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5.1

5.2

5¢3

Introduction

The purpose of the Flight Tests are to determine
to what extend the broadcasting of Waypoint Rho-Theta
data will enhance the use of the R-Nav system, parti-
cularly, to what extend cockpit workload is eased
and pilot errors are reduced. The flight test program
will be conducted as described in the Appendix and
will consist of the basic steps described below.

Bench Testing

When all of the constituent parts of the data
broadcast system have been built, delivered to EDMAC
Associates, and found to conform to the appropriate
subsystem specifications, the equipment will be
assembled into a complete data broadcast system.

The performance of equipment will be verified on the
bench by making use of the VOR signal received from
the VOR transmitter located at the Monroe County
Airport and the DME/DDB signal from the EDMAC GFE
TACAN transponder. At this time, any equipment
malfunctions will be detected and corrected. This
bench testing will also include check-out of the data
recording system described in paragraph 5.9. |

Installation in Aircraft

Following completion of the bench testing, the
airborne portion of the system will be installed in
the test aircraft. The location of this work, and
the personnel employed, will be dependent upon which
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aircraft is used as the test aircraft. It is suggested

"that the Aero-Commander owned by Champlain Technology

Inc. be employed. In this case, the work will be
performed in West Palm Beach, Florida by the personnel
who presently maintain that aircraft. Technical
assistance will be provided by EDMAC engineers for
installation of the modified avioniés, the Decoder/
Interface, and the test instrumentation/data recording

equipment.

Preliminary.Shakedown Flight Test

Immediately following the installation of the
airborne equipment, a preliminary shakedown test will
be flown at East Rochester, New York. The purposes
of this test are: 1) to disclose any airborne

‘equipment installation defects while using a ground

equipment installation which had previously been
shown (during bench testing) to be satisfactory and
2) to make preliminary observations of the effects of
multipath signals, and other signal radiation effects
upon data quality,

Installation of Ground Equipment

As soon as the preliminary shakedown test has
been completed, the ground equipment, i.e. the data

‘generator, monitor; control and transfer, and the

transponder modification kit, will be installed at the
flight test site. It is expected that this will be
NAFEC, although any site selected by the Government
will be satisfactory to EDMAC Associateé. The
installation will be accomplished by EDMAC Associates

—2



personnel in cooperation with the Government personnel
responsible for the site.

5.6 Baseline System Evaluation

This test, which is described in Appendix A can
be conducted during the time when the ground equipment
is being installed since this test does not require
the use of the déta broadcast equipment; Ideally,
this baseline evaluation will be performed using the
same R-Nav avionics which will be used for the DDB
system evaluation, but operated in the "manual" instead
of the "DDB" mode. In this way, any pilot or operator
errors which might be aggravated by the location of
the controls and displays on the cockpit panel will
be the same for both sets of flight tests.

However, in the event schedule problems arise
with the delivery of the purchased avionics hardware
to EDMAC Associates, it will be possible to make the
baseline evaluation using the R-Nav avionics existing
in the CTI aircraft. It is anticipated that the degree
of difference in the results between the manually
controlled (baseline evaluation) and DDB assisted
(DDB system evaluation) R-Nav systems will be large
enough that the small differences in operator error
rates caused by the location of the controls and
displays will not be significant,.

5.7 = Final Shakedown Flight Test

This test, which will be conducted at the flight
test site (e.ge. NAFEC), will verify the proper operation
of the complete DDB system. Primarily, it will check
out the ground equipment since the airborne installation
had already been verified by the preliminary shakedown test.

—-3—
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Digital Data Broadcast Evaluation Test

These tests, which will establish the advantages
if any of the DDB, will be conducted as described in
Appendix A with the following exception:

In Flight Test No. 3, it is suggested that tests be

run using two candidate Waypoint naming techniques.

As was explained in Volume 3, no other Waypoint

naming techniques have been suggested which offer
enough potential advantage, or, in fact, are sufficiently
different from the one described in Volume 1 to warrant
a special test with the exception of the five-letter
name favored by some ATA members. This technique is
totally incompatible with the Waypoint selection
techniques described in Volume 3 and would require an
entirely different Decorder/Interface subsystem.
Furthermore, the disadvantages to the general aviation
user of this alpha nominclature are apparent without
conducting flight tests.

Test Instrumentation

Test instrumentation will fall into fwo categories
based upon the intended use of the test data. The
first category of data will be for the purpose of
monitoring the operation and performance of the data
transmission system and equipment and will be con-
cerned with such things as error rates, signal fading,

- multipath, and circuit performance. This category

of data will be collected primarily during the shake-
down tests.
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The second category of data will be for the
purpose of evaluating the DDB as an operational
feature and will consist primarily of the data
described in Appendix A, This data will be collected
during the baseline system evaluation and the DDB
evaluation tests,

The instrumentation required for these two
categories of data collection are described below.

