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THE TYPE V PICTORIAL COMPUTER 
WITH AUTOMATIC CHART SELECTION 

PART II 

TECHNICAL AND OPERATIONAL EVALUATION 

FOREWORD 

The Al* Navlgatm” Development Board (AMDB) was establlshed by the Departments 
of Defense and Commerce 1” 1948 to carry out a urnfled development program amed at 
meetmg the stated operatIona requuements of the common mllltary/clvll air navlgatran and 
traffic control system This pro,ect, sponsored and financed by the ANDB, 1s a part of that 

The ANDB IS located w,th,” the adml”,strat,ve framework of the Cl”11 Aeronautics 
~~:~~tratmn for housekeeping purposes only Persons deslrxng to communicate with ANDB 
should address the Execut,ve Secretary, A,r Navlgatmn Development Board. Cl”11 Aeronautics 
Admlnlstratmn. W-9, WashIngto” 25, D C 

SUMMARY 

This report describes the tech”,cal and operatmnal evaluatlo” tests completed on the 
Type V plctorlal display Laboratory tests revealed that errors occurrIng I” the display do 
not exceed l 0 6’ xn beanng or 0 53 “aut,cal m,le I” distance Errors I” arcraft-headmg l”- 
formatlo” were not greater than 1 5’ Controlled fhgbt tests conducted as a part of the tech- 
meal evaluatmn showed a maximum d,splay error I” lndlcated posltm” of the arcraft of 0 6 
mile when a chart scaled to 1 250,000 was used 

Operatmnally, this unit prowded the p&,t w,th continuous posItlo” and headmg lnforma- 
tmn 1” a simple p,ctor,al form when the un,t was used with appropr,ate ommrange-dlstance- 
measuring faclhtles Speczal features such as rapId chart selectlo” from the front of the 
panel, automatic tunmg of VOR/DME receivers, and automatic chart-scale selectlo” made 
this unit very simple to use I” flight Some dlfficultles were encountered I” proper llluml”atl0” 
of the display over the w,de ranges of amblent llghtxng ex,stl”g I” aIrcraft cockplts 

The PrOJeCt was term,nated 1” September 1953, at the request of ANDB. because of the 
lack of funds requred to complete the evaluat,on program As a result, the operatmnal Ihght- 
test program was not completed 

INTRODUCTION 

The Type V pxtor,al computer1 described herel” 1s the third of a serzes of slmllar 
devices developed under AL= Nawgatm” Developme”t Board PrOJeCt 13 1 The evaluatlo” of 
this umt, like that of the two prewous models, was conducted under ANDB PrOJeCt b 2 5 

Two models of this display, designated as Types V-A and V-B were developed by the 
Arma Corporatm” of Garde” City, Long Island Since the only addltmnal feature of the latter 
type was a second reticle prov,d,“g m,leage c,rcles and a longer heading xndlcator whvzh 
tended to obscure chart detail. all evaluatm” was conducted on the Type V-A display 

I” addltlo” to the evaluatm” program at TDEC, ,t was felt desirable to request comments 
on features for p,ctorxal d,splays for a,r “avlgatm” from the An&m” Psychology Laboratory, 
Unlversrty of Illinois, a group which has conducted much study I” this field Their comments 
are mcluded as part of this report under the Appe”d,x 

1 I” the orlg,“al development work on this pro,ect, the term “pxtor,al computer” was 
used to lde”t,fy the equpment The recent trend, however, 1s to replace this terminology 
with plctor,al d,splay because ,t more closely descr,bes the functmn of the device 
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DESCRIPTION 

The Type V p,ctorml computer shown ln F,g 1,s a device for cont,n”ously dxsplaymg 
the pos,tmn of an arcraft by utllmng a bearmg mput from a navlgatmn recezver. a range 
Input from dlstance-measurlng equipment (DME). and a headmg from a Gyrosyn or Fluxgate 
CO”lpaSS The equipment 1s made up of two bas,c parts a servoampllf,er umt which may be 
mounted in the arcraft radm-equipment rack and a pro,ectmn-type display umt which 1s 
usually Installed on the mstrument panel Th,s display unit differs from others evaluated 
under th,s pro,ect ,n that an optxcal system 1s used to PL-OJeCt charts, prmted 0n 35-mm fxlm. 
onto a IO-Inch-d,ameter screen A slewmg handle on the front panel of the display permts 
selectmn of any one of 750 charts contaIned on a loo-foot roll of f,lm Tunmg of the very- 
high-frequency-omnlrange (VOR) and DME receivers and chart-scale selectvxn are auto- 
matxally achieved by a film-codmg system A complete descrlptlon of the development of 
th,s computer ,s provided ,n an earlier report * 

