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SIMULATION TESTS OF A HORIZONTAL DISPLAY 
FOR THE CONTROL OF HIGH-ALTITUDE TRAFFIC+ 

. I. 

SUMMARY 

Smmda~on tests were conducted to deterllune the practicablhty of usmg a horizontal 
plotimg dleplay mstead of a flight progress board for the procedural control of hzgh-altitude 
ancraft m an AT Route Traffic Control Center Movable target markers carned the perti- 
nent fhght data for each amcraft on a horxmntal plomng board whch was scaled 8 rules to 
tbemch The use of proJeCted course lmes, plottednrltb greasepenclland caltbratedm 
tune, also was tiled 

Tests,baaed on recent actualtraffx samples of the Indmmpolz An Route Traffic 
Control area for all aircraft flying at 24,000 feet mean sea level and above, imhcated that the 
use of tbu &splay was practicable for bandlmg present traffic loads The use of proJected 
course hues was found to be unnecessary except for alrcraftwitb unusualfhghtpaths. 

INTRODUCTION 

For the past three years, controllers at the CAA TecMcal Development Center (TDC) 
have experunentedwaltb pictor~alhor~eontal~splays, prunanly m comectionmth radar- 
derived position mformation. Some tests were conducted mthout radar to determme If tbm 
type of dmplay atJl could function 1~ the event of radar failure. Successful results of these 
tests indxated that horizontal &splays rmght be used m procedural control 111 place of fight 
progrees boards. Although subeequent tests nxhcated that the honzontal display used wltbout 
radar was not eupermr to the present fight progress &splay, experience obtamed durmg 
these tests lPdicated the following 

1. An aircraft flymg a dxrect off-anway routig IS &splayed better on a pictorial 
presentation than on a tabular &splay. 

2. Tbe pxtorlal &splay requres much less paper work, and it prondes access to the 
&splayed mforma~on by a workmg team of controller personnel 

3. The most lmdeslrable feature of a pxtorial cLsplayie its lack of tabulated estimated 
arrival tiea over varm”s polnta along the route of fhght. 

4. The optmum placement of control eqmpment, such as lnterphones and radm control 
panels, to salt the average controller 1s more dlacult wllth a pictorial dlaplay. 

5. The scale of the &splay 18 m-.partant from the stidpomt of controller fatigue as well 
as from that of poatig and observation of adequate mformtim on the control &splay Itself. 

6. The amcraft target markers must be large enough to contaxn adequate ,.,&matmn for 
the control of arcraft and for the transfer of prriaent data to other sectors and centers 

The Offuze of Federal ~rways requested tbm Center to use a pxtorzal &splay ~TI 
smmlahon tests of the coatrol of ancraft flymg at and above 24,000 feet Two controllers 
from the Cleveland Air Route Traffic Control (ARTC) Center particxpated m these tests 
because they bad conducted suntition tests previously on a pxctonal &splay early m 1955. 

General Conslderationw. 

TEST PROCEDUREZ 

All tests were based on tbe followmg assumptions 

1 Pilots were expectedtofile and fly routes between spec&ed radmfac~hties, each of 
wluch would become a deelgnated reportig pmnt for the fhght. 

“Reprmted for general &strlbution from a lumted dastrlbutmn report dated ~~~ 1956. 
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Fxg 1 The Basic Horzontal Dzsplay 

’ Y 

2 These navzgahon ads were to be appro- te1y 200 rmles apart. plum or mnlus 100 
rules It was considered prachcalto complywlth procedure, atleastm the area east of the 
Rocky Mountwas where there IS a-ample number of radm navlgatmn ads In the western 
areas oftbe Umted States,tbe &stances between s-table namgationalds seldom exceed400 
n-dew 

3 Navlgationwas assumedtobe xn a straight line between successive navlgatmnaads 
~11th~. course accuracywzthm 10 mules oftbe specified route 

4 Exceptfor air carrxer axcraft, no dnectcornmurucatmns were used between controllers 
andprlots because ItIs evpectedtobe several years before ar route traffic controllers will 
have radm channels adequate for duectcontactwltb allcategcmes of ancraft flymg in the 
system 

