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EXECUTIVE SUMMARY -

INTRODUCTION.

This program plan entitled "Aircraft Digital Systems” 13 daveloped bLased on the
projects and schadulas outlined in tha Technology Developmant and Program Support
Project (Projects 6 and 15) in the Rad Book, and is related to a previous approved
plan outlinad in Fedsral Aviation Administration (FAA) Report Numbar FAA-ED-18-3
dated May 1978. This plan counforms to ongoing development and cartification
activicies, and raflecta progress achieved to dace, project scopes, and prioritias
as they ralats to implementation of digital systems in the current generation and
the next generation of civil transport aircraft.

BACKGROURD.

During the past several years the aviation community has witnessed an evar increas-
ing pacs to iantreduce advanced tachnologiss, new aircraft design concepts, and
sophisticaced high-intagrity integrated electronic systams. Thase advanced con~-
capts have impacted many tachnology areas that are pertinent to the digital systams
program; namely, "flight-cricical” and “flight-essential™ elactrouic systems which
include the following cypes of software~based digitial systams: stability and
control augmentation systams, active control systems, advanced displays, new
aircrafc designs, the aircrew/aircraft interface, and aircraft handling qualities
and flight characteristics. The FAA is confroanted with tha task of reviewing,
ravising, and updating its airworthiness assessment criteria, certificacion
procasduras, maintsnance-inspaction requirsments, operational considerations, actc.,
ia order to assure a ninimm lavel of safety for ailrcraft uctilizing new deaign
concepts and advanced systems tachnoology; and as such oust revise and prepare
advanced new ragulatory and guidance material which reflacts tha impact of thesa
technologias. This digital systems program is tha rasult of efforts iniciated in
1975 to obtain data and information to aid and support the airworthinase procssaes
citead abova.

-

PROGRAM GENERAL FOCUS.

Tha general focus of the aircraft digital systems program is tha impact of advanced
and new technologies on the aircrew and aircraft and oot on tha air traffic comtrol
(ATC) system. Tha effort identified harein is in Program 18 — “Aircraft Safaty
Program.” Thersfors, tha program 13 chargad to focus oo efforts that will provide
data and information to aid and support aircraft airworthiness assurance tach-
niques, certification procadures, and other pertinent regulatory and safety issuas
applicable to the operation of an aircraft and its systema by tha crew in tha
National Alirspaca Systam (NAS).

QBJECTIVES.
The ovarall objectives of tha alrcraft digital systems program are:
(a)} To conduct studies, investigations and analyses, that will provide data

and information to support certification and regulactory activitiea pertaining to
implementation of softwara=based digital systems.



(k) To coordinate and disseminate materials and findings within the FAA and
industry as appropriatea.

{c) To be responaive to specific aircraft safecy needs.

(d) To establish and maintain expertise in aircraft digital systems
technology.

(e) To establish and maintain the capability and expertise to comduct cockpit
vision surveys.

MAJOR PROGRAM ELEMENTS.

This program plan is divided into three major program elemeunts covering a wide
range of projects that are of both near- and far-term concarn to tha FAA. Thay
are:

1. Digital Systems Studles.

2. Validation Mathodology.

3. Cockpit Vision Surveys.

TECHNICAL APPROACH.

The program slements, projects, and tasks delinesated for this plan are judged-to be
of FAA concern, and whara efforts are needad, to mesat airworthiness criteria,
certification proceduras, and safety assassmant requirements. A majority of the
informacion and data needed may be acquired by monitoring and maiuntaining closa
coordination with othar performing organizatious, jointly fundad projects based on
intaragency agresments, and FAA "in-house™ studies and fundad contracts as
necassary. A

The studies outlined in this plan uctilize: (a). tha Raconfigurable Digital Flight
Control System Facility at the NASA~Amas Hesearch Ceuter jointly developed by FAA
and the NASA-Ames Rasearch Ceunter under intaragency agreemant DOT-FA77WAI-738 (1978
to 1982) for the purpose of conducting axpariments and studies related to digital
systema, (b) tha validation laboratory at the FAA Technical Canter which will be
augmentad with F&E funds (FY-84 to FY-86) to conduct studies relsted to validacion
issues and mathodologies iuvolved in the implementiation of bus architecture-basad
systems; (c) the cockpit vision survey camera (system) at the FAA Technical Canter
which will be procured during FY-84 and FY-85.

END ITEM PRODUCTS.

The emnd ftem products ara genaric information, and recommeudations from which the
FAA can establish or change certification requireaments,guidelines, advisory cir-
culars, FAA internal diractives/orders, noticas, hacdbooks, enginearing flight test
guides, and maintenance alerts, and technical standard ordaers.

PROGRAM MAMAGEMENT .

The manggement of tha program at the FAA Tachmical Center, i3 within the Aircraft

and Airport Systems Technology Division (ACT-300) and the Flight Safety Research
Branch (ACT~-340).
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SCHEDULES AND FUNDING.

An overviaw of the schedules and needed funding for the planned efforts are shown
in figure ES-1. More detailed information on schedules, milestonas, and frmding
i3 shown with each project in the body of tha plan.

rY-31 FY=34 FY=-3% FY=36 Fr-27 FY-28 FY-~39 FY-90
1. Digital Syscams Studias

* Contrace funde (FEAD) 150.0K 179.08 225.0% 225.0K 306.0: D —
* Scaffing (Man-fearm} 1.25 1.25 1.2% 2.0 2.0

11. Validatioo Mechodology

® Conzract Funds (FRE) 193.0K 420.00 $20.0K 730.0K $00.0K
® Coutract Punde (FERD) 115.0K 113.0K 140.0K 175.0K 00.0K 215.x 75.0K
® Scatfing (Man-Tears) 1.75 1.75% 1.73 1.73 .23 2.7% 2.75

III. Cockpit Vision Surveys .
® Cameract Funds 205.0K 10.0x 10.0K 15.0K 13.0K L3.0K 0.08

® Jcaffing (Mm=Tears) .75 .73 .75 .73 .73 15 .73
TOTALS

* Concract (F5E) 193.0k 420.0K 920.0x 750.0x 560.0K ————— ——r
® Comtraec (FEAD) 470.0K 300.0K ¥75.00 413.0K Jl5.ox 160,08 295.0x
* Scaffing (Man~-Tears) 3.75% 3.7% .75 4.3 5.0 ] 3.5

FIGURE ES—-1. CONTRACT FUNDING AND STAFFING FI-83 to FY-90

PROJECT FUNDING REQUIREMENTS.

Contract funding and in-housa manpowar lavels in figure ES-~]1 are totals by fiscal
yaars from 1983 through 1990, and include mouies for intsragency agresmants as wall
as FAA contracts. Figura ES~]l raflects FAA mouies only, and does aot include
contributions by NASA and DOD to joint work dome under lnteragency agreements with
the FAA.
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l. GENERAL.

This program plan entitled “Alrcraft Digital Systems™ is designed to carry out
issuas related to digital systems that ware envisioned and approved in the Advanced
Intagrated Flight Systems Program Plan (FAA-ED-18-3, May 1978). It updatas thoss
original visions and contains substantial changes to raflact curreat prioritiaes,
and most importantly, imnovations and applications in digital technology in curreat
and new generation aircraft. The overall goal of this plan is to provide a
aechanism for aestablishing the nacessary data and "information requirad to updats
and changs existing regula::l.ons, as needad, to insure the safe implementatrion of
new digital technologies.

1.1 BACEKGROUND.

This plan details afforts needed to achieve certain Federal Aviacion Administration
(FAA) ressarch, enginsering, and development (RESD) program goals related co
current and future neeads of the ageaucy with respect cto ths implemsntacion of
digital systems in civil aircraft. The ioformation and data that will be acquired
will aid and support the airworthiness assurance assessment processes, certifice-
tion procedures, and tha safa operation of thase ailrcraft and systems by the crew
in the National Airspace System (NAS).

The work detailled in this plan is part of the FAA RESD Program 13 — the Aircraft
Safety Program (General Fund: Facilities, Engineering and Development (F,E&D)
monies). This activity is located at the FAA Tachnical Canter at the Atlantic City
Airport, New Jersey, and is now being performed by the Flight Safety Hesearch
Sranch (ACT=-340) within the Aircraft Sa.f.el:y and Airport Tachnology Division
{ACT=30Q) . .

