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Why MBD ?

 Time To Market
* Product Characterisics

* Quality

 Cost

« Power Consumption 25,000
-~ brochures

 Performance per day

» Usability

« R&D Efficiency -
125,000
Personalized

magazines
per day

Managing Complexity !

Océ ImageStream 3500 printer
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Breaking down a print system

1300
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Breaking down a print system

PRISMAsync
Controller features

- Ul

« Job management

« Workflows, planning
* Fleet management
« Color management
 Media management
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Breaking down a print system

Engine features

* Brings engine alive
with behavior
(control, measurement)

» Systems level multi-
disciplinary aspects:

* Productivity
« Data trends/analysis
« Variability

* Error handling
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Variability

Same engine,
different configuration
(input and finishing/output)

—

Comparable configuration,
different engines

Variability

within the engine:

1. Paper input module
2. Paper transport module -
3. Print module
4. Fixation module -
5. Finishing equipment
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p_injectTestCases : P_injectTestCases

Modeling 1s no stranger to us

fic) ummnmbrmmmnj
‘Connected through SAP/SPP
s_DeviceStubs
#10p {
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< Tener  Tining N —— / ! watingForTestCase » ] executingAutoTestProgram
\ | Both use the D_INPIds i ] 1 !
Y database to get information 1 i i
\\ for the SAMPLEDEVICE | H
N [ i
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Connected through SAP/SPP. ]
£_DeviceStubControl { {
\“ |
s_TestCaseCtrl : P_testCaseCtrl 0
s_TestCaseCtrl : P_testCaseCtrl
s DeviceStubControl : P_DeviceStubCantrol
testCo}seReady nNe:éSt
isAutoTestProgramActive e e
false A |
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%> logAlDebugLevels =/
25 logOnlyDefaultDebuglevels
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GEUTEIN Software Architect ;}’;‘-;"?I““d- esteaseCt
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Modeling 1s no stranger to us

p_injectTestCases : P_injectTestCases

| 3 A_Abst-actinPDevicestubTestContainer |

s_TestCaseCtrln : P_testCaseCtrl[20]

s_Frame ; Frame

&_Timer : Timing

s_TestCaseCtrl : P_testCaseCtrl

%
[=
[
i

_mvhesub &mmcmae}& |
mﬂxlb > ExceptionCatcher

Connected through SAP/SPP
s_DeviceStubs

P s_TestCaseCtri : P_testCaseCirl
z = L
(%

= Inpsomm;b A] | inpServiceSti
B [0..1]

. ~ Both use the D_INPIds
i da:abasetoget information
for the SAMPLEDEVICE

Connected through SAP/SPP.
£_DeviceStubControl

s_TestCaseCtri : P_testCaseCtrl

g

s_DeviceStubControl : P_DeviceStubControl

Gl TELR Software Architect

ROOM using
R’

+ Established
o ode base
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Technologies

Controller (cut-sheet): Engines:

» Single configurable code base * Code bases per product family, with a shared
C, C++, C#, Java, TypeScript, XML, ... reuse architecture and infrastructure
PowerShell, Python, Lua, ... (for build & test) « C.C++. VHDL. Matlab. RSA-RTE

» Co-developed at five different R&D sites
» Supports £8 product families .
» Supports Océ and Canon engines

« Python and Lua for testing & data science
Multiple sites, dedicated development of
specific engine types

Both:
» Mature development/build/test environment:
» Mature engineering tools and version control (VS, RSA-RTE, TFS)
+ Automatic deployment of development and test environment
* Nightly build and test (unit tests, module tests, system test framework)
« MDE for complex control using state machines
* Synthesis — custom MPS-based tooling (components, generates C++ & Boost) , RSA-RTE

* Analysis — OIL (components & interfaces, proof-of-concept tooling)
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Some MBD examples

» Interface specifications
« System capabilities
* Features

1 =7l version="1.0" encoding="UTF-8"7=
| <reparts
1 =tacs
=tocitem chapter="c1"f>
=tocitem chapter="c2"=
=hoc=
=chapter id="c1" fitle="Summary"=
=sentence=This report describes the core concepts of XML, how to deploy it and
its capabilties</sentence=

Integral productivity
(job, SW, HW, operator behavior, floor plan)

=sentence=... </zentence=

=lchapter=

=chapter id="c2" title="Description"=
=sentence= eXtensible Markup Language (XML iz a language subset of the Standard
Generalized Markup Language (SGMLY. SGL iz a meta language, therefore, a <fsertence=
=sentence ref="something">... =izertence=

<ichapters

! Zireports

____ defEefE T T T T T T T T T T T T s s s s s s s s s s s e e nce=
! 2report=
lemim - defEefE T T T T T T T T T T T s s s s s s s s s s s e e |

