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Problem Statement

 Problem

— Technical Management and System Architecture development have been
traditionally treated as separate efforts

— The process is forced rather than actively monitoring the sources of truth
— Updates were requested periodically, so delayed

e Solution

— Integrate the System Architecture and Technical Management Processes into
common tools

— On demand monitoring of source of truth

Technical Management = System Architecture =
Technical Performance Measures (TPMs) Requirements
Readiness Level Assessment Structure (Includes Interfaces)
Trade Study Management Behavior
Parametrics
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Integrated Technical Management
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Example Situation - Walkthrough of the Process

New Program - Car

Receive Requirements and Capture in Architecture
Integrate Requirements With Structure and Behavior
Establish TPM and Initiate Status Tracking
Decompose System and Initiate Trade Studies
Execute System Trades

Capture Results of System Trade

Monitor TRLs

Monitor TPMs

Create TPM Output Reports

©COXNOOOAEWDNPE
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1. Receive Requirements For A New Car And
Capture Them In Requirements Architecture

Ensure
Requirement is
SMART

— Add Conditions

Ask Customer
Questions

Capture Customer

Agreement

customer =

«requirement»
Customer Req

|d — IIEH
Text = "The Car shall
drive 600 km_."

0

lederiveReqi»
I

«requirement»
System Req

Id="1"

Text = "The Car shall
drive at least 600 km
while at 60+5 km/hr,

from full charge on a
70F day."

www.incose.org/symp202

=> Program




2. Integrate Requirements With Structure and
Behavioral Architecture

Structure
«bDlocks .
Car Requirement
values «requirement»
Range_Current : distance[kilometre] = 650.0 km {max = 660.0, min = 640 04 — _ «satisfy» System Req
Range_ Threshold : distance[kilometre] = 600.0 km {unit = kilometre} T o— Id = ""
Range Objective - distance[kilometre] = 700.0 km {unit = Kilometre} :;Tez{t _ "The Car shall
;_drwe at least 600 km
_ - «refiné» _ — — = 7 \while at 605 km/hr,
Behavior — T~ - — T from full charge on a
. & .
aincludes ™~ @includes
y : -
, N Direct Links To
b I The Requirement

@ “Cruise Control
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3. Establish A System TPM And Initiate Status
Tracking

«TechnicalPerformanceMeasure» «pDlock»
TPM1 - Range Car
values Pulls Value From , , values ,
StatusValue - Real [1]{redefines StatusValue} 44— — — — — zRange Current : distance[kilometre] = 650.0 km {max = 660.0, min = 640.0}c
SpecValue - Real [1}{redefines SpecValue} d— — — — — zRange_Threshold : distance[kilometre] = 600.0 km {unit = kilometre} g
TargetValue : Real [1]){redefines TargetValue} oJ— — — — — ZRange_Objective : distance[kilometre] = 700.0 km {unit = kilometre} =
GoalValue : Real [1] = 800.0{redefines GoalValue}

TPM pulls from the
Car Block for on
demand trending

Table To Update TPM Current Status

¥ | Mame | Type | Default Value | Max | Min | Measurement Type Source Location
1 » Range_Current [V distance[kilometre] |650 640 Be0 Estimated filex//HyperlinkToSourceFile
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4. Decompose System and Initiate Trade Studies

«DIoCK» «requirements
car System Req
o i ' e . ) . wsatisfy» d= j .
Range_Current : distance[kilometre] = 650.0 km {max = 660 0, min =640 0}g— — — — — = — — — =zText="The Car shall
Range_Threshold : distance[kilometre] = 600.0 km {unit = kilometre} drive at least 600 km
Range_Objective - distance[kilometre] = 700.0 km {unit = kilometre} while at 60+5 km/hr,
¥ yaY from full charge on a
70F day."
«TradeStudy» T
TradeStudy1 - Engine Type |
Active Hyperlink
"file-//FakeHyperlinkToFull TradeStudyFile” | «TradestudyDrivers | Includ e.S Tr ace To
Documentation
"This Trade Study will determine the D r I V I n g
optimal engine type to be used in the ReqL“rem entS
prototype car.”
constraints
- Weighting Calc
- Total Weight
- Weight to Score
: TRL to Score
_ - Range to score
Engine vy
values
«blocke TotalWeightedScore - Real
Engine CalcSysWeight - Real
values Range‘ B |I"ItE‘QEF
EngineWeight Current : Real = 300.0 Weight : Integer
EnergySourceWeight Current . Real = 300.0 TRL : Integer
Technology Readiness - Real=6.0 TradeStudve
Unit Relative Cost : Integer = 3.0 Status = = , ‘
‘ Name Trade Study Winner Trade Study Driver Trade Study Result
Winner = _ [® 1 System Req
USes Eleme nt,s [ 1 E TradeStudy1 - Engine Type