Shakedown Test Instrumentation

As explained in Volume 3, the Airborne Data
Decoder/Interface unit will be designed with a built-in
memory feature whereby the desired station and waypoint
data will be acquired and stored as soon as it is
received and validated. Approximately every 30 seconds,
the same data will be broadcast again. If detectable
errors occur during any of these subsequent broadcasts,
the Airborne Unit retains the information from the
first valid data acquisition and will continue to
display the initial data.

Dﬁring the shakedown flight test, it would be
desirable to record the transient behavior of the
Airborne equipment to ascertain its word-to-word
performance in the absence of the previously described
"data retention" feature. This will be accomplished
by providing a special test made in the Decoder/
Interface Unit which will allow a selected waypoint
cluster to be erased each time the cluster identifier
is received. Two outputs will then be provided to
the recorder. The first will be an event indication

each time the desired word is correctly received and



validated. When the recorded data is analyzed, the
recorder's time base plus the two events specificd
above will identify the transient behavior of the
equipment. In this way, the effects of various signal
propagations anomalies can be evaluated. This test
can be repeated for various cluster identifiers and
waypoint words as well as for station data.

Whenever a condition occurs whereby the cluster
identifier is received and validated but the selected
word is "lost", it would also be desirable to perform
some diagnostic tests to determine the extent of
interference caused by the DME Interrogator's Recelver
Blanking Gate (See Volume 2). This effect can be
tested by running the above experiment once with the
DME transmitter operating and a second time with it
turned off.

5¢9.2 Flight Test Instrumentation and Data Processing

Table 2.3 of Appendix A summarizes the DDBS
flight test data recording requirements. EDMAC Associates
Inc. recommends that the data be recorded on magnetic
tape for subsequent computer processing.

Each of the signals which must be recorded can
be classified into one of three broad categories -
digital (events, real time etc), low frequency analog
(distance, error, heading, etc) or voice. The frequency
content of these signals differ by a considerable amount.
If voice was not required, the low frequency analog
signals could be multiplexed, digitized and combined
with the digital signals so that they could be recorded
on a slow speed long time base digital recorder.
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This would provide high data density and all data
would be in digital form, ready to be formatted for
computer processing., However, the requirement for
recording voice makes the use of a long time base
recorder less practical than the use of an FM recorder.

Most commercial FM recorders contain 7 tracks
with provisions for multiplexing three signals on each
track by means of sub-carrier oscillators. Generally,
an entire track is reserved for recording broad band
signals such as time of day codes. This still leaves
five tracks with the capability of handling 3 signals
each and hence, the configuration appears to fulfill
the current needs of the program.

The data processing of FM signals is achieved by
digitizing the FM data during data playback and per-
forming the formatting function which are necessary
to prepare an IBM compatible tape for subéequent
computer processing.

Specific recorder types and their cost performance
tradeoffs will be investigated in more detail during
the next phase of the program. Also to be investigated
is the possibility of obtaining suitable GFE Flight
Recorders from the NAFEC facility in Atlantic City,

New Jersey

Airline Systems Evaluation Tests

-The flight tests for the airline quality R-Nav
system will be basically the same as those described
above for the general aviation system. However, in the
case of the airline system, a significant reduction in
workload is not to be expected. Rather, it is hoped
to determine whether the data broadcast can form a
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satisfactory substitute in the terminal area for
the magnetic tape storage normally used. If this
proves to be so, a significant economy will accrue
to the user.

Schedule

Figure 1 is a proposed flight test schedule
for the general aviation system. The tésting program
will begin with the delivery and acceptance to EDMAC
Associates of the various pieces of avionics equipment
and includes the installation and check-out of both
the ground and airborne equipment., As can be seen,
certain tasks will be performed in parallel. For
example, the baseline system evaluation can proceed
during the installation of the ground. equipment
and some final shakedown tests can be conducted con-
currently with the baseline system evaluation.

Figure 2 is the schedule leading to the evaluation
of the airline~quality DDB system. This schedule
assumes that a fully operational airline quality R-Nav
system is available, installed and checked-out in a
suitable aircraft. This schedule starts with the
modification of the R-Nav system to implement DDB.

If a new R-Nav system is to be installed, an additional
three to five months, depending upon the aircraft chosen,
will be required for installation of the R-Nav equip-
ment,




FIGURE l GENERAL AVIATION FLIGHT TEST SCHEDULE
- Weeks |1 & 8 12 16 20
Avionics Delivered to EDMAC (E.Roch) ..
Bench Testing (E.Roch) f<—
A/C Installation (W.Palm B) , —
Prelim. Shakedown ‘(E<Roch) ——
Ground qu:;ip. Installation (NAFEC) f —
Baseline Evaluation (NAFEC) i —
Final Shakedown (NAFEC) ' ——
DDB Evaluation (NAFEC) ! — -
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FIGURE 2

AIRLINE SYSTEM FLIGHT TEST SCHEDULE

Weeks

21,

28

32

Systems Definition

i Software Development

Design Installations, Cabling etc.