: =lreport= I

1
-

1
1

1
1

1
1

1
1

1
1

1
! 1
! 1
1

1
1

1
! 1
! 1
! 1
! 1
! 1
nces |
! 1

Performance

card
inserted

[finished]

Processing

Printing

maintain

Maintenance

State Machines Impositions o
(Component & Interface) (Finishing vs Applications)

antry / readCard
exit / ejectCard
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Architecting

Design
D T LR LEEEEEEE S e e P EEEEEEEEEEE SN EEEES 2

Engineering

MBD landscape of opportunities

CUSTOMER ENVIRONMENT PRINT SYSTEM USAGE variability
new opportunities: business, product, technologies integral productivity
‘_| L, requirements / features
DOMAIN
total aspects JOB MEDIA SETT|NGS F|N|SH|NG
multi-disciplinary consistency
product families consistency and variability specifies features

J T

<

|7 generates interfaces

specifies

Physics & Chenistry &  rew CONTROLLER & ENGINE SV desion analysis  simuiation
. impact analysis  performance
Mechanical & Electro analysis P
Design space exploration CAE @) COMPONENT __CO— COMPONENT
1 1 ©)
= \ICBJ TPI\ data + interface é)“
% COMPONENT N
m _O>_ data spec Q_V>
5 behavior spec data constraints S § t‘:?
(components & interfaces) usage spec 23 @
33 S
A~ ] g8 L°
4| |k extracts / documents i 7 generates R 7
LT N M
Interfaces code
virtugllexperiments simulators State machines code tes;
. code
P C M E SOURCE CODE Unit tests code mocks
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1CS

In control over Dynam

Example

R4 - Public

Océ - A Canon Company



Other MBD examples....

Physics simulations

]

Mechanical paperpath layout

Multi-disciplinary
media handling

Mech. parts

Elec. parts

-

Service Training Z%.. 7| Model-based control
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Product Development Vision

-

Research

~

Work benches

Literature

PR knowledge _

Experiment

Other projects

\

J

Sensible modeling

Not every atom needs modeling

Prototypes

Prod. Doc.

O
( Virtual w
prototype
)
4 N ([ )
Domain

models

Architecting

80% -- Risk reduction & architecture verification

20%

Océ - A Canon Company
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Model Based Design

Design

Space System knowledge with MBD

/ System knowledge

/ without MBD

Project Timeline >

Océ - A Canon Company R4 - Public
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Maintainable & reusable modeling

MBD

results Want to be here!

““““
.
.

Combining models
- exponential added value!

Ygas®
am

document-based
“in your head” way

of working
Throwaway effort
models...
trivial normal complex work / functionality
complexity
Océ - A Canon Company R4 - Public
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cost
competitiveness

Cost model in DF (R

Required
system cost

# systems per
year

[

ectural
)ices




The Modeling Manifesto

/ We are uncovering better ways of developing products by doing it \

and helping others do it. Through this work we have come to value:

Virtual prototypes over physical models
Simple, easy-to-change models over complex detailed static ones
Demonstrable models over submarine ones
Modeling in teams over lone wolf modeling
Connected models over stand-alone models
Self-documented models over classic documentation

kl'hat is, while there is value in the items on the right, we value the items on the left my

R4 - Public
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Why use virtual printer prototypes?

Printer availability; costs
Improved understanding
Shorter development time
24/7 testing
Environmental benefits

e —

&

Océ VarioPrint 110

Océ VarioPrint i300
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How 1t works: introduction to SIL

B

ESTTFTTTG TR

PR\
N\ N\

et

Test Facility J >

W control

|

Sensor/Actuator staty

Application(s)

|

control | |status

@)

~  Graph Visfl]éluizq_’gi_c_)_ng

4

&ensor/actuator status

Simulator(s)

|
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Case: VarioPrint

1300 3D Visualization
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Plant modelling & SIL

3 Fixation - Simulink [E=REE
fi:]E _gdit l!’iew _I?ilslpda.y Diag@m "§ilmu1ation ”ﬂnailysis Egde :_I'&.)ols .ﬂeh.:
® |[a] Fixation -
@ ch
= =
—
O

Demoist | 11

fap '

(aTa 18]

Ready 100% VariableStepAuto

il
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Modular Océ Reusable PlatForm

