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NASA’s SE handbook

approach®—3&T, ZXAETOCADOMAZRIELTWS,
B> Te, MEHDD, EZXF - POA
Systems engineering is 2 methodical, disciplined approach for the design,
realization, technical management, operations, and retirement of a system.
A “system” is a construct or collection of different elements that together
produce results not obtainable by the elements alone.

The elements, or parts, can include people, hardware, software, facilities,

policies, and documents; that is, all things required to produce system-level
results. BEDOXEN=BENSER S NICHBEDORR

The results include system-level qualities, properties, characteristics,
functions, behavior, and performance.

VAT
O E=

NASA SE handbook (SP20007-6105r1), section 2



BHHIASETHMETO I AT LADESE

CNIET R T LLC %70
{5 DIZ, SEEBEL % &L




SE in overall PM (from NASA’s SE handbook)

system
designldSE &

Bix5H(CH SYSTEMS ENGINEERING PROJECT CONTROL
BEWEHZE
LTW3

. —Requirements Definition .
| —Technical Solution Definition | ° P!annlng
" Product Realization | ° RiskManagement
— Design Realization * Configuration
— Evaluation Management
— Product Transition * Data Management
* Technical Management ’ AssgsFment ,
~Technical Planning * Decision Analysis
— Technical Control
— Technical Assessment
— Technical Decision Analysis

* Management Planning
* Integrated Assessment
* Schedule Management
* Configuration Management
* Resource Management

* Documentation and Data

Management
* Acquisition Management




SE engines (from NASA'’s SE handbook)

Requirements flow down Realized products
from level above to level above

v A

TECHNICAL MANAGEMENT

PROCESSES
SYSTEM PRODUCT
DESIGN Technical Planning REALIZATION
PROCESSES Process PROCESSES
10. Technical Planning
Requirements Definition Product Transition Process
Processes Technical Control 9. Product Transition
1. Stakeholder Expectations Processes f
Definition 11. Requirements Management
2. Technical Requirements | (€| | 12. Interface Management <> Evaluation Processes
Definition 13. Technical Risk Management 7. Product Verification
14. Configuration Management 8. Product Validation
¢ 15. Technical Data Management f
Technical Solution : Desian Realization
Definition Processes Technlcsgo,tsessiss ment grocesses
3. Logical Decomposition 16. Technical Assessment 5. Product Implementation
4. Design Solution Definition 6. Product Integration
Technical Decision Analysis
Process
17. Decision Analysis

v

Requirements flow down

A

Realized products

to level below from level below
System design processes Product realization processes
applied to each work breakdown : applied to each product
structure model down and up and across
across system structure system structure

Figure 2.1-1 The systems engineering engine ="tz X &%
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ECSS: ESA’s standard

DEEETD, EZXT PO A

* System engineering is defined as an interdisciplinary approach governing the

total technical effort to transform requirements into a system solution.

e A system is defined as an integrated set of elements to accomplish a
defined objective. These elements include hardware, software, firmware,
human resources, information, techniques, facilities services, and other
support elements.

* |n this standard the concept of “system” is used in a wide sense. The highest
level, often called “mission level” or “space system”, consists usually of one
(or more) space segment(s), of a ground segment and of a user segment.
Elements of em_decomposition are also considered 3 em. For the
purpose of this standard the system can be any element at any level of
decomposition as defined by the function tree or the product tree.

ECSS Space engineering : System engineering general requirements (ECSS-E-ST-10C), section 4.1
8



Perimeters of SE (from ESA’s
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INCOSFE’s definition

NTHEEAIC, ‘F’EE‘E’J&, BAT-®O7
e Systems Engineering is a transdisciplinary and integrative approach to

enable the successful realization, use, and retirement of en,gmﬁ_er_e_d_&xsj:ﬁms,
using systems principles and concepts, and scientific, technological, and
management methods.

* We use the terms “engineering” and “engineered” in their widest sense:
“the action of working artfully to bring something about”. Engineered

systems” may be composed of any or all of people, products, services,
information, processes, and natural elements.

INCOSE - International Council on Systems Engineering
https://www.incose.org/systems-engineering

10


https://www.incose.org/systems-engineering

1 e
Systems engineering (&, approach Td& %,

Cambridge Dictionary
Approach = a way of considering or doing something.

A s DB

Since our research so far has not produced any answers to this problem, we
need to adopt a different approach to it.

ZA7, PO7

11



AT LAAIVIFT Y VITWNEBEZR

The motto of SE (https://omegalpha.org/why-omega-alpha/)

DATLAIVIZF ) VT DEFNLZEZT (JAXA, BDB-060078B )

“Think about the End before the Beginning”

—The philosophy of Leonardo da Vinci

2FD, TSystem®Dretirement £T

In September of 1513,
accomplish anything!

