
A PRELIMINARY STUDY OF OPERATIONAL 
ADVANTAGES OF PICTORIAL 

NAVIGATION DISPLAYS 

BY 

Fred S McKmght 

Navlgatmnal Alds Evaluation Dw~s~on 

Techmcal Development Report No 241 

Prepared for 
The Au Navlgatlon Development Board 

Under 
PrOJeCt No 625 

by 

CIVIL AERONAUTICS ADMINISTRATION 

TECHNICAL DEVELOPMENT AND 

;;+5lj EVALUATION CENTER 

INDIANAPOLIS. INDIANA 

June 1954 



U S DEPARTMENT OF COMMERCE 
Sfnclafr Weeks, Secretary 

CIVIL AERONAUTICS ADMINISTRATION 
F. B Lee, Admnmstrator 
D M Stuart, Dnector, Techmcal Development and Evaluatmn Center 

TABLEOFCONTENTS 

FOREWORD 
SUMMARY 
INTRODUCTIO-N 
GENERAL DISCUSSION 
TERMINAL AREA 
EN ROUTE AREA 
ERROR FACTORS . 
CONCLUSIONS 
ACKNOWLEDGMENT 

Thfs 1s a techrucal mformatmn report and does not 
necessarily represent CAA policy In all respects 

<* _ 

The An Navlgabm Development Board 
Under 

Prqect No 6 2 5 

Page 
1 
1 
1 
3 
4 

10 
18 

CIVIL AERONAUTICS ADMINISTRATION 
TECHNICAL DEVELOPMENT AND EVALUATION CENTER 

INDIANAPOLIS, INDIANA 



A PRELIMINARY STUDY OF OPERATIONAL ADVANTAGES 
OF PICTORIAL NAVIGATION DISPLAYS 

FOREWORD 

The Al= Navlgatm” Development Board (ANDB) was establlshed by the Departments 
of Defense and Commerce xn 1948 to carry out a unlfxd development program armed at meet- 
~“g the stated operatIona requrements of the common mllltary,’ clvll air “awgatm” and traffx 
control system. This pro,ect, sponsored and financed by the ANDB, IS a part of that program 
The ANDB 1s located wlti” the adilllrYstratxve framework of the Clvll Aeronautics Admxus- 
tratlon for housekeeping purposes only. Persons deslrlng to co-urucate with ANDB should 
address the Executive Secretary, Air Navlgatm” Development Board, Cl-1 Aeronautics 
Admxnstratmn. W-9, Washlngto” 25, D C 

SUMMARY 

I” the preparation of a” evaluation program for the Types III. IV, and V plctorlal com- 
puters, a study of posslble applications of these navxgatm” &splays to operatmnal problems 
was requxed This report xs, as Its tztle Indxates. a prellmrnary study of operatmnal advan- 
tages of plctorlal “avlgatm” displays wrth partrcular emphasx on applxatmn to air-trafflc- 
control problems. 

When compared to conventional symbolx lnstrumentatmn for &splayng navlgatmn 
informatmn. the plctarial &splays appear to have three prm,ary advantages 

1. 

2. 

3. 

Contmuous usable navlgatio” Information of a11 axspace wattin radm range of the ground 
facllltles 1s supplxed to the pzlot. A pllot 1s not restrlcted to flymg ra&al courses from 
ground racho ads as he 1s reqlured to wxth present forms of instrumentation. Savings 
I” flrght tmw are possible where xncbrect courses have prevmusly been required. The 
most effective air-traffx-control patterns may be developed with a more expetitmus 
flow of traffic bemg realxzed in many areas through greater use of lateral separatlo”. 
The “avxgatm” workload on the fhght crev, 1s materially reduced I” the plctorlal com- 
puter. a posltlo” ~“dzcator contxnuously tisplays the posltmn of the arcraft on the aero- 
nautxal chart. The complex mental calculatmns and the vlsualxsation of positmn re- 
qlured by conventmnal lnstrumentatro” are elxnlnated Ttis simphfxcatmn should 
contribute to Improved safety of operations through ellmmatmn of human error. In 
emergencres, flight crews ~111 be able to devote more of their tm-.e to other duties with 
a mlnlmm navlgatm” workload. “Lost-arcraft” incidents should be reduced to a 
minimum. 
A reduction I” the number of ground radm ads required should be possible If most air- 
craft are eqrupped with prctorlal navigatvx, &splays. In present lugh-den&y traffic 
a=erts, many ad&tm”al ground radm ads are reqrured to provide radml courses for the 
parallel or near parallel axways. This dupllcatio” of facllztzes could be reduced If al*- 
craft could fly offset courses, as 1s possible with plctorlal navlgatm” &splays. 

In this report. the effects of possible “avxgatmn errors I” the use of plctorlal navigation 
&splays with very-tigh-frequency omnira”ge/dlstance-measuring eqrupment (VOR/DME) 
faclhtxs are discussed and are compared wth present methods of navlgatmn. A formula to 
determme spacing between ad,acent flight tracks I” terms of distance from the VOR/DME 
facikty 1s also developed. 

INTRODUCTION 

The Ax Navigation Development Board l,utfated Pro,& 6.2.5 vath the Techmcal Devel- 
opment and Evaluatmn Center I” order to evaluate three types of plctorlal computers from the 
standpants of equipment performance and operational use. Two of the ObJeCtlves were 

1 To determine the advantages of the pictorial computers when they are used by the p&t 
as a” aid 1” the terminal area in carrying out the instructmns of the controller under 
both visual-flight-rule (VFR) and ~“strument-fhght-rule (IFR) con&tmns when the pilot 
1s using (a) standard traffx-control procedures and operations and (b) improved trafflc- 
control procedures and operatmns 

2 To determme the advantages of the pictorial computers when they are used by the pilot 
as a” aid to en route nawgatio” under both VFR and IFR con&tmns when he 1s usrng 
(a) standard procedures and operating techniques and(b) improved procedures and 
operating techruques. 
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All three plctorml computers have a common basic prn-aple ,n that they display 
ommbearlnz-&stance xnformatmn in the form of a pxtorml &splay with the posItIon of an azr- 
craft platted dxectly on an aeronautxal chart by aposztu~n lndxator. This method of &splay 
of navlgatxx,al lnformat,on differs fundamentally from previously used methods. The 
development of these computers, or displays. ,s covered in d&all in prevmusly publlshed 
reports.1,2,3 Although the orlgmal developments and studws on this type of arborne eqmp- 
ment used the term “pxtorml computer” in the titles and to describe the eqlupment, the trend 
in Ratio Techmcal Committee for Aeronautics (RTCA) Specml Committee 54 and at thx Center 
1s to refer to them as “plctorml displays” because this phrase describes more accurately the 
functmn 01 the eqmpment. 

In the preparation of an evaluation program for the Types III. IV, and V Plctorlal Com- 
puters. there was reqlured a study of the possible applxatlons of these navigational &splays to 
operational problems, v&h partxular emphasis placed on the applxatmn to ax-traffic-control 
problems. Part of this material 1s based on a paper presented to RTCA Special Cammlttee 54 
by Mr T. K Vxkers of this Center, and part IS based an two reports publlshed by this 
commlttee.42 

Fig. 1 Parallel Departure Track in Mcunta~nous Terrax, 

1 
Logan E Setzer, “The Type III Portable Pxtorml Computer, Part I. Development and 

Initial Tests.” CAATechmcal Development Report No 172, October, 1952. 