This pian sets forth tha project elemsnts, ;schndu.l.es. and funding levels needsad to
meet FAA Taesearch requiraments in support-of certification and operation of curremt
and futura aircraft which 1ncorporate edvanced integrated flight control and
avionics systams. These advanced concepts involve "flight-eritical” and "flight-
esgential” softwars—based digital systems which include: stabilicy and control
augmentation systems, active control systems, advanced displays, primary flight
control and avionics systems, and aircrew/aircrafc interface raquiraments.
The FAA is confronted with the task of reviewing and updating its airworthinass
critaria, certificetion procedures, maintenance-inspection requiremants, and
standards in order to assure a mioimm lagel of safaty as aircrafc designs and
technology advance and employ new system tachnology. This new gevaration of
systems and digital technology is now appearing on darivative airplanes and new
helicoptars seeking approval for instrumant flighc. It i3 a fact that rapid
implementation of cChese new systems will continue as new generation aircrafc
designs and modificatious are introduced.

1.2 INTRODUCTION.

Historically, civil aircraft have incorporated indepéendant hardware (black boxas)
for each system implemanted and inscallad in che aircraft; and the FAA's prasent
standards address certification procedures and criteria from the concapt of
separate engineering disciplines. It i3 clear that derivative and new generation
aircraft which incorporate integrated flight control and avionics systems are
dependant, in a complex manmer, on the aircrew/aircraft intaraction as a total



integrated system. For the FAA to meet its safety and certification respon-
sibilicies, a concentrated affort is needed to regearch this technolegy area, with
emphasis on the total integrated system, in ordar to acquira and disseminate
important data and information within the FAA to assure that cercificacion crite-
ria and procedures are valid and current with advanced technology. Many of the
new integrated systems are being plammed for, or are already implemsnted on, naw
darivaciva aircraft auch as the DC-9-80 and the L~-1011-500, and will be ucilized
on the current generation of new ctransport aircraft to improve efficiency and
performance. These advanced systams also are being used, Co an increasing degree,
on othar new aircraft such as commutars, general aviation aircraft and rotorcraft.

The introduction of gsoftware based digital flight control and avionics tachnology
in the current generation of aircraft presents a problem for traditional certifica—
tion techniques, especially with the inereasingly wide—spread implementation of
integrated systems which use bus archicectures for intersystems and intraaystems
communication of data and informaction. Within this advancing technology, many of
the current certification methods wmay still be applicabla, however, new tast
techniquas aod methodologies muat bhe used to avaluata and amalyze tha operatiomal
and reliability issues of thalr software programs which include, axecutiva, opara=
tional, and intarfaca routinas.

The extreme flexibility afforded by these softwara bhased digital information
transfar systems presents significant problems in assuring that the software
gtructure including compilers, highar—order languages, and architactural design is
not adversaly affected by changes in the "firmware™ or software during the imple-
meatation or wpaintensnce life of tha systems. It is possible, with thase peaw
systems, to make changes to the aystems structure such that tha basic cartification
criteria are altered and the flight control system and aircraft safety may be
subject to errors or iniciation of unintended fumctious which rasulc ia failures.
Therafore, it i3 necessary to establish tasting and configuration managemsnt
practices to insure that the systems and integration of systems are not vulnerabla
to errors 1in dasign or implementation, by providing regulation and guidance
material to design and maintensnce angineers which will insure that systems retain

the degree of reliability and operational integrity astablished during che initial
cartificacion activity.

In order to insure this integricy, it is mcesﬁary that the FAA establish and
maintain the data bases, information, and raegulatory matarial related to this
techonology.

The FAA, within the last year (1982) has published three advisory circulars (AC)
which racognized the implementation of this new technology, and especially the
importance of softwara based systems. These three AC'3 are:

AC 25:1309~1 System Design Analysis

AC 20-115 RTCA Document DO=-173

AC 120-28C Criceria for Approval of Cacegory 1II Landing
Weather Minimuma

They set forth an acceptable means of compliance for certification of certain
digical systems, however, the FAA needs to establish additional data bases and



information in order to provide tachmical guidance and regulatory critaria for thes
cartification and assurance assessment of the new generation of digital systems in
the next generacion of civil aircrafec.

This technical guidance will be in tha form of AC's that deal specifically wich the
incagracion of the digical systams. One such AC will provide tha criteria for
evaluating software and hardware used in establishing bus archicecturss and- will
provide guidance in evaluating the data packages developed by the mamufacturar
and/or intagrator and submitted during the STC or TC procasa. Additional advisory
material will be developed which can be used by the certification directoratas
as guidelinss, minimum performancea specificatiouns, and worked examples for com—
parison against data deliverad for avaluation and approval wicth raspact to the
critaria establishad in AC 25:1309-l.

This program plan addresses development of thase nevw required data bases and
informatiocn. :

1.3 MAJOR PROGRAM ELEMENTS.
Tha major program alements discussed in the body of this Program Plan are:
a. Digital Systems Studias.
b. Validation Msthodology.
c. Cockpit Vision Surveys.
These elements repressat the current divisions of activity for cthe program; how-
avar, as raquirements changa, they will be modifiad according to the timaly

dictaces of the agancy’s neads.

l.4 TECHNICAL PROGRAM.

Tabla | presents the emerging technology which can he expected to be included in
the design of the current and next gensration civil aireraft. These technologias
are all dependant on "softwars”™ or "firmware™ for intarcounection and integration
of the modules and systems, and requires assurance methodologies and tools co
asgsess ctheir validity, reliasbility, and ultimataly the safaty of the aircraft.
These technologies have beean emerging since the middle 1970's and are expacted to
be the predomipanc driving force in design and life cycle couasidarations through
the early decades of the 2lat Caatury (a.g., 2010-2015). The payoffs, problems,
and primary certification ilasues for cthese tachnologies are addressed in table 2.

The FAA's ability to properly conduct investigations for functional assessmant of
new aircraft and systems, verlify ctheir intanded function and specified parformance,
dafine failure modes and affacta, and develop hardware/softwara validacion proca—
duras is critical to the total safaty cartificacion procasa.

A primary objective of the FAA Tachnical Centar will be to aid and support the
certificacion process and the assessment of airworthineas and operation safety
issues through developmant and implemantation of efforts to:

da. Conduct comprehensive analyses of existing software-based digital flighe
coantrol and avionics 3systems To assess reliability, validation, and cricticalicy
issues, and idantify poctentially vital problem areas.
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TABLE 1. iECHHOLOGY DEVELOPMENT AND IMPACT ON CIVIL AIRCRAFT DESIGN AND IMPLEMENTATION

Technology

Hicroprocessor
-— Multiple Deslgns
-= Hultiple Languagues
-- Diverse Capability
-~ ARINC 7XX Design

Point-to-Point Data Tranafer
~- ARINC 429 - 5/6
— Shielded Twisted Pair
* |0 K/Bic
® 100 K/B1ic

Bus Architecture
-~ MIL-STD-15538
- Sh!eldad Twisted Pair
L 1 M/Bit

Display Technology
Distributed Computer Hetworke

Fault Tolerant Camputers
== SIFT
-~ FTHP

Fault Tolerant Software
-- Analytical Redundancy
-~ Fuactional Particioning

ligh SPEEau&}ahsmlsiioa Hedla
-~ Co-axial Cable

-~ Fiber Optica

VLS]1/VHSIC Microcircults

Flectro-Hechanical Servo Hechanlsms

Electroanlc Sensors

Validation Mechodolouy

Availabi licy
1980 1985 1990

X
X
X

X X X

X X

X X

X . X

X X

X

X

X

X X X

Archiceccure/
Design

Life Cycle
Cost

Re Habil)ity

lntegratlnn



TABLE 2.

