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Goals	
  of	
  this	
  Presenta6on	
  

!  Communicate	
  TMT	
  Project	
  Systems	
  Engineering	
  Processes	
  to	
  
Partners	
  

!  Raise	
  awareness	
  of	
  expectaDons	
  on	
  subsystem	
  teams	
  to	
  
conduct	
  systems	
  engineering	
  as	
  part	
  of	
  the	
  design	
  and	
  
development	
  process	
  

!  Provide	
  informaDon	
  about	
  where	
  TMT	
  systems	
  engineering	
  
documentaDon	
  is	
  located	
  	
  

!  This	
  is	
  an	
  iniDal	
  step.	
  Expect	
  much	
  more	
  interacDon	
  in	
  the	
  
future.	
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What	
  is	
  Systems	
  Engineering?	
  

!  The	
  funcDon	
  of	
  systems	
  engineering	
  is	
  to	
  guide	
  the	
  
engineering	
  of	
  complex	
  systems.	
  

!  A	
  system	
  is	
  “a	
  set	
  of	
  interrelated	
  components	
  working	
  
together	
  toward	
  some	
  common	
  objecDve”.	
  

!  TMT	
  is	
  a	
  complex	
  system,	
  in	
  that	
  the	
  elements	
  of	
  the	
  system	
  
are	
  diverse	
  and	
  have	
  intricate	
  relaDonships	
  with	
  one	
  another.	
  

!   	
  QualiDes	
  of	
  systems	
  engineering:	
  
–  Focuses	
  on	
  the	
  system	
  as	
  a	
  whole,	
  emphasizing	
  total	
  operaDon.	
  

–  Systems	
  engineers	
  play	
  a	
  key	
  role	
  in	
  the	
  design	
  of	
  the	
  system.	
  
–  Systems	
  engineering	
  bridges	
  the	
  tradiDonal	
  engineering	
  disciplines.	
  

!  Reference:	
  “Systems	
  Engineering	
  Principles	
  and	
  PracDce,	
  
Kossiakoff	
  &	
  Sweet,	
  Published	
  by	
  Wiley”.	
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TMT	
  Systems	
  Engineering	
  	
  
Responsibili6es	
  

!  Maintaining	
  the	
  configuraDon	
  of	
  the	
  system	
  
–  DocumentaDon	
  
–  Geometric	
  models	
  
–  Engineering	
  &	
  Performance	
  Models	
  

!  Requirements	
  
!   Interfaces	
  
!  Engineering	
  Budgets	
  
!  Modeling	
  and	
  Performance	
  SimulaDon	
  

!   System	
  Tests	
  and	
  Technical	
  VerificaDon	
  

!  Risk	
  Management	
  
!  Technical	
  Oversight	
  /	
  ConducDng	
  Design	
  Reviews	
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Overview	
  (1/2)	
  

!   Summary	
  of	
  InformaDon	
  Available	
  on	
  TMT	
  Systems	
  
Engineering	
  Wiki	
  Pages	
  

!  Design	
  phases	
  
–  TMT	
  Design	
  Phase	
  DefiniDons	
  

–  Design	
  Review	
  Process	
  
!  Product	
  Data	
  Deliverables	
  
!  Requirements	
  and	
  Interfaces	
  

–  TMT	
  Systems	
  DecomposiDon	
  (WBS	
  and	
  Product	
  Tree)	
  

–  Interface	
  Control	
  	
  
–  Requirements	
  flow-­‐down	
  

!  Requirement	
  VerificaDon	
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Overview	
  (2/2)	
  

!  Risk	
  Management	
  
–  Subsystem	
  and	
  System	
  Risk	
  Register	
  

!  ConfiguraDon	
  Control	
  and	
  Change	
  Control	
  Process	
  
–  DocumentaDon	
  

–  CAD	
  Geometry	
  /	
  Space	
  Envelopes	
  

–  ConfiguraDon	
  Index	
  Document	
  

!   Systems	
  Engineering	
  OrganizaDon	
  Within	
  TMT	
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Systems	
  Engineering	
  Processes	
  and	
  
Documenta6on	
  References:	
  	
  

Wiki	
  Pages	
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Systems	
  Engineering	
  Wiki	
  Pages	
  
on	
  TMT	
  Document	
  Control	
  Center	
  

!  A	
  TMT	
  Document	
  Control	
  Center	
  (DCC)	
  account	
  is	
  required	
  to	
  
view	
  the	
  TMT	
  Wiki	
  pages.	
  	
  

!  Contact	
  Holly	
  Novack	
  (hnovack@tmt.org)	
  to	
  obtain	
  and	
  
account.	
  

!  Main	
  Page	
  is:	
  	
  

h2ps://docushare.tmt.org/docushare/dsweb/View/Wiki-­‐66	
  



TMT.SEN.PRE.13.007.REL04	
   9 

System	
  Engineering	
  Wiki:	
  
Processes	
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Systems	
  Engineering	
  Wiki:	
  
Requirements,	
  Interfaces,	
  Architectures,	
  Budgets	
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Design	
  and	
  Development	
  Phases	
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Instrumenta6on	
  Design	
  and	
  	
  
Development	
  Phases	
  (1/2)	
  

!  TMT	
  Design	
  and	
  Development	
  phases:	
  
–  Feasibility	
  Study:	
  Explores	
  whether	
  there	
  are	
  feasible	
  instrument	
  

designs	
  that	
  fulfill	
  the	
  desired	
  science	
  capabiliDes?	
  