Electronics as Flexibility, TTM,
easy configurable availability
as software

Scalable processor power

S BES'e board

-

Océ - A Canon Company R4 - Public 23



Electronics/Software Interface

Project/Board : DENO HST
BLDC3AS Tile PINCH MOTOR
slot : 1
tile name : bldcias
ti.lz_v&rsinn 1 2.0
motor ¥ D(Motor : PINCH HOTOR
pwvm : PHM
name : PINCH NOTCR PN
frequency : Z0000
enable : PINCH MOTOR_ENA N
direction : PINCH MOTOR DIR
inverted : no

enable : SimpleOutput
name : PINCH MOTOR ENA N
activeState : ACTIVE LOW

direction : SimpleQutput
name : PINCH MOTOR DIR
activeState : ACTIVE HIGH

hall : HallDecoder
name : PINCH NOTOR HALL

encoder : QuadratureDecoder
name : PINCH MOTOR ENC

fanlt : SimpleInput
name : PINCH NOTCR FAULT N
activeState : ACTIVE LOV

brksel : Simplefutput
name : PINCH NOTOR_BRESEL
activeState : ACTIVE HIGH

spi : SPI
name : PINCH MOTOR SPI

chip selects : name : PINCH MOTOR_EEFRON C3

Océ - A Canon Company
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VHDL HSI

. TSm0 cumn  cmes O comme S
: o 0=

——> Generate
S Remote 10

)
Qtru ;

T
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Worktlow OSCAT

Plant_Dieg | [Plant_Diag
VM

& o

g Lt |

4
e
i
®
_ ol

/ Early Phaseé Late Phase
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A3 Sheet Productivity

Machine Settings || Media . ot
Fanspeed bLgosago | 0 0
y p ; A4 AS Witz ubishi d1 MDA,
rumspee CDA, |
Timing Behavior Parts
V= VIOW
V = Vhigh é‘—ﬂ— 3,
a = amax
Route C—1 Job Specification W
e 70 x DL908490 Mitsubiski

Simplex

Monotonic scheduling, p = 0.7s
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HappyFlow sheet timing simulation

28
R4 - Public



Timing combined with 3D-CAD

wenrlbgos & X

Qargnr o Vil st

Joject = Alrtux LE TS
¥ bek 3
7 Protbrg..
7 Srntleg.
' SPratEagi.
T
v fPrntheg.
v rentheg.
¥ SPvatEegi..
v roeg..
4 W prch
v MBrcwnBa..
e T
¥ [TecwnBe..
W MErownli..
¥ fBecwnBa..
¥ [Brewele..
v STecumils..
¥ eecwmBa..
V. BrownBa..
W fOceHCS3..
¥ /OceCS).
¥ /OceHCS3..
¥ OcaHCS3..
e ax ‘Washiardsn
e v b fter
ke | Rem vale
Eecwnlag 4 & FXOLO.
CeeHlsd & speed 1310073
CcePen & poz. HALAIS
Ceolerd 4 0 Peraie.
Frmt{rgine % ]
sy 00E
#z 12m
| SCooL.
= O,
& SCOCL.
& SCOCL.
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Rendered including print job

R4 - Public
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Connecting People ....! & &

\_4/
Timing/
Scheduling
model

3

Timing Modeling
DSLs Tool

Researcher

ol

Engineer

Timing Domain Expert

X

Language Engineer

Domain Expert
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A
\_’/
Timing/
Scheduling

model

EY

Timing Modeling
DSLs Tool

Timing Domain Expert

Language Engineer

Simulation
(e.g. SIL)

Control
(e.g. ESW)

Analysis

(e.g.
Productivity)

R4 - Public
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A
\_’/
Timing/
Scheduling
model

Timing
DSLs

KEY

Modeling
Tool

Simulation
(e.g. SIL)

Control
(e.g. ESW)

Analysis

(e.g.
Productivity)

R4 - Public
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N
v
Timing/
Scheduling
model

Timing
DSLs

EY

Modeling
Tool

Simulation
(e.g. SIL)

Control
(e.g. ESW)

Analysis

(e.g.
Productivity)

R4 - Public
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Timing/
Scheduling
model

Timing
DSLs

Modeling
Tool

ol i

e

19527 1250
1902 503

4 18527 1250 1
17982 1550

13623 675

13084 675
8 12814 675

68
12274 675
8 12004 675

9 11465 675
11195 675
2 7970 1313 1
4368 1274
3863 1250

2864 1250 1

TORRERTONRRRETREEGE
B

R4 - Public
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Job Specification NiagaraSchedule for DL908490Mitsubishi x 70: - . em—
Orient sheet with LongEdgeFirst
Follow route Simplex
Adhere to timing behavior NiagaraTimingBehavior
Use scheduler MONOTONIC with peried 0.9 s

: Use profile recipe: |<c'hoose optional profile recipe>

double decelerationDistance (double vNew, double vOld, double a) {

2 2
vNew — vO0ld
return |—m8

2 * a

Action Turn ( speed vInitial, speed vMax ) using <choose optional parameter calculation model>
1{
Entered with speed vInitial