Technology

Microprocessur
~- ARINC 7X%X

Puint-to-Palut Pata Traenafer
—- ABINC 429-5/6
® Shielded Twistad Palr
Hedlaz
-~ i0 K/8ix
-- 100 K/alc

Bus Architecture
-— MIL-STD-1553

Display Technology

Diseribured Coaputer Networks

:

Fault Tolerant Compulera

Fault Tolevant Software
-~ Analytical Redundancy
-- Functliona) Partitboudng
-~ Deslgn Language; (e.g..
ADA, etc.), Developed/
Validated

PAYOFFS, PROBLEMS, AND PRIMARY CERTIFICATION

Payolf

Incroaned Fluxbbility
Lover Life Cycla Costs
loas Welght fPover Requlred

Standard Specification

Standard Speclficatlon
Bigh Sandwldih

Mult i-Funceboa Capabilicy
Increased Flexibilicy
Increased Infurmagion Content

Reduced Complexicy (Hardwara)
{Less Black Boues)
Better Redundancy Management

fncreaded Rellabllicy

tncceased Fal) Operallonal
Capabilfcy

lncreased Modularicy

Comaon Processing

Horve Bollable Software
Ingroved Softwara Dusign/
Pract icus

+ Salve Gumeric Soltware Probless

Standard Softuare Core Hadules
Standard Algoricies
facceased Fauwlt Covarage

Prob loms

Hulgipla Designs

Hulilple Languages

Divarse Copabllicy

Validatiun Iseues Emarglag

Data Basu (Problems /Fallurva)
Hot Yat Established

Liafted Bunduidih

System Validation lacowplete
Soltware Complexity
Broudcast Transslsaton

Cost of Imglomsmtation
Syatem Validation Tocomplete

Lack of Staadardizatium
Validatlon lasuas Emerging

Bgher Bandwidih Required
Increased Bepundence on

Beal Time Exacul ive Sofrware
System Valldation Hore Complux

Real Tiaw Executive Software
More Complex
Syutem Valildatlon More Coaplex

Indcial Sulftware Buwve lopoeud
May B¢ More Bapensive

Quant lrat fve Evaluatiun More
Difflcult

Haquiras Mew Saoliwars Mesric
Tools Yo e Buve luped

System Valldation Mure Complex

Hay Bequire duw Murdware
Deve lopawnt a/Hew Architectura/
Deslgns

ISSUES

Cerplificatfon Lssae

Configurat lon Hanagesent =178
Syatem Safety AU 25;1014%-)

Certtftcation Cvhreria Emerglug
== Spaclal Condltions

Nu Published Evaluation Criteria

Ho Publiabed Evaluscion Criteria
(Remote Tecminal Test Plan
Comp lated--Hot Validated)

No Publlished Evaluatfon Criteris

No Published Evaluatlon Urltecia

Ho Published Evaluat lon Criterla

Ho l"nhllslmd Evaluat fun Criteria



TABLE 2. PAYOFFS,

Technology

Iigh Specd Transatesion Hedla
-- Co-Axial Cable
-= Fiber Optics

VLSI/VHSIC Microcircuits
~= 5000- 15000 Gatee

-- 10000- 500080 Gates

~-- 100000 Gates

Electro Hechanical Servo Muchanisas
(Actuataors)
~~ Digitally Commanded Analog/
Actuators
-- Digltally Driven Hotors,
Valvas, etc,

Electronle Sensora

Valldution Methodoiogy

PROBLEMS, AND PRIH:\RY CERTIFICATION ISSUES (Continued)

Payoff

Higher Bandwidth

Lighter Helght (leas Wiraas)

Improved Architecture with
Decentralized Praceasing

Lightaing/ENL/ENP lowunicy

More Coaplex Functions Par Pevice

#educed Space, Waeight, and Power

Incyeased Spead

Rodunduncy Hanagement iu
Hardware Deslgn

Reduced Maintenance

lLaas Complex Sofgwave

Ability To Be Commanded Using
Digical Buses

Allod Diecributed drchitectures

Tmproved Faedback Honlctoring

Lightar Welght /iess Power

Diract Interface via Bules
Roduced EMI/EWMP

Reduved Nulee/filcesa Drifc
Increased Accuracy
Topraoved Honltoring

Iucreaned Syatem Ralisbilicy
Reduced Design Costs
Standard/Auccaated Tools
Reducad Peaign Ecrors
Decreased Life Cycle Cosets

Probleas

Inicial Cost of Bus Interface
Unilts Expeuaive

Rellabilicy af Trunemic/
Rocalve Devices not Vet
Eatab Ushad

Srandarda Not Yer Developud

Syscem Valldatfon More Complex

Systesm Validation Mora Complex

Increased Risk of Envigonmental

Effecta
Tust Case Design Very Complex
Relbiabilicy Eosues Emcrging

System Vatidatlon More Complex
Rellability Issuce Emcrging
High Risk Technology
Severe Environmant

-- High Temperature

-~ High Stress

Sydtem Validation Hore Complex
Requires Accuracte Signat/
Convereloa

Stundardizod Muthodoloyy
Not Developed fApproved
Increased Pevalopment Coats
Raliabilicy Modelw Mot Fully
Pavelaped tor Hardware/
Software Interfaces
Requirea Highly Reliable/
Validated Languages/
Compllera

Cortificatlion lssuc

—

No Pubilished Evaluatlon Crlterla

Ho Published Evaluatiovn Criteria

Ho Publlahed Evalusrlon Criteria

¥o Publighed Evaluation Crifcria

Evaluatlan Criterla Ewmerplng



b. Identify prototype module/subsyatem/system failure modes and affects for
"flight-essential” and “flight-eritical” applications analysis techniquas, and
implementacions of these techniquas.

¢. Idantify and establiah hardware and softwara configuration control
concapts, raliability, configuration managemsent techniques, atc.

d. Evaluate the possible impact of transients, intermittents, arrors,
latants, upsaets, and other induced failures and faults and their eaffects on
the digical systams.

a., Provide handbooks. and other guidance material which contain data bases
and information critical to assessing the safety and airworthiness of t:hc naw
tachnologies and their integratiom into new and derivative aircrafc.

f. Conduct cockpit vision surveays in aupport of certification activities and
to provide data to FAA and othars om visibility criteria.

1.5 FACILITIES AND EQUIPMENT.

In ordaer to counduct the investigations and studies which will provide ths necessary
data bases, this program will ucilize thrse facilities: (1) The Racoufigurable
Digital Flight Control System (BRDFC3) at the NASA-Amee Research Center; (2) tha
validation laboratory at the FAA Technical Centar; and (3) the binocular cameras
(and/or the naw cockpit visibility survey system) at the FAA Technical Canter.

The RDFCS facllity at NASA~Ames Rassarch Canter was jointly developed by the FAA
and NASA-Ames Besearch Canter for the specific purpoes of using system simulation
to investigate validation and failure effecta technology for digital flight comtrol
and avionica systems. The RDFC3 contains statea~of-the~srt avionies processors
(a.8., the sama zs the L-1011-500 and B~767/757) and is capable of neating tha
requirements of the 1980 to 1990's aircraft configuratioms through "software" or
“"firmware” changes or modifications (figure 1).

The validation laboratory at ths FAA Technical ;‘.:anto: was developed to investigata
bus architecturas and software interface coufigurations using state—of-the-art
microprocsssors and the ARINC 429 and MIL-SID-1553B architectures (figure 2).

In addicion to these facilities, this progras will also ba ianterfacing wich the
AIRLAB facility at the NASA-fLangley Rasearch Canter and the SEAFAC faeility at
the Wright-Pattarson Air Force Base. Thesa facilities are currently being estab—
lished to investigatas digital technology iseuss and the research to be conducted
in these facilitcies will provide data and information which will ba used in estab-
lighing cartification critaeria for civil aircraft.

The binocular camera developed 30 years ago by tha CAA is located at the FAA Tech-
nical Canter (figure 3).

The RDFCS facility and the validacion laboratory have been established either with
FAA partial fumding through interagency agreements and mutual cooperative efforts
(e.g., the RDFCS facilicy) or by utilizing equipments, supplies and persoanel that
have baen fimdad and established by other FAA programs (e.g., tha validatiom
laboratory). Thesa facllities are utilized by other programs within both NASA and



RDFCS FACILITY

FIGURE 1.



VALIDATION LABORATORY

FIGUKE 2.
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BINOCULAR CAMERA

FIGURE 3.
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the FAA and in soms cases, the data and information daveloped by thase other
programs directly contributas to the needs of the digital system program; and as
such, provide a greater rvaturn to the FAA than {3 represented by the funding
levels available within this program.

l.6 PROJECTS.

Table 3 provides a list of the studias which are eithear currently being conductad
or will be conducted ia FY-84 through FY-88 using the above facilitias. This table
has been established, besed on the availability and implementation of the new tach-
nology, and will result in data packages bsing davelopad which will have an impact
on cartification issuas which ars emarging. The funds are astimatad, based on
FY¥-83 dollars and are' only intendad for plamnning purposes.  The F&E funds are
based on requirsd facility developments or improvements which are necsssary in
order to conduct ths identified studias.