TECHNICAL-EVALUATION TESTS 

Laboratory Tests 
To determme the bearing accuracy of the Type V display, the laboratory standard 

Autosyn described in another report3 was first set to 0” and the computer was adJusted to 

r 
t 

3eanng to 
statmn 

(degrees) 

0 

30 

60 

90 

120 

150 

180 

210 

240 

270 

300 

330 

TABLE I 

BEARING ACCURACY TESTS 

ClockwIse 
Average Computer 

Indlcatlons 
(degrees) 

04 

30 5 

60 5 

90 0 

119 7 

149 4 

179 5 

209 6 

239 6 

269 4 

299 5 

330 0 

,tatmn 
Average Error 

(degrees) 

to 4 

to 5 

to 5 

00 

-0 3 

-0 6 

-0 5 

-0 4 

-0 4 

-0 6 

-0 5 

00 

r Counterclockw 
Average Computer 

Indlcatlons 
(degrees) 

07 

30 7 

60 6 

90 1 

120 1 

* 149 6 

179 6 

209 8 

239 7 

269 4 

299 6 

330 3 

Rotatlo” 
Average Erro: 

(degrees) 

to 7 

to 7 

to 6 

to 1 

to 1 

-0 4 

-0 4 

-0 2 

-0 3 

-0 6 

-0 4 

to 3 

2 Logan E Setaer, “The Type V Plctorlal Computer w.th Automatic Chart Selection. 
Part I, Development and Inltlal Tests,” CAA TechnIcal Development Report No 199, June 1954 

3Edward M Blount, Hugh A Kay, Raymond E McCormick, Fred S McKnlght. and 
Marvin H Yost, “The Type III Rotatable-Panel Plctorlal Computer, Part II. TechnIcal and 
operat,ona1 Evaluation,” CAA Techmcal Development Report No 209. June 1954 
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Fig 1 Model V Plctcrlal Display 

the same readmg Then the standard was advanced I,, 30” mcrements throughout 360’ of 
rot&o” I” a clockwise dlrectmn, and d,splay mdlcatmns were recorded All tests were later 
repeated wth caunterclockwlse rotatm” I” order to study the extent of the errors introduced 
by the approach to check points from the opposite dIrectlo” Results of laboratory tests for 
bearing accuracy showed that the greatest errors occurring I” the average results of repeated 
tests for a give” pomt were + 0 5’ to-0 6’ for clockwise rotatmn and + 0 7O to-0 6’ for counter- 
clockwise operatm” The largest error encountered I” any one test was t 1 0’ Table I shows 
the average results obtalned I” these tests 

Distance accuracy was examined at two-mrle mtervals on the 1 250,000 chart and at 
proportmnately larger Intervals on the charts scaled to 1 500.000. 1 1.000.000. and 1 2.000.000 
To conduct these tests, d,sta”ce Information, I” the form of resistance values proportmnal to 
nautical m&s, was fed to the computer from a cahbrated precx,on potentmmeter Readings 
were obtamed for flqhts both ~“bound and outbound to the statlon I” order to determme the 
absolute magmtude of error produced I” distance I”d,cat,o”s 
was 0 61 “ale I” distance I”d,catmn 

The largest of the average errors 
This was observed on the chart scaled to 1 2,OOO.OOO 

Errors found I” the 17-, 34-, and 68 5-n-ale scales were 0 16. 0 26, and 0 58 mlle,respectlvely 
Table II shows the average results obtaIned 1” a serxes of range-accuracy tests when a chart 
with a radius of 17 nautlcal “nlen was used Tables III, IV, and V dxsplay the results of sun&r 
tests atother ranges 

By the use of the same voltage across the repeat-back potentmmeter on all scales while 
the voltage across the DME potentmmeter was varied mversely with the range scale, uniform 
sensltwty was obtamed on all ranges 

