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Overview

* Introduction to the Giant Magellan Telescope (GMT)

» Description of the Systems Engineering process at GMT
— Identification of the architecture
— Optimization of products and interfaces
— Functional Decomposition into deliverable work packages

« Management of the Systems Engineering process
— Selection of the tool (Cockpit)
— Cockpit User Experience
— Management of information

« |Lessons learned
* Future plans
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Introduction to the GMT

www.incose.org/symp2016 3



The Giant Magellan Telescope 7~
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Complexity of the GMT @
« The GMT is no different than other complex systems 26 '"°°SE

Edinburgh, UK
July 18 - 21, 2016

« We still apply core Systems Engineering processes

« Difference: Community is historically unfamiliar with
Systems Engineering processes
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Description of the Systems
Engineering Process at GMT
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GMT Systems Engineering Process@.\w
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Science Need Requirement Verification Science

Analysis Ops Con Validation Operations
Scenarios
Obs Interfaces

Programmatic,
Constraints,
Guidelines,
Plans
Knowledge Analysis
Feedbackl Scenarios
Review
—
Decomposition Integration and

Verification

Implementation
\ J

!
Project / Systems Management & Controls
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GMT Architecture

A high-level architecture and
functional allocation was developed
based on legacy designs

4 major systems:
— Telescope

— Instruments

— Controls

— Infrastructure

After further decomposition and

optimization, 19 subsystems were
identified

www.incose.org/symp2016
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Optimizing GMT Products:
Requirements and Interfaces

* Optimized architecture
products based on
common functionalities and

procurement feasibility

 Requirements
— Dark pink boxes

 Interfaces
— Yellow, blue, green, pink boxes
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GMT Requirements Hierarchy
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Scientific

« Using the optimized o
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Parent Requirements NxN Interfaces

System Architecture (1) ® I System Architecture (1) ® | \“‘ .“:5’”// d

Operation | sy

Maintenance ( Interfaces @) Edinburgh, UK

- _Sér:n?:e_s ———————————————————————— > July 18 - 21, 2016
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Communicate and train users on the SE process

(5)
(5)
WWW.iNnc 11



WWWw.in

Edinburgh, UK
y 18 - 21, 2016

Management of the Systems
Engineering Process
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Now What? &

26 Ir:l/EOSE
« Too many inputs to track efficiently and effectively Edinburgh, UK

« Paper documents hard to maintain and not current
» Expected ~10K requirement and interface items

A database was needed to capture this information, facilitate
the SE processes, and manage traceability between design
inputs

www.incose.org/symp2016 13



Selection of Management Tool [~
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GMT Project acquired Cognition Cockpit™, a real-time 2@ INCOSE
requirements, interfaces, FMEA and HARA management tool Edinburgh, UK
database

* Provides a web-based user interface /™
« Easy to configure
* Learning curve appeared less steep than other options

Capability to link all requirements, interfaces, operations
concepts, failure modes, and hazards in one database

www.incose.org/symp2016 14



Tailoring the Management Tool 7~
LY

« Cockpit was tailored to accommodate all users by creating 26 SO
View Definitions to facilitate data entry, traceability and a3 2o

documentation exports

=/ Environmental Monitoring Facility Requirements Q Findtex
< B W) 3

{) Home Dashboard Details Notebook Action Items Traceability Reports Attachments History Docushare -
Define Verification Compliance

Trace and Assign Parent Requirements Trace and Assign Child Requirements

Default Define Requirements
Reporting Default No Rationale

» Applied View Definitions to standard GMT templates for
requirement, OCDD, ICD, FMEA and HARA documents

www.incose.org/symp2016



User Experience - e.g. Requirement and f;\
Interface Management s

) Home Dash ) Home Dashboard Details Motebook Action Items Traceability Reports Attachments History Docushare SR = e e INCOSE
Default De Default Default w/Rationale Define Reguirements Trace and Assign Level 2 Reguirements Trace and Assign Level 2 and Level 3 Requirements Define 26 f
Verification Compliance Reporting Edinb h. UK
inburgh,
=] July 18 - 21, 2016
2.3.3.2.2 Laser Tomography AO Observing Mode "
eriication
R Method
i — M . . . e i e 4 toani
] GMT-I1CD-00512:Enclosure Building E Q
H H Find text
to Tlelgslcipedsés_tem 1cD & GMT-ICD-00512:Enclosure Building to Telescope System "
ntroguction {) Home Dashboard Details Notebook Action Items Traceability Reports Attachments History Docushare <& £ o) =@ 2

Provide training sessions to simplify user experience
and encourage use of the tool

