Configuration Data Sets 2 e S e i e e s

B 2] Sliding_Door_Memay_Locking_Passenger_Side =

o o *.. ] Sliding_Door_Memory_Locking_Passenger_Sids
e Calibration Data Sets 1 Sa Uik

% Smart_Unlock_Decision_Table

« Software Binaries and Build s
configurations

RequirementSpec

02.04.00 - Locking.doc [Compatibility Mode] - Microsoft Word

Home  Inset  Pagelayout  References  Mailings  Review  View

@..

DS &P

Model Browser

N2 cwBEE
[ 5l x|

B33 dutolock
=8 g AutoLock_lgnition_Status_T abM
| L. 3] AutoLook_lgnition_Status_TabM

J Autolack_State_Machine
H— ] AutoLock_State_Machine
B J AutoLock_Transmission_InGsar_Table

..... #] AutoLock_Transmission_InGear_T able
1 3] dutoliock = o
B2 AutolnLock_State_Machine

22



UML - Infotainment Modeling L ONE FORD

® |BM Rational Rhapsody FordProfile - Infotainment_Model.rpy - [Sequence Diagram: - D, €D is not the active source in FunctionalModel::
E| File Edt Wew Code Layout Tools ‘Window Help - X
0= | 7 MG D X R QB E Eoor - e
! E ¢ | DefaulComponent * | DefaultConfig it R & = T
™ [E T @aial Urnice
nfotainment_Model.rpy £3] [ 5cD-GSD-2x00mx-Play €... X | T Play CD-DA Disc of Function...| %= Play CD-DA Disc of Fundion... ﬂ ==l
) , :SingleCDUser |SingleCDBaseCli... :SingIeCDElase...|
Entire Model Yiew - y
o) A
SCD-GED-Zrxxxx-Flay CD, CD is not the active source ) | 2 Diagram Tools o
:SingleCDUser :SingleCDBase :SingleCDBase
Client Sener
signPlkg (RO)
iagrams Hlnputﬂ —I—
5 ans

initiatePlayCD{)
regquestCDSource)

| AudioRequest_Rg(OperationType = RequestAudioResource, RequesterSystem =
| FrontRequester, RequestedAudinSnulﬁe = FrontDisc, ReguesterPriority = Disc)

emDecompositionPkg (RO)
e DSystemWE_AD (RO) parall
Activity Wiews

3 SCO-GFUN-118831-Flay DiscWhiteBoxMiew (RO)
= (T3 Activities

{Za) Insert CD-DA Disc (RO)

i {Fa) Insert MP3 Disc (RO}

{Z) Play CD-Da Disc (RO}

{22 Play MP3 Disc (RO}

= 1 sequences

i=]
Hl

NN NN

[Audio Management process to allocate CD as the active source]

£

A R R NN

accept

AudioRequest_Rsp(Response = RequestAccepted, OperationType =
ReqguestAudioResource, ReguesterSystern = FrontReqguester,
RequestedAudioSource = FrontDisc, RequesterPriority = Disc)

RequestedAudioSource = FrontDisc, ReguesterPrionty = Disc,
ResourceRequestStatus = Granted)

) SCO-GFUN-118536-Eject DiscWhiteBoxWiew (RiO)
) SCO-GFUN-118538-Scan'hiteBoxYiew (RO}

) SCO-GFUN-118546-Compression'WhiteBoxYiew (RO)
e [SystemitE_LcSD (RO

|
|
L |
| ResourceUpdate_St(RequesterSystem = FrontRequester, |
| |
[~ |

(0D« Different Domains (Powertrain,

|
sifkg (RO) I Chassis, Electrical) use different |
Lot e e ) | modeling tools
ech DSl By L .
538 Sraraln 000 o | S « Fundamental object
For belp, press 71 management and relationship B

tasks are similar

23 Courtesy of Nick Collela, Ford Motor Company




SysML — Powertrain Feature Modeling

System high level functional
requirements are modeled in SysML
which are then decomposed into
lower level behavior models

q "ﬂ- ¢
— A | L
- 3y
-
et ]
- |
— ] =
LR I —
| —
L | I
3 k i
ES

Behaviors are partitioned into a
logical architecture and physical
architecture

ONE FORD

ONE TEAM » ONE PLAN « ONE GOAL

Repeated 0~ .
he element tevel o

The functional system
requirements and derived
requirements are linked to the
SysML behaviors using a
Requirements Diagram

B

Requirements gaps were identified N —|
when modeling the behaviors which T B e
were not apparent from the textual
requirements alone e —

e =T [ |

Courtesy of Kyle Post, Ford Motor Company
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Managing Vehicle System Complexity _ONEFORD

Vehicle Software & Electrical Management — VSEM

Create a global information platform with seamless information management of
engineering data from function to ECU S/W & H/W inclusive to create a
complete PLM/ALM solution for electronic/software area.

