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L %& Mission o f  the SEA Project JBL 
S E A  

The mission o f  the Systems Engineering Advancement 
(SEA) Project is: 
- To measurably improve the practice of systems 

engineering a t  JPL, 
and 
e 

developmen? and opepation of  JPLs f lighf 
projects @ 

- To ensure there is a pipeline of qualified systems 
engineers with the critical skills needed now and 
for future missions. 
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Technical %ope: The systems Systems Engineering Levais 
engineering process is defined t o  - Level 1 - Program 
include f O technical f unciions: - Level 2 - Project 
1. Develop System Architecture - Level 3 - System 
2. Develop & Maintain Requirements (Flight, Ground and Launch) 
3. Develop & Maintain Interfaces - Level 4 - Subsystem 

(Avionics, Electrical Power, 
4. Manage Technical Resources Instrument, Mechanical, 
5. Analyze & Characterize the Design Propulsion, Telecommunications, 

Thermal, Software, etc.) 
- Level 5 - Assembly or Element 

8. Conduct Reviews Full SysTem Life-Cycle 

9. Manage & Control the Design 
- Pre-Phase A - Advanced Studies 

10. Manage the SE task 
- Phase A - Mission and System 

Definition 
- Phase 8 - Preliminary Design 
- Phase C - Design and Build 
- Phase D - Assembly, Test and 

hunch Operations (ATLO) 
- Phase E - Operations 



SEA Customers (Target Audience) 

JPL's Systems Engineering Community consists of 
approximately 900 people (out of 5500 lab-wide). 
SEA customers primarily include the following roles: 
- Program Systems Engineers 
- Project Systems Engineers 
- Flight/Spacecraft Systems Engineers 
- Ground Data System (GDS) Systems Engineers 
- Mission Ops Systems (MOS) Systems Engineers 
- 16 other Level 4 SE Disciplines (including Software) 

* Managers in JPL Line organizations: 
- Section Managers and Technical Group Supervisors 

Managers in JPL Program/Project offices: 
- Program Managers and Project Managers 
- Mission Assurance Managers (MAMs) 

- Any others whose decisions impact the way 
systems are developed o r  acquired 

Systems Engineering Disciplines 

Mechanical Subsystem SE 
Planning & Execution SF 
Power SE 

Ground Data System (GDS) SE Propulsion SE 
Mission Ops Systems (MOS) SE Radar SE 

Telecom SE 
Level 4 SE biscipiines Tracking Systems SE 

Avionics SE Thermat/Fluid SE 
beep Space Network SE 
Entry, Descent & Landing (EDL) SE . Project software S~ 
Guidance, Navigation & Control Software SE 

Instrument/Payload SE 
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L ~ &  $Eb E- 
Three Key Components of Change JpL 

People 
(SE Competency Model, 

SE Training Courses, 
On-The-Job Training, 

Customer Organizational 
Mentoring, Seminars, 

Relatronship Change 
Management Management 

(CRM) (ocM> 

Technology 
Process (Model Based 

(SE Processes, Eng I neer i ng , 
SE Practices, MBED Tools, 

SE Procedures) CASE Tools) 

Legend: SEA 
Dark blue = key component 
l i gh t  blue = supporting process I i)epioyrnent Process 

03IC612006 PAJ-7 

2006 IEEE Aerospace Conference Session 13.03 

People Components A I P ~  

Systems Engineer Competency Model 

Elements of SE Training 

SEA On-the-Job Training (OJT) Program 

SEA Seminar Series 

D310612006 P A 2  8 



Fn ZOO6 It EE Aerospace Conference 5ess~on 13.03 @ 
Systems Engineer Competency Model ,w- - J St , L/- ;\ Personal , - 

Behavior L"dm*'P SC'lk 
Fa% Ine a L q  Iv duence 

This d l  will be used to,. i . l laa  Iha a H h  I0 w r h  $h I Im - nar lne am* lo rrurz M h m  - Screen cand~datcs for C X ~ W M ~  h m  I c m r n u n ~ ~ d r ~  m s n  and ~ ~ n n r e ~  gem nmm lo reern 
, Conduct ~nkrml as$c%smcnlS mmnram 