2 Logan E. Setzer, “The Type IV Rotatable-Panel Plctorlal Qmputer. Part I, Develop- 
ment and Imtlal Tests,” CAA Technical Development Report No 195, April 1954. 

3 Logan E. Setzer and Paul H. Leake. “The Type V Pictorial Computer with Automatic 
Chart Selectron, Part I, Development and Imtml Tests,” CAA Techmcal Development Report 
No. 199. June 1954. 

4 RTCA Paper Zlb-52/SC54-6, dated November 13, 1952. 

5RTCA Paper 217-52/SC54-7, dated October 8, 1952 



Wg. 2 Bypass Track Around an Airspace Restrxted Area 

GENERAL DISCUSSION 

Perhaps the greatest advantage of pxtorial asplays is the contmuous mdxaticn of 
posltmn lnformrrtlon in all airspace m a simple, direct form. When flymg m terrmn-problem 
areas or in congested-traffic areas where courses must be strxtly adhered to for safety, the 
pilot needs rapid. accurate, and smnple presentation of navlgatmnal data. Methods used by 
slower vehicles m surface transportation for determining posltmn and course correctmns 
required are normally too slow for use xn high-speed aircraft In all of the commonly used 
aircraft ratio-navigation systems and methods of lnstrurnentatlon such as the low-frequency 
(LF) range, automatic &rection finder (ADF). and VOR. a pilot is restrxted to flying duect 
(radial) courses to or from ground ra&o stations. This restrxtuxa 1s a natural result of the 
~lted navigation information continuously available. Only on radial courses does the pilot 
have mnme&ate indications of course devlatton ta right or to left. 

The pictorml &splay permits the flying of any course desired It 1s as simple to fly a 
deared track by-passing a ground radio station ten miles to the right as It 1s to fly a track 
Cllrectly to or away from that statlo*. Tlus ablllty can have an apprecmble effect on air-traffic- 
control procedures. Greater use of lateral separatwn can be made in many areas with a 
reduction in delays to aircraft operators. 

Another operational advantage galned by the use of plctoruJ displays is the abihty of the 
pilot to navigate to any auport within range of a VOR/DME station. At the present tune. only 
the major auports and turways are adequately served with radio ads With the pictorial 
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&splay, a pllot may easily navlgate to many more airports. This should be particularly 
advantageous for corporation-alrcraft operations, for some military flights, and for the private 
p11ot. - 

The pzctorml-&splay presentatmn of nangatmnal information 1s simpler than that of any 
other system developed to date. The location of the aIrcraft over the ground 1s presented 
directly on a chart by a poslt~on indxator ~0 mental interpretation of instrument data or of 
aural signals 1s requrred. In prewous systems, the pilot was reqlured to mentally translate 
aural-range signals and visual in&ca+a3ns of hea&ng and of bearlng m order to locate hrs pOU- 
tmn on a chart. The pictorial &splay accornpllshes tis job automatically The mental work- 
load of the pllot should be rnaterlally reduced, particularly when numerous changes of course 
are reqlured as xn terrrunal-area flying. 

Most of the navlgatmn information needed by the pilot can be provided ln one instrument 
when the plctorlal display 1s used. DIrection from a station. distance to the statmn. &stance to 
the airport, and positron with respect to the desxed track over the ground are all presented to 
the pllot. Heating mformatmn is also Included on some plctorlal eqrupment. Fewer mechaNc*l 
mampulatmns are requxred of the prlot. It is necessary only to select and to Insert the proper 
chart 1n the pictorial &splay, It 1s not necessary to select desired ra&als and to adlust ornx~- 
bearing selectors as courses change 

Use of the pictorial &splay should almost eliminate “lost-axcraft” incidents. When 
these madents occur during heavy-trafhc con&tmns, other flights are delayed and hazardous 
traffic sltuatxons develop because of lack of position mformatmn from the lost axrcralt. S~U- 
larly, many accidents m mountarnous areas have resulted from pilot errors m mterpretmg 
navigation mformation It 1s believed that the plctorlal &splay ~111 reduce the number of such 
lncldents by virtue of Its simple presentation of posxtion mformatwn tirectly on h chart. 
S~ilarly. m emergency situations such as occur wxth malfunctmning power plants or 1p severe 
lcmg contitmns. the pIlot ~111 be free to devote most of bs attention to the aircraft with a 
minimum of tune required for navigation 

Use of plctorlal displays ~111 reduce the number of ground radm ads required, vath a re- 
sultant savtngs to the Government If arcraft are equipped wulth plctorlal equipments, VOR/DME 
stations can be Installed in the most advantageous locatmns to provide maxxnum radm hne-of - 
sight coverage Present sltrngs are made with respect to alrports and exlstlng axways and 
frequently do not provide the desired coverage m terram-problem areas 

Equipment savings m the arcraft are also possible. Ommbearwg-selector (OBS), 
omnlbearlng-lndlcator (OBI), DME, and ADF mstrumentatlon and LF and fan-marker receivers 
can be ehmrnated when adequate fall-safe operation of plctonal-display eqmpment 1s assured 

The following sections of the report suggest some possible improvements wuluch could be 
made m air-traffic-control (ATC) procedures If aircraft were eqmpped with pictorial &splays 
and If the VOR/DME system were fully implemented. As wider knowledge and more experxence 
is gamed with this eqmpment, other uses will suggest themselves. A sectmn 1s also devoted to 
a discussion of errors m the use of the ornrnbearing-distance (OBD) system with pictorial 
display. 

It must be recogmzed that many of the traffic-control procedures outlined herein are 
more applxable In scune areas than m others. For example, m some of the hrgh-density-traffic 
areas today, a multiplicity of ground ratio aids permlts use of practically all of the available 
airspace. Even though OBD faclllties were available and some arcraft were eqmpped with 
plctorral displays, these arcraft would probably have to conform to routes in use by the majority 
of flights in order to perrmt reasonable control of traffic. However. as more and more rurcraft 
became eqlupped with plctorxal &splays, some of the ground facllitaes could be turned off and 
routes based on use of the OBD facilities wltb pictorial &splays could be establlshed. It should 
also be recognized that in many areas of the country ground navigationa> aIds are lmmted m 
number and that new, improved procedures could be mnplemented mxnedmtely to reduce ATC 
delays and to provide better on-tune performance for the entare system. Large econormc 
savmgs in urcraft flight time could also be realized. 