The heading accuracy of this display was evammed at 30’ mcrements throughout 360’ of 
rotatmn, both clockwise and counterclockw,se A precisely cahbrated dlfferentlal Autosyn was 
used to simulate headmg informatmn normally supplled by a Cyrosyn- or Fluxgate-controlled 
servotransformer 

Tests showed a higher degree of accuracy I” the heading ,“dlcatm”s of this u-at than I” 
other displays exammed The greatest average error observed was 1 5’ Table VI shows the 
average results obt$l”ed I” a series of tests 
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TABLE II 

DISTANCE ACCURACY TESTS 

Chart Radius 17 m&s. Chart Scale 1 250,000 

kstance 
Outbound 

Average 

I somputer In&catlon 
(“4 (“14 

Err01 

(““4 

Inbound 
Average 

Computer Indxatmn 
(“d 

LiTTOT 

(““4 

0 - 011 -0 11 + 0.11 to.11 
2 1.95 -0 05 2 I1 +o I1 
4 3 89 -0 11 40 00 
6 5.89 -0 11 6 05 to 05 
8 7 84 -0 16 8.0 00 

10 9.89 -0 11 10.05 to.05 
12 11.89 -0.11 12.05 to.05 
14 13.95 -0 05 14 05 to 05 

TABLE III 

DISTANCE ACCURACY TESTS 

Chart Rad,us 34 rmles, Chart Scale 1 500,000 

Distance 

(“4 

Outbound 
Average 

Computer Indlcatmn 
(““4 

Error 

(“4 

Inbound 
Average 

Computer Indlcatmn 
(““4 

Error 

(“4 

0 - 0.11 -0.11 + 0.11 to 11 
5 4.78 -0.22 5 26 to 26 

10 9.95 -0 05 10 16 to.16 
15 14.95 -0 05 15 25 t0 25 
20 19.95 -0 05 20 11 to 11 
25 24.84 -0.16 25.16 to.16 

TABLE IV 

DISTANCE ACCURACY TESTS 

Chart Radius 68.5 m&s. Chart Scale 1 1.000.000 

Outbound 
Average 

Computer Indicatmn 
(““-4 b-4 

- 025 -0 25 
9.42 -0.58 

19.71 -0.29 
29.50 -0.50 
39.71 -0.29 
49.63 -0.37 

-r Inbound 
Average 

Computer Indlcatmn 
(“4 

t 0.25 
10.05 
20 26 
30.16 
40.18 
50.42 

The change ln dlstence reqlured to produce a perceptible change 1n display distance 
r,&catlon was measured with the same DME-type precrsion potentiometer mentmned 
previously. The tests were conducted by setting the potentmmeter at some predetermmed 
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TABLE V 

DISTANCE ACCURACY TESTS 

Chart Radius 137 miles. Chart Scale 1 Z,OOO,OOO 

Distance 

(*ml 

Outbound 
Average 

Computer Indlcatmn 
(=m) 

Error 

(*m) 

Inbound 
Average 

Computer Indlcatlon 
(*m) 

Error --I (“=“I 

0 - 048 -0 48 - 0.48 to.48 
20 19.47 -0.53 20 61 to.61 
40 39.57 -0 43 40.53 to 53 
60 59.57 -0.43 60 53 to.53 
80 79 52 -0 48 80.37 to 37 

100 99 47 -0 53 100.53 to 53 

I---- 
Actual 

Headmg 
(dqrees) 

T 

0 
30 
60 
90 

120 
150 
180 
210 
240 
270 

rABLE Vl 

HEADING ACCURACY TESTS 

Clockwlst 
Display 

Headmg Indlcatmns 
(deErees) 

00 00 
29 5 -0 5 
60 0 0.0 
89.0 -1 0 

119.5 -0 5 
149.0 -1.0 
180 0 0.0 
209.0 -1.0 
240.5 to.5 
266.5 -1 5 
300 0 00 
329.0 -1.0 

Error 

(degrees) 

Counterclock 
D,splay 

Headmg ln&catlons 
(degrees) 

0.0 
30 0 
60 0 
89.5 

120.0 
150 0 
180 5 
210 0 
240 0 
269 0 
300.0 
330 

Lse 
Error 

(degrees 

00 
0.0 
0.0 

-0.5 
0.0 
0.0 

to.5 
00 
00 

-1 0 
00 
00 

1 
1 

value of resistance, permlttmg the posltmn mdlcator to come to rest, and then addmg addItIona 
resistance to cause the least perceptible change 1” mdlcatlon. This simulates distance changes 
through contlnuatua” 1” one &rectlo” along a radial. 

