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EXECUTIVE SUMMARY · 

INTRODUCTION. 

Tllis prograa plan enticleci • Aircraft Digital Systi!IU" is developed baaed on the 
projects aad schedules outliaaci in the Technology Developaent and Program Support 
Project (Projeccs 6 aDd 15) in the Raci Book, and is related to a pr.vioua approved 
plan outlinad in l!'edaral Aviation Mllliniscracion (I!'AA) Report Nuaber I!'AA-ED-18-3 
dated Hay 1978. This plan confom.a to ongoing dewlopaent and certification 
activities, and reflects progress acbiavad to dace, project scopes, and priorities 
as they relata to ilapl-neation of digital syst8118 in the current geaeration and 
the naxt ganaratioll of civil transport aircraft. 

During the past several years the aviation cC!!IWJn1ty Ilea witnesaed an aver increas­
ing pace to introduce advanced technologies, new aircraft dea:l.p COilcepts, and 
sopbisticatad bigh-integrity intasrated electronic syae-. thaH advanced con­
cepts have impacted aaa:y technology areas that an pertil:wnt to tt. ciigiral syae­
prograa; naaely, "flight-critical" and • flight-sssential" electronic syat- which 
include the following types of softwars-baac ciigitial syse .. : seabiUty and 
control aus-ntation syst-, active COiltrol syate•, advanced displays, naw 
aircraft deaigll&, tt. aircraw/aircraft interface, and aircraft handling qualities 
and flight characteristics. tha I!'AA ia confroncu with the task of rniewing, 
revising, and updating its airworthinasa aasessaent criteria, certification 
procadun8, IIIA1nta11811Ce-illapect1oll requi~ta, operational cons1derati01l8, ate., 
in order to a8sure a llliniaD lnel of safety for aircraft util.1:ing new desigll 
concepts and adV&IICK syat- technology; and as such liiUSt mise and prepare 
advanced new regulatory and guidance uterial wbich raflects the illlpact of these 
technologies. this digital syat- prograa is the result of efforts initiatc in 
1975 to obtain data aad information to aid and support the ai:rwartbinaS8 processes 
cited above. 

PI.OGL\H GQDAI FOCUS. 

The genaral focus of the aircraft ciigital syat- prosna is the illlpact of advanced 
and naw technologies ou the aircrew and aircraft and not on the air traffic control 
(ATC) syataa. tha affort identifi..t herein 1a in Progr• 18 - "Aircraft Safety 
Program." Therefore, the progr• is charged to focus on efforts that will provide 
data and information to aid and support aircraft airwortbinass assurance tech­
niques, certification procedures, and other pertineut regulatory and safety issues 
applicable to the operation of an aircraft and its systi!IIUI by the crew in the 
National Airspace Syst• (NAS). 

OBJECTIVES. 

The overall objectivu of the aircraft digital systaiiiS prograa are: 

(a) To conduct studies, iDVestigations and analyses, that will provide data 
and information to support certification and regulatory activities pertaining to 
implementation of software-based digital syst81118. 
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(b) To coordinate and disseminate materials and findings within the FAA and 
industry as appropriate. 

(c) To be responsive to specific aircraft safety needs. 

(d) To establish and maintain exper1:1se in aircraft digital systems 
technology. 

(e) To establish and maintain ths capability and expertise to couducl: cockpit 
vision surve75. 

l!A.IOll PllOGRAM ET EMEl!TS • 

This program plan is divided inl:o three major program alemenl:s covering a wide 
range of proj ecl:s thai: are of bol:h near- and far-tam concern to tbe FAA. They 
are: 

l. Digital Sysl:t!IIIS Studies. 

2. Va.lidad.ou r.thodology. 

3. Cockpit Vision Surveys. 

Ths program ele-nts, projects, and tasks delineated for this plan are judged· to be 
of FAA concern, and where efforts are needed, to meet airworthiness criteria, 
certUication procedures, aDd safety assessment require-nee. A majority of ths 
informaCion and data needed may be acquired by 1110nitoring aDd maintaining close 
coordination with other performing organizations, joinl:ly funded projects basad on 
interagency agreeaenl:s, and FAA. "in-house" studies and funded contracts as 
Becessary. 

The sl:udies oul:lined in this plan utilize: (a)_ the Raconfigurable Digital Flighl: 
Con:rol SystBIII Facility a: the NASA-Ames Rasearch Canter joinl:ly developed by FAA 
and ths NASA-Alias Rasearch Canter under inl:eragency agreuen: DOT-FA.77W.U-738 0978 
to 1982) for the purpose of conducting experiments and sl:udiee related to digital 
sys:eu, (b) the validation laboratory at the FAA Technical Canur which will be 
a..-nced with FU funde (FY-84 to FY-86) to conduct studies related to validation 
issues and methodologies involved in the taplemanl:ation of bus architecture-based 
systeiiiS; (e) the cockpit vision survey camera (syate~~~) at the FAA Technical Canter 
which will be procured during FY-84 and FY-85. 

E:NO ITEM PRODUCTS • 

The and item producl:a are generic information, and rec~ndal:ions from which the 
FAA can ea tablisb or change certification requirements ,guidelines, advisory cir­
culars, FAA internal directives/orders, notices, baadbooks, engineering flighl: teal: 
guides, and main:enanee aler:s, and technical standard orders. 

PROGRAM MANAGEMENT. 

The management of tbe program at the FAA Technical Canter, is within the ~rcraft 
and Airport Systema Technology Division (A.CT-300) and the Flight Safety Research 
Branch (ACT-340). 
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SCHEDULES AND FUNDING. 

An overview of the schedules anci needed funding for the plaDDad efforts are shown 
in figure ES:..l. More detailed iafonzation on schedules, lllilestoaas, and funding 
is shown with each project in the body of the plan. 

t. DiP,tal. S1ec- Studiu 

• CGa.cnct Fada (F!&D) 

• Statf:IAI (Ha-Tun) 

II. 'I..U.dac1oa ~J.ocr 

• CQD.tl'acc F.U (PU) 

• Ccacncc FUDU Cl!I:D) 

• scatt:lq (Me-!un) 

tii. Cock'1t V1eiaa Su~ 

• CoattKt P'taU 

• Staffial C"--tun) 

ror.ws 
• Coacracc (F&!) 

• COiltnct: (F!lD) 

• Staff:LDI C"--Yun) 

l.50.0J: 

l.2.5 

195.0E 

lU.OJ: 

l. 75 

Z05.0J: 

• 75 

l75.oa: w.oa: ru.oc 300.oa: 

l~Z3 1.15 z.o 2.0 

4:ZO.OX 9ZO.OE 

lU.OJ: l40.0C 

1.75 1.7!1 

lO.OI: 

• 75 

lO.OJ: 

• 75 

750.01: 

l75.0C 

l. 75 

15.01: 

• 75 

500.01: 

zoo.oc. ru.oa: 
Z.2.5 z. 75 

l5.0J: 

• 75 
l5.0J: 

• 75 

l95.0C 4ZO.OJ: 9ZO.OC 750.0C 500.0C 

JOO.oc l75.oc 

3.75 3.75 

513.0X 

5.0 

FIGIJU !5-1. COJmW:T i'OHDiliG AND STAFFING FY-83 to FY-90 

PROJECT i'OHDING IIEQIIT!I!M!liTS. 

Z75.0J: 

z. 75 

zo.oc 
• 75 

Contract fuadiag anci in-houae manpower levels ia figure !5-l are totals by fiscal 
years froa 1983 through 1990, anci iDclude moaies for interageucy agr-ats as well 
as FAA coatracta. Figure !5-l reflects FAA 110aies oaly, anci does not include 
coatributiollll by NASA anci DOD to joint work done uacter J.nterageacy agr...,..nu with 
the FAA. 
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l. GENUAL. 

Tbi.s prograa plan entitled ·Aircraft Digital Systems· is designad to carry out 
issues related to digital systeu that were envisioned and approved ill the Advanced 
Integrated Flight Sysc- Progr- Plan (FAA-ED-18-3, May 1978). It updates tboae 
origiaal viaiou and cancaiu substantial c:haugas· to reflect currant priorities, 
and sac illlportaucly, i11110vatiou and applicaciou in digital tacbuology ill currant 
and nav gauarat~on aircraft. Tba overall goal of this plan is to provide a •cbaui• for establishing the uacassary data and "information required to 11pdata 
and chauga 8ZUtiDg regulatiou, aa llftded, to iDSura tha sate impla•ntatiou of 
new digital teclmologiaa. 

1.1 BACXGJQUHD. 

Tbi.a plan details efforts uaedad to echiaw certain Federal Aviation Adailliacratiou 
(FAA) raH&rcb, aDgiDHriDg, and dawlop!Mnt (REiD) progr• goals ralacad to 
currant and future uaeda of tha agaDCY with raapact to tbe impl-ntatiou of 
digital sysc- ill d.vU aircraft. The informacion and data chat will ba .acquired 
will aid a11d support the a:Lrwarthillasa aaaurauca aasas-t procuaaa, certifica­
tion procaduru, and the safe operation of thaaa aircraft and syac- by the crew 
in the Natioaal Airspace Syec• OWl). 

