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2101 Comstitutiocn Avenue, Washington, D. C.
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Dr. Deen H. Brimhall

Apelgtant to the Administrator
for Repecarch

£ivil Aeronantica Administration

Room 5217, Commerce Bullding

Washington 25, D. c.

Dear Dr. Brimhall:

Attached ies a report entitlied Ps d
the Opnl-Directicnal Bange ! and Distance Measur-

Tho survey desoribed in the repcrt was undertaken: (1) to determins
what was being done in the way of svaluatiny HL# Omni-Directional Range and
Distance Messuring instruments and equipment; {(2) to f£ind out what was being
plannsd in the way of research by intersoted individuals anl agencies on the
zsan factore involved in the presentation and use of such instruments; (3}
to analyze the basic probloms involived in the presentation and use of such
ynstrusents; and (k) to suggest profitable avenues of regesarch which could
lead to the most effective use of such instruments in terms of airline safoty. . .o

The survey has pointed to the necessity and potential frultfulnsss of
resesxch on apecifioc problems and such research ls now being undertaken by . ?53?
the Camittes on Aviation Poychology - oA

Sincerely yours,

Morrie S. Vitelea, Chairmen - x

. . ) Committes on Aviatlion Peychology .
M5V:ma Neticnal Research Council e
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The Orni-Pirscrional Pange (CPF) and Distance Msasuring Fquipment {DME) - ;
now under Zovel sgmsrt will rsprssent marked wdvances in alr pavigation instru-
mentaticn. MaXinum idwmuisge cer bs taxsn of thess alwences, howsver, only
if the prepentaticn on the lustruwent pansl of the information which the
eguigieent yielle i in such Turd ag ¢ be resdlly interpretable by the pillot.
Thie ip particuliarily ilras ginc» uhese ipatrumsota will be 1ncorperated inte
the alreedy cvsyoruwded zapel.
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Becauge ol the ‘mpoviapcs of fbe (DR and DME developments, and in recog-
nltion of the genercl need for bempic regearck <n the paychological problems
of instrumentation, ithe JiF1l Aermmautice Adminlstration requeated that tha
Bational Regesmsh Council Toemlthes on Aviation Paychology undertaks A pra-
Liminary survey of the vaychelogical problems in cockplt instrumentation rel-
ative to the Ooni-Directionsl Fange aud Distanne Measuring Equipment. This -
survey, undsr the susuices of the Ccamittee, was condvcted by Dr. Arthur W. T

A

R

7 4
.

Melton, of The Thir State Universiiy. . f%?
The Ylimitoed noture of the inveastigation prevented a camplete survey of X jﬁﬁ

the thinking ard activities of all agencles aBscclated with development of ' AR
this aquipment. Naverthalsss, the coverage was repreasntative and the orien- "{gf
tation cobtained with rsspect tc both the gensra) problem and the laclaticn =
of meveral typlcal specific problemr provides an approach to the psychological _,’}%ﬂ
problems pregented by the instruments under conzlderation. R
- T

The reeults of the survey emphesize the need for baailc research on the A
psychological aspects of alrcraft equipment design. Even though research of - % "%4
this typs is being supported by various egenciea, particularly militery groups,-
the peychologloel problems ere so pumerous and wvaried that a cooperative effort,
of many research organizations will be required if progrese in such research
is to overtake the technical asgpects of instrumentation and to keep pace with -
it thereafter.

In the belief that there 1s a special nesd for a civilian research organ-
lzation devoted to the peychological problems which could serve, 1n part, as FE.
lieiscon between the psychclogicel and thas technical or operatiomal groupe, it ., ' 3;
has besn suggested that: '

1. facilities be established through which information regarding
peychological research on aircraft inatrument prcblems could be
disseminated to interested groups.

2. provisicns be made for eitending regearch which would include
. not only investigatione Jf immediate practical wvelue but alaso
regearch on basic problems of ipstrumentation.

3. working iiaison be established between the givilian research ; -gf%
group and those concerned with the deslgn and construyction of Aﬁgm
aircraft instruments in order to permit the prompt application g
of research findings to the design and comstruction of the v

instruments.

H. 8, Viteles, Chairman 71?3}

15 . .
. .Tebroary 24, 1948 Committee on Avigtion Psychology
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INTRODUCTION

In compliance with a request of the Commitiee on Aviation _
Peychology of the National Ressarch Councll, a preliminary survey
has been made of the psychological problems involved in cookplt
instrumentation for a new air navigatlon ayatem which involves the
Omni-Directional Range (ODR} and Distance Measuring Equipment (DNE),
The primary purpose has been to define research problems or proos~
dures which would further the psychologicel adequacy of the cockpit
instrumentetion for ODR, DME, and assoccliated equipment.

It soon becams apparent that a complets survey of the thought
and contemplated acticn cf agencles interssted in thie problem was
impossible under the terme of the request, It was equally apparent
that the interested agencles were by no means in agresment regarding
instrumentation problems. Thersfore, the sampling techmique that weae
employed for orientation to the problems may bave led to over-emphasis
on some problems or instruments, and under-emphasis or lack of infore
mation on other problems or instruments. The groups and individuals
who were consulted are as followsa:

1. The Paychology Branch, Aero Mediosl Laborgtory, ISAF Materlal
Command, Wright Field, Ohio, where the pesychologlcal problems involved
in cockpit lnstrumentation for the ODR and DME, es weil es mll other
types of cockpit displays, are under ccnsideration. The representatives”

consulted were Dr. Psul M. ¥itte, Dr, Walter ¥, Grether; and Dr, Glen
Finch, ' '

2, Ihe Electronics Subdivision, Cozmymigatlons snd Navigation
Laborgtory, USAF Mgterliel Command, Wright ¥leld, Ohio, whers the primary
interest is in the development of cockplt instrumentation gultgble for
nilitary airoraft, and for military operational use, The representatives
consulted were Mr. N, Braverman and Mr. A, G. Wedin,

¢

3. The CAA R meotel Stailen, Uundelpal Airport, Indianapolis,
Indiana, where the primsry intersst is in the technical sspeots of
equipment for ODIt and DME, and irn the development of cockpit instru-
mentation which #111 be snitable for privetely omwmed mireraft and within
the price range attractive to the private owaor, Howsrer, work ie also
going forward with types of eguipment whilch weunld bo sultable for alr-

line or large alroraft use, The ropresentetives consulted ware Hr., Joseph

C. Hromsda, ¥r., Filliem B, Jackecon, sad Mr, R. E, McCormack. Nr. Hromade
and Mr. Jackson aiso arranged & opeclal £light demopetration of ODR, TME,
and course computer mechsnisms en? instrumsents which was stinently
succasaful end instructive.

4. Aeronsutieal Rsdls. Ivcorpoprated, 13109 1éth Street, N.W.,
Washington, D.C., where ths primery interest is irn the equipment which
wlll be used by the scheduled giriises. This organizetion, which is a

e
|
-
e
_ b
-
Y il
-

ERRTE

1)7
IR

Pl A

i
TNE ey

o, !

.

, F
i
et

WM
e lngn Ao g T

s edal,
.

oo

-fj;a,:'F ";;,91 oot
b & s
"i'rﬁ{:“ “q%‘\ﬂn‘:‘d-\ i

Y



,3§¥&
B
[
T

g

[V
l
hy

i "‘T-:‘v"

i T ,*!:"‘]'c TR
2T

R
) S

g
Ty o

Mo

B T T LA
{’M! “us-(.‘ﬁf"iqﬁ.gh B

Cama o Tie
i

cooperative of the airlines, has the funcilon of seeing that the policies
and requirements lald down ty the Radlo Tecirical Commlssion faor
Leronautics are accomplished before tne purchaese of the egquipment by

the sirlines. Aeronauvtical Radio, Ine. (Arinc) haa published the only
comprehensive treatise on ODR and INE in a manual entitled, "ARINC
OMNI-DIRECTIONAL RADIC RANGE SYSTEM NANUAL,"™ January, 1947.

