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Robust systems

 Robust systems are characterized as
“systems that have acceptable behavior
over a larger class of situations than was
anticipated by their designers™’

« Traditional requirements often fail to
consider conditional and scenario
requirements due lack of knowledge of
how to organize the requirements?

System requirements are frequently inconsistent with or inadequate

for system utilization.
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Failure Cases DART

 Demonstration of Autonomous
Rendezvous Technology (DART) was an
autonomous satellite that had a mission
of meeting up with another satellite but
instead collided?

System lacking off nominal state for a creditable off nominal event.
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Failure Case MCO (4TI

* Mars Climate Orbiter failed upon entering
Mars’ orbit with a trajectory of 170
Kilometers below the planned insertion
point?

Failure to prepare and understand the off

nominal state.
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Fault Trees

'\{
_A WARHEAD PREMATURELY DETONATES IN LAUNCHER

« Bell Laboratories created this method to study the Minuteman 1 Launch Control System?®
« Hierarchical decomposition method of determining points of failure
* Resource straining task to cover all possible points of failure
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GFT Origins

* Derived complications from defining abort

conditions for the Ares [°

* Fault Trees, Event Sequence Diagrams,
and Failure Modes and Effects Analysis
entered a classification process to
generate the Abort Condition List®

« Monitored Vs. Non-monitored condition®

Stack 5 Ares |I-X Partial Stack Modal Test Configurations Stack 1

Launch Abort System

. Forward Skirt Extension

Crew Module

Service Module
-

Spacecraft Adapter .I

Interstage 2

Interstage 1

Frustum

Forward Skirt

5th Segment
Simulator

New methodology required to capture downstream system events.
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The Approach: Goal Function Tree

g B W1 el B B ]

* Hierarchical decomposition of system
goals and functions which integrates

together to form the GFT’

« Traceability for the system’s goals and
requirements

« Nominal and Off Nominal Goals

Figure: Goal Diagram for SLS Booster Separation
Point

Engineers must understand the transition to the off nominal state

and actions In such state.
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GFT lllustration s

Mission :
« UAV semiautonomous flight
Goal:

« Take off from point A and fly to point B
back to point A

Secondary Goals:

« Successful data exchange between
ground and UAV

e Maintain propulsion from UAV'’s engine
* Navigational Functionality
« Electrical Power Functionality
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Use Case Diagram

uc [Package] Use Case[ GFT }J
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Off Nominal Functions

« Off Nominal Recoverable me.m,ﬂmﬁ. ~

— Activate management of subsystem with the e
new goal of mitigating off nominal event
aborting the mission and returning to base.

 Off Nominal Mission Abort
e Off Nominal Termination

— Non common mission critical components

— Flight computer or operator triggers the new
goal of a forced crash in an ideal location on
the way back to base

goes off nominal causing new goals of
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Goal Diagram
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Functions Diagram
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Link Traceabillity

req [Package] GFT| Goal Dagram ||

«Nominals

Successful
Data
exchange
between
the ground
station and
UAV
ld="31.1"
«blocks Tt
Link MarginCommand
constrants «Nominaly «Transitions
{LinkMarginValue >= 10) [<"*™€| Maintain [~ | Loss of Link
e Connectivity &
LinkMarginValue : Re;anl,“l G _),!F!e:t?‘!;‘l.r . _lcderweﬂoqb
ReceiverGain : Real et =
TransmitterPower - Real ’ |
TransmitterGain : Real | I
FreeSpaceloss : Real |
CableLosses : Real «Off Nominals
1 Reestablish Link
| id="32"
stestCases Taxt =™

Connectivity
attnbutes

+LOS Link Command : Link MarginCommand

www.incose.org/symp2018



Nominal Link Function
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Nominal Link

(‘act [Activity] Link MarginCemmand [ Link MarginCommand 1] . By

bject

sreadSelfs
wreadStructuraFeatures

result
link Margin
resuft

E ib}ect ﬁ['.ibject Ez‘ilt:Jeu:,t bject bject

|' ‘wreadStructuralFeatures | |"'aread5truc'turalFeatur&nJ «readStructuraIFeature:s |"'.=rem:lstrul:turiilFBiiTLleJn ("xreadStructuralFeatures |
| FreeSpaceloss i TransmitterGain | TransmitterPower . ReceiverGain ) | R et Sepaitvity

result result result result

(‘wreadStructuralFeatures
CableLosses

resuft

: LinkMargin

Calculation of link

ubjedﬂ"'« addStructuralFeatureValues J

LinkMarginWalue
result V a I e
u []




Off Nominal Recoverable Link
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Off Nominal Recoverable Link
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Off Nominal Mission Abort
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Off Nominal Mission Abort
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Off Nominal Flight Termination
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Off Nominal Flight Termination
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Loss of Link Off Nominal
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System Developments

izational Procedures,

SysbemCmoepL Legacy System Design,
Systemn Context Diagram GFE, Constraints, Elc.  Subsystem Concept
A J
[ { [ Functional Breakdown Structure (FBS)
%h}u‘t.ﬂf Req. PE|'ID£‘|'I : ff :fSe caC-!:!ISE Maodel Sl.r_ve'z
ot | ke = ~ UAV Flight UAV X
T 1 t s Mission Mission
L Desig": ) § Physical Architecture Description (PAD)
L Synthesis
{[ Functionai Architecture Description (FAD) UAV X UAV X
Requirements Allocation Sheet (RAS) . . . .
] 1 Mission Mission
L Subsystem Requirements
(7 Reauiemenis | subsystem Context Disgrams UAV X UAV X
v : 5t Mission Mission
Systems Engineering SW / Electrical / Mech. Engineering

Figure 1. Context diagram for the FAR approach in IDEFO.

System Development Flow Down Top Level UAV Goals
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Requirements Flowdown
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Future Work

* Lynx X-ray Observatory

* ldentify nominal and off nominal
“day in the life” operations

 |dentify the types of
requirements the GFT
promotes pE— e

Capture system behaviors to
satisfy existing requirements

and identification of new
requirements.
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Conclusion

: Constraint(s) {LinkMarginValue > 10} owned by Link MarginCommand failed.

: Requirement Maintain Connedtivity is not satisfied.
: Constraint(s) {Thrust > 29300} owned by Engine ThrustT failed.

: Requirement Provide Engine Thrust is not satisfied.
: Constraint(s) {Bandwidth == true} owned by Bandwidth failed.

MBSE instrumental in the
identification system behaviors

Application of GFT
methodology to identify goals of
the system

Allocation of goals to
requirements to identify missing
and off nominal requirements

: Requirement Maintain Connectivity is not satisfied.
: Constraint(s) {LinkMarginValue > 10} owned by Link MarginRecieve failed.
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