TRL and values in
the trade www.incose.org/symp2023 10




5. Execute System Trades

* Engine options are different Instances
— TRL is part of scoring criteria in this example

Linked to physics based / external analysis tools as needed

par [TradeStudy] TradeStudy1 - Engine Type [ Weighted Score v3 ]/I

“Range_Current = 650.0 km

«constraint»

«constraint»
: Weighting Calc

range
: Range to score {p5=range*.3+weight*.25
{max = 660.0, {if(input »=500) +TRL"25+cost".2}
TSI input L LI output weight ps
| else if (input==300) [4‘ Range =5 N [—‘ TotalWeightedScore = 4.1
output = 3
else -
output = 1} Weight = 5
: «constraint»
*EngineWeight_Current = 300.0 p1 ] «constraint» input : Weight to Score
o2 - Total Weight {if(input >=1200) _Joutput
H {p3=p1+p2} output=1 [
M else if (input==1000)
AEnergySourceWeight_Current = 300.0 ) | p3 e (mgb‘ttft‘ésoz}
output = 3 =
[Calosysweight = 600.0 | else I (INput>=700) S corin D one
output = 4 cost ]
AUnit Relative Cost = 3.0 | -
— In Model
«constraint»
: TRL to Score
{if(input >=9) TRL
output =5 L]
_ else if (input>=8)
ATechnology Readiness = 6.0 nput . gﬁ:ﬁifﬁ‘;
output =3
EngineWeight_Curr EnergySocurceWeigh Range_Current : Technology Unit Relative CalcSysWeight Range: Weight : TRL: TotalWeightedScore
M - . - . i v
ame : Real : Real distance[kilometr Readiness : Real Cost: Integer : Real Integer Integer Integer : Real
= All Electric Engine 300 300 650 krm 3 600 5 5 3 4.1
= Hybrid Engine 600 400 450 krmn 4 1000 3 2 5 345
= Combustion Engine 700 an 500 km

1
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6. Capture Results Of System

wblocks
Car

values w=atisfys

Range Threshold : distance[kilometre] = 600.0 km {unit = kilometre}
Range Objective : distance[kiometre] = 700.0 km {unit = kilometre}

Range Current : distance[kilometre] = 850.0 km {max = 680.0, min = 840 0}g— — — — — _— = = = = = =

Trade

wreguirements
System Req
ld="1"
— — — = Text="The Car shall drive
at least 600 km while at
605 km'hr, from full charge

on a 70F day."
wTradeStudy» . T £ i
Trade Study1 - Engine Type | «TradestudyDrivers , \
Active Hyperink
“file:{iF akeHy perlinkT oF ullTradeStudyFile™ ! h
Docum entation | A\
“This Trade Study will determine the optimal \
engine type to be used in the prototype car.” f \
SN wderiveRegts f -x
- Weighting Calc \ d
 Total Weight | _ _ _ _ _ _ «fradeStudyResulty " | TI’ ade TI’ aces tO
. Weight to Score | .
. TRL to Score |
: Range to score / Resu tl ng
values l I I I
TotalWeightedScore : Real | R eq u I r e e n tS
. CalcSysWeight : Real aTradeStudyResults
Engine values i
Weight : Integer A e
. TRL : Integer areguirements wrequirements
C h an g I n g O V er Engine kv wTradeStudys Subsystem Req Subsystem Req 2
xblocks Status = Completed Id="g" Id="10"
. H Engine Winner = = Al Electric Engine Text = "The Engine Text = "The Engine
t I I I l e C an tr | g g er e D e Subsytem shall include Subsy stem shall include a
EngineWeight_Current : Real = 300.0 4— - - — — — — — - — - — — — — — = electric generators that in Battery Assembly that
EnergySourceVWeight_Current : Real = 300.0— — A g "
r e - aS S eS S m e n t Technology Readiness - Real = 6.0 | total weigh less than 310 kg~ weighs less than 310kg
Unit Relative Cost : Integer = 3.0 | ssatisfys T T L0
Of t r ad e _________________ i—— T T T T T T | ederiveReqts
! |
I
i t
# | MName Trade Study Winner Trade Study Driver Trade Study Result Futun;zi:;?:r::udy Co“rr':qp:;ztinﬂlq
i =1 All Electric Engine : Exarmple M| (8] 1 Systern Req L&l 2 Subsystern Reg for# of Id="g"
1 TradeStudyl - Engine Type N
= yioEname Wb [E 10 SubsystemReq 2| [Ser 0 20 Text = "The Battery with 2
«COMMENts: — | specific energy density of at
Future trade study least X kKWhikg®
for different 12
battery types




