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Trends of System Integration

Systems Integration has progressed from an
iIndividual effort to cross organizational teams




Definition off Systems Engineerng

System: Aniintegrated set of elements
thiat accomplisiala defined enjective.

System Engineerng: An
INtErRAISCIPliNaR/ approach encenmpassing
the technical effort ter evelve: and Ve,
an Integrated andf balancead! system; thai
satisfies stakenolders needs.




The System
ERQINEEHNG Process
identifies System
ntegration being
pPerfiermed firom the
PEGINRING 1N the
Concept/Exploration
Phiase or eanlier



Definitions of Systems Integration

Systemi Intearation (Sl) :
sthe: multphase and multilevel effiert te merge two or
Moere component, o configuration ltems, Into: a higher
level system element and ensuiing the legical and
physicallinterfaces; are satisfied, and the integrated
systen satisfies Its/ Intendead’ purpose.

=the key ohjective of the systems engineerng pProcess
PEriermed threugheut the preduct develepment: and
Validation pPrecess tor create a unified andl fitinctienal
Proeduct.



Divisioni of System Integration

System Integration: the external interfaces
between the system and other systems, entitled
System Integration with External Systems.

System Integration ‘

System Build l

System Build: the internal interfaces among the
components and subsystems comprising the
system.

This presentation willf fecus on “System Build®




Traditional View: of
System Integration

Asspclated withr Assembly: Integratuien; and

Test (AlT).

= Combining| systen components: after buld

s FOCUSES on the assemnbly andl testing| te: Veniy,
precictedl perfiermance.

Results
s Integratien Verfication Is; perfoimed late 1n
the preduct life cycle.

IHIghI proegran cests
Extended schedules.
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Classical AIT results in higher risks, late verification,
higher program costs, and late delivery schedule




Elements of Low Risk Si

Initiatedl early i the product Life Cycle
Balanced levell Architecture
Component levell Architecture

ClearlyDefined Functional, Perfiermance,
and Integrauoeni reguirements,

ldentify, Interfaces between elements.
EStablishies Interfiace OWnRership.

Objective: start early in the program, perform component
level architecture, verify early and at Lowest Level possible
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Balanced Requirements Hierarchy

Balanced
A Soes) s Balanced number of functional tiers
a Enables compenent level
Verification.

= lllustrates Parent/child
= ldentifies Interfaces
s Used to define Orgni Responsibility.

Unbalanced

a Unegual number ofi
functional tiers

a Difificult ter perfierm :
compenent level verification

s Difficult to venify Interfaces
from! dififerent hierarchy.
levels
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Clearly Defined Reguirements

Eunctional

a Each functien hasa single purpese, unigue
supsystems;, redundant enly i reguired, hasia defined
OWRENSHIP

Performance

a One Parameter per speciiication ine; guantiied
engineenng units, easily: measured! by standard
equipment; and Processes.

Interface: ype

s Clearly identifiable as a Preduct, Process, Function,
Type; Timing, Organization, or technology: driver
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TVpes of Integration

Program_lntegration. Programi Integration ensures that (1) program
technicall activity’ olhjectives;, tasks; erganizations, and schedules, efficiently
support system, technical ohjectives within the censtraints of the contract

Reguirements Inteqration. Ensures reguirements are complete,
seli-consistent, andl traceable througheut the system: hierarchy: and Interfaces.

Design lntegration. Ensures design criteria and analysis are applied te
the system and the resulting designs are compatible acress alll subsystems.

Preoduct Integration. Ensures physicalland functional
compatiiity off hardware and sefitwale compoRents, sulksystems; and
system elements as the product develops firemi concept, through
assembly, itegration, test, te final delivery to the custemer

Process_lntegration. Ensures that all process elements are
tallored and integrated inte the overall program planning and strategy.

End-1tem Intearation (\Validation). Ensures theintegrated
end tem Is validated for intended use In Its Intended! Sservice or

operating envirenment.
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Integration Spaces

System_lntearation: The richr mixture of three
Rntegration components applied 1 combination; defined 1By
the resultant Integration Spaces to; the Werk confined o a
finiter naUMBEN of Integratien cells across the predram
world line that actually: CompPrSES system Integration en

any/. pregram.
(INCOSE Eellew: Jefiirey ©. Grady)

What are components, spaces, cells, and
program World Line?
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Integration Spaces

*Three integration components:

S = Product, Process, Function
*Three-Value situation:

=Co, Cross, Null
*The number of combinations of
multiple integration components and
values iIs: S=Cn
*Types of Interfaces:

Inner, outer, cross, external,

extended, and inference.
= Interfaces change (evolve) over time.
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Where are these Interfaces Located?
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Types of Interfaces

= Innerfaces: Where

sExternal: One

A A3
terminal enters . both terminals &
th | ibilit = message are within
Of(ﬂﬂ:gspona pt the Organizational

i7ati responsibilit
Organization % P y

=Inference: an
indirect impact =Crossfaces: Where
a terminals cross

to a product or e
] between

element
L L7 e Organization
uteriaces: Vwhere neither  oqqqnsipility.

Extended: Software I/F the terminals or messages
enter the responsibility of
the Organization

The impact of Interfaces are based on
Organization Point off Reference
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Requirements

Validation

Tailored MIL-
STDs & MIL-
SPECs

Verification of
Compliance

Traceability

S| and the N? Flow: Diagram
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Interfaces are at the intersections of Life Cycle Phases
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|nterfaces and Protocols

Proper Path

System
(A1 Spec)

7

Interfaces; traveling across functiens have: a
PrELOCO] 10 tiravel thireugn the next higher level
and then down o the' required fnction:

System, level interfaces are the essence ofi Si
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Managing Interfaces

Interfaces sheuldibe managed in the: SE process

Currently. most Interfiaces are Controlled’
Wiith 1€Ds

A reactive position te iInterfaces

Manage Interfaces; vy designing and Veriying
then eary IR the product Life Cycle.
a Design the Interfaces Into the: program; Rierarchy
x Plan interface activities (iImechanical, thermal, etc)
x Plan precess OWRErshIp- Uuse a datalase  RIerarchy
s Develop Interface Controel Working Groups: (I1CWG)
s ldentify the type ofi Interface andl responsibility.
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Early’ Sl Risk Profile

Late S|

Early S|

Early System Integration reduce program Risk
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Conclusion

System Integration begins early in the Concept phase: of
the product Life: Cycle:

EUnctional, PErformance;, an' lintegrationi reguirements
EceIve equaliimportance: andiweighting) during the
dllecation and Hierarchy: Construction PreCEsSs.

Interfaces come In a vanety off types depending on
Erame: off Reference.

Interfaces ecculr at the Intersection of INtegration SPACes
aleng the: preduct lieline:

Interfaces need te be actively: managed
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