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The Issue

• Sources of guidance • Vocabulary used
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Various textbooks and papers

NASA SE Handbook

FAA SE Handbook



Interface Management

• Interface Management

– Requirements and Design

• Described as

– Cross-cutting process

– Separate process
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Interfaces

• Interfaces spread over SE processes 
– Requirements, architecture/design, verification…

• Focus on immediate interaction of adjacent 
physical components

• Functional interactions of remote 
components addressed

• Reliance on interface control documents or 
similar approaches.
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Interface Topics Vary Among Systems
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Other Things To Consider

• Allocations

• Multiples

• Operations

• Support

• Environment

• New Technologies

• Organizational Architecture

• Culture

• Configuration Management
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Allocations

• Basic allocations
– Weight, power, cost, unusable fuel…

• More interesting
– Moment or product of inertia, Thermal, Error 

Budgets (RMS?)

• Or even
– Electromagnetic Interference/Radiation
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More Complex Allocations

Compound Parameters

• Aircraft range

– Lift, Drag, Fuel efficiency, 

Dry and Wet Weight, 

Mission profile…

• Link Margins

– Power, Sensitivity, Noise, 

Propagation, 4/3 Earth 

Model, Environment…
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Tree Growth Rate?

4/3 R



Even More Allocations

• System level requirements across 

subsystems 
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Gold Plated?
Weak Link?



Issues with Multiples

At times, one works well –multiples don’t

• Leaded gasoline to lessen engine knock

• Plastic bags

• Cell phones in high demand situations

• Radar scope screen update design

• Pre-GPS 3-drone triangulation guided bomb
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Operations

• Engine to Generator 

flex coupling failed on 

fishing boat

• Problem: Strain 

during idle operations 

working nets – engine 

fluxuations
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Integrated Logistics Support
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Supply Support Support Equipment Technical Data Manpower & Personnel

Training & Training SupportFacilities
Packaging, Handling,

Storage, and Transportation

(PHST)

Computer Resources

Support

Maintenance

Planning

Requirements for these elements + Design 

Interface with the System of Interest

© 2017 Stevens Institute of Technology 5-12



Indirect Support Impacts

Example: Tactical Communications 
Switch Built-in-Test 

• Requirement:
– 85% Identify Single Part

– 15% not more than 3

• Policy: Unused part not returned 
to supply – sent to depot 

• Impact: Higher return rate from 
field and more initial spares 
needed

• Solution: Improve Built-in-Test to 
high 90’s%
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Environment

Rail Examples

• France/Albuquerque
– Classic interface issues

• UK High Speed
– Broader view 

– Who starts where going 
where?

– How do they get to and from 
the train?
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More Environment

Transit Oriented 
Development

• Are surroundings 
conducive to using 
the system?

• Which paths on 
right are more 
likely to be used?
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More Environment

Loganair SAAB 2000

• Hit by lightning

• Autopilot went downward

• Pilots believed they would 
override autopilot

• Only plane in fleet not true

• Almost crashed

• Data anomaly happened to turn 
off autopilot
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New Technologies (Local – Within System)

• Solid State ILS
– Worked well in Europe

– Failures in thunderstorms in 
USA

• NICAD Batteries in Tactical 
Communications Van
– Met interface and performance 

requirements

– Not allowed on cargo aircraft
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New Technology (Global – External Impacts)

• Solar Cars – INCOSE 

IS2021 Keynote 

– positive carbon footprint 

impact presented

– negative impacts of battery 

manufacture recognized
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Lightyear One



New Technologies (Global and Multiples) 

• New York City 
expects 2M electric 
vehicles by 2040

• Power grids need 
major upgrades 

• Not only place this is 
the case
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Organizational Architecture

• “Any organization that designs a system (defined broadly) will 

produce a design whose structure is a copy of the organization's 
communication structure.” (Conway, 1968)

• Mars Polar Lander
– Spacecraft expected metrics

– Ground sent ‘English’ (feet)

• Integrated Product Teams
– Help integration of specialties on product the team builds

– Can cause non-integrated application of specialties across products in a 
system – e.g., different soldering standards
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Culture