— Provide a fully traceable, object level work product framework
— Support a Model Based Systems Engineering EE development process
— Single source for all information E/E development data

— Support change, version, and configuration management with full
traceability

— Based on standardised open tool framework to enable utilisation of
“best-in-class” commercial state-of-the-art “plug-in” tools.

— Designed on industry engineering standards and aligned to the
AUTOSAR architectural framework

25



VSEM Solution Architecture ONIE FORD
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. Siemens - Team Center Platform
o
a PLM/PDM Product Development Data Backbone
g | Geometric and Virtual Vehicle Build Data
m
Teamcenter - RM VehiC|e Level ReqUirementS
. SW Systems Engineering I _ Electrical Domain Design information
] (Sand box level) \ / i
Model Based Desig VSEM: Unifying Requirements i
i Information Model » Management :
! Felelogic P& > . . Teamcenter - RM :
: oogic ")- Team (includes: Binary ;
X - - > _ Management -In Vehicle ‘_L Network Comms :
e MiL, SiL,, HiLL integ Software) ———— |
o Validation rations [ vector] |
§ . }"S'P.'ACE - 1 I Teamcenter Software Config. Man .
. MBDI/SE / \ IBM |
Architecture Functional Parametetrs
i TCUA Vecto_f [ ] Definitions Teamcenter - ECCT IJ i

B Global Enterprise information [ Electrical domain information [] Local information in point tools €= Defined Exchange formats

» Adoption of Single Corporate data backbone and authoring tools enables WP and relationship Meta data re-use
across Corporate PD systems.
* Must support data objects that require rapid iteration (ALM) Vs structured management (PLM).




VSEM Project Scope and Implementation

<
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EE System Artifacts that derive a
Released BOM
Requirements, Tests, Models,
Parameters, Devices, Calibrations,
Configurations, Architectures...
(As-Designed)

EE System
Released BOMs

(As-Released)

Product Development In-Vehicle ‘ Assembly Dealerships and Web Services
Software (IVS) Plants
New Distributed-Feature View PD - WorkProduct View Pge-st\i/:;t::vn/ ] E/E System BOMs ’{A/gﬂrgae(:tsgﬁgs
:"A_d"t'"" 7> — Variants
ICruis:pc::netrol: || agase_| o BOM 1
i o | =
i m:w % As-Modified Vehicle Series
1 Functional earameters 2 ; arian
"""" = bow JBoy | Bou
BOM 50 pon IBom | Bom |
BOM _| 5OM | BOM |
Network Topolo In Plant Flash =;.H =.-..H =-.H
Insert Graphic ValenC|a IEETM- IEETM- m
Saarlouis
_ _ Cologne
- Systems Engineering,
- Software Systems Engineering Genk
- Software Engineering Auto Alliance
> Model Based Systems Engineering< Cuautitian

Global
Manufacturing
Plant
Reprogramming

(As-Built)

Global Dealerships & Customer
Updates

(As-Modified)



[ ] [ ]
Systems Engineering MB Framework _ONE FORD
Systems Fe?ture Fun_c:tlunal Lu_glc:al ph_ygicm
Enaineerin Dictionary Architecture Architecture Architectures
g g (Implementation (Re-usable Reference (Vehicle Program
Work Independent) Architectures) Specific)
Products
g ~N Virtual, |'1.a1-:uc|-s.-|ﬁ“‘ﬁ (f;mmudit'f ‘-’rln'-':i;'1 ('Vehicle Program )
© FMEA Based Analysis: Reference Specific
*  P-Diagrams ysis; .
«  Boundary Dependencies; Architectures Architectures
Diagrams Coupling; Cohesion
*  Interface
Matrix & Arch Quality Sync
*  Noise Attribute Studies ge;l 2
Factor .
Mangmt Arch
Strategy i i ¢ =4 V1.0
*  DVP i
+  SafetyPlan . o R 6 WL P Seu
E Prelim BCM %
Hazard Ref
Analysis Arch
*  Functional V1.x )
Safety
Concept \ H
\. J/ 05
.7’ F " GlobalSignal Database (GSDB) )
= / ' \\ - Signal Definitions - Interface Specs
= ‘ - -CAN Message relationship
) e b (=) = - Global Device Transmittal Database (GDT)
Sl mepun iyl povay | P - SW-HW interfaces
E &= ||| e e | - EE Devices — Sensors - Actuators /
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Model Comparisons in BoM View

