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Overviews
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Systems Visualizations / Conceptual Models

Capture and share systems-

w -
- — specific knowledge in the early
B j— phase of systems development

using abstract visualizations to
communicate to a wide variety of
stakeholders

V model adapted from gaudisite.nl
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Challenges in early systems development

Commitment to Technology,
Configuration, Performance, Cost, etc.

Cost Incurred

> System-Specific Knowledge

Ease of Change

Conceptual/ Detail Construction
Preliminary Design and and/or
Design Development Production

System Use, Support,
Phase-out, and Disposal

Blanchard and Fabrycky
(2014)
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Using visualizations in early phase SE

Commitment to Technology,
Configuration, Performance, Cost, etc.

e Supports rapid learning and
early validation of systems
knowledge

« Strive to capture and share ) 4
systems knowledge ‘ '

* Provide a shared mental a4
model and increase the g
system understanding

Cost Incurred

Conceptual/ Detail Cunstruction

between people Freimoery | Do | Bodor | SRURIEE,

System Use, Support,

Blanchard and Fabrycky
(2014)
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Using visualizations in early phase SE

« Abstraction of system viewpoints for
a wide variety of stakeholders

 The need of graphical representation
will change over time

* The viewpoint needs to provide value
for that specific project

 Depends on the people in the team,
their knowledge, the system, and
the stakeholders
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Communicate systems-specific knowledge

Systems Engineering: Fitness-For-Purpose
Achieving customer and business key drivers
via key performance parameters of system

customer value based on technical expertise
proposition

drives

~5 customer _
key drivers system drives design and
requirements technology

: drives ~10 key ~10 key
business performance design and
proposition parameters technology

~5 business & +——enabling choices

life cycle
key drivers

© 2022 gaudisite.nl
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Examples of techniques for visualizations

Systems Engineering: Fitness-For-Purpose
Achieving customer and business key drivers
via key performance parameters of system

customer value based on technical expertise System ig ram
AR Stakeholder mapping

drives

~5 customer i I
key drivers system drives design and Key driver mapplng
requirements technology Key DI"iVGI' Graph
: drives ~10 key ~10 key i
business performance design and lllustrative COI‘lO.pS
proposition parameters technology Top-IeveI-deS|gn

- - oy hoi - .
5 business & enabling oS Architectural Overviews (A3AO)

key drivers

© 2022 gaudisite.nl
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Architectural Overviews (A3AO

Muller, Wee, and Moberg (2015) Haugland & Engen (2021)

Installation of Flexible Sealine
with Connection System 1

Functional view Opreational view

key performance parameters

dynamic
behavior
(functional
model)

visual aids decisions and considerations

[oyvessolproparatin | 2 |
[Coy vesserOperation |5 |
[Relocationofvessel | 1|
[support vessetpeperation |5 |
[Tiein & Comnecton operation |3 |
[postoperation ]

Post Operation

Subfunction 6

ubfunction 7 Subfunction 8 Pros and cons

physical view Litacions

O
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Master student research on ASAO

 Small and Medium
Sized Enterprise

* |oT system

* Tender phase

 Field visits and
workshops with
customer
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Master student research

Discover problem

!

Translate problem
to preliminary
research
questions

l

Propose SE

method that might —»

answer RQ

Explore

Internal

Observations
Discussions

r
'
'
'
'
'
'
'
'
'
'
'
'
'
I

Obtain feedback
from company

Approval to
investigate ASAO

T—Iterate—l
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Evaluate

Present to
company

Literature Creative session

review Gigamapping
Workshop Scetching

i Collaborative
Continue canvas

literature
review

v

Develop A3AO0 ———»

Create survey
for company

Collect data

Present to
colleagues
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from company

Create survey
for colleagues

Collect data
from
colleagues

Evaluate data

Document
results

Validate

After research

Project start  -- % Finish project

v
Re-evaluate

preliminary P

results

l

Answer research
questions

Validate ‘

Update
answers
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Master student research: Explore

Problem and aim Research Questions

« Technical knowledge gap between + How can A3AOs improve
stakeholders in the tender phase Sensorhouse's early validation

+ Investigate if A3AOs can bridge and communication in tender
the knowledge gap processes?