5. The Radio Technical C a utlcg has headquarters
in the Department of State, 17th Street and Pennsylvania Ave., N.H.,
Pashington, D.C., and is interested in the over-all problems of the use
of the navipational aids under consideration, Reports of RTCA committees
which might be helpful on the ODR-PME instrumentatlon problem were made
available. Two technical reports on DME equipment were supplied but
reports of two committess of RTCA which are at present engaged in studies
of ODR and cockpit instrumentation were unavailable, since reports had
not yet been prepmred. Tha committees involved are SC31, under the joint
chalrmanship of Colonel J, B. Duckworth, USAF, and Captain A, 3, Born,
USN; and SC17, under the chailrmanship of Admirel V., E. Cleaves of Collins
Radio Company. Another RTOX committee, SC24, has been concerned with
navigation nomenclature, A copy of the final report of committee SC24
has been supplied in which many terms employed in discussions of ODR
and D¥E are defined and the preferred nomenclature is indicated,

6. The intent of the Civi utics A tration in the develope
ment and installation of OODR and DME has been surveyed in conference with
¥r. ¢, I. Stantom, Deputy Administrator, Dr, Desn Brimhall, Adaistant to
the Adminirtrator for Rasearch, and Dr. Morris S. Vitelee, Chairman, KRC
Committee on Aviation Peycholog

Ko attempt has been made to consult the interested individuals in
the Kavy or to go beyond the Electronice Subdivision, Communications and
Navigaticn Iaboratory, in the Alr Force. In addition, no attempt has been
made to consult the mmercus aircraft instrument cowpenies regarding pro-
poted designs and production plans.



PSYCICLOGLGAL PROB.-MS IN GOUKPLT INSTRUMENTATION FOR THE OMRI- o v )
DIPECTIONAL RANGR (OUR) AND DISTANCE MEASURING EQUIPHENT (DME) - e
' | a ”ﬁ%%i
ok
THE NATURE AN SPATUS OF ODR AND DME EQUIPMENT =y
-n the dovelopment of the new navigation squipment three stages may Lk
be defined: {a, the development of the ODR; (b) the development of DME, - . g
nd {c) the development of course computers based on ODR and DME, 411 ) bg%
three are a reality at the present time, slthough extensive research end =~ - . )
equipment development will be required before they oan be employed 1;;§;
routinely by elther the airlines or private pllots. In addition to these T
technolegleal steges there 1s an overlapving and concurrent phase of the N
whole development which may be called the instrumentstion phase. Fhat PR
the whole system is to be depends on the uses and thic in turn should be "%&
reflected in the cockpit inatrumentntion. T
In the ODF gystem the .ground atation transmits signals which may be ;“?jin
anzlyzed by a recelver in the airereft to indicate visually the bearing ‘Jj*?

.of the airplane from the station with magnetic north as the referenae point
It may also provide immedlate informetion regerding the bearing of the .
station fror the airplanao At the present time, this indioation, in anpu%ar e
degrees, has an ertor of approximately + 1.70, snd there are certain ir- . i .7
repularitiss {slthough not coneidered serious) in the radial lines wiich - .
result from refﬁectiona and occlusions., RTCA specifications ¢ell for an 7 Em
ermor of not more than + .75%° and it 1s belisved that this cen be ‘achieved,:
The effective 11mit of the ODF station 18 approximately 100 miles, and
varles with eltitnde, since the transmitted impulses cperate on a 1ine*of—
sicht prineciple.

At the present time, there is 3%1i11 much research to be done to de- TR
termine (&) ihe most effective type and poalition of the aerlal on the alp- #
ereft, (b) the most acevrate and reilable rsceiving aystem, (c) the most - -
effpct1VG transmitting aerial and the effests of geographic loeatiom of
the transmitting serial. C

#th reference to tho latter point, 1t is important to mote that the . . .- 3%
trarsmitting si»ilon ®ill frequently not be located gt the alrfie¥d, #hd -} ¥
it may, becsuse of terrain considerstionsz, be tocated several miles from o
the alrfield. Tn splie of these tschnical problems, several alreraft
Instrument companlss are sarrying through intensive development gnd
production schedules” on receivers arnd other equipment for the ODR., The -
use of ODR has heen approved by the stir Tirnsport Asscciation, end epecifi.. .
cations for the ejuipment have been set up by RTCA. General ude of the ;
equipment must ewal’ ipstellation of ground stations (of which there are = -
only about 12 si present) by the CAA, but it is anticlpated that the equlpwé,
ment will be in use.in the next 18 to 24 months. 1t 1s also recagnized .. =7
thet there must bm a relativaly long transition perlod in the adoption of'?w“ :
OIR, although %7 12 hoped that eventusliy the A-N R2dio Rangus may be
ﬁbandoned

o r—— A b e P =

]Especially‘Federal Telepront ard Kadlo Corp. and Collips Radio Co. e



Distance Measuring Equipment (DME) is a combination of ground and
air equipment which permits the pilet to determine the slant distance,
in miles, of the aircraft from the selected DME transmitting statiom.
I+ ie essentially a radar system in wrich there is an unique relation-
ship between the aircraft and the ground system. Very few DME ground
atat‘ons bave been installed as yet, and it is generally considered that
routine use of DVE will be one or more years later then routine use of
OLDR. The DME pround statijon has limitatlons similar to those of the ODR
ground stations as related to the use of VAF line-of-sight transmission,
DME stations, incidentelly. may not be located immediately adjacent to
ODR stetions.?

Course computers for the integration of ODR and DME informatilon in
such a wanner as to permit the flylng of off-set courses {(e.g., a course
parallel to a radial to = station but d¥spladed by five miles, ten miles,
ete,) are still further in the future, It depends, in the first place,
on the final development of OLR ard DHE equipment, and in the second place
on the development of a computer mechanism which will integrete these two
sourcee of Information as to the position of the airplsne, Ope model of
such a computer has been construcied by the Ninneapolis-Honeywall Company
for the CAA Experimental Station at Indlenapolis, and is currently in

. experimental use, The computer is judged tc be gecurate within remsonable

limite. Other models ure in preparetion, orn oontracts let by tha CAA and

the USAF., The problems involved in 'the construction of-ihese computers arc
judged to be relatively simple. and it 1s not eanticipated that the develop-
went of adequate computers will lsg much behind the final development of

adequate DME, There will, bowever, bse no ccmputers {and, hsnce, no routine
use of off-set flight courses) before adequate DVE equipment is ava’lable and
installed, '

Before consldering the details of proposed cockpit Ilnstrumentation for
the ODR and DME, the potentialities of ‘he gystem for air nevigation should
be explicitly stated. On the one hand, aince the ODR glives complete and
accurate information regarding, the magnetic bearing of a station from the
airplane, i1t may be used for "homing® on a station with much greater ease
and lees possibllity of confusion than the present A-N Radio Range. This
fact may, however, blind ope to_the still more important fact that; properly
used, the ODR and DME, may permit the fixing of the pusition of the airplane

in angee with an exact*tude which has never before been possible. In effect,

with this system it bscomea possible for the aerlial navigator to define his
pesition, within the area served by an ODR-DMF network, with reference to
a system of coordingtes analogous to those employed by the mariner. This
latter uae of the ODR-DME system is the primary intent of the CAA; and for
thet resson grest care hes been taken in the planning of the locations of
the ODR stations, sc that when the installation of the stations is complete
for the continental Unlted States, a compleue grid system will.have been ap-
proximated.