–  Conceptual	
  Design	
  (CoD	
  Phase):	
  Defines	
  the	
  instrument	
  
requirements,	
  idenDfies	
  criDcal	
  technologies,	
  idenDfies	
  problem	
  areas	
  
and	
  risks.	
  IniDal	
  cost	
  and	
  schedule	
  developed.	
  

–  Preliminary	
  Design	
  (PD	
  Phase):	
  Development	
  of	
  design	
  to	
  show	
  that	
  
requirements	
  and	
  interfaces	
  are	
  met,	
  enabling	
  technologies	
  
developed,	
  major	
  risks	
  reDred,	
  bo2om-­‐up	
  cost	
  esDmate,	
  fabricaDon	
  
and	
  construcDon	
  schedule	
  developed.	
  

–  Final	
  Design	
  (FD	
  Phase):	
  ProducDon	
  ready	
  design,	
  work	
  scopes	
  for	
  
subcontracts	
  and	
  procurements,	
  key	
  technologies	
  industrialized,	
  show	
  
compliance	
  with	
  requirements	
  and	
  interfaces	
  and	
  plans	
  for	
  test	
  and	
  
verificaDon,	
  quality,	
  safety,	
  hazard/risk	
  assessment,	
  operaDons	
  and	
  
maintenance	
  plans,	
  refined	
  cost	
  and	
  schedule.	
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Instrumenta6on	
  Design	
  and	
  	
  
Development	
  Phases	
  (1/2)	
  

!  TMT	
  Design	
  and	
  Development	
  phases	
  (ConDnued):	
  
–  Produc6on	
  Readiness	
  Review	
  (PRR):	
  Manufacturing	
  plans	
  finalized	
  

(faciliDes,	
  equipment,	
  tools,	
  procedures,	
  shipping,	
  packing,	
  storage),	
  
IntegraDon	
  (vendor	
  site)	
  and	
  AIV	
  (observatory)	
  plans,	
  quality	
  and	
  
safety	
  processes	
  in	
  place,	
  verificaDon	
  plan	
  and	
  procedures	
  finalized,	
  
final	
  budget	
  and	
  schedule.	
  

–  Pre-­‐Shipment	
  Review	
  (PSR):	
  Demonstrate	
  that	
  the	
  implemented	
  
system	
  at	
  the	
  vendor/partner	
  site	
  meets	
  design	
  requirements	
  and	
  
interfaces	
  (review	
  verificaDon	
  reports,	
  material	
  cerDficaDons),	
  
Assembly	
  IntegraDon	
  and	
  VerificaDon	
  plan	
  is	
  finalized,	
  shipping	
  /	
  
packaging	
  /	
  storage	
  plans	
  are	
  finalized.	
  

–  Final	
  Acceptance	
  Review	
  (FAR):	
  Demonstrate	
  completeness	
  of	
  
assembly	
  and	
  integraDon	
  at	
  the	
  TMT	
  site,	
  performance	
  in	
  observatory	
  
condiDons,	
  and	
  on-­‐sky.	
  OperaDons	
  and	
  maintenance	
  plans	
  are	
  
finalized.	
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Product	
  Data	
  Deliverables	
  

14 
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Document	
  Deliverables	
  
Product	
  Data	
  Defini6on	
  Document	
  

!  At	
  set	
  of	
  deliverables	
  is	
  defined	
  for	
  each	
  phase	
  of	
  the	
  work.	
  
The	
  deliverables	
  are	
  defined	
  in	
  the	
  work	
  package	
  document,	
  
and	
  follow	
  the	
  guidelines	
  in	
  the	
  TMT	
  Product	
  Data	
  DefiniDon	
  
Document	
  (PDD).	
  

!  The	
  PDD	
  document	
  lists	
  all	
  expected	
  documentaDon	
  
deliverables,	
  and	
  their	
  state	
  of	
  development	
  at	
  each	
  review.	
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Documenta6on	
  Deliverables	
  (1/3)	
  

Sec6on	
   Document	
  Title	
  /	
  Descrip6on	
  

Requirements	
  –	
  Subsystem	
   -­‐	
  Level	
  2	
  and	
  Level	
  3	
  DRDs	
  

Requirements	
  –	
  Interfaces	
   -­‐	
  ICDs	
  

Design	
  –	
  Design	
  DescripDon	
   -­‐	
  Design	
  DescripDon	
  Document	
  
-­‐	
  ConfiguraDon	
  Index	
  Document	
  
-­‐	
  Assembly	
  Drawings	
  
-­‐	
  Bill	
  of	
  Materials	
  
-­‐	
  Solware	
  Detailed	
  Design	
  
-­‐	
  SchemaDcs	
  and	
  Diagrams	
  

Design	
  –	
  Analysis	
  and	
  Modeling	
   -­‐	
  CAD	
  Models	
  
-­‐	
  Structural,	
  OpDcal,	
  Dynamic/Control,	
  Thermal,	
  
CFD,	
  FE	
  Model	
  DescripDons	
  

Design	
  -­‐	
  Safety	
   -­‐  Safety	
  Plan	
  
-­‐  Hazard/Risk	
  Assessment	
  

Design	
  -­‐	
  Reliability	
   -­‐  Failure	
  Modes	
  and	
  Effects	
  Analysis	
  (FMEA)	
  
