Architecting in the Agricultural Sector

by Gerrit Muller  USN-SE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

A major task of an architect is to communicate about the essence of an archi-
tecture with a wide variety of stakeholders. Effective communication facilitates
shared understanding and reasoning, which in turn helps decision making and
reduces noise in the organization. In this presentation, we show how to use
project and architecture overviews for this purpose. These overviews contain
multiple views and the essential facts.
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Architecting and Engineering Management are Complementing

Systems Architecting, Design, and Integration
Systems Partitioning (Work Breakdown Structure, Bill of Material)
Dynamic Behavior (functionality, interaction) :
Quantified Quality Attributes (performance, safety, reliability, ...) allow dlvergence
in relation to each other and in the context explore options

1)

creative
open

prerequisite for content for different attitudes
Systems Engineering Management v
| y 9 9 9 manage
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Interface Management

Product Life Cycle Management and much more... qualification focus
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Architects Must Own This Overview

Systems Engineering: Fitness-For-Purpose

Achieving customer and business key drivers

via key performance parameters of system

customer value based on technical expertise
proposition ™\
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~5 customer S\ ,
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v requirements technology
S
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Perspective Changes when Zooming out

T g retailers, consumers taste, health, price
3 2 t
. . food traceability and quality, legislation,
T O food industry .
S = x supply chain robustness, food cost
= c
S o farm economy and robustness
5 farm . . .
£ A food, animal & environmental legislation
% barn herd well-being, farmer logistics
S A cleanliness and productivity
— ol 15y cow anat_omy_, health, and WeII-_b_elng
g X milk quality, time and space efficiency
S . udder anatomy and health
D udder connection . .
- milking effectiveness
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What is the System-of-Interest you are working on?

T S retailers, consumers
8 £
3 & 1
c_é E food industry At what level is your system-of-interest?
= 2
g5 !
%) farm What are its ~5 key performance
S A parameters
C
O barn
&
® +
_ _ What are the ~5 key drivers of its
T milk robot supersystem?
= X
S
Q udder connection
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Maturing an Architecture Description

sketch capture structure
electronic and order engineer
clow notes |, Vi document repository
o PowerPoint A3
photo
fast

low threshold more effort

changing rapidly

evolving slowly

major effort
controlled change

. non-volatile non-volatile
volatile . f |
: slightly more formal orma
informal
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3-Day Workshop Results in 20 Flipover Sheets
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Architecture Overview A3

header

dynamic
behavior
(functional
model)

visual aids

key performance parameters

decisions and considerations

physical view

simplified from http://www.gaudisite.nl/BorchesCookbookA3architectureOverview.pdf
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A3s to Capture Architecture Overviews

multiple related views

one topic
per A3

capture
"hot" topics

digestable
(size limitation)
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Metal Printer Alignment

Author: Gerrit Muller

AAMBSEalignment A3 Version 0, April 11, 2023
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Workover operation; architecture overview

This A3 based on the work of SEMA participants: Martin Moberg®, Tormod Strand®, Vazgen Karlsen', and Damien Wee',
and the master project paper by Dag Jostein Klever'. ?Aker Solutions, ' FMC Technologies

version 2.2 Gerrit Muller
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H eat StOrage Base Case Scenario

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

BDSTA3baseCase Version 0.1, October 22, 2019
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Level of Abstraction Single System

T 10°
S 10
2%
EY 107
5 ° 10 system
‘ 103 requirements
10* multidisciplinary
i design
10

static system definition
monodisciplinary
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Growth from System to Product Family

100 4 o 10°
s system —— portiolio
100 2 o Y P 10*
23
10° EZ 10°
- systems
10° | 10°
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10° multidisciplinary 10°
6 6
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10’ 10’
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monodisciplinary
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Product Family in Context

enterprise context

enterprise

=
-
o

stakeholders

number of
detalls
H
-
o

3 Sys.’.\t\gms ..

106 multidisciplinary design

—

109 parts, connections, lines of code
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Architecting Connects Context and System Design

some context
details are
essential

enterprise context

enterprise

Architecting:
realization and
design choices
In context

stakeholders

number of
details
H
o
(@)

6 /" multidisciplinary design
10 some technical
9 details are
| 10 parts, connections, lines of code essential
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We Need Overview at Multiple Levels
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Project Overview Canvas; Project Definition

Project Title meta information, e.g. version, date
author, owner

Project Goals system context system of interest

* specific and quantified || visualization (drawing, block diagram, 3D |4 vijsualization (drawing, block diagram, 3D
model, or photo) of the system context model, or photo) of the system

© INElEEHIEN CIF EWENIYES ([ i EemiEs ¢ indication of changes in the system of interest

Key Performance
Parameters

e specific and quantified

project master plan with timeline optional information, e.g.
o . . . : e enabling systems
e timeline with 5 to 10 milestones, especially deliverables I
e specific and quantified o external or internal
interfaces

e constraints, e.g.
applicable legislation
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Example Project Overview

Project overview Metal Printer R2 version 2.0. January 22, 2023
author: Gerrit Muller
Project Goals system context system of interest
support production of node 1C . -
process development Q2 2022 new sputter power +:|L'0/0 new a“g;]ocy fasterI more t
. r new n wer new m r
volume production 02 2023 process ew cooling powe 0 ew clamp accurate
productivity 30,000 W/m \ /
yield 95% back-en;zf fgctory \ rg';;gr
logistics & advayiced computiqg &
automation| | P'Y tesls ) r}etwtorkltng prefi” clean prealign
Key Performance Parameters R i 4 B e metal ! wafer
min. line width 100 nm . A rinter
overlay 30 nm MaSETY_[]  pimecee] RS
throughput 100 WPH o Q