« How can A3AQOs be used to avoid
miscommunication with
customers?

« What are the benefits of using
A3AOs in workshops and tender
processes?

« What may be the challenges with
the ASAO modelling format for
tender processes?
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Master student research: Apply

Legend - Abbreviations ordpro A3 Architectural Overview

GW - Gateway
BLE - Bluetooth low energy

Point of interest MP - Muktiparameter

Proposed system view ‘
@ Sensor : *mhﬂw{B‘ P e
‘ % B

Functional view

Points of Interest

submerged into biomass to log temperature during the decompasition cycle.
req. for documentation to Food Safety Auth.
Cyde time ~2 weeks, temperature -85 “C. Corrosive and wet environment. Tank made primardy of steel. Sensor collected in Pol 3.

Parameter: Gas temperature, humidity and flow-rate (pressure).

A3AQ information
Creator: Eirik Hidle

Mudtiparamater probe

installation 20.5%

Concept proposal
35.9%

¥
Sensor probefs) installed in pipe after exhaust fans and before bio-fiter/scrubber split to monitor and alert on operational . Temperature ~S0

highly corrasive and humid ga
Combine and

water cut
Biomass Senor from Pol 1 collected along transpart. Person collects sensor from grate and reintroduce it in compe

Parameter: Air temperature
Sensor probels) instalied in air duct to gain insight into heat loss in pipes and operational status.
Temperature ~500 °C. Low humidity non-corrosive gas:

Parameter: Surface temperature

Rotate biomass i e -
Sensor probe(s) installed on surface of water pipe.

tanks Temperature 100 °C

Time for instal

Ri i . "
SR Development and installation plan sasmme i | Operational view

Lead tma

2 weeks

Maintenance assessmen

Air/air heat Check/replace battery Inspect & Recalibrate Recalibrate
exchange
b Y 1y
Air/water heat
exchange

Expected End of life Expected End of life pected End of life

©IO |0

, antenna & electrical wiring are expected to last longer than 5
years. All equipment can be disposed in electrical waste when replacemes
end-of-ife arises

Components 43.6% /

3 Srtoce temp 2.8% BLE sensor 12.7% *

* Thermocouple
37.6%

Multiparameter
won P
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. . X > AZAQ information
Legend - Abbreviations Jordpro A3 Architectural Overview ;realor.[:nkk;dle
i GW - Gateway evision:

: BLE - Bluetooth low energy Date: 03.03.23
Point of interest  © yip . \uriparameter

Proposed system view
BLE Arcenna
@ e Y eonare (B _ ;
: * £l Puck T L)) R 3| e puc
Probe g [————
AiE G Mutiparameter probe Qe puck T Probe
LE G -
Thermocougla peobe \_J Q S | Mo istogs £
s ﬁi} @ e
parameter -
Thermo- [FO—
4 couphs | iseateon & Teu
% () =

Points of Interest instalation 20.5%
Recaive food Parameter: Biomass temperature.

—en Sensor submerged into biomass to log temperature during the decompasition cycle.
req. for documentation to Food Safety Auth.
Cyde time -2 weeks, temperature -85 *C. Corrosive and wet environment. Tank made primarily of steel. Sensor collected in Pol 3.

Functional view

Concept proposal
35.9%

Parameter: Gas temperature, humidity and flow-rate (pressure).
Sersor probe(s) installed in pipe after exhaust fans and before bio-filter/scrubber split to monstor and alert on operational status. Temperature -50°C,
highly corrasive and humid gasses Components 43.6% 7

Senor from Pol 1 collected along transport. Person collects sensor from grate and reintroduce it in composte tank. *Su.'f.xe temp 2.8% Bk Seasir 2% *

Parameter: Air temperature
Sensor probe(s) installed in air duct to gain insight into beat loss in pipes and operational status. * Thermocouple
Temperature ~5S00 °C. Low humidity non-corrosive gasses. 37.6%

Parameter: Surface temperature
Sensor probe(s) installed on surface of water pipe. Multiparameter
Temperature 100 °C. 46.9% *

Remove gasses in Time for instalation, test & verification

Development and installation plan i o e e e cn : .
P Pl essswesae| Operational view

wsed.

