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In oompllawe r l t h  a request of the C d t t e e  on A ~ l n t i ~ n  
Puyohology of the Blatlonal Research Gomail,  a prsl iniaary 6urwy 
h a  been made of the psyehoPogioal  problems involvad in oookplt 
l ne t ruwnta t lon  for a new air navlgatlon ayatem which involves t h e  
Ormi-Directional Range (ODR) and Matanm Measwing Equipment (DEE). 
The prllaarg p m p o a ~  haa been to define remarah p r o b l w  or pmoo- 
d m 6  which would further the  psyohologlasl adeqoaoy of the cockpit 
lnatramentat5on for ODR, Dm, and assooiated sqalposlrt. 



. 

cooperative of tbe a i r l i nes ,  has t h e  function of seeing that the pol ic ies  
-and requirements l a i d  down by the  Radio Teckrical Commisalon for 
Aeronautics are accompllshed bofore tine purchess of the equipment by 
the &linea. Aeronautical Radio, Inc. ().rim) has published t h e  only 
comprehensive t rea t i s ,e  on ODR and !JIE i n  a manual en t i t l ed ,  "ARINC 
OIWI-DIRECTIONAL RADIO RANGE SYSTEM MANUAL," January, 1947. 

5 .  --n for rer haa headquarters 
in the Department of State, 1 7 t h  S t ree t  and Psnnaylvenla Ave., N.R., 
Pashington, D.C., and is interested  fn  the o v e r a l l  problems of the  uae 
of the nariplatlonal a i d s  uncler consideration,  Reports of RTCA comrmittees 
which might be helpful on the ODB-LIME instrumentation problem were made 
available. Two technical repart8 on Dm equj.pmeat were supplied but 
reports of two committees  of hTCA which are a t  preaent engaged in studies  

not  yet  been prepared. The committees involved are SG31, under the jo in t  
of ODR and coCkpit  instrumentation wore unavailable, since reports had 

chdwanahip  of Colonel J .  3. Ducknorth, US=, and Captain A, 9. Born, 
USN; and SC17, under the chdrmtbahlp of Admiral V. E. Cleaves of Collins 
Radio Compeny. Another RTOPr-cmmittea. SCU, bas been  concerned  with 
navigation  nomenclature. A , ' c D ~ ~ &  t h e   f i n a l  rcport o f  mnmlttee S2.4 

and M E  are defined and t h e  preferred nomenclature i s  indicated. 
has been supplicd i n  which many terma employed i n  d i s c u s s i o n s  of ODR 

6 .  The in ten t  of the G i v l l  AemmUtiQa Adminis tratiql! i n  the  develop- 
ment and i n s t a l l a t ion  of ODR and DlLlE ha8 been surveyed i n  conference ,with 
Bar. C .  I .  Stanton, Deputy bdminlstrator. Dr, D a m  Drimhall, A b l a t m r t  t O  

C a t t e e  CM Aviation Psycho1 opy . the  hdminintrator Par Rusearch, arpd Dr. &barsLa 3. Vitelee, Chairman, ntRc 

the lbvy or t o  go beg& the Electmnicr  Subdirielon, C-icntlone and 
No a t h p t  hae been mads t o  consult the lntereated individuals i n  

Rarigeti~n laboratory,   in the Air Fome. In addition, no attmpt ha6 been 
&e t o  consult the numerow nircrnft imtmaoat cmqaniee m i n g  pm- 
p d  deeigne and productlm plans. 
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- -n t he  development of the new navigation equipment tbree.s tagea 
be defined: ;a: t he   c l eve iopn t  of the ODR, (b) the  development of LW, .~ 
and i c) t he  davslopment or cocree computers ' b e d  on ODR and DW, A l l  
three are B r e a l j t y   a t  the ?resent time, although  extensive  research and . ' 
equipment  development r i l l  be required before  they 08x1 be employed 
routinely by c i t k r  t he   a i r l i nes  or pr iva te   p i lo t s -  In adrlition to these 
teohnological s t q e s  there is an overlapping and concurrent p b e  of the 
whole deveiopment  which m y  be  called  the  instrymentation  phase, , T h a t  
the whole system Ita t o  be depsnda. on the uses and th$e in turn  should &I 

ref lected i n  $he  cookpit  inatrumentotion. 
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a ir  equrpaent which permits   the 'pi lot   to  determine  the almt distance,  
Distance Measuring Equipment ( D E )  i s  a combination of grdunh and 

in   miles ,  of t he   a i r c ra f t  from the  selected DHE t ransmi t t ing  station, 
It is essent ia l ly  a radar system i n  wtich  there is an  unique  relation- 
ship between t h e  a i r c ra f t  and the ground system. Very few WE ground 

rout'lne  use of Dm will be one or more years  later  than  routine we of 
stet 'ons  have been ins ta l led  as yet,  and I t  i s  generally  considered  that 

OUR. The  DUE p-ound i t a t j o n  ha6 l imitationa Similar to tho= Of t he  ODR 

Dm: stat ions,   jncidentel lyp may not be located Immediately ad jaaent   to  
ground s ta t ions  as re la ted   to   the  use of VHF line-of-sight tranbalsalon, 