-­‐  Reliability	
  PredicDon	
  Report	
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Documenta6on	
  Deliverables	
  (2/3)	
  

Sec6on	
   Document	
  Title	
  /	
  Descrip6on	
  

Design	
  –	
  FabricaDon	
   -­‐  FabricaDon	
  and	
  IntegraDon	
  Plan	
  (AcDviDes	
  at	
  
partner	
  /	
  vendor	
  site)	
  

-­‐  Assembly	
  and	
  IntegraDon	
  Plan	
  (AcDviDes	
  at	
  
Observatory)	
  

Design	
  –	
  OperaDons	
  and	
  
Maintenance	
  

-­‐  OperaDonal	
  Concept	
  DefiniDon	
  Document	
  
-­‐  Maintenance	
  Plan	
  
-­‐  User	
  Guide	
  /	
  Solware	
  Operator’s	
  Manual	
  
-­‐  Instrument	
  Handbook	
  
-­‐  Spares	
  List	
  
-­‐  Standard	
  OperaDng	
  Procedures	
  /	
  Maintenance	
  

Procedures	
  
-­‐  Shipping	
  and	
  Packaging	
  Plan	
  

Design	
  VerificaDon	
   -­‐  Compliance	
  and	
  VerificaDon	
  Matrix	
  
-­‐  VerificaDon	
  Plan	
  
-­‐  VerificaDon	
  Procedures	
  /	
  Reports	
  
-­‐  Acceptance	
  Test	
  Procedures	
  (for	
  mulDple	
  items)	
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Documenta6on	
  Deliverables	
  (3/3)	
  

Sec6on	
   Document	
  Title	
  /	
  Descrip6on	
  

Design	
  –	
  Quality	
   -­‐  Quality	
  Assurance	
  Plan	
  
-­‐  CerDficate	
  of	
  Compliance	
  
-­‐  Acceptance	
  Test	
  Report	
  
-­‐  Waivers	
  
-­‐  Proof	
  Test	
  Report	
  
-­‐  Interface	
  VerificaDon	
  
-­‐  Dimensional	
  Data	
  VerificaDon	
  
-­‐  Material	
  CerDficaDon	
  
-­‐  Process	
  CerDficaDon	
  

Project	
  Management	
   -­‐  Project	
  Management	
  Plan	
  
-­‐  Schedule	
  
-­‐  Cost	
  EsDmate	
  
-­‐  Risk	
  Register	
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Requirements	
  and	
  Interfaces	
  

19 
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Requirements	
  and	
  Interface	
  
Defini6ons	
  and	
  Usage	
  in	
  TMT	
  

!  Requirements:	
  
–  Are	
  the	
  “shall	
  statement”	
  definiDon	
  of	
  the	
  system	
  in	
  statements	
  of	
  funcDonal,	
  

performance,	
  hardware	
  and	
  solware	
  behavior.	
  	
  Includes	
  science,	
  
engineering,	
  and	
  operaDons.	
  

–  Are	
  the	
  basis	
  for	
  guiding,	
  evaluaDng,	
  verifying	
  and	
  accepDng	
  the	
  technical	
  
design	
  and	
  implementaDon	
  of	
  TMT	
  systems.	
  

–  TMT	
  has	
  requirements	
  documents	
  for	
  the	
  system	
  and	
  for	
  each	
  subsystem	
  of	
  
the	
  observatory.	
  

!   Interfaces:	
  
–  Describe	
  the	
  interacDon	
  and	
  mutual	
  interdependence	
  between	
  TMT	
  

subsystems.	
  	
  Can	
  be	
  opDcal,	
  mechanical,	
  electrical,	
  thermal,	
  solware,	
  control	
  
etc.	
  

–  In	
  TMT	
  there	
  are	
  separate	
  Interface	
  Control	
  Documents	
  (ICDs)	
  for	
  each	
  pair	
  of	
  
subsystems	
  (for	
  example	
  WFOS	
  to	
  the	
  Telescope	
  Structure).	
  

–  The	
  teams	
  on	
  each	
  side	
  of	
  the	
  interface	
  must	
  negoDate	
  /	
  agree	
  the	
  interface.	
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Requirements	
  and	
  Interfaces:	
  
TMT	
  System	
  and	
  Subsystems	
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Requirements	
  and	
  Interfaces:	
  
Subsystem	
  Decomposi6on	
  

!  TMT	
  consists	
  of	
  32	
  Level	
  2	
  Subsystems:	
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Requirements	
  and	
  Interfaces	
  
Subsystem	
  Decomposi6on	
  

!  Each	
  subsystem	
  is	
  defined	
  by	
  the	
  Work	
  Breakdown	
  Structure	
  
(WBS)	
  elements	
  that	
  it	
  encompasses.	
  	
