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LSST’s Verification Process
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LSE-160 Applicability
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LSST Verification & Validation Process
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Verification Planning Requirements m
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For each requirement (“shall statement”) a Verification Plan will be created that
includes the following:

— Verification Owner — the subsystem team that is responsible for verification

— Responsible Technical Authority (RTA) — the point-of-contact assigned
responsibility for the verification of the requirement from the responsible
subsystem. The RTA, along with the responsible QA individual, has
responsibility for overseeing all associated verification events.

— Verification Method(s) — Test, Analysis, Inspection, Demonstration
— Verification Level — Same Level, Higher Level, Lower Level

— Verification Requirement — A statement that defines precisely what will be
done to verify the requirement. If there is any vagueness in the requirement,
the Verification Requirement should clearly address the noted issues and
define what precisely will be verified and any limitations. The statement
should define what will be done, where it will be done, what special test
equipment (SPE) is needed, and what project hardware/software is needed.

— Success Criteria - A statement that defines the explicit pass/fail criteria. This
statement should be clear enough that an independent third party observer
should be able to determine if the verification event was successful or not.




Compliance Assessment Requirements m

[P —— e o~

Compliance is defined as the ability of the current (any point in time) “as-
designed” system to meet its associated requirements.

The difference between compliance and verification is that verification is
conducted on the final designed and built system, whereas compliance
can be done at any earlier time and is an early step in the overall
verification process.

Compliance Assessments are required at each major subsystem and
component design review.

Required documentation:

Compliance Method(s) — Analysis, Test, Demonstration, Inspection
Verification Requirement

Success Criteria

Compliance Status (Y/N)

References to any additional documentation that further justifies the
assessment, if available.




Final Verification Reporting Rgmts m
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— A final Verification Record is compiled after all requirements within a
specification / ICD have been verified.

— A Verification Matrix for Final Verification (VM-V) serves as the final record and
summary of the verification process.
— For each requirement, summary information from the Verification Plan is
included along with:
— Responsible Technical Authority (RTA)
— Verification Successful (Y/N)

— Verification Result Summary — a concise summary narrative explaining why
the verification activities were successful or not.

— Verification Report — A reference to the Verification Report that contains the
details of the results of the verification activities.

— For each requirement, an RTA will be identified. These individuals are
responsible for vouching that the requirement has been verified and generating
initial responses to Non-Conformances




— After Verification Plans are generated, PSE uses this information,
along with additional input from the subsystem teams, to develop a
comprehensive system-level Verification model, :

— ldentify Task Interdependency (Step 4)

— Some Verification Activities can be naturally grouped and
conducted at the same time

— These Verification Activities are then grouped into a single
Verification Event.

e Can result in cost and schedule savings from eliminating
redundant or nearly redundant V&V activities
— Schedule Verification Events (Step 5)

— Events are scheduled, identifying predecessor/ successor
relationships and other schedule constraints




s 7%e End-to-End Verification Implementation Process
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2 End-to-End Verification Implementation Process
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s 72 End-to-End Verification
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s 7%e End-to-End Verification Implementation Process
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act End-to-End

s 72 End-to-End Verification
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2 20 End-to-End Verification
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s 7%e End-to-End Verification Implementation Process

act

End-to-End

[End-to-End Verification Implemenation] /

Populate
Pregenerated

Verification
Matricies

Via Excel
Template

Subsystem
Populate
M‘atricies

Trace
Requirement
Model

Elements to
Verification

Trace Verifcation Plan
Elements to Test
Cases/Verification

«datastore»

PSE SysMUiModel Repository

raon Uty

fctor Calioration
Tel AOS Look-uj
pler Driven mini-S
Eheduer Evaluati

Tasks J

Legend

D Action
D Data Store
D Activity
D Decision

— Control Flow
—— Object/Data Flow

Create
Subtasks to
Resolve
Issues

Submit
Issues
Encountered
for

[no]

Resolution
and
Scheulding

* Layout: PMCS Schedule Tracking Fiter: A1 Activities
Model B 1D [Acivty 1D _[Actviy Name Physical | Start [ fo20
Elsmenis Code % M7 | Fue | F
= 06C.04.01 Camera-Telescope Integration 04-Aug-20
Verficiation Activity Model COMC-064... Pre-Camera Install Engineering 0% 04-Aug-20
COMC-084... Re-Coat MIM3 0% 18-Aug-20 S— Remaiy
COMC-084... Camera-Telescope Fixtures and Handing Checkout 0% 16-Sep-20 1 Actual
GG Doversy COMC-084... Camera-Telescope Physical Integration 0% 14-0ct-20 =1 Actual
of \Verficatiom COMC-064... Intial Cam-Tel Testing 0% 28-0ct-20 ——
Verification Procedures ES:FPA & Reconstructor Calbiration [r———
Events Build Operational Cam-Tel AOS Look-up Tables 0% 28Dec20 | |f o oo
Scheduler Driven mini-Survey 1 0% 12-Jan-21
/ oo OCS Scheduler Evahuation & Optimization 0% 12-Jan-21 — %' Cor)
/ 4
Iy | Retationsips | Codes [ notebook | steps | Feedback [wPs & Docs [ Expenses [ summery |
Conversion _ Activity [COMC-0641-0700 [ s-FPA & Reconstructor Calibration
| Conversion
| Fieki Dependent Telescope.
! (] Reverify On-axis image quaity
1 / eEEE T In:(:a;als\trocrlleize (2] Take measurements using whole focal plane as WFS
i RIACS, g ] WFS reconstruction analysis
! o 12 Aggregate camera element errors
| [z
i GITHUB (] Aggreggate telescope element errors
| Create and
Connection via Sequence Define Steps «datastore» \ n
EA/JIRA Plug-in PMCS for Each Engineering W
i o v i
: Activites Activity Facility Database y
! EFD)
| c (CEDE Verification
! onvers Software «datastore»
H : Tools Commissioning
! Conversion Data Repository
i ( Imagery Verification
1 i t Telemetry P:D:‘a!
. roducts
A T I & Events
«datastore» Derived/Calculated
JIRA Quantities
Define JIRA Define JIRA ]
Stories