Speed is vMax with LeadingEdge starting at at InterfacePoint1107 InterfacePoint1115 10 POMEBUSXLSE
Stopped with TrailingEdge at InterfacePointl225_InterfacePoint1365_14 FIXOURUSRPI + 10 mm and wai
Flip Edges

Rocelerated to speed vMax

Speed is vInitial with LeadingEdge starting at at [InterfacePoint1107_InterfacePointl

3 () FIXDEXUERRORFLAP InterfacePoint156_4 FIXDEXUPI1 (=75f
Routelist NiagaraRoutes for NiagaraPaperpath
Routes
Route Simplex = ( [input - process - fixation - toOutputOrRe
Route Duplex = (
[input - process - fixation - toOutputOrReturn = retuirn = pro - fixation - tooutpl
Sectors
Sector input : ||[InterfacePoint2473, TMJOIN, InterfacePoint2598, InterfacePoint579]
Sector process : [ InterfacePoint579, InterfacePoint2630, InterfacePointl ||
Sector fixation : |InterfacePointl, FIXDEXUERRORFLAP, InterfacePointl5e |
Sector bypass : |InterfacePointl, InterfacePointl56 ||
Timin . Sector tooutputOrReturn : ||InterfacePoint156, SCOOLSCEUERRORFLAP, Ints
g Sector output : ||InterfacePoint1588, InterfacePointl1775, InterfacePoi:
DSL InterfacePoint1107, InterfacePointllls|
s Seetor return : |InterfacePoint1588, InterfacePoint2068, TMSRUDEF, Ir
InterfacePoint238, TMJOIN, InterfacePoint2598, InterfacePoint57
Entries
entry entry connector : InterfacePoint2473
Destinations
destination exit connector : InterfacePointl224
First turn point:
Turn point tolerance (amount of extra segment after a turn point)
0 mm
Il.ayorur. ExamplePaperpath
e = ~r———— e = -
& C2_C1_%(mj)  lm30mm) s
E‘
e ~ e 2. £l
P 52 C2 1(=h)), 1 19527 1250 100 iy <5
C4_C3_2(=3) L0 SE+2 0mm,0=24 15027 1250 160
/ 64 18527 1250 100
/ 17582 1550 124
/ 17362 1550 124
/ / 16745 1536 123
JE\ ©8_C6_4(=1) ,1=30mm,0=C6 5225 § ERaimi T e T
< > 14871 1231 98
S 7 14434 81 68
7 13366 14163 675 54
©4_C5_101=b)-1=€. 0e=1nm,0=C4 / Ta5337 875 B4
13623 675 54
—_ clfi c8 6(=c) 1=30mm,0=C11 13353
N 13084 675 54
12814 675 54
CI1_C6_7(=c) ,1530mm 0=CE
74 10:
3863 1250 100
5 00
©7_C11_8(=d) ,1=30mm,0=C7 2186 2864 1280 100
1757 2.
1357
957
587 822
b ¢ 12/
Niagara LI2 I3yout Rev 6.7A MIXED Time: 111993 Speed: 56%
R4 - Public
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And Connecting Development Phases ....

Read,
(mis)interpret

R4 - Public
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{

*

KND " T e

KNG .

REGSYNGSE 7,

A4 Duplex Time: 5.136 Speed: 0% I

R4 - Public
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KNg Py

“'I(HE .

REGSYNGSE 7,

A4 Duplex Time: 5.136 Speed: 0%

Paalcng
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KNg“~
A HKNS =

RecsmosE 1

A Duplex Time: 5.136 Speed: 0%

uoljezijeay

Mechanics
Develope

Control SW Developer

Timing Designer
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uoinjezijeay

A Duplex Time: 5.136 Speed: 0%
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uoinjezijeay

A Duplex Time: 5.136 Speed: 0%

R4 - Public
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Make 1t “business as usual”

MBD supports the transition to:

»
>

Introduce organization and process... | 5% 95% |
40% 60%
Project - e
Management
Fy
priorities
+ Development
Teams
=
S /T\ support
o
O e ™ S i . wnt Managers
1 b
\ Architects [+——* » Competences
4 " v
%E J'| students / \ PDEng working methods
%: \ PhD ’f functional management support
___E N readernia consultants / long term fitness (technology & people)
i ", research i
i institutes ¢
Solution owner
E maintenance
o maintenance
MBD (] :
maintenance

“‘vague” roadmap...
Match MBD and product planning....

R4 - Public
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Model Based Development ?

Dare to dream !
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Questions?

Océ - A Canon Company
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A CANON COMPANY
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