The tests were repeated I” order to examine the operatmn of the display under such 
condltmns, I” which the distance 1s fust increasmg and then decreasmg, as would be en- 
countered I” the flying of a hol&ng patter” Smular techmques were employed with the ercep- 
tlo” that after the posltmn IndILator had come to rest the wiper arm of the pre~lslo” 
patentlometer was turned I” the opposite dlrectm” until movement of the mdlcator was 
observed Table VII shows the results of these tests with resistance values converted to 
their proportional distances in “autxal m,les 

A study of the flag-alarm system of the display was made by blockmg of the mdlrator 
drive mechamsm and lnsertmn of bear%“8 and range mformatmn of various values until the 
errors became of suffuzient magmtudes to cause flag operatm”. In both clockwIse and counter- 
clockvase dIrections, the flag alarm was actuated when the bearmg Input and the alrcraft- 
posltlon mdxatmns dlffered by 4.5’ I” distance operation either Inbound or outbound lrom a 
statmn, the errors shown I” Table VIII resulted in actuatlo” of the flag clrcults 

The system morvtors the bearmg and distance Inputs satlsfactorlly and thus warn5 the 
operator If either sIgna 1s lost or If display mdxatmns differ from the mputs by the amounts 
show” A warung 1s also given If either the 28-volt d-c or the 115-volt, 400-cps power 
supply falls Bearxng, distance, or headI” functmns may be rendered lnoperatlve b) tube or 
other component failure without actuatmg the flag alarm 
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TABLE VII 

CHANGES IN DISTANCE REQUIRED 
FOR LEAST PERCEPTIBLE CHANGE IN COMPUTER INDICATIONS 

Chart Radius 
I 

One Dlrectlon 
I 

Reversed Dlrectlons 
(*ml (*d 

137 Negllglble 1.3 
68.5 Neghglble 0.79 
34 Neghg1ble 0.5 
17 Negllglble 0.22 , 

TABLE VIII 

DISTANCE ERROR FOR FLAG OPERATION 

Chart Radius Error 
(4 b-4 

137 12 
68.5 6 
34 3.2 
17 1.5 

To determme the dampmg characterlstxs of the posltlon mdlcator with respect to 
changes in bearmg. &stance. and heating, the amplitudes of successive osclllatlons of error 
voltage were measured at the grids of the first stage of each of the servoampllhers To record 
the data, a Polarold-Land camera was used to photograph osclllograms an a Model 512 
Tektrorux oscilloscope. Measurements of amplitude and twne were made from the photographs. 
To substantiate this ewdence, the amplitudes of osclllatmns of the posltmn mticator were 
observed later and good correlatmn was found to exist Table IX showsthe damplng factor of 
the posltmn mdlcator of the Type V computer for raprd changes ln bearmg. distance. and 
headmg. The dampmg factor represents the rate of decay of osclllatmns and IS found by 
&vldmg the Napermn logarithm of the ratu,s of two successive amplitude maxima by the tune 
Interval. 

TABLE IX 

DAMPING FACTORS OF POSITION INDICATOR 

I BeZ.r1ng 
Distance 
HeadmE I 

3.05 
2.14 
1.12 I 

The phase-shift networks mcorporated I,, the servoamphler clrcwts and the VISCOUS 
dampmg employed m the display umt produce some dampmg of the posltmn mdxator, but 
these measures are not adequate. Furthermore. ad]ustments are not provided to obtam the 
necessary range for optxnum dampmg. In prewous tests on the Type IV &splay, lt was 
determmed that a damping factor between 3.6 and 3 8 was a satisfactory value for most 
operatmns 

It was deternuned with a General Electric Type DW-68 &ht-lntenslty meter that 
111um1natl0n of the screen was not uniform Table X shows the lllummatlon of .,ar,o”s portmns 
of the screen when a 150-watt proJection lamp was used m the display. A blank chart was 
used m these tests to avold tifferences in lllurmnatmn through shaded areas. 