Change Ticket
State to
"Closed"

DRAFT IN WORK

16



Extending the SysML Stereotype for Verification m—

Planning

i

— SysML does not have a predefined element capable of capturing
LSST’s Verification Planning information
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metaclass

VerficationMethod-Secondarny
Verification Requirement
VerificationLewvel
VerificationMethod-Primany
VerificationOwner

o+ o+ o+

«enumeration»
Verification Levels

EFO

17



. Creation of Verification Plans & Test Cases in the Model

req [Package] Optical System Verification [Image Quality Verification] /
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Success Criteria = "The Off Zenith Image Degradatiop

arefines
~

q tshall be id sfully
verified.."
text=
Verification Level = "SL"

Verification Method - Primary = "Test"

Verification Method - Secondary = "Analysis"
Verification Owner="PSE"

Verification Requirement="The Off Zenith Image

System Image Quality Verification Planning E|
id=
LSSTRequirements = "-05S-0001"
Success Criteria = "The System Image Quality
qui tshall be idered sfull
verified..."
text=
Verification Lewvel = "SL" <— ----- e e i e
Image Quality Verification Method - Primany = "Test' averifys
Verification Method - Secondany = "Analysis"
Verification Owner="PSE" | "
Verification Requi t="The System Image Qualiby St
qui tshall be verified by a Image Quality Test i
o ducted during issioning with the $%
4 integrated onto the telescope .weﬁfyn
g
— P -~

Image Quality Subsyst: Allocati Verification EE‘//’

. ¥ id=

T :” -2 LSSTRequirements = "\-055-0002"
- wisnnes A Success Criteria ="The Image Quality Subsytem
| | Allocati qui tshall be idered
I successfully verified..” | . === -
«deriveReqts text= g <~ wvefifyn
] Verification Level ="LL"
L e v Verification Method - Primary = "Test" <— -
Image Quality Subsysts | wrefinex | |l verification Method - Secondary = "Analysis! G
LI Aocations i Verification Owner="PSE" averifys
;’7 - - Verification Requirement="The Image Quality
~erefines Subsystem Allocati qui tshall be verified
by.." |
Off Zenith Image Degradation Verification E{
Off Zenith Image id=

Z——

averifys

Degradation equi tshall be verified by.."
Image Pixel Sampling Verification E[
id=

LSSTRequirements = "W-055-0004"
Success Criteria ="The Image Pixel Sampling
tshall be idered sfully

verified.."
text=
Verification Level = "LL"

Verification Method - Primary = "Test"
Verification Method - Secondary =
Verification Owner="PSE"

Verification Requirement="The Image Pixel
Sampling requi tshall be verified by.."
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Sequencing Test Cases (Verification Events) m

- Test ases (Verification Events) are sequenced on

ackage] Test Case Sequel s [Image Qual erification ng] /

Activity Diagrams to show: [
— Predecessor/ successor I
relationships

— Events that are conducted
in parallel/ series

— OQutside constraints that
must be met before a
Verification Event can be
executed

* Results can be used to
validate or update the
project’s schedule for
the Commissioning
period.

19



— As plans mature,

individual Verification
Events can be further
detailed via association
with its own detailed
behavior diagram

— Serves as refined and
more detailed input to the
commissioning planning
effort

— Can be used directly as
inputs to writing detailed
test & analysis procedures




— Refined Test Case Actions mapped to associated Project Management Control

System (PMCS) activity steps.
— Ensures Verification Activities are included in EVMS

st [Activity] Commissioing Image Guality Test Activity [Commissioning Image Quality Test Activity Diagram]

v Layout: PMCS Schedule Tracking Fitter: All Activities
ICD | Activity ID | Activity Name Physical | Start 4| po20 7 ————
Code % FM7 | FMs [ F e oty M7 | Fms [ F
= 06C.04.01 Camera-Telescope Integration 04-Aug-20

COMC-064... Pre-Camera Install Engineering 0% 04-Aug-20
COMC-064... Re-Coat M1M3 0% 18-8ug-20 = Remain .
COMC-064... Camera-Telescope Fixtures and Handling Checkout 0% 16-Sep-20 1 Actual ckout
COMC-064... Camera-Telescope Physical Integration 0% 14-Oct-20 1 Actual
COMC-064... Initial Cam-Tel Testing 0% 28-Oct-20 ——1 Remain

[ | | [comc-o84... [wFS-FPA & Reconstructor Calibration 0% | 25-Nov-20 E— ctor Calibration
COMC-064... Build Operational Cam-Tel AOS Look-up Tables 0% 28-Dec-20 v © Milesto Tel AOS Look-ug
COMC-064... Scheduler Driven mini-Survey 1 0% 12-Jan-21 Ller Driven mini-S
COMC-064... OCS Scheduler Evaluation & Optimization 0% 12-Jan-21 = — GO cheduler Evaluat

q | _»_l_l 4 | .