5 Standard ANC separatmnmxmmms wouldbe used atalltimes 

Display 
Figure 1 shows the basrc display usedm these tests Aboard 6 feet by 3 feet was 

placedhorwxntallyas atabletop Sectionalmaps then were placedon tbzs board Inorder 
to reduce tbebrlghtness oftbemap colors, therebymakmg the coloredgrease-pencilllnes 
more readable agamstthe mapbackground, three layers of translucent paper were placed on 
top of the maps A plotting surface was obtained usmg a clear plastic sheet placed on top of 
these layers of paper 

Itwas decrded that the pr~ary Items needed on the &splaywere the locatmns of all 
radm ads, axports, restrxted areas, and unusualterram These areas were markedon the 
under surface of tbhe plastic top. andno reference was made to the sectionalmaps 

The "shrmnp boar"targetmarkers usedare shown m Fig 2 These promded sufficxnt 
room for pertinent contro11nformatmn The altitude was very readable at the front end of the 
marker,butitalso was carried on the strip as a double check agamstposslble errors 
Arrows panted on small arms at the sides of the markers were used to mdxate arcraftm a 
state of clunb or descent 

These markers were two-szded On one slde,tbe bodyoftbemarkerwas pamtedredto 
mdmate a range of altitudes of 20,000 through 29,000 feet The other side was panted yellow 
to mdlcate the albtude range above 30,000 feet Thus, the body colors quckly mdxated the 
amount of traffic above or below 30,000 feet In addltmn to tlus use of color, each albtude 
shownontbe dmlhada slgmficantbackground color suchas greenfor 35,000 and 45,000 ieet, 
yellow for 33,000 and 43.000 feet, and so forth 



Traffic Samples 
Three 4-hour traffic samples were constructed, based on actual traffic operations m. the 

Indranapolu ARTC area The samples mcluded all arcraft whrch were assigned definite 
crusmg altitudes of 24,000 feet and above, as well as all amcraft cleared at “lOOO-on-top” 
but of types which could be expected to cruse at altitudes of 24,000 feet and above. 

Two of these samples duphcated exactly the altitude informatmn posted on the actual 
fkght progress strips. The peak hour of these samples mcluded 11 amcraft flymg at d&i- 
mtely asslgned altitudes and 17 aircraft flymg wtb lOOO-on-top clearances. The tird saxn- 
ple contamed the same total number of ancraft, but the number of flxghts at defimtely 
asszgned altitudes was mcreased from 26 to 35 for the 4-hour permd. Ths was done to de- 
termrae If the dxsplay shll could be used under weather condlflons when the cloud tops were 
unusually bvgh The peak hour of thm sample had 16 arcraft flymg at assigned altitudes and 
16 w1t.b lOOO-on-top clearances 

A f&h&data posrtmn was used to rece1.x and transfer amcraft fhght plans To provzde 
a reahstx controller envmomnent, two pos0mns were arranged 1~ another room and provided 
wltb mterphone lmes to the “Indlanapolx Controller.” These two positmns represented the 
activity of surroundmg centers for this area. 

Two ad&tmnal pcmtmns were arranged in tlus room and equpped vnth mterphone hues 
to the controller These posl?mns represented the INSACS for the entire area It IS expected 
that personnel reqwrements for actual operating displays Will vary from area to area, 
dependmg on the number of bases which have considerable Jet actwlty 

RESULTS AND OBSERVATIONS 

Test No 1 
The first test was made uemg techmques as employed by the Cleveland ARTC Center 

durmg its tests on a surular &splay. Figure 3 shows the display at a peak permd Figure 4 
1s a close-up view of the course-he andtime pro,ectmns. 