Modify DME

Install Decoder/Interface
Shakedown

Baseline Evaluation

DDB Evaluation

Design and Build Decoder/Interface !
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FOREWORD

This document contains the results of Task C of Subcontract 2329 for EDMAC
Associates, Inc, of East Rochester, New York performed by Champlain Techrology, Inc.
of West Palm Beach, Florida. The repoit consists of specifying the recommended flight
test plans, procedures, environment, and data requirements for the operational evaluation
of the Digital Data Broadcast System concepts. The operational andlysis of Task A and the
system description of Task B of this subcontract were used extensively in defining the detailed

test plan.
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1.0 iNTRODUCTION

The requirement for flight test cvalustion of the Digital Data Brogdoast Systein
concepts results from the desivability of establishing wnd documcnting the sparational
advantagas provided by breadeasting wiaypoint information, The ebjsarives of tha flight
test program were defined o u result of the detailed operational anclysis of DEAS performad
as Task A and the system dascription performed as Task B of this subvontract. The pregram
contains a number of subject arecs critical to the design, developmant cnd implemantation

F DDBS in the enticipated wrea navigeiion ehvironmant, The {light test program consisis of

nine  dedicated flight tests for which siecific objactivas have baan defined. Each of

these dedicated tesis includus flights by pilots reprasentative of both ands of the proficiency
spectrum. Each flight test will be analyzed not only to evalucte tha specitiad test objectives
but al:o to obtain supplemsatary knowlidge pertinent to introduction and acceptancs of
DDBS. For example, a flight tast dediscied to define the optimum waypoint storage
capacity of the DDBS Interface Unit, 1/U, will also ba instrumenied and anrdyzed to
establish a data base for eoclpit worklood requiremenis.  In addition, eqch dedicaied flight

.

test will include controller initiated moneuvars interj.zicd extempoiunzously to eveluute the
comgatibility of BD3S with current and anticipeted opuerational procedures.

The evaluction of tha proposed flignt test objcctives is on integra!l part of the air-
borne DD2S system requireraznts definition. The resulis of these tesis will establish the
answers to oparational questions which define the equipment design liniitations and icolate
areus requiring further davelcpment. The flight tests must preceds protetype DIDBS equipment
design to anticipate operational problzins in the real world environmant and to define
prototyse hardware functional and parformance requirements. The tost plans presontad are
applicable to the ovaluation of both tha relatively simala, low cost genural aviation BNAV
equippad aircraft und the mere complex ARINC MK, 13 and MK, 2 equingad aircraft using
the DDBS. '

Although dudicated flight plans are outlined for euch of the pr_oblem arzas, the
primary objectives of the DLES FlightTast Program are to substantiate the predicted
reduction in cockpit workload and pilet blunder provided by the addition of broadeust data
into the RNAVY environmart, to assass the feasibility of the DDAS desi ign s configuud
from the oparatiznal analysis ond system desciiption tasks end 1o doterming the cony ariDility
of broadcast navigution infarmation wiin controller initicied procedurts, This docunnnt

1-1
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presents the preliminary outline of a feasibility test program suiteble for evaluation of

these goals.
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2.0 FLIGHT TEST DESCRIPTION E

The flight test program required for the feasibility analysis of the preliminary DDBS
design consists of nine dedicated flight tests. Each of the dedicated tests requires more than
one flight and more than one pilot for each route tested. The flight test procedures,
environment and test pattems are discussed subsequently in Section 3.0. The purpsse of this
section is to delineate the objectives of each of the dedicated flight test plans, to define the
data recording requirements and to specify the operational significance and priority of the

flight test topics.

2.1 Progr am Suimmary

Tab|'e 2.1 summarizes the proposzd DDBS Flight Test Program including test sejuence
(in ordar of priority), test objectives and Jdata requirements. The table proceeds from a basic
system shalkedown and pilot training test to a dadicated data guthering flight test for direct
comparizon of area nlvigation with and without the use of DDBS. The following tests
(Nos. 3-9) comprise the evaluaticn of both hardware design considerations such as performunce
under waak signal conditions as wel!l as evalualion of eperational considurciions such es tha
impact of changing the broadcast traffic How and evaluation of feasibility raodal varicbles
effecting both hardware and procedur es for example waypoint sterage requiremants. This
section summarizes the desired goals, prozedures end priority of each dedicuted flight test
presanted in Table 2.1, In genercl, each test involves exscuting specified flizht test routes
and maintaining normal controller/piloi interaction and flaxibility. The data recording
raquirem:nts for all tests are specified in the following section. The duraticn of each fiight tast
should bz divided into approximately 50% specified rouvte executinn and 507% iinprovis.! flight
maneuvers. The purpose of this split is hwofold. First of all, the rendomness will preclude
rote performance of the specifizd routes and second, this will ensble cach dignt tesi t2 provide
data regarding the parformence of pilots using DDBS to navigaie in the real world enviionsent .
It should be emphasizad that this is a faasibility analysis of analyiically deiived system
compor.znt designs and that alterations in specified preceduras en<d/or goels rey be dictatad
by preliminary data analysis as the progrem progiesses. Following is a description of each

flight t2st specified in Teble 2.1.