T — avwivovi. s 11c1 woa Gy viap sviclnamian sueieus wasivs -
O feimuth Trac . The location of the mechanical interface between the azimuth utility wrap and Telescope is defined on drawing GMT-CAD-
» 3.1.2.2 Telescope Pier 100713.
to Azimuth Utility Wrap
.1.2.3 Tel Pi . . . - -
’ t30 1H2553 slescope Fier Note: The Telescope Azimuth Cable Wrap is located on and supported by the Telescope Pier Upper Utility
- Platform structure. This ICD defines the geometric volume set aside for the cable wrap and the mechanical
» 3.1.2.4 Pier Lift
Platform to Telescope attachment of the cable wrap system to the platform.
» 3.1.2.5 Pier Lift
Platform to Instrument Y ICD-10518: Forces through Pier to Azimuth Utility Wrap Interface -
Cart The mechanical forces across the interface between the azimuth utility wrap and Telescope is defined on drawing GMT-CAD-
» ] 3.2 Enclosure Base 100713.
_l—| ‘ ‘ stars and one or more natural guide stars. ‘ combination with 1 or 2 natural guide stars. I_
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User Experience — e.g. FMEA and HARA

» Analyses recorded using the template provided by Cockpit Nkl - 4

« Mitigations defined as a result of the analyses are linked

as parents to new requirements

INCOSE

26

Edinburgh, UK

July 18 - 21, 2016

Hazard(s)

Effect(s) of Hazard

S

Cause(s) of Hazard

o

Action Owner

5x0

Final Risk Control Measure(s)

RISK-0362: Laser beam is propagated
outdoors ¢
hits aircra

RISK-036:
outdoors |
hits satelli

RISK-0363: Possible eye/skin injury for aircraft

4

RISK-0368: Aircraft Avoidance Systemis

3

Gelys Trancho

and encourage use of the tool

12

Provide training sessions to simplify user experience

MIT-0187: Design AAS to reduce probability
probable;

tlaser propagation
1is BAD

o reduce probability
probable;

MIT-0120: LIS to prevent laser propagation
to sky when AAS health is BAD

RISK-0364: Laser beam is propagated when
LTCS is malfunctioning, within field of view
of neighbor telescope

RISK-0367: Neighbor telescope data is
corrupted

RISK-0370: Laser Traffic Control System is
malfunctioning

3

Gelys Trancho

MIT-0191: Design LTCS to reduce
probability of failure to remote or improbable

www.incose.org/symp2016
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Managing the Information

To manage the wealth of information in the tool, we leveraged the

K~

INCOSE

out-of-the-box reporting features of Cockpit with custom reports Edinburgh, UK
July 18 - 21, 2016
# Regs w/o
#Reqgs wio #Regs wio |Ver # Reqs with |# Reqs w/o |# Reqs w/o
Document Title Revision Status |Owner #of Reqs |Target Rationale |Method TBx Parents Children
7| Telescope System B Eric Pearce
Requirements 250 0 1 62 28 9 29
=| Adaptive Optics System B Antonin Bouchez
Requirements 188 0 2 4 7 19

Generate progress reports for periodic requirement reviews

oy ——— e —_——— ——— e

Infrastructure Utilities 247 0 1 6 11 4 242
Requirements
=l Software & Controls System |DRAFT Jozema Filgueira
Requirements 218 0 ] 1 18 g 217
& | Instrumentation Requirements |A Brian Walls
139 0 0 0 21 13 33

www.incose.org/symp2016 18



Managing the Information 7~
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+ Reports were used to understand the level of requirement /w2

Y /.

satisfaction for a specified document, displayed either as a 26%“9 :,nch:ose
pie chart or table.

 They could also be applied to a requirements flowdown

SCI-18 TAO Imaqing with The GMT shall support high angular resolution extragalactic saence with an LTAD observing mode that  0.30
Moderate Sky Coverage - GMT-SC]- | delivers an on-axis H band (1.65 um) Strehl ratio of po less than 0.30 over at least 20% of the sky at

1 the galactic pole, over a 120 s n (goal: 50% at the galactic pole

Numeric

Strehl@1.65um This will support high angular resolution observations of extragalactic targets and faint or obscured

Generate satisfaction reports for periodic requirement reviews

Shake PSD - € TEL-REQ- equal or better than the fig h d Sth P T
the enclosure set ¢
Pas
PSD n t requ FSM r
s is h 10m/s nd
1S-} 1 The Mount shall de 3l pla motion Po Spectra Current
d : pen Density eq r better than the figures below, when pointed into the wind, 75th Percentile (~9.8 m/s value
C £ and with the Enclosure Vents set to 50% open not set
Pass/Fa

www.incose.org/symp2016
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Lessons Learned
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What We Have Learned! s

Simple, simple, simple! Lo

_ _ 26 IN(/ZOSE
» Cultivate technical and management engagement one Eainburgh, UK

process at a time, don't try to implement everything atonce
Training, training, training!

Essential for the entire team to understand, communicate, and follow SE
processes in order for a tool to be effective and useful
the tool
Balance, balance, balance!
« Document processes and configurations before tailoring
* Find balance between supporting users and doing the work for them

www.incose.org/symp2016 21
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Future Plans
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What’s Next: Hybrid Approach 7 _>u

o &Y
N0 Wy

Traditional SE MBSE ZGEW:TE

. Clear, defined » Understanding
deliverables behaviors of a system

* Easily accessible - “Rich” capability to

« Shallow learning curve represent complex

 Simple traceability systems

Exploit the advantages of each approach

www.incose.org/symp2016 23
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Questions?

Thank you!