Aggregate
telescope
element

errors

General |Status |Resources |Relalionships |Codes |Notebook ISteps IFeedback |WPs & Docs IExpenses |Summary I

i’ Activity ICOMC-UB41 -0700 I\NF S-FPA & Reconstructor Calibration 1 |
ca.::f: |:.age geelzesr;ir:
. Quality Test se
[ Step Name | Com ||| Field Dependent Telescope | 4 O

Reverify On-axis image quality
Take measurements using whole focal plane as WFS

WFS reconstruction analysis

Aggregate camera element errors
Aggreggate telescope element errors
Field Dependent Camera Image Quality Test

System Image
Quality Test

Field Dependent Telescope Image Quality Test

System Image Quality Test

ActivityFinal 2 1




Verification as Part of AlV m

[P —— e o~

— Verification is one critical aspect of the broader
manufacturing, assembly, integration, and verification set of
activities

— Project Systems Engineering needs to understand the early
integration and verification activities being conducted by the
subsystems that impact system level requirements, interfaces,
assemblies, and verification activities.

— A general pattern has been defined that PSE will use to
document these activities in Enterprise Architect using the
SysML language (next slide)
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AlV Pattern m

WL 7% A e o

Verification

Verification

Fri us Manufacturing /
K Value Added Process
In Process QA &
Verification (as
needed)

Transformation \|€V‘\"\
Processes

Assembly

Verify Interface
Requirements

\0“ 1= Ir*~5.auon Activity

Integration
Processes

To Next
Manufacturing
Step

Manufacturing /
Value Added Process

In Process QA &
Verification (as
needed)

Verify Form, Fit,
and Function

Telescope MBSE SIG e Pasadena, CA  11/02/2016 23



Ongoing work — Initial AIV Models

Partial Camera AIV

act [package] Camera [Camera I&T with Kevin Reil] /

:Filter Exchanger

:L1-L2 Assembly

:Filter Carousel

Camera Body-

L1-L1 and Camera

Body Integrated:
Camera Body

L1-L2 / Camera
Integration

Raft Installation into

Integration
Cryostat

L3 Integration with
Cryostat

Cryostat / Utility Trunk ’

i
5
i
i ----=>| Shutter-Filter:
:Shutter | ! Camera Body
[0 '
Vo |
:Auxiliary | E E |
Electronics T WA |
3 ' === =
! Camera Body / Shutter / !
! Filter Integration |
:ccs | !
'
i
|
i
i
|
3
'
Fully Assembled: |
***** = Utility Trunk -oeeee |
i
| !
i
:Corner Raft i !
****** 1 :L3 Lens | | : B
i i Fully Populated: ! :Cryostat & Utility
I ! 1
i | R = Cryostat S S > Trunk Assembly
by | ! L '
:Science Raft b i | L !
P :Cryostat | o ! L |
' ! '
b — = P ! P i
b '
R ! VA ! VAV =

V

Camera Fully Assembled
Verification

24
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Ongoing work — Initial AIV Models

Telescope MBSE SIG ¢ Pasadena, CA ¢ 11/02/2016 26



A Requirements to Verification Plan Example
T g P

NEEUPL 5 P e A - s

UNDERSTAND USER \ vee D ia g ra m /
<

DEMONSTRATE
AND VALIDATE SYSTE N
Lo e TO USER VALIDATIO Validation of
User Need CONCEPT AND DECOMPOSITION INTEGRATION A Needsin
Definition AND AND Operational
l DEFINITION VERIFICATIO Environment
DE\EI%%%SI%EEM INTEGRATE SYSTEM

Requirements
Development,
Refinement,

and Flow Down

SPECIFICATION AND

ISYSTEM VERIFICATION

PLAN

EXPAND PERFORMAN(
SPECS INTO C1
“DESIGNTO" SPECS
AND C VERIFICATION

PERFORM SYSTEM
VERIFICATION TO
PERFORMANCE SPEC

PERFORM

PLAN \

ASSEMBLECISAND

TO PERFORMANCE

VERIFICATIO

/ SPECIFICATIONS

Verification of

Y

EVOLVE “DESIGNO”
SPECS INTO “BUILETO
DOCUMENTATION AN
INSPECTION PLAN

Requirements
and Interfaces

INSPECT TO
“‘BUILGTO"
DOCUMENTATION

ASSEMBLE, AND COD|

FABRICATE,

LLL}

TO “BUILBTO"
DOCUMENTATION

>

System Synthesis

Telescope MBSE SIG e Pasadena, CA  11/02/2016
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Defi

A Requirements to Verification

SRD

LSR

0oss

0oss

Camera

sreguirer

Delivered mage Qualty
W=

notes

oy the system. oy
& i alon) ki
Gaussianiy i
of the total energy fight).
imago qualiy (other uimpmgmnsmumyimﬁ.ﬁy-ldsﬂ o5
o partcuta ostold e

7csec range, e beneft s & monotons functon o Improvements

elivered imags quali

«deriveReqts
. Project Responsibility
arequirements
Dolivered mage Quality
e LSSTRequremsnts = "LSR-REQ-0007"
imageQuality

notes.
Requirement: The design requirement for the image quality
roquires that, for the median atmospheric soeing, the
system contrbution to the deliversd image quality never
‘oxcoeds 15% and have the properties specified in he

table imageQusiiy.