Struckure Manager 52 =0 <= Relation Bru:uwser] Eg; - | ;_,“f = Y = 8
000517 8;-1B0_Locking (iew) -... .:I ﬁ w+ |000517)6;-16D_Lacking (vie... :| ﬁ' e rf“OOOSl?}(B}'IBD_LDChng (VIEW)
BOM Line BN Line —
s O00517/4;-1B0_Locking (¥iew) a | i 00051 7/8;-TBD_Locking (view) =820 Tree E | e [T D T
= 5% 000504/8;-Locking (view) | ooozz1js;tHineBhmoconnection x 2 =+ B{5Ease Document
o5 ) 000494/A;-AukoLock (View) - 000504/8;-Locking (Visw) S Ed |\BD_Locking.ip)|
-5 000501 {8, -Autalnlack (Yiew) CE-SErh 000494 /a;-autoLock (View)
- Aukolock_SpeedDelay_CFg.9 ; Sl 00050144;-Autalnlack (Yiew)
-0 Autolock_RearmSpeed_CFg. 10 - 00050308, -Power_Locking (View)
- fukoLock_LockSpeed CFg.oll ---ff:-“,:DDDSDZ.I'P.;-Pu:uwer_Lcu:kjng_Fee
- Aukolnlock_Cfg. 12 & 000508/ 4; -Decklid_Unlock_Switch {Vies
-0 Aukoldnlock_armedCuration_Cho & 0005097 4;-5W_DR_AJAR_HOOD (Wiew
- Ay _Dioor_Ajar_Stakus, 14 S5 000510/4;-Lift_Gate_Release_Swikch §
-0 AukoUnlock_Rgst_in, 15 i 000511/4;-Decklid_Liftglas_Release_=
-0 Aukolnlock_Rgst_out.1 # 000514/4;-Liftgate_Ajar_Release_Mok
-0 Lock_EvMum.S 5 000515/4;-Lock_Mator {Wiew) x 4
-0 Ignition_Status_Available, & B el >
- Ignition_Status. 7 DR, _UMLOCK, 1
-0 DF_Door_Ajar_Skatus.5 ; DR, _LOCK, 2
-0 Wehicle_Speed_fwailable. 1 I:- DioOR_KEY _LOCK.3 =]
b Yehicke_Speed.2 b1 DOOR_KEY_UNLOCK. 4 /1
b YBattState_vRANGE_aUToUNL. | | B 5 TSR oo (——
b Lack_Status.4 b b DOOR_UNLOCK, 1 :]] ==
=85 000505/4;-Power_Locking (view) Lo DR _LOCK, 2 [ B T
-5l 000502/A;-Power_Locking_Feat B _ -
EI---?T;: 000s03; A;-Decklid_Unlock_Switch (isw B LOCK. 1
 emb Ukl - LB UNLOCK, 2
q | e 2
BOM Compare Report - 000517 14;-IED_Locking (Wiew) - = 00051 7/B;-IED_Locking (Yiew) M. ..
Item Id Ttem MName Find Mo Dew Qe =
aooslr?
ooozzl lineBhmlConnection [, 0-=2 | ° BOM based mOdeI
oookls MOop DB RF DDM [ O-=1 . .
mnnsia wem mn mr neer [ comparisons or graphical
M el @l Hell +| model differencing can be
performed.
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PLM/ALM Base

P PSE (Product Structure Editor) - Teamcenter 2007

File  Edit

=

Mechatronics

Hh =

View Tools

Window Help

&'ﬂ Horne: »
B My workist »
&, My Saved Searches w

@ My Links

-~
[77] PSE {Product Structure Editor)
== Drganization

on

= 4k s 8y »

d Model Management

----- %] PrO15z2 1481, From=Fag Lighting
p1™; 1, Headlamps_On_With_Wipers_S
1] PrO154/4,;1,Headights

el FRO1554A; 1, Perimeter_Light
@8] FRO1561A; 1, Turn_Sigest Hazard_Lightin
I 016074, Blamp_Exit_Delay_Progra
----- A; 1,Front_Fog_Lighting