Flight Test

Sequence

Clizciives

Date Reguiremanrs
Frimary Secondary

DDas

Configuration

1

- Cperaricnc!/Functiona!l System Checkout of airborne/ground
DDSS Equinment

-Crientaiion and familierization flight for test pilots

-Data recording/processing system debugging

-Bassiire cockpir werkload comparison of RNAV with and
witheut broadeast data

~Eusae of cpzraiicn and blunder resistance of DD3S equipment

durirg crangzover from aen-0D3S RNAV

~Complete execution of ail DDBS functions

-Evaluation of the relativa merits of two distinct waypoint
identificction fechniquas
-F:takiich the oneratinnal effectivaness of DDBS

-Evcluate DDBS functions under weak signal conditions
-Determingtion of the maximum usable tranzmittal distance

-Waypoint Storage/Broadcast cycle time optimization

- -Documentation of problems and procedures involved in

changing the broadcast traffic flow pattern

-Automatic waypeint sugusacing evaluation

TABLE 2.1 DDBS FLIGHT TEST SYNOPSIS

Blunder data  External

during factors (weather
transition to  traffic, etc.)
DD3S”

supported RNAV

Cockpit Compatibility
workload with TMA

ond blunder  procedures &

external foctors

& FTE

Cockpit Work- Extemal
load, blunder factors &

& procedurcl  FTE
compatibility

Navigation  Cockpit workload
data per blunder, external

factors

Teble 2.2 &
DDBS downtime

Cockpit work- Extemal
load & blunder factors
TMA compat.

Procedural Cockpit workload
compatibility, blunder and

FTE extemal factors
Blunder Cockpit werkleac

extemal factors

Baseline

Baseline

Variable

Waypoint
Designatrion

Baseline

Variable

waypoint storage
cnd broadcest

daia rate

Baseline

Weayenints auto-
seguenced in

DDBS i/U
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FLIGHT TEST NO, 1: SHAK LL)OWN TEST

1

The primary purpose of this test is the cperational and funciional system zheckout of the
aitborne and ground DDBS equipment . This flight test will also provide pilot nrizatation and
{aniliarization training as well as a compleie checkout of the data rocording syst:m and
hopefully debugging of both primary system components and instrumentation,

Blundar data may be of intorest from the standpoint of training requirsm-uis, eazs of

‘tansition and orientciion provided by DDBS.

FLIGHT TIST NO. 2: BASELINE SYSTEM :’.fVAL'U/-\TlOF‘*J

This test defines the workload renuired to execute the desired flight patierns in an
ANAV environment with and without DDAS. Identical routes will he flown for a buseline
workload and blunder assessmant . The e.o» of operation and blunder resistance of DDBS
cquipiment during transition from ron-DDBS arza navigation will be evaludted.
it should Le pointed out that within the scope of the DDBS {light test program it is
impossible to devots the time, manpower o money necessary to defing a broad, -fatistically
significant data base for conveniional RMAY . For this recson, tha cockpit workload, blundur

and compuiibility evaluotion will be limitad to comparing DDBS data ccquired in the six
subsaquant tests to the boseline definad by flight test nuber 2. The applicability of workload
urnd blunder data eobtaived for conventional RINAY from this test must be verified as to its
representativeness prior to preweading with flight test nunber 3. If, for some recson, the
conventicnal data appears questionable, additional data gathering without DDBS will be
required. This test is of prime importancs to the satisfaciory compietion of the ramainder

of the DOBS flight tost program. The secord half of this {light test consists of reeating the
patterns flown with conventional RNAV only using the DRBS functions in an attempt to reduce
pilot worldlead, blunder, ete. Although this tast will provide a necassary back o back

comparison of RIMAY with and without DDES, all subsequaont flights will expand the data besz

of DDBS assisted RINAV,




FLIGHT TEST NO., 3: WAYPOINT NOMENCLATURE EVALUATION

Flight test number 3 is the first test dedicated to eveluetion of a hardyare design

)

corsiderction as well as an operationally significant feasibility analysis. This tesi will be

performad entirely in the DRBS mode. Tha two candidaia waypoint neming te-hrigues

s] .

veloped in Supplomant No, 1 to the Twlk A Raport will be used 1o sxocuts rouias dadingd by

~ Bt H ]
i,

both penflight placning and imurovised AT mancuvars, Tha ctiendoni cockpli worklzad, Slunda

resistanca and procadural coinsatibiliiy of cach technigo will bz ossossad.