ODR stat iona ,, 

such a manner as t o  permit  the flying of off-set  coumes  (e.g., a courae 

etc.) are still ikrther i n  the   fu ture?  I t  depends, in t h e  first place, 
pa ra l l e l  t o  a r a d i a l   t o  a s ta t ion  but  ZYsplaEed by f lve  miies, teh milea, 

on t h e   f i n a l  development of OUR a d  equipment, and in   the   aecod   p lace  
on the  development of a cornputor mechent.50 rliich will integrate   these two 
sources of  informat.ion as to   the  posl t ion of the airplane, One d e l  of 

for  the CAA Experimental  Station n t  Indianapolis, and i s  currently i n  
such a computer has b e e n  constmc-ced by t h e   P i n n e a p o l i a - H o ~ s l l  Company 

experimental use. The computer is j u d g e d ,  t o  be&c,ccurate s i t h i n  rewonable 

the USAF, The problems  involved in ' the   cons t ruc t ion  of-cshesc computers m. 
limits, O t h e r  rncdels w e  in prepamtion, on ooatracts l e t  by t he  'CAB and 

judeed t o  be relatlvely  simple, and it is not anticipated that the develop- 
ment of adequate  computers will lag much behind the f i n d  development of 

use of off-set  flight  coursee)  bsfore  adequate LWE equipment i s  available and 
adequate Dm. There willp however, 'oe no c o y u t e r a  (and, hnnce. no routine 

instal led.  

Course computers for  the  integration of ODR and We: information i n  

Before  considering  the  details   of.propsed  cockpit   instrumentation  for 
the ODR and DM&, ?.he p o t e n t i a l i t l i s  df t h e  sy&m f o r  air navigation should 
be expl ic i t ly   s ta ted ,  On the one hand, since  the ODR gives complete and 
accurate  information  regardina,the  -tic bearlnE of a a t e t i m  from the  
airplane,  it may be ueed fur "homingm on 6 s ta t ion  wi th  much greater  ease 

f and l ea s  posslbility o f  confusion  than t.he present A-N Radio Uange, This 

used, the OD!? and DME, may permit the fixing  of the positfon of the  airplane 
f a c t  "ay, however,  blind^ one to- the s t i l l  more important  f ac t  t h a t ,  properly 

i n  smce w i t h  an exactitude which has never  before been possible, In effect ,  
with t h i s  syatern it becomes posail i le  for  the  aerial   navigator  to define h i s  
position,  within  the  area  served hy an ODR-MAE network, with  reference  to  

' a aystem of coordinates analogous to those employed by the mariner.  This 
l a t t e r  w e  of  the ODR-DW system is t he  primary in t en t  of the CAA, and f o r  

the ODR atations;eo t h a t  when the i n s t s l l n t i b n  of  the   r ta t lons  is complete 
tha t  reason great care has been taken %n the planning of the   loca t ions  of 

for the  continents1  United  States, a complete gr id  system w l l l h a v e  Seen ap- 
proxhmtedu 

2An act lve DDdE s t e t i o n   i s ~ l o c a t e d   a t  the CAA Extmrimental Stat lon~,  
Indianapolis !J.unicipal P-lrport. 



of imppo13ahc.3 at this time i e  t h e  f a c t  tlat emphasis upon thi, ODR- 
DYE ( ~ b  B method for exact looat ion of the airplane in space lead6 to 
smpha~i~ on bearing from a e ta t ion  in t!m cookpit  inatrumentatfan;  whereas, 
emphasia on t h e  use af Oa)R-DME for .homing" lsade t o  a m p b i n  on tear- 
t o  a s ta t loq  in the coakpit inatrrupentatfon. Although both fut+ion.a may 

reasonable prophecy that in terpre ta t fona l  errors of p i l o t s  ard navigators 
eaaily be real ized by the use of appropriate,  inatrumantation; it is a 

will bs af fsoted by which eupbasfe is permitted t o  dominate the design and 
labelling o f  the  cockpit inetruments. The CAA, through Yr,  C :  I, Stanton, 
strongly urges that all bade  instruments be designed so that they  indicate  
m c  from a station, on tbs ground t h a t  this fa the more bmic informa- 
t ion  i n  air navigation- I t  is this  information which will be required for 
w e  of the 8-Theta system of polar coordinates to p e w i t  (a) dstermhing 
the position of the airplane at any polnt in space,. (b) datemining the oo= 
ordinates of any other pint i n  ~paacl which is selected an a destination, 

pose of air traffic control.. On the other hand, as will be noted i n  tb 
( c )  determining tho couree to flyXp, and id) reporting p s i t i o n  for t he  pur- 

discussion of the proposed iust runentat ion,  emphasis l s  frequently on the 

psychol&gloal problem lnvolvad i n  t h i s  possible soume of confusion will be 
moipm@al of the bearing f r o m  a s ta t ion ,  L e - , :  beark t o  a etation.. T b  

discussed in a conelndfng,eec*,lon of t h i s  repor% , 

~. 
. .  

. .  . 
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a3.'titudesD t h i s  peerid of  Eabiguity itight be f a i r l y  .Long. I t  pi:Zsr event, 
t i e  pilot rust. fly the Magnetic Gsmpras :.or Cireetional Gyro) dur jng  t h i s  

Line Dcvlation Indicator is  d a o  aubjcct to rapid  fluctuat.ions as the 
tlme i n  order t o  continue on h i s  course d t h o u t  errwr8 tdncs  t h e  Collrsa 

plane !:oes through the " c c ~ e  of sjlenceOn (Them l a  sone uncertainty  a t  
t h e   p r e s e ~ t  tlme whethrr Ins ta l la t ion ,  of a blinker l l [ :ht  g n "posit lve 
indicator of the  .cone of si lence" can lm j a s t i f i ed  ir! view of the heavy 
expense involved i n  such 3n a d d i t i m  io the ODR ground station.) 