- PSFSample: Pirels =3

Plan Example

svsrifatonFlamingElements
Delivered lmage Quality

ST

ComplanceStatusSummary =

ietes | Discussion: The design point specified here eviates from
the SRD design requirement dus o the con
image quality and charge spreading in the thiok detsctors,
needed 1o achieve the desired 2-band and y-band
sensituites. Nevertislass, e adopted base system image
quality of 0.4 arcsec FWHW remains within the allowed
value set by the SRD minimum specifications. Similany the
minimum specifications for encirclad energy have aiso
been sdopted.

draces

- Sysim_0: ArcsocFWHM = 0.40

isEncapsulated =

W=
SuecessCrlteria =

xt =

Vedhsiey Resuirement =

sderivoReqts

acereReqts ) \
arequirements
System Image Quality svenficaticaPlanningElements "“”’?‘
wconstainto = ‘Systom Image Quality \
a |
el - 0SSRE Compiancesssessment = Y" 4
- - ComplanceDoc =
- PSFSample: Pixels = 3 R o Compiance |
- SF1: Percent T = ComplanceStatusSummary =
I oRy a3 in images ” stostCaser
D S e N i h H “The requirement shal 3
SR3: Aresee = 162 P i Quality Tost
- SXfloat=1.1 Verfcation Requiremsat = The System Image Qualty..” Vordot @
- Sysim_D: ArcsecFWHN = 0.40 Verifeatontevel = “SL .
- Sysim_45: ArcsecFWHM = 0.49 ; VerifcatonMethod-Primary = "Test"
- Sysim_B0; ArcsecFWHM = 0.60  moniibon. e sdtotod e Verlatordhetod Seconcary
y-band sonsititos. The adooto ‘N o sysom ok St
“eEncopsulated = aly of 0.4 arcsec FWHM Is within the sllowed
valuo sot by tho SRD minimum speci
. adermeReqts
deriveRegts .
* wierficatenPanaingElements
: Image Quality Subsystem Allocations
crequrements
o Image Quality Subsystem Allocations ComplanceAssessment +
imgBudgetélloc ComglianceDoz
LSSTR: - Camstoceetiod - npector esiCase westCaser
- imgBugelTCam: ArcsccFWHM = 0.30 o ! ComlianceStatusSummary = T3S Image Quality Analysis T3S Image Quality Test
- imgBugetTel: ArcsecFWHM = 0.25 d=
wrefiner stracen SuccessCriteria = The recuirement shall be considered.” sverys Verdict = Verdit =
text ="
isEncapsuated = “The Image Qualty
Verifcaton.evel ="SL"
VerifcationMetho-Primary = “nspecton”
VetifcationMethod-Secondary =
VerifcationCumer = 'PSE"
“dertveRegls
wdoriv:Roci veriicatonPlamnngElements
doriveRoat: Camera max Image quality error \
| v
Y ComplanceAssessment = "¥"
| ComplanceDoc =
1 Complanceethod = “Analysis"
arequirement e . o
Vesatn Requirement = “The Camera max Image quakty.
sconstrantBlocke LSSTRequirements = CAM-REQ-0018 VerificationLeve! = "SL* stestCaser. “testC:
CameraimageQuaiity Camera image Quality Camera Focal Plane
N J--mme e tionMethod-Secondary = Test” - -- Analysis Acceptance Test
- CameralmageQualty: AroscFWHM = 0.30 arefinen dolivered image rates  VerfcatinOwner = ety
1 e fess Verdict = Verdict =
a1 mage qusity (1stect n Tabie 1, can oniy be veriied through an srsly
camera, from it combining indivical fet resuls o Q e v, isuaing 02 possble
scurce of Q degradation. The ot foflcws the
wgwrc“:‘wem/\s € mioat o

ub-system
e same meth: m;gyma . .rs‘ 4: sach contr

aiysis. The results of these measurements
9 factor is measurad end

il be combied
results converted into the

facos ae combined frough a
imilar order of

ation of
edsin

ational
bnment
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req [package] Vee Ty

iy Diagrams [image Qualty Ve Diagram] /

srequire
Delivered mage Qualty

notes.

o y e syster. oy

SRD The image pr ol
Gaussianiy i i
of the total energy (ight.
The weak ensing studies ars perticulenly sensitive 10 the delivered
immoe quelly ol scovce ogrars ew AT R
through the dependence of the imsge depth on imsge si2e). As there is
7o parfcular throshoid fo be achioved in the plausible 0.58ndashi0.9
srcsac range, the bensfitIs & monalone function of IMprovements in
elivered imags quality.

«derveReqte
aregirements
Dolivered Image Quality
<constrainte LSSTRequremenis = "LSR-REQ-0007"
imageQuaity

- PSFSamplo: Pirels =
- §1.0.42: ArcsecFiWHM = 050
- $1_0.60: ArcsecFWWHM = 072

‘oxcoods 15% an

- Sysim_0: ArcsooFWHM = 0.40

isEncapsulated =

«constrainto
imageQuality

notes
Requirement: The design requirement for the image quality
roquires that, for the median atmospheric soeing, the
system contrbution to the deliversd image quality never

have the properties spocified in the.

Project Responsibility

uirements to Verification Plan Example

sverificationFlamingElements
Delivered lmage Quality

ComplanceAssessment =
ComplanceDoc =
Complancehiethod =

ComplanceStatusSummary =

- S1_0.50: ArcsecFWHM = 089
B o table imageQusiiy.
LSR - iefres | Discussion: The design point specified here deviates from
it betwsen

S 30 o e

value <ot by the SRD minimum specficatons. Similary the
miimurn specifications for encircied ororgy have also
sdopted.

X
iy

acenveReqts
sequiremento
System lmage Quality
tags

ImFunc =
PSFSample: Pixels = 3

89 quaily of
urces in images
cepertes specified

wrefines

0oss

- Sysim_B0. ArcsecFWH!

isEncapsulated =

sconstraintBlocks
imgBudgetalioc
- imgBugetTCam: ArcsecFWHN = 0.30
- imgBugetTel: ArcsecFWHM = 0.25

0oss

isEncapsuiated =

- CameralmageQuaity: ArcsecF!