FLIGHT TEST NO, 4: WEAK SIGNAL &7 FORMANCE

The purposa of this tust is to delarmine the effe:t of wedk frensmizsion signals on
the performance of the DDBS systam. Duterioration in the data received, the acquisition
rate or the inability to reccive the data will ke recordud. The test should ba executed by

performing a serins of RNAV $1Ds followad by constant wititude ceruises at selacted aliitudes

of 4000, 6000, £0CO and 10220 fi out to a line of sight runge of af feast 100 nm or until the

'
3

ability to receive the broadvust data is terminated. In cddifien to the information on system
parformance undar weok sighal conditions, the absolute wmaximum trecsmitial Cistance should

ol e

ba derived from this flight tost.

FLIGHT TEST NO, 5: WAYVPOINT S!CJ.\,‘ GE/DATA CYOLE TIME O VAZATION

The primary objective of this test is fo optimize the waygoint sterage vequirsd of
P 7 P 4 i
the BDES 1/U and corresponding optima!l data broadesst coute. Oviously, the single waypoint

RNAYV systems (zaro DDBS i/4 storage) would require infinitesimal dauia Lrsadeast ¢y ! times.,

Similarly, asix waypoint siorugs provision michi defing the cycle tima ar ane or iwe «inutes.
For this reuson a matrix of these varicbles must ba testad. This test will consiidt of eight

flights by each of tha test pilots us indicarad in Table 2.2, The erder of the flights

defining the mairix should be varied for euch pilot. Cockpli Werkicad, blunder rate ond

- s

compaiibility with existing wnd anticipaiad TMA opurations will be used to define tha

optimum combination of the:zn ?wo imoriont voricbles, This cenbination will be chedhod

for compatibility with othar tust rasulis inFlight Tost No. 9 prior to final ; rototype heidware

design snacifications,



TABLE 2.2 DATA STORAGE/CYCLE TIME MATRIX

Broadcast Data WAYPOINT STORAGE CAPACITY

Cycle Time 0 2 4 6 . S

; P
i0 sec* X X
30 sec X X X X
50 sec*™ X X

* or minimum obtainable

** or maximuin obtainable

FLIGHT TEST NO. 6: TRAFFIC FLOW TRANSITION

The basic oparationa! analysis of the applications of the DDBS concepts recommended
broadsausting a sinzle traffic flow pattem in a given terminal orea to reduce the broadcast data
requircments. This is consistent with current procedures in complex TMAs such as Nevs York,
Howevar, the sucsessful demonstration of the procedures involved, elapsed tima requirad
and prcllems encountered will esteblizh the creditability of this recommendation. The fiight
procedures for this test should include several flights by sach pilot while in the DDBS
navigation mode. Both SIDS and STARS should be executed during which the broadeast ground
station data is chenged to simulate an altemate traffic flow pattern. The ATC required
maneuvers for the DDBS test aircraft should be documented as wall as ary groblems such as :
DME ocutages reported by conventionally equippad aircraft in the TMA at the time of the |

traffic flow changz. Pilot workload, blunder and FTE should also be monitored.

FLIGHT TEST NO. 7: AUTO SEQUENCING TEST

The purpose of this test will be to define the need for automatic waypoint seczncing
by the DDBS I/U. Both printed routes and impromptu routes must be flown and data token
with complete manual 1/U update and waypoint data insertion. Then, the routes should Lo
repectd zmploying the automatic |/U update of active wuypoint basad on a To/From signal e

provicad by the OUS oi by the nussage of zoro DME distunce.,
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FLIGHT TEST NO, 8: VNAY CAPABILITY AMNALYSIS

Deta taken thus far in the flight test program defines the faosibility of using broad-
cast data in the 2D RNAV wcavironment. The purpose of this test is to determine wheti:er or
not the addition of 3D navigation responsibility is plausible using DDBS, The basic mutes
used for FLIGHT TEST No. 2 should ba axecuted in random order by the five subject pilots

" only for this test specifiad vwaypoint altitudes will be imposed. The parformance of the 3D
mansuvers will ba avaluated not only from the vertical deviation measured but also from the
change in cross track error compared o the resuits of FLIGHT TEST NO. 2. This test should
be run gs late as possible in the overail pi':;gr'u;n sinca in reatity, a 3D e::;v.,:?pf;:ed user will
be proficiunt in 2D RNAV and it is dusired to eliminaie any RNAY or BDLS toaining o i ot

errors as far gs they influence the 3D capcbility.