• Potential issues with 
impacts of behaviors
– Aircraft crew 

communications

– Training attitudes

– Local habits – Frequent floor 
waxing clogs cooling intakes
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Configuration Management

• Apollo 13 highlighted potential impact

– Thousands of changes are made on any 

sizeable program

– Many corporate processes focus on internal 

changes and lack serious treatment of 

external interfaces

www.incose.org/symp2022 22



Tools to Use

• ICWGs and SEITs – monitor broader issues 
than just direct interfaces

• TPMs – track progress of key allocations

• System Readiness Levels – ask if the 
selected technologies have been used 
together before

• Schedule networks and critical path analysis
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TPMs

• Track technical 

parameters

• Assess impact on 

integration
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System Readiness Levels

• Adds Integration 
Maturity Level
– Have these two 

technologies worked 
together before?

• Example: Electronic 
controls added to Puget 
Sound Ferry
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Schedule

• Integration of 
multiple segments

• Tight schedule

• Issue: no time to 
address test issues 
between integration 
phases
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M y I nt egrat ed Schedul e
Q 2 1998 Q 3 1998 Q 4 1998 Q 1 1999 Q 2 1999 Q 3 1999 Q 4 1999 Q 1 2000 Q 2 2000 Q 3 2000 Q 4 2000 Q 1 2001 Q 2 2001 Q 3 2001 Q 4 2001 Q 1 2002 Q 2 2002 Q 3 2002

Acqui si t ion

Desi gn & Product ion

Test  & Eval uat ion

I mpl ementat ion

Human Factors

RRI / ASE Sof tware Deli very

ARI NC VDLM 2/ATN for ATS+ACARS

Ameri can Air li nes CPDLC Program

Ameri can 767 Program

Rockw el l CMU/VDR Devel opment  (need ti es t o cert)

767  Fl ight Deck Int egrat ion Acti vi ties ( need ti es t o cert)

FAA Fl i ght  Standards Tasks [Street er , Don]

FAA Cert i f icat ion Tasks (St eve Van Trees, AIR)

Requi rement s
Devel opment3 90 days06/ 29/ 19910/ 30/ 199
0 days

Prep. / Review of SIR
4 5 days

10/ 26/ 19910/ 30/ 199
0 days

SI R Rel eased
5 0 days

10/ 30/ 19910/ 30/ 199
0 days

Bi d/ Proposal/Award
Act i vi t ies 
6 45 days

11/ 02/ 19901/ 01/ 199
0 days

Cont ract  Award
7 0 days

01/ 15/ 19901/ 15/ 199
0 days

Desi gn Usabili ty St udy
4785 days01/ 04/ 19904/ 30/ 199

0 days

Cont rol l er HCI Resul ts
480 days04/ 30/ 19904/ 30/ 199

20. 4 days

Bui l d 1 Host /DLAP S/W
Devel opment
9 368 days

05/ 05/ 19909/ 29/ 200
311 days

FCA/ PCA Complet e (HCS
SW/ ProATN DLAP)

110 days
09/ 29/ 20009/ 29/ 200
311 days

I nt ernal  FAA Host
I nt eroperabil it y Testi ng &Debuggi ng

2586 days
10/ 02/ 20001/ 29/ 200
311 days

Host  Sof t ware Suit abil it y
2822 days

01/ 30/ 20002/ 28/ 200
311 days

PTR f i xes, Regressi on
Test i ng,  f inal Host
Sof t w are Uplevel
2940 days

03/ 01/ 20004/ 25/ 200
311 days

Host  A5f 1.2 Code Cutof f
200 days

04/ 25/ 20004/ 25/ 200
311 days

Host  I nt egration/keysit e
21159 days

04/ 26/ 20012/ 04/ 200
311 days

Nat i onal  Deli very A5f 1. 2
220 days

12/ 04/ 20012/ 04/ 200
311 days

Procedures/Trai ni ng Study
4987 days

07/ 01/ 19910/ 30/ 199
1132 days

CM U/ Fl i ght Deck
Prel i minary Desi gn (t ie t o
Rockw el l/ Boei ng ef forts)

