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Competency-based Space System
Engineering Education—Overall Goal

 Currently, space system engineering practitioners are needed
by most space agencies and industry, in order to meet
upcoming challenges. Many companies and Government
agencies have large numbers of unfilled positions.

 The study team will develop an international list of required
space system engineer competencies (capabilities) with
performance levels necessary to perform required tasks. The
study team will use the vetted and approved capability list to
review system engineer education programs and identify which
capabilities they develop in participants.

 The study team will make recommendations pertaining to the
system engineer capability content of, and potentially missing

mcatlon programs. | .



Competency-based Space System

4.

D.

Engineering Education—Steps

Develop a baseline list of space system
engineer capabilities with performance levels

Identify system engineering educational
programs globally

Measure educational programs against
needed capabilities

Make recommendations for potential
Improvement

Generate and update the space system

enﬁineering regort



Competency-based Space System
Engineering Education--Method

1. Form the study group

2. Establish and implement the process for gathering
required capabilities from industry and
Governments

3. Organize and vet capabilities and performance
levels

4. Assess educational programs against competencies
Complete the report

a1

Time Line: Dates by items 1-5 above. 1- December
2006, 2- March 2007, 3-September 2008, 4- March

2009I and 5- November 2009.

Target Community: Space agencies, industry and educational
Institutions that must perform system engineering in
order to succeed in their tasks.



System Engineering Capabilities

SpaceTech's Masters of Space System Engineering—System Engineer Capabilities”

1.0 Concepts and Architecture 6.0 Internal and External Environments
1.3 Mission Needs Sfatement 8.1 Organzation Structure. Mission. and 'memal Goa's
12 5ystem Environments 6.2 PMISE Procedures and Guidelnes
1.3 Trade Sudies 0.3 Extema Relabonships

1.4 Sysism Archileche=

2.0 System Design 7.0 Human Capital Management
2 1 Siakehoidsr Expectation Definition & Management 7.1 Technizal Staffing and Performance
2 2 Technizal Reqursments Gefinition 7.2 Team Dynamics and Management

2.2 Logaal Decompesition f

2.4 Design Solusion Definilicn

3.0 Production, Product Transition, Operations 2.0 Secunty, Safety and Mission Assurance
3.1 Produgt Implementafion 1 B.1 Sacurity
3.2 Product Inlegration i 8.2 Safety and Mission Assurance

3.3 Produsct Verfieation

3.4 Produst alidation

-

E o F
3.5 Product Transition

38 Dperations

4.0 Technical Management 9.0 Professional and Leadership Development

4.1 Techngal Planning 0.1 Mentorng and Coaching
4 2 Requirerents Management 8.2 Communicaton
4.3 Interface Management 5.3 Leacehip
4.4 Technical Risk Manageren
4.5 Configuranion Management . Nurnbered llemss 1.1 - 1001 = Desired Syslem Engineer Tapabilties
4.8 Technizal Dats Managament ' " = Documented SE Process
o B o sy D Numbered fems = 5= Capabilibes Provioso by SosceTech
4 & Technival Dacizion Analyss

5.0 Project Management and Control 10,0 Knowledge Management
& T Aoguidion Strafegies ans Procuremend 10.7 Enowledge Cazture and Transfer

5 2 Hesource F-'Iina;,re.'nent"

5.2 Conlract Management

- * Comgpiled via aligning of 5E Competencies’ Processes) Functions! Task
b4 Systems Engineering Mansgement (MSFC. GSFC, J5C, K50, ARG, Agenay (SE DACUM. E5 NFR - DRAF m
Competenoy Model MESC; | and other SE Sources (Do, INCOSE, Indusify T