FLIGHT TEST NO. 9 CRRED DESIGN SUBSTAMTIATION

Based on the flight tast experience end preliminary on-line data unalysis, ths bast

estimate of the preferred DDBS equipniant dasign should be evaluated. The rasults from tests

3 through 8 will define the preferred viaypoint nomencicture, maximum usable distance,
waypoint storage, cycle time and sequancing procedures. Thesa rosults must be evelucted

for compatibility and verification purrosys. Ugon satisfactory completion of ¢light Tesi Mo, 9,

firm prototype DDBS hardwaers design «pecifications will be recommended.

2,2 Data Renuiramuants '

The informotion roqul red to curnort the anulysis of the DEBS Flight T3t Program is

outlined in Table 2.3, Throe bread et gories of data cequisition have ben cafined.
Mavigetion data Is required to verify oirceaflt position and monsuvar aceurcey both with end

A

wisad roui L execution,

without broadaast supported RNAV and Juring proplonnsd and e
Blunder data should be acquirad in twa broed catagorias descriniag total mast v of blunders,
blunder rate per flight and Llundar tyr 2 (procedural navigerion error or defa handling

arrors). Finally, cockpit workload dafu including the number cid frequeney of regiiv:d
communications, navigatics wovipment cprations emd jotal hecd down tims ust be continually

recorded to satisfy tha pr;m-?: obiectivi: of this test prosram, the s, quantifics documentaijon

of the advastagaes providad iz pilef by -oolication of DDRBS to SiNMAY,
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TABLE 2.3 DATA RECORING REGUIREMENTS

. . - .

. .

O VONOOL &aWN —

-
.

NAVIGATION DATA

Cross Track Error -~ CDI needle deflection & sensitivity

Along Track Distance to Wayp»oint

Bearing with respect to the YOR _

Distance to DME station - Distance and Slant Range Correction Specified
Altitude

Ground Speed (off DME)

Heading

Rual Tima

Ev ent Murker for Timz Corrclarion

Veartical Deviation ~ CD) nasdle deflection

BLUME R DATA

Dgrailerd handwrittsn or veice recording of :
Procadural Lrrors {rurmed wror direction, improperly aiescuted the clearance, otc,
faput Eerors (impregerly tunzd frequency, buaring or ODS setting).

CCCKPIT WORKLOAD

Rzcord pilot/continller communicetions workload (total number of trnsmittals,
total trensmission fime).

Racord cockpit activity ottendont to DDBS cperations, RNAV system operations
arid otiside influsnias such as weather, traffic, etc.

Reaord haad down time.
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3.0 PROCEDURES AND ENVIRONMENT

The individual pilets ability to utilize the DDBS capability is expucied to vary with
the total nxpericnce and currency of the subject. For purposes of this flight evaluation of
DDBS the subject pilots sheuld reprazent a range of experience end preficieacy consistent
with that of an average cross section of 'R qualified pilots. The subject pilots should nossess
a current instrument ond multi-engine lond rating. \

As explained in section 2.0, the objective of the first flight wiil be ta train the
subject pilot to uss the DDBS system, os well as oriznt the pilots to the flying qualities of

-

tha test aircraft. This portion of the Flight test will ulso be utilized to parform the DD3S

b

sy;?.,.x. checkout and will nat be considarad a data gathaering flight Tor Flight Technical Eivor,

FTE, »nd workload evaluction. This ghase of the flight rest will include five subject vilots

. r .

orientation flic ' i of cxp,m‘f.a:c‘sa’n-’.;‘!‘a;aly two hours each as wall as contractuis ofentarts o ond

system check., The time cllotted for this crogram is hwo weeks,

3

After the orientation flight the subject pilot should fly at leost tin test pati vng

eriinal area manauvers {or o duration of approximately on. hour, This phaze

€l 3.

of the flight test will invelva five subjsat pilets flying ten hours of late gathering {ights over
‘fod of two months, This will result in a toial of 50 hours of flight 1ast
¢ period of two months, Tnis will resuit in a toiral of 50 hours ot fiignt | time,
In the subscquent flight tesis the subject pilot will handle ¢!l aircruft conirel,
communication, end navigaiion functions, The safety pilot will only intervene on situciions

that «fect fhe safaty of the flight. The safety pilot will be pilot in commend.

3.2 . Environmant

The initial orientation flights should ba meda in VPR conditions with the sul:ject
pilot flying under simulated Instrument conditicns by means of an instruaeni trainin hoed,
After the DOBS systen has heen Hight checked end the subject pilots are experiznc.d in the
oparation of the aircraft and D025 cquiprent, the expsrimeni will proceed to the FTE and
worklood data gathering phese.