2An active DME stetion is located at the CAA Experimental Station,
Indimnapolis Nunicipel Lirport.
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uf jmportance at this time is the faet that smphasis upon the ODR-
OME us & method for exact lecation of the airplane in space leads to
amphasis on begring from s statlon in the coskpit instrumentation; whereas,
emphasis on the use of ODR-DME for ®homing® lsads to emphesis on bearing
te a station in the coekpit instrumentation. Although both funotions may
sasily be realized by the use of appropriaste instrumentation, it 18 a
reasonable prophecy that intsrpretational errors of pliots and navigators
will be affected by which emphasis is permltted toc dominate the deeign and
labelling of the cockpit instruments. The CAA, through Mr. C. I. Stanton,
strongly urges that all basic instrumenits be dealgned so that they indicate
bearing from g station, on the ground that this is the more basic informa-
tion in air navigation. It is this information which will be rsquired for
use of the R~Theta system of polar coordinates to permit (a) determining
the position ¢f the alrplane at any point in space, {b; determining the co-
ordinates of any other point in spade whlich is selected as a destination,
(¢) determining tho course to fiy, and {d) reporting position for the pur-
pose of alr traffic controi. On the other hend, as will be noted in the
discussion of the proposed irstrumentation, emphasia is frequently on the
reciprocal of the bearing from a station, {.e., begring to g station. The
peychological problem involvad in thie possible scurce of confusion will bs
dipcussed 1in & coneluding section sf tnias reporwy,

BASIC COCEPIT INSTRUMENTATION AND USES OF ODE, DME,
ARD R-THETA CORPUTERS

As remarked previously, the <ceblued use of ODR and DME for navigation
with R-Thela Computers will probably follew an interim use of ODR alone.
Neverthaiess, it 13 important tha* the coskplii instruments for use in the
Interim psriod be psycholagiaslly congruent with the moat afficlent instru-
wentation of ODR when DHE and R-Thata Computers ers aveilable. This point
requires emphasis ~nly becauze there !s an lpherent ambiguity in the ODR
systen which can only be resvlved by an "Ambiguity Indicater® and a con-
vention regarding the mwanings of ive indigationma. It 1s nevassary to
moke certain that the convention agdopted for the interpretaticn of this
indisaler during tae laterim perlod 1lu sppropriate to the uee of the antire
system when R-Thela Computers are awalighle

Ths amblguity referred %o wmay best ba iilustrated by a deseription of
the use of the ODR fzor navigation to a mtatioa Ia Figure 1 are shown
three pusitions ¢ an sirplane with raspect to an OO0k station and the In=
shirumenta required to inform the pillet., ¥opr the purpesss of thias sxposition
the Ambiguity Indicater is pliciursd as & "To*Frox Indicator,® although this
is only one of “he suggonted cwnvent‘ons for ragolving the ambiguity of the
OLR .

If tne plint does oot kpow fend wishas to determine’ his position. be
tunes hie VHF reawiver %o Lhe Tresusncy ¢f s station (hetwesn 108 and 322
me ). This tumsr will srebebly nct be oo the iustrument pansl . After
tuning, the plie: ther searches for the vedial sn #hish the airplane is
lovated bty using the Jupi-Buoring Selecior in conjuncticn with an Ambiguity
Tndisator and & Tourpe Line Daviation Indicator. These inmetrumenis are
shown snhematisally :r FPlpues & The seerczh involves the movement of the
poirter cf th: Org: Twevones felwtoy aatil S0 Gowrge Line Devietion
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Indicator shows po devistlon from zerc. If, when this osours, the Ambliguity
Indicator shows "From," the pillut koows that his magnetic bearing frgm the
station 1s shown by the pointer of the Omni-Bearing Selector (e.g., 135°)
If the pilot were reporting his pasition this would be the informatlion r#-
quired. Without DME, a wmomplets "fix* could be obiained by tuning another
ODR ptation and sdjusting the Omni-Bearing Selector until the Coursze De-
viation Indicator w#as sgain centered gnd the Mmbiguity Indicator again
indisated "From." On the other hand, if the pllot wished to lmow the

tic bearing he should fly to the firat ODR station he would either
(a) compute the reuiprocal of the baaring from the station, (i.e., 1359
+ 1809 = 315°) or |b) resat his Omni-Bsaring Selector msnuelly untll the
Course Daviation Indicator ggein shows po deviation from zero and the Am-
biguity Indicaior shows "To,® which will ccour when the polnter on the
Omini-Bearing Seiedtor shows 315° :

In this conne:tiop, it is ilmporient to note that two pomitions of the
polnter on the Omuni-Bsaring Selector glive no deviation of the Course Line
Deviation Indicator, but in one nsse Lthe indloation 1s the megnetlic bsar-
ing of ‘the alrplane FROM the station (Awbiguitiy Indicator mbows "FROM™)

-od da the ather daas the Zpd! ~="ir~ '3 the magnetic bearing of the atation
from the airplane. ({(Ambiguity Indicacor shows "TO% )} It is alse important
¢ note that the CDR instrumeantatlon gives oo information regarding the
beading being flown by tha pilot st ths moment, but merely the magnetis
bearing te or from the atavior. If, for example, he were flyling a oourse
due north, and located 30 miles due oast from the station to whioh he
desired to fly, he would nenwxgsari.y make sucasssive adjustments of the
Omni-Bearing Selector to oeuiir’ she Course Line Deviatlion Indieator. In
aotaal praotics, the piiot will -xse the Magnetic Compass to assist in his
oriontatioa, since (as will e foen later) the sensing of the Course Line
Deviation 1pdicatur is "proper,® i.e., the pilat files "to the needle,™ only
when the Magnetlc Compass and the Omni-Beaering Selector are in agreement
exoept for a drift factor. 1In that avent, the Amblguity Indicator shows the
pilot whether the station is in front of him or behind him on the sourse he
is flying

ngigiog I Tn Position I isee Figurs 1) the boading of the airplana
1s 325° ss detsrmirsd from tvhe Magpsiiz Compsse, and the pilet discovera
that the bearing of the st:tice Trove him is 3259, sipos the Ambiguity ‘
Indicat.r sbhowa "7 . woen the Jourse tipe Cavigiion indigater is centered.
#ithout drifb, the pllst Yo Aut'aras? thet he should fly e voursa lins of -
3REY te pame cver the ONR sistinma  Sinca thsre 48 n 109 differsnce betwsen
the course of the sirpien® and lue hicdiag, and am a scnssyuence of the
drify facior. Lhe cilst wowsd £y ®i:0 o nrgoet’e hesdimg of 3259 te pase
direosly sver vhe wtetime. it J.30rs [ime Davlstion Indivator bas the
Tnrapar® asns’ng Lo thls sass; so thew thas pilat covld fly thsoretinvally
the Jourwe Lins Herigiawn Tudica.ar . the stevion without further consarn
with ths ¥agnetle ‘mpssgu

Mppition I1. in Positlon JJ i5s airplene has passed over the station
In passing a7ey the station, the piic. would have noted several rapid
fivetwations of th® needio of the Ambiguity indigater. When flying at
ralatively low aiiituods (350G feov) Sty duration of these fluctuations
of the Amblguily fodiegts?, whish ccrrwepond to “he *vons of miience" in
the pressnt A=3 Rsdls Raoge stations, sould e ralatively shert At high
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altitudes, this pericd of exbiguily wight be fairly long. I either event,
the pilot masi fly the Magnetic Compass . or Directional Gyro! durdng thia
time ln order to contious on hls cqurse without error, sincs the Courss
Line Deviation Indlecator is also subjeet to rapid fluctuations as the
plane goes through the "vere of silemce.® {There is some uncertainty at
the presernt time whether lnstallation of a blinker 1light us a "positive
indicator of the .cone of sillence" can be justified 1rn view of the heavy
expense involved in such an additiun to the ODRE ground station.)

After the pllot passes over the station (as in Position 11, Figure
1), he should st1ll be continuing on the 315° course line., Assuming that
no manusl adjustments have been mads hls Ompni-~Bearing Selector will still
be set at 315° and he will continue to fly to the needle (i.e., "proper
sensing") on the Course Line Devistion Indicator. But the imbligulty
Indicator now shows "FROM" which mesns tha* he is now flying away from
the station and bis bearing from the station is 315°. As iong as his
Hagmetic Compaos 1s in essential agreement, except for the drift faector,
with the pointer on the Umr.i-Bearlng Selector, his positlon with reference
to the ztstion 1s unembipuous ant tre sensing of the Course Llne Dsviation
Indicator is correct.