Ll THROL19/a;1,Headlamps_on_with_wipers_STD_VT (Engineering)
sl THROL20/A; 1, Headlights_WT {Engineeting)

sl THRO121/A;1,Perimeter_lighting_YT {Engineering)

Wl THROLZ221A; 1, Turn_Signal_Hazard_Lighting_%T {Engineering)

ONE FORD

ONE TEAM « ONE PLAN * ONE GOAL

* Unique ICONS to
provide visual cues to
identify and relate

/ .
O vy o= e feature/model artifacts
* Refereng ersedurs | 40 Attachments |
Line Checked Qut
...... €d B =
Fron Fj dit  View Toaols ‘Window Help
Hea & B X BOoEEEHE =500
Turr Search & Home 22 = 8 [* summary 53 %‘Detai\s 2o Viewer | * Impact Analysis & T Preview =]
At Enter Item ID o ssarch - [5= [} = = & =
Fraor
Hea ~ Quick Links Customize ||| B H‘””; . % Autolamp_Exit_Delay_Programming_STD.mdl
& ilbi
:;'ea_ £ Horme » F— Release Status: A~
= . )
& My Warklist » [ My Documents
Turr] » "
B [ Simplified Models - Phase 2
» ?t; Autalamp_Exit_Delay_Programming_STC.mdl
[ My Saved Searches »
~ Dpen Items
A Home
SCM Checkout Yiews:
- History 9
5CM Config Context: 3, W
SCM Config Rule: glement * CHECKEDOUT A
element * fmainfLATEST r
~ Favorites Orgarize ] B
3|51 oncatares |
| SCH Element: [ autol del d.mdl
. it i . hd
Q Getting Started lemen autolamp exit delay programming std.m
SCM Element Paths: \MRSVabsekhar-0804_models\phaseiprimarymodelfile/a
My Teamcenter
% Lifecycle Yiewer N
Structure Manager
E‘:'E Drganization
<
EeFgen R

Ready
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Models in a BoM & Object Relationship Viewer

b VMLAB-VSEMXPO1 - Remote Desktop Connection

o 'u'iewerl—‘E Relation Browser 52 ™. |2 & G ] | lgg - | 21T =0 L

00051 7/B;-1B0_Locking {iew) - Latest Working - ... - ﬁ v

BiZM Line

s D00517/8;-IBD_Locking (View) )
A 0002211 4; 1-lineBhmdConnection x 2

0005041 4;-Locking (Wisw)

st 000494/a;-AutoLock (View)

-5l 000491} A;-Aul

-0 Ignikion_St

- Tgnikion_St
b Aukolock_

-5 0004328,;-Aul

-0 Autolock_

-0 Autolock_

t Autolock_
Vehicle_Sp
Vehicle_Sp
Autolock_
Any_Doar,
Autolock_
VEatkState
Autolock_
Autolock_
Autolock_

i Aukolock_
=15 000493)8;-Aul

|> DRL_Trans_.iy.L

< e

|
B

i

i

- - - - T - -

* Modeling Tool Integration provides both a Bill
of Material view and a Graphical Model
Browser view

« All model object references; devices,
input/output signals, connectors,
requirements, test vectors, parameters,
calibration & configurations are related and ' N
managed in a central database sted... | (@] 2Mia y o