Camera

aconstrantBlocks
CameralmageQuality

ired z-band an
o adoptod baso systom image.
. FWWHM 15 within the sliowed

draces

Requirements

Derivation

W=
SuecessCrlteria =
text=

Vefication Resuirement =

VerificationLevel =
VerficationMethod-Primary =
Verfiatenliethod Secandary

sderivoReqts

avenficaticaPlanningElements
‘System Image Quality

ianceAssessment = V"
rceD

CompianceStatusSummary =
id=

stostCasen

deriveReqts

wrequirements
Image Quality Subsystem Allocations

srefines

fags
LSSTRequirements = OSS-REQ-0220

straces

VerlfcatonLevel = “SL°

VerificaionMethod-Secondary
VerificatonOwner = "PSE"

“The requirement shal

VerifcatonMethod-Primary = “Test"

Quality Tost

Verifcation Requirement = ‘The System Image Qualty...” Verdict =

adermeReqts

werficatonPiamingElements
Image Quality Subsystem Allocations.

'

ComlianceAssessment = °Y"
ComianceDo =
ComlanceMetiod = "Inspection’
ComlianceStatusSummary =

atraces SuccessCriteria = "The requirement shall be considered..”
text=""

Verlficationtevel ="S."

Verification!ethod-Primary = "Inspection”

e
VerificationCumer =

“The Imag ity

«deriveReqlo

atestCase atestCasen
T3S Image Quality Analysis T3S Image Quality Test

averifyn Verdict = Verdict =

averifcationPlaanngElements
Camera max Image quality error

[ComplanceAssessment =

ceDoc =
Complantaihod = “Anayss

Vesatn Recuirement = “The Camera max Image quaity. "
VerificationL evel = "SL”
- "Analysis”

W =030 | arofines

doliverad image
be less i

18ge qusity
camera, from ail

Verfication! Mﬁhudsuunda Tost'
VerficationOwner =

sum in quadrature (R

e RSS.

tuds fo the value of o quantities themsalves. In tis case, one Sigma (standard dev

factors ao combined o

sor,
e contnbuting factors may have messurement errors of similsr order of

iation) of the estimated

testC:
Camera Focal Plane.

stestCasen
Camera Image Quallty
Analysis Acceptance Test

Verdict = Verdict =

ation of
edsin

ational
bnment
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req [package] Ves Traceabilty Diagrams [Image Quality Vee Diagram]

SRD

Requirements to Verification Plan

sreguirer
Delivered mage Quality
W=
notes
. oy the systen oy
The image pri el
Gaussianiy i i

of the total energy fight.

The weak ensing studies ars perticulenly sensitive 10 the delivered
immoe quelly ol scovce ogrars ew AT R
through the dependence of the imsge depth on imsge si2e). As there is
7o parfcular throshoid fo be achioved in the plausible 0.58ndashi0.9
srcsac range, the bensfitIs & monalone function of IMprovements in

dsliversd imags quality.

“constrainte
imageQuality
- PSFSamplo: Pirels =
- §1.0.42: ArcsecFiWHM = 050
- $1_0.60: ArcsecFWWHM = 072
- S1_0.50: ArcsecFWHM = 089
0

™

«deriveReqts

aregirements
Dolivered Image Quality

LSSTRequrements = "LSR-REQ-0007"

notes

Requirement: The design requirement for the image quality
roquires that, for the median atmospheric soeing, the

system contrbution to the deliversd image quality never
oxcoeds 15% and have tho properties specified in the

table imageQusiiy.

0oss

0oss

Camera

LSR .

arefines

- Sysim_0: ArcsooFWHM = 0.40

isEncapsulated =

«constrainto
imageQuality

Discussian: The design point specified here deviates from
e 0 dewn s e K

Project Responsibility

value <ot by the SRD minimum specficatons. Similary the
miimurn specifications for encircied ororgy have also
sdopted.

X
iy

acereReqts

sequiremento
System lmage Quality

tags

ImFunc =
PSFSample: Pixels = 3

- Sysim_60. ArcsecFWHN

isEncapsulated =

sconstraintBlocks
imgBudgetalioc

- imgBugetTCam: ArcsecFWHN = 0.30

- imgBugetTel: ArcsecFWHM = 0.25

isEncapsuiated =

aconstrantBlocks
CameralmageQuality

wrefines

srefines

- CameralmageQualty: ArcsecFWWHM = 0.30

89 quaily of
urces in images
cepertes specified

draces

Verification
Planning &
Integration

ComplanceAssessment =
ComplanceDoc =
Complancehiethod =

Example

sverificationFlamingElements
Delivered lmage Quality

ComplanceStatusSummary =

W=
SuecessCrlteria =
text=

Vefication Resuirement =
VerificationLevel =

sderivoReqts

Verfisatinliethod-Ses

Verficationklethod-Primary =
econdary

avenficaticaPlanningElements
‘System Image Quality

ianceAssessment = V"
rceD

CompianceStatusSummary =
id=

stostCasen

“The requirement shal

Quality Tost

atestCase
T3S Image Quality Analysi

atestCasen
T3S Image Quality Test

Verdict =

Verdict =

otracen Verifcaton Requirement = *The System Image Qualty..*
Verifeatontevel = “SL
T VerifcatonMethod-Primary = "Test"
Josled buse sysee Feacs VerifationMethod-Secondary
0 adoptod baso systors image VerifoatonOuner = "PSE"
c FUWHM is within the sliowed
. adermeReqts
deriveRegts .
* wierficatenPanaingElements
: Image Quality Subsystem Allocations
crequrements
Image Quality Subsystem Allocations ComplianceAssessment = °Y"
ComglianceDos =
fags ComclianceMethod = “Inspection”
LSSTRequirements = OSS-REQ-0220 ComolianceStatusSummary =
a=
saffen SuccessCriteria = The recuirement shall be considered.” svery
text ="
“The Imag ity
Verifcaton.evel ="SL"
VerifcationMetho-Primary = “nspecton”
Vorcabonlarad Secondary
Verifcationumer =
| il
| “dertveRegls
wdoriv:Roci veriicatonPlamnngElements
doriveRoat: ’ Camera max Image quality error
3 ComplanceAssessment = "¥"
| ComplanceDoc =
1 Complanceethod = “Analysis"
srequirements u=