Pogitiop I1I. In Position 11I.(see Fizure 1) the pilct hae mado
a procedure turn (1800) and is [lying in toward:the statlon. He is now
flying a course line of 135%, and the Mapretic Compass showe a2 hesding
of 125° in order to correct for thae drift angle, However, the Omni~
Bearing Selector still reads 515° and the Ambiguity Indicator still reads
"FROM." That is, the Omni-Bearing Selector 1s continuing to indicate the
magnetic bearing of the sirplane from the station,” Furthermore, the
sensing of the Course Line Deviatlon Indicator iz now reversed, and the
pilot must change his Omni-Bearing Selector to reed the bearing of the
station from him. 4As he moves the Omni~Bearing Selector to 1359, the
Amblguity Indicator will shift from "FROM® to "TO" and the Course Line
Deviation Indicator will resume its proper sensing. Thls need for immediate
ghift of the Omni-Bearlng Selector so that it showe the bearing to the
station, in order to obtain the proper sensinpg of the Course Line Devigtion
Indicator, is generslly recognized, and has been considered in the design
of the instruments.

From this depcription, it should be clear that the meaning of the
indications on the Omnl-Bearing Selector and the Course Line Deviation
Indicator is & function of the indicetions of the Ambiguity Indicator,

This amblguity may be resolved by two qplaa.

1. fhen the chief concern 1s with the locatlon of -the airplane with
reference to en ODR station {or stations, when determining a "fix"), "FRON®
on the Ambiguity Indicator means that the Omni-Bearing Selector indicatas
the mapnetic bearing of the airplamne from the station, "UO" on the Amhigulty -
Indicator means that the Omni-Bearing Selector indicatea the magnctic bear-
ing of the station from the airplaneﬁ

2, TFhren the Omni-Bearlng Selector is being employed to deternine a
flight course to or from m station {and the sensing of the Course Line
Deviation Indicator is to be "proper” at all timee) the "TO" apd "FLO¥M
of the Amblenity Indicator must be congruent with the dirasction of motion
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of the sirplsas {sxeept for hasading diffsrences duve to a drift faptor),
as detarmined from g Magnetlie Compass or its equivalent. This does not,
of course, confliot with the basio meaninga of "TO" and "FRON® presented
in 1) sbove, but merely formuletes the conditions under which *bearing
to¥ a staticn mesna "inbound” and “bearing frow® a station means "out-
bound.® The psychologicsl differerece may, howaver, bs quite important,
since 1n the first instance the station (or tbe system of polsr coor-
dinates 1t represents) 1s taken as the frams of referenes, and in the
pecond Instanca the alrplane and its direction of motion is taken as the
frame of reference,

So far the description hgs bgen restricted t¢ s relatively simplas
problem involving a single ODR ptation, with ODR instruments alons. It
should be appareoni that the addition of DME would permit the pilot to fix
his position with refercnne to a single ODR station, both as regards bear-
ing from that station and distanoe. Without DME, two ODR stations can
provide asn exazt Ffix* from which distance to either station can be de-
termined by triangulation. Although an girplans with a single QDR re-
celver can make muoh "fixes,® the imatrumentatlion for ODE 1n-large planes
envisagas the use of two ODR recoivers. As & oonsequsnce, those receivers
gan provide simultansous bearings of the alrplane from (or to) two QDR
statlons and "fixes” may be determined continuously.

Flying %off-pei™ oourass %0 way pointa which do not colncide with
ODi stations will bs routine proscedure when computers, which combine ODR
snd DME information, are available. In Figurs 2 1s illustrated a simpie
probler which sou’d be readily solved by a somputer, The airplane 1is
located 55 miles Fest of the statiun {bearing from the station - 2709),
and it is desired to procesd to a way point which is 55 milea Southeast
of the station {bsaring from the station = 335°). The required instru-
pent panel includes an ADF {or Radio-Magnetie Indicator), a Course Line
Deviation Indicatcr, a continunous reading Omni-Bearing Indieator which
shows besaring of the alrplere from the CDR atation, and two DME indicatora,
one for distance of the alrplane frox the station and one for distance of-
tke sirplane from the selected way point. The information whish must be
set into the computer ie {a) the Bearing of the way point from the OPR
atation, (b} the distance ol the wzy point from the OIR station, and {¢)

the ?agnetio coursa it 1s dsaired to fly (112° or any ressonable approxima-
tion). )

After this information haz beon set into the computer, the pilot may
fly the Gourse Line Deviation Indicator with proper semsing to the way
point. He will be continuously informed regarding {a) his bearing from
the ODR atation, (b) his distunce from the OPR station, and (o) hia dis-
tance from the way point. It 53 noteworthy that in the use of the computer
the pilot 1s oconcernsd primerily with the bearing of the way point frop
the station relative to his bearing frog the statiop, and that he must
approximate the megnetio buaring of the wey peint from him. These knowledges
are congruent only if the pilet works entirely within a frame of reference
in which he is the moving object irn a aystem of fixed points.
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" preceding aoction, The memmer of imterpretation of the Ambiguity Indicator Pyl

manner of interpretastion required when R-Theta computers are avaflable.

tion now offered to the private pilot is produced by the Airoraft Radlo

schematically in Figure 3. It may be seen that this instrument is a com-

‘the new bearing to fly TO_the station with correot sensing of the Course
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and the indicetions of the Omni-Bearing Selector 1s the major potential
source of confusion in the use of the ODR system. If emphasis 1s placed -
upon locating the position of the airplane with referemces to a station, Do
the Ommi-Bearing Selector must be adjusted.until the Ambiguity Indicator
showa that the Selector refers to "bearing of the alrplane from the
atation.® This emphasis seems particularly defensible in terms of the
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On the other hand, if emphamis is placed on the use of the inatruments,
especinlly the Gourse Line Devigtion Indicator, for the purpose of flylng
to or from a station, the Omni-Bearing Selector must be adjusted until the .
Awbiguity Indicator shows thet the motion of the airplane is inbound or
outbound with respect to the ststion, a matter whichk must be judged with
the aid of a Magnetic Compasa or subatitute device. Ideally, the Omni-
Bearing Selector and Ambiguity Indicator should be so combined that the
instruments could be used for either of these purposes without confusion.
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Another consideration in the design of these instruments must be the
type of aircraft for which the instruments are designed. Somewhat differ-
ent requirements have been set up by Asronasutical Radic, Inc. and by the
CAA Experimental Station, The differences are related to the primsry
interest of the former in the problem of the alrlines, snd the primary
interest of the latter in the design of equipment for the small private
eirplane. Space on the panel is & much more serious consideration in the
case of the elrlines and cost of the equipment 13 a much mors serious ‘
consideration in the case of the private pllot. The only ODR instrumenta-
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Corporation, Boonton, New Jersey, (Indicator Unit, Type G-11) and ia
reputed to cost approximately £2,000, installed.

The imlicetor currently favored by ‘eronauticel Radio, Irc, is shown

bination Oeri-Bearing Selector and To-Prom Indicator in which the selected
bearing is shown in a countér~-type display. In addition, there is a simple ;
device for selecting immediately the reciprocal of the radial originally
selected. The lever which moves the shutter in front of the numerals also
shifta the To-From Indicator and the sensing of the Course Line Devietlon
Indieator. Thus, durlng a procedure turn after Position II in Figure 1,

the pilot needs mersly to throw a lever on the indlcator in order to preaent L
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Line Devistion Indicator,-

The obvious advantsge of this instrument, other then its use in the
turn, is thet 1t should reduce the time required to determine the proper .
bearing to fly TO or FROM g station in the course of an initisl asearch
(Position I, Figure 1). The Omni-Bearing Selcctor would be manipulated

3This type of instrument has been seen in operation in the exper- 7  'é§g
imental airplane of the Collins Radlo Compeny. ) YLk
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until the Course Line Deviation Indicator is in the zero poaition. Than, A
Af the selected bearing is in conformity with the direction of motlom of = [ %
the airplane as indicated by the Magnetic Compass, the pilot 1lnadiately o
knows that the To-From Indicator shows the station to be in front of S R
("T0") or behind {"FROK") the airplane. If, however, the saleoted bearing "
is the reciprocal of the direction of motlion of the alrplane, the proper "
meanings of the To-From Indicator and the proper senslng of the Course E
Line Deviation Indicator cen be obtained immedistely by shifting the lever

on the instrument.
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Similar uuggastions for the Omni~Bearing Selector and To-From Indicater '
have come from the CAA Experimental Station, where the Iinterest is prinarily
in smell airplane instollations. It is believed that the Omni-Bearing .
Selector described above ia too expensive for small airplanes, and that
the need for conservation of panel space is not nearly so acute, In Pigurc
4 1s shomm one of the earliest forms of Omni~Bearing Selector end To-From . i
Indicator combinations., This i1s the one which has been produced by the
Alreraft Redio Corporation, The presentation of the To-From Indicator is 'j%
straight-forward. The Omni-Bearing Selector is a simple polnter and card U
arrangement in which the primary end of the polnter referas to the bearing
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to which the To-From Indicator refers, and the secomdary end of the pointer i
can be used to determine the reciprocal bearing. Although the indication ﬁgg
of the reciprocal bearing might be considered an aid to the pilet, it may g
be a source of confusion since the To~From Indicator and the Course Line Y
Devietion Indicator are improperly interpreted unless the direction of kgg
motion of the airplane agrees with the bearing indication at the primary i
end of the pointer. ks