As weciher conditions ars one of the major variables known to influence pilot
perforinance, this phase of the flight tast should be set in as reclistic ain operational
envirsnment as pessible and should toke advantage of acfuql IFR weather conditions to the

amcunt practiceble during the two ronths of the test evaluation,
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Apnother vorioble that should be investigoted in Whis 2200
of DUBS ever conventicne! KNAY during o simulatad Aighs arney

snargency, such as an engine failure, the pilot should koo o

\

termingt area navigation with D85S o3 oppesad 1o corventices
amerouncy should reffect the diffumnae in terns of FTE and wadkdoad in n time gf
donormal lavel of cockpit warkload and stress.

For each flight a space should e providad on the data log to cidaer parfingat.
enviroumental records . Those recerds will include such facinis as caiiing und visibility,
surface wind ond winds aloft, irurbuﬁanca, and cctua) wacthar conditions, (now, rain,

fog ).

3.3 Toit Pultam

A tast pattern will Lo gensrotad for the 2ommingl oron i which tha test will talg
]
placs mct reflacts tha dondard RINAY termival diosion modal oy doserivad in Tha Tasl Foree

Report, Sew Figuio 3.1,

S

For purpases of e flisht test o subset of tha Tdeallzod How wi

i b2 utad, An

exampls of the Palm Docch treific dews for thy o configuiton & v & fncludod Tor

Hiustrotive purposes, Fipurs 3.2,

3.4 ATC Procudures

e At A i e e e o S S e

T{\‘J FL'J

data gutharing flights tho subject will porform semo fem of ATC initictad delay moneuver

1.

2
Ht

@ tost shevld be eireaizad 9o thot on epproximedoly §ilty soreont of the
¥ )’ F o9

such as dalay fan, tromlons or patallal offset as duscribed in Sae. 2.3 of tha Task A Repon.
For purposes of this experimant ATC should wa the RNAV rmathads for aizing in place of

Radar Vacior on their own initiative to saquenca the tost oircrolt with ofhar IFR and VFR

troffic.
Arrangenanis should be rode with AT 20 chanms vueooy cond
subsint af lewst twice Gorlng the cowrs of the excorimar?, Thls chanes vould ba

aftar the pilot is asteliiivod on an BNAY STAR Lub fedeig ronching tha Bl

i

N by of ihe wdlot i reorinn

v

This meneuver would b volueble for grthering doio an the ¢
himsatf using DDBS on ¢ momplax tarminal arew mer uwver vitheut the ald of o Rodar Yactar

Anothar arzo of {nvestigotion sheuld deal with trevsiiicns to seinilite airiorts .
using o DDBS STAR and tiunsitioning to conventizna! RMAY dsr the final iroesition ond
sppreach into tha satellita fleld,
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LAEWP Low Altitude Earoute Waypaint DLTW? Downwind Leg Turning ‘{Vuypoinf
HAAW?P High Altinsds Arrivel Woypcint BLTWP Base leg Turﬂi.“&) W(fypomt‘
HADMWP High Adtitide Oogartyre We,point 1F Intermediote Wﬂ)"P""m - Fix
LAAWD Leyes Adg s ival Worypo:at DF Dejarture Waynoini or Fix
LADWP Lowe Altirvds o soriurs ¥Wa point

LAEWP HADWP
T T~

36000‘:!0!.}/\ HAAWP
/ N
:,.4 .~.-».»'~3 / \ |

/ . 045°
|74 Octc:'//}

LAEWP
HAAWP

LAEWP

HAAWP i HAAWP

ISOOchcnf HAAWP

HADWP HADWP

Low Altitude Transition Route o« o

TMA and High Altitude Routes ——

Octant Beundaiy — — — — — — -

Figure 3.1 Standard RNAV Tarminal Area Design
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3.5 Location of the Test

The location of the DUBS flight test program has not been finalized at this time. -
However, several broad criteria are available as inputs 1o the final decision. This section
describes those criteria and suggests two alternatives based on the current knowledge regarding

the gerzral criteria.

The first consideration impacting the choice of flight test axecution is the magnitude

of ground station modifications required to ovarlay the DIBS data on the nvisting DME
signal structure. Coiresponding to this criteria and ef 2qual importance waoeld be the

diificultios incurred both during modific.tion and during the program exccutica. Of

.

primary concern is the anticinatad VORTAC downtime and the support roguired to mainiain

2

satisfactory ground station peilcrmance for the entire duration of the flight tests.

The second criteria affacting tast location should bo the dzsirebility o evaluating

the DDES concepts in a real world envivonimant, Ideally, the tesi locarion should be

a high density terminal area such cs NMew York, Chicago, Los Angules,
demonsirate the mest advantcieous apslication of DDBS. Realizing the i

? s
005, Frwe §

of evcluuting the DDBS concepts in any of thess prime lee:
made for the most realistic flight test envivonment as far o5 torminoel orea dersity is conceined,

A final basiz considarciion is ovarall pragram cost for both CU3S cwipment, sipport
personriel, aircrait and pilot subjeets.