Lf te r   t he   p i lo t  Q E R S ~ S  over the   s ta t ion  (as 1x1 Position 71, FigUre 
l), he should y t i l ! ,  be contlnuing on the' 3153 couree l i ne .  Assumin8 that 
no manual adjuatmnts  have ?wan made h i s  Omnl-Bearing Selector will sti l l  
be s e t  at 315' aad he will continue t o  f l y  t o  the needle ( j .e. "proper 
sensing") on the Course Line  Devirtion  Indicator. But the  imbiguity 
Indicator now shows "FRO#' whlch mems tha? he is  now f l y h g  away from 
the s t a t ion  and h i s  bearing Pram the  stai,ion is 315O. As long a s   h i s  
h i y e t i e  Compaos i s  in essen t i a l  a@-oumeptt, except f o r  t h s   d r i f t   f ac to r ,  
w i t h  the  pointer on the Onr2i-Bearlng Selector, k.16 posltion  with  referenoe 
t o  the   s ta t ion  l a  unemhiguous aMi ti.<, eensinE of  the  Course Line hvia t ion  
Xndicritor is C O ~ C C .  

Position TIT, In Pos i t ion  111. (see F i , p x  1) the pilot has mado 
a procedure t u r n  (180°) and 18 f J~ying  i n  toaardrthe  station. Ea i s  now 
f l y i q  a course l i ne  of 135O, m d  the Magnetic Compass shows a heeding 
of 125O i n  order t o   comec t  ror t he   d r i f t  angle. However, t h e  3mr.j- 
Bearinp Solector still reads j 1 5 O  and the Ambiguity Indicator s t i l l  reads 
"FHOM," T h a t  i s ,  t he   h i -Bea r ing   Se lec to r  l a  cont iming t o  indicate  the 
magnetic bearing of the  s i rplane g rg  the  station.  Furthermore, the 
aenaing of  the Course Line Deviation  Indicator i s  now reversed, an3 the 
p i lo t  must change' h i s  Gmnl-Bearing Celector  to rea2 t h e   b a r i n g  of t h e  
s ta t ion f r o m  him, As he  moves the Omi-Bearing Selec tor   to  1350J the 
Ambiguity Indicator w i l l  s h i f t  from "FROM" t o  "M" arb3 the  Course Line 
Deviation  Indicator will resume I t a  proper sensing. This need for immediate 
e h i f t  of the Omni-Bearing Selector so that it shows ths bearing 4s the 
atetion, in orde r   t o  obtain t h e  proper sensing of the  Course  Line  Deviation 
Indicator, i s  genesally  recognimd, a d  has been considered i n   t h e  design 
of t b e  instrumentp. 

d 

From t h i s  description, it should be c lear   tha t   the  meaning of the 
-imlications cn the Omni-Bearing Selector and the  Course Line  Deviation 

This ambiquuitp may be resolved by trro @lb: 
Indicator is e frmction of the indications,of  the Ambifplty Indioator. 

. '~ 

1. When the chief  conaern ia witR;the  location  of-the  airplane  zith 
reference  to an ODR s ta t ion  (or s ta t loas ,  when determining a "fix"), " F W  
on the  Ambiguity I n d k a t o r  means t ha t   t he  Omni-Bearing Selector  indicates 
the  mapmtic  bearing of the airplane Prom the  etation, "?;3" on the b h l r p l t y  ' 
lndioator means tha t   the  O m n l - B e a r l n g  Selector  indicates  the mngnctic bear 
'ing of the   s ta t ion  f r o m  the  airplane; 

1 

I 

2. Fken the  hnf-Bearing Selector is beiq employed to  determine a 

l&viatfon  Indicator is  t o  be "proper" a t   a l l  times  the "W" and "'iTOIc" 
flieht course t o  or from B s t a t ion  (and the eenai of the  Course  Line 

of the A m b l ~ ~ i t y   I n d i s a t o r  must be congruent r l + , h  the  dirsction of m t i o n  
7 . i  







Another eoneideration in   the   des ign   of  them instnmenta must be m the 
type o f   a i r c r a f t  for which the instruments  are designed. Somswhat d l f fa r -  

CAA Experimentel Station, The diff&rences are re la ted   to   the   p r imary  
ent  requirements have been set up Aeronautical Fsdio, h a .  and ky tho 

in t e re s t  of the former in t h e  problem of the a l r l i nas ,  and the primary 
interest of the l a t t e r  in the design of equipment for the mll pr iva te  
airplane. ~ Space on the  panel is  a m b  mre serious myaideration in the 
cam of the elrlines and cost  of the equipment is a much =re serious 
aonsideration in the oa& of the   pr ivate   pl lot .  The only ODR inatruaw$a- 
.tion ,nw offered to the pr iva te   p l lo t  is  produced by the  Aircraft-Radlo' 
CorpbrbCion, Boonton, Hew Jersey, ( Indicator  U n l t ,  Type G-11) end I s  
reputed t o  c o a t   a p p r o b a t e l y  &,OO@, jnatalled.  



. -. . , . ".? 