A form of the Omni-Bearing Selector which has been recently suggested
to the CAA Fxperimental Stetion by a manufacturer, because of the low cost
involved in its production, is shown in Figure 5. 1In this indicator, no
attempt is made to maintain the symmetry of compgsa directions in the card
merkings, since there is a "dead" space on the dial. It is clear that the
pilot would not be temptad to read the reciprocal bearing directly from
the position of the pointer. The instrument would, presumably, be employed
with a To-From Indicator simllar to the ope shown in Figure 4. It should
be remarked that thias Omni-Bearing Selector has not yet recelved serious
conaideration, but 1s merely one proposal of a manufacturer,

o

N ,\rv,

In the instruments discussed above, the primary emphasis seems to be . 3%

on the use of ODR for flylng to or from certailn stations, in view of the b
use of "To" and "From" on the Ambiguity Indicator. In effect, the em~ o
phasis 1s on defining the positicn of the stationm with reference to the A
aireraf't, rather than on the position of the alrcraft wlth reference to =
the station, That is, the pilét must reflect, when presented with "To" L
that the Omni~Bearing Selector indicates the proper bearing to fly to the o
station 1f that is what he choogea to do, or when presented with "From," oy
thet the Omni-Bearing Selector indiecates the proper bearing to fly from g
the station. The easential information regarding his present magnetic @
bearing from the station is likely to be lost or confused as & congequence ‘j%

of this effort to give him directions for his future actions, rather than
merely information regarding his present posltion,
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An attempt bhas been made to combine without confusion these two types'_

of information in an instrument desirned by the CAA Fxperimental Statiom,
ané plctured in Figure 6, Here the Ambipuity Indicator is combined with
the Omni-Bearing Selector, and the movement of the sselector krob reaults
in the movement of the z2ard underneath a lubber line, rather than the
movement of a pointer over a stationary card. An aperture in the lower -
part of the instrum~nt permits the direct readling of the reciprocal bhearing,
In following through the pictorial representation of the gecrraphical
positions of the airplane and the ODR station, the "inbound" or "TO" in-
dication of the Ambipulty Irdicator 1s now in s "down" position and the
"outbound" or "FROM" indication i1s in an "up" position. It 1s clear

that this instrument inteprates the informatlon as to present position

and the instructions for future action. Thus, if the Course lLine Devliation
Indicator is centercd with the indications as shown in Figure 6, 1t is

clear that the bearing of the airplene from the station is 90° and that the '

proper bearing to fly away from the stetion is 90°. 1If the Ambiguity
Indicator had pointed to ™inbound" it would have been equally clear that
the magnetic bear.mg of the airplane from the station was 270°, but that
a bearing of 90° should be flown to approach the station, In short, this
instrument forcea the acceptance of the ODR station as the baslc point of
raference et all times.

Tigtion Indiegtor. The purpose of the Course Line
Deviation Indicator is to zive the pilot information es to hls lateral
position relative to the bearing he has selceted aer hls course line to
or from en ONH @ftation. It is used Gurilpng the “nitlel search with the
Cuni-Uraring Selector to indlcate when the proper bearing hez been selected
and, afier assumpiicn of the deslrei ccurse, it may then be used as a
courae indicator in much ihe seme marner as the Automatilc Direction Finder
1s row uzed, The latter purpose 1s clirfo ssrved by the Cmni-Bearing Indi-
cater and the Radlo Mapnetic Indlicalor, uging VHF omni-bearinz data.
Theas uwill be described in g lster sen on.,

There 18 anparently peneral agreewent that large airplanes which are
now equipped sith the Fiight Path Deviaticn Indicator of the ILE will em-
nloy the localizer needle of this lustrument as the Courss Line Deviation
Indiecator. The instrument jg shown 1n Figure 7. Thris 1s the newer type
instrument ! Typo iD=48) which iaciwces *ilag alarws" to warn that indlca~
tion is unreliable. Devlations of the locallzey peadle to the left Indicate
thet a correction must be made tc the left, end vise versa, l.e., the pllot
fliss tc the needie. This bolds, of couwss;, only when the Magnetic heading
«rd the srlected benring sre 1 essential sgreement and the To-From Indicator
shows ithe an.uel direction of metion with respect to the ODR statlon. The
localizer aordle can be tied imto thes Autowatic Fileot so that, the flipght
along the gelzcilod bearing is conpietaely auvtomaile. Sinee the localizer
neecdla le alse ueed In followlng the Tlight path during instrument landing,
it s very serzitive to course ilre doesiations. There ls some questlon
whether Lhls wnstiument willi be usea Tor wmwanual flying in eireraft equipped
ith the Hadlo Beovetic Irndicator or Antomatic Direction Finder. It should
he noted, h;wpve;, tast when ithe Jocalizer nsedle 18 flown as a Course
Lize Teviation | nicator, it e necesamry that the airplane be made to as-
ruame the necesssr. 1eift gngle sad headiag to nokz ocd the course line,
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. CQMBINATION TO-FROM INDICATOR AND OMNI-BEARTNG SELRCTOR
I DESIGNED BY CAA EXPERIMENTAL STATION
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The ﬁiectronlca Subdivislor, Communication and Navigation Laboratory,
firight Fleld, has desigped a combinatlop Flight Path Deviation Indicator
which incorperates an indication of drift angle, In fact, this lnstrument
combines.relative magnetlc heading indication, course line deviation inm=- o
dication, the Omni-Bearing Selector, mnd the Ambiguity Indicator. A sche~ 7

matic dlagram of ope form of the instrument 18 shown in Filgure 8. The . ﬁg%,“m
selected bearihg is shown in a counter type mechanism at the top of the . "}ﬂi
instrument, and the Ambiguity Indicator is immediately adjacent. The dif- a
ference between the magnetic bearing of the statlon and the magnetic head~ S
ing of the aircraft is indicated by the needle which is pivoted in the =
center of the instrument. iﬁ%
: kS
in order to make rocm for this indication, the pivoting of the localizer ‘%é
and plide path needles of the indicator has been changed so that the two s
needles move in a coordinate system (right-left, up-down) throurhout the ex- T
tent of their visible excursions. In flying this instrument, the localizer o
needle should be centered and the drift angle may then be read dlrectly s
from the scale of the small needle, after the drift hes been "killed." For . s
example, in Fosition I, Figure 1, the localizer needle would be centered TR
when the Omni-Bearing Selector was set for 3159, and the drift angle needle @¥
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wonld indicete a 10 degree positive difference betwsen the bearing and the
heading. '

It is notemcrthy that this instrumsnt does not include the device for "5
instantaneously exposing the reciproesl of the selected bearing and for ;E?
switching the Ambiguity Indicatcr and the sensing of the localizer needle. . iz
Instead, 1t is aasumed tha' the pilct would make no manual adjustment during:]t;}f%
the orccedure turn, but would fly the loczlizer needle with reverse sensing 3J5;£%
and read the bottom scale for the lwading *ndication. S 2

4 pcesible advantape of this system m’ght be realized in procedure turns
in which the pilot turned et 'a rate which would make the beading needle ro-,
tote smoctbly hetwsen the inltlal drife anpgle and the termingl drift angle.