Regarding the first criteria, i.e., eose of modification and med supp.t during flight
test, preliminary discussion during project coordination hos producad the conclusion that the
VORTAC modifications are relatively straightforward and little, if any, flight tast support
of the ground station would be required. Taking this as a base, the amaining criteria czn be
used as zvatuation tools. Although this list of criteria is for froin compran nsive, two

¥

alternciive locaticns can be considered at this tim2. As cdditional eriterio oo daveloped
the chnize of either one of these alternatives or some other locciion may « wive @
predominanily advaatagecus. The current candidate locations ara the NATEL facilitios
at Atlantic City, New lorssy and the Palm Becoh International Airport, P31, in West
Palm Beach, Florida. Following is a hrief evaluation of each of thase Taciliiies bused on
the afuramentionad preliminary criteria. .

Performing the DDBS flight te:ting at the NAFEC facility offers the advantages of

abundari technical assiztarcs for both installation, debugging ond maintenan e of the
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aitborag NDBS & RNAV equipment. Tha possibility exists of obtaining data gathering
‘assistunce in the ferm of GFE'd instrumantation and experience and verheps ths data
reduction effoﬁ . NAFEC also offars an  abundance of suitable pilot subjects for evaluction
of the DD3S operction. The disadventages of flight testing ot NAFEC include the fact
‘that it voprasents a ralatively low density test base rathe¢ than a close approximation to
the real world "high density” TMA environment desired. In addition, the logistics dnd

cost involved in supporting tihe DDBS fiicht test data ccguisition ond analysis with

personne! assigned for the entire 2 month duration might prove prohibitive.

On the other hand, exzcuting tha ﬂig.Ht tast program at PBI would elirinate the
data handling logistics problems and reduce the cost involved in providing analytical
supporting personnel considerably. In addition, the PBI terminal area is a medium density
operaticnal base which rmore closely approximates the desired test environment suitable for
a feasibility evaluaticn than does NAFEC, Finally, the DDBS flight test program closely
relates to other CT! proposed flight test programs under cornsideration by tha FAA ot the
present time. The inherent attractiveress of evaluating the DDBS concepts in the same
environment and possibly for identical routes relates directly to the limitation of Flight

Test No . 2 described earlier, that is, :srablishing a conventional RNAY daiu base suitable

for a statisiically significant evaluation of the cdvantages of DDBS. The major disadvantage

of modifying the PBl VORTAC revolves about the basic criteria for ground station support .
Should the DDBS modifications encounter reliability or maintainability problems, support

of the nacessary engineering and technician personnel could be costly.

._..'.:,.z..w._.‘-_a-.v——_v v e =
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4.0 ANTICIPATED RESULTS

The 'pr'i/mary outcome of the DDBS flight test program wilt be the verification of the
operational signifi- ance of DDBS concepts through flight test demonstrations and documentation.
The reduction in cockpif workload provided by the additional waypoint storage capaciiy of the
Interface Unit, the sircamlining of the navigation task by reducing the number of required
inputs and by simp!ifyiﬁg the waypoint designation technique und the reduced blunder inherent
in the DDES environmant will b2 determined through objective data analysis. In general,
th- cperational and procedural feasibility of the application of the Digitel Data Broadeast
System concepis to RNAV will be evaluated. The specific analysis will include prosentation

of the following results:

1. DDBS hardware inteiface groblems

2. Blunder data during transition from conventional RNAV to DDBS RNAY

3. Baseline cockpit workload comparison

4. "Head Down Time" requirements summary (RNAV with and without DDBS)
5. Pilot Questionnaire results

6. Procedural compatibility problems

7. Preferred DDBS equipment design configuration

These results will be presented in graphical and tabular form consistent with existing
RNAYV flight test data format to facilitate comgarison with previous flight test results. The
data analysis will provide answers to several existing questions. The conclusions to be

drawn will take the form of direct answers to thase questions. For example,

. DDBS reduces (or does not reduce) cockpit workload.

. DDBS reduces (or does nqt reduce) pilot blunders.

DDBS reduces (ot does not reduce) controller comm.unication's- requirements.
. DDBS reduces (or does not reduce) Flight Technical Error.

«  The preferred waypoint designation technique is the Route Numbering Concept
(or the Discrete Waypoint Numbering Concept).

. - DDBS does (or doas not) offer significant operational advantages.

. The preferred waypoint storage capacity is . .

. The optimum broadcast data stream cycle time is .

. Automatic waypoint sequencing is (or is not) desirable.

. VNAYV imposes (or does not impose) too high a worklouad on-the RNAV,/DDBS user .
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