The work dacaUad ill this plan ie part of the FAA REiD Progr• 18 - tha Aircraft 
Safety Progra ( Geuaral Puua: Pad.litiu, !zlgiDHrillg and Davalop!Mllt (P ,I!&D) 
111Dlliae). Tbi.a activity ia located at tile FAA Tac:lmicel Cancer at tha Atlantic City 
Airport, ·!lev .Janey, and is aow baiziC padomed by tha Plight Safety Kaeearcb 
Brauch (ACT-340) within the Aircraft Safety and Airport Technology Divisi"on 
(ACT-300). 

Tbi.a pla sacs forth tile project U...Uca, ;scbadulea, and fuudiq lavals needed to 
•et FAA reaearcb raq.nr-cs ill support·~ cartificaciou and operation of currant 
and future a:l.rcraft which illcorporate advanced illtagratad flight control and 
aviOIU.cs systeM. thaaa adv-.1 coucapts illvolw "flight-critical" and "tlighc­
asaantial" software-baaed digital syst- whicb iDclllde: stab111 cy and control 
augantation sysc-, active c01ltrol syat-, advaucad displays, pr:l.lllary flight 
control and aviollics systaaa, and aircrav/ aircraft interface raquira .. nts. 
The FAA is coufrouced with tha task of riiViaviug and updating its ainorthillasa 
criteria, certification procedures, ailltanmc-i11Spaction requ:Lraants, and 
standards ill order to usura a lllillima le~ of safety as aircraft deeiglls and 
taclmology advance and employ 11- systaa tacbuology. This new gauaratiou of 
systems and digital tacbuology is nov appearing on derivative airplauaa and uev 
helicopters seeking approval for iDStrumant flight. !t iS a fact that rapid 
implementation of these 11- systems Will concillue aa new geueration aircraft 
desigua and lllOdificatiou are illtro.ducad. 

1.2 INTRODUCTION. 

Historically, d.vil aircraft have incorporated independent hardware (black boxes) 
for each system implemanted and iDStallad in the aircraft; aud the FAA's present 
standards address certification procedures and criteria froa the concept of 
separate engiueerillg disd.plillas. !t is clear that derivative and new generation 
aircraft wbi.cb illeorporate integrated flight control and aviollies systems are 
depeudant, in a complex 11181Ular, on che aircrev/aircraft illteraction as a ~ 
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integrated system. For the FAA to meet its safety and certification respon­
sibilities, a concentrated effort is needed to research this technology area, with 
emphasis on ·the total integrated system, in order to acquire and disseminate 
important data and infomation within the FAA to assure that certification crite­
ria and procedures are valid and current with advanced technology. Many of the 
new integrated systems are being planned for, or are already implemented on, new 
derivative aircraft such aa the DC-9-80 and the L-1011-500, and will be utilized 
on the current generation of new transport aircraft to improve efficiency and 
parforllllli1Ca. These advanced syst- alao are baing used, to an increasing dqree, 
on other new aircraft such aa c-ters, general aviation aircraft and rotorcraft. 

The introduction of software baaed digital flight control and avionics technology 
in the current generation of aircraft presents a problem for traditional certifica­
tion techniques, especially with the increasingly wide-spread implementation of 
integrated systems which 1188 bua architectures for intersystems and intrasyst811l8 
cOIIllllUnication of data and information. Within this advancing technology, many of 
the current certification Mthnds iaay still be applicable, however, new test 
techniques and Mthodologies -et be ~~&ed to evaluate and analyze ·the operational 
and reliability iseues of their software programs which include, executive, opera­
tional, and interface routinee. 

The utrame fluibility afforded by these software baaed digital infomation 
transfer syst811lS presents significant probleu in assuring that the software 
scructure including compilers, higher-order languages, and architectural design is 
uoc adversely affected by changes in the "firmware" or software during the imple­
JUnt:ation or maintenance life of the syst811l8. It is possible, with these new 
systeu, to make changes to the syst- structure such that the basic cert:ification 
criteria are altered and tbe flight control system and aircraft safety may be 
subject to errors or initiation of unintended functio1111 which result in failures. 
Therefore; it is necessary to establish tasting and configuration Mnagemant 
pract:ices to insure that tbe syet811lS and intqration of syst811lS are nat vulnerable 
to errors in design or implementation, by providing regulation and guidance 
material to design and maintenance engineers which will illllure that syst ... retain 
the degree of reliability and operational integrity established during the initial 
certification activity. 

In order to illllure this integrity, it 1s oecessary that the FAA establish and 
maintain the data bases, infomation, and regulatory ucerial related to this 
technology. 

The FAA, within the last year (1982) has published three advisory circulars (AC) 
wnich recognized the implementation of this new technology, and especially the 
importance of software based systems. These three aC's are: 

AC 25:1309-1 

AC 20-115 

AC l2Q-28C 

System Design Analysis 

I!.TCA Doc11111ent DQ-17 8 

Criteria for Approval of Category III Landing 
Weather M1n.fmume 

They set forth an acceptable maans of compliance for certification of certain 
digital systems; however, the FAA needs to establish additional data bases and 
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information in order to provide technical guidance and regulatory criteria for the 
certification and assurance assesamant of the new generation of digital systems in 
the next geoeratio~ of civil aircraft. 

This eeclm1cal guidance will be in ehe fona of AC's that deal sp.cifically with ehe 
integration of the digital systeiU. One such AC will provide the criteria for 
evaluating software and hardware uaad in establishing bus arc:IU.tecturea and· will 
provide guidance in evaluating ehe data packagu developed by the ~acturer 
and/or integrator and sulnlittad during the STC or TC proc:eaa; Additional advisory 
material will be developed wbich can be used by the certification directoratu 
as guidelines, m:I.IWaula perfomance specifications, and worked eD.IIIplea for coa­
parison against data delivered for evaluation and approval with rup.ct to the 
criteria established in AC 25:1309-1. 

This progr- plan a4dreaaea developiUJlt of these new raqu:l.red data baaaa and 
information. 

1. 3 MA.IOil PllOGlWt !I.EMDTS • 

The major program aleaents discussed in the body of this Prograa Plan are: 

a.. In.~tal Syst- Studies. 

b. Validation lfllthodolo17. 

c. Cockpit Vision Surveys. 

These elaants represent the current divisions of activity for the progralll; hoor­
ever, as requirements change, they will be modified according_ to the timely 
dictates of the agency's needs. 

1. 4 T!CBinCAL PllOGlWt. 

Table 1 presants the -~ng technolo17 wbich can be expected to ba included in 
the design of the current and next generation civil aircraft. These tecbnologies 
are all dap.lldant on "software" or "fi:r:mware" for interconnection and integration 
of the 1110clulu and systaaa, and requires aaauraaca 118thodolo~ea and tools to 
aasess their valiclity, reliability, and ult:laataly the safety of the aircraft. 
These teclmologiu have bean -rging since the !Iiddle 1970's and are expected to 
be the predoid.DaDt driving fares in design and life cycle considerations through 
the early deCades of the 21st Century (e.g., 201Q-2015). The payoffs, probli!IIUI, 
and primary certification issues for these techoologiea are addressed in table 2. 

The FAA's ability to properly conduct investigations for functional assesaaent of 
new aircraft and systSIU, verify their intended function and specified perfomanca, 
define failure 1110des and effects, and develop hardware/software validation proce­
dures is critical to the total safety certification process. 

A primary objective of the FAA Teclm1cal Center will be to aid and support the 
cereification process and ehe asaesaaent of airworthiness and operation safety 
issues through development and implementation of effores eo: 

a. Conduct comprehensive analyses of existing software-baaed digital flight 
control and avionics systems ·co assess reliability, validation, and criticality 
issues, and identify potentially vital problem areas. 
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TABLE I. TECIINOLOGY DEVELOPMENT AND IMPACT ON CIVIL AIRCRAFT DESIGN AND IMPLEMENTATION 

Availabi II ty Architecture/ Life Cycle 
Tuchnology 1980 1985 1990 De a tan Coat Reliability Integl"atton 

• Htcroproceaaor X X 
Multiple Designs 
Multiple J.anguagea 
Diverse Capability 
ARINC 7XX Peaign 

• Point-to-Point Data Tranafer X 
ARINC 429 - 5/6 
Shielded Twisted Pair 

• 10 K/Bit 
• 100 1</Bit 

• bus Architecture X X 
HIL-STD-155lB 

-- Shielded Twisted Pair .,. •• I H/Bit 

• Display Technology X X X X X X X 

• Distributed Computer Network• X X X X X X 

• Fault Tolerant Camputel"& X X X X X X 
-- SIFT 
-- FTHP 

• Fault Tolerant Software X. X X X 
Analytical Redundancy 
Functional Partitioning 
'~:.. ..:_,. '> i' . r' '' :. 