It bhas even heen suggested that a "paciug® light could move around the rim . g
of the instrument st such a speed tha® the turn would be completed in exactly, "=
the required number of seconds or minutes. However, the extent to which the ; :
reverse sensiog would be piroductive of pilot error should, on a prioril ground, '
be r matter of sowe concern. Also, the effects of combining so many indl-
‘cations in a single instrupert should be determined, through research. ;

To date, there appsrenily hss been no commitment regarding the

characteristics of' the Course Lins leviation Indicator which would be - -”ri

developed for use ‘n aireraft not already equipped with the Flight Path S
Deviatlon Indlicetor. 1n the OLR indlcator unlt now available through the
Aireraft Radio Corporatior 2 Flicli Path flevistlon Tndicator without flag
alpring i= wacd. The gilde parth {(hor:zontzl) needle remains 1n the instru-
ment, but is not used. It would ssem that there is o real possibility of
enghling thix ipet cument to be destared In terma of baale Ingtrumentatlon
research.  Aszcordlngly, the deslen o thia instrument for smell airplanes
offers immediate cppertomdty for the applization of research findings.
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FIGURE T
GLIDE PATH DEVIATION INDICATOR (TYPE ID-48)

Control for the
o« Sl Bou-ing
Selector

FIGURE 8

COMBINATION TO-FROM INDICATOR, OMNI-BEARIRG SELECTOR, COURSE
LINE DEVIATION INDICATOR, GLIDE PATH DEVIATION INDICATOR

AND DRIFT ANGLE INDICATOR AS DESIGNED BY ELECTRONICS -
SUBDIVISION, C & N mom‘romr, USAF MATERIEL COMMARD. . ..
At nELls



: aring nd Radig ator. As previously
indicated p.15), inatrumenta are available for continuoun automatic in-
dication of the Learing of an ODR station or stetions from the alreoraft.
One simple Omni-Bearing Indicator is shown in Figure 3. In this instru-
ment, which is produced by Picneer, the bearing of the ODR station FROM

_ the aircraft is shown directly on a card which rotates bebind a lubber
line, In view of the earlier discusaion of the use of R-Theta Computers,
it would seem that this instrument would be most useful if it indicated
the bearing of the airplane from the NDR station., This instrument is in-
tended only for bearing information, gpd, therefore, mdy be used in lieu
of or simultanecusly with the Omni=-Bearing Selector, tut ia not intended
to replace the Course Line Devistion Indicator. However, it could be used
roughly for that purpose.

The Redio Megnetlie Indicator is e combination of one or more Cmnl.-
Bearing Indlcators and a magnetic heading indicator., It can be used
only in those alrcraft equipped with a remote readling gyro stabilized
magnetic compass. The instrument is already in use in place of the ADF
in spome eircraft, since it may be uvsed with ilow frequency statlions as
well as with VHF ODR stations. A1) RlI's have the same basic design,
although they may differ in scale markings, pointer differentiation, ete.
One type is shown in Figure 10. The marked card rotates in response to the
magnetlc headlng of the asirplane, as delarmined by the gyro compass. Each
of the nsedles 1s contlinuously oriented toward a selected ODR statlon.
They at ail times indicate the magnetlc bearing of the stations from the
geographical locatlon of the airplane, which may be read from the card.4

Thus, after tuning to sn OLR astatlon and centering the Course Line
Leviation Indleator, if the pilot notes iliet the magnetlc bearing of the
statlon and the magnetlc heading of the aircraft are ldentical (needle
ia pointing to the lubber line} he knows tkat he 1= meklng pood a course .
to the station wilthout drift. Iif, on the cther hard, the magnetic bear-
ing of the steztion is 3159 and ‘he mmgretic teading of the airoraft 1s
3259, he knows that he is msking good the courss to the station, but with
a 10 degree drift angle of the aircraft. Tne R¥I thus provides an indisator
{of somewhat less sensltivity tban the Localizer Needle on the Localizer
Glide Path Indicator) which may be usad to make good a course with immediate
graphical and numerical indieatlon of the drift angle, In addition, simul=-
tanecus presentation of the bearings of iwe ODR statlions has obvlous advan-
tages in the deteruiration of a *fix" in terms of which the exact position
of the plane can be. computed.

it will be poted that the /M. is a comblnation of a continuously in-
dicatirg Coni~Bearing Converter. and the marnetic compass. Althourh, 1t
is prssible that the plict may “Fly™ the CLR needle, it 1s more likely
that he willl fly the "card" eftsr naving determined vhs proper heading
to mnke good bls course to the atalien. In that event, be will turn
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AThis ls azcomrilshed by Yeeding the nuiput of the magnetic compass
transwl tter lnto a differential in .an Omai- Bearing Converter such that
the differenze otetween the OPH besring snd the magnetic heading ia de-
terminad. It iz this difference which is lenosed on the needlss of
tre BMI.
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FIGIRE 9

OMNI~BEARING INDICATOR

FIGURE 10

RADIO MAGEETIC INDICATOR
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to the left to correct for a deviation of that heading to the left
(counter-clock wise, on the card. Some competent instrument pllots
waintain that they will prefer te "fly" the RMI, rather than the Courae
Line Deviation Irndicator.

r

SUGGESTED DME INSTRUMENTS

Instrumentation for the Diptance Messuring Equipment is ersontially

~simple, The rnumber of miles from the aircraft to the DME station is the

only informatlon required. This 1s usually indicated on a dial which

has a maximum indicetion of 120 miles. It 1s desirable that distance
indications be made as fine as 1/5 wmile, although the readings are not

now accurate to better than + 1 mile, Two types of DME instruments which®
have been seen are shown in Figure 11. In the first, which is currently
employed by the CiA Experimental Station, the gross acale extends from

0 to 120 miles, and a flne scale, covering the same extent of the instru-
ment face, extends from O to 12 miles, After the pilot has come within
the 12 mile range, he manually switches the instrument to the fine acale,
In the second, which is currently employed in a C~47 cwned by the Colline
Radlo Company, the same fineness of reading is obtained for all distances
up to 120 miles by using one hand for ten mile ateps and a sescond hand for
one mile steps. This double hand system brings to mind the research of
the Aero Medical Laboratory on the sccuracy of readings of atandard
altimeters, in which i1t has been shown that the double hend system produces
an exceas of erronecus interpretations when the large unit hand is in the
viny 1o eleven o’cloex position,

L

SUGGFETED TRAETRUMENTATION PO ODR-DME COURSE COMPUTERS

Automatic course computera for ths devinition of off-set course lines
vased on en integration of ODR and WY data are now in 2 very early eigpge
of deveiopment. 1% 1s anticlpaced that thesec off-zst coursee will be fed
into the Ccurse Idne Deviation Indlcetor and wlll be used by the pllot or
the auto-pilot in exactly the same way thet it 1s used for "homing® on a
station., Likewlise, the course computer will permit the measurement of
distence teo any point on the off-set crmwrse llre of the airplans, Thils
Irformation will presumably be given to the pilot in the seme type of in-
strument employed for the direct-to-staiicn DME, A complete appreclation
of the problems inhkerent in snch insirumentation will certeinly depend on
the variety of olf-set courses which the computer can define, end also_on
the uses %o whlch such equipment 1s put 4n the control of alir traffic,
Following the discugsion in an earlier saction {see p. 5) it may be sug-
gested that the indication of tearing of t©2s sirplene cr cther object from
a station will be the primary srientution daztum in the nse of R-Theta
Course Computers. ‘ '
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Seme eugpestions eplong these liner ata coplained in a publieation
of the Alr Navigation TFraffie Gentrel Oroup of the flr Traunsvaort Asao-
clation 2f idmericy, entitled "Recommendstiocas for 3ale Control of Fx-
panding Air Tra’fls: Tavrt 1.° “elouary, TU4T.
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TWO TYPES OF DISTANCE INDICATORS FOR USE WITH DME -
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PSYCEOLOGICAL PROBLEMS IN ODR-DME INSTRUMENTATION

It would mppear that the maj)Jor psychologieal probtlem in the design
cockpit instruments for the use of ODR, DME, and R-Theta Computers is
the frame of reference to be given primery emphassis, Although thls
problem involves particulariy the design of the Omni-Bearing Selector
and its associated Ambiguity Indicatar, it is also involved in the design
of accessory equipment such as the Omni-Bearing Indicator and the Redio
Magnetic Indicator. On the one hand the design and labelling of some
Omni-Bsaring Selectors and Ambiruity Indicators appear to emphasize in-
structions to the pllct regarding the propsr coursec line to follow in
approaching a station or going avay from a station. This is epltomized
in the labellin~ of the Ambiguity indicator as a "To-From Indicator,” and
the consequent equal emphasis on "bearing from an airplane to a station"
and "bearing of an airplene from a station." This emphesis i3, of course,
understandable when 1t is remembered that the Course Line Deviation In-
dicator has the proper sensing only when the actual course line cf the
alrnlane is congruent with the indlcations on the To-From Indicator.