. 



until t h e  Cot&m LicM Deviation Indi&tar l a  , i n  t he  aero Midll. Thspl, 

t he  aimlane an indimfed by the Mqpetic Compass, the pi lo t  Miatst 
if the  m1ect.d bearing l a  i n  aonfoni ty   wi th  the dirsc t lon  of f&doa ai ' .  

h e  t h a t  the T 0 - M  Indicator shorn tbs s t a t i o n   t o  be i n  h.wt of 
(""0") or &hind ("FROlb") the airplane. If, however, the mlea ted  bearing 
is the reciprocal   of   the   direct ion of e t i o n  of the airplane, tho proper 
meanlnge of  the To-From Indicator a i d  the proper BOMIW of the  C o r n  
Line Dsviation  Indicator  can be obtained  immediately by sh i f t i ng   t he  lever 
on the h t r u a s n t .  

have come f r o m ~ t h e  CAA Experimental Station, w h e r e  the in te rne t  fs piaariw Slni lar  sunpat ions  for the Omni-Bearing Selector and To-From IdLioStor 

i n  small airpTane  inatollatione. I t  is believed tht tbe O w i - B e ~ ~  
Selector  described above is too expensive f o r  m a l l  airplatma, snd th8t 
the need for conservation of panel s p o e  is not  nearly EO acute. In F&UW 
4 I s  shoan  one of the earliest forme of mi-Bearing Selector and To-Frwn 

Alroraft Radio  Corporation. The presentation  of  the To-From Indicator  is 
Indicator combinetione. This is  tkm one which has been pmdWed by the 

arrangement in which the primary end of  the  polnter  refers t o  the baring 
atraight-forward. The Omni-Bearing Selector is e simple polnter  and card 

to  which the To-From I d i o n t o r   r e f e r s ,  and the secoxidary end of t he  pointer 

of the reciprocal  bearing might be considered an a i d   t o   t h e   p i l o t ,  It may 
can be used to determine t h e  recipmoal  boarlw. Although the indioation 

be a source  of c o n h i o n   s i n c e  the To-From Indicator and the Course Line 
Dsvletion  Indicator are improperly  interpreted unless the   d i rec t ion  of 
motion  of  the-airplane agrees with  the bearing indication a t  the primary 
end of t h e  pointer. 

A form of the Omni-Bearing Selector which has been recent ly  suggested 
t o   t h e  CAA Experimental S t a t ion  by a manufacturer,  because of tha lor cosf 
involved i n  i t s  production, i s  shown in Figure 5.  I n  t h i s  Indicator,  no 

markings, since the? is a "dead" space on the  dial .  1 t . i ~  c lea r  that t h e  
attempt is made to  naintain t h e  eymmstry of compasa direct ions in t he  card 

p i l o t  would not be temptea to read  the reciprocal bearing d i r e c t l y  from 
the  poe'ltlon of t h e  pointer. The instrumsnt would, presumably, be employed 
wit.h a To-From Indicator similar t o   t h e  one shown in Figure 4 .  - I t  should 
be remarked thn t  t h i s  Omni-Bearing Selector has not yet received serious 
consideration,  but is merely one proweal of a nanufacturer. 

I n  the  instruments  discussed abovc, the primary emphasis seema t o  b e  

a80 of 'To" and "From" on the Ambiguity Indicator. I n  effect ,   the  em- 
on the  uae of ODR for f ly ing  t o  or from certain  s ta t ions,  in V i a  of t h e  

phasis is on d e f i n i n g  the p o s i t i c n  of the   s ta t ion  w i t h  reference t o  the 
a i r c r a f t ,   r a t h e r  than on the  poait ion of the a i r c r n f t  with reYorence t o  
the  station.  That is, the  pil6t must r e f l e c t ,  when presented  with "To" 
that the Omni-Bearing Selector  indicatns  the proper bearing t o   f l y   t o   t h e  
s ta t ion  If that I s  what he chooees t o  do, o r  when presented  with nFm,n 
th.$  the Omni-Bearlng Selector  indicates  the proper bearing t o  fly , h m  

bearing t'he s ta t ion  is l ike ly  t o  be l o s t  or confused a8 a consequence 
the   s ta t ion.  T h e  essent ia l  informtlon regarding h i s  present  mapetlo 

of t h i s  e f f o r t   t o  give him directirma  for h i5  future   act ions,  rather than 
merely information regarding h i s  present position. 





An e t t e m t  has been made t o  cmbine - 

a~ pictured in Figure  6,  Here t h e  Arshiwty  Indicator  is combiwd with 
of informatfoa in  an instrument d e s i p e d  by the CAA Experfnmntal Stat<&, 

the Owi-F?ee.?rin~ Selector, a d  the  movement of the s e l e c t o r   h o b  r e su l t s  
i n  the movement of the  zard  mderneatt a lubber line, rnther t h a n  the 
movement of a pointer  over a emtiormy card. An 5yerturo in the lover - 
par t  of t h e   i n s t m n t  permits the  direct   reading of the   reciprocal  bearlng. 
In  following  through t h e  p ic tor ia l   representa t ion  of the  ponaaphical  
posit ions of the  airplane and the  ODR stat ion,   the  "inbound" or "TO" in- 
dicat ion of t h e  Ambiguity Indicator is n o w  in a " d m f f   p o d t i o n  and t h e  
"outbound" or "FROW' indication is in an %p" pooition. It i s  c l e a r  
that t h i s  instrument inteplrates the inl'ormation as to   p resent  posi t ion 
and the   instruct ions f o r  future  action. Thus, if the Course Line Deviation 
Indlaator Is centemd r d t h  the  indicat ions  as  shown i n  Figure 6 ,  It  i s  . 