X X • Utgh Speed Tr.dnsmtsaton Media X X X 
Co-axial Cable 
Fiber Optics 

• VLSI/VHSIC Htcrocircutts X X X X 

• El~~.:tro-tlcchantcal Servo tlcchanlt:iuuo X X X X 

• Electronic Sensors X X X X 

• Validation Hethodolouv X X X X I 
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1'ABLE 2. PAYOFFS, PROBLEMS, AND PRIHARY CERTIFICATION ISSUES (Continued) 

Tt:ehnolon 

• IIJKh Speed Trao1111iuton Hl.!dh 
Co-bhl Cable 

• 

• 

Fiber Opttca 

VLSI/VHSIC Microcircuits 
5000-1 lUOO Gat ea 
10000-50000 Gates 
100000 Catea. 

Elect.-o Hechantcal Se.-vo Ho.:chaulua 
(Actuatou) 

Dta.ltally Couawulo:d Analoa/ 
Actuator a 

DJ&Jtally 0.-iven Hotora, 
Valvaa, etc. 

• £lectr~1lc Senaora 

• Valtd.~~otlon Hethodoloay 

Payoff 

a IU&JIOI" laaWldU1 
• U&l•ter Wel&ht (Leaa Wlna) 
4 l~~pl"oved Archttectun whh 

Dccentrallaed Proceaatna 
• Ltahtnlnt/'"1/iHr 1-.unlty 

• Horu Co.pJex Functions Per Pevlce 
• Reduced Space, Wei&ht, and Power 
• Increased Speed 
• ledw•d~cy Hanaaement tn 

Hardware Peatan 
• leduced Hatntenanca 
• Leas CO.,lex Software 

• Ability To le Ca..anded Ualna 
Dlahal luaea 

• Alluw DJatrlbuted ArchJtucturea 
• l119ruved FeeAadr./HonH.orlna 
• Uahtar WeJabt/Lesa Powe.-

e Di~•~t Interface via Bu~d• 
• &adu~ed fHJ/£HP 
• Redu~ud NoJae/~aa Drift 
• • 

Increased Accuracy 
J~~~proved Honhorifll 

• lucreaae4 SysteM lelhblllty 
• lcduced DuaJan Coats 
• Stan4acd/Auto..atc4 Tools 
• Redu~e4 Oestan Eccors 
• ~creased Life Cycl• Coata 

• 
• 

P~oble .. 

Jnttlal Coat of Bua Interface 
U..tta lxpeudve 

lle:UabtUu of Troan .. lt/ 
~calve Oevtcua not Yet 
Ia tab Uahtl4 

• Standacda Not Yet Developud 
• Syat~ Va1J4atlon Hore Complex 

• Syate• VMlldatJgn Hore Co.pl~x 
• lncroued ibk of Environ~~~ental 

Effects 
• Teat Caae ~•Jan Ve~y C~lex 
• leliabiltry I••~• ~rain& 

• Systu• Validation More C~pl~x 
• leltabtltty Jaauea £~rstna 
• Hl&ll ltak Technolu&y 
• Suvecu Envirou~~~ent 

Utah Te.perature 
-- H1Bil Strus 

• Syat~ Valtdattun Hore Complex 
• lequJ~ea Accu~ate Stanal/ 

Cunverdoq 

• Stwldardtzed ~tbudoloay 
Nut Deve)uped/Approved 

• lAcrea»ed DclveloplW:nt ColiiU 
• hUabtUty Hodeh Nut .Fully 

Oevdloptul for llardwarc/ 
Software Interfaces 

• Mequirea Htably Reliable/ 
Valtd~ted Lana~ae•/ 
Co~~ptlera 

Certification hatt&: 

• No Publtahetl EvaluatJun CrJteda 

• llo Publt&hed EvaluatJun C.-Jterid 

• Hu Publ!ailu:d Evaluation CrJterla 

• No Publhlh11d Evaluation Crlt.:rla 

• Eva)uatJal Crltt!rid l::11.er~lng 



b. Identify prototype IIIOdule/subsystem/system failure 111odes and effects for 
"flight-essential" and ''flight-critical" applications analysis techuiquas, and 
illlplementatioas of these techuiquas. 

c. Identify and establish hardware and software configuration control 
concepts, reliability, configuration 1118nag ... nt tachaiques, ate. 

d. Evaluate tha possible illlpact of transients, intaraittants, errors, 
latants, upsets, •nd other induced failures and faults and their affects on 
the digital syat .... 

e. Provide handbooka. and other guidance -tarial which contain data buu 
and information critical to assessing the safety· and airwor11hilless of tha I18V 

techaologiu and their integration into an and derivative aircraft. 

f. Conduct cockpit Vision aw:v.ys in support of certification activities and 
to provide data to FAA and others 011 vis:l.bility criteria. 

l. 5 FACn.rrl!S .Am> !QUl1'IJilllt. 

Ill order to conduct the invutigat1ous and stUiliu which rill provide tbe uecasaery 
data buu, this plt'ogr• rill utilua thne facil1t1as: ( l) 'rile lacoufigurable 
Digital Flight Contlt'Dl Syst• (IUIJ'CS) at the IL\84---• las.a~t"ch Center; (2) the 
validation laboratOJt'Y at the FAA Tachaic&l Ceutalt'; allll (3) the lliaocular e&malt'a 
(and/or the uv cockpit Visi11ility aun.y syat•) at the FAA Tachaical Center. 

The a:DFCS facility at lfASII-AMs las.a~t"ch Center - jointly developed by the FAA 
and NASA-.t\mu laH&It'Ch Center folt' the specific pult'pOM of using eyer:• a:IDI!ation 
to investigate validation and failUit'a affacta tac:hllolOQ' folt' digital flight conuol 
and avionics ays-. 'rile IUIJ'CS coutains ltate-of-the-ut &Yioliic:s plt'ocaasora 
(e.g., tba - u the t.-1011-500 and .,_767/757) and is capable of -eting the 
requir-ta of the 1980 to 1990's airaaft configurat1ous thlt'ough "softvua" olt' 
"firaawara" cbaqu olt' lllldificat10118 (figure 1). 

Tha validation laboutolt'Y at tba FAA Tec:lmical Center vu developed to investigate 
bus &lt'Chitact- and aoftvue intufaca coufignlt'atious using state-of-the-art 
lllicroplt'ocesson and the A&IBC 429 and MII.-STD-15531 &lt'chit&ctUit'as (figult'a 2). 

In addition to thue facilitiu, this plt'oiJt'• wUl &lao be interfacing v1th the 
URI u facility at the IL\84-t.anglay las&&lt'ch Centu and the SEAFAC facility at 
the lilt'ight-Patteraon Ailt' i'olt'ce Baae. 'rllese facil1tiee &It'& cun'ently being estab­
lished to investigate digital teclmology issues and tba research to be conducted 
in these facilities will provide data and information which will ba used in estab­
lishing certification aitaris for civil airaaft. 

Tbe biaoculu caaera developed 30 yean ago by tba CAA is located at the FAA Tech­
nical Cantelt' (figure 3). 

The RDFCS facility and tha validation laboratoJt'Y have been established either with 
FAA partial f1111ding thlt'ough interagency agre81118nts and 11111tual cooperative efforts 
(e.g., the RDFCS facility) or by utilizing equipment&, supplies and personnel that 
have been f1111ded and established by other FAA prograas (e.g., the validation 
laboratory). These facilities are utilized by other programs v1th1n both NASA and 
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che FAA and in so• cases, the data and infomation developed by these other 
programa directly contributes to the needs of the digital systelll program; and as 
such, provide a greater return to the FAA than is represeneed by the funding 
levels available within this program. 

l • 6 PROJECTS • 

Table 3 provides a lis!: of the Sl:udiu which are either currently being conducted 
or will be conducted in FY-84 through FY-88 using the above facilitiu. This ·table 
has bun established, baaed ou the availability and illlpl-utat101l of the new tech­
nology, and will result in dal:a packages being developed wh1i:h Will have m illlpacl: 
o11 certificatiOil issuas which are -rging. The funds are estilllated, baaed on 
FY-83 dollars and are· ollly intended for plmning purposes. The F&E fwuis are 
based 011 required facility developollints or illlprovements which are necessary 'in 
order to COilduct the identified studies. 

Figure 4 preseuts investigations and stwlies us:Lng the llDPCS fac111ty. These 
stwtiu are expected to be COIIIPlsted by FY-88 using the prueut hardware and 
software configurations. After FY-88, it will be 11eceseary to reduigll the pallet 
due to the mticipated develo....,.ta in dig:l.t:al technology. Al: the preseul: t~, 
the techDology is changing COIIPletely every 3 to S years, and in order to 11&1nta1n 
a sl:ate-of-the-srl: capability, it is necesaary to ml:icipate for this change almosl: 
as soon as the in:l.t:l.el capab:l.lity is established. 

• Du.JtaOual CSJ.ai~ r.u­
Openct•al) Aaeucac. 

• Qa.amapl8a o.~tla r.u­
O,.acicaalJ u-... 
A• IT ••c 

• DuaJ.-0....1 SatCIIIIn a.a.tp 
Uaiq ~--J.-tcy/C:~laicy 
~ne-lofcv.n ~ria­....... , 

• Aaalytical ,...,_...,. 

e l*«:I'D M t=1cel (AIRUCR) 
s.no ~h·1-

• Dt•ctacc Sof~ 
(Diuiad.UI' Sotcwan) 

• .w..c.t VaJJ.daci~a MM:ttoU 
- aobocic r .. u.q 
- f'•le ta..ftj,ma/T~ 
- IsolAc'ica cn.can.a 

• RDf'CS Pa.U.c ~ila 
- f'ault: TolAirmc C~c•r-
- Fault Tolarac Sofaran 
= IIOLIC-.iln VaJJ.datiaa 

FIGURE 4. 