Controller personnel consmted of one controller and two plotter-estimators In a hve 
s~tuatmn, It 1s beheved that two controllers would be requred to control an entire ARTC area, 
particularly m areas where there 1s an anport whxh generates heavy high-altitude traffic 
durmg certan permds 

. . 
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Fig 3 The Dxplay m Use mth Course-Lme and Trne Pro,ectmns 

The duties of the plotter-estimators coralsted of plottmg the path of fhght for each 
ancraft and placmg estmates along ttus path of flight in lo-mmute mcrements. when neces- 
sary, these controllers also were requned to re.nse not only the route of fhght but the estx- 
mates along the routes of fhght as well. If a potentml conflict was noticed durmg the process 
of plottmg the fhght, It was called to the attentmn of the control personnel 

z,-, . 
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An alarm was employed to smg at IO-minute mtervals. At these times the estunators 
moved all markers forward to the next lo-mnute marker on the course Lne and erased the 
lae 1p the area used previously by the aircraft Course hnes for each fhght were drawn 
with colored grease pencxls. In tb~s test, colors were asslgned at random to dxfferent fkghts. 
The color m wknch the course-tie plot was made also was marked on the strip m the target 
marker to mdxate tie color associated with that fhght 

The results of thm test indicated that 

1 It was possible at tis traffic denelty to plot the fhghts adequately 
2. The use of the Merent colors to Indicate Uferent fkghts was of little value 
3 The course lxnes and es&mates were usable for aght or ~lne ancraft plots Beyond 

that pant. the controller rarely used tins mformatmn. Instead, he scanned the &splay for 
arcraft at the same altitude, then checked es!Lmates off the marker rather than the board 
As a result. it was deaded to run the next test using the colored course-protection ties to 
show altitude. When two Lnss of the same color crossed on the display, It indxated poemble 
confkct at the same altitude. 

4 The need for the course lines and es&mates was quesimnable because ten plots at one 
tzme seemed to be the ~UXII that could be plotted and declphered adequately 

Test No. 2 
The control poslhmm used m tlus test were the same as those described previously 

Course-lme plots vere color-coded as follows 

Color Altitude 
(in thousands of feet) 

Green 24. 25, 35, 45 

-1e 26 

Blue 27, 37, 47 

Bl-o-em 28 

Black 29, 39 

Red 31.41 

When two or nwre sircraft were followmg along the same fkght path at the same 
altitude or at another altdude for wldch the fame color was ued, It was necessary to place 
alpbabetlcal letters on the target-marker strips m order to dmizmguish between flights. 

The results of tbxs test mdicated l&at. 

1. h the first sample, the y8e of color for altrtvde was more advantageous tba~ the use 
made of color US the first test. No duYiculty was experienced m light traffx conditions. 

2. When there were as many as 12 course lines plotted on the display at one time, the 
controllers again began to consult the target markers for control information instead of 
referring tn the plotted mformatmn 

3. When an aircraft altitude was changed to avoId a conflxt, It became necessary t,, 
either erase the orrgmal color and replot the fight on the &splay or use a symbol of some 
type to lnticate a change. The most rapid method was to make a wavy kne 1p the P- color 
over the original course kne. 

4. 
If a tlurd change was made, a replot of the flight was necessary. 

The course-lme plots and estiates were not required at the lighter density and we=.= 
undesirable at the heaner density because of then cluttered appearance. 

Teat No 3. 
Control pos~tione were the same am xn tests NOB 1 and 2 In tbm teet, rm course hp. 

or estimates were plotted on the board. Instead. all mformation was placed m approprla, :e 
spaces on the target-marker strrp Figure 5 shows the display at a peak permd of a rm. 