TERMINAL AREA 

Departure Patterns. Departure Patterns. 
Adrhtlonal departure tracks will be usable with nawgatlonal guidance avallable in all Adrhtlonal departure tracks will be usable with nawgatlonal guidance avallable in all 

airspace. Flights no longer need be restricted to the following of radial courses from ground airspace. Flights no longer need be restricted to the following of radial courses from ground 
radio aids such as LF radio-range legs, VOR radials, or ADF tracks to and from hommg (H) radio aids such as LF radio-range legs, VOR radials, or ADF tracks to and from hommg (H) 
markers markers With pictorial displays, there are no restrictlona on the &rectaon of tracks With pictorial displays, there are no restrictlona on the &rectaon of tracks Courses Courses 



Wg 4 Angular Departure Tracks 

may be m the most suatable dxrectmn x&bout respect to the locatron of the ground radm aId 
Ad&tlonal departure tracks makmg use of amspace unused at the present hme can be set up 
at many arrports to avoid inbound traffic and en route airway traffic 

Plctorm.1 &splays ,a11 permt more efficient use of avallable airspace where terraln 
features or airspace restrIctions are important consaderatmns. In many areas, particularly 
>n the western part of the country, airports are located in valleys with hgh terraln on one or 
both sides. Most of these locations are served by only one radio-range statmn, and IFR flight 
must be conducted along one course defined by the radio-range leg. As a result, m-y ATC 
delays occur even under hght-trafhc contitmns. If an rnbound aircraft 1s usrng tbe one cou=se, 
a departing alrcraft must wait on the grw,-,d w&l the Inbound alrcraft has completed the IFR 
letdown. Use of VOR wvlll m,prove tins situation by provldmg additional well-defined tracks at 
angles to the main conrse. However, where angularly dwergent courses cannot be used effec- 
tlvely because of terram, the pictorml &splay will nx many cases permit use of a track parallel 
to the man course in order to permit two-way operation Fig. 1 shows such an appllcatlon 

In other parts of the country, danger areas, cautron areas, or prohibited e.reas require 
aircraft to fly circuitous routes to avoid tis restricted airspace. Wltb the limited navr@.ional 
aids wallable, many smgle-lane airway@ exist, agam causing delays to departing traffic. 



Fig. 5b Pictorial-Computer Approach Chart 

In many places the pictorial display will permlt more tlmn one track to be used around a 
rebtncted area. Lateral separatmn can then be used between opposite-directmn traffic 
durmg clanbs and descent6 and wxll result m large reduction m delays Such an appllcatmn 
16 dluserated in Fig. 2. 

Pictorial *splays will also pesmlt safe IFR navigation from many more airports. 
Present radio navigatioml ads generally serve major airports only The plctorlal display 
will permit navigation from any amport within reception range of the OBD facility. The 
most deslrable departure tracks for all airports m a given area may be set up to elmunate 
~0dkth~ in traffic-now patkrn.. Tbie simplification will result in a more expetitmus 
movement of traffic in many c*seB. Fewer ground radio aids will be required. 
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Any desirable configuratron of departure tracks may be used when alrcraft are equpped 
wzth pxtorlal &splays. Parallel tracks are one posslblllty Parallel departure tracks ~111 
pernut arcraft gwng in the same &rectxm to chmb to cruismg altitude with lateral separation 
and with a mu,xnurn of delay. Today, arcraft are frequently delayed by waltlng for longltudlm1 
or vertical separatzon or by assignment of a clxnb-out on some course in a tifferent chrectlon 
than desxred These advantages of parallel chmb-out tracks are shown 1n Wg. 3. 

P,lots using pxtorml dxplays may fly angularly dIvergent tracks from any pant and III 
the most sutable dIrectIon At present. angularly dIvergent tracks must be flown as radial 
courses from ground rad,o ads These ads frequently are not m the best locatmn to provide 
the mast suitable tracks over the ground No such 1,rrntatm.x exists with the plctorlal d,splay 
For example, divergmg departure tracks could be set up from a pant one or two miles off the 
end of each runway to pernut the estabhshment of lateral separatmn u,,med,ately after take-off, 
as shown in Fig 4 

Present LF-range and ADF procedures requre at least 45’ divergence between course= 
for lateral separatmn. VOR and pxtorml displays should pernut the use of 15’ course diver- 
gence for lateral separatxm, thereby pernnttmg a much higher density of alrcraft movements 
In a given airspace. 

Approach Procedures. 
For urports close to the VOR/DME faclllty, pxtorlal displays should permit. wlthm 

certain weather lmntatlons, Instrument letdowns to any runway. Present ads generally permlt 
an Instrument approach to one runway only and necessitate the clrcllng of arcraft underneath 
the overcast for landings on other runways. Although the plctorlal display wlU not permit low 
approaches wth the accuracy of the Instrument landmg system (LLS), letdowns to crrcllng 
weather mmn-na can likely be made from any duection of arrival. Arcraft would no longer be 

6 Dxrect Transition Paths ~11th Pictorial Computer 
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required to proceed to a radlo-range statmn or to an ILS before starting mstrument approaches 
Instead, they could let down straight to the alrport from any chrection with a consequent earller 
arrival tnne and speed-up of traffic See Figs 5a and 5b 

When mmlmum weather condltlons exist and the ILS must be used for approaches, plc- 
torw.1 displays ~111 permit the most d,rect transltmn procedures from all en route airways 
to the IL5 course Pllots will be able to lme up Inbound on the US course wlthout the necessity 
of first checkmg over the outer marker, then proceedmg out away from the alrport. and fmally 
makmg a procedure turn before startmg Inbound on approach This s,mpl,flcat,on I” transltlon 
procedures, as shown m Fig. 6, should save many mm&es of flymg time and should speed the 
arrival of subsequent flights 

The use of plctorlal displays should permit lower m,t,al-approach altitudes ,n many 
cases and should reduce the number of terram-clearance fan markers reqrured Under many 
weather condxtlons, lower mltlal-approach altitudes will permit axcraft to establish visual 
flight rules earher and ~111 expedite the arrival of subsequent fhghts. as Illustrated ln Fig. 7. 

With the use of plctorzal dxplays, it should be possible to defme approach paths for let 
alrcraft away from other aIrcraft traffic patterns m order to permit accurate control of these 
flights with a mzumum of confllctmn with conventional-aircraft traffic flow When present 
facllltles are used, jet letdowns frequently must be made through the same axspace used by 
all other arcraft This leads to dIsruptIon of normal traffic flow es well as to delays of both 
,et and conventIona traffic. 

Plctorlal &splays ~111 also permit use of multitrack approach systems wherem the pllot 
1s asslgned a speclilc track to follow from the holdmg fu to the fmal-approach course In thlS 
system, tracks are selected to provide separation from other axcraft on approach and to per- 
mlt the maxxnum traffic flow This system, whwh has been tr,ed by ATC snnulatlon, promlses 
Improved over-all efflclency of approach tlmmg, a decreased workload on ATC controllers, and 
a large reductxon I” air/ground communxatlons As a result, safer and better control is pro- 
vlded with more consistent mtervals between approaches over a long permd of time. Fig. 8 
illustrates the multItrack approach system with a path for letdowns of ,et arcraft 

One of the problems ln air traffic control by radar 1s proper ldentlflcatlon of arcraft 
Plctorlal displays will permit more rapid ,dent,flcat,on of flights by glvmg the pllot continuous 
fu mformation The pllot, m turn, can advzse the controller of hx posltzon at any time Instead 
Of waltmg until he 16 over a ground radm ad 

In radar-control procedures, flights are vectored by the controller from known fixes to 
the IL.5 course m order to provide the desired separation from other traffic. To obtam the 
fleubllity necessary for proper spacmg on fmal approach, pllots cannot stay on normal navi- 
gatlon courses during this transltion procedure. Pictorial displays will provide continuous 
posltlon mformation to the pilot durmg such maneuvers. Tlus would be very desirable m the 
event of ratio fallure. 