FY-83 FY-84 FY-86 FY-87 

-

A 

A 

INVESnG.~.nONS USING THE DIGITAL FLIGHT CONTROL 
SYSTEM SIMlJLATOR (RDPCS) 
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ACTIVITY 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

~ 

FY-82 

FY-84 

FY-85 

FY-8.5 

FY-84 

FY-84 

FY-85 

FY-1!5 

FY-85 

FY-86 

FY-86 

FY-87 

UBLE 3. STUDIES TO BE CONDUCTED FY-84 THROUGH FY-87 

FACILITY 

RDFCS 

RDFCS 

RDFCS 

RDFCS 

Validation 
Laboraotry 

Validation 
Laboratory 

RDFCS 

RDFCS 

Validation 
Laboral:ory · 

Validation 
Laboratory 

RDFCS 

Valida!: ion 
Laboral:ory 

PROJECT 

Dual-Dual (Single Fail­
Operational Assurance 
Assessment) 

Quadruplax (Double Fail 
Operational Assurance 
Assessment) 

Dual-Dual (Software 
Redesign Using Modularity/ 
C0111plexi ty Measures -
Software Metrics 

Analytical Radundancy 

Complete Phase I 
Hardware/Software 

Initiate Bus 
Evaluation Criteria StUdy 

Electro-Machanical Servo 
Using Bus Transfer 
via 429 Bus 

Distinct Software 

Software Fault Tolerance 
Using Triplex SIFT 
Architecture 

Evaluation of Transmission 
Medium/ Access Mathod for 
Bus Transmission 

Robotic: Tening Fault 
Inser:ion Isolation 
Criteria 

Arl:ificial In!:elligence 
Remote Processing 
Advanced Controls 
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Facility 
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SO.Olt 

Contract 
SO.Olt 

Facility 
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50. OK 
25.0lt 

Contract 
SO.Olt 

Contract 
SO.Olt 

100.0lt 
SO.Olt 

200.0lt 

F&E 

Contract 
195.01t 

225.0lt 

225.0lt 
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Figure 5 presenes eha developmane schedule and seudies using ehe validacion labora­
eory ac che FAA Technical Canter. The development efforts and ehe initial studies 
are expeceed eo be compleced prior eo FY-90 and reeule in the escablialllllenc of 
criteria to be useci for the evaluacion of bus architeccures including the erans­
mission 1118ciia and access methocis which will soon be implemented on civil aircraft • 
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PIGUU 5. DEVEI.OPMEN'r OP TilE VALIDAnOH LAJIORATOB.Y/ STUDIES TO BE 
CONDUCTED USING TilE LAJIORATOB.Y 

Appendix A containe a detailed deiiC:rtption of the issues relaced to digital erma­
fer 1118c:hani-, arc:hiteccuru, and networlca which will be scudied using the valicia­
tion laboracory. Appendix A also concaina FY-84 coat eetilllacea and racionale for 
the F&E funciing necessary for the validacion laboracory. 

L 7 VALIDAnOH ISSI1ES. 

The digital syatama progr- baa developed a handbook which is incended to be used 
as a guidance documenc for cercification engineers in assessing the validation and 
cercificacion issues associated wieh the implemencacion of digital flighc control 
and avionics syst ... (refer-ee: "l!andbook-Vol11111a I, Validation of Digital Syscems 
in Avionics and Flight Concrol ApplicaUons,'" DOT/FAA/CT-82/115). The purpose of 
this handbook is to idencify techniques, mechociologies, tools, and procedures in a 
systems contexc thaC may be applicable to aspeccs of the validacion and certifica­
eion of digical syacama- at specific times in ehe davelopmene and implemencation of 
software-based digieal systeu eo be used in flight conerol anci avionics applica­
eions. The applicaeion of ehese techniques in the developmenc of discrete units 
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and/or systems will result in completion of a product or system which is verifiable 
and can be validated in the context of the existing regulations/orders of the 
government regulatory agencies. !he handbook uses a systems engineering approach 
to the implementation and tasting of software and hardware during the design, 
development, and implementation phases. 

In s-ry, the lumdbook: 

1. Identifies and presants the issues related to the design, developaent, and 
implementation of software-basad digital systams. 

2. Identifies specific approaches applicable to all aspects of the verifica­
tion and validation procedures at specific times in the development and certifica­
tion portion of the system life cycle. 

3. Provides the goqs:nmant regulatory agencies (especially the Federal Avia­
tion Administration (FAA)) as ,..ll as industry nth a set of tools/proceduras,in 
a systaa engineering context which lii&Y be of value in the validation/certification 
process. 

This l!al21ibook has been developed as a working doCUIIIall.t and to ramain affective lllUSt 
be 1110difiad aDd upclatecl as the technology advances. Figure 6 presants a schedule 
of activities for updating and -.intaining the "ll'andbook - VOlUIUI I. • Vo1111U II 
of the lumdbook will include data relating to -.intenanca and IIIOdifications of the 
currencly certificated syst._, as wall as data on new technology validation and 
assuraDCa 118thodology issues. It is expected that these data bases will evolve as 
experience and utilization incr-s. The efforts baing conductacl using the li.DJ'CS 
and validation laboratory facilities will result in the deve1opra&11t of data pack­
ages and infonaation which addra.. validation and certification issues which bave 
developed during the introduction of software basacl digital systams into the 
current generation of civil traneport aircraft. 

. ..... 
a Plul a.,ore 

en- r> 

0 PhaM tl U'pdac .. 

u. ll.ad.~-"-1To~ n 

o Dacaaa-. 

rr-al FT-81 

FIGURE 6. SCliEDIJLE OF ACTIVITIES FOR UPDATING AND MAINTAINING THE HANDBOOK 
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In addition, daea packages developed by NASA, DOD, and ia.dusery will be evaluaeed 
and added to tba handbook as they becoma available. Ie is expected that Volume II 
will inclwie these daea packqes as worked examples which represent the current 
practices, procetiures, and a.thodologies employed in the validation and safety 
assessmant of the new technologies. · 

Efforts are planned to work wich the Avioaics Maintenance Conference (TG-104), 
AII.INC • and the .Urlines !lectroaics Engineering ColDittee (AEEC) to define· the 
issues and probl- ueoc:i&t" with the illlpl-ntation of software beeacl digital 
systems in civU aircraft:. 

Th8 
are 

IIIILilpower and contract dollars required to lll&int:ain and implaunt this 
prssented in fi.i=• 7. 
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"!he !landbook - Volume I" is currencl.y being. reviewed imcl used by the FAA and 
by tba Uaited States Air Force (Wright-Patterson .Ur Force Base). It is planned 
chat: the Handbook - Volume I be revised and reformattecl into a draft advisory 
circular on digital syuems and will be responsive to ehe lii&Cerial included in 
draft AC 29-Jt (Certification of Transport: Category Rotorcraft) as ... 11 as other 
ongoing draft ACe. 
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1.8 COCKPIT VISION SURVEYS. 

1.8.1 Introduction. 

The original (one-of-a-k.ind) binocul.ar camera developed by the Civil Aeronautics 
Administration (CAA's) Teclmical Development and Evaluation Center over 30 years 
ago measures aircraft (general aviation, helicopter, transport) cockpit visibility 
patterns in tema of angles-of-vision as seen by a pilot. Aa described in tbe CAA 
Teclmical Oevelopaent Report Number 153, "Oevelop!Uilt of an Inst~nt for Meas­
uring Aircraft Cockpit Visibility Limits, • dated January 1952, a binocular strip­
film camera was a practical !Han& to record visibility. A black and white photo­
graphic record showing the outlines of· the Windows in aircraft cockpits, as seen by 
the pilot when he turns his head from extreme left to extreme right, can be easily 
ana quickly made With the camera. The e-ra auto-tically superimposes a g1;id of 
horizontal and vertical lines on the _picture and records angles of vision in 
aircraft cockpit to compare With FAll reco-nded lllil1illlula standards (figure 8). 

The vision criteria, still in use toclay after 30 years of aircraft evolution, 
are to be found in the Civil Aeronautics Manual 4B (CAM 4B). A comparison of 
s taudards contaiDea in CAM 4B with those 1110re recently established by the Society 
of Automotive Engineers ( SAE), (Aeronautical Specification (AS) 5808, and SAE 
Aerospace Reco,..aded Practice (AIIP) 268E) and the Uniteci States MUitary Standard 
850B reveal that differences are generally insignificant. Draft AC 25.773-8 is 
seeking to revise transport lllinimuaa standards. Certification directorates are also 
interested in revising or developing lllinimua standards for helicopter and general 
aviation. 