On the other hand, it is possible that this emphasis may lead to con=
fueion when the intent of the pilot is merely to determine and state his
position with reference to a station, stations, or a gystem of polar co-
ordinates, in which case he sihould uvniformly state hls position 1n terms
of bis magnetic bearing from e statlion or swations. Such confuslon could
eaeily lead to misgtatemenl of position for purposes of traffic control.

It is notveworthy that such wmlsstatements of position, In response to
gquerles from traffic control opetators, would have no immediate consequences
which would csl) the errer to the sttention of the pilot; whereas, 1f "bear-
ing from a station” shonld ever be misunderstood in the plannines of the
courge of actlon of the zirplene, tlere are numercus sources of informetlon
within the cockpit which would indicete the need fov correction, Among
these are ihe reverse sensing of the Courne Line Neviatlon Indieator and

the lack of agresment belmeen the varlous heading indicatcra {with drift
angle considered; and the Omni-Bearinug Seicctor ard Ambiguiiy Indlieator,

it wouid seem, as & conseqguenze of Lhese couslderations that lnvesti-
gations are requlred to destermine the mdvaniaces and dlesadvantages of the
Nmni~Bearing Selectors ana Awb! » Ity Indiestors which depend heavily on
the pilot’s concentualization of his problem and those, like the one shown
in Fieure 6, in which an alttsmpt iz weds to combine in & pletoriasl presen-
tation the positicn and course of action ¥ the airplane. The same problem
anould; of course, be considered In the design of “he Omni-Bearing Indi-
cator and the Radlo-Mametle Indicator: slthosugh In these cases there may
ha the speclal probler of the effeste of prior use of the ADF. In fact,
since the psychologieal problem, as stated, is one which ls invelved in
the desdgn of 211 the established orientation lnstrumcnts, such as the”
FMagnetdis Cowmpasa, the Directicami Jvro. rnd the ADF, it Is proper that
ruch investigaticna encompnoge the entire probtiew of the most effective
wnodos of display of bearlng and heading Ilntcrmation., Important methods
of evaluat.ion wouid Le tn terms of the difficulty of *raining to & certain
stendard of accurvacy and the frajuenny of crrors of interpretation after
glendard amnwts 7 weeining
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A secondary problem in the deaigm of such instrments, sithough un-
doubtedly an importent one, is the determination of the specific manner
of indication which is least likely to result in error. As mey be meen
from the description of the oroposed Omni~Bearing Selectors, there sesnms
to be no current informgtion which would lead one to reject an instrument
in which the card turns benesth = lubber line, in favor of an instrument
in which a pointer moves over the faoe of a stationary card, or vice versa,
Nor is there any certainty that the simple mumerical indicatlon of bearing
by a counter type instrument 1s necessarily superior or inferior to the
dial type of indicator in which there is at least some similarity to other
"earth orientation® instruments and perheps some ald to visuslisgtion of
the position and flight cowrse of the airplane.

In the desigr of the Course Line Deviatlon Indicator, it is clear
that thought has been molded by the already present Flight Path Deviation
Indicator. However, in this case there is widespresd criticism of that
Indicetor, chiefly because it secems more natural to present the deviation
of the airplene from the intended 1ire of flight than to indicate the
devigtion of the intended line of flight from the alrplane. In the former
cade,. aone would fly to the right ic bring the symbel of the alrplane back
to the center line, which represents the intended line of flight; in the
letter and stancard case, one fllea to the left to move the center line,
which represents the alrcraft, over to the intended line of flight, The
same type of problem 1s, of course, present in the design of the Attitude
Indicator. With the present interest of CAA in the extenslon of ODR in-
strumentation to all sireraft, both large and small, perhaps the moment
is propitious to apply psychological principles in the desipgr of the basic
flight instruments,

4 third general problem of some moment 1s the matter of combinatione
of 1ndicetorm. The combinations which have bean propoaed in connection
with the ODR seem, for the most part, to be reasonable and probably
productive of more efficlent performance. The neceasary psychological
interdependence of the Ambiguity Indicetor and the Omni-Bearing Selector
strongly argues for thease belng corbined into a single indicator. Agaln,
the RKI seems. to be a productlve.combinaticon of Information, in that heading
and omni-bearing data are inteprated in a way which relieves the bilot of
certain computations and mininizes his division of attention. On the other
'hand, the composite instrument proposed by the USAF (Figure 8) may con-
ceivably result in a decrement in efficlency under some clreumatances.

The most favorable condition of' its use would probably be when the plict
was homing on the station to which the Omnl-Bearing Selector was tuned.
But a disturbance of performance mirht occur during the use of the instru-
ment for an JLS liandine, or when the flight course being followed on the
locellzer needle is an off-set course set up by a course computer, and

not the course defined by the Omai-Bearing Selector.

SUKNARY OF PROBLEMS

Although recognizing that the psychological problems pertaining to
DLR and DME equipment are broad in nature, and demand basic research on
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the psychological aspacts of aireraft equipment design, 1t may be of in- o
terest, in recapitulation, to list, as follows, certain of the specific e A
probleme involving the human element which this preliminary survey has g
uncovered with regard to these lnstrmments, . e

1. Vhat "frame of reference” in terms of orientatlon t¢ the
station should be given primary emphasis 1n the desien
of cockpit instrumerts for the use of ODE, DME, and ¥
R-Theta Computers”®

2, What 1s the relative tendency for error in interpretation
and actlon in various characteristic flight situations
when the compopents of ODR navigation are in separate
instruments or combined In a single instrument?

. N
PURE =R, SRS

triw har

3. 1Is there any difference in the interpretability of bear-
ing and heading instruments in which the card turns be-
neath a "lubber line" and instruments in which a pointer
moves around a ¢ircular card?

At L

.. - s
By 31 ION T T

4, Vhat diffcrences in effectiveness are there between in- i
atrurents whica present information througk a zounter
type of displazy as compared with instruments employing
dial type dlzplay and/or wha: types of information can
meat effectively be presented by each of these respective
methods? -

‘-...A
L A

11

%hat are the psycholcpicrl probliems involved In inter- i
pretiar snd/or adjusting the MR instruments following =
a 380° prosedure turn? : Ck

6. 3hould tre “curss Line Hevietion lrdieztor give a repro- ”
genfation of tne dlrection of vhe vroper course line S a
from tle sirerafl, or the lireccicn of the aireraft from S
the proper course 1lme: {1.2 , should the pllot be required ¥
to My “Ifzom the nasdie® or “to ths needle™)?

~1

Fhat types of "Course Line Devistion Tundicator® is most ap- A
pliecable Jor small-pian~ installaticn in which ILS in- >
gtrumeatslion 18 not alrealy pressat or contemplated? 3

#. Should the I indicatione be preserted in terms of a ' 3
clock-free ¢icl {(eimilsr to the standard altimeters) .
or in tarms of a rerle ol the type 11luzirated ia Figure
iV, or some other iaxpsz?

S, How flac cvhould be the divigfon merk2 o tLhe Rodlo Magnetic T
sacieatar epd wual o fTeeriiation &f the two polinlers will o
he Teaz . rrodarcive of covTuglsl felwesr Lheat )
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1, What are the advantages and dissdvantages of specific
prototyps Anstruments already designed, such as ths
CAA Experimenta’ Station's proposed Owni-Bearing Sa-
lector {Pigure 6) and the USAF combination of the IL3
and ODR 1nd:|,eat.or. (Pigurs 8)?