Qr~ve tm~m~ng cantent 
. Umlnn a M  m e h e  la,, srpcrl- s y a i m s  q l v s s r s  

anltldn aria bmrrouu 1 : krfonn nrf lr  r o r u r  n o m g r m n t  - Ha5 ~ n ~ e l l d u s l  sell-~onl*knas- - Hd< l # 7 ! ~ l l l l t ~ d l  L U ~ C + ~  . M= =wny mamago cnange - Rmnln5 okjenrvs and rmrdan~  a hsslhrxhsp(~mvn 
Commurrkdon - Expresses a technical grasp of System . A h 7 m  ld.11 Irrl MMbl  Opfn h p r * B Y  d . ICU I IOm - commun~caea cnrwn vgn-nsng a~ =nmlqs- 

eng~neering at all levels - ~ ~ t e ~ ~  Om v ~ ~ I ~  , n ~ e ~ ~ m  - Is a general~st In nature, mth proven p- mlng IM s y m n  rnlnrlng 

tmhnical depth in 1 or 2 SE dlscrpllnes 
- MBWOe5.CI* 
n TnlH* mnrally.nd pnars lm  s lw In s r n A w l r e l  

Knowledqe IS unrque to each SE manner . . . .  - .  

dlsclpllne e g , Fl~ght Sysfem. MQS. . - - - - - . - - - . - -. -. - --A . - - - 
r'n r * -7 

Radar. Av~onics, Sohare. . -. 

: - Has proven knowledge 01 systems 
engineering practices (JPL's I 0  SE luncllons) 

. - -  

I P w s o ~ l  Tmlnlng IS planrud IN EACH axis 
Technrcal deplndlng u p n  what the ~ndlvldual br~ngs to thc : 
Knowledge arslgnment a d  the content of the asslgnmnt 
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Y Y Elements o f  SE Training 

jR[ - ----- 1 
Rwrar 

frain~ng During Assignment 

Solid Line: dcploycd 

Dash Lilx: P d a l l y  deployad 

b h  Una: Planned 
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jiPL SEA On-The- Job Training (0 JT) Prograw 

Criteria for SEA OJT Candidates . Each year 10 candidates will 

Phou: in or receive personalized investment 
mid career phase and training 

2. Potential: Have the potential o f  
- Five year duration of OJT Program 

means total of 50 SEs trained 
being the best SE in their 
organization Prottgks should work on, or should 

3. SE Ability: Are able t o  be able t o  be placed on, a major 
implement the SE functions flight project. 

4. SE Behaviors: Have many of Protkgks need a mentor on the 
the preferred SE behaviors project. 

5. Experience: Have had delivery . prottgds will average 32 hours per 
ex erience LCo9 E Or and week for +heir project and will S ? work experience 

average 8 hours per week on: 
4. Sf Disciplines: Are 

representat~ve of a cross - Shadowing, SE cfasses, other 
section of The 21 systems project reviews, time with mentor 
engineering disciplines a t  JPL and SE function masters, etc. 

- Note: Items 2-4 above areew ected t o  be 
enhanced via training and Qdexperiences 

0310612006 PAJ-11 

SEA Seminar Series 
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Process: Development o f  - - 

s!: =-, JPL Systems Engineering Practices 

What: Why: 
- A body of requirements on how - Reduce develo ment and 

JPL practices systems engineering opcratianr risb of  our t light 
1. Develop System Architecture projects 

2. Develop Bt Maintain 
- There is  no JPL Sf "standard 

Requirements - Improve the efficienc o f  the  
3. Oevelop & Mainrain 

implementation of sysLms 
engineering 

Interfaces - Become aligned with NASA 4. Manage Technical Resources requirements and professional 
5. Analyze & Chamcterixe the best practices" 

Design - Who: 
6 .  Ver i fy  i Validate - Proct~tioner "Blue Teams" led by 
7. Manage R~sk 5E Function Masters 

8. Conduct Reviews - Critical "Red Team" representing program directorates 
9. Manage & Control the  Design 
l0.Manage the 5E task 

How: 
- Reviewed 14 Sf standards and 

used as "seed material' for 5E 
- -10 reqs for each of the 

Systems Engineering Functions 
proctlces 

INCOSE. If Ef .  NASA 5E 
NPR. GSFC SE Directive, . 