VerficationL evel =

arofine

Verfication! Mﬁhudsuunda
VerficationOwner =

doliverad image wtraces

be less i

18ge qusity
camera, from ail

= "Analysis”
Tost'

Vesatn Recuirement = “The Camera max Image quaity. "
s

sor,

e contnbuting factars may have me:

uds fo the value of o quantities themslves. in tis case, one sigma (standard doviatio
v e RSS.

averifys

factors are combi
arement errors of

stestCasen testC:
Camera Image Quallty Camera Focal Plane.
Analysis Acceptance Test
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req [package] Ves Traceabilty Diagrams [lmage Quality Vee Diagram]

srequirements
Delivered mage Quality
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notes.
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Gaussiani ic
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imageQuaity

- PSFSamplo: Pirels =

- §1.0.42: ArcsecFiWHM = 050

- $1_0.60: ArcsecFWWHM = 072
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Camera Image Quallty Camera Focal Plane.
Analysis Acceptance Test
Verdiet = Verdiet =

ation of
edsin

ational
bnment

S
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YsML v2 Development Work for Verification

[

(557

-

y
7’

e Eah -

The Obje
Management Group
(OMG) currently has a
team working on
requirements for a
major revision to
SysML (notionally
referred to as SysML
v2)

Brian Selvy (LSST) and
David Haines (Boeing)

are developing
Verification Concepts

Feedback welcome

«block»
Verification Context

: Verification Environment[1..*]
:Verification Case

properties

¢

¢

Problem Space Solution Space (Realization)
1.*
« »
Az «block» «block»
Verification Environment Environment
Element
properties 1.
4 : Verification Component
ealizes . - —
«block» 4= /"
R 11.*
Verification Case = L
properties pLEED
Verification Activity |J&— — — — — — — — — — — —
: Verification Requirement S e < 1
<_ — _ _ realizes f |
Tt == properties |
:Verification Results |
|
|
|
«block® «block® |
Verification Requirement Verification Result :
properties = = — — _rfa_li =L properties :
: Description : Activity Outcome \
: Success Criteria : Requirements Compliance Outcomes (Pass/Fail) |
:Verification Method[1..%] T |
|
’ I
|
|
|
|
1.*
{ordered} L. 1.+ 1. 1. :
«blocks o = = |
ablock® Verification Veriﬁ:;tion «block» «block» |
Verification Met'hofl Success Criteria |=|— Requirements Verification Activity |— —— -
Method Description B e Compliance Outcome
Outcome
«enumeration®
Verification Primary R
Method “enumerati... «enumeration®
Verification Verification Outcome
> er
Test Submethod
DEesmonstration I truee koo We believe that this
Analysis false addressesTauand
Inspection error Shakut's comment.
undefined
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End
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Backup Slides
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Requirements Engineering

e
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L Implementation — Defining Requirements m—

fopmeca

- All poet—controlled requirements are captured as elements in
the EA SysML model

_ EaCh SpECification LSST Specification Tree
from the LSST hoproed oo

Specification Tree is
modeled as a version- |- w
controlled package [J = EES %
— Requirements are
modeled as
Requirement S S
elements under the e

EA SysML Project Hierarchy

applicable package.
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Packages are used to manage
our requirements for version
control and document
generation.

All of the LSST’s system level
requirements documents are
generated from the model.

8 System level documents
contain ~1000 requirements

Science Requirements (SRD)

[_] + Science Drivers
‘__] + Sunvey Performance Requirements

)

«responds
|

Science Based Survey
Performance

i LSST Project Controlled Requirements

LSST System Requirements (LSR) I

_] + LSST System Requirements
‘_] + LSR Retired Requirements

J + LSR Issues %\

J + Traceability ~

/l\ ~

|
«derives

|

|

Obserwvatory System Specificiations [

;l + System Composition and Constraints
;] + Common System Functions & Performance
_| + Detailed Specifications

CJ+c ing Requirements

;l + Traceability Diagrams

[_] *+ 0SS Retired

A\
|
«derives

|
0OCS & Subsystem Requirements l

arefines
~

<_ ________________

«refines

;] + Camera Requirements

_] + 0CS Requirements

L]*»T' pe and Site Requi ts

(i * Education and Public Outreach Requirements
;] + Data Management Requirements

A\

/) ;] + All Center Operations

Obserwvatory Operations Use Cases

u + HQ Science and EOQ Center Operations
‘;] + Summit and Base Operations

u + Archive and Data Access Center Operations

L] + Orphaned Use Cases

y
«satisfyx
|
|

wvieun
Physical

\_] + LSST System

L] + Data Management Subsystem

\_] + Obsenvatony Control System (OCS)
\_] + Camera Subsystem

\_J + Telescope Subsystem

[_] * Education & Public Outreach

Q + System Interfaces

System Design
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— Requirements Diagrams used
to show:

— Model hierarchy (using
Containment relationship)

— Requirements traceability
via decomposition and
allocation (using Derived
relationship)

req [Requirement] Data Processing [Data Processi ng] /
Data Processing

Data Processing E

LSSTRequirements = "0OSS-REQ-0116"
Automated Production E
LSSTRequirements = "0SS-REQ-0117"
Consistency and Completeness E
LSSTRequirements = "0SS-REQ-0118"
Open Source, Open Configuration E
LSSTRequirements = "0SS-REQ-0121"

Reproducibility

LSSTRequirements = "0S5-REQ-0123" K=——q

|

|

|

|
Provenance E :

fags |~ ederiveR

LSSTRequirements = 0SS-REQ-0122 wdertveReqty
Software Development Standards E
LSSTRequirements = "0SS-REQ-0124"

38




Requirement title

Tool extension enforces
unique ID tag value

Requirement text

Clarifying discussion text
(if needed)

SysML constraint blocks are used
for quantitative attributes refines
the requirement

Systemn Image Quality E]

fags
LSSTRequirements = OSS-REQ-0228

notes
Specification: The deli
of isolated bright unre

red image quality

red point sources in

from a single visit shall have the

properties specified in the table
imageQuality.