proper bearjnc to f l y  away f r o m  the   s ta t ion  is 90°. If the Ambiguity 
c l ea r  that the bearirq of the airplnne from the   s ta t ion  is 90° and that ths 

Indicator had pointed t o  'inbound" it would have been equally c l e a r   t h a t  

a b a a r i w  of 90' should be flown t o  approach the station. I n  shor t ,  th ia  
the   wqns t ic  beering of  the  airplane from the   s t a t lon  was E O o ,  but t h a t  

instrument  forces  the  acceptance of the ODR s t a t i o n  as t h e  basia point of 
reference e t  a l l  times, 

Course Line Deriation I n d i ~ .  Tho purpose of the Course Line 

pos Lt!.on r e l a t i v e   t o  the bearjnr: he has selccter! ae h i s  course l i n e   t o  
Devjetion Indicator i s  t,o Cive the p i lo t  information as t o  his l a t e r a l  

or from an Ofift s tst , ion.  I t  is used r?urlng the   "~ni t ia l   search  wi th  the 
Cmni-kering  Selector -to ir;dlr.ate r;ken the proper bearinp hn-. been selected, 
and, after aeslrrp-Licn of  the  deeirsrl C C U T ~ ~ ,  it mny then be used an a 
courae  indicator i n  much the snme mrner as the  Autowtic  Oirsction Finder 
is POD used. The l a t t e r  P W ~ O S O  is C ~ E O  Rewed by t h e   h i - B e a r i n g  Indi- 
ca tcr  and the Radbo Mqnat:c! Inilfcator, uoing VHF omni-bearin: data. 
T k n e  :;ill br described i n  6 ls ter  .w?.-'..'on.. 

ncw aquippepec' wlt.11 the Pl ieh t .  Path 1:evi;:t.lon Indicator of the ILS will em- 
There i s  apparently  general'agreement that large airplanes which a m  

play the  ? . O C E ~ : Z M  needle of t h i s  instrmeot as the Course Line Deviation 
Indicator,  The instrument 3s  shown i n  Figure 7, T k i s  i s  the newer type 
irbstrwnent (Typo XD-48j which i n c l k h a  "f lag  a l m s "  to warn that   lndica-  
t l on  is unreiiabls,. DevI.at%ons of the localiae~ needle t o  the l e f t  i n d i c a t e  
t h a t  II correction must be made t o  the l e f t ,  end vlse  versa, i 0e .#  t h e  p i l o t  

m d  the ae:locte.l .bewing i r e  :7 osscnt,ial egraenent and the To-From Indicator 
f l i e s  t c  tha r1eedl.P. This h o l d s ,  cf couL:~qb only when tbe  Magnetic headbe; 

shoe8 the a:?;ue'i 4 i r r e t ioc  of motlon with respect t o  ,the ODR station.. The 
bCn1:Zt.r x c d l e  C9Jl bp ' L i d  i71i,o 'tils Au'Youat.J.c P i l o t  SO that. t k e   f l i p h t  
along *,he sel.rci.u.3 bearing I s  completely .xrLnmat.lr:, .  Since  the localizer 
m d l n  1z  ~ 3 . ~ 9  m n r !  111 f:>S3cvjng the rll,ghk path ci~winp: instnunent landlrq?, 
it 1s amy s r I - a l P . i v ~  t o  course i t c s  dx; i&Lons ,  There Is some question 
:,het.her this ~in$k~wrtLWc w l l : i  be uaen ;or lrisllrlnl flying i n  a i r c r a f t  equipped 

he rrcted,, hc.wevei, t%t, m i l e n  the  Jocal lzer  needle 1s flown os a Course 
!>ith the  Hndlo bY,c,-?wt:c 1r:dicator cir Autrnatic  Direction  Binder, Xt should 

Im ine  Peviation ::rlc'icator, it j B  rlrC6S.Jel-f that   the  airplane be made t o  as- 
11.m~ khc necesm- .  . J . ? l f +  sngls ond >wading t,o r.xdk:: ,lord ti:e course line, 









i nd l  
An pre~ously 
automntic in- 

One simple 08mi-Bcaring Indicator  ia,shown i n  Figure 9* Ln t h i s  Inetrw 
dioation of t he  tearing of an ODR atation or stet lonn from the a i ro ra f t ,  

w n t ,  which is produced by Pioneer, the bear- of the ODR s t a t i o n  FRW 

l ine .  In view of the earlier dlscuaafon of the use of R-Theta Computers, 

the  bearing of the airplane the ODR s ta t ion ,  This  instrument is in- 
it would neem that this fnst.rument would be most useful Ff It indicated 

tended only f o r  bearing information, 4, therefore, may be uwd i n  Ueu 
of or simultanmusly w i t h  the Omi-Bearing Selector,  but is not intended 
t o  replace the  Course 'Line Deviation  Indicator. Eowever, it oould be wed 

, th a i r c r a f t  is shown d i r ec t ly  oc a oard which ro t a t e s  bebind a lubber 

, roughly f o r  that purpose. 

The Radio Magnetio Indicator is a oombination of one or -re Omni -  .. 
Bearing Indicators  and a magnetlo heading indicator.  It can be used 

magnetic cornpaas, The instrument is already in use In place of the ADF 
i n  some airmsft, since it m a y  be wed  with low frequency stations M 
well aa w i t h  irAF ODR stat ions.  A11 WIPe have t h e  same bas ic  design, 
although  they m a y  d i f f e r  i n  sca le  markings, pointer   dif ferent ia t ion,  etcc. 