/. Monitor TRLs

Table To Update RL Current Status As They Change

Name oct | oame| om | oMRL| ©mRL |  © TRLRational |  © MRLRstional |  © IRL Rational
= Engine Ves Ves TRLE MRLE N/A 'ITE;tlng of xx has been We can manufature the
finished batteries

RL Metric Table — Run As Needed

‘ “Update table” updates the
architecture elements directly

Historical Data
Directly in Model

Www.incose.org/symp2023

& Date ,:é, Scope | &4 CTE | &4 CME| &L TRL | £4% MRL | &% IRL 2L TRL Raticnale =L MRL Rationale =L IRL Rationale

20232.03.08 21.20 |2 Engine TRL4

< Engine This has been We can manufature
2023.03.08 21.43 Ves Ves TRLT MELE NA proven in prototype the batteries
o e - - - ) ' vehicles, but not in

this application
R — E Engine . Testing of xx has We can manufature
2023.03.08 21.43 Yes Yes TRLE MELE M/A been finiched the batteries
- e New Metric
Can Track/Store |,

‘ RLs updated from \
ASoT when needed
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] values
8 . M O n Ito r I P M S SpecValue : Real [1{redefines SpecValue}

“Update table” updates the
architecture elements directly

«TechnicalPerformanceMeasure» «blocks
TPM1 - Range Car
values
StatusValue - Real [1}{redefines StatusValue} 4 — — — — 3 sHange_ Current : distance[kilometre] = 650.0 km {max = 660.0, min = 640 .0}g
g— — — — — 3 #Range Threshold - distance[kilometre] = 600.0 km {unit = kilometre} g
TargetValue : Real [1|{redefines Targetvalue} g— — — — — 3 *Range Objective | distance[kilometre] = 700.0 km {unit = kilometre} [=
GoalValue : Real [1] = 800.0{redefines Goalvalue}

Table To Update TPM Current Status As They Change

= Mame

Type Default Value Max

Min Measurement Type

Source Location

1 = Range_Current M distance[kilometre] 650 a0 g6l

Estimated

file://HyperlinkToSourceFile

TPM Metric Table —

Run Monthly

# dL Date & Scope b I[:::’?::g: &L Units &L Meas:.rt;:ement &L Status Value | % Spec Value | &% Target Value
1 [2023.01.01 07.04 ‘ TPM1 - Range UpTPM 'distance[kilometre] | Estimated SSQ 500 VTQQ
2 [2023.02.0107.07 [ TPM1 - Range |UpTPM |distance{kilometre] |Calculated 650 500 200
3 .2323.33.31 07.08 ‘ TPM1 - Range .UpTPM 'distance[kilometre] 'Simulaticn ’713 500 700
4 202304010709 |G TPM1 - Range | UpTPM |distance[kilometre] |InitialActuals  [730 600 700
5 [2023.05.0107.10 |JE§ TPM1 - Range |UpTPM | distance[kilometre] | Verified 735 500 700

Can Track/Store
Historical Data
Directly in Model

[E\ Calculate New Metric

[ Recalculate

TPMs updated from
ASoT when needed

Www.incose.org/symp2023
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9. Create TPM Output Reports For Leadership

2 &4 Date 5 Scope =) D"?mon 24 Units dh Meosswerneant oL Status Value | 4 SpecValue | o Target Value | % Goal Value
Indicator Type
1 3.01.01 07.04 TPM] - Range |UpTPM ':h«;tence[hlcmetre] Estimated 5 7
2 .0107.07 TPM1 - Range |UpTPM distance[kilometre] Calculated 6 7
3 .0107.08 TPM1 - Range UpTPM distance[kilometre] Simulation 7 7
4 .04.01 07.09 TPM‘I - Range |UpTPM distance[kilometre] InitialActuals 73 7
5 3.05.01 07.10 TPM1 - Range |UpTPM distance[kilometre] Verified 7 7
TPM1 - Range

850

800

750

700

650

600

550

distance[kilometre]

Eliminates Manual
PowerPoint Updating

Every Month

Feb 23 Calc

Goal Value

Target Value

Mar 23 Sim

StatusDate

Status Value

Spec Value

Apr23 Act
May 23 Ver

15

I Negative Margin to Spec

Between Spec and Target I Between Target and Goal

I Positive Margin to Goal —&—Status




Conclusion / Benefits

« Technical Management Data co-located with System Architecture in
Cameo

— Technical metrics directly use ASoT data
— Reports can be done on-demand

« Abllity to perform an Integrated Impact Assessment

— As TRLs evolve, have direct traceabillity to trade studies and requirements to
ensure assumptions still valid

—-AS TPMs evolve, can identify impacts to architecture and trades directly

=—{f-Requirements change, can identify impacts to architecture, trades, and
TRPMs immediately

* Integrating these processes with the architecture development in a
common tool enables systems engineering to more holistically
manage the development
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