175360 days
09/ 01/ 19901/ 17/ 200
323 days

CM U CPDLC/ CM A
Prel i minary Desi gn

122129 days
01/ 01/ 19906/ 30/ 199
204 days

Ai rcraf t  Configurat ion
Revi ew
13264 days

01/ 01/ 19903/ 31/ 199
0 days

B767 Del i veri es
13367 days

02/ 01/ 19905/ 04/ 199
0 days

TSA Compl ete
1340 days

06/ 11/ 19906/ 11/ 199
201 days

Cockpi t  Display Defini tion
13513 days

06/ 14/ 19906/ 30/ 199
204 days

Devel opment of  Cockpit
Di spl ay/ Wir ing Updates

136450 days
06/ 14/ 19903/ 02/ 200
200 days

Desi gn Usabili ty St udy
5185 days

01/ 04/ 19904/ 30/ 199
0 days

Pi l ot  HCI Result s
520 days

04/ 30/ 19904/ 30/ 199
247 days

Archi t ect ure/HMI
Def i ni t ion Fi nali zed

1210 days
06/ 30/ 19906/ 30/ 199
204 days

Fl i ght  Deck HCI  Evaluati on
5323 days

08/ 25/ 19909/ 24/ 199
335 days

Anal i ze Result s
5433 days

09/ 27/ 19911/ 10/ 199
335 days

Communi t y Consensus
5536 days

11/ 12/ 19912/ 31/ 199
334 days

CM U CPDLC/ CM A
Devel opment
123325 days

07/ 01/ 19909/ 27/ 200
204 days

Hi gh Level Certi fi cati on
Appl i cat ion
1720 days

01/ 31/ 19901/ 31/ 1990 days

AG C Approval
1621 day

04/ 15/ 19904/ 15/ 1990 days

Publ i c Comment
16345 days

04/ 20/ 19906/ 21/ 199383 days

Comment  Di sposit ion
16430 days

06/ 22/ 19908/ 02/ 199383 days

AC 20DC Fi nal
1650 days

08/ 03/ 19908/ 03/ 199383 days

Ameri can develops
cert i f icati on pl an and
compl i ance data
173220 days08/ 03/ 19906/ 05/ 200

383 days

AFM  Suppl ement s
Devel oped
17490 days

06/ 06/ 20010/ 09/ 200966 days

CM U/ Fl i ght Deck
Prel i minary Desi gn

Compl et ed
1760 days01/ 17/ 20001/ 17/ 200

323 days

CM U/ Fl i ght Deck Det ailed
Desi gn ( t ie to

Rockw el l/ Boei ng ef forts)
177160 days01/ 18/ 20008/ 28/ 200

323 days

CM U/ Fl i ght Deck Det ailed
Desi gn Compl et e
1780 days08/ 28/ 20008/ 28/ 200

323 days

O perat ional Environment
Def i ni t ion ( FAA-Hrit z)

158214 days
12/ 07/ 19909/ 30/ 199
560 days

O perat ional Safet y
Assessment (FAA- Hrit z)