Figura 4 pressnts ilovestigations and studies using the RDFCS facilicy. Thase
studies are axpected to bs complatad by FY~38 using the present hardwara and
software configuraticas. After FY-33, it will ba necessary to redesign tha pallet
dus to che anticipated developmante in digital technology. ALt the present timas,
the technology is changing complately svery 3 to 5 yeaars, and in ordar to maintain
a state—of~-tha—art capability, it i3 necessary to anticipate for this change almost
a3 soon as the inirial capability is sstablished.

FY-83 FY-86 FY-85  FY-86 FY-87  FY-88

npm———
® Dusl-ual (Single Fatl-
Operucictal) Assurmmce
Assessmant

® Quedeuplax Dopble Fatl-
Operacicsal)l Assursnca h
Assassasnt ’

* Dual-Oual Saftware Redesign A
Using Modularity /Coms leity
“sasuree—Sioftmare ‘fetrics -
Phase I

* Apalytical Redusdancy A

® Plserro-Mechmaical (Actuscor}
Setve Mechanisms

* Discinct Software
{Dissimilay Sofrware) a

® Advacsd Validation Methods
== Robocic Testing
— Feult [ogertio/Tizing
— Iseolation Criteria

¢ RDFCS Zallac Redasign ——
~= Fault Tolarant Campucar
~ Faule Tolesrsnc Sofcware
= HOL/Compiler Validation

FIGURE 4. INVESTIGATIONS USING TEE DIGITAL FLIGHT CONTROL
SYSTEM SIMULATOR (RDFCS)
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ACTIVITY TIME
1. FY-82
2. FY-84
3, FY-85
4. PY-35
5. FY-34
6. FY-84
7. FY-85
8. FY-a5

9. FY-85
10. FY-86
11. FY-86
12. FY-87

TABLE 3.
FACILITY

RDFCS

RDFCS

RDFCS

RDFCS

Validation
Laboraotry

Validatiom
Laboratory

RDFCS

RDFCS

Validation

Laboratory:

Validation
Laboratory

RDFCS

Validation
Laboratory

PROJECT

Duai~-Dual (Single Fail-
Operational Assuranca
Asgsessment)

Quadruplax (Double Fail
Operational Assuranca
Assessment)

Dual-Dual (Software

Radesign Using Modularity/
Complexiry Measures -
Software Metrics

Analytical Redumdancy

Complete Phase I
Hardware/Sof tware

Iniciate Bus _
Evaluation Critaria Study

Electro-Mechanical Servo
Using Bus Transfer
via 429 Bus

Distinect Software

Software Fault Tolerance
Using Triplax SIFT
Architecture

Evaluation of Transmisaion
Medium/Access Mathod for
Bus Transwission

Robotic Testing Fault
Insartion Isclatiom
Criteria

Artificial Intelligence

Remote Processing
Advanced Controls

12

STUDIES TO BE CONDUCTED FY-84 THROUGH FY-87

FUNDS

FED
Complated

Contract
60.0K .

Facility
(25.0K)

Contract
50.0K

Facilicy
25.0K

Comtract
50.0K

Faciliry
25.0K

Contract
50.0K

Contract
50.0K

Faci Uy
25.0K

50.0K
25.0K

Contract
50.0K

Contract
50.0K

100.0K
50.0K

200.0K

F&E

Countract
195.0K

225.0K

225.0K

750.0K



Figure 5 presents the development schedule and studies using tha validation labora=
tory at tha FAA Tachnical Canter. The developmeant efforts and the initial studias
are axpactad to be completed prior to FY-90 and result in tha establighmanc of
criteria to be used for the evaluation of bus architectures including the trans-
mission media and access methods which will soon be implemenced on civil airerafe.

ne e e s s ma
¢ Validstion Labaracory - Mase 0 —_—
® Validatios Laborszory - Phasa [ ! TeE:199.08
Fay
® 7alidacion Labovstory = Phase IT FAEs &30, OF
ﬁ
* vValidetion Labewesory -~ Maams [IX PER:920.0K
ﬁ
® Validsgion Labersuory - Fak: 1630.08
Mase IV ad Beyomd &
i S L elp SIS T SIS Sl G TERmn S S S e SIS IR wEmmw e ombimly  unlm SR S -v—
* Complace Fiass I Henlwnwe/ A
Sof coure
® Ixiviate b Evalussies Critevis-
— NIL-STD=13318 -_—1
——
* Sofrware Tault Tolarasce Usicg a

Tripise SIFT Architesture -
- Fault Detmetion/Correation

FIGURE 5. DEVELOPMENT OF THE VALIDATION LABORATORY/STUDIES TO BE
CONDUCTED USING THE LABOBATORY

Appendix A contains a detailed dascriptiomn of tha issues related to digital trans~-
fer mechanisms, architsctures, and networks which will be studied using the valida-~
tion laboracory. Appendix A also contains FY-84 cosat estimstes and rationale for
the F&E funding necessary for tha validation laboratory.

l.7 VALIDATION ISSUES.

The digital systems program has developad a handbook which {3 intended to be used
as a guldance document for certificacion engineers in assessing the validation and
cartification issues associated with the implemantation of digical £flight control
and avionics systems (references: "Handbook--Volume I, Validation of Digital Syscems
in Avionics and Flight Control Applications,” DOT/FAA/CT-82/115). The purpose of
this handbook is to identify techniques, methodologles, tools, and proceduras in a

systems context that may be applicable to aspects of the validation and certifica- .

tion of digital systams at specific times in the development and implementation of
software-based digital systems to be used in flight control and avionics applica-
tions. The applicatiom of these techpiques in the development of discrete units
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and/or systems will result in completion of a product or system which 1s verifiabla
and can be validated in thae context of the axisting regulations/orders of tha
government regulatory ageaciles. The handbook uses a systems engineering approach
to the implementation and testing of software and hardware during the design,
development, and implemantation phases.

In summary, tha hmdhook.:

1. Identifies and presents tha issuas ralatad to tha design, davelopnon: and
implementation of software-based digital systams.

2. Identifies specific approaches applicable to all aspects of the varifica-
tion and validation proceduras at specific times in the development and certifica-
tion portion of tha gystem lifa cycle.

3. Provides tha governmeut ragulatory agancias (especially the Pederal Avia~-
tion Administration (FAA)) as well as iandustry with a set of tools/procadures,in
a systems engineering context which may be of value in the validation/certificacion
process.

This Handbook has been developad as a working document and to remain effactive must
be modified and updated as tha tachnology advances. Figure 6 prasents a schedula
of activicies for updating and maintaining tha “Handbook —— Volume I.” Volume II
of cha handbook will include data ralating to maintenance and modifications of the
currently cartificated systems, as well as data on new taechnology validation and
assurance mathodology issuss. It is expected that thase data bases will evolve as
experience and utilization increases. Tha afforts being conducted using tha BDFCS
and validation laboratory facilities will result in ths davelopment of data pack-
ages and information which address validation and certification issues which have
developed during che introduction of software based digital systems into the
current generation of civil tranaport aircrafc.

rr-a3 rr-84 rr-33 rr-48 rr-87 rr-as r-a49 -0

I. Hasdbook~Tolums I
o Drafr r—

o  Yingl Rspore . ———1
(Phama I)

3 Phasa II Updstes

I1. Hundbooie-Volume [T

2 Daca Sames

? dMathajology lamuss

FIGURE 6. SCHEDULE OF ACTIVITIES FOR UPDATING AND MAINTAINING THE HANDBOCK
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In addition, data packages developed by NASA, DOD, and industry will be evaluated
and added to the handbook as they becoma available. It i3 expected that Volume II
will include thesea data packages as worked examples which represent the current
practices, procedures, nd mechodologies employed in the validation and safecy
assessment of che naw technologies. '

Efforts are planned to work wich the Avionics Maintenance Confsrence (TG~104),
ARINC, and cthe Airlines Electronics Engineering Coumittee (AEEC) to defina the
issuas and problems associated with the implementation of softm. based digital
systems in civil aircraft. ’

The manpowar and contract dollars required to maintain and implemant this accivicy
ara presanted in figure 7.