03 Ob,tOM PkJ 1% 
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cope of Systems Engineering Practices - - 
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Technology: Model Based Engineering  PEL 

Conducted Systems Engineering Tool Comparison 
- Four Comparison areas: 

Architecture 8 Design Modeling, Executable Modeling & Simulation, 
Information Management, and AdminisS.ration & Usage 

- Functional Modeling Tools 
CORE - Vitech Corporation http://www.vtcorp.com 
Cradle - 3% http://www.threesI.com 

- UMLISysML Tools 
Real-time Studio - Artisan Software http://www.ortisansw.com 
Rhapsody - I-Logix http://www.ilogix.com 
TAU - Telelogic http://www.telelogic,com 

- Other 
Teamcenter Requirements - UGS http://www.ugs.com 

2. Formed UML/SysML Users Group 
Held inaugural meeting on Jan. 12, 2006 and created website 

03/06/2006 PAJ-15 

4. Planning lab-wide model based engineering workshop 
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Summary JZBk 

$;ER &- L 

1. Changes in how systems are managed, developed and acquired do not 
come quickly or easily. 

2. The improvement process needs to be approached with many of the 
same deliberate methods and practices that are used in actual system 
development. 

3. I t  is essential to  proactively reach out %a custsmers instead of 
merely waiting for them to come to you. 

4. I t  is important t o  maintain the proper balance between defining 
processes and generating assets vs. actually deploying them and 
supporting customers. 
- If this balance is not ach~eved, all the products generated just 

become "shelf ware." 
5 .  A1I three aspects o f  cha~ge managerns~lt must be addressed - 

people, process and Peehraslag - and the peopFe component is 
where .the maximum !everage is gained. 
- Knowing how successful systems engineers behave and sharing 

that information with the SE community establishes a standard 
for hiring, evaluation and personnel development. 
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Customer Relationship Management 

customer segments and tailored 
their training and presentations to 
the unique needs of each segment: 
- Mid-level Line Management, Project 

CRM is a strategy used to "learn Management, SE Management, 
more about customer's needs and Systems Engineering Practitioners, 
behaviors ~n order to develop and Process Improvement customers. 
stronger relationships with them." 

The SEA Project abo prioritized - CRM helps ensure that all products 
and services truly provide value to their outreach based on classes o f  

- Primary: flight and ground systems 
such as spacecraft, instruments, and 

CRM involves identifying and associated ground systems. 

prioritizing customer target - Secondary: enterprise, business or 
segments, creating customer administrative systems 
profiles, and tailoring The - Excluded: basic research and 
communication messages and development, and advanced 
approach to their specific needs. technology development 
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is~n E Organizational Change Management J@L 

Organizational Change Management (OCM) is " the methodology 
that  integrates change and the ab~ l i t y  to  adapt into the 
organization." 
OCM involves working with a target community to  systematically 
introduce them to  desired changes in such a way that  those 
changes are eventually adopted and become commonplace. 
- OCM IS based largely on Rogers' seminal work on diffusion of 

innovat ion. Everen M Rogers D ~ ~ M O ~ O ~ T ~ ~ W ~ , ~ ~ ,  5th .s+tl0n, FW Press 2003 

- This approach is the antithesis of 
"If we buiid it, they will come." 

The SEA Project has employed several of Rogers' 
strategies f o r  optimizing the adoption of innovations: 
- Relevance, customer focus, user friendliness, educatron, 

likelihood, measurement and testimony. 

0 3 1 ~ 2 0 0 6  PAJ-20 
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Rogers' Categories of Responses to Innovation APL 

03/06/2008 PAJ-21 - 

OCM Curve and Stages 

- Mechanisms to support 
sustaining the change 

TIME 



Lessons Learned 

(as time permits) 
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L SEA Use o f  OCM at JPL 3PL $FA. K 

,- 
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Internalization !nal i tut id policies and pnnicer (SE p d c a  md 
pmeedumr) imitated into ESD llnc organrmlonr. 