  These	
  are	
  defined	
  in	
  
the	
  Observatory	
  Architecture	
  Document.	
  

!   For	
  example,	
  NFIRAOS	
  consists	
  of:	
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Work	
  and	
  Product	
  	
  
Breakdown	
  Structures	
  

!  The	
  TMT	
  Product	
  Breakdown	
  Structure	
  (into	
  Subsystems)	
  is	
  
used	
  to	
  define	
  the	
  structure	
  of	
  independently	
  testable	
  
subsystems,	
  their	
  design	
  requirements	
  documents,	
  and	
  
interfaces	
  between	
  these	
  subsystems.	
  

!  The	
  WBS	
  and	
  its	
  elements	
  are	
  used	
  to	
  define,	
  assign,	
  schedule	
  
and	
  control	
  tasks.	
  

!  The	
  WBS	
  and	
  PBS	
  are	
  closely	
  related,	
  in	
  that	
  the	
  work	
  to	
  
produce	
  the	
  TMT	
  Subsystems	
  is	
  defined	
  by	
  the	
  WBS	
  elements	
  
that	
  they	
  encompass.	
  

!   If	
  more	
  than	
  one	
  vendor	
  or	
  team	
  work	
  to	
  produce	
  a	
  single	
  
subsystem,	
  the	
  agreement	
  on	
  the	
  division	
  of	
  work	
  is	
  by	
  WBS	
  
element.	
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  Requirements	
  Traceability	
  
!   SRD 

–  Requirements directly linked to science 
capabilities 

!   Operations Plan 
–  Highest Level Statement of TMT operations 

plan 
!   OpsRD 

–  Requirements that science and technical 
operations place on observatory design 

!   ORD 
–  Requirements defining the observatory system 

!   OAD 
–  High level (architectural) design 
–  Subsystem definitions (high level requirements) 
–  Coordination between subsystems (high level 

interfaces) 
–  Reflects evolution of design 

!   DRDs 
–  Requirements defining the individual 

subsystems 
!   ICDs 

–  Interfaces trace to subsystem requirements 
25 
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Interface	
  Management	
  

!   186	
  Interfaces	
  idenDfied	
  between	
  32	
  subsystems	
  in	
  n-­‐squared	
  diagram	
  

Key subsystem 
interfaces defined in 
OAD 

26 
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Requirements	
  and	
  Interface	
  Numbering	
  

!  Requirement	
  Format	
  is:	
  REQ-­‐[Level]-­‐[IdenDfier]-­‐[Unique	
  Number]	
  
–  REQ	
  idenDfies	
  the	
  statement	
  as	
  a	
  requirement	
  

–  Level	
  indicates:	
  
!  0:	
  Science	
  Level	
  
!  1:	
  System	
  Engineering	
  Level	
  
!  2:	
  Subsystem	
  Level	
  
!  3:	
  Component	
  Level	
  

–  IdenDfier	
  indicates:	
  
!  At	
  Level	
  0	
  or	
  1,	
  a	
  document	
  (SRD,	
  ORD,	
  OAD	
  for	
  example)	
  
!  At	
  Level	
  2,	
  a	
  Subsystem	
  (WFOS,	
  IRIS,	
  IRMS	
  for	
  example)	
  
!  At	
  Level	
  3,	
  a	
  Component	
  (M1CS	
  Actuators	
  for	
  example)	
  

!   Interface	
  Format	
  is:	
  INT-­‐[SYS1]-­‐[SYS2]-­‐[Unique	
  Number]	
  
–  SYS1	
  and	
  SYS2	
  idenDfy	
  TMT	
  Subsystems.	
  	
  The	
  correct	
  order	
  of	
  lisDng	
  SYS1	
  

and	
  SYS2	
  is	
  provided	
  in	
  the	
  Configura6on	
  Control	
  Plan	
  Document.	
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Requirement	
  and	
  Interface	
  Examples:	
  

!   Level	
  1:	
  

!   Level	
  2:	
  

!   Level	
  3	
  

!   Interface:	
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Requirement	
  Flow-­‐Down	
  Example	
  
Target	
  Acquisi6on	
  

!  Requirements	
  are	
  traceable	
  in	
  a	
  Parent-­‐Child	
  relaDonship:	
  	
  

Telescope 
(Slewing) 

Enclosure 
(Slewing) 

M2 
(Actuator 
Motion) 

M3 
(Actuator 
Motion) 

M1CS 
(Actuator 
Slewing) 

Telescope Control 
System 
(Acquisition, Guiding) 

NFIRAOS 
(Reconfiguration) 

IRMS 
(Reconfiguration) 

IRIS 
(Reconfiguration) 

WFOS 
(Reconfiguration) 

Executive 
Software 
(Coordination) 

Level 1 
(System) 

Level 2 
(Subsystem) 

LGSF 
(Reconfiguration) 
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Requirement	
  Flow-­‐Down	
  Example	
  