159214 days
12/ 07/ 19909/ 30/ 199
560 days

Syst ems Requirements
and Procedures 
160167 days

05/ 03/ 19912/ 21/ 199
502 days

ACO  approval  of
cert i f icati on pl an,  design

dat a
17980 days

08/ 29/ 20012/ 18/ 200
323 days

VDL M ode 2 Development
117295 days

01/ 11/ 19902/ 25/ 200
357 days

Cont ract  Preparat ion
13174 days

06/ 01/ 19901/ 28/ 200
278 days

Cont ract  Award f or
CPDLC Bui l d 1
140 days

01/ 30/ 20001/ 30/ 200
278 days

Pre- CTS Sof tware Deli very
600 days

02/ 07/ 20002/ 07/ 200
221 days

ATNSI  RRI  Delivered
1180 days

02/ 07/ 20002/ 07/ 200
221 days

ATNSI  RRI  Int eg/Debug
119151 days

02/ 23/ 20009/ 20/ 200
209 days

CPDLC and CM A ASE's
Del i very
610 days

02/ 07/ 20002/ 07/ 200223 days

ACI  ASE Del ivered
1240 days

02/ 07/ 20002/ 07/ 200
223 days

Reqt s Anal ysis t o
I nt egrat e ATNSI  RRI and

ASEs
1550 days

03/ 02/ 20005/ 10/ 200
255 days

CM U ACI  CPDLC/CMA
ASE I nt eg/Debug
125149 days

02/ 15/ 20009/ 08/ 200
217 days

CM U/ VDR Functi onal
Test i ng
12648 days

09/ 28/ 20012/ 04/ 200
204 days

Avi oni cs/ Ground System
Test i ng and Updates

( Est i mated)
12760 days

12/ 05/ 20002/ 26/ 200
204 days

R/ L CM U Avai labl e
1280 days

02/ 26/ 20002/ 26/ 200
204 days

ProATN DLAP Accept ed
and Compl et e
100 days

05/ 11/ 20005/ 11/ 200
255 days

Desi gn,  Impl ement,  Test
ATNSI  RRI ,  ASE
16180 days

07/ 24/ 20003/ 30/ 200
203 days

Conduct  Fi nal
Conf i gurat ion

Audi t s/ I ncorporat e
Changes
1723 days

04/ 02/ 20005/ 02/ 200
203 days

FCA/ PCA Complet e
( ATNSI  DLAP)
180 days

05/ 02/ 20005/ 02/ 200
203 days

Syst em Del ivered to T&E
Si t e
240 days

05/ 02/ 20005/ 02/ 200
203 days

I nt ernal  FAA Final
I nt eroperabil it y Testi ng &

Debuggi ng
2640 days

05/ 14/ 20007/ 06/ 200
196 days

FAA HM I  Cockpit  Survey
974 days

11/ 09/ 19911/ 12/ 199
0 days

Cockpi t  Int egrat ion HMI
program with Tech Cent er

98131 days
04/ 01/ 19909/ 30/ 199

1239 days

Si m Hardware
Conf i gurat ion 1
99219 days

04/ 01/ 19902/ 01/ 200
336 days

Si m Hardware
Conf i gurat ion Final

10067 days
03/ 01/ 20006/ 01/ 200
316 days

Si m Dat a Link Provision
101120 days

07/ 03/ 20012/ 15/ 200
295 days

ATSS/ Pi l ot /Syst em
I nt egrat ion Planning

56382 days
05/ 17/ 19910/ 31/ 200
870 days

CPDLC I RD/ I CD
69130 days

05/ 28/ 19911/ 25/ 199
833 days

I nt erf ace bet ween ARINC,
FAATC
7460 days

08/ 09/ 19910/ 29/ 199
852 days

I mpl ement Testbed GSs
7560 days

08/ 09/ 19910/ 29/ 199
852 days

Demo t est/ prep
76196 days

11/ 26/ 19908/ 25/ 200
833 days

Support  Demonstrat ion
77170 days

08/ 28/ 20004/ 20/ 200
833 days

Demonst rate
ATSS/ Pi l ot /Syst em
I nt egrat ion
5786 days

12/ 18/ 20004/ 16/ 200
837 days

R/ L VDL M ode 2 VDR
Avai l abl e
1130 days

10/ 01/ 19910/ 01/ 199
571 days

B/ L VDL M ode 2 VDR
Avai l abl e
1140 days

06/ 30/ 20006/ 30/ 200
376 days

AVLC Test i ng w/RColl ins
65100 days

06/ 30/ 20011/ 16/ 200
944 days

Provi si on Aircraft  f or  Red
Label  avionics
137140 days

08/ 01/ 20002/ 12/ 200
214 days

VDL- 2/ CM U/ Fl ight Deck
I nt egrat ion
13840 days

03/ 05/ 20004/ 27/ 200
200 days

Cockpi t  int egrat ion
Compl et e
1390 days

04/ 27/ 20004/ 27/ 200
200 days

Q ui ck Change ECO's ( tie
t o out  of servi ce t est ing)