Ml O Mol Ot O 3 MR n
4 Sywemne Shwitlse
® AOICS Feailisy
- Cantrees Punds -
: 30.0K 50.08 73.0K .o 109.0K — —e
s u:’“lm(:’.’mm 109, ok 125.08 140.0K L9 0x 00.0% — ——
. Engliesy 3 ] ] 73 .73
. Mavompace Hgiosey 23 13 .15 .3 3
Softease [agioeer 5 3 .3 .15 .73
. W NMechedelogy -
® vYalidevion Labovsrory
= Concrass Tomie
c;!:l“ tonde 193.0x 420.08 910.0K 750.0x ——— ——
. :mlﬂtﬂlﬂ- 15.0x 13.08 13.0x 25.0% 5.0K 30. 0% 30.0x
- ’u:t%!m 0.0 30.0x 73.0% n.x 100.0x 100.0K 125.0%
Enginesw 5 .5 .3 .5 73 .1 .13
:Idu-n Enginesy 3 .5 .3 .5 ) 73 .15 -
AsTospane Raginesr 23 .28 .25 .28 23 .50 30
* Validacion Lesuse
== Contrant Funde 30.08 30,08 30.0K 15.0K 13.0K 3.0k 100.0x
- Sealfing OMT) 5 .3 35 ¥ .3 W73 .73

« K
= Syeten Opewnrics /Mstatenmmen 0K 10.0x . 10.0% 15.0% 13.0x 13.0K 0.8
3
L]

FIGURE 7. CONTRACT FUNDINGS, STAFFING, AND SKILL LEVELS REQUIRED
TO COMPLETE THE TASKS AND PROJECTS

"The Handbook — volume I" is currencly being reviewad and used by the FAA and
by the Unicad States Alr Force (Wright-Pattersonm Air Force 3ase). It is planned
that the Handbook — Volume I be revised and reformattad into a draft advisory
circular on digical syetems and will be responsive to the material included in
draft AC 29-X (Certificatiom of Tranaport Category Rotorcraft) as well as other
ongoing draft ACs.
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1.8 COCKPIT VISION SURVEYS.

l.8.1 Introduction.

The original (one-of-a~-kind) binocular camera daeveloped by the Civil Aeronautics
Adminjatracion (CAA’'s) Technical Devalopment and Evaluation Center over 30 years
ago measures aircraft (gemeral aviation, helicoptaer, tranasport) cockpit visibilicy
patterns in carms of angles—of-vision as seen by a pillot. As described in the CAA
Technical Davalopment Rsport MNumber 153, "Davelopment of an Instrument for Maas-
uring Aircraft Cockpit Visibility Limita,™ dated January 1952, a binocular strip~
film camera was a practical means to record visibility. A black and white photo-
graphic record showing the outlipnes of the windows 1n aircraft cockpits, as seen by
the pilot when he turns his bead from extreme left to extreme right, can be easily
and quickly made with the camara. The camera automatically superimposes a grid of
horizontal and vertical lines on the picture and records angles of vision in
aircraft cockpit to cowmpare with FAR recommended minimum standards (figure 8).

The vision criteria, still in use today after 30 ysars of aircraft evolutionm,
are co be found in the Civil Asronautics Manual 4B (CAM 4B). A cowmparison of
standards contained in CAM 4B wich chose more recently establishad by the Society
of Antomotive Enginsats (SAE), (Aaronautical Specification (AS) 580B, and SAE

850B reveal that: diffarences are generally insignificant. Draft AC 25.773-8 is
seeking to revise transport minimum standards. Cartification directorates are also
ianterescted in revising or developing minimum standards for halicopter and general
aviation.

This need is critical in that the FAA requires the capabilicy to more sffactively
and timaly support NISB/DOD accident investigations, FAA cercification direc-
torates, litigation actions, and industry in the design, development, and carti-
fication process. Contributing to that criticalicy and urgency is the aging
binocular camerz (only one in existencs); uses spacial high cost and unreliabls
film (requiriog Administrater procuremsnt approval authority) -— current f£ilm
supply 1s 5 years old (life outdated); mandatory, unique, and high risk processing
(now not available at Technical Canter); requiring special refrigeration and treat-
ment, handling, and illustrative processing. A new camera system is desperatly
needed to support this capability. o

1.8.2 Objectives,

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

b. Support develomn: of new or revised requirements for cockpit visibilicy
for all catagories of aircrafe.

c. Conduct timely and effective cockpit visibility surveys of aircraft
(genaral aviation, helicoptsr, transport, military) in support of NISA, DOD, FAA
accident/incident inovestigations, certification directeorates, and industry ia the
design, development, and certification process.
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d. Provide a state—of-the-art engineering special effects camera (or devics)
which can produce a calibratad photograph (or alaectronic) record of the binocular
field-of~view of a pilot/crew as would be observed from his/their cockpit locatiom.

1.8.3 Approach.

a. Provide survey and technical support as requasted.
b. Continus to support requasting organizations in a timely mannar.

c. Propose critaria for revising or developing minimum §:andards for viasibil-
ity requiremants in general aviation, helicopters, and transport aircrafc.

d. Establish the necesgary priorites and funding which will support the
design, development, and procurement of the state—of-the—art engineering special
effects camera (or davics) which can produce a calibrated photograph (or elec-
tronic) record of tha field=of-view of a pilot/crew as would be obsarved from
his/their cockpit location. The new camera (or devica) will be used for accurate
measurement of cockpit visibility requirements as associated with aircraft design,
development and airworthiness sctandards, accident/incident investigatioms, £flight
safaty, aetc. .

Basic design study considerations for the new camera system include tha vital
characteristics embodied within the original camera, stata—-of-the—-tachnology
applications (i.e., "off-shelf” black and white or color film; portability, light~-
weight, and use by one person; simple set—-up, adjustoeant, level, position; precisa
images and grids under various light conditions; and adjustable cime delays, left
eye/right eve ocunly plctures, raliabiliry and repeatcability), plus a capability to
record general aviation, helicoptar, transport (civil and military) cockpit
visibilities.

i.8.4 Schedula.

Figure 9 prasentas a schedule of activitiles for: (a) The desaign, development, and
procurement of tha cockpit visioa survey equipment; and (b) the ongoing support to
the FAA, NTSB, and DOD for the canduct of tha vision surveys.

The manpower and contract dollars required to maintain and implement this activicy
are presentad in figura 7. - '

1.9 Funding/Manpower.

Figure 7 presents the contract funding (iacluding F&E and F,EXD dollars), the
staffing (in-houge manpower in man-years), and tche skill levels required to com~
plete the tasks and projects outlined in this program plan.
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FIGURE 9. SCHEDULE OQF ACYIVITIES FOR THE COCKPIT VISION SURVEY
CAMERA IMPLEMENTATION AND USE
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APPENDIX A
VALIDATION LABORATORY
DIGITAL TRANSFER MECHANISMS, ARCHITECTURES, AND NETWORKS

Problem: Digital Buses and microprocassors ares used extensively in the curreat
genaration of civil aircrafe. Thesa buses and procsssory are used in f£lighe
control and avionics applications to trausfer data and to perform complex calcula-
tions. The Federal Aviation Administration {(FAA), at the present time, has no
publishad critaria or proceduras for evaluating thase complex systems. Curtently,
the data bases and information necsssary to develop the regulations, criteria, and
procadures required to certificate thesa systems are not avialabla.

Background: Digital sysctems in tChe neaw generations of civil aircraft will requirs
intercounect using digital buses which will requirs revised interface standards,
specifications, and architectural considarations in order to provide data to
central and remota processors. Thase digital buses will intercounsct aicroprocss=—-
sors, sensors, and servo mschanisns using diverse natwork topologies in ordsr to
incraase thair fault tolerant designs and interfacsas. Table A~l presaants somwas of
tha conventional topologiss and their characteristcics.

TABLE A~l. CONVENTIONAL TOPOLOGIES AND THEIR CHARACTERISTICS

Intarfacs .
Topology Reliability Complaxity Modularity Flaxibility Cost
Unconstrained Vary Good Vary High Modsrats Poor High
Scar Poor Sizple Moderate Poor High
Ring Moderata Simple Good Modarate Modaerats
Bus Good Moderate Good Good Low
Tres Good Moderate Good Good low

The aatwork topologies and their associated hardware will be intercomnected using
threa cmain typas of transmission media. Thass three media and thair characteris-
tics are includad in cable A-2.