Target	
  Acquisi6on	
  (2/2)	
  

!  Considering	
  only	
  the	
  WFOS	
  requirements,	
  flow	
  down	
  will	
  
include	
  requirements	
  on:	
  
–  Time	
  to	
  read	
  out	
  detectors	
  
–  Time	
  to	
  re-­‐posiDon	
  Wavefront	
  Sensors	
  and	
  Guiders	
  

–  Time	
  to	
  change	
  slit	
  masks	
  

–  Time	
  to	
  reconfigure	
  Atmospheric	
  Dispersion	
  Compensator	
  

–  Time	
  to	
  change	
  graDngs	
  

–  Time	
  to	
  change	
  filters	
  
–  Time	
  to	
  move	
  instrument	
  rotator	
  

!   SupporDng	
  analysis	
  documents	
  are	
  needed	
  to	
  show	
  that	
  the	
  
coordinaDon	
  of	
  these	
  acDviDes	
  meets	
  the	
  top	
  level	
  
requirement	
  (some	
  acDviDes	
  may	
  be	
  in	
  parallel	
  and	
  some	
  in	
  
series,	
  with	
  dependencies	
  on	
  other	
  systems)	
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Configura6on	
  Control:	
  
DOORS	
  Requirements	
  Database	
  

!   DOORS	
  =	
  “Dynamic	
  Object	
  Oriented	
  Requirements	
  System”	
  

!   Industry	
  standard	
  tool	
  to	
  develop,	
  manage	
  and	
  review	
  requirements	
  data	
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Standard	
  DOORS	
  Traceability	
  Report	
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JPL	
  TraceTree	
  Tool	
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•  Web based, DXL interface to DOORS, run daily, available to 
entire project 
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Requirement	
  Verifica6on	
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Verifica6on	
  -­‐	
  Overview	
  

!   TMT	
  uses	
  an	
  incremental	
  approach	
  to	
  VerificaDon	
  that	
  is	
  
spread	
  throughout	
  project	
  phases	
  
–  Tests	
  are	
  complemented	
  by	
  design	
  review,	
  engineering	
  analysis	
  and	
  

lower	
  level	
  results	
  
!   Many	
  design-­‐related	
  verificaDons	
  can	
  be	
  done	
  prior	
  to	
  system	
  

assembly	
  
!   Some	
  verificaDons	
  can	
  be	
  split	
  into	
  detailed	
  low-­‐level	
  tests	
  or	
  

analysis	
  followed	
  by	
  a	
  simpler	
  high-­‐level	
  check	
  
–  This	
  on-­‐going	
  verificaDon	
  provides	
  earlier	
  confidence	
  that	
  

requirements	
  will	
  be	
  met	
  
–  Reduces	
  the	
  number	
  of	
  complex,	
  difficult	
  to	
  interpret,	
  system	
  level	
  

tests	
  occurring	
  on	
  the	
  criDcal	
  path	
  
–  Method	
  depends	
  on	
  strong	
  system	
  configuraDon	
  control	
  to	
  ensure	
  

that	
  results	
  obtained	
  at	
  lower	
  levels	
  of	
  assembly	
  are	
  sDll	
  valid	
  at	
  later	
  
stages	
  of	
  integraDon	
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Verifica6on	
  -­‐	
  Nomenclature	
  

!  VerificaDon	
  Method	
  
–  One	
  of	
  five	
  possible	
  verificaDon	
  methods:	
  Design,	
  
InspecDon,	
  DemonstraDon,	
  Test,	
  or	
  Analysis	
  

!  VerificaDon	
  AcDvity	
  
–  The	
  act	
  of	
  performing	
  one	
  of	
  the	
  above	
  methods	
  of	
  
verificaDon	
  

!  VerificaDon	
  Procedure	
  
–  The	
  sequence	
  of	
  documented	
  steps	
  that	
  consDtute	
  a	
  
VerificaDon	
  AcDvity	
  

!  VerificaDon	
  Milestone	
  
–  A	
  logical	
  grouping	
  of	
  verificaDon	
  acDviDes	
  in	
  Dme	
  (e.g.	
  
FDR,	
  Telescope	
  First	
  MoDon)	
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Verifica6on:	
  
Subsystem	
  Document	
  Deliverables	
  

!  VerificaDon	
  Cross-­‐Reference	
  Matrix	
  
–  A	
  list	
  of	
  each	
  requirement	
  from	
  a	
  requirements	
  document	
  providing	
  an	
  

associated	
  VerificaDon	
  Method	
  and	
  links	
  to	
  VerificaDon	
  Procedures	
  at	
  one	
  or	
  
more	
  VerificaDon	
  Events	
  

!  VerificaDon	
  Plan	
  
–  A	
  document	
  wri2en	
  for	
  each	
  requirements	
  document	
  which	
  contains	
  a	
  

descripDon	
  of	
  the	
  equipment	
  and	
  sequence	
  of	
  tests	
  and	
  how	
  they	
  map	
  to	
  the	
  	
  
VerificaDon	
  Procedures	
  associated	
  to	
  each	
  requirement	
  

!  VerificaDon	
  Procedures	
  Document	
  
–  Procedures	
  for	
  each	
  verificaDon	
  acDvity	
  at	
  a	
  VerificaDon	
  Event.	
  