140153 days
07/ 03/ 20001/ 31/ 200
890 days

I nt egrat e ATN Displays
and CM U in Si m
10246 days

04/ 30/ 20007/ 02/ 200
200 days

Revi ew  and Update
Human Factors
Requi rement s and

G ui dance
45304 days

12/ 01/ 19901/ 28/ 200
1153 days

Human Factors Testi ng
Compl et e
580 days

04/ 16/ 20004/ 16/ 200
837 days

Procedure Ref inement  f or
PETAL I I e109133 days

06/ 01/ 20012/ 04/ 200
333 days

I nst al l at ion Inspect ion
( t i ed t o CMU/f light  Deck

compl et ion)
18123 days

04/ 30/ 20005/ 30/ 200
229 days

M ai nt enance & M EL
M anual s Compl et e

107485 days
10/ 26/ 19909/ 01/ 200
422 days

Ai rcraf t  and Operat ing
M anual s Compl et e

106152 days
06/ 01/ 20012/ 31/ 200
337 days

M ai nt enance Crew
Trai ni ng & Procedures f or

PETAL I I e
1080 days

12/ 31/ 20012/ 31/ 200
337 days

AA Approved Training
Program
104451 days

01/ 08/ 19909/ 29/ 200
402 days

AA PETAL I I  Maast richt
Fi rst  Fli ght
1821 day

05/ 31/ 20005/ 31/ 200
229 days

PETAL I I
18360 days

07/ 02/ 20009/ 21/ 200
208 days

PETAL I I  Test Result
Anal ysi s
18410 days

09/ 24/ 20010/ 05/ 200
208 days

CM U Updat es and  Release
12915 wks

10/ 08/ 20001/ 18/ 200
41. 6 wks

Pl anned B/ L CMU Avail
f or  Cert
1300 days

01/ 18/ 20001/ 18/ 200
208 days

Address PETAL II  Test
I ssues and Fix
18515 wks

10/ 08/ 20001/ 18/ 200
41. 6 wks

Provi si on Aircraft  f or
Bl ack Label CMUS

14170 days
01/ 21/ 20004/ 26/ 200
208 days

767's Avai lable f or  Mi ami
1420 days

04/ 26/ 20004/ 26/ 200
208 days

AFM  Suppl ement s
Compl et ed
1865 days

01/ 21/ 20001/ 25/ 200
632 days

FAA Type Design
Approval
1871 day

01/ 28/ 20001/ 28/ 200
632 days

G round Based ( Servi ce
Provi der/FAA)  NetMgt
Descri pt ion/Reqs
7087 days

05/ 28/ 19909/ 27/ 199
489 days

O ps Per f & Success
Cri t er i a
71175 days

05/ 28/ 19901/ 27/ 200
401 days

ARI NC,  FAATC G/G
i nt erop @ FAATC

8140 days
04/ 06/ 20005/ 31/ 200
91 days

Begi n I nt egrat ion Test ing
( need Fl ight Deck input,
show s sim opt ion)