This need is critical in that tbe FAA requires the capebUity to 1110re effectively 
arui timely support NTSB/DOD accident investigations, FAA csrti£ication direc­
torates, litigation actioua, and iDduatry in the design, developmant, ana certi­
fication procesa. Contributing to tbat criticality and urgency is the aging 
binocul.ar camera (only one in existence); uses special high coat and unreliable 
film (requiring Admil1iatrator procur-nt approval authority) - current fillll 
supply is 5 years old (life outdated); mandatory, unique, and high risk processing 
(now not available at Technical Center); requiring special refrigeration and treat­
lllllnt, haadling, and illuatrative processing. A new camera system is desperatly 
needed to support this capability. 

1.8.2 Objectives. 

a. To provide cockpit visibility surveys and technical support to FAA head­
. quarters and certification directorates in the update and/or development of cockpit 
visibility criteria/staadards. 

b. Support devalopaent of new or revised requirements for cockpit visibility 
for all categories of aircraft. 

c. Conduct timely and effective cockpit visibility surveys of aircraft 
(general aviation, belicopter, transport, lllilitary) in support of NTSB, DOD, FAA 
accident/incident iaveatigations, certification directorates, and iodustry in the 
design, development, aod certification process. 
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d. Provide a state-of-the-art engineering s~ecial effects camera (or device) 
which can produce a calibrated photograph (or electronic) record of the binocular 
field-of-view of a pilot/crew as would be observed from his/their cockpit location. 

1.8.3 Approach. 

a. Provide survey aDd technical support as requested. 

b. Continue to support requesting organizations in a t~•ly IIUUIJI8r. 

c. Propose criteria for revising or developing minimum standards for visibil­
ity requirements in general aviation, helicopters, and transport aircraft. 

d. Establish the necessary priorites and funding which will support the 
design, development, aDd procur-nt of the state-of-the-art engineering special 
effects camera (or device) which can produce a calibrated photograph (or elec­
tronic) record of the fiald-of-iew of a pilot/crew as would be observed fr011 
his/their coc:kpit location. The new camera (or device) will be ued for accurate 
M88Surement of cockpit visibility requirements ae associated with aircraft design, 
development and airworthilless standards, accident/incident investigations, flight 
safety, etc. 

Basic design study considerations for the new camera system include the vital 
characteristice embodied within the original camera, state-of-the-tschnnlogy 
applications (i.e., "off-sbelf" blac:k and white or color film; portability, light­
weight, and use by one person; simple set-up, adjustment, level, position; precise 
images and grids UDiier various light cOnditions; aDd adjustable time delays, left 
eye/ right eye only pictures, reliability and repeatability) , plus a capability to 
record general aviation, helicopter, transport (civil and mil~tary) cockpit 
visibilities. 

1.8.4 Schedule. 

Figure 9 presents a schedule of activities for: (a) The design, devel.oP!Mnt, and 
procurement of the cockpit vision survey equipment; aDd (b) the ongoing support to 
the FAA, NTSB, and DOD for the conduct of the vision surveys. 

The manpower and contract dollars required to maintain and implement this activity 
are presented 1n figure 7. 

1 • 9 Funding/ Manpower. 

Figure 7 presents the contract funding (including F&E aDd F ,E&D dollars), the 
staffing (in-house manpower in man-years), and che skill levels required to com­
plete the tasks and projects outLined in this program plan. 
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APPENDIX A 

VALIDATION LABORArOB.Y 

DIGI'UL TRA.IISF!a MECIWliSMS, ARCRITECTllR!S, AND NE'l'WOIIXS 

Probl-: Digital Buaea aud llicroproc:eaaors are used eztenaivel.y in tbe current 
geaaratioa of c:ivU aircraft. theu buaea aud proc:eaaors are uaad in fligbt 
c:oatrol aud avionic:& appJ.icationa to tranafer data aud to perfom c011plez c:alcula­
tiona. The Federal Aviation Alllliniatration · (!'AA), at ~ pra-t time, haa 110 

publlsba<i criteria or proc:adw:u for avaluat:tDc these c:011plez· sya1:-· Clanantly, 
tbe ciata bases aJlCi information aac:aasary to develop the regul.ationa, criteria, aud 
proc:eduru required to cenific:ate tbeae systBIU are not avialable. 

Background: Digital syatema in the aev genarationa of civil aircraft will nqui:ra 
interc-c:t using riilital b- which will require ravisad interface .caaclarcla, 
specifications, and architectural coaaiclarationa in order to provide data to 
canl:ral alld r&IIIOta processors. these digi1:al buaaa will intarc-C1: llic:roprocaa­
sors, sanaors, and sar10 uc:h•a'na using diverse nel:VOJ:k topologiu in ordar 1:0 
increase their fault 1:olaraa1: cleaigna and inCarfacea. Tabla A-1 p:raM111:a - of 
tha c:oavantional topololi•• and their c:harac:tartal:ica. 

Interface 
'l'opology bliabillty 

Vary Good 
Poor 

llodarate 
Good 
Good 

Coapluity llaciulari ty !'lezib;Uity Coat -
11nc:onatr&inad 

Star 
lliDg 
Bus 
'l'l:aa 

Very Bigb 
Simple 
Simple 

lfDderel:e 
llacierate 

lfDdaral:e Poor High 
lfDdelt'al:a Poor Rich 

Good lfDdarate lfDdarate 
Good Good I.ov 
Good Goocl I.ov 

The aatwrk topolociu and their -dat:ad hardware will be interc:OUDectad us:tDc 
thrae aaail1 typaa of tr&Dalliaaioa ...U.a. Than thraa ...U.a and !:heir c:haracterts­
tiCII ara inc:ludad in l:able A-2. 

'l'ABLI A-2. O.rA 'l'RAIISHISSIOII MEDIA CIIAKACTl!II.ISCS 

Tranniaaion Topology Ease of Noise 
l!adiUIIl Baudwidl:h Distaac:e Versatility Inal:&llstioa Coal: Tann1tz 

'l'wiatad Pairs I.ov Short High MD derate Lav Lav 
(6 l!llz) 

Coaxial eo-cie, Madila Moderate High Easy Moderate High 
(300 l!llz) 

Optical Fibers High Lang Moderate lfDderau Moderate Very High 
(300 GBz) (Bus al1d 'l'ree 

are cliffitul t) 
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When a network topology is established and ·the translllissian meciia selected, the 
designer must implement a network access 111ethod. The access method is the 1118chan­
islll by which anr of the nodes (e.g • , COntrollers, remote terlllinals, IliOn:!. tars) 
acquire and/ or transfer data and infat"lllatian vi thin the network. Table A-3 in­
eludes the existing access 111ethods and their characteristics. 

TABU A-3. IIE'rWOKK ACCESS METHODS 

Massage 
Access oes:ree of !nci-to-!nd 
Mathoci Contention llaJiciwidth FlexibUity Mociula:riey Delay 

Space Division Low Poor Poor Moderate Low 
Multiplex 

Frequency Division Low Poor Poor Moderate tow 
Multiplex 

T1ma Division l'oor Poor Moderate tow. 
Multiplex 

Taken Ring tow Good Mocierate Mocierate Moderate 

Slotted Ring Low Good Moderate Moderate Moderate 

Carrier Sanae ll1gh Good Good Good !Jon-
Multiple Access lletsrlllin:l.s1:1c 

The c:ur:rent geaarat1an of lllic:roprac:essor baaeci av1an1c:a systaa ( aa · repreaenteci by 
the Boe1Dg 757/767; ths Loc:khseci L-1011-500; the Aarospatiala II&-6.5A helicopter; 
anci the Airbua A-3l0) uae bua architectures beaeci an either the AJliliiC 429 or the 
MIL-STD-lSS3B spec:1fic:at1on and standards. These buaes use shielded twisted pair 
vires for the tranaission Mciia and interconnect to lllicraprocessors which priM­
rUy uae bit sl..ic:e processors (as represented by the AMD-2901 type LSI chip) which 
provide the requ:l.reci internal proc:esaing spaeci (7-14 11Hz c:hoc:k rata) and the 
inherent raliabUity and fla:ibllity requ:l.reci for flight essential/flight critical 
eantral syst... In this geaaratian of digital syst8118, the 1nciiv1dual processors 
are run in a bit or fraae sync:hranizeci IIISDDer and data are exchanged between 
redWlciant e0111putere via deciic:ateci aerial buses; . and internally by high spaeci 
deciic:ated tranafer buses/bac:k plaaaa. 

The nezt generation of digital systems will change dramatically and will be 
eharacteri.zed by IIIUltiple lllic:roprocessors in each e0111puting c:hannel vith 1110re local 
processing within a processor and the transfer of prepracesaeci data vithin the bus 
network. In adciition, the systSlll architecture wUJ. lll&ke use of sophisticated LSI 
chips (as represented by the ZSOOO series, the MC 68000 series, and others) which 
will use Multibus, VltllSAbua, Standard bus, VME bus, and other bus architectures for 
internal processor-to-processor interfaces and ezc:hange of data and information. 
Table A-4 includes a •-rz of so- of these bus characteristics. In addition, 
these processors anci their fault tolerant scheaes vill 1118ke use of global 11181110ry 
and fllllctional partition1ng of software to decrease the software c0111plexity and 
increase the reliabUity of the systSlll. 
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TABLI! A-4. SIJHHAilY OF BUS CIIAIIACTI!IllSTICS 

.. ....... VIISAbua HulUbua q-o ... S-100 ... 