TABLE A-2. DATA TRANSMISSION MEDIA CHARACTERISTICS

Transaiasion Topology Easa of Noise
Madium Bandwidth Distance Versatility Installation  Cost Immunicy
Twisted Pairs Low Short Hgh Moderatas Low Low
(6 MHz)
Coaxial Code' Madium Modarate Hgh Easy Modarace HElgh
7 (300 MHz)
Optical Fibers High Long Moderats Moderaca Moderata Very High
(300 GHz) (3us and Trea

are difficulc)

A-1



When a network topology is established and the transmission media salected, the
designer must implement a network access mathod. The access method is the mechan-
ism by which any of the nodes (e.g., controllers, remote terminals, monitors)
acquire and/or transfer data and information within the network. Table A-3 inp-
cludas the existing accesa mathods and their characteristics.

TABLE A-3. NETIWORK ACCESS METHODS

Massage
Accesa Dagrea of ‘ ) End=to-End
Mathod Contantion Bandwidth Flexibility Mcdularity Delay
Space Division Low ) Poor Poor Moderate Low
Multiplex
Frequency Diviaion Low Poor Poor Moderate Low
Multiplex :
Time Division Low Poor Poor Moderata Low.
Mulciplex
Token Ring Low Good Moderata Moderats Moderate
Slotted Ring Low Good Moderate Moderate Moderate
Carrier Sense High Good Good Good Non=-
Multiple Access Daterministic

The current gensration of amicroprocessor based avionics systems (as raprasented by
the Boeing 757/767; the Lockheed L-1011~500; the Aercspatiale HBE-65A helicoptar;
and the Airbus A=310) use bus architectures based on either the ARINC 429 or tha
MIL-STD-1553B specification and standards. These buses use shielded twisted pair
wires for the transmission media and intercoonect to aicroprocessors which primaw-
rily use bit slice processors (as reprasanted by the AMD=-2901 type LSI chip) which
provide the requirsd intermal processing speed (7-14 MHz chock rata) aand the
inherent reliability and flexibility required for £light essencial/flighct crictical
control systems. In this gensration of digical systems, the individual processors
are run in a bit or frame synchronized manner and data are exchanged between
radundant computars via dedicated serial buses;. and internmally by high spead
dedicated transfer busas/back planes.

The next generation of digital aystems will change dramatically and will be
characterized by multipla microprocessors in each computing channel with more local
processing within a processor and the transfer of preprocessed data within tha bus
network. In addition, tha system architecturs will makas use of sophisticated LSI
chips (aa represenzed by the Z83000 series, the MC 68000 series, and others) which
will use Multibus, VERSAbug, Standard bus, VME bus, and othar bus architecturas for
intarnal processor-to-processor interfaces and exchange of data and informacion.
Tabla A~4 includes a summary of soma of these bus characteristics. In addition,
these processors and their fault tolerant schemes will make use of global memory
and functional partitioning of software to decrease the software complaxity and
increase the reliabilicy of the system.



£E-v

TABLE A-4.

SUMMARY OF BUS CHARACTERISTICS

VHELus VERSAbua Multlbua Q-us 8-100 Bus
Bus Type uyudu;mm Anyachroacus Anyuchronous Asynchronous Bynchronous
Hon-Hulciplaxed Hoa-Multiplexad Hoo-Hultiplaxad [ Multiplexed Hon-Nultiplased
Addross Hidth 24 fScandard 24 Brandard 10 Siandard 16 Standard b6 Sreadard
312 Expanded 32 Expanded 24 Expagdued 18 Espandad 14 Ewpanded
Data Hidth a8, 16, 12 8, 16, 12 8, 14 8, 16 8, 16
No. of Plue on 96./9% 140/120 86/60 3% o
Primary/Secondary
Connector .
Voltags (V) +s, haz, s, t12, his +5, 2 +, H1, +8, 16
+5 Standby +5 Scapdby +3, +12 Backup
Tuterrupt levels 7 ? [} ' L] 8
Avbirracion 'I..evelu 4 5 [} [] 16
Hultiproceasor? Yos Yos Yoa A anly Tes
Error Signals AC ¥all, Syatom Faill, ] AC Fall, System Fall, | Non PC Power (K Power hi‘l.
Bus Ecrorx Bus Exror, Add Data Pouer 0K Bus Rryor
Paricy
Speclal Cyclea Read Hodifyhicite Raad Wodifyirite Lock Belrash Hone
Block Tranafer Block Tranafer Read Modifyhirite
Accesd Privilage Acceps Privilegs Ewat Tnterrupt
Lavala Lavels
Extendabla Modos Yos (Address) Yea (Addreus) No o No
foc Future Nodiflare) Modifters)
Sepacate Serial Yaa ' Planned for o o ™

Busarved Pina




Furtharmore, the transfer wmechanism, as represented by the bus controller/bus
interface module, will play an i{ncreasingly more lmportant role in the integrationm
and redundancy assoclated with the architecture of the system. The interface
circuitry, whether it is implemented using LSI/VLSI chips, or dedicated modulas,
will be controlled by one or more processor modules and will be implemanted in
redundant configurations to increasa the reliability of the data transfer system.
It is posaible, with the available tachnology, to develop a single string wodule
which has dual, tripla, or quadruplex path capability and can exiat as an integral
part of the processor module. This capability combined with ongoing microprocessor
development and advances in internal/external bus architectures provides the basis
for the development of highly integrated,  highly redundant, highly survivable
computer natwork architectures in the framawork of the "all electric™ aircraft of
tha 1990-2010 time frama.

Solution: 1In order to provide the data bases and to davelop the regulatory
material and procedures, it is necessary to establish a "Digital Systems Validation
Laboratory” which is capable of initiating and complating stiies and exparimants
which will provide the requirad data basea. -'This facility and the studies to he
conductad in the facility will not ounly provide tha necessary data but as impor-
tantly will be abla to provide a "hands-on™ capability for training certificatioun
engingers in new technologies. The laboratory, as designed, will include cha
current bus architectures {e.g., ARINC 429 and MIL~STD~1553B) utilizing the
shielded twistsd pair transmission media as 3 baseline system. The laboratory will
also ba designed to evaluates technologies to be usaed on the next genaratiom of air-
craft digital systems such as the Software Implemsntation Fault Tolerant (SIFT)
architecture, atate-of-tha—art microprocessors (e.g., Z 8000, MC 68000, and AMD
2901/29016 LSI processors) and their attendant internal bus architacturss, and tha
implamencation of highar bandwidth transmission medias.

The “"validation laboratory” is an FSZ based facility which has léaan' planned with a
multi~year phased approach as follows (referance table A-5): .
. -
TABLE A~-5. FACILITY DEVELOPMENT PHASES

Phase Time Facilicy Cost
Phasa 0 F1-83 Existing "Hot Beanch™ Equipment ——(—
Phase I FY-84 Moltiplex Serial Buses Intarface 195.0K

Equipment, Bus Mount on Hardware,
Data Collection Capability

Phase II FY-85 Digital Flight Control Computar 420.0K
Aarodynamic Procassor, Full
Authority Electronic Engine

Coutrollar

Phase III FY-86 Cockpit Integratiom “Pilot in 920.0K
tha loop" Flight Management
Syatems

Phase IV FY §87-89 As Raquired Systems 1650.0K

A=b



Table A-5 indicates the davelopmant phases and the F&E dollars required to develop
the facilicy im ordar to conduct the necessary studies. As soon as this facilicy
is developed, the following studies will ba conducted:

Initiate studias to provide current bus 50.0K
architecture evaluation criteria

Initiate studies to examine fault toleranca 75.0K
using SIFT architacture——provide avaluation

critaria

Initiate study to evaluata coaxial cabla C75.0K
bandwidth/raal-cima exacutive interaction

Initiate study to evaluata fiber optic 75.0K
transmission media :

Eatablish criteria for evaluating existing 50.0K.
transmission madia in tearms of airworthiness

critaria

Initiate studies to examine remote procassing, 150.0K

advanced controls architsctures, and tha role
of artificial intelligence

Initiata "hands—on”™ workshops in the areas 50.0K
of bus architectures, fault tolarance, arti-
ficial inrslligance, and robotic testing

Remarks: The validation laboratory will serve as a focal point for demonstrating
technology initiatives and advancements and will provide a facility which will
astablish tha necassary information for developing the certification criteria for
advanced digital systems which can ba expected to ba implemented in ths 1990-2010
aircraft.