Hol&ng Patterns. 
Plctorlal &splays will permit better utllizatlon of airspace for holdmg patterns. With 

present navigation ads, holdmg patterns are flown on a tie basis, as shown m Fig 9. Transl- 
tlon procedures for entermg the pattern and the possible effects of wind require large areas of 
buffer axspace for safety. With plctorlal &splays, holdmg patterns may be defined males 
rather than in tnne, and the desired pattern may be drawn on the plctorlal-computer charts. 
Thrs procedure 1s illustrated in Fig. 10. It unll be simple for pilots to fly along the deslred 
track shown on the chart. A reductmn ln buffer-axspace reqlurements should be possible for 
patterns close to OBD facllltxs. 

In tlmed-approach procedures, pictorial &splays should permat pllots to leave holdmg 
pornts at the desired time with better accuracy. Plctorlal displays will also permit the holding 
of aircraft at any geographzc point and m any desmed pattern. Present LF-range and ADF 
eqlupmentpermltsthe bolting of alrcraft only at ra&o fixes defmed by ground *a&o ads. The 
use of VOR and DME wulth conventIona mstrumentation 1s more neuble and permits holdmg 
between specified radial courses and mileage readmgs. The pxtorial display will permit com- 
plete flexibility for holding at any desxed point and m the most suitable pattern without 
necessltatmg the flying of radial courees from ground radio aIds. 

Hol&ng of aircraft Fn adlacent patterns at the same altitude will also be possible. This 
will be particularly advantageous m bad weather conditions, such as durrng thunderstorm 
activity, or In icing conditions. Multiple holding at the same altitude wall1 free other altitude 
levels for use by departmg and en route airway traffic Possible patterns are illustrated in 
Fig. 11 



10 

Fig 9 Dunens~ons of Holdlng-Airspace 
Reservatmn (Area 133 Sq MI ) 
for LF Navlgatmn System 

ENROUTEAREA 

In the en route traffx-control area, there are three basic types of air traffic-control 
problems These are 

1. Overtake problems. that 15, those problems associated with arcraft going in the same 
&rectum on the same route. These problems develop ( ) h a w en tigher-speed axcraft 
are followng slower axcraft at the same altitude and (b) when aircraft are cllmbmg 
or descendmg through altitude levels occupied by other aircraft ,qolng III the same 
mrectmn 

2. Opposite-dlrectmn problems. that IS, those problems associated with alrcraft going in 
opposite dIrectIons on the same route. Normally, opposite-dxectlon trafhc 15 assigned 
alternate altitude levels for cru,s,ng Problems develop when arcraft desire to clunb or 
to descend through altitude levels occupxed byother arcraft gomg Inthe opposite d,rectmn 

3 Crossing-course problems, that IS, those problems assocmted with aircraft on &fferent 
routes that are crossmg or ccnvergmg. Problems exist when axcraft are at the same 
==ruslng altitude or when erther or both arcraft are changmg altitude levels. 

In en route air-traffic control, most control problems occur when iurcraft desire to 
change altitude. Modern pressurmed hrgh-altitude arcraft frequently traverse more than 75 
miles m cllmbmg out to crlusrng altitude. Similarly. descent from crtusmg altitude may be 
started more than 100 miles from destination. These distances ~111 be extended even further 
when ,et amcraft enter the commercial BIT-carrier held. Present informatmn rndxates that 
jet transport axcraft may traverse more than 200 m&s during climbs and descents. Changes 
of cruismg altitude en route aleo are necessary at tirnee because of adverse weather conditions 
terraln features, or operating consideratmns for best fuel economy. 

When many aircraft are operating from a number of airports on numerous crisscross 
routes with each arcraft requirmg up to 100 n-ales 01 more for clxnb to or descent from 
crusmg altitude. a. tighly complex traffic-control problem results. If alrcraft were equipped 



Fig. 10 Reasons for Large Dnnensmns of Holdmg-Alrspace 
Reservatmns with Present Navlgatmnal Alds and 
Showing Improvements Possible ~11th Pactorml Displays 

with plctorlal displays, these basx en route traf?ic-control problems could be matermlly 
sunpllhed In many cases, lateral separation could be used to a greater extent. Solutions to 
problems would be snnpler and more positive for the controller. 

Overtake Problems. 
On present LF-radm-range auways, aircraft clxnbmg to crusmg altitude or descentig 

from altitude normally are provided altitude separatmn from other arcraft gang In the same 
dlrectlon If adequate tnne separation (five mmutes In some cases, ten minutes In others) does 
not exist. A procedure known as “laddermg IS widely used. A flight reports upon leaving 
each l.OOO-foot level, and a subsequent flight clunbs or descends to the vacated altitude. The 
greatest disadvantage with thus procedure, aside from the heavy radio-commurucations load, 
1s the necessxty far all earcraft to lrnut thex rate of climb or descent to that of the lowest- 
performance aIrcraft In a @“en series. In ad&tmn, If succeedmg axcraft are gang to higher 
crulsxng altitudes than prece&ng arcraft during a clu-nb-out procedure,tune separation must 
be used to provide at least five rmnutes tune separation when altitude levels are crossed. This 
sltuatlon frequently occurs and results m lengthy delays to departing arcraft while they wait 
for trne separatmn from precehng flights. Delays are particularly bad when a high-speed 
arcraft gmng to a tigh altitude wishes to depart followrng a slower-speed alrcraft cruising at 
a lower altitude. A snnilar sltuatlon occurs for arcraft approaclung the terminal area, In 
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Fig. 12 Multiple Track8 for Different-Speed Aircraft Climbing to Cruising Altitude 



Fig 13 Multiple Descent Charnels for Different-Speed Aircraft 

many cases. mn aircraft at a kogher altitude does not have sufficient time separation to descend 
through the altitude of an alrcraft following, walth the result that the first amcraft 1s held at the 
tigher altitude and LS brought in after succeeding aircraft. lf several aircraft are arriving in 
this situation, the top aircraft may be delayed 15 to 20 minutes, wtie aircraft wvhrch actually 
arrived later ore cleared I,-, first Frequently. It IS the tigh-altitude. high-performance air- 
craft which IS held up at the top of a series of inbound aircraft of lower performance With 
pictorial &splays, It would be possible to delay the lower aircraft en route for a few mmutes 
to permit a precedmg aircraft to descend through the altitude level with standard tm-~e or 
longitudinal separation. A smoother, more equitable flow of traffic would result. 

The pictorial display should perrmt the use of mult&.ne clxnb and descent tracks to 
reduce the overtake type of problem. Figure 12 illustrates a possible multilane system for 
climbmg aircraft of different speeda and rate-of-climb characteristics on separate tracks. 
After reaching cruelng altitude, all aircraft can proceed on a common course with normal 
altitude 07 time separatLzm. Thrs system would prevent delays encountered by fast aircraft 
following slow aircraft. A smrllar arrangement of multiple lanes could be used to expetite 
the descent of aircraft of Ufering characterietxs from cruising altitude to the terminal area. 
See Fig. 13 High-altitude, high-performance aircraft would no longer be penalized by slower 
aircraft operating at the lower altitudes. Similarly, when aircraft are en route at cruising 
altitude. pictorial displays would permit use of multiple lanes for change of altitudes or for a 
passing course around another aircraft at the same altitude. 
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Fig. 14 Use of Right-Side Separatmn on Indirect Airways 

Pictorial &splays ~11 also perrrut use of a specific longltuchnal-distance separation 
between alrcraft en route m the sune dIrectron. Aircraft could be mstructed to mamtaie 
distrrnce separatiop rather than tune separation. as IS done at present. It is belxved that 
present separatvn standards between carcraft travelmg m the same drrectmv at the same 
altitude could be greatly reduced For example, a separatmn of 20 miles between alrcraft 
en route may be feaalble The precedmg arcraft could report posltmn to a succeedmg 
arcraft every 40 to 50 nules to pernut the second alrcraft to check that the separation 1s 
bang mamtamed Thus rmleage aeparatmn could be used between alrcraft traveling at a 
constant crlusmg altitude 01 between aircraft changmg altitude. 