Buu Type Uyacbronoua hJ'Adal"~ A.yadarGOoua Aayadii'QINMI& Syndal'onoua 
HOA-IIultiplned NOA-ItuiUpla••ttl lloa.-tlulttpl••• llwlttpleu4 lion-Huh,, ••••• 

Addcew• Width Z4 Sr:•dud 14 ltanllar4 20 ., ......... 16 ,, ....... 16 &un4nd 
12 EapMruled ]2 ~ap ..... ~ 241 ......... II lap-4 24 E•p•4e4 

Data llidth •• 16, lZ •• "· 12 .. " •• 16 •••• 
Nu. of PI.A8 on 96/96 140/120 86/64 l6 1110 
Prtaary/Secondary 
Ct'lanuctur 

Voltap (V) +S, !u. ...s, !u, tu U, !12 H, !U, ..... !16 
.. s lit•dbr tS &tulibr -u, -tU &ackup 

!utenupt Levo:h l l • 4 • 
't Arbitration ~velM 4 s I I 16 
w 

HuJttproceeaort ... • •• ••• lilA •lr • •• 
&:::nor Stanala AC fall, Syat•• Fall, AC fall, Syate• Fall, .... pC PUIIIIII' '* Power Fall, 

lue lnol' lua lnor 1 Aaltl DM:a rowr '* Ius ll'I'DI' 
Pari~l 

S~dal Cydes IWU Ho4Ur/Wdta a.a!l Ho4Uy/Wdta Lock lldrt~• ..... 
llock Tranafor llock Tunafdl' a.e4 Kudtfy/Wrtte 
Accaaa Prtvtleao Ac~•~• Pcivtleaa lwat IAtenupt 
I.e vela lAval• 

Exhndabla Modo&~ 1•• C&d4r•••) Vu C&.WI'ea~a) •• .. •• fol' Futul'a Hod&Uan) lbUUera) 

Sepantil &echl ••• ' PJaA~M~4 fol' .. .. •• ... I .... J'Wd ., .. 

. 



Fur1:harmore, l:he transfer 1118Chanism, as represenced by l:he bus concroller/bus 
incerface module, will play an increasingly more important: role in the integration 
and redundancy associated nth the architecture of the syscem. The interface 
circuitry, whether it is implemented using LSI/VLSI chips, or deciicst:ed modules, 
will be concrolled by one or more processor modules and will be implemented in 
redundant: configuratio!lS to increase the reliability of the data transfer system. 
It is possible, with the available technology, to develop a single string module 
which has dual, triple, or quaciruplu path capability and can exist as an integral 
par1: of the processor module. !his capability combined nth ongoing microprocessor 
development and advances in internal/external bus architectures provide~ the b .. is 
for the developll8!lt of highly integrated,· highly reclulldant, highly survivable 
computer ll.lltwork architectures in the framawork of till! ·all :electric" aircraft of 
the 1990-2010 time frame. 

Solucion: In order to provide the data bases and to develop the regulatory 
material and procedures, it is 1111cessary to establish a "Digital Sys1:ema VaUdal:ion 
Laboratory" whicli is capable of initial:ing and completing sl:uciies and experiments 
which will provide the required data baaes. ·!his faciUty and the studies to be 
conducted in the facility Will not only provide the 1111cessary dal:a but aa impor­
tantly will be able to provide a "hands-on" capability fo~ training cerl:ification 
engineers in new tecllllologias. The laboratory, as designed, Will include the 
current bus architectures (e.g., ABINC 429 and MIL-STD-1553B) utilizing the 
shielded twisted pair trmsmission Mciia aa a bueUne sysl:ea. The laboratory will 
also be designed to evaluate technologies to be u .. d on the aext general:ion of air­
craft: digital sysc ... such as the Software Implaancacion Fault Tolermc (SIFT) 
archicacl:u:re, state-of-the-art microprocessors (e.g., Z 8000, MC 68000, aDci AMD 
2901/29016 LSI processors) and their ai:Celldant internal bus architectures, aad the 
impl81118ntacion of higher bandwidth transmission meciiaa. 

The "validaciou laboratory" is au F&E based facility which has ]!eesi planned nth a 
multi-year phaaed approach as follows (reference table A-5): 

Phase 

Phaae 0 FY-83 

Phase I FY-84 

Phase II FY-85 

Phase III FY-86 

Phase IV FY 87-89 

FaciUt:y 

Ex:Lsl:ing "BDI: Bench" Equipment 

MUltiplex Serial Buses Interface 
Equipmea.l:, Bus Mount on Hardware, 
Data Collecl:ioa. Capability 

Digital Flight Coa.trol Compu1:er 
AarodY!lSIRic Processor, Full 
Autbori ty Elecl:roD.ic Engine 
Conl:roller 

Cockpit Integratioa. "Pilot in 
the loop" Flight Management 
Systems 

As Required Systema 

A-4 

. ; 

Coal: 

--o-

195.01t 

420.0it 

920.0it 

1650.0K 



Table A-5 ituiic:ates the cievelopmant phases anci tile F&.E ciollars requiraci to cievelop 
tile facility in orciar to c:otuiuc:t tile necessary s~ciies. Aa soon as tllis facility 
is ciavelopeci, tile following studies will be c:oaciuc:teci: 

Initiate stu4ies to provicie current bus 
arc:llitectura evaluation criteria 

Initiate studies to ezam<ue fault tolerance 
usiug SIFr arc:hitacture--provicia evaluation 
criteria 

Iaitiats stud.y to evaluate coaxial c:able 
.baadwidtll/raal-c~ euc:utive interaction 

Initiate stud.y to evaluate fiber optic 
trSDSIIisaion Mdia 

latablbh criteria for evaluating uistiag 
trSDSIIission Mdia in tar. of airvortlliaass 
criteria 

Iait.iata nudiaa to azaefae r-t• procassias, 
a.iviiiiCed c:ancrola arc:hitacturas , all4 the role 
of anificial iatallisaaca 

Initiate '"lulllllls-· warluiiDps in the areas 
of bus arc:hitacturu, fault tolariiiiCe, arti­
ficial iatalliseuce, all4 robotic: teatiq 

50.0K 

75.01t 

75.01t 

75.01t 

50. 0K. 

150.0it 

SO.Oit 

aemaru: the validation laboratory will serve as a focal point for daaoaatratiug 
tec:lmology iait.iatives all4 a.i"'IUUC-ta aDd will provide a facility which will 
establish the necessary information for developins the certification criteria for 
adviiiiCed ciigi.tal syateu which c:aa be ezpecte4 to be impl-ead· in the 199o-2010 
aircraft. 

In addition, tbia facility will serve u a tr•1n1as ftbicle for cartification 
engineers aiMl will provide 8tat-f-tbe-ert facilities for cievelopmant of beDCh­
urka for raplatory all4 p1d1111Ce utar.ial 1a the area of softvan beae4 4isital 
syataa in flight control all4 avioaics applications. 

A-5 



• • 
·" 

.· 

..._.._ • .,.ICATJOI!f ·-.......... - T-. -· IUS: IIU 251»-6 -'fiT ...ai_c::r UTIMATU mo 
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S/26/82 I I I I I I .. : , • .utG....,.ttiC&'ftO!t 

AIRWO!mliN!SS PROGRAMS - FACILITIES IMPROVEMENTS 
DIGITAL SYSTEMS VALIDATION LABORATORY 

?ROBI.Df: 

In order to meec cer:ain FAA obligations in airworthiness and cer:ification 
of current ancl "future aircraf: (general aviation, helicopter, and transpor:) 
flight operations and aviation safety, c0111prehensive prograaa(s) require-nts 

~ identify the neacl for a digital systems validation laborato~. This 
laboratory IlNse reproduce "real world" aclvaacecl aircraf: colicept.s 'llitich cover 
areas incluclecl by sof:ware-basecl digital systems, stability and control Ql 

aucmencatioft system., active control systems, advaaced displays, primary ·. 
~-flight control and avionic systems, angina control systems, 

aircrafc/&irmen/systema incerfaee, mel flying qualities. For the FAA co •et 
ics certification and safety responsibilities, concentrated efforts muse be 
ini tiacecl mel lll&intainacl in this applied research area ·in order co acquiO 
and disseminate p•rciceac daca, information, and knowledge within the FAA 
cer:ification directorates aacl headquarters, ancl co assure chat certification 
criteria and procedures are valid and keep pace vitb che technology. In -addition co providing technical data, the laborato~ could train 
certification engineers, avionices inspectors, and Technical Center 

-· 

supporting research engineers in aclvancecl system8 integration, 
recertification issues, and inspection-maintenance considerations. NOT!: At 
the present time, the FAA (nor NASA or DOD) does aat have the capability co 
conduct digital systems investigations in support of cbe certification 
process. 