I ,:_ 
E- 

One type is shown i n  Pigure'lO. The marked card  rotates  i n  response t o  tbe 
magnetic  heading of the   a i rp lam,  as de?,armlned by the gyro compass. Each - :. . ,  ,l, 

' . ::x. 

: ::" 

They a t  a l l  times i x l i c a t e  t.he magnetic bearing of  the  stations f r o m  the  
of the  needles is continuously  oriented toward a selected ODR s t a t i o n ,  . %  

geographical location of the   ahplane ,  klhieh may be read From t h e  card.l  

only i n   t h o s e   a i r c r a f t  equipped wi th  a remote  reading gyro s tab i l iaed  .7 

.T *~. 
~ ., 

.. 
., 

i * 
, ,  r-:: 

Jjeviatioo Irldizntor,  i f  the pilot nates Gliet. t.he magnetic bearing of the  
station and the ma@et.Lc hsadlng D E  the a i r c r a f t ' a r s  Iden-tieal (needle 

' 4  
.,,? 

i n  pointlag t o  t,h l*>bber line! ha knows t3a-b he 1s making good e course 
-' i;, 

t o  the s t a t i o n  without drj~ft, i f ,  on tine cther  h6.r.d, t h e  mapet lo  bear- 

325O, he knows that he f a  meking good the course t o  the s ta t ion ,  but w i t h  
a 10 degree drift angle of hhe oirc~mft, T ~ Q  M I  thus  provides an indioator .I 
(of somewhat less sensitivity than the Lacal izer  Haedle on the  Localiaer 
G:!lde Pa th  Indicator) w h b h  m a y  be used t o  make good a course with Immediate 
graphical and Iiumor%sal lnd!.cation uf. the d r S f t  q l e .  In  additjon, simul- . ,  

of  the plane oan be. coarputed. . ., 5 
It will be uoted t h a t  t h e  t M L  is a combination of a oontinuously in-  ! 

Thus, e f te r   tun ing  t o  m OCE station an6 centering the Course Line 
x< ... 4 

3: 
, . 1. 

~~I 

,, ~ 

~, i 
; J 

ing of the  stetion is 3i5O and the mgmtic heading of t he   a i ro ra f t  is , ~ .- :. :g. 

. , ~  .-: 
~ . L> taneous presontetion  of the bem4ngs of two ODK atations  has  obvious advan- . .  ,'+ * 
j. ~ ;. t a g e s  i n  the   ds te ru lmt ion  OZ a nf lx"  i n  terms of which the  exact pos i t ion  . E _,., 

1 . 
, II 

.. 

d i c a t i r e  Onni-Bearkg Converter, and +.ha mapnnt5.c compass. Althouph, it 
is p s u l b l c  t h a t  zhe pi1c. t  m y  nfly'; the CUR needle, it is w r e   l i k e l y  
t h a t  he w i Y Z  f l y  the "card" af ter  i m s r h g  d7~tarmioed proper heading . .  
t u  mbe p o l ;  b€s  cour98 t,o ?.he stat inn,  In t h a t  event, be u i U  tu rn  .- $ 

' : 3 !  -~ 31 
~ . ., 

---------------I _. ~.l.l~ ~ ._-I.--,-_- __ - 
'". d 
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,~ d . 1  
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',' 1." 
-transmi ttar into s d i f f e r e n t i a l  In m D m i .  Esarlng  Converter auch tha t  
t k e  dlfferen2.e botwnen tha OllR henring and ti23 magnetic  heading i3 de- 
termifid, 1% 1.3 .this d i f fe ran te  which 1 s  lmpmed on t h e  needles of 
1. . x  P K  ?. 

%his 1.s s?compiiahed by- ?:'ceding t,hu rltitput; d the magnetic compass 

$ 
,. 

I 7% 

~ '5; 1' 
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t o   t h e  lef t  t o  correct for a deviation of t h a t  heading to tha l e f t  
(counter-clock  wfse) on t h e  card. Some competent. Instrument  pilots 
maintrmin t h a t  they all1 prefer  to "fly" the  mI, ra ther  than the C o m e  
Line  Deviation  hdizator,  , 

SUCGESTED Dm INSTRWNTS 

Instrumentation for the  Dlstanco Measuring Equipment is e c s e n t i d b  
simple. The cumber of milea from t h e   a r c r a f t   t o   t h e  M(E s t a t ion  is the  
only information  required. T h i s  is usually  indicated on a d i a l  which 
has a maximum indLcatfon  of  120  miles, It is desirable  t h a t  distance 

now accura te   to   be t te r  than 2 1 mile, Two types of LBE instruments which' 
indications be made as f i n e  as 1/5 mile,  although  the readings are not 

employed by the CkA Exprimental Station,  the p o s e  scale  extends f r o m  
have been  seen are shown i n  Figure 11. I n  the first, whiah i s  current ly  

0 t o  120 miles, and a fine scale,  covering  the same e x t e n t  of t he  inntru- 
ment face,  extends from 0 to  12 miles. After the   p i lo t  has come within 
the  12  mile  range, he manually snitches  the  instrument to t he  f i n e  acale, 