Concapt proposal Concapt
Order compon 3

g ‘Lead tima

ArCec  Poe of ewert

nstall syste ' (—T ) '
Test & verificatc : CFe)!

2 weeks 1 4 days 1day

. >
Week rs >

i

Air/air heat Check/replace battery Inspect & Recalibrate Recalibrate

exchange
1y 1y
Air/water heat
exchange
Expected End of life Expected End of life Expected End of life

©

Other equipment such as gateways, antenna & electrical wiring are expected to last longer than S
years. All equipment can be daposed in electrical waste when replacements/upgrades/
end-of-ife arises

Maintenance assessment




Master student research: Evaluate
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The functional view is easy to read and improved
my understanding of the customer's process

The operational view is easy to read and improved
my understanding of the customer's facility

The system view is easy to read and improved
my understanding of the proposed system

Overall the A3AO improved my understanding
of the project as a whole

Overall the A3AO is easy to understand

The A3AO delivers value to the company
(Sensorhouse/Digitread Connect)

The A3AO delivers value to the customer

The A3AO delivers more value than the cost
of creating it

I recommend using A3AO in future projects

- Strongly Disagree Disagree

w

w
S
-

|

[N

—

A= H — N — »— w

- =
N N

Neutral

'

Agree

4 6

- Strongly agree
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NPS

[ Positive NPS
[ Negative NPS
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Master student research: Evaluate

Pros

2-6 July 2024

A3AO gives a comprehensive
overview of the system and project

Points of Interest (the stars)

Customer can clearly see if the
company understands their process
and facility

Thought distillation for the team &
map for discussions

Ability to collect all critical information
In one document.

Easy to understand and evaluate the
presented solution.

Cons

Natural Flow

Lacks motivation behind the different
decisions

Multi-site and more complex
processes

Cost
Functionality
Standardized illustrations and icons

www.incose.org/symp2024 #INCOSEIS 16



Master student research: Conclusion

Research Questions

«  How can A3AOs improve Sensorhouse's early
validation and communication in tender
processes?

. How can A3AOs be used to avoid
miscommunication with customers?

. What are the benefits of using A3AOs in
workshops and tender processes?

. What may be the challenges with the ASAO
modelling format for tender processes?

Main findings:

The A3AO forces a limit on the amount of
information, provides explicit systems-
specific knowledge

Co-creating parts of the ASAO with
customers creates ownership and early
validation

A shared mental model and increased
system-specific knowledge

Time consuming compared to current
way of working

Requires skills for visualizations and a
designerly touch

A supplement and not a substitute to the
tender report
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Example:

Top Level

12“multi display x1 in MT chair

" AutoCrossing
_ . MCon

ﬂﬂ Thruster Levers x 2 in chair
Back-up Leversx 2

27” Multi Function Displays x 6 or new 24”/27” Display x 2

(fwd and aft)

Autonomy Services

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
| | Vg .
[ )
: 1 op 1
1 : Obstacle and target ! :
: : detection —_— 1
' 1 Fallback handling |
[ Sensor ! Port sequence control |
1 e Input ! — (visor flap, charger)
1 4xKec (day & night) | ! . :
Legend: ' I (fwdandaft) I=: !
ege Retrofit product: Collision [ e 1
Avoidance Advisory w/fallback | ! Fallback route :
and sequence control [ VAN '
Upgrades for AutoCrossing with : e :
Advanced Maneuvering : ---------------------------------------- -
Existing external systems . i
- g SY; 1 ) X Evasive maneuver command Fallback automation
: : Navugatlon Selected Route Maneuverability lfrepare sequence
New external systems ' -- (visor flap, charger)
(] - ensors .
[ MT Navigation System 1
System 1 Radar | aiaiel  Subuiaieieiieieieieietiabeieiel  Hniaiai ity S
Capability : : ECDIS Conning AIS 1 ! Stay on spot Advanced Mane@ijering 1
Interface data 1 INS (new) : : Auto crossing 1
Equipment o BAM HP GNSS (new) , Sensors for Auto docking (incl push to quay) :
(] BNWAS Radar Speed log P I A 4 A :
: : Echo sounder 1heading, docking | '
- Gyro AutoCrossin !
- : : AutoPilot HP docking sensor . ! g :
| > Wind
Ports H - " : Y |
: : Thruster commands e a R ERa e e SR o] | | et S e 3
__________________________ 3
1
1
Mooring : Fallback automation
i Prepare sequence (visor flap) Prepare sequence (charger) Thruster commands
L T T Y S -
1, Automation 4 N Maneuvering !
N . i 1
Charging 2x visor flaps MIFO Ramp  Autoramp and Auto charging and mooring S'emen's ' . 1
(“fall lem”) Control visor flap Traditional vessel automation " A{lidelsgEldlely) 1 Azipull 1
fwd and aft ONIo; (incl control of lanterns & horns) System : (fwd and aft) :
1
1