–  VerificaDon	
  Procedures	
  documents	
  will	
  be	
  grouped	
  by	
  VerificaDon	
  Event,	
  e.g.	
  

“Telescope	
  First	
  MoDon	
  VerificaDon	
  Procedures”	
  

!  VerificaDon	
  Test	
  
–  An	
  instance	
  of	
  a	
  test	
  of	
  verificaDon	
  acDvity	
  procedure.	
  	
  Result	
  may	
  be	
  assessed	
  

as	
  Passed,	
  Failed,	
  ParDal	
  or	
  Invalid.	
  

!  VerificaDon	
  Reports	
  
–  Completed	
  Procedures	
  documents	
  for	
  a	
  VerificaDon	
  Milestone	
  will	
  become	
  

the	
  VerificaDon	
  Reports	
  for	
  that	
  Event	
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Verifica6on	
  –	
  VCRM	
  example	
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Verifica6on	
  ‘Milestones’	
  

!  VerificaDon	
  milestones	
  are	
  logical	
  groupings	
  of	
  verificaDon	
  
procedures	
  that	
  are	
  executed	
  when	
  enough	
  data,	
  or	
  system	
  
components,	
  or	
  test	
  equipment	
  are	
  available.	
  

!  VerificaDon	
  milestones	
  are	
  olen	
  closely	
  associated	
  to	
  design,	
  
integraDon	
  and	
  test	
  milestones,	
  but	
  the	
  verificaDon	
  acDviDes	
  
are	
  not	
  necessarily	
  the	
  milestone	
  compleDon	
  criteria.	
  

!  This	
  decoupling	
  can	
  be	
  very	
  valuable	
  in	
  efficiently	
  proceeding	
  
with	
  the	
  project	
  while	
  simultaneously	
  building	
  a	
  “rolling	
  
wave”	
  of	
  verified	
  requirements.	
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TMT	
  Systems	
  Engineering:	
  Requirements,	
  
Interfaces,	
  Test	
  and	
  Verifica6on	
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Design	
  Compliance	
  with	
  Requirements	
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Requirement	
  Compliance	
  Assessment	
  

!   Subsystems	
  are	
  expected	
  to	
  assess	
  the	
  compliance	
  of	
  their	
  
design	
  against	
  each	
  substem	
  requirement,	
  as	
  either	
  
compliant,	
  par6ally	
  compliant,	
  or	
  non-­‐compliant.	
  

!  Brief	
  notes	
  that	
  explain	
  why	
  the	
  component	
  or	
  sub-­‐system	
  is	
  
judged	
  to	
  compliant	
  (or	
  not)	
  with	
  the	
  requirement.	
  Examples	
  
could	
  be:	
  
–  similarity	
  to	
  exisDng	
  designs	
  
–  discussion	
  of	
  supporDng	
  tests	
  or	
  analysis	
  
–  discussion	
  of	
  design	
  features	
  that	
  enable	
  requirement	
  to	
  be	
  met	
  

!  Where	
  appropriate,	
  include	
  Dtle	
  and	
  URL	
  link	
  to	
  any	
  
document	
  on	
  the	
  DCC	
  that	
  supports	
  the	
  compliance	
  status.	
  

!  A	
  template	
  for	
  reporDng	
  compliance	
  and	
  addiDonal	
  guidance	
  
can	
  be	
  found	
  on	
  the	
  systems	
  engineering	
  wiki	
  pages.	
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Compliance	
  Report	
  Example	
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Requirement 
Number & Text 

Assessment of 
Compliance 

Notes  
justifying 
Status 

Reference 
Documents 

Traceability 
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Risk	
  Management	
  (Risk	
  Registers)	
  

44 
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Risk	
  Management	
  Overview	
  

!  TMT	
  formalizes	
  the	
  management	
  of	
  risk	
  in	
  the	
  
following	
  three	
  ways:	
  
–  Risk	
  analysis	
  at	
  lowest	
  level	
  of	
  WBS	
  in	
  the	
  cost	
  es6mate	
  to	
  
generate	
  risk	
  adjustment.	
  The	
  raDonale	
  for	
  the	
  included	
  
risk	
  adjustment	
  is	
  included	
  as	
  a	
  narraDve	
  in	
  the	
  cost	
  book.	
  	
  

–  Risk	
  analysis	
  in	
  schedule	
  development	
  to	
  address	
  criDcal	
  
paths	
  and	
  other	
  schedule	
  risks.	
  

–  A	
  Risk	
  Register	
  employed	
  for	
  formal	
  project-­‐wide	
  system	
  
level	
  risk	
  idenDficaDon,	
  assessment	
  and	
  reDrement.	
  

!  This	
  presentaDon	
  addresses	
  the	
  3rd	
  item,	
  Risk	
  
Registers	
  at	
  the	
  System	
  and	
  Subsystem	
  Level	
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Risk Register contains ~ 
200 entries 

Over 550 change 
requests have been 
processed 
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System	
  Risk	
  Progression	
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Subsystem	
  Risk	
  Registers	
  

!   Subsystems	
  teams	
  are	
  expected	
  to	
  conduct	
  risk	
  management	
  as	
  part	
  of	
  
their	
  design	
  and	
  development	
  process.	
  	