In addition, this facility will sarve as a training vebicle for cartification
angineers and will provide state-of-che—-art facilities for devalopment of banch-
marks for regulatory and guidance nmaterial in che area of softwars based digital
systems in flight control and avionics applicatious.
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DRECRIFTION ALO ARTIMCATION

AIRWORTHINESS PROGRAMS - FACILITIES IMPROVEMENTS
DIGITAL SYSTEMS VALIDATION LABORATORY

?ROBLEM:

In order to meec certain FAA obligacions in airworthiness and carczificacion
of currant and futura aircrafc (genaral aviation, helicopter, and transporc)
flight operacions and aviation safety, comprehansive program(s) requiremencs’
idencify the need for a digical systems validation laboratory. This
laboratory muast reproduca "real world" advanced aircraft corncepts which caver |
areas included by software-based digital systems, scabilicy and concrel
augmentation systems, active control systems, advanced displays, primary "
£light control and avionic sysctems, engins control syscems,
aircrafc/dirmen/syscems interface, and flying qualities. For the FAA zo meet
its certification and safety responsibilities, concencrated efforts must be
initiated and majacained in this applied research area in order o acquizp
and disseminace pertinenc data, informacion, and knowledge wichin the FAA
certification direccorates and headquarters, and to assure that cercification
criteria and procedures are valid and keep pacs with the tachnelogy. In _
addicion to providing technical daca, the laboracory could traia
certification engineers, avionicas inspectors, and Technical Cencer
supporting research enginesrs in advanced syscems incagraciom,
racercificaction issues, and irapection~maincanance considerations. NOTE: At
the present time, the FAA (zor WASA or DOD) does not have the capability to
conduct digital syscems invescigations in support of the cartificaciom
pracess.

SOLUTION:

To develop a "hot-bench"/systems validacion capability at the FAA Tachaical
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Description and Juscificacion:

Cencar toc momitor and characterize multiplex bus (MIL-STD-1553, ARINC 429,
etc.) performance, faulz/failure injection and effects study, and inicial
pilat-in-the—loop interface; conduct advanced digital systems and dynamic
simulations of complax £flight control and propulsion systems;
full-misaion/pilot-in~the=loop simulation studies. for aircrafec, systams, and

aircrew interralationships. A mulitple year phased approach to develop a
"hot-beach"/syscem validation capability is planned as follaws:
Inicial Pacilic Dcvcléunnn: Esctimatad Cost 'EL.‘JBQZCQ
{Mininum Equipment Procuremenc Only) '
Txisting Hn:-B.nch-“sp;ru" DACS, PGG,
DNSS, HSI/HSD, etc. 3 ) -
FY-84 Phase I multiplex bus: Incarface . _
equipment; bus monitor; analyzer, etc. 160.0 95.0

FY-85 Phase II flight coantrol computer
asrodynanic model procassor (including

propulsion and stowospharic) 3130.0 “Ja. o
rT-36 Phase III cockpir incegratiom flighe

management; engine control; NAV/COMM systems, etec. 699.0 ¥2e.0
FY-37-89 Phase IV cockpic; Visual displays

controllars; force field/concrol loader; digital

aucopiloe, ate. 3,550.0 \65D.0

54,685.0
REMARKS: ' -

The above problems (and solutiona) may be investigated by NASA-aimas Ressarch
Cantar and/or NASA-Langley Research Cencer: (1) NASA-Ames has the most
advanced capabilicy, the Redundant Digical Flight Concrol Systam (RDFCS),

which is a Collins digical flighe control system similar to cha Lockheud
1=-1011-500 (recencly certified) CAT-1II autoland system (without cockpit).

The key difficulties in using che NASA-Ames facilicy are different from

FAA research interests and dus to concinuous utilizaciom of The RDFCS by che
USAF-Hughes/General Research softwara verification recearch, and the
NASA-Ames-Lockheed Georgia/Collins rasearch efforts. The FAA Tachnical Ceater
aceivicy is sprinklad ia with the ocher projects; chus, facilicy, manpower, and
funding limicacions constrain cimaly execution of cartification issues/problam
solving; (2) cha NASA-Langley Rassarch Centar's Avionics Integration Research
Laboracory (AIRLAB) is possidbly a viable facilicy being developed to support airecraff
systems resesrch for the 1990's. Again, NASA~Langlay's advanced flight comtzol
"bSasic and fundamental” research interests preclude FAA's applied techmology ptnbleJ
solving. -

PROGRAM TTTLE - ] PROTE o

01GiTAL SYSTEMS VALIDATION LABORATORY
La2ATION Il PACT ACn

FAA Farm 2500-70 (9-71) suparsedes previoua edizian TUL COVERuEnT FInTimg OFFCE: 18T 171.080 g
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Description and Juscificacion: .
Therefore, in order to be responsive to the cartification issues and
problems, it is appropriata to coasidar che establiahment cf a Syscems
Validation Laboratory hare at the Tachnical Caater. Tha FAA Tachaical
Caencar’s acquisition of the capability and the developmant of the necessary
technical axpertise is proposed as a mltiphased/muleiyear efforz. Tha '
svailability of the capability and cechnical axpertise could be usad to solve
issues in a shert and futurs time frame.

The multiphased development and associatad minimm equipment procuremant .
coscs and proposaed schedule are genarally identified in tha multiple year
shased approach listed in the above SOLUTION.

PROGRAM TITLE BB omrrer =2

DIGITAL SYSTEMS VALIDATION LABORATORY
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APPENDIX B
RED BOOK PROJECT SHEETS

MM’WW& SECURTY

Praoject Bo. &
TITLE: nip'.ul Systeas, ncezrougm:ic Hazards and Flying Qunliz:’.in

omcr:v: To assass new sircraft digical technology sud examine IMI ¢ffacts ou
digital cechnology snd composite sirframes scructures. Also, sxamine
airworthiness and csrzification critaria for new aireraft designs apd advancad
scabilicy and flighet control systams. '

APPROACH: Conduct studies, simmlaciom snd flight tescs that will provide daca
and guidalines for carzification of softuare—based digical systems. Ligheniog
and DI affeces will be exmined by sodels devaloped for airersfc generaced and
weteorlogical incarference. New aircraft designs awd sdvandged flight csutrel
systams vill require passidle updating of flighc tast e-duuqul svd evaluatiom
critaria far airvarthiness nniﬂucin.

QUTPUT: Updated fuel syatem lightning m:nciu advisary circular; lightaing
threat charactarization guidance sacerial; guidelioes and cercificacion daca for
softvare based digitsl svstam; test Cechniques for advancad u.rctut: stabilicy
sud flight comcrol sysCams.

KEY ASSUMPTIONS: N/A
TARGEY ggmn'm: N/A

RELATED PROCRAMS: Rotorerafr sirverchiness; Advanced Macaerials

COST: $1.429M

SCHEDULE =7+ "% ..

cY 8 | 83 | 84 | 85 | 88 | §7 | 88 | 89 | 8@ | 8l

R&b “ﬁﬁﬁ:ﬁm i
(FERD F!'ynl{ Hod'd:'ng
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lity  Fa
FUNBING . g.‘;?,&,-,,,

c |[FY | 82| 83 (84 |as|{es| 87| 58| 89| sa | St

- - - - - - - - - -



-

MMW& SECURITY

Pﬂ].ﬁg Ro. 1S
TITLE: Tachnology Development and Program Support

ORJECTIVE: Devalop dats amd guidelines to support certification of new ..
feneration aircraft and advanced flight systems techuology. Provida follow-om
rassarch snd development, enginesring dl:l as maay ba requirsd £a suppor: prngru
delivarables.

APPROACH: As new cachnology becowes available, assessments will be made
(chrough studies, simulacions, flight tescs) ss to the velidicy of use for
cartificacion of flight systems and aircraft. Dseta will be provided to allow
for updating standards and advisory circulars, as required.

As deeision points arw resched in various programs, che research snd
development, cost benefit scudies, engineering feasibilicy, and engineering
aspecty will be performed to support in the implemencation of che system.
Zxanples of this type of effort are as followe:

~Decermine effect of alternate fusls and advaoced concrols on operatisasl
use in general aviation airerafec.

~Detarmine impact of the use of fucurw fuels om che smtimisting fual .
progras conewpt inciuwding the use of advanced fusl system coneapts. . C

OUIPUI: Dstz and recowmeudactions ta suppore certificacion of advanced flighe
Systams, contiousl assessment of technalogies as applicable for critaria
‘dawalopment, engineering dats to support decisioms of technical programs.