Radio Company, the same fineneas of reading is obtained for a l l   d i s t a n c e s  
I n  the second, which i s  current ly  employed i n  a C-47 owned by the Collins 

up t o  120 miles by usicg one hand for t e n  mile s teps  and a second hand for 
one mile  steps, T h i s  double hand aystem hr ines  t o  mind the  research of 
the Barr, Medical Laboratov on the  accuracy of readings of standard 

an  excess of er-oneous interpretat ions when t'no large uni t  hand is i n  the 
al t imeters ,  In which It has been shorn. t h a t  the double hend system  produces 

n i n g  1.0 eleven  oqcioc;t poslt lon,  

. > r  
i 

I 
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PSYCHOUXICAL PROBLEylS I N  ODR-D#E 1NSTRMIE:NTATION 
~~ .i. .p. .' 

f. 
i 

It would appear that the  siajor psychological problem i n  the deoign 
cockpit  instruments for the  w e  of Om, Dm, adR-Theta  Coaputers is 
the frame of reference  to  be given primary emphasis, dithough t h i s  
problem involves  particularly  ths design of the Omni-Bear)lg Selector  
aad its associated Ambiguity Indicator, It is  a l s o  involved in the  design 

I lape t ia   Ind ica tor .  On the  one hand the design and label l tug of some 
of  accessory  equipwnt  mch as the Od-Rearing ludicator and t h e  Radio 

Omni-Bearing Selectors and AmbLpity Indicators  appear t o  emphasize in- 

approaching a s t a t ion  or going amy Prom a s ta t ion ,  Thla  i s  epitomized 
s t ruc t ions   t o  the p i h t  regarding the  proper  courso line t o  follow i n  

the  consequent equal emphasis on "bearing frm an 'a l rplane  to  a s ta t ion"  
i n  t h e  labellin? of the  Ambiguity Indicator as a "To-From Indicator," and 

snd "bearing of 811 airplane from a station." T h i s  emphasia is, of  course, 

dicator  has the  proper  sensing  only  when'the  actual c o m e  l ine  of the  
urderstandable when it is  remembered that the Course Line Deviation In- 

airplane is congruent a i t h ~ t h e   i n d i c a t i o n s  on t he  To-From Indicator. 

On the   other  hand, it is posaible  thnt this emphasirr may l ead   t o  con= 

posit ion w i t h  reference t o  a s ta t ion ,  s ta t ions ,  or a a,.stem of polar COD 
fusion when the   in ten t  of t h e  p i l o t  I s  merely t o  determine and sta te  his 

o d i n a t e e ,  in which case he s'uould tmifnrmly state hie  poait ion  in  terms 
of bis magnetic beAring from a s ta t ion  o r  s'?ations. Such cmfusion  could 
easi ly  lead .to mlsstatenent of  posit ion f o r  purposes of t ra f f ic   cont ro l .  
It is no-ieworthy t h a t  such  misstatements 3 f  posit ion,  In  response t u  
queries frcm t r a f f i c   con t ro l  opra t ,o re ,  would Rave no immediate  consequencee 
which  would cs l l  the error t o   t h e  et.tenLion of the   p i lo t ;  whereas, if  "bear- 
igg 'i'mm R atation" should evi.1' h e  misunderstood in  the  plannin?  of  the 

~ i t h l r ,  the cockpit chick ?;omlrl incli-ete the need f o r  correctton. Among 
course o f  a c t i o l  sf the cirplane, ttem ars numercu3 sources of information 

thsse  are  1,he reverse sensing of the C o u ? w  Line  Deviation  1ndica.tor' and 

anzle considered) and the Omni-Beariq SBTcctcr md b b i g u l t y  Indicator ,  
the lack of agrement belh+een the various  heading  indiuatcra ( w i t h  d r i f t  

it m u i d  seem, as R consequenan of :,;:&e coueldesat.:ons t . h a t  lnvest i -  
p t i o r l s  E= required t o  de%ermine t h e  ad#mt.a::ee anii dlsadvantqes  of the 
! Imi-bar ing S a l e ? t x s  mu P.,UIJ::!  Lty Indicators wt.ich depend heavily on 
the pi~lot 'e  conceptualization of his pr-oh).w an2 those, l ike  the one shown 
in Figure 6, in   zhlch an attempt is m d e  t 3  combine i n  a pictorial   presen- 
tat,ion t,h5 positim and course of actlorl jf' the airplane. The same problen 
should, of course, he cons!dered In  the design of fhe Om€-Rearirq I n d i -  
Sator and the Hndio-Warmtic Indicctrsr: dtlmqh ?n these  cases  there may 
hn t h e  specinl problem of  thn  effcztB of  prior use of the BDF. In f ac t ,  
3lnce  the psych3lugicnl problem, as stated, is sne wbich is involved i n  
the deelgn of -11 the   es tab l i shed   or i rn ta t5on   Ihs t rmnte ,  sunh as t h s '  
t"enrti- IJoapa8sp the  r i irectlomi Gwo: m d  the IIDF, it is proper that 

,i!ivestigatiorx e?compa.a~ t,he entire prdblem of t.he msC ef fec t ive  
mnrjos of display o f  bea;.ing and boading !.nf'czmtl~on.  Important methuds 
of evaluat:on twuid be In terms o f  tha ~Xl ' f iculcy of t ra t rdnf:   to  a cer ta in  
stancard 3f accxacy  and tho l're,!uenc;g c>.f crmre of ir:tc;rpret<ation .after 
a+.,si,darti omrmntr Lrr_j.nl ne 
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doubtedly'an  important one, is tha  determination of tbe specific lnanner 
of indication which is least. l i k e l y   t o  r e s u l t  in error, As may be meen 

t o  be M current  information which would lead one t o   r e j e c t  an i n s t m n t  
from the  description of the proposed Omni-Bearina Selectors, them aesm 

in whlch the card t u r n s  beneath a lubber  l ine,   in  favor of an  in s t ru r sn t  
i n  which a polnter moves over  the faos of B stat ionary cmd, or vice versa. 
Mor is there  any certainty  that   the  simple nuosrioal indication of bearing 
by a counter type instrument is necessarily  superior or i n f e r i o r   t o  thi, 
d i a l  type o f  indicator in which there  is a t  least some s i m i l m i t y   t o  other 
"earth  orientationn  instruments and perhaps sow, aid t o  viuual isat ion of 
the  posltfon and f l igh t   cowse  of the  airplane. 