Pope Leo X said "This man will never
e thinks about the end before the beginning!”

(http://www.bibliotecap

12

eyades.net/davi/davincicode fulcanelli03.htm)
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Concept Studies Concept & Technology Preliminary Design & Final Design &
Development Fabrication
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Preconstruction Planning
for Large Science
Infrastructure Projects

by William L Miller, Ph.D.
AAAS S&T Policy Fellow NSF

Large Facilities Office
25june2009

Objectives:

#|1 Compare processes and
practices for preconstruction
planning of large science

infrastructure projects, at
NSFE NASA and DOE.

Development process crosswalk: Terminology and alignment

Initiation Definition < Execution >
Pre-conceptual | Conceptual Preliminary . . . Trans/Closeout
Planning Design Design . Final Design . Construction Operations

DOE-SC /\'cD-0 /\"cD-1 Avcn-z Avcn-s /\YcD-4

Ref: DOE O 413.3A PR CDR EIR FDR ORR/RA
CDR  Conceptual Design Review PDR IPR/EIR**
EIR External Independent Review (OECM) Critical Decision (CD) approvals
FDR Final Design Review CD-0  Approve mission need
IPR Independent Project Review (SC) CD-1  Approve Alternatives selection & cost range
ORR  Operations Readiness Review CD-2 Approve Performance baseline
PDR  Preliminary Design Review CD-3  Approve Construction start _
RA Readiness Assessment CD-4  Approve Operations start **CD-0 IPR and CD-3 EIR for >$750M projects
< Formulation > < Implementation >
Pre-Phase A Phase A Phase B Phase C | Phase D Phase E
Concept Concept & |Prelim Design &|  Final Design & Assembly, .
: : e Integ & Test,| Operations
Studies Tech Devel [Tech Completion Fabrication Launch
NASA-SMD A KDP-A A KDP-B AKDP-C /\ /\KDP-D A KDP-E A
Ref: NASA NPR 7120.5D MCR MDR PDR CDR SIR ﬁ FRR CERR
SRR LRR
CDR  Critical Design Review ORR  Operational Readiness Review . , ORR PLAR
CERR Critical Events Readiness Review PDR  Preliminary Design Review Key Decision Point (KDP) appll’ovals
FRR  Flight Readiness Review PLAR Post-Launch Assessment Review ~ KDP-C  Approve Implementation *elongated to visually align NASA, NSF & DOE
LRR Launch Readiness Review SDR  System Definition Review . .
MCR  Mission Concept Review SIR System Integration Review equivalent eventg. Sequencgs on this chart .dO
MDR  Mission Definition Review SRR  System Requirements Review not represent typical or relative phase durations.
Readiness NSB Approved
Horizon planning and Preliminary : : . :
: . Final Design Construction Operations
Conceptual Design Design
NSF /\ /\ /\ /\
Ref: NSF 0738 CDR PDR FDR Ops
CDR  Conceptual Design Review Approvals _ [
FDR Final Design Review Post-CDR  Approve advance to Readiness A v
PDR  Preliminary Design Review Post-PDR  Approve submission to Nat. Science Board (NSB) Review Decision
Ops Operations Review Post-FDR  Congress appropriates MREFC funds
Post-Ops  Approve Operations start WLM Rev2.05052009
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FAEETE % . Mission, Project, Program

. Mission = £GP EMD

. MissionlI=DDEZAZS

(NEZEINE BIF

(2) BIZICEATWLATE

7]

(S)FNSHEMNICKHSNTWNS
(=&= World Wise Web)

RO I v D =

V1 EEDOEF

F(MICEENEINTWS,

- ERFERIFRFE DERE

eI 1E9,

JICHDIY 3
VIE(N+(2) DERR, 1K (3):

UT

* Project
* A temporally endeavor undertaken
to create a unique product,
service, or result.
(PMl's PM BOK)
* Program
* Related projects, subsidiary
programs, and program activities
managed in a coordinated manner
to obtain befits not available from

managing them individually.
(PMIl's PM BOK)

(Projectld, RXE&BICK T2 7OV I NDOEERERNLRD)
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Project @ _E{i7lC
program Hi&E
n<Tuws,

. BRINEEZ1TD
Review Panelld,
707 2 LLNXNILT
SRXE S NTWB,

Miller (2009)

Comparison: Structural factors

$17.8B  NASA
Administrator

Chief
Engineer

$33.8B DOE

Secretary

Management
Support Office

=0

$4.8B UnderSec
Office of Science $4 5B Directorate

|
Program.ﬁm Divisions
| |

Science Missions

$6.5B NSF

Director

Budget, Finance
& Award Mgmt

LFO

Directorates
(& Polar Programs)