SOLUTION: 

To develop a ''hot-bencb"/sysc- validation capability at: the FAA Technic.,l 

J! 
._. .... ._._ -· ... • T - -·-!- •= -- A 

_ .. - ..... 1=1= I ,.,.., • ·•· • - - - - --· • • - • .... rM.M1'A I -"' I,. 
, 

. ,.!.. - 1...-,.,.,_42 I .... h.-:.. _ ..... 1 .. - - • 
.I I I . - I 
.II I I I I 
• I I I I I 
.I I I I I I 
.I I I I I I I I 
""'' .1 CJ -""" IIIIOtC ,.._......._ ,., I,. -
I I I DIGITAL SYS~ VALIDATION LABORATORY 

= I I 
, ... GJCT~ r--

. 
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us: au ~oo-5 
• f FY ....;8:..:.4_ COST ESTIMATES 

S/26/8% 
\,_ _ Deacdpc1on and Juaciticacion: 

Center to monitor and characterize multiplex ous (~IL-STD-1553, A!INC 429, 
etc.) performance, fault/failure injection and effects study, and initial 
piloc•in-cha-loop iacerface; conduce Kvanced tiicical systeiiiS and tiyaaaaic 
siiiiUl&tiona of complex flight contra+ and propulsion syst&IIIS; 
full...U.saion/piloc·in•tha-loop siiiNl&cion scudies for aircrafc, sysCIIIU, and 
aircrev incarrelacionahipa. A IINlicple year phased approach co develop a 
"boc•bench"/sysc .. validation capability is planned u follova: 

Initial Facility Oevaloomanc 
Otinl.liNIIl Equ~pmanc P>:"ocurelll8nt Only) 

Eziscing lloC•Bench-"spare" DACS, PCG, 
DNSS, HSI/HSD, ace. 
FT·84 Phua I IINltipla: bua: Illcerfaca 
equipment; bua IDOilitcn:; analyzer, ace. 
FT·85 Phua II flichc concrol computer 
aarodyaaaic modal processor (includiac 
propulsion and aco.oapharic) 
FT-86 Phase III cockpit incegracion fli&hc 
maua,emanc; ancina concrol; NAV/COMS syst&IIIS, ace. 
FT-87·89 Phase IV cockpit; Visual displays 
controllers; forc:a· fiald/coacrol loader; <iilital 
aucopilac, ace:. 

~= 

Esci.Ucad Case 

$ 0 

160.0 

330.0 

695.0 

31550.0 
$4.68.5 .0 

-
,q,.,c) 

't:>o.o 

~ ""· (J 

I b~'1). o 

n.a allave prabl.,.. (and solutions) -y ba iavascigaced by NASA•AIIuoa ttasaarc:b 
Cancer and/of: NASA•Lan1lay l!.asaarc:h Cancer: (l) NASA•AID&s hu cha mosc 
advanced c:apabilicy, cba l!.eciundanc Dicical Flilhc Caacral Syscea (l!.D'FCS), 
which is a Collins cii&ital flighc coacrol sysc .. su.il.r co cha Lockhaad 
L·lOll-.500 (racancly carcifiad) CAr•tii aucoland sysc .. (vichouc cockpit). 
n.a kay <iifficultiea in ,..inc cba NASA•AID&a facility an differanc fro~~ 
FAA r .. aarch iacaresca and due ca coacinuaua 11Ciliuciaa of n.a l!.I)FCS by cba 
OSAF•Hughas/Canaral !!. ... arch softvaY:a verification rec:earcb, aad tha 
NASA·AID&a·Lackhaad Caaf:&ia!Callina r .. aarch efforca. nta FAA l'echnic:al Center 
activity is sprinkled ia vicb cha ocher projects; Chua, facility, maapo-r, aad 
fuadin& linitaciona coaacrain ciaaly a:acucion of carcific:acion issuas/prablea 
solviac; (Z) cba NASA•Lancley l!.asaarcb Cancer's Avionics Iacacracion Research 
Laboratory (AIKLAB) is possibly a viable facility bain1 developed co supparc aircraf 
systems researc:b for tha 1990's. Again, RASA-Langley's advanced flighc control 
"basic and fundamancal" research iacerescs preclude FAA's applied cechnolou ~rob leu 
solvin1. _ 

' 

OIGIIAL SYSTEMS VALIDATION ~BORATORY I I I I I =:aoo / PlCZ: A .. 

FAA For. :~00-70 (9-7tl supersedes previous edition WV..S.COYI~•rN .. rt.,..o••-=ar ,.,._,,,....,,.. 
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K.IS: BU %300• 5 
FY 84 COST ESTIMATES 

5/Z6/8Z 

Description and Justification: 

therefor•, in order to be responsive to che car~ificacioa issues and 
problems, ic is appropriate co consider che ascablishmenc of a Sysc~s 
Validation Laboratory here ac Che Technical Cancer. The J:.o\A Technical 
Center's acquisition of cbe capability and che development of che necessary 
cechnical expertise is proposed as .a multiphased/maltiyear effort. The 
availability of cbe capability and cecbnic.al expertise could be used to solve 
issues in a short aad future time frame. 

The ~tiphaaed d.velopaent aad associated m1n1mum equipment procurement 
cosc.s and proposed schedule are generally ideatified in the multiple year 
phased approach listed in che above SOLUTION. 

• 

. 

DIGITAL SYSTEMS VALIDATION LABORATORY II 1 
/ ...... ca. 

FAA Fo~ 2SD0·7D (9·71} supersedes previous edition 
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APPENDIX !I 
RED !lOOK PROJECT SHEETS 

hojec: llo. 6 

!ml• Dipcal Srac ... nocua.&pocic lla:urda aad n,.Ua Qualicioa 

oJJSgrm: 1'a ••-• - ain:nfc. ella~ cal taclllutloar aad ez•i•. 1M% olfacu oa 
diaical cecbaalosr aad co.poaito •~~~~... scrucca~••· Al... ~· 
abvarcllioeza aad e.nificac:toa criteria !a~ - airenlc doaipa •"" acl.,aacH 
acabilic,. aDd !lianc eaacrol •rae.... · 

Al''l'IIOAC!I: Coachacc acu4ioa. •"-l•ci• aad !lianc caeca t:lloc will prowiclo dace 
aac1 pidaliDoa !oc caftificacioa of aalcva~•- <li&ical. ayac.... r.i.anCIIiq 
aacl !III eflecc. vill M ezai,.... by -•1• d.-loped !or dnrafc ...-nc• aad 
-ceorlalical liiCUfornco. 1lov airenfc doaipa - ......... niant caacrol 
ayac ... vill n'lllirc pcaaiUo ..,..cia& at nipc cue tiiCbai'IIIU aacl ..... tuaciaa 
ericuia !ar ai:NOC'CIIillua ·eanifiuc:t-. · 

outJIUf: U,Uc.,. floal .,.ac_ li&JaCIIi81 pnceccioa eniaocr cii'CIIl-; li&JaCIIilla 
chruc cbancuri.ucioa pi"- ucarial; pidolillaa aad caccilicaciaa <loco trw 
aofcvan baa.,. 4iaical ayac-; caac tecblli'IIIU foe ..,_ .. ain:~alc acoltiliC]' 
a~~cl nipc coacro~:, .,...__ .• 

Ja:r ASSll!U'nOIIS: •111. 

UllCft' OUAHII%115: Zf/A 

S2.4:l5JI 
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-· 
hojecc •· lS 

~: l'echaolov lle•elopMDt a1ld hoar- Suppon: 

OliJZcnvE: lleYolop uta aacl picloUaoa co ouppon: can:ificadCIIl o1 a-
, ... oraciaa aircrafc .aacl ac19-ecl fli&llt oyae- techaolov. :l'raYiu fall.,_ 
raaoarcla aacl U...l.,...c, aac{a .. rf.ac clata aa uy be ratjuirecl to ooppcw: pncr­
dolhorul••· 

AP!'!!OAC!I: Aa a- eechaolov 'bee- a ... il.ololo, ........ ate will be -do 
( cllrau&Jo ocudiaa, a:l.alac:i:CIIla, flipc caau) •• eo clio nlidiey of uao torr 
con:ificacioa llf tli&hc ayn- aad airerafc. Daca will 'bo pnY:i:decl co all­
for .. pc~acU. ocaauna ...... actriaory circalara, .. ra.taizoecl. 

Aa deciaiaa poiaca .,. raaclaecl ia .. uiou pracr-. Ciao ..-.. ... reb aacl 
d .... lOpMDC, Cllllt IMBefic acacliaa, aacia"riAc .f .... i'biliey, aacl aacia .. riAc 
aapecco will be perf- to oopporre ia Ciao iapl-cacioa of Ciao ayu .... 
~ploa of tlaia type of off~rc aw. •• followe: • 

.Oecawiae ;tfau of ait.ra.eo mla aacl -aacecl coae:rolo oa operaciaaal 
uo ia c--al ...UciCIIl aizttafc. 

-Decawiae Wp.cc of Clio - of t'acuw t'aelo oa Ciao aac:iainU. t'ael 
-- caacope iaclaciU. Clio - of --eel t'ael oyat- coocopco •. 

OUtlOt: Data aacl •• a.Wci- co oappon: conificaeiCIIl of ..n-acl tli.&IIC 
oyoe_, coadaaal ..... _ of cacbaolocia u applicable for criteria 

· 4-1-c, 0111~111 4aca ca •ppott deciai- of cechaical pracr-· 

R&D 
CFE&O) 

FUNC!NG 

91 

~ Ml".tZ:R%A1 S T!!!'Tr •••-• 
, AOV. COAIT"'"=S A 

P11CPUZ.S%C11W SM!:n ~Ill 

YII-30 

B·2 

' ~.,_. 