Capability Descriptions and Performance

Levels

SE Proficiency Level | SE Proficiency Level Il | SE Proficiency Level Il | SE Proficiency Level IV
Engineering Technizal Englneer ! Project Subsystern Lead Pmojact Systems Engineser Frogram Systems Engineer or
Leadership Team Member Organization Ghief Enginesr
Parfoms fundamental and Ferforms-SE achvibies fora Ferforms as a3 systems Owersees SE acfivities forz
Description of | outine SE activitizs white subsysiem or simpke project engineer for a complex proseet | program with several sysiems
Role! supporfing a Lewel -1V (.4 no more than twosimple | led. several distnc andor establishes SE palicies
Responsibility systems engineer as a internalierterna inderfaces, subsystems or otner oefined at top organzational level
member of a project fsam simpler copiracting processes, | senvices, capablitiesor
smaller ieamdbudget, shorter producis-and theirassooiated
duration] inferfacss)
Fractifioners hawe obiaired a Practitoners parlicipaled inor | Practitioners havetaken a Practifioners will have

Level of
Expertize
(LEO)
Capability to
Attain
Proficiency
Level

working kmowledge of technica
niegration, systems
sngingering (5E] concepis and
tonis and performed fasks and
acfivities o =upport and
zontribiie to & project. They
demonsiraied an awarensss
ard understanding of the
organization’ s SE fools,
techniquas, and lexicon Thay
have sufficient experance and
responsibifity and are prepared
to conirbute to fundamenial
and mutne SE activiies

led| 5E activiie=s (=g
requirsments developmeint.
eoncept and arghiteciure
develocpment, risk
imanagementl They
demanstratad ihe appboaton
of SE tools; fechniques; and
lexicon &t ihe oroject
subsysiem level, including use
of SE best practices. They
have sufficient expefiencs and
responsibility and are preparsd
to'lead SE and techanical
integration actvities for 2
subesysiem or simple prolect

significant leadership rofa in
muliple phases of a prosect bis
ovcie managing bofh
n}granun.airu and r=chnical
Fspacts andior managing all
fechnical integration and SE

funciions for 3 subsysiem or
small project They
gemonsirated the integration of
SEtoots, technigues, and best
pracboes across subsysiams at
the prosect level. They have
sufficient experence and
responsibiiity and are oreparad
for a technical l=adership ol
In support of amajor system or
project

contributed fo organizatona!
goals and be sffective in
managing programmafic,
fechnical, and strategic
interfaces both intemal and
sxtermal fo the organization
They demonstratsd supsrior
capabkiftes im &l Systems
Enginsenng formulaticn and
mmplementation activities.
They have sufficisnt
gxperience and responsthility
and are prepared for a
technical l=adership role at the
program, top organizational or
HiQ lavel.

Valiclation of
Levels

Praciiioner's immediate
SUpEniSor

Division Pesr Group and
Senior Fans!

Civision Peer Group and
Senior Pansl

Chivision Peer Group, Senior
and crganizafion-wide panels

Learning and
Development
emphasis

The emphasis at Level lis
kncwledge and undersianding
off technical integration; 5E ang
basic proigct managemeant

The emphasis at Level i s
leadershep apofcation and
parfizpation in SE.

The emphasis at Lavel 1| 1s the
girecting, stnectunng., and
integraticn aotivities of SE

The emphasis-at Level IV 5 on
the strategy for 5E of large
camplex initiatves and the
straiegy and management of
orga nizational mitiafives.




Capability Descriptions and Performance Levels

Capability Area: 1.0 Concepts and Architecture

Capability: 1.2 System Environments

Capability Elements
and Descriptions

Proficiency Level Descriptions

Level 1

Level 2

Level 3

Leve| 4

1.2.1 System

Environment

Identification

a. |ldentify constraints

b. |dentify expected systam
envircnment

c.  Analyzefguantify
expecied envircnment

Involved in identifying
consiraints and the expected
system envircnment

Able to analyze/guantify
expecied environment

Able to (for a subsystem or

simple project):

= |dentify constrants

= |deniify expected system
EnMvironment

= Analyze/guantfy expecied
EnMyironment

Direct (for a system):