11, What lpecific tralning probleas are important in the
indootrination of pilots in the use of ODR and DNE
squipment?

It should be skphasised, of course, that due to the iimited naturs
of the pressnt survey, the above list of problems cannot be considered
donnitin The probleas are, however, repressntative of the type which

111 demand soiution, either through direct attack, or on the basis of
1nplicationn drawn from fundamental ressarth on instrument problems

A pumber of the general problems listed above are being studied in
oconnection with exlsting engineering psychology research projeots at
soveral .aboratories. Whils none of this researoh is converned exvlu-
sively with the Omni-Direotiona) Range presantetion problem, results
should sontribute to this particular prcblem.

An extensive research program on instrument display problema 1s under
way at the Aerc Medical Laboratory, Wright Pleld, Ohlo. This program has
been conserned particularly with lunstrument comprebenslon problems and
withk discovery of payohological prinoipies pertinent to the design of ‘new
instruments. Emphasis has bsen placed on problems faced by the pilot

“when he has to shift rapidiy between a musber of different instruments,

synthesising ths indications from ali of them. The general objeotive has
been to discover general prinsiples that san be applisd tc all panel in-
strusents, thus reduaing "transition time® between instruments. The
progrea includes both purveys and job gnalyeis studiss on the one hand
and hburatnry and air experiments on the suber.

- The Dopartment of Peyohology at the Univoruity of Washington has been
sondusting experiments under contract with the derc Medital Laboratory on
orisntation problems relating to instrument design, particularly heading
indiocation. The Department of Paychology, University of Illinois, has been
working under ocontrast with the 0ffiss of Naval Research on the study of 6
psyshological problems commected with the design of alroraft instruments.

63 gelected list of ressarch reports and bibliographies prepsred by
these sotivitiss is given below. While none of these reports deals di.ra-atly
with the Omni-Range, many of the findings and principles are spplicable to
this partioular problem.

Fitte, Paul N, (Ed.) Pgychological Research on Equipment De-
sign. Government Printing Office, 1947, pp. X1I=24b

Fitts, Paul M., end Jones, R. E. Psyéhologleal aspects of in-
strusent display, 1. Analysis of 270 *pilot

erTor? experiences
ting airoraft instrymenta. AMC Enginesring
Division Memorsndum Report No TSEAA-694-124, 1 October, 1947.
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that studies involving the gyroborizon have indicated fhat intarprstation
of this ipstrument was more efficient when ths moving horizontal bars

were indicative of the plane’s atiltude (the representation of the borison
remalning stationary} than when 31:3 representation of the horison turned
around a etationary model plane.’»®. This, together with results of work
in Great Britain indioating thst fewsr errors are made wher ths movement
of an indicator end ths "expected direction™ of assocoiated control move-
mont are the same,? might suggest, with reference to the Course Line
Deviation Indicator, that display in terms of direction of indication of
the plane’s position from the course line would prove suparior to the
currently atandard procedure of indicating the direction of the proper
oourse line from the plane, (In otber words, flying “from® the needle
rather than "to" the needle might be indicated,) Additlonal, and more
direot experimental evidence on this point would, of courss, be desirable,lD

Moreover, with reference to the two types of indicators sugge for
the Distance Measuring Equipment, the results of work on altimetersll would

suggest (as poted previously) thst the dial-type display in Pigure 11 might
well be conducive to arror in reading. -

TLoucks, Roger Brown., An oxpsrimental evaluation of the interpreta-
bility of various types of aireraft attitude indloators. P
Regearch )p Equipment Degign, Army Alr Foroces Aviation Peychology Frogram,
Researoh Report No. 19, Washington, D.C.t U, S. Government Printing
Office, 1947, pp. 111-135, - :

8 .
Browns, R, C, Comparative trials of two attitude indicators. Great

Brit, FPRC Reports 661 gnd 66lg as sbstraoted in Annotsted Bibllograohy op
Bumgn Fgetors in Engineering Design. Washington, D.C.: Avlation Branoh,

Research Division, Burecu of Medicine and Surgery, Navy Departpent,
Pebruary, 1946,

:’Vinoa, M, A, Direction of movement of machine controls. Great
Brit. FFRC Report ¥p. 637 (as cited in Grether, Walter F. Effioiency of
severnl types of coatrol movemenuts in the performance of a elmple com-
penpatory pursuit task, Pgychological Researsh ip Xgulpsent Design, Army
Alr Yorces Aviation Paychology Progrem, Research Report No. 19, Washington,
D.C.: YU, S, Governmeat Printing Offles, 1947, pp. 227-239.
mIt should bes recognised, of course, that any spparent advantage 1in
favor of altered methods of Indication might be offset by confusion re-
sulting from interferense with esteblished habit patterns of experienced
pilota. This, too, would be & matter for experimental determination.

£

v

nl}rettmrs Ralter F,
Speed And aAcquUTHOY of HRULUED
Hdqtrs, Alr Meteriel Command, Eng. Division, 2 September, 1947.
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DIRECTION OF SUBSEGUERT INQUIRY

As noted previously, the psychological problems associated with the '
ODR and DME equipment are not altogether unigque. Many of the problems
are common o othsr types of instrument display, and can be resolved on
the basis of implications from results of the fundamental resesrch on
instrumentstion in general, or on the basia of research on other in-
struments, Other problems are more specific, and may avcordingly demand
resesroh treatwent oriented toward specific ODR and DME equipment.

In considering the avenues by means of which attack on the instrument
problems sswociated with this equipment can be furthered, a number of
methods of action present themselves.

1. The results of current ressarch on instrument problems
should be thoroughly investigated to determine the im-
plications of such research for ODR and display
probleas.

2, 4 program of basic research might well be outlined,
integrated with other instrument research being at
present conducted by varicus agencles, end oriented
toward ODR, DME and Course-Computer problsms, although
also having pertinence to general and theoretical
problems in instrument display.

3. Research on problems unique to CDR and associated
equipment should be instituted, based in part on the
results of "basic" and more genersl investigatlona.

4o Investigation ahould be conducted to determine the
basic training requirements for indootrination in
ODR procedures.

With reference to item 1, above, (the rtinence of ressarch on other
instruments to ODR inatrumentation problms,: it might be noted for example,

6 (Continued)
Grether, Walter F. Discussion of plotorial versus
) %, di . ANC Engineering Division
Memorandum Report No. TSEAA-694-8b, 4 August, 1947.

" Hermans, T. G., and Loucks, Roger Brown. jmnotatsd bibliog-
raphy on the psychological sspeots of orlentation as they

relats to aviation. AMC Engineering Division Memorandum
Report No. 694-16e, 1 December, 1947.

Smith, W. M., and Kappauf, W. E, Studiss pertaining to the
d §-aa .1 oA ._ AYE f ] AL vy PO

and use of visup
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Engineering Division Memorandum Report No. TSEAA-694-1g,
w’ 1947,
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Fith reference to item 4, page 27, (tralning requirements for indoo-
trination in the use of the QDR Indicators) it should be apparent that the
ODR instrumentation involves potential sources of confusion and error. Ale
though 1t 1s frequently asserted that "pilots have no diffionlty in learn-
ing to use the ODR," nothing eapparently has yet been done to detsrmine the
rate of adjustment of pilots to such new equipment. Cooperation betwesn
a research agenocy and the airlines might well have merit in comnection
with the institution of ODR training programs. In additlon, it 1s poesible
that studies of learning to intarpret and use ODR instruments, employing
non-pilots or pilots without instrument training, would yleld important

‘information bearing on potentisl treining problems, as well as serving as

a mothod of evaluating different typee of instrumentation.

Finally, the importance of establishing adequate lialaon between in-
vestigetors in this field of applied peychology, and technical and opera-
tional groups should be smphasized. In the course of the present survay
it was repeatedly evident that those oivlilian agencies priwmarily ooncerned
with ODR and other aircraft instruments had had no opportunity to be in-
formed regarding recent psychologicel research on instrument problems.

It may well be that this situation also prevails among alreraft instrument
designers in commercirl organizations. Such liaison could perhaps best be
acoouplished through some civilian agenoy. -
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