Fig. 15 Comparison of Faclhties 
For Use of Right-Side Separation 

Opposite-Dxectxon Problems 
With the present axway system, aircraft frequently change altitude through levels 

occupied by opposite-dzrectmn traffx In some parts of the country, right-side lateral 
separation 1s used on LF airways to prowde the necessary separation. The aircraft changmg 
altitude is Instructed to clxnb or descend well to the right of the on-course signal, with the 
other arcraft expected to be on-course or to the right of the course However. In many areas 
this procedure cannot be used because of poor course structure of the ratio ranges. because 
of adJacent airways, or because of dog-leg arway courses See Fig. 14 In all areas, tis 
right-side separation cannot be used wvlthm 15 mrles of the range statron because of narrow 
course width. A similar restriction eusts with the 15’ off-course alternate airway in the 
Victor airway system. These cannot be used for lateral separation wlthln 15 miles of a 
statlon. Thus there are 30-rmle gaps at statlons on en route VOR or LF airways where lateral 
separation may not be used. See Fig. 15 

To provide adequate time separation between opposite-&recton traffic when right-side 
lateral separation cannot be used, the aircraft which 13 changing altitude must reach 1,000 feet 
above or below the other azrcraft at least ten minutes prior to the tane of passing. Thx 
amounts to 130 miles or more separation for two 300~mph arcraft approachmg each other 
Similarly, unless both arcraft have reported passing the same fix. altitude separation must be 
maintamed for ten minutes after the estimated time of passmg before the altitude change can 
take place 

With any density of opposite-&rection traffic, it Is virtually impossible to permit air- 
craft to climb or to descend on the same course. As a result. fliahts frequently are shuttled 
out on courses in other dzections until they have reached c&sin; altitud; or A altitude above 
the opposite-direction traffic before they may proceed on course. This Is a time-consuming 
process and results is many delays To alleviate this problem in heavy-traffic arean, it has 
been necessary to rnstall many additional ground radio aids to provide one-way &-ways. Tkia 

. 
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1s expensive from the standpomt of the ad&tmnal ground equpment required. and ln many 
areas It 1s extremely &ffxult to obtam radm-frequency asslgnrnents for the new facllltles 
If arcraft were eqrupped with plctorlal displays, It would be possible ro have one-way airways 
an practxally all routes wIthout duplxcatlon of ground radm ads rhls would elnnlnate the 
opposite-dxectlon type of problem from the control standpoint. It would also reduce many 
au-traffic delays occurrr,g ln the present system 

Crossing-Course Problems 
Solutu,n of the tbrd type of problem xwolvlng arcraft on crossing or convergr~g 

courses should be materially srnpllfled when arcraft are equipped with plctorlal &splays 
If alrcraft on crossing courses are at the same altitude level with Inadequate trne separation 
and If another ad,acent altitude level 1s not avaIlable for asslgrrnent, the second arcraft can 
be held at a specified mr,unum distance short of the intersecting courses until the first air- 
craft has reported passing the IntersectIon of the courses This procedure 1s usable today 
only when there happens to be a radu, fu avaIlable The pxtorlal equpment would pernut 
bolting at any place en route 

Solutlan of crossing-course problems where axcraft are changing altitude would also 
be svnpllfled Pllots could be assigned to reach a speclfx altitude prxor to the point of course 
lntersectlon with deflrute assurance that the flight would cross the lntersectlon at the asslgned 
altitude With present navlgatlonal ads and w,strurnentatlon, continuous fu lnformatlon 15 not 
available, and as a result of wmd or other factors. a pllat may reach the lntersectlan earlier 
than antxclpated with Inadequate altitude separatxon from another arcraft. To guard against 
such possrbihties. controllers must add ad&t,onal restrxtlons on air-traffic clearances Thx, 
in turn. complrcates the job of air-traffic control. 

~scellaneous Advantages. 
In some areas, plctorlal &splays would permlt use of lower mlrumurn en route IFR 

altitudes This con&tlon would be particularly advantageous in high-terraln areas where 
racho fixes are Lnnted. Dependent on ra&o coverage, the eqlupment would also pernut pilots 
to fly over the lowest terra” and to follow valleys m mountauvaus areas. 

Pxtorlal displays should pernut airways to be set up to by-pass congested areas of 
cltxs This 1s m hne with recent reco-endations for increased safety and reduction of 
noise nuisance 

Plctorlal dzsplays should also pernut the holdw,g en route of arrcraft at any location to 
establish separatux, from other arrcraft. At present, any hol&ng en route must normally be 
accomplished at ra&o fixes. Because of the long &stances between fixes in certain areas, It 
1s not always possible to delay or to hold arcraft to xnprove traffic flow. It 1s frequently 
desirable to delay an arcraft en route far a few rrunntes in order to establish adequate 
longltudlnal separation from another aircraft at the same altitude and on the same course, on 
a crossing course, or on a converging course. When such an instance occurs at present, the 
controller must assign one of the arcraft a different altitude zf no ra&o fix 1s available for 
hol&ng one of the axcraft. Ad,acent altitude levels may be occupxed by other traffx with a 
resultant campkcatlon of control problems With the pxtorzal &splay perrnittlng holang at 
any place. It would be passlble for the controller to hold one of the axcraft a few minutes 
until adequate separatux, 1s estabbshed 

More accurate navigation on direct courses between any desired points would be avail- 
able with pictorial &splays. Ttis would also pernut operation to and from many off-away 
airports whrch are not served by adequate navlgatlonal ads at tlus tune. Thrs feature should 
be of particular unportance to feeder-Ire operatrons, corporation-urcraft operations, and 
some mlktary applications Pilots on cross-country chrect-route flights would know their 
posltlon with respect to controlled, heavily traveled airways and would be able to cross or to 
,o’n those airways at the assigned altrtude and place with greater accuracy and safety. Pilots 
would be able to estunate their tune of arrival over fcxes or other points with greater accuracy 
than heretofore. 

The plctorlal display permlts deternunatlon of ground speed on any track. With normal 
DME lnstrumentatmn, ground speed can be determined for flight or, radial courses to or from 
the statlon but cannot be determined readily for flight cm Nan-radial CO,WS~S~ 

Plctorlal &splays should permt several urcraft to use the same cruising altitude on 
parallel tracks en route when thunderstorms, icing, or other adverse ,.,eather contitions make 
1t necessary. 