= |deniification of constrants

= |dentification of expected
sysiem envirenment
&natysisiguantfication of
expected emvironment

Directifor 3 program):

» |dentification of constraints

» |dentification of expected
system environmment
Analysisiguantfication of
expected environment

1.2.2 Design Guidance

a. Establish margin
philosophy against the
expected envircnment
Establish design
guidance for the
expected envircnment

Courzes

Understand the purpose of
hawing 3 margin philoscghy
against the expected
enwironment and how that
lzads {o design guidance

Apply provided design
Juidance

Bpply (for 3 subsystem or

simple project]:

=+ Margn philosophy aganst
the expecied envircnment

= [Design guidance

Establish (for 3 system):

= Margn philosophy agamnst
the expected envircnment

= [esign guidance

Establish {for a program)

« Margin phcsophy against
the expected emironment

» [iesign guidance

Define Cirganizationa! design
guidance policies

CJL activities

Other learning activities

Aszzessment




Capability Descriptions and Performance Levels

Capability Elements
and Descriptions

Capability Area: 1.0 Concepis and Archifecture

Capahility: 1.3 Trade Studies

Proficiency Level Descriptions

Level 1

Level 2

Level 3

Levs 4

1.3.1 Concept Definifion

3. D=fine scops cplions

b. Define oparations
concept
Define technical solution
cpiions

Coatribute to definition of
sCope ophions

Understand the need foran
operaiions concspt early in the
project

Able to-define (for a
subsysiem of sfnpie praject)
» Scops oplions

« Technigal solubon colions

Coninbuote to (for a sutsystam

or =anple project] develooment
& the operabons concept

Direct {for a sysiem]:

« Difinition of scope colions

« Dafinitipn of iechniczl
spfaion oobons

» Depsioomeni of the
operations ooncspd

Direct (for 3 program

» [iefinition of scope options

» Definition of technics
sciigion options
Davsiopment of the
op=rations concent

1.3.2 System Model
. Creats system mode
\alidate system modsl
COperate system modei
Corrslaie system modsl
witn coersticnal dats

Contribuie to:

« Creaton of system mods

= Wataation of sysiefm model

& Correlation of system model
with operational data

Abde to operats 3 sysiem
miooel

Ahle to for a subsystem or

simipée project].

« Cregte, vaioate and operate
a system modsl

» Comreiste 3 system model
with operaticnal datz

Direct {for a system):

& Creaton, vafdsion, 3nd
poeration 5 system mode

& Zorrelation of sysiem msdel
with operational daia

Direct (for a programe

« Cregtion, valdston, and
ope=tion a system model

» Correlation of sysiem model
with operational dalz

1.3.3 Systam

Performance

3. Ewvaluate possible
concepts

k. Select techmiczl scéution

Courses

Contribute to:

« Swaluation of possible
concepls

« Rzcommendaton of 2
weonaacal sofstion that
batances techncal and nor
techncal features of the
System

Able tor{for & sibsystem or

simple project’

= Ewaluase possibie concepls

« Recommend 3 techoeal
solobon that balances
techmical and sondechnical

fegtures of the syslzm

Direct {lor 3 sy=teml;

# Eyxaluation of possible
concepls

& Salzchon of 2 technical
spiution that balanoes
technical antl non fechmcal
features of ihs sysiem

Direct {for 3 program’:

» Evaluation of possible
concepls

» Szizcuon of 3 iechnacal
solubon shat balances
techmizal and non-iechnical
teateres of the system

CLUIL activities

Other learming activities

Assessment




System Engineering Assessments
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System Engineering Assessments—Organization Needs, Education
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Results of System Engineering Assessments

o Study Group is able to assess ORGANIZATIONAL
approaches to system engineering development

o Study Group Is able to assess INDIVIDUAL capabilities
relative to the desired list of SE capabillities

« This approach provides a strong, organized approach to
help industry, educational and training organizations
develop necessary space system engineers

ﬁ