Appmwls or assemenlr. continnous process ~mprovcmcnl. 
compreiicnrwe trarning pmgram mad inrtiMlonal 
~ ~ r f o m c e  a m s a i  of hae munagerr that appropriately 
mwrdr an6 reisforces desired behalor 



Lessons Learned -- Process Improvement 

4. Reach the "front line" and middle 

of distraction or  opportunity. 
- Recent major reorganization of the 

entire Engineering and Science 
Directorate (ESD) at JPL 

- Recent JPL downsizing. 

6. Start by defining the basic 
systems engineering processes. 
- Defining these processes is a 

necessary step to ensure that 
a robust process is available 
and ready to be utilized. 

7. Evaluate and select tools to 
support the design process. 

curriculum development. 
- Curriculum development and 

defining course content is 
very time consuming. 

view them as "user friendly." - On average, i t  takes 
approximately four months to 
develop a new course. 
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Lessons Learned -- Deploying Assets 

10. Use OCM and CRM t o  facil~tate 12. Conduct surveys and measure 
change. Advantages include: regularly. 
- I t  helps to maintain a customer focus - Conduct re  ular surveys and user 

and to create motivation for reaching forums to  letermine the bvel of 
out to customers. infusion into the organization and to 

- When setting priorities, it helps to uncover any barriers to  acceptance. 
know who is your primary audience vs. - Measure infusion. effectiveness, 
your secondary audience. customer satisfaction, progress, etc. 

11. Address "culture issues" head on when Remember that "without measurement, 
you're just guessing!" 

deploying assets. 
- The major radigm shift involved in 13. Communicate via multiple avenues and 

using m0deKase.d engineering design promoie shamelessly. 
(MBED) tools. - No matter how many times a message 

- Factors that engendered resistance to  is communicated, there still may be 
chaye, such as the perception of some who haven't gotten the message. 
insu f ~ c ~ e n t  t~me  and resources to  t r y  - Some people prefer e-mail, while 
something new, program and project others prefer fliers, posters, 
constraints, and the difficulty of presentations or seminars. 
change itself. - I t  helps to think of novel ways to 

- "Baggage" from previous rocess attract attention such as bookmarks, 
improvement ef for ts anxthe false cubicle pins, brochures, websites, etc. 
perception of "just another unfunded 
mandate." 

03/ffi12006 PAJ-27 
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Topics To Be Covered JBL 

SEA General Approach 
- Mission of the SEA Project 

- Scope of Systems Engineering at JPL 
- Systems Engineering Disciplines 

Three Key Components of Change: 
People, Pp~eess and Technology 
People Component The a'ork described in ws paper was performed at .te Jet 

Propulsion Labmalory Callomja WN~C of Tcchno lo~  

Backup Slides under a contnn uith the National Aeronautics and Space 
Administration (NASA). 

- SEA Seminar Series Reference herein to w spciiic commercial prcduct. p r ~ ~ ~  
or service by lnde name, uademark - " f a r ,  ox 

- Customer ~~l~~ M~~~~~~~~~ &emis? dma note~nsutule or imply brendorrcmembythc 
United States Gm.emment NASA or the Ict Propulsion 
Laboratarl: California Insdnne of Tcchnolop. 

- Organizational Change Management 
~ i n f o m ~ o n m  "Isne dher=, " h j r b e r n m n v ~ a n d  

approved for release by JPL Expn Admumtion on me 
baris that l lns dacezenl mniairc; no cxprmianmlled 
~nfomtion. 
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The mission of the Systems Engineering Advancement 
(SEA) Project is: 
- To measurably improve the practice of systems 

engineering at JPL, 
- To contribute to increasing efficiency and 

decreasing the risk associated with the 
development and operation of JPL's flight projects, 

- "Po ensure there is Q pipeline of qualified 
sysTems engi~eers with the criticaf skills needed 
now and $or f est%ai"s missions. 
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Scope o f  Systems Engineering at  JPL 
Systems Engineering Levels 
- Level 1 - Program 
- Level 2 - Project 

1. Develop System Architecture - Level 3 - System 
2. Develop 4 Maintain Requirements (Flight, Ground and Launch) 
3. Develop & Mantain Interfaces - Level 4 - Subsystem 

(Avionics, Electrical Power, 
4. Manage Technical Resources Instrument, Mechanical, 
5. Analyze & Characterize the Design Propulsion, Telecommunications, 
6. Verify & Validate Thermal, Software, etc.) 