Fig 16 Future Airway for High-Density Traffic 

Future Axway Planrung. 
A tvmcal alrwav of the future might be envismned as shown in Fig. 16. Termmal-area 

radar w&-d vector &craft to the appr;prxate departure gate or to appropriate departure 
tracks based an the use of pxctorlal-&splay navigation. The flight would then climb on a track 
asslgned for arcraft of those speed and rate-of-climb characterlstlcs until reaching crluslng 
altitude. Upon reachmg crlusmg altitude, the axcraft would proceed on the maln Cuu=se 
Altitude levels en route would be stratIfled w,th slow-speed arcraft at the low levels. med~=n- 
speed aircraft at the mtermediate levels, and high-speed arcraft at the high-altitude levels 
There would be separate one-way axways for each &rectmn to elmxnate the opposite-brectlon 
problem. Normally, there would be no overtake problems at crrusrng altitude. because all alI‘- 
craft at that level would have sm~lar speed characteristics A passmg lane parallel to the 
main comrse would be avtilable If needed, however 

Specific altitude levels could be assigned for arcraft on crossing airways. With con- 
tanuous fix Information available from plctorlal &splays. however, It 1s not believed that thx 
would be necessary except where both crossing arways carried heavy traffic Altitude levels 
would be anslgned for feeding aircraft off the man routes to the mayor mtermedlate terminals, 
as Illustrated. AIrcraft en route to the mntermedmte termmals would usually be asslgned a 
proper crrusing altitude for that ternunal to rmrumize changes of altitude III fee&ng from the 
mam-trunk airway. 

Approaching the destination, a flight would be asslgned the appropriate descent channel 
for that type urcraft The arcraft would be laddered down to a holdmg path at the termmal- 
control gate where radar vector-control procedures would take over. In 11eu of radar, 
appropriate tracks based on use of the pxtorlal &splay could be asslgned. 

Ground navlgatmnal aids for such an airway could be located on hllltopa or other suitable 
locatmna to provide maxllll urn radio coverage. A nun~mum number of ground ads would be 
requxred Axcraft would require pictorial displays or course-tine computers in conjunction 
with the normal VOR and DM!Z receivers in order to fly the parallel tracks desired. Such an 
airway system would simplify the en route control problem and would permit a Qher density 
of traffic flow with lees delays than are experienced now. 
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ERROR FACTORS 

A study of the operatmnal advantages of plctorml displays would not be complete without 
a review of error factors Inherent III the use of all navlgatmn systems are possible errors. 
rcsultmg from equipment maccuracles and from human iactors. From a” air-traffic-control 
standpoint, these err”rs are Important m estabhshmg adlacent routes, or tracks, with adequate 
lateral separatmn to permit smultaneous movement of arcraft The number of &screte 
routes which can be provided In any gzven amspace 1s a direct function oi the accuracy with 
which desired tracks may be followed Obvmusly, I” a given channel of airspace, If navlgatm” 
eqlupment and methods permit a course accuracy of * 5 m&zs m one system as compared to 
* 20 miles I” a less accurate system. approxmmtely four tm,es as many arcraft ~a” be 
accommodated wxth the more accurate system 

LF Range 
In the four-course lour-frequency-ra~o-range system, the accuracy with which a 

desired track can be flown 1s. dependent upon the width of the range courses and upon the 
ablllty of the pllot to aurally dlfferentmte tone signals The courses generated by the ground 
equipment I” this system are nommally 3’ wide. However, I” mountamous terra,” the 
effective width of these courses at some distance from the statmn may be 8’ to 10” due to 
multiple-course structure In a few cases, multiple courses 22’ wide have been observed. 
Thus, the theoretIca 3-m11e (I” this report all rmleage figures are statute miles) width of the 
3” course at a distance of 57 miles from the statmn may Increase to an effective course width 
of 8 to 10 rmles with multlplee. In addltmn, static and other mterference at the low and 
me&urn frequencies frequently make these signals unreadable far varymg permds of tm,e 

A pIlot flymg along LF-range courses IS expected to fly to the right of the centerlme 
of the earway by aural momtormg Amways are designated as ten miles wide Theoretically. 
then, the allowable navlgatmn error 1s one half the width of the airway or * 2 l/2 miles at any 
&stance from a statmn Radar observatmns mdxate that arcraft are frequently outslde this 
relatively narrow tolerance. 

In many areas, right-side separatzon IS used to effect a change of altitude wherem the 
pllot of one arcraft (normally outbound from a range statmn) 1s mstructed to reman well to 
the r,ght of the course to provide lateral separatmn from traffic ilymg on the airway I” the 
opposite dxectmn Smce an arcraft inbound to the statmn 1s permltted to fly ““-course (to 
the right of the centerlme of the alrway) under these procedures, the outbound pllot will 
normally proceed well off-course to msure that he 1s well to the right of the on-course slgnal 
Under such co”dltm”s, arcraft frequently are more than five miles from the centerllne of the 
=1***y This IS an important conslderatm” in determxung the spacmg reqmred between 
ad,acent azrways 

ADF 
Most of the aircraft flymg IFR today are also equpped with automatx dlrectmn fmders 

whxh permit the pIlot to obtam relative bearmgs and to home on ground radio statIons 
Although this equipment was origmally mstalled as supplemental navigatzcn equipment, It 1s 
used 

7 
ulte generally today as a primary source of navlgatlan rdormatmn. The pIlot tunes I* 

the L MF statxr, ahead, ldentlfies the statmn aurally, and swxtches to ADF After a few 
mmutes of fhght to determme wmd draft, the earcraft 1s tracked Into the station. I” many 
cases, however, the ADF needle ~111 swing several degrees Nearby electrical dxturbances 
may cause wide devlatmn of the needle, and distant statmns on the same frequency may cause 
erratic readmgs. The resultant flxght path may or may not be wolthin the hve-mile space 
between the centerlme and the right-hand edge of an axway In many cases, large devlatmns 
from the airway are possible 

To our knowledge, no adequate survey has ever bee” made of the actual navlgatmn 
errors I* the present L/MF radm range and ADF procedures so widely used today Such a 
survey should Include not only potential equipment maccurac~es but also the amount of 
deviation m actual day-to-day use of these ads 

VQR/DME. 
A number of tests of the accuracy of the VHF ommrange have been conducted In 1940, 

RTCA Specml Committee 45 recommended that 15’ separatmn be used between adjacent 
courses for lateral separatmn when arcraft were more than 15 miles from the VOR This 
recommendation was based on the assumption that VOR courses could be flown with an 
accuracy of + 5’ with an ad&tmnal buffer space of 2 l/2’ hemg provided. 
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Under sponsorship of the AI= Navlgatmn Development Board, the AIrborne Instruments 
Laboratory conducted a survey of VOR errors at three locations Patuxent River, Maryland, 
Phllllpsburg, Pennsylvama, and Ogden, Utah, between May 1949 and September 1950 Results 
of these comprehensive error measurements are included in AIL Report No 540-1 of 
October, 1950 

Recently, at the request of RTCA Special Committee 62, the Air Transport Assoclatun 
has sponsored a program ot I=-flight checks of VOR by air-carrier pllots. ‘Mhen over known 
fixes, pllots check VOR receivers agamst publIshed radials. Results of over 5500 checks Of 
this type m&cate that observed errors follow a standard devlatmn curve with 99 7 per cent 
of the errors bang wlth~n + 5 63” of the published bearmE and 95 per cent of the errors wlthm 
* 3.75’ of the publlshed bearmg 

Lxmted tests of the DME-system accuracies have been made AIL Report No 540-I 
Includes results of some measurements of the DME system 

It IS belxved that ,n the near future accuracy tolerances of 1: 5” for VOR and * 5 per 
cent or 1 l/2 miles, whIchever 1s greater, for DME will Include o\er 99 per cent Of the 
possible errors. 