@)

robot

etal
rinter

weE oo e
wafer size 300 mm WG}IEF
Wi

ICs
power S kw s master wafer wafer .
clean room class C D FOUP FOUP FOUP P
floor vibration class D COSTTBESTEESY
project master plan changing enabling systems
conditioned transport
Spec Design Design Design 1% R&D SAT start volume customer| |calibration wafers
freeze Review 1 Review 2 Review 3 shipment full spec shipments 24*7 use| |.ajibration metrology
Q1 Q2 Q3 Q1L | Q2 | Q3 | o4 Q1
2022 2023 2024
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Project Overview Canvas; Project Management

Project Title meta information, e.g. version, date

author, owner

Work Breakdown Structure Project Master Plan

* visualization e PERT plan with major milestones
e Dbuilds upon the Product Breakdown
Structure

project organization
¢ allocation of roles

e specific additions or deviations
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Example Project Overview
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Gerrit Muller

28

POHTprojectOrganizationExample

March 3, 2024

Metal Printer version 0.1, 2023-02-11
author: Gerrit Muller
Work Breakdown Structure Project Master Plan
metal printer project stage print engine
r|system [SPS][SDS] [TPS] [TPR] [itpiar]
. . frame stability
et prifiEr Erge stallge chlljck alilgn métro fralme (est automated align
: : : T test test test
| robot [ | | | | ] print test pe prealigned  prefiled  cleaned cyle
engine wafer load print print print wafers
— prefill i I T I
| | | | | | | | test pa test pf testwc  [test wafer
— wafer cleaning | I I I | I I I | robot wafer load [wafer load /wafer load / handling
| prealion i i | | — prealign
— flip : ! 1] : || : 1] : ‘ prefill
® .
L wafer infout | , T , T , T , ‘ wafer cleaning
wafer in/out
project organization
Project Leader: P.L. Eader
Product Manager: P.M. Anager
Architect: Archie Tect
version: 0
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Create a Project Overview

Make an initial project overview for your own project

Project Title meta information, e.g. version, date, author, owner
Project Goals system context system of interest
* 3105 specific and e sketch the next generation system e sketch your next generation system, e.g.

quantified objectives context, e.g. a drawing. block diagram, 3D drawing. block diagram, 3D model, photo

model, photo of the system context o
¢ indicate changes compared to the current
¢ indicate changes in the context compared generation system

Key Performance to the current generation system
Parameters
e 5to 10 specific and

guantified requirements
project master plan with timeline other relevant project information
e time line with 5 to 10 milestones, especially deliverables. specific and quantified O @l SySiEine

e stakeholders

o first light, prototype shipment, 1% SAT @OEM, 1% SAT @OEM'’s customer, start e ecternal or internal interfaces

volume production e constraints, e.g. applicable

legislation
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The Bigger Landscape of Models

“‘Reality”

e understanding
e reasoning
e communication

conceptual models

b mental models

& 4

the actual system in
its context
infinitely complex
dynamic
evolving
nature and humans

hybrid, e.g. SIL, HIL
e partially closer to
reality

simulation
e compressed time
e look inside
e many and extreme
circumstances
e whatif ...

digital twin
as simulation
using actual data
real-time control
health monitoring

“Abstractions”
simplifications

configuration and
version (ERP, PDM)
documentation
e static information
e prescribes,
describes system
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Conclusion

A major task of the architect is to help the development team

and Iits stakeholders to navigate the problem and solution
space to

support communication

facilitate reasoning

support decision making

understanding
create .

.. Insight
maintain .
overview

Conceptual, e.g. human understandable, models are the
means for this.

Most team members and stakeholders get lost in detalls
without guiding overview

Architecting in the Agricultural Sector version: 0 —
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Computer Assistance Pays Back when Managing Much Data
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The definition of MBSE is broad and ambitious

Model-based Systems Engineering [MBSE] is a paradigm that uses
formalized representations of systems, known as models, to support and
facilitate the performance of Systems Engineering [SE] tasks throughout
a system'’s life cycle.

MBSE is frequently contrasted with legacy document-based approaches where systems
engineering captures system design information via multiple independent documents in
various non-standardized formats. MBSE consolidates system information in system
design models, which provide primary SE artifacts. These system models, which are
generally expressed in a standardized modelling language such as Systems Modeling
Language [SysML®] express key system information in a concise, consistent, correct,
and coherent format. When implemented properly, MBSE models permit the
standardized consolidation and integration of system knowledge across engineering
disciplines and subsystems and streamline key systems engineering tasks while also
minimizing developmental risk.

From SEBoK:

https://sebokwiki.org/wiki/Model-
Based_Systems_Engineering_(MBSE)#:~:text=Model%2Dbased%20Systems%20Engineering%20%5BMBSE,throughout%20a%20system's%20life%20cycle.
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The life cycle has many information needs
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What is the real MBSE objective?

e (0 support reuse or a platform based product strategy
e to configure, generate, compose, validate

e to automate or generate
e tests, simulations

e (0 trace needs, requirements, or quality attributes throughout
the design and engineering
e especially regulated qualities like safety

e to function as knowledge base for development and
engineering

e (0 access component-data based on the field configuration
(digital shadow)

e (0 populate and update PLM systems, e.g. ERP (digital thread)
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