7. Manage Risk - Level 5 - Assembly or Element 

8. Conduct Reviews - i=dl System Life-Qcie 
9. Manage & Control the Design - Pre-Phase A - Advanced Studies 

20. Manage the SE task 
- Phase A - Mission and System 

Definition 
- Phase B - Preliminary Design 
- Phase C - b i g n  and Build 

life-cycle, technicas scope and - Phase D - Assembly, Test and 
Launch Operations (ATLO) 

- Phase E - Operations 



Systems Engineering Disciplines 

* Mechanical Subsystem SE 
* Planning & Execution SE 

Flight/Spacecraft SE * Power SE 
Ground Data System (GDS) SE Propulsion SE 
Mission Ops Systems (MOS) S€ Radar SE 

Telecom SE 
Level 4 SE Disciplines Tracking Systems SE 

Avionics SE Thermal/Fluid SE 
Deep Space Network SE 
Entry, Descent & Landing (EDL) 5 E  P,,~,,+ S~ 
Guidance, Navigation & Control Software SE 

Instrument/Paytoad SE 

Components o f  Change 
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5:. 2- ; I  Personal ,- - - 

Behavior 1 'h"MP"Y1' - t ias mr anslqta ldu- 

I This &el w l l  be used to: 
- Ha? me an~l~ryio war mn e rerm 

, Has 'ha sbllrtyto lruut 01hmh 1 - S c n e n  wnd~da+rs far wtcrrd hurc . C m n r i r m  wlon a~ l e c h n ~ ~ l  &'epr n& lo nach 

I - Coduct ~ntwml asses3mcnts -1m.nt~mn 

I D r ~ w  tra~n~rq content 
- Mmlm am math- 1% mpw8mM s y 8 m  cngsnm 
Annude. sna Aunbucm - Perform tlctwe coreer munmgrmtnt - H5r ~n#cllmunl srlf c o n ( d m  . H a  lmuellccrual cur~c+q - liar nalwrn ma- & y e  

Rnnasns oa,nme awl  rmn11m I nealhy++lrpt~oun 
Cmrnunlcdkn 

Expresses a technical grasp of system - hctvmc~,  saeas m n a l 4 l r r r o p m m y  d ~ x u h -  

Commun~cstpa thrwgh d-np and s-lsr 
engqneerlng at all levels - L,~~PR< R P ~  *a- ~nlnrmMlon - Is a generalst In nature. with proven P C & ~  solwnp snd sydrmn lhlnklw 
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Elements of SE Training $ \ ;=/- ;I .. 

-3--- 

Rwar 

Tralnlng Our~ng Assignment I 

mhnlcal depth in 1 or 2 SE d~saplines 
- M a n w ~ r n r t  . ~ h s r k  vrlsally and prnotralor a lop* nn a mahmcsl - Knowledge IS unique to each SE mannw 

. - - -. . . 

drsc~pline e g , Flight System, MOS. - -. D . . ~ ~  , -: 
Radar, Avlonlcs. Software. I . - - Mas prwen knowledge of systems 

engineenng practices (JPLS 10 SE functms) 

I Ptrsaml Pmin~ng is planned in FACH 0x1s 
Technrcol depnd~ng upon what the ind~wdual br~ngs l a  the , 

Knowledge / wlrrgnmtnt and the content of the asslgnmcnt 

o : ~ M ~ x ~  PA, I 

'- 

"Punttkn 
w 

o m  

Solid Line: deployed 

Onsh L~M: Panially dtploytd 

No Line: Planned 
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SEA On-The- Job Troining (0 JT) ~ r o ~ r a d Q L  SEA m- 