In actual practxe, It IS belwved that the VORjDME system ~111 pravlde much more 
precise nav~gatlon lnfarmatxon than IS possible with the older types of navlgatlon ads such 
as LF range or ADF. The absence of atmospheric static On very-high-frequency (VHF) and 
ultra-high-frequency (UHF) channels and the gain in readablllty of signals alone ~111 contrlbute 
greatly to xnproved navigation accuracy 11, day-to-day aperatmns 

Error Formula. 
As mdxated earlier in this report, xf arcraft were equpped with plctorlal navlgatlon 

displays 07 with course-hne computers, xt would be possible to use parallel arways or other 
conflguratmns of flight tracks which are not ra&al tracks from an OBD faclllty. For ATC 
planrung purposes It 1s necessary to know the minim- spacmg requred to xnsu~e lateral 
separation between ad,acent tracks 

Where nav~gatmn 1s based on the use of radial tracks from VOR stattons, present 
practice requres a mx,,mum of 15’ b’etween ad,acent VOR radials for lateral separation. 
Adequate lateral separation ,s assumed to exist between arcraft on courses separated by 15’ 
If the alrcraft are more than 15 miles from the statmn For arcraft less than 15 miles from 
the statlon. vertical or horizontal (tune) separatmn standards must be apptied. Figure 17 
illustrates the locus of possible errors and the buffer-space requuements for +hls condltmn. 

With the xntroductmn of DME as a prm,ary navlgatmnal ad ,n con,unctmn with VOR, 
the locus of possible errors for any poslticn becomes a sector of an annulus Figure 18 
Illustrates the area of possible error for an arcraft at an assumed position P The two rad,al 
sides of tis sector are determIned by the posezble VOR errors The other two s-Ides, which 
are arcs of cxrcles centered at the OBD ate, are determIned by the possxble DME errors 
Figure 19 illustrates how thxs area of possible error varies for a fhghttrack across a 
plctorlal-&splay chart. 

In ad&tion to the possible errors contributed by equpment such as transmitters, 
retavers. and uxhcators in the cockpit, a readmg error must be consldered. Experience to 
date wl+.h present pictorial nav~gatmn displays ~nd,cates that pllots can fly a course wlthm 
l/S Inch of a track drawn on the chart wIthout excessive attentmn to the &splay. With optl- 
mm design of positron indxators, It 1s believed that the readmg error ~111 not exceed l/l0 
Inch This l/10-inch possible readmE error 1s eqluvalent to a devlatmn from the desired 
course of 0.4 mile when usmg a 1 250,000 chart scale or of 1 6 mile when using a chart scale 
of I 1.000.000. 

In estabhshing ad,acent tracks for lateral separation of axcraft. It 1s also necessary to 
provide a buffer space between areas of possible error. The actual amount of buffer airspace 
requred 1s a matter for adrmrostrat~ve declsmn It appears that one to three miles should 
be adequate for termmal-area chart scales of 1 250,000, with perhaps an increase to three 
to five miles for en route charts at a scale of 1 l,OOO,OOO A comprom?se figure of three miles 
may be entirely adequate for all purposes One standard value would facllltate designation 
of sutable common tracks for both en route and terminal-area charts. For example, over- 
flights may be using en route charts and axcraft landmg or departmg may be usmg termlnal- 
area charts m the same axspace area. 

Since we are u-&rested in safe lateral separation between two arcraft, each of which 
will have a possible VOR/DME error plus a readmg error. the total errors that must be 
consldered are 

2 (VOR/DME equipment errors) + 2 (readmg err~rs) + buffer space = minimum spacmg 
requxred between ad,acent tracks (1) 



F,g 17 Locus of Possible Errors, VOR Only 

As illustrated nx Fig 19, the possible VOR/DME equtpment errors .ncrease as the distance 
from the OBD statmn ,nc=eases It 1s posmble to develop a formula to mdlcate the m~n~rnum 
spacmg requred between tracks 11, terms of the dlstmce from the faclllty In reference to 
Fig 20. the length e from the assumed poslt,on P to ather outsIde corner of the error area 
determmes the maxnnxun possible dematmn of pos,tron resultmg from VOR/DME equpment 
errors The length e may be deterrrnned from the general tr,gonometrlc formula for trmngles 

’ = r2 + (r + K=)2 - 2r (r + Kr) cos 0 (2) 

where 

e = side of the trangle opposrte the error angle, 

r = d,stance of the assumed posrtmn P from the OBD statmn. 

K = possible DME er=o=, III per cent, 

e = possible VOR erro=. III degrees 



Fig 19 Varlatmn m Area of Possible Error for One Fhght Track 

If the rnax~~~urn possible VOR errors are + 5” and If the maximum possible DME errors 
are l 5 per cent, substxtutmn of these values m Equatmn (2) results 1x1 a value of e = 0 1025r 
For practical purposes. tins IS a value of e = 0 lr For a grven plctorlal-dzsplay chart, the 
value of e at the edge of the chart ~~11 be a rmxmmum To determme the spacmg required be- 
tween two tracks at the edge of the chart, tbxs value of e may be substituted for the posstble 
VOFl/DME equipment errors in Equatmn (1) Thus, 

2 (0 lr) t 2 (readmg error) + buffer : spacmg between tracks (3) 

An applacatmn of this formula to a specxfic case follows A typIca ten-Inch-diameter plctorlal- 
display chart at 1 1.000.000 scale provides a usable radius of apprommately 70 statute males 
If there are also assumed a readmg error of l/l0 Inch or 1 6 m11es and a buffer space of three 
rmles and If the values are substituted m Equatmn (3). the spacmg requxred between adjacent 
tracks at the edge of the chart is 
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2 (0 1 x 70) + 2 (1 6) + 3 = 20 2 m&s (4) 

Any two parallel tracks drawn across this chart and spaced by 20 2 miles ~111 provide 
at least a 3-mile buffer space between axcraft This IS true regardless of the orlentatmn of 
the tracks with respect to the OBD facltity at the center of the chart. See Fig. 21 

If It 1s deslred that the tracks converge toward a termmal Instead of remalrung parallel, 
the spacmg required at any &stance from the OBD statxon may be obtained by substltutlng for 
r ln Equation (3). In the foregmng example. the spacing reqrured at 30 miles for the same 
chart 1s 

2 (0 1 x 30) + 2 (1 6) + 3 = 12.2 miles (5) 

For astances less than 30 miles from the OBD faclllty, the possible DME error of 
* 1 l/2 miles 1s greater than 5 per cent of the distance The basic Equation (2) to determlne 
the value of e then results in a quadratx. By examination, the value of e varws from a 
mmmmrn of 1 5 miles at the OBD statIon to a maxmum of 3 miles at pmnts 30 miles from 
the statlon. Table I Indicates the value of e at varlnus distances from an OBD facllrty between 
0 and 30 miles 

TABLE I 

h4AXJMUM POSSIBLE ERROR IN POSITION FROM VOR/DME EQUIPMENT ERRORS 

Distance from 
OBD Statron 

(miles) 

0 
I 
2 
3 
4 
5 

10 
15 

Errors 

(x-roles) 

15 
15 
15 
15 
1.6 
16 
18 
20 

20 23 
25 27 
30 30 

Figure 22 Illustrates. on a 1 l,OOO,OOO-scale chart, the mxmmum spacing reqrured 
between tracks that are not parallel Con&t~ons assumed are 

Total possible VOR errors = * 5’ 

Total possible DME errors = f 5 per cent or 1 l/2 miles, whxhever 1s greater 

Readmg error, l/10 Inch = 1.6 m&s 

Buffer space = 3 miles 

Table Il gives the mxximum spacing between tracks at varlnus distances from an OBD 
stattlon for chart scales of 1 250.000, 1 l,OOO,OOO and 1 Z,OOO,OOO. 