2-6 July 2024
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Legend:

D New functions in K-Pos Wind Service
u - Existing functions in K-Pos
n C] Ongoing/future system development
m External systems

Top Level EEe
Design

Approach Safety Zone advise
Roll-damping on/off
Near-term wave advise

2 height

pperresse -~
Thruster Control
System

m———mmm e

Energy
optimization

Vessel
configuration

Offshore Wind
Farm Services
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Business Key Drivers Intermediate Drivers Stakeholder Requirements Design advises

Example: = i n S & \

depl N - - - . Platform agnostic | _ _ _ | Theservice shall utilize ~ JA———— Docker is a potential
. ep_oymen deployment software containers N | solution
K D _environments ) | J L o L P
. N s p 4 : p T :
e y rI V e r bunlivedacan Aol debendenoice b The service shall be Avoid dependencies to
., D N — — — — P ~ = + = = independent of external (::j K-POS and Weather
independent service external systems I
9 § |, » i \systems ) \Forecast modules
1 7 (
G ra p I I 1 The service shall provide B L —
- ~ ! — 4 astand-alone user- <:] I
Enable possibility to use \interface ) L ULHTEEn )
the service from bt |
4 s ~ " R
konshore locations ) ] The service shall Align with the ongoing
1 Deployment on the IT . . ‘ -
o > e L = = = 4 integrate with Cloud <: harmonization of Vessel
Not interfere with the I \solutions 5 klnsight and K-IMS
safety of the vessel -
\operations g (The sgrvnce shall utll{ze a (Kubernetes or Docker
___________________ container orchestratlon <:‘ Compose are otential
1 tool to manage the ‘ g s
1 : solutions
1 \software containers \. J
High availability, 1 4 : = R (
scalability, and sl wavinn o e ] 'II;?erservrlc‘e Shal!;:"'ze <: Follow the best practices
maintainability of the 1 k] | of software design
g | defined interfaces
service | - = \.
1 4 R 4 ) ( Align with ongoing )
I _ _| Provide remote access | _ _ _ | Theservice shall utilize <: initiative on improving
for customer support remote services | remote services (e.g.
L J & > \ Smart Services) J
The service shall make ) ’ ™\ e - ) G
prediction data Provide an interface to The service shall provide <: Align with the ongoing
EvrliRbIe £ other digital i Eragif:: ﬁl’e‘:‘sf:ICthe data = - -1 interface to KM digital initiative on eFSOG and
applications \_up q J \appllcatlons p) \eWSOG y
< Drivers (why?) |
[ Requirements (how?] >
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Bt

Fixed Wind Turbine S

Route Planner| %
(energy opt)

Example:
Operational
Context

_________

Transit
Blended spee (next
turbine)

High speed
an sp %

i
Blended speed ~

b Low speed B Approach
_______________________ Safety Zone

(fixed)

S - -

1

1
| ]
(N o S L Lt e T s 1
1 g ]
; Approach NG !
! Safety Zone = \\\ !
! (floating) P | N\ :
1 / N \ 1
1 < ’) 1
! b 5 / / :
1 N 4 / 1
1 b ‘——’X / 1
1 \ / |
1 Mo Moveable area P ]
\ \\\\ (x meters) -7 H
\ e et ’

Al ~— - ’
\~ ___________ ‘I
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