A yecondarg problem i n  the  dealgn or such instruments, a l t h w h  UF 

I n  the  desigr. of the Course Line Deviation  Indimtor, it l e  c lea r  
that thought hss been molded by the already present Flight Path  Deviation 

Indicator,   chiefly because it seems more na tura l   to  present the   deviat ion 
Indicator, However, in t h i s  case  thore is widespread criticism of that 

of the  a i rplane from the intended l i re  of f l i g h t  than t o  InZioate the  
deviation of the  intended l ine of F l i p h t  from the airplane.   In the  forrkr 
< m e , .  one  would f l y   t o   t h e  ri6yh-t ,;a bring the  symbol of the  airplane back 

1att.er and standard casep one f l l e s  to t h e  l o f t   t o  move the aenter l h ,  
to   the  :enter l i ne ,  whick represents t h e  intended l ine  of flight; In t he  

which represents ths a i r c ra f t ,  over to  the  intended line of f l i gh t .  The 
same type of problem is, of course. present in the  design of the Attitude 
Indicator. Wi th  t.he present,  interest of CAA i n  the extension of ODR in- 
strumentation  to d l  aircraf t ,   both large and w a l l ,  perhaps the  moment 

f l  ight  instruments. 
is propi t ious  to  apply psycblogioa l   p r inc ip les  I n  t h e   d e e i p  of the basic 

A t h l r d  p n e r s l  problem of some moment i s  the  matter  of  oombinatiom 
of indicetorn. The combinations which have been propomd in conneotlon 
wi th  the ODR seem, for the most p a r t ,   t o  be reasonable and probably 
productive of more e f f i c i en t  performance. The neceasary  peycholoEics1 
interdependence of the Ambiguity' Indicator and thv (hrmi-Bearing Selector 

the Rk:I seems,to ke a prcductive.combination of informetion, in t h a t  heeding 
strongly argues f o r  these k i n g  combined in to  a alnple indicator,  Aga.h, 

and omni-bearinr  data am inteprated in a way nhich  re l ieves   the  pi lot  of 
certajn computations and mininizes his division of attentton. On the other 
'hand. the composite  instrument proposed by t he  DSAF (Figure 8) may con- 

The most favorable  conditfon of Its u8a would probably be when t h e   p i l o t  
ceivahly  result  i n  a decrement in efficiency under nome circummtance80 

EBB homing on the   s ta t ion   to  which thr  Omni-Rearing Selector wae tuned, 

ment f o r  an ILS I n n d i n g ,  or when the  f l ight   course be- followed on the 
Bu t  a disturbance of performance  mipht  occur during  tlie u o  of the instru-. 

localizar  needle i s  an off-set  course s e t  up by a course  computer, t p d  
oot the course  defined by the  OImi-Dearing Selector,  

I 

OUR and DBBE oquipraent are bmad i n  nature, and demand basic  research  on 
Although recognizing tha t  the  psychological problems pertaining to 



, 

t he  peychologfsal asFects of a i r Q r a f t  equipment design, it may be of in- 
te res t ,   in   recapi tu la t ion ,  t o  l i s t ,  as  follows,  certain of the spec i f ic  
problems  involvLng the human element which this prelinin-  survey  has 
uncovered wl th  regard t o  these  instruments. 

I . .  ,,. . . 'Y#. 
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. '1, 

6. 

s t a t ion  should be given  primary  emphasis i n  the deslen . ,  
1' 

of cockpit  instrumedts for the use of ODR, D E E ,  and 
R-Theta Computers7 

~, 7, .I 

. . ~  

I, V:hat "frame> of  reference" in terms of o r i en ta t ion   t o   t he  
r 
r 

!$ 

2. Rhat I s  the  relative  tendency fo r  error i n  interpretat ion 
and action i n  var ious   charac te r i s t fc   f l igh t   s i tua t ions  
when the colsponents of ODR navigation are i n  aeparata 
inst rwmnts  or combined i n  a single  instrument? 

. ,  ~ , ,  

3. Is there  any dlfference in the   i n t e rp re t ab i l i t y  of bear- 
ing and heading instruments in which the  card t u r n s  be- 
neath a "lubber Line" and instruments i n  which a pointer 
uoves around a circulaF card? 

.+: 
3 
? 

. ~~ 3 

L ,  P h a t  differences In effectiveness  are  there between ln- 
_ .  . ,r 

s f m e n t s  ahic.1 prcsent information  throueh a oounter  
type of diloplay as  compared r i t h  instruments employing 
d i d  t y p e  display and/or what types  of  information can 
most effect ively Lw presented by each of these  respective 
rnetltods? 

1 i 
, I  
Id .. .,a 
, d 4, 

I 

. ,  
J 

~~ .~ 

, ~~, 

, 
c. 





, .. 