Full Traceability into Impacted Work Products

50 Structure Manager - Teamcenter 8

ONE FORD

ONE TEAM « ONE PLAN * ONE GOAL

o8 LFO00014/A; 1-Fuel System (view)
- LF000016/A; 1-Horn (view)
T LF000017/A; 1-Infotainment (view)
& LF0O00018/A; 1-Interior Lighting (view)
T LF000019/A; 1-Locking/Unlocking (view)
T LF000161/A; 1-LVEM Start Stop
F LF000021/A; 1-Mirrors
B LF000020/A; 1-MISCELLANEOUS
F LF000022/A; 1-Movable Glass
F
J LF000286/A; 1-My Key Speed Limiter
= LF000152/A; 1-My Key Speed Minder (view)
Ejp LFF000085/A; 1-Determine Speed Minder Threshold
EF LFF000086/A; 1-Speed_Minder_Flag
F.F LFF000087/A; 1-Generate Speed Minder Warning
F.]: LFF000194/A; 1-Determine Max Speed
FF LFF000195/A; 1-Limit Maximum Speed (view)
'R LFF000196/A; 1-Display Top Speed Limited Warning a..
'F LFF000197/A; 1-Near_Maxi_Speed Flag
F.F LFF000085/A; 1-Determine Speed Minder Threshold
B LF000287/A; 1-MyKey Maximum Audio Limit
T LF000288/A; 1-Inhibit Traction Control (TCS) Disable
- J LF000140/A; 1-Inhibit 911 Assist Disable (view)
- LF000143/A; 1-My Key Report Card (view)
T LF000289/A; 1-Inhibit Do Not Disturb Disable
- LF000153/A; 1-My Key Belt Minder (view)
T LF000291/A; 1-MyKey Low Fuel Warning
@ LF000148/A; 1-Inhibit Park Aid Disable (view)
@ B LF000151/A; 1-Inhibit FCW Disable (view)
- B LF000149/A; 1-Inhibit Blind Spot Monitoring Disable (view) v/

t

e 888w

0

+

-+

Fle Edit View Tools MRS RevisionConfig Cross Workstream Window Help

Gl DRCLIREC B2 s o0 @ gl4R
NI R X YRR O ®
© @  Structure Manager (goket (goket) -dba /DBA [VSEMPOC1]
[ Structure Manager £2 = 0% summary 82\ @ ecu| Gl Model| [ Parameter | [ A
FLIB00O1/A;4-CGEA 1.3 Library (view) - Latest Working...
BOM Line -
& LFO00013/A; 1-Exterior Lighting (view) Al ) LFO00135/A;1-My Key

Owner: Last Modified

8 wletloket) 23y 2011

Environment supports full impact analysis to
understand any change in it’s
Vehicle/Domain/Subsystem and Feature
context.

Enables fully informed, high value decision
making.

Full re-use with context and underlying
assumptions

Overview Relations . Available Revisions

v Feature Libraries

Object ~

BRFLIB0001/A; 2-Feature Library
BRFLIB0001/A;3-CGEA 1.3 Library
EBFLIB0001/A;4-CGEA 1.3 Library

v Vehicle Programs

1-Focus
Ford Focus
-Explorer
Fusion

v ECUs

Object
[ 000085/4;2-8CM
[¥001138/A; 1-Anti-Lock Br
[@7001147/A; 2-Accessory Prot

[%001163/A;2-Audio Digital Sig

v Requirements

Object ~
(% REQ-005066/A; 1-Use Ca:
(3 REQ-005885/A; 1-PATS M
(4 REQ-005886/A; 1-IKD L
(4 REQ-005887/A; 1-Program v

v Primary Models

Object
&llPRo177/4; 1-Determine
[lPro180/4; 1-Determine Ma:

WPRO 181/A; 1-Limit Maximum

v Parameters

A Object A
(#)002488/A; 1-gn
(#)002488/4;2:ni
123003841/A; 1-Ad
(#]003856/4;1-5

v

=]
&
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PLM/ALM/MBSE Lessons Learned ;&“&“Ju#

“On Ko Chi Shin” — “Studying the old promotes a better
understanding of the new”. Ancient Japanese proverb.

ONE FORD

ONE TEAM » ONE PLAN « ONE GOAL

1. Different domains select different modeling tools due to multiple factors

1.

o0k W

Ability of their domain specific artifacts to be represented completely within a
modeling schema/construct set

Number of engineers with a specific modeling competency within the domain
Amount of legacy models of a given modeling tool type within a domain

Level of abstraction required within a domain and across domains
Availability/cost of existing/new Licenses

Lack of engineering staff with modeling competency or allocated resource/time.

2. Some features/commodities do not benefit from detailed modeling (non-changing features
that are truly purchased commodities and do not benefit from executable modeling efforts
(still may benefit from static architecture models)

3. These forcing functions lead to the need to support a HYBRID MBSE environment that
consists of a set of modelling tools with associated style guides, maturity levels,
completeness levels

4. For HYBRID environments it is important that all of the critical to quality/function
artifacts/Meta data and associated objects/relationships are managed with supporting
lifecycle management tools

5. Enterprise wide change is hard, painful, challenging and rewarding AND far better than the
alternative...... 33
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