$6.2B

Divisions
I
Divisions Programs Programs
E | _ \ _ 42 U.S.C.§1873b
Laboratories 2.0B Centers Awardees (“shall not operate
FPD
. | I | laboratories”)
! Projects Projects
Projects
"Project assurance” structures FPD  Federal Project Director

Provides polic
D P y OPA  Office of Project Assessment

[ "] Provides independent review SRB  Standing Review Board

OECM Office of Engineering and Construction Mgmt

LFO Large Facilities Office
NSB National Science Board
S&E Science and engineering

W.Miller - Large Science Infrastructure Planning Budgets: FY 2009 plans, from FY2010 Requests

29
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Before the beginning DEZEME RAER

Y2 YIAVETNORFEKRET 8k APA/QARED TERERE, OBAXSA K

&, RERBRDOTEICERRZAIEEMEDY 11 Anossw

HBDM, BDT 1T —RICEBIFEER

AKX D, (BFHZE ADSETHE)
SyygyIAVEIINRENE, £
S {E1E (S K,

BNy Y YIAVESNEESRC
ENZI VY VRKRINICEREE

. Product Assurance [C& H%/ i A112 0w FINTIRE R

THERIUEZ A, (FS] = DIEZ DR =7 » s B O AR ERER & &5

AHATLEOYM?
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R ETER P (Pre-PhaseA) & CML

. Pre-Phase ATy >a>OBEM, ZENRNFE (F—F77Fv—) I

RRTIZAIEEME D &b D IRRE, REBICHEEMZ RO T E, RDT T —AXT—
DICRETEDEIAHET, Iy yayaAye 7 hzEDHIT 5,

. HEWSA[EEZZZ T, LVLWBR, JWERFE (BRINFEROHSZE -

JR7, AR, ARBARESR) oWy gAY/ haE5

/IS

- AVET7MNOTEREDOFHMEEEE LT, £k, bWy aryare

TRNDEBIHDINAFEE LT, Cocept Maturity Level (CML) &

CML checklist h* NASA JPLTZZE N /cs (Wessen+2013)

. JAXATIE20165F (CCMLZ A
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JAXA (ISAS)ICH 75 CML

CML 1 Cocktail Napkin - The science questions have been well articulated, the type of science n S
. . . ’ . F 1) <) 2=
observations needed for addressing these questions have been proposed, and a rudimentary X EIENASA JPLOA Y +FILDOCMLEZE,
sketch of the miss@on concept an.d high-level objectives have been created. The essence of what JAXAD E% 3532 h\aEQA\Eﬂ AND <. NASA i)
makes the idea unique and meaningful have been captured. .
yj—)bf”ft . L fCo
CML 2 Initial Feasibility — The 1dea 1s expanded and questioned on the basis of feasibility, from a
science, technical, and programmatic viewpoint. Lower-level objectives have been specified,
key performance parameters quantified and basic calculations have been performed. These
calculations, to first-order, determine the viability of the concept
CML 3 Trade Space - Exploration has been done around the science objectives and architectural trades S QV—RETERD }%'fﬁz D—D
between the spacecraft system, ground system and mission design to explore impacts on and
understand the relationship between science return, cost, and risk (IS AS D %Eﬁ%)
CML 4 Point Design — A specific design and cost that returns the desired science has been selected
within the trade space and defined down to the level of major subsystems with acceptable
margins and reserves. Subsystems trades have been performed.
CML 5 Baseline Concept - Implementation approach has been defined including partners, contracting . _
mode, integration and test approach, cost and schedule. This maturity level represents the level Pre-Phase A AW T DE 1/' —(D—D
needed to write a NASA Step 1 proposal (for competed projects) or hold a Mission Concept .
Review (for assigned projects) (J AXAD %E*E)
CML 6 Integrated Concept - Expanded details on the technical, management, cost and other elements N —
of the mission concept have been defined and documented. A NASA Step 2 CSR 1s at this £ . NASA MCRI& JAXAD MDR (Zaz by,
level of maturity. There 1s no corresponding milestone for assigned projects NASADPMSR & MDRILZ. ZhF4. JAXAD
CML 7 Preliminary Implementation Baseline - Preliminary system and subsystem level requirements SRRESDRICIEVVARB TH D, lE- T, EE5D

& analyses, demonstrated (& acceptable) margins and reserves, prototyping & technology
demonstrations, risk assessments and mitigation plans have been completed. This is the

maturity level needed for competed missions to hold their Preliminary Mission System Review
(PMSR) and for assigned projects to hold their Mission Definition Review (MDRRB2