300 days
07/ 06/ 20007/ 06/ 200
196 days

I nt egrat ion Test ing
3155 days

07/ 09/ 20009/ 21/ 200
196 days

Accept abi li ty Test ing
3244 days

09/ 24/ 20011/ 22/ 200
196 days

DLAP PTR Fi xes &
Regressi on Test ing

3350 days
11/ 23/ 20001/ 31/ 200
196 days

O T&E Complete
340 days

01/ 31/ 20001/ 31/ 200
196 days

I nst al l  product ion Ground
St at i on for  testi ng

7960 days
09/ 08/ 20011/ 30/ 200
657 days

A/ G  i nterop t est ing wit h
Rockw el l,  Ameri can f or

P2E
80107 days

12/ 01/ 20004/ 30/ 200
657 days

ARI NC,  FAATC A/G
i nt erop @ FAATC

82170 days
07/ 06/ 20002/ 28/ 200
609 days

O T&E Support
83170 days

07/ 06/ 20002/ 28/ 200
66 days

Si t e Prep,  HostI mpl ementat ion,
I nst al l at ion & Checkout,

SAT Act i vit ies
36133 days

08/ 01/ 20002/ 01/ 200
195 days

Del i very t o Key Si te
3710 days

02/ 04/ 20002/ 15/ 200
195 days

Fi el d Famil iarizati on
3863 days

02/ 18/ 20005/ 15/ 200
195 days

SAT Test i ng Complete
390 days

05/ 15/ 20005/ 15/ 200
195 days

VDL M ode 2/ ATN
Devel opment
64741 days

06/ 29/ 19904/ 30/ 200
119 days

ATS M 2/ ATN I OC
660 days

04/ 30/ 20004/ 30/ 200
119 days

I nst al l  VDL Mode 2/ ATN in
M i ami /ops service syst em

86120 days
10/ 15/ 20003/ 29/ 200
0 days

Pre- operati ons
88130 days

12/ 03/ 20005/ 31/ 200
0 days

Post - operati ons
89140 days

06/ 03/ 20012/ 13/ 200
403 days

Procedure/ Training
Devel opment/Ref inement

f or  M i ami
110578 days

03/ 17/ 19906/ 01/ 200
443 days

AG C Approval
14544 days

04/ 15/ 19906/ 15/ 199
557 days

Publ i c Comment
14623 days

06/ 16/ 19907/ 16/ 199
557 days

AFS Team Approval
14768 days

07/ 19/ 19910/ 20/ 199
557 days

AC 120. com Fi nal
1480 days

11/ 01/ 19911/ 01/ 199
550 days

Ameri can Develops
Val i dat ion Test Pl an

151220 days
11/ 01/ 19909/ 01/ 200
550 days

PO I  Checks Ops Approval
Test  Pl an
15265 days

09/ 04/ 20012/ 01/ 200
550 days

Val i dat ion Test
15323 days

06/ 05/ 20007/ 05/ 200
419 days

Ameri can  devel ops and
submi t s operati onal
approval  pl an spec

150220 days
11/ 01/ 19909/ 01/ 200
638 days

O perat ional Speci fi cati on
Spec/ O perati onal

Approval  Issued ( AFS POI)
1540 days

11/ 01/ 20011/ 01/ 200
335 days

I ni t i al Operat ing
Capabi l i ty ( IOC)

400 days
05/ 15/ 20005/ 15/ 200
195 days

Prep.  For Operational
Redi ness Demonst rati on

( O RD)
4167 days

05/ 16/ 20008/ 16/ 200
488 days

Fi rst  ORD
420 days

08/ 16/ 20008/ 16/ 200
488 days

Fl i ght  Standards Dat a
Col l ect i on during li ve ops

155360 days
06/ 04/ 20010/ 20/ 200
182 days

Svc Level  Agreement
w i t h FAA
7260 days

03/ 12/ 20006/ 01/ 200
260 days

Servi ce for Miami live
operat i ons
90543 days

06/ 03/ 20006/ 30/ 200
0 days

Dat a Li nk Impl ement at ion
Revi ew
92156 days

06/ 01/ 19901/ 04/ 199
0 days

Ret rof i t  Plan f or  American
Fl eet

9543 days
02/ 01/ 19903/ 31/ 199

1370 days

RTCA 172 VDL M ode 2
M O PS ( Son Tran)

167296 days
04/ 15/ 19906/ 01/ 200
794 days

AI R- 100 TSO
168270 days

06/ 02/ 20006/ 14/ 200
794 days

AI R- 100 TSO process
170143 days

04/ 15/ 19911/ 01/ 199
1217 days

FAA- ARI NC Cont ract for
Bl d 1

670 days
05/ 28/ 19905/ 28/ 199
0 days

Cri t i cal Airports/EnRout e
I AG S Deployed
850 days

12/ 31/ 19912/ 31/ 199
0 days

Host/

DLAP

RRI/AS

E

767

Host Cutoff

Miami

Petal II

Path at or near critical

Key Events

Fixed Events



Summary

SEs must be aware that interface management is 
necessary but not nearly sufficient

Examples of areas that have issues outside of normal 
interface definition and management:
• Allocations

• Support

• Multiples

• Environment

• Operations
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• New Technologies

• Organizational Architecture

• Culture

• Configuration Management

• Schedule
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