.. 

c 

Q . ~ . 



c 
--

0 

1%1' ASSlli!PnCIIS: !loeqiq Cocluoolo17 will r"'!Uin U~~Ciaual •••••-ac ao to 
applicability co ~Yil oYioCioa aircratc. 
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Pro j et:C Ko. 7 

~: Airvorchinese Pracra.a - Facilities Improv...ac 

OI.Jl:c:nv!!: to provicl8 and/or eab...,e !aci.liciaa to _., future reaaaro:ll ad 
4evelo-at project nqui-u, !.apro,. aiiCI coacrol cut eavico ae, aad 
reduca operacizas co•ca. · · 

APP!tOACll: 4. trains ia-11- techaical Cater perooaael, Iaboratori_, 
fo~~cilitiaa., .aacl cgacrac:o1:' supporc. ezpa1ld •ad emhallCe th• I!Xi.atias 
hot~eao:ll/oysc ... valicl8eioa l~COrT capability wmdar • multiyear, 
maltipbaeed procr... 1. Provide aa adtl.itioa aad buil4ins modificatioaa co 
provide - easioa fuel Ceae lalloratorT co acc-.iate ._ taec otanda for 
oparacioaal teacias of aacin• fuel ayac- co.poaaecs. C. ~cl8 a n­
equi-e aat1. coacrol buildias aat1. a eqiaa cue pad tor eurbioa 
enrine/aacella taatias ac a ramaca outdoor locaeioa. lba boil4ins vill 
acc-.late cue aqui_,.c, ina=-acaciota aad. coauob for tha vias •pillar,• 
ric ... d the ,_,. ~~~Cia• cue pad. D. Pravi4a a wmivarsal teec ric for lairi 
inrestioa •••tills• !. Previa a !lectroaica Coauol leach lreadlaoard 
C:O.pencor to oiliataca aasi"aio •l•croaic coauol •Y•'-~ 

Oll'tl'U'l': 4 eaac facility vitll capability eo -poe c (A) carcific:acioa 
4iret:toracu for au-rtlliaaae acCdazd. aad .._,..._ proceclune. ruidaaca 
~~&tariel aat1. !lipc aafaty COIIIfiaracioaa; ('I) eqiaa .._ ... , coapacability 
._uci;acioaa; (C) larr-cal• tacias ot eqiau ia propubiota aafacy 
FO&r•: (D) IllS:... iasucioa eucias ia ouppore of propaldou safecy procr-; 
(!) kay pav<~r -~-e .._,ariaoaa aa tucua ~ a-t-c. 
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aT ASSll!!PTIOJfS: Claneac prap-... will c:oaciaue a~~d u:pead. C..neac 
facilitiea aac be OZJ&DCI•d to~ the Ceacu co coaciDu• ica z:ol• aa a prim&Z)" 
Z,D,TI& faciliey. 

~·QUANilti!S: 5/4 

I!EUT!D ~CI:UI!S: .Ul ainor1:bia•u FOj-ca. 

COST: $9.Q72H -

' 

•. 

X-19 

ll-5 

. . 



APPBNDU C 

USUM!S 



APPENDIX C 
RESUMES 

ADL !iESUMt Resume No. DL-95 
Date of Resume: 11124/62 
!late of RevUion: 
PIIOJEer HILt: -

PftiNCIPit SPEEfAI t§f(S): 

N. Fujuaki, APM-73J, x60024 

Diu Dererr-ed/canceliea: 
Final CaDpletioa: 

OBJEttiV!: Pi'OV!de Information and data a2 Villdadon and Vitrification Of 
digital systems to cert1!1cation eng1neer's. Establl.Sl a bue at expert13e in 
d1s1tal systems and provide reporta and laboratory ~ties to auure 
questions related to digital architectures IDd theil" QCliiiP111!!C!e with D0-178 
(RTCA); AC 25: 1309-xx; FAR ParU 25:1309 and 29:1309; aad the AriDciHU 
specifications rar bUs arch1tectures. Ceac!Uct a;en-ts, SIZ'ftYS llld research 
into issues ra13ec1 by the application at r.w procedure/sot'tloiU'e in dieital 
night control and aVionic systams. Inde;~t.'1 naluatica at usu-ance tectlnoloV/ 
!llethoc1oloiY as they relate to V&V rar &1.1"borne dis:Ltal systems. 

RtduiREAENT: 

CM.teria needed ror cart1f1ation or software-based dis:Ltal systems. 'l'h1s 
results fi"CXXI _.gence of lllicroprocessor techncloSY 1n ,_ and derivative 
aireratt and the need to obtain/maintain sataty aaMSIIIIIeftt data and 
infOl"!!!ation. 

r'illEfdNE SCHtbtlLt: 

Scllec1uUd 
Ccl!!pletion 

l. V .I Digital Sys. Valid HcnK - Dra.t't Compl. l/83 
2. V .!I Digital Sys. Valid lklbk - Draft Start l/83 
3. V .II Digital Sys. Valid Hdl:llc - Drat't Compl. 3/84 
II. Integ. Assur. Assess(Dual-Dual. Sys) Rpt. c. ll/82 
5. Integ. Assur. Assess(Quadruplex Sys)Rpt. c. 3/84 
6. Analytical Redundancy-Sensor Rpt. Compl. 10/85 
7. Bus Evaluation Cl"itel"".a Rpt. Complete 9/86 

. . 

ROO:RKISINOIES: 

Actual 
Ccl!!pletion 

At the present time, 'EY 1983 tmlds are programmed ror the quac1ruplex 
arehitecture evaluation using the Integrated Assurance Assessment methodology. 
'!'he handbook - Vol. II is not tmlded 1n 'EY 1983. lbe validation laboratory 1s 
prog~ amaad ror t\lnding in 'EY 1984. · 

C-l 



• 
~J 

• 
~ 

' ~ . \ . 
' ~ . ' .. 

• 

. , ., 
·! 

.; . : ~ 

PROJECT: ytiip@i Srogram s;emncatJoliJ:QLL~....i1D283- 2001) 

-

' 

::.. 
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• J 

Approach: r .• ~. 

a. EStablish periodic R TCA review of of D0-178. . • 
b. Expand present Technical Center research in software certification criteria using a•f 

least two indepe:ndent non-government organi;tations. •-.-. 

Product: '!~ 
a. Detailed guidlines that can be used by aerospace engineers in c~tiflcation of aircra~{ 

systems. . ·;; 
b. Complete course materials for OKC training of personnel assigned to certify digital} 

computer systems. =! 

Related Programs: 

~: 500K 
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AVS BCCAAM AC.IV ll f a.ESti:iE 

ni:rc:Il.U. ~: 
• '1ch-n !f. ~. ss-t60 a 4%5 e:u_c,_ 

OIJ!CIVE: 
0~ a4 :!:!pi r c enh•Clld ~ab1U1:7 eo .....:a. rac:on. clal:a ~ 
a4 mal..,.U ~ coc!qiU: vh1!ai'1cy sw:'ftl'S; coaduce ~; a4 tu;t~Oft: elw 
u;rd•r4n• a4 don I c of coclqti&: ...U:Ut:!.Ucy c::1.u:d~/sc~. 

DQh I 9'!i'5%: 
.lA acc:=aca- mol 1."-=ri of clw. fi..U-of...UV ~a ;t:Uoc/r:..-- aa 
absarred ~:SUI~ A=cnt: (.-al. avf.&~. !1e.UCopca~. cna;taR) 
c:oc:lqiU lncar1 oa ill Slqll!Oft at c:aclqi'LI: VU:LiaLUl:r arj n 1rsm scacial:'da. du:l.p 
a4 daftlap c. a:£:voRh<n•••/~u.c.-. W;bc s~•l:7, IIIIi ~cc/ 
~enc ~cf;•c:l.aaa. 

L. 3.1:~ c:-- ilu:l.p. O.o 11 p c. %/SZ S4 
IIIIi li''l."acu c 

(aa~) 

ST.&:l:llS : 
Ic• L all- acd.v:l.cy 1.s d..uy.4 f= !T-8% dua eo lack -.,f (:z:en aac) cc=cac: f=cls. 
A dui;ll m ;tackap 1.s 1n li'I."DS'I."U• f= 1.s- 111 FY-83 Cae:l.c!;laceti f!ZIId.=- ~lal 

A21'!0.\Cl: 
r.:. e:ac:Je;t:l.c v:l.s:l.!d.Ut:y pnjecc rill. !.n:I.C:I.ua a .:c:=;~ee:l.=.ve c:ancnc: !a~ b.f.:la= Tar 
c-:ra. c:caduc: ~ (in-ftouaa p'l."ajece penamsal), ;nd :lal."a. l."educ::l.= a4 
ona.lysu (by illdwRry c:=c::acc) , md. cechni~ sul'l'aR ca ltea.iqu.u:an m4 
carr:1!icac:Lim cli.nc:oracu. 
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