  A	
  deliverable	
  of	
  this	
  process	
  is	
  a	
  
subsystem	
  risk	
  register	
  that	
  is	
  reviewed	
  regularly	
  by	
  the	
  TMT	
  project.	
  	
  

!   Olen	
  this	
  is	
  a	
  document	
  in	
  Excel	
  format	
  (Template	
  available)	
  

!   The	
  TMT	
  project	
  regularly	
  holds	
  meeDngs	
  to	
  review	
  and	
  update	
  the	
  
project	
  risk	
  register.	
  	
  Subsystems	
  are	
  encouraged	
  to	
  provide	
  input	
  to	
  these	
  
meeDngs,	
  including	
  idenDficaDon	
  of	
  subsystem	
  risks	
  that	
  may	
  be	
  
candidates	
  for	
  inclusion	
  into	
  the	
  system	
  risk	
  register.	
  	
  	
  	
  

!   Risks	
  may	
  be	
  promoted	
  from	
  Subsystem	
  Risk	
  registers	
  to	
  the	
  Project	
  Risk	
  
Register,	
  ReDred,	
  or	
  Demoted	
  back	
  down	
  to	
  the	
  Subsystem	
  Registers.	
  

!   See	
  the	
  following	
  systems	
  engineering	
  Wiki	
  page	
  for	
  more	
  informaDon	
  on	
  
TMT	
  Risk	
  Management:	
  
–  h2ps://docushare.tmt.org/docushare/dsweb/View/Wiki-­‐66/Risk	
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Subsystem	
  Risk	
  Register	
  Example	
  

50 

!   Some	
  examples	
  of	
  risk	
  categories	
  include	
  technical	
  Issues,	
  compliance	
  with	
  
requirements	
  or	
  interfaces,	
  procurement,	
  management,	
  schedule,	
  cost.	
  	
  

!   Can	
  be	
  risks	
  from	
  internal	
  or	
  external	
  sources.	
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Configura6on	
  Control	
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Configura6on	
  Control	
  

!  Goals	
  of	
  ConfiguraDon	
  Control:	
  
–  Define	
  the	
  configuraDon	
  of	
  the	
  TMT	
  system,	
  both	
  current	
  and	
  past	
  
–  Manage	
  ConfiguraDon	
  Items	
  (CIs),	
  ensuring	
  efficient	
  &	
  appropriate	
  definiDon,	
  

review	
  and	
  authorizaDon	
  of	
  change	
  
–  Provide	
  auditable	
  evidence	
  of	
  stakeholder	
  review	
  and	
  approval	
  of	
  CIs	
  via	
  

signatures	
  

!  TMT	
  configuraDon	
  control	
  plan	
  adopted	
  project	
  wide	
  in	
  2014	
  with	
  
the	
  formaDon	
  of	
  the	
  TMT	
  InternaDonal	
  Observatory	
  OrganizaDon	
  

!  Other	
  key	
  supporDng	
  documents	
  include:	
  
–  Product	
  Data	
  Package	
  DefiniDon	
  
–  Change	
  Control	
  Role	
  Assignment	
  	
  
–  Document	
  Approval	
  Matrix	
  (indicates	
  signatures	
  required	
  for	
  approval)	
  
–  TMT	
  Reviews:	
  DefiniDons,	
  Guidelines	
  and	
  Procedures	
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Document	
  Approval	
  Matrix	
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Configura6on	
  Index	
  Document	
  Example	
  

54 

!   CID	
  Links	
  are	
  to	
  a	
  specific	
  document	
  version,	
  so	
  that	
  even	
  aler	
  a	
  
document	
  is	
  updated,	
  the	
  CID	
  version	
  will	
  sDll	
  point	
  to	
  the	
  version	
  in	
  use	
  
for	
  that	
  configuraDon.	
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Configura6on	
  Control:	
  
Document	
  Control	
  Center	
  (DCC)	
  

!  DocuShare	
  database	
  
–  ~450	
  users,	
  ~24,000	
  documents,	
  ~6,800	
  collecDons	
  

!  Unique	
  document	
  numbering	
  
!  Search	
  capabiliDes	
  
!  Each	
  and	
  every	
  project	
  document	
  captured	
  

–  Requirements	
  documents	
  
–  Interface	
  control	
  documents	
  
–  Design	
  documents	
  
–  SpecificaDons	
  
–  Contracts	
  
–  Budgets	
  
–  Technical	
  notes	
  
–  Change	
  control	
  requests	
  
–  PresentaDons,	
  other	
  media	
  files	
  
–  Published	
  documents	
  (papers,	
  etc.)	
  