Discussion: The design p«
deviates from the SRD design
due to the conflict be

crefines
I
1

«constraintBlocks»
imageQuality

- Sysim_0 :ArcsecFWHM = 040
- Syslm_45 ArcsecFWHM =049
- Syslm_60 :ArcsecFVWHM = 0.60
- SX float=1.1

- SF1 :Percent=10

- PSFSample Pixels =3

- ImFunc=06

- SR1 Arcsec=076

- SR2 :Arcsec =117

- SR3 :Arcsec =162
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Z

g-band Response Envelope

LSSTRequirements = "0SS-REQ-0241"

7

7
7

arefinex

)

arefinexs
L]
|

AN

\

Y
arefines
\

«constraintBlodon
g-InBandLimits

«constraintBlockx
g_lowerEnvelope

«constraintBlocks
g_upperEnvelope

g_InBAndBlue :nm=416.5
g_InBandRed :nm=537.0

isEncapsulated =
isEncapsulated =

g_lowerBlue(d) :nm= 3915
g_lowerBlue(.97) :nm= 41575
g_lowerRed(0.97) :nm =537.75
g_lowerRed(0) :nm=562.0

g_upperBlue(d) :nm=386.5
g_upperBlue(1.03) :nm=412.25
g_upperRed(1.03) :nm = 541.25
g_upperRed(0) :nm=567.0

isEncapsulated =

g-band not-to-exceed envelope &

LSSTRequirements = "0SS-REQ-0367"

tags
isEncapsulated =
Nested requirements structure
are used to further detail a parent id =
requirement within the parent’s text=
domain. 4
arefines

Z

W

N
arefinex

«constraintBlod
g_minEnvelope

«constraintBlocks
a_maxEnvelope

g_minBlue®) :nm = 3945
g_minBlue0.97) :nm=415.75
g_minRed0.97) :nm=537.75
g_minRed(0) :nm =559.0

g_maxBlued) :nm = 3835
g_maxBlue(1.03) :nm = 409.25
g_maxRed(1.03) :nm = 54425
g_maxRedd) :nm=570.0

isEncapsulated =

isEncapsulated =
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LSST SYSTEM REQUIREMENTS

Filter Complement E ¢constraintBlocks
L Im— filterComplement
grefines :
- FC= ugrizy
A
«deriveReqts»

Filter Response

A\

! OBSERVATORY SYSTEM SPECIFICATIONS

«constraintBlocks
filterOutofBand

; E|
Filter Out of Band -

«deriveReqt»

Constraints Bl «refines

fLeak_10nm :Percent = 0.01
fLeakTotal :Percent=0.03
fleakException :Percent =5.0
fleakMax :Percent = 0.1

e

CAMERA REQUIREMENTS

Filter Response

«constraintBlocks
filterOutofBand

. E|
Filter Out of Band CI—

Constraints ¢refines

CfiterOutofBand
fLeak _10nm :Percent = 0.01
fLeakTotal :Percent =0.03
fleakException :Percent =5.0
fleakMax :Percent = 0.1

Sys

ML Relationships
derive

satisfy

Trace

Refine

allocate

generalize

Generalization relationship
— between constraint blocks
allows attribute inheritance
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Modeling tool provides means to analyze and manage flow

N .v‘.

down

Traceability

“‘owns” and “needed by”
provides downward traceability

“‘owned by” and “depends on”
provides upward traceability

Model namespace also provides
traceability

2212|7222 Z2| TR @

=R P} Image Quality

=]~ 9= OWNS
. @-I4 System Image Quality
I’ﬂ Image Quality Subsystem Allocations
- Off Zenith Image Degradation
. @4 Image Pixel Sampling
-—> owned by
. @-{@ Optical System
=)---+ needed by
=i Camera max image quality emor
&= owns
. =B CameralmageQuality
== owned by
: El Camera max image quality emor
. @-I4 Camera Peformance Allocations
; -~ depends on
== owned by
. @4 Camera Performance Allocations
=---+ depends on
: l'ﬂ Image Quality Subsystem Allocations
. @-I4 Image Quality
=)---+ needed by
: El CameralmageQuality
IE Telescope and Site Themal Requirements
14 Telescope Image Quality

[#
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model.

— Allows for dissemination beyond the core set of model users

roject generates traditional requirements specifications from the

L

[ ——

3315 g-band Response Envelope
ID: 0SS-REQ-0241

LastModified: 6/19/2014

Specification: The area weighted mean g-band filter response normalized to the in-band average (as
measured between g_inBandBlue and g_inBandRed) shall lie between the upper and lower envelopes \

defined in the tables below:

g-InBandLimits

Reg. text references
attribute names or |
Constraint Block

envelope.