STHEDULE

gy g2 | 83 | 84 { 8S { 86| 87 | 88 | 885 | S@ | 9i

© ADVANCEID MATERIALS.IRDATE o o= v
AOV, ComwTasLs A ]

. PROPULSION SAFETY G/A A A
RRO . . b
FUNOING ALT, FUdl 8VAL, A

FY B2 83 84 g8s 86 87 g8 83 =17} = b
0.00 0.00 0.00 3.51 8.319 3271 3.70 3.67 8.29 8.52

-
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HURCRAFT SAFETY & SECTURITY

KEY ASSUMPTIONS: DImarging technology will cwquirs coocioual ssseasanent as to
applicability to civil aviation aircraft.

TARGET QUANTITIES: N/A~ .
RELATED PROGRAMS: Advancad Matarials; Propulsicn Safety; Tlight Syezems Safacy; " -
Antimisging Fuels; Dmergency Evacuatiom. .

COST: 3$27.5848M

VII-31

B=-3
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DEVELOPMENT, TEST & ZVALUATION .

Project Na. 7
TITLE: Airvorthinezs Programs - Facilities Improvemane

" QBJECTIVE: To provide and/or sphance facilities to meet futura research .and
development project requirements, improve and csatrol tast anvironmenc, and
reduca operating costs.

APPROACH: A. Using in—~house Technical Cancer parsonnel, laboracories,
facilitias, and coutractar support, expand and enhanca the exiating
hocbanch/syscems validation laborstory capability under a multiyear,
mnltiphased program. 3. Provide an addicion and dbuilding modificacions to
provide an engine fual tast laboratory to accomsodats Cwe tesc stands for
aperacional castiog of engine fusl system componants. C. Provide a aew
squipment and control building amd sm engine tasc pad for curbine
engine/nacalle tascing at s remota cutdoor locatiom. Thae building will
accomsodate Cast equipment, instruawatacion and coutrols for che ving spillage
rig and the rsmots snogine tast pad. Do Prouvide a universal cest rig for bird
ingestion testing. Z. Provide an Elaccromics Contrnl Bemch Braadboard
Comparator to simulate ¢ngine electronic control systams.

QUIPUT: A cest facilicy with capabilicy to suppart (A) cercifieacion
direeccorztas for asirvorthiness standards and cowpliancs procedurss, guidancs
matarial and £1ighc safary consideracions; (B8) engina cowponent compacabilicy
investigaciona; (C) large—secals testing of engines in propulsion safecy
program; (D) eugine ingestion cescing in support of propulsion safsty program;
(E) ey pawar zansgement compariscus on futurew smagise development.

SCHEDULE

cY 82 | 83 | 84 | 85 [ 88 | g7 | 88 | 83| sg | S1

F&E ' DIGTTAL SYSTEMS EXPERIMENTAL LAB . A

EXPAND ZRCINE TEST FACILITL. A
IQUITMENT AND CONTROL SUTLDING A

BIED INGESTIGN RIG/FACILITY A

FUNDING - ELECTRONIC CONTROL BENCE COMIARIIOR

FY (82| B3 | B4 { 85| g6 | 87 | 88 | 89 | 9@ | S1

"N y

0.00 0.00 1.88 Q.58 1.92 1.586 2.18 0.73 0.56 9.00
X-18

B4



LEVELOPUENT, TZST & ZVALUAITON .

KEY ASSUMPTIONS: Currsnt programs will costinoue and axpand. Currant
facilities aust be expandad for the Cantar To concinue its role as a primasy
I.D.m flﬂiliq.

TARGET QUANTITIES: N/A

RELATED PROCRAMS: All airverthinese projects.

COST: $9.0724

B~-5 .
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APPENDIX C

RESUMES
ADL SESUME Resume Ho. DL-95
Date of iesume: 11/24/82 ta Deferred/Canceliled:
Dats of Revision: Final Completion:
Digital Systems
PRINCIPAL SPECIALTSITS):

N. Fujisaki, APM-T20, x60024

OBJECTIVE: Provide information and data on vallidation and verificationm of
digital systems to certification engineers. Establish a base of expertise in
digital systems and provide reports and laboratery facilities to assure
questions relatad to digital architectures and their compliance with DOw178
(RTCA); AC 25: 1309-xx; FAR Parts 25:1309 and 29:1309; and the Arino/Mil
specifications for tus architectures. Conduct experiments, surveys and research
into lssues raised by the application of new procedure/softuare in digital
flight contrel and avionic systems. Indepth evaluation of assurance technology/
methodology as they relate to VAV for airborne digital systems,

REU :

Criteria needed for cartification of software-based digital systems., This
results from emergence of microprocesscr technology in new and derivative
aircraft and the need to cbtain/meintain safety assessment data and
information. .

Revised
Schaduled Scheduled

Campletion Completion Comistion

1. v.I Digital Sys. Valid Hdbik - Draft Compl. L1/83
2. V.II Digital Sys. Valid Hdbk - Draft Start 1/83
3. V.II Digital Sys. Valid Hdbk - Draft Compl. 3/84
4. Integ. Assur., Assess(Dual-Dual Sys) Rpt. C. 11/82
5. Integ. Assur. Assess(Quadruplex Sys)Rpt. C. 3/84
6. Amalytical Redundancy-Sensor Rpt. Compl. 10/85
7. Bus Evaluation Criteria Rpt. Complete 9/86

STATUS:

TEMARRS/NOTES:

At the present time, FY 1983 funds are programmed for the quadruplex
architecture evaluation using the Integratad Assurance Assessment methodology.
The handbock - Vol. II {s not funded in FY 1983. The validation latoratery is
_ programmed for funding in FY 1984,
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PROJECT: COmpuiar Frogram Certilication Control 1983=20017

Purpose: The airborne digital computer technology will be integrated into practicall;
every aspect of aircraft equipinent. The functions performed will rnage from Optionaj * ..

equipment to full fly-by-wire airplanes in 2001. ‘Eg;a_lg!.m_taﬁ.‘BSf:am? (softwgpay
reffanllty of mtenced lunction e present certifica onm q

] dS 10

® i at a soltware latent fauit occurance would be extremety
improbable in al lflight critical systems. : .=
Approach;: o8
a. tablish periodic RTCA review of of DO-178. =
b. Expand present Technical Center research in software certification criteria using et
least two independent non-government organizations. '-
Product: ::;
a. Detailed guidlines that can be used by aerospace engineers in certification of aircra,gf
systems. ' B

x

B. Complete course materials for OKC training of personnel assigned to certify digitaj
computer systems. ,

Related Prograins:

Cost: 300 K

v
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AVS PROGRAM ACTIVIIY RESTME
Naca of Ramuze: 2ragram Accivicy You
FROJECT TIILZ:
Coctpis Visibilicy
T ® Richawd M. Gough, AGS~160 3=425-8323 .. _ -
OBJECTIVE: )

Davelop md implemenc an enhsncad capabilisy to msasure, rscord, data ctaduction
md malyris of cockpies visibilisy surveys; conduct surveys; iod sugport tha
updating md davelcpmenc of cockpit visihilicy cxiceriaz/stazdavds.

AEQUIREMENT:

AR acCUTACS neasurement ind recsord of the field-of-visw of a pilor/coww as

obsarved from iis/cheir aircrafz (gemaral aviation, heliczopesr, tTamspare)

cockpit locasiom in suppor:t of coekpif visihilicy minimm scaindards, dasign
amd developemnt, airvorthiness/csrcificacion, flizhc safacy, md accidemc/

© incident iovescizacions. - .
MILESTCNE SCEDULE: ) -
, Inicial Currant Ccumlatad
Xator sctivities
I. 3inocular Camara Casign, Developnemt, /32 34
md Jracuramsne .
2. Cockpic Tisihiliey Surveys ' (as cequired)
3. Cockpic Tisibiliry Critaria/Stamdards Suspoet (a3 requized)
STATUS:

Tram 1 above activily is delayed for FY-32 dua £o lack of (zars out) cemcract funds.
A dasizn AFP? package is in progress for issumcs in 7Y-33 (amtigijacad funding avatlabla)

AZPRCACH: :

The coclpis visthility projece will fmicilaca & cozpetitive comtract for biaoewlaz
cazarz, conduct surveys (im-house project persomel), and iara raducticn and
analysis (by indusery concract), and Sachnical sugpport tao headgquartars md
cartilicacion direczoratas. L.

RS /NOTES: . _
* afarsmce 350 Tusbar: 134-340-400

c=-3