To make best use of the available rurspace for lateral separation. there 1.~ an obvious 
advantage xn using the largest-scale charts possible since the reading error of l/10 inch 
results in the smallest error. On the other hand. a pilot flying en route would prefer to cover 
the largest possible area on one chart and to change charts only 88 It becomes necessary to 
switch to a new station for reception 

When compared w1t.h the use of a VOR system usrng symbolic instrumentation such as 
cross-pow&r indrcators and omnibearlng selectors. the use of a VOR/DME system with 
plctorlal &splays will apparently require wider separation between adJacent tracks because Of 



Fig 20 Minmnum Spacing Between Parallel Tracks 

the passlblllty of greater readrag errors I,, the instrumentatm~ For example. with pictorial 
displays usmg two OBD statmns spaced 100 miles apart. two or more 

f 
arallel airways could 

be set up with a spacmg, based on the previous error factors (Table II , of 16.2 miles between 
airway centerlines If conventmnal mstrumentation (OBS and cross pointer) in used, aircraft 
are restrlcted to flying radml ccmrses. The spacing requrred between amways centerl~nea 
could be reduced to 11.7 miles, based upon * 5’ VOR error with a three-mule buffer space at 
50 moles from the station. The use of thx spacmg presupposes that the pIlots change to the 
next VOR station rnidway between stations and assumes that there 1s no reading error “0th 
conventional instrumentatron Two parallel arways would require twice e.s many VOR ground 
stations but no DME equipment. 

For high-altitude operations en route with stahons spaced 300 miles apart and watb a 
buffer space of five milea, the use of OBD facilfties with pictorial displays would require . 
spacing of 41.4 miles between parallel uurways. When only VOR is used with conventional 
instrumentation. parallel airways could be spaced 31 2 miles apart, again if there were a 
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SPACING REQUIRED BETWEEN ADJACENT TRACKS FOR LATERAL SEPARATION* 

Distance from 
OBD statmn 

(rmles) 

0 
5 

10 
15 
20 
25 
30 
40 
50 
60 
70 
80 

100 
120 
140 

Spacmg Required Between Tracks 
1 250,000 1 1,ooo.ooo 

map scale map scale 
(miles) (rmles) 

68 9.2 
7.0 94 
74 98 
78 10 2 
84 10 g 

11 6 
12 2 
14 2 
16 2 
I8 2 
20 2 

1 2,000,000 
map scale 

(rmles) 

12 4 
12 6 
13 0 
13 4 
14 0 
14 a 
15 4 
17 4 
19.4 
21 4 
23 4 
25 4 
29 4 
33 4 
37 4 

*Each arcraft may have possible errors of VOR. + 5”. DME, + 5 per cent or 1 l/2 rules, 
whIchever 1s greater, rea&ng error, l/10 Inch. A buffer space of 3 miles IS Included 

fxve-rrule buffer at the mxdway pomt of frequency change and If there were no resting error 
with conventmnal mstrumentatmn. To acheve this closer spacmg. two parallel airways would 
requre twxe as many VOR ground stations, three parallel axways, three tunes as many 
VOR ground statmns, and so on. Whether It 1s valid to assume no readmg error with 
conventional mstrumenttataon 1s also doubtful 

It can thus be seen that many factors must be consldered m the development of an 
ultimate system of airways and routes. Density of traffxc, number of discrete routes reqrured. 
airspace available, and eccmomlc factors must all be brought Into proper balance with equip- 
ment reqrurements and w1t.b error factors Tables I and II mdlcate the deslrablllty for 
contmued work to reduce the possible system errors m the OBD system 

CONCLUSIONS 

Prelmunary studxes mdlcate that use of pxtorlal navlgatmn displays with VOR/Dh4E 
faclhties would 

Permlt navlgatmn m all available alrspace with a mmmunn number of ground ra&o ads 
to navlgatmn. 
Reduce navigatmn workload (compared to that incurred In the use of conventional 
symbolx Instrumentation) of flight crews m flying complex patterns 
ContrIbute to greater safety by elxmnatmn of some possible sources of human error. 
Reduce lost-arcraft lncldents through continuous prenentatlon of position lnformatlon 
m a &rect, simple form 
Permit flleht along any deslred course wIthout requrinz normal flight paths to be along 
radml c&ses f&m giound radio alds 
Perrmt savings in fhght tune by use of the most &rect courses 
Permxt navlgatmn. wlthin certain error tolerances, to any airport wlthln ratio lme-of- 
sight coverage of VOR/DME faclhtles. 
Permit greater use of lateral separation with more expedltrous movement of traffic m 
some ax traffic control areas. 
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A. Use of angular dIverpence tracks. parallel tracks, curved paths, or other deslred 
patterns to provide lateral separation between fhghts 

I Route Area 2. En 
A. 

B 

C. 

D. 

E. 

Multiple-track operation with lateral separatmn for arcraft climbing to cr~~slng 
altitude 
Multiple-track airways at the same altitude level when traffic or weather con&tmns 
requre. 
Use of lower altitudes after clearing high terrain. thus eliminating need for terrain- 
clearance markers and permittug lower mitial-approach altitudes 
Coniinuous fix information available for air traffic control purposes. with more 
accurate estimates over fixes abead 
Holding at any point when traffic or emergency con&tions require 

Fig 21 Mmunum Spacmg Between Nonparallel Tracks 

Possible unprovements to patterns and procedures could include the followmg 
1 Departure Area. 
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3. Terminal-Arrival Area 
A 

B. 

C. 

D 

E. 

F. 

Better utlluation of mrspace by definmg the physical sue of hol&ng patterns m 
spatial dunensrons rather than in time, thus reducmg the sme of buffer amspace 
requirements. 
The holding of amcraft in the most approprmte geographIca areas rather than 
holding at specific pants served by ground radm ads. 
More accurate tirmng by pllotn when leavmg approach fures In tied-approach 
procedures. 
Approach guidance, wlthm certam weather Imitations, to any runway for alrports 
located close to OBD facilities. 
Shorter transrtmn procedures to IL.5 courses with a reduction of delays Inherent 
m present navigation systems where speclflc radio courses must be followed and 
where approach paths are thereby lengthened. 
Specml approach tracks and corridors for Jet aircraft to provide mimrnm 
confliction with conventional-arcraft patterns wlthout reqluring additional radm 
uds 
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