7

Wavelengtninm|

LastModified: 5/16/2014

Specification: Over the wavelength range defined by the upper envelope - excluding the in-band range, “
30% (by wavelength) of the area weighted average g-band filter response with may lie outside the
nominal upper and lower envelope, but shall lie completely within the minimum and maximum envelopes

Discussion: Specific instances of non compliance to this specification will be evaluated by the project to

Description Value Unit Name 06
T
e in-band blue limit forthe g-band filter response 416.5 nm g_InBAndBlue H
normalization. H
e in-band red limit forthe g-band filter response 537.0 nm g_InBandRed 504
normalization. “
g_lowerEnvelope 07
Description Value Unit Name
he blue side zero response wavelength of the g-band lower 3915 nm g_TowerBlue(0)
envelope. o0 A L
e blue side 0.97% response wavelength of the g-band 41575 nm g_TowerBIue(0.97) e s
lower envelope.
e red side 0.97% response wavelength of the g-band lower | 537.75 nm g_TowerRed(0.97)
envelope.
e red side zero response wavelength of the g-band lower 562.0 nm g_TowerRed(0) g-band not-to-exceed envelope
envelope. ID: OSS-REQ-0367
g_upperEnvelope
Description Value Unit Name
H -] Blue(0
ensetl)(l)l:)ees.lde zero response wavelength of the g-band upper 386.5 nm g_upperBlue(0) defined below.
e blue side 103% response wavelength of the g-band upper| 412.25 nm g_upperBlue(T.03)
envelope. i
e red side 103% response wavelength of the g-band upper | 541.25 nm 0_upperRed(1.03) assess acceptability.
envelope.
e red side zero response wavelength of the g-band upper 567.0 nm g_upperRed(0)

g_minEnvelope

Constraint Blocks displayed as tables with
each attribute as a row

minimum envelope.

scription Value Unit Name

e blue side zero response wavelength of the g-band 3945 nm g_minBlue
minimum envelope.

e blue side 97% response wavelength of the g-band 415.75 nm g_minBlue(0.97)
minimum envelope.
The red side 97% response wavelength of the g-band 537.75 nm g_minRed(0.97)
minimum envelope.

e red side zero response wavelength of the g-band 559.0 nm g_minRed(0)

Telescope MBSE SIG e Pasadena, CA  11/02/2016
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Subsystem Level Milestones

Hardware Centric

Review, Verification, and Acceptance
Milestones to be identified for each
Component:

Software Centric

Review, Verification, and Acceptance
Milestones to be identified for each
Component:

Final Design Review

Manufacturing Readiness Review

Start of Verification Activities (i.e. Tests)

Subsystem Acceptance Review

Verification Plan Review

Low Level Integration Test

Acceptance Test

Telescope MBSE SIG e Pasadena, CA ¢ 11/02/2016 44



Verification vs. Validation m

— Validation:

— Ensures that the system, its — Provides objective evidence that
elements, and its interfaces the services provided by a system

conform to their requirements. when in use in an operational
— “You built it right.” environment comply with the

stakeholders’ needs.
— “You built the right thing.”

-
Vee Diagram
UNDERSTAND USER]
OEVELOP SvoTEN | @ g (o strvaoanoy / /Validation of
User Need CONGEPTAD DECOMPOSITION INTEGRATION PN Needsin
Definition AND AND Operational
DEFINITION VERIFICATIO! Environment,

My INTEGRATE SYSTEM

PERFORMANCE
SPECIFICATION AND PERFORM SYSTEM
VERIFICATION TO

[BYSTEM VERIFICATIO!
PLAN PERFORMANCE SPEC]

EXPAND PERFORMANGE

Eaaery SPec oERFORMVERIFIOAT
“DESIGNTO" SPECS ERFOI ERIFICATIO|
TO PERFORMANCE

SPECIFICATIONS

EVOLVE ‘DESIGNO"
SPECS INTO “BUILETO l'jg&ﬁgglo
DOCUMENTATION AN
INSPECTION PLAN DOCUMENTATION

FABRICATE,
ASSEMBLE, AND CODE

TO “BUILBTO"
DOCUMENTATION

Requirements
Development,
Refinement,
and Flow Down

AND C VERIFICATIO!
PLAN

Verification of
Requiremen ts
and Interfaces

System Synthesis

Telescope MBSE SIG e Pasadena, CA  11/02/2016 45



Basis of Verification m

[P —— e o~

D ,,
) »
'/4 Hl e

— Statements of need, requirements, and constraints are written using one of
three specific verbs that have a direct tie to verification:

— Will — A statement of fact. Will statements document something that will
occur through the course of normal design practice, project process, etc.
These statements do not get formally verified.

— Should — A goal. Should statements document a stretch goal. A should
statement will be partnered with a shall statement. Should statements
do not get formally verified.

— Shall - A requirement that gets formally verified. Shall statements
document critical requirements that must be verified through inspection,
demonstration, analysis, or test during the verification phase of the
project to ensure objectively that the as-built design meets the
requirement.

— As noted by these definitions, only “shall” statements are formally verified.
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Verification Methods m

[P —— e o~

>

Inspectio: An examination of the item against applicable documentation to confirm
compliance with requirements. Inspection is used to verify properties best determined
by examination and observation (e.g., paint color, weight, etc.)

Analysis: Use of analytical data or simulations under defined conditions to show
theoretical compliance. Analysis (including simulation) is used where verifying to realistic
conditions cannot be achieved or is not cost-effective and when such means establish
that the appropriate requirement, specification, or derived requirement is met by the
proposed solution.

Demonstration: A qualitative exhibition of functional performance, usually accomplished
with no or minimal instrumentation. Demonstration (a set of verification activities with
system stimuli selected by the system developer) may be used to show that system or
subsystem response to stimuli is suitable. Demonstration may also be appropriate when
requirements or specifications are given in statistical terms (e.g., mean time to repair,
average power consumption, etc.)

Test: An action by which the operability, supportability, or performance capability of an
item is verified when subjected to controlled conditions that are real or simulated. These
verifications often use special test equipment or instrumentation to obtain very accurate
guantitative data for analysis. (Haskins, 127)
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