Criteria for SEA OJT Candidates e Each year 10 candidates will 
receive personalized investment 1. Career Phase: Are in early or and training mid career phase 

2. Pofential: Have the potential o f  
- Five year duration of OJT Program 

means total o f  50 SEs trained 
be~ng the best SE in their 
organization ProtLg& should work on, or should 

3. SE Ability: Are able to be able to be placed on, a major 
implement the SE functions flight project. 

4. SE Behaviors: Have many of * Protkgks need a mentor on the 
the preferred SE behavrors project. 

5.  Experience: Have had delivery Protkgks will average 3 2 hours per 
ex er'ence LCog Or ATLO] and week for their p ro jed  and wil l  .SI!work experience 

average 8 hours per week on: 
6. SE bisciplines: Are 

representative of a cross - Shadowing, SE classes, other 
section of  the 21 systems project reviews, time with mentor 
engineering disciplines at JPL and SE function masters, etc. 

- Note Items 2-4 above are ex ected f o  be 
enhanced n a  fralnlng and ~ ~ T e x ~ e r l e n c e s  

03/08/2006 P A M  
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Key Findings and Implications JpL 

Key Findings: All fhree compsne~lts of  change 
maanagemen? must be addressed - people, process 
and technology - and the people compo~en? is where 
the maximum leverage is gained. 
- Knowing how successful systems engineers behave and sharing 

that information with the SE community establishes a 
standard fo r  hiring, evaluation and personnel development. 

f mplications: 8rgs. need to focus on more then $he 
teckanishni aspects sf the job of sysfems engineering. 
- They need t o  identify and employ creative ways of identifying 

and training future SEs, and then inculcate successful 
personal behaviors and leadership skills. 

03/08/2006 PAJ-10 
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JPkL 
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Customer Relationship Management 

The SEA Project took a proactive The SEA Project identified five 
approach t o  Customer Relationship customer segments and tailored 
Management (CRM). their training and presentations t o  
- An approach not usually invoked in the unique needs o f  each segment: 

an engineering environment. - Mid-level Line Management, Project 
CRM is a strategy used to "learn Management, SE Management, 
more about customer's needs and Systems Engineering Practitioners, 
behaviors in order to  develop and Process Improvement customers. 
stronger relationships with them." 

The SEA Project also prioritized 
CRM ensure that all products their based on of and services truly provide value to  

r/stems. the customer, and that  the "real" 
customers are being targeted and - Primary: flight and ground systems 
reached. such as spacecraft, instrumenis, and 

CRM involves identifying and associated ground systems. 

prioritizing customer target - Secondary: enterprise, business or 
segments, creating customer administrative systems 
profiles, and tailoring the - Excluded: basic research and 
comrnun~cation messages and development, and advanced 
approach to  their  specific needs. technology development 

03108IZO08 PAJ-13 
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Lak4 SEA Organizational Change Management ~~ 

Organizational Change Management (OCM) is "the methodology 
that integrates change and the ability to adapt into the 
organizat~on." 
OCM lnvolves working with a target community to systematically 
introduce them to desired changes in such a way that those 
changes are eventually adopted and become commonplace. 
- OCM IS based largely on Rogers' sem~nal work on dtffus~on of 

innovation. Everett M Rogers D,ffwon o i ~ w o ~ r o n r  5th cdmoo FF~D Press. 2003 

- This approach is the antithesis of 
"If we build i*, %key wilt coma.'' 

The SEA Project has employed several of Rogers' 
strategies for optimizing the adoption of innovations: 
- Relevance, customer focus, user friendliness, education, 

likel~hood, measurement and test~mony. 

0310812006 PAJ-14 
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L Rogers' Categories of Responses to Innovation JPL 
SEB m- 

PA3-15 
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OCM Curve and Stages JPL 
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Adapted fmm Oulfrom D e p d e m y  Thrrvingas m Insurgent m a Sometimes Hostrle Emrronment, 

0 3 1 0 ~ 0 6  
SuZ Garcia and Chuck Myers SEPG Conference, 2001 
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