The results of this test indxated that 

1 At normal density, the course lmnes and estimatea were not required. 
2 The Elmer alert s1gnz.1 stall was reqrured a8 a remmder to place the markers m a 

position along tbe path of flight relative to the fix estimates shown on the strip. 
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Fig 5 The Dmplay in Use Without Course-Lne and Tmne PrOJeCtlOnS 

3 Durmg permds of heavier denslhes, a course plot would be advautageous for those 
arcraft wluch were flymg dogleg routes through the area Therefore, thus was carrxd out 
for the remamder of the tests on tis &splay. and no time-estimate marks were placed on 
thlS course lme 

4 No &ffxulty was experienced wltb the heavier traffic densities. 
5 The team of plotters had ample tie to run accurate estmnates. forward data, and help 

to posltmn the markers, as well as to study the &splay for potential corJllcts 

Procedure for IOOO-on-Top Clearances. 
It 1s very probable that pxlots fxhng fhght plans wth comptilsory check pants spaced 

about 200 mles apart ~111 report more often than IS customary under present high-altltude 
fhght operations. Durmg the smnulation tests, the controller spent a high percentage of lus 
time recelvmg poslhon reports on fhghts which were crrusmg lOOO-on-top, but whxh were 
neither takmg off nor landmg in the Center’s area Because this procedure contributed 
notbmg to the actual control of the amcraft, a new procedure was suggested to relieve the 
controller of tlms time-consummg workload Thus procedure functmned very well LP eubse- 
quent tests, and It appears practical for xnmedxate adoption The procedure was 

1 When the pllot of an arcraft flied a fhght plan requesting lOOO-on-top or received this 
type of clearance on departure, the flight plan would be forwarded via Teletype or long lmes 
to the ARTC area of destmatmn only 

2 After reachmg 1000~on-top, the pIlot of the axcraft would make normal posxtion reports 
to INSAC statmns durmg fhght 

3 INSAC personnel would keep tis record but would not forward the znformatmn to the 
center 

4 When the aircraft was wxthm 100 to 150 miles of destination. the pllot would advise an 
INSAC statmn of hm posmon and destmatmn and request further IFR clearance from ARTC. 

5. Upon receipt of this posrtion report, INSAC personnel would contact the proper ARTC 
and further clearance would be Issued for the final stages of the fhght. 



CONCLUSIONS 

1. It appears practical to control the present densltres of high-altrtude axcraft (those 
deszrmg to fly at assIgned altitudes) usmg a hormontal &splay 

2 The proJected course Lnes, as used with the Cleveland display, were of httle value 
when the total number of plots on the display exceeded ten 

3 In areas where heavy concentra~ons of mlhtary traffic are common. an ad&tmnal 
controller may be reqrured to coormnate that traffic vrlth approach control and other sectors. 
In these tests, the controllers were forced to work this traffic vm mdlrect commumcatmns, 
however. the volume was such that It would have taken one controller’s trme to do the work 
even If direct co-unicatmns had been assumed 

4 The use of a tinung device was helpful m remmdmg all of the persomel to check the 
current status of all amcraft As experience IS gamed with the display, It 1s belzeved that this 
md may not be reqlured, because checkmg IS as much a duty on thx &splay as 1s current 
markmg of the fhght progress board. 

5 A sectional map scale (8 miles to the mch) was adequate for the &splay of the 
lntianapohs area. Another scale may be desirable 1~1 other areas, dependmg on the sme of 
the area 

6 At present traffic densltles, the trammng txrne in the use of tis dmplay should be short 
for new personnel. 

7. It IS tifflcult to arrive at a satisfactory arrangement of eqluprnent around such a 
display for all controllers Figure 6 shows one type of movable cornrnunxations rack used m 
the Intianapolls Ax-ways Operations Evaluation Center 

8. The sxze and arrangement of the target marker and posbng strip used m these tests 
were satisfactory for use with a &splay at the scale factor used Although the body color of 
the marker proved very useful. the use of tiferent background colors for the altitude 
marlungs was of doubtful value 

Fig 6 Movable Communicatmns Rack 
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9. Because of many factors, such as the desire of J& pilots to use crmsmg climb 
procedures and the necessity for controllers to use 2,000-foot altitude separation between 
amcraft above 29,000 feet due to altameter errors. xt IS unpractical to assign crulsmg alti- 
tudes to all arcraft deemlug to fly at or above 24,000 feet mean sea level It is antrcrpated 
that the 1000~on-top clearance ‘KIU contmue to be used for a large percentage of flights at 
these altitudes. 
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