–  Project	
  standards,	
  guidelines,	
  and	
  templates	
  
–  Correspondence	
  (memos,	
  meeDng	
  minutes,	
  etc.)	
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Clarity	
  of	
  Configura6on	
  Control:	
  
Configura6on	
  Items	
  vs.	
  Source	
  Databases	
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Configura6on	
  Control:	
  
CAD	
  Database	
  (Drawings	
  and	
  Models)	
  

!   A	
  fundamental	
  configuraDon	
  
control	
  aid	
  
–  Under	
  strict	
  revision	
  control	
  

!  May	
  trigger	
  change	
  
control	
  requests	
  

!   SolidWorks	
  Master	
  Model	
  
(Digital	
  Mock-­‐Up)	
  of	
  the	
  
observatory	
  
–  Interface	
  control	
  tool	
  

!  Mechanical	
  interfaces	
  
!  Space	
  envelopes,	
  swept	
  
volumes	
  

–  Design	
  support	
  tool	
  
!  Architectures	
  and	
  trade	
  
studies	
  (like	
  access	
  and	
  
handling)	
  

!   Solid	
  model	
  database	
  SW/HW	
  
–  Enterprise	
  PDM	
  (EPDM)	
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Configura6on	
  Control:	
  
Configura6on	
  Index	
  Document	
  (CID)	
  

!   Snapshot	
  of	
  design	
  
–  By	
  reference	
  (which	
  document	
  is	
  the	
  relevant	
  and	
  current	
  one)	
  
–  A	
  separate	
  Index	
  for	
  each	
  subsystem,	
  as	
  well	
  as	
  one	
  for	
  the	
  enDre	
  system	
  
–  Mandatory	
  at	
  major	
  milestones	
  (CoDR,	
  PDR,	
  FDR,	
  PSR,	
  FAR,	
  EIDP)	
  
–  Evolves	
  as	
  the	
  design	
  matures	
  and	
  construcDon	
  proceeds	
  –	
  documents	
  and	
  

details	
  added	
  
!   Includes	
  

–  Requirements	
  and	
  interfaces	
  
–  Design	
  documents	
  

!  Design	
  descripDon	
  (architectural	
  design)	
  
!  Detailed	
  design	
  (drawings,	
  specificaDons,	
  bill	
  of	
  materials,	
  schemaDcs,	
  etc.)	
  
!  Models	
  and	
  analyses	
  (CAD,	
  FEM,	
  opDcal,	
  thermal,	
  control,	
  etc.)	
  
!  Safety	
  (Safety	
  Plan,	
  Hazard	
  Risk	
  Assessment,	
  etc.)	
  
!  Reliability	
  (FMEA,	
  Reliability	
  PredicDon	
  Report)	
  
!  Manufacturing	
  
!  Assembly	
  and	
  integraDon	
  
!  OperaDons	
  and	
  maintenance	
  (OperaDonal	
  Concepts,	
  Maintenance	
  Plan,	
  etc.)	
  
!  VerificaDon	
  (VCRM,	
  VerificaDon	
  Plan	
  and	
  Report)	
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Configura6on	
  Index	
  Document	
  Example	
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!   CID	
  Links	
  are	
  to	
  a	
  specific	
  document	
  version,	
  so	
  that	
  even	
  aler	
  a	
  
document	
  is	
  updated,	
  the	
  CID	
  version	
  will	
  sDll	
  point	
  to	
  the	
  version	
  in	
  use	
  
for	
  that	
  configuraDon.	
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Configura6on	
  Control:	
  
Systems	
  Engineering	
  Issue	
  Tracker	
  

!   Implemented	
  to	
  track	
  engineering	
  tasks	
  
with	
  system	
  engineering	
  involvement	
  

!  Web	
  based	
  with	
  E-­‐mail	
  funcDonality	
  	
  
!   Searchable	
  meta-­‐data	
  
!   Issue	
  states,	
  lifecycle	
  	
  
!  Currently	
  238	
  issues	
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TMT	
  Systems	
  Engineering	
  Organiza6on	
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Systems	
  Engineering	
  Organiza6on	
  
within	
  TMT	
  

!  Project	
  Systems	
  Engineering	
  provides	
  guidance	
  and	
  
coordinates	
  with	
  subsystem	
  teams	
  on	
  systems	
  engineering	
  
deliverables.	
  

!   Subsystems	
  are	
  responsible	
  for	
  their	
  own	
  systems	
  
engineering	
  processes	
  and	
  deliverables.	
  

!  The	
  subsystems	
  team	
  should	
  be	
  structured	
  and	
  enough	
  
resources	
  should	
  be	
  allocated	
  to	
  perform	
  the	
  systems	
  
engineering	
  tasks,	
  and	
  provide	
  the	
  deliverables	
  as	
  specified	
  in	
  
the	
  Product	
  Data	
  Package	
  DefiniDon	
  Document.	
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SE	
  Organiza6on	
  

!   Systems	
  Engineering	
  of	
  subsystems	
  is	
  conducted	
  within	
  the	
  subsystem	
  
team	
  in	
  coordinaDon	
  with	
  the	
  TMT	
  Systems	
  Engineering	
  Group	
  

!   Clear	
  reporDng	
  lines	
  are	
  maintained	
  between	
  the	
  TMT	
  and	
  Partner	
  Work	
  
Package	
  managers	
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