258 %H, CMLBAPre-Phase A, CML7 A
Phase AOEHOICKHINT b,




JAXA (ISAS)DCML checklist

. CMLZ®mLIIcHICMZINIELINDD, ANTETWIRENGBDZDHN? CMLD

NEMhslrTTid, CMLD

B X< bh>TWBALUNTDOMNSLEL,

. JPLIZCMLZZFRB Y 57z Dchecklist Z1ERL UTzo 22D attributes Hic, CML]1-
7T/rj7l—§”\§|791’§€ﬂ‘\ LT \z\%o
. ISASTIE, JPL CML checklistZISASD I v 3 > ORFIE R ASHCHLETE

B, CMLI-blcx¥ LT, 21Dattributes, 150Ditems H 57k BchecklistZzERL

L, 201715 FRALTWS, (S.Ueno+2021, Proc. SPIE)

(1) B=2EN, 2) ®B¥F7—5, Q) Ivyayr7—F77Fv— (4) VRATLT—FTYU

—

Fv—, B) v gy
MURIONYR—I AV NEHH, (8

—XTFI0Fv—, 06) I vaVERI —FTIFv—, (7) &
) BRI~ — VHERETE, (9 HEZWIE?%I%?%“, (10) I EXR

NUTF=3, (1) BEEEEUANS, (12) YRTFLXTIVIZF7YU >, (13) 15 EIFFE,

(14) planetary protection, (15) #REEETE, (16) FHENYR—I XAV N, (17) ErEfRdH],

(18) R~ a—JL, (19) WBS,

(20) = v av Rk (21) X b
ANEZIvYayvoFEichbtElzchecklistbERTZE %1%
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ISAS CML checklistd SEZR4

Level (Attribute = Y ATLXIVIF7ZI>VT) ODRA

2 BT SR & UTHRETIANE, JXM - URX Y - programatic R BENER S I v a VERAERZE
MEZEZ, HBNROE—REEUTERET 5

3 RIZERNOEREE IR - URX Y - programaticiREEEDEDI/INT VR ICTe> T, EHOI v =
VTP —FTIFv—, VATLAT—FIVFv—, IvIavET—FTIFv—, IvIarviE
P—F IV Fv—IcDOWT, EBNTWER, 4> TLWSHRZHRENICHIETT 5,

3 (checklist 5-3-2D)RX—XZA V7 —F TV Fv—%2BRIT 2T T AT LDEDOERDIKERHEFRZ 72
MURET S &

4 RBEIVYIUVICEWTIRERER UL TN RS BRWREELGRIFoutputNEBfEES N TE D, EH
DIV F7—FTI0Fv—, JATLV—FIJVFv—, Ivrvavsar —F7I7Fv—, IV
YavEBRY—FIJFVY—DOEADML—RKRAITAHTETLTWVWD I &,

5 P—FTI0FvDNL—RKRAITAICKODEATSIYa>yr7—FT77Fv—, YRATLAFPZ—FITY
F v —, \//_/M%J—$77?W~n\wuauaé P—=FIIVF ¥ —ZRET D,

5 Phase ALIBED AT LAXT VI =7 Y > DA% (Systems Engineering Management Plan) HYX

ZbIh TN,
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CML checklist&e BHAEDRGES

CML (Attribute = RIZZBM) ORE
1 ZUNFORE (BEELOIE) OX
HNOFRICHITEIREREI VIV VDOEEZ |

DODONX T 9 5 &,
2 REIVYaVDERZ, BEDI v =

VBN ZEDRAERD D WIEIIRETHD
BEET 33wy gy EHEABER L NJLIC
J0—457o>L, BFENE ULTERT S

3 IEIVYY gV TERY 2K8 - &0 -
ixEx, IvyayoRlEFEENE ORBRK
ZHAMEIC LU CEEah g B 2 &,

35

B E DS S48

(1) 635

all

(2) iR D BHY

() ARIAE T %= E D K&
THSMNMILELS &

o] WEEN, ARAELRE

RREDIZ N2 18T FTHIFE L

/7 1\

Sic, E I3
9 5DH

MEFEIEIECEKRODZEEZE->TULS !

CML checklist (& Z 73

ENLULTTWS,
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. Think about the end before the beginning EShhd &, DI &I
BT ERN, ED, end oM >TWBRET ATV X TIRGL,
é:b\5JRFLT\7b\1_aT<%>c_é:w%V)i’§“o (BEEend ZEDSEET DN
DfelE, c.f. BffgDREE. )

. LML, BICE->T THDE, E5ULT, CARBRIEICTDOMN G >TZA
521 EBSZEEFELKLSHDEXT, SEFXINZHEHITDIHICTHERR
approach®—2> 779,

. SEDBEBET BIcDICIE, MY TINR—IAVINDEERAV/IN—ICEDE
[&/E T, SE®D approach hN2FELTWS I EDNRETT,

. SEORKRBSHEBICKDERD XT, RXEBICIFERXEICH o IcSEHNE
T, ThZztff>oTITNIE, EEZATVWET,
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