The lrfe of the pro,ectmn lamp 1s apprecmbly shortened by the horizontal mountmg 
posltmn selected for this &splay. A representative of the Lamp Division of the General 
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I TABLE X 

UNIFORMITY OF SCREEN ILLUMINATION* 

Bearing to Station Ill-natmn 
(degrees) (foot-candles) 

0 4.00 
90 4 90 

180 2.75 
270 

Center of Screen 
3.75 
7.00 

*With the exceptIon of the readmg at the center of the screen, all measurements were made 
around the periphery of the &splay at the greatest usable distance from the station. 

Electrx Company predIcted less than half of the rated life for lamps mounted other than base 
down. 

Power reqmrements far the equpment are 2.75 amperes at 115 volts, 400 cps, and 
0.95 amperes at 26 volts d-c when a 200-watt proJectIon lamp 1s used. 

Some &splacement of charts on the screen was observed Errors m bearing and m 
range of as much as 0.7” and 0.75 nautxal nule,respectlvely, were noted 

The sue and the shape of the axcraft-posltmn m&cator were such that chart detail 
was obscured. The relative length of the indicator 1s 50 m&s when a chart with a racbus of 
137 m&es 1s used. 

The changmg of the chart film 1s an Involved process reqrurlng at least 30 minutes In 
the laboratory. If the eqwpment IS mounted In an alrcraft, the procedure 1s further complicated 
by the necessity of remonng the display from the mstrument panel. 

Fkght Tests. 
Tests to determme the accuracy of the pictorial &splay under actual flight con&tmns 

were conducted In alrcraft N-182, a Douglas DC-3. Fhghts were made three tunes clockwlse 
and three tunes counterclockwise around the same course used m the lnvestlgatmn of the 
Types III and IV &splays. Smce there were no provisions for recordmg alrcraft-track-made- 
good In this &splay, the urut was removed from the mstrurnent panel and was placed In a 
supporting rack m a darkened cabln where 35-mm photographs of the screen were taken over 
each check pant. See Fig 2. The 180 negatives obtalned In this manner were later proJected 
lndlvrdually m a Model C Kcdagraph Film Reader, and measurements of the bearing and the 
distance of the qlrcraft posltmn to the VOR station were recorded for each check pant Because 
the proJect was planned to evaluate only the plctorlal display rather than the ommbearlng- 
distance (OBD) system, errors are expressed as devlatmns of display mdlcatlons from those of 
the omnibearing indicator and of the distance meter Maximum errors found m an average of 
the six trials were 3’ m bearmg and 0 3 mile In distance These errors resulted In a maxwnum 
displacement of 0 6 mile from the proposed course Table XI shows the average lndlcations 
obtaned III the several flights. and Fig 3 shows the proposed course, the course which the OBD 
mstruments provided, and the course mdlcated by the plctorlal display 

OPERATIONAL COMMENTS 

The relative merits and operational advanta es of pictorial &splays In general have 
4557 . been thoroughly &scussed In prevmus reports. I a z 

4 setzer, op. c1t. 

5 
Blount. et. al., op. at. 

6 
F. S. McKnight “A Prelmunary Study of Operational Advantages of Plctorlal Navlgatlon 

Displays ,(I CAA Technzcal Development Report No. 241, June 1954. 

‘IRTCA Special Committee 54 Reports 
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TABLE XI 

TECHNICAL FLIGHT TESTS OF THE TYPE V DISPLAY 

Check- Measured Values Average Average Pzctorlal-Dxpla] 
Point Plctorlal-Display OBD-Instrument Error’ 
Number _ Indication Indication 

Bearing Distance Bearmg Distance Bearmg Distance Bearing Ulstanc 
to Statlon to St&lo* to Station to Statlo* to Statzon to Station 
(degrees) (nm) (degrees) (m-n) (degrees) (nm) (degrees) (nm) 

1 288 5 4.9 289 5.1 289 50 0 to 1 
2 293 24 296 2.4 296 2.4 0 00 
3 329 0.5 338 0.5 336 0.7 +2 to.2 
4 92 1.6 91 1.1 90 1.6 l I -0 4 

2 100 97.5 4.3 2.6 ;; 4.2 2.6 100 97 44 28 -1 0 -0 -0 2 2 
7 101 5.1 101 52 101 5.4 0 -0 2 
8 101.5 6.5 101 6.4 102 66 -1 -0.2 
9 102 7.8 103 78 102 80 t1 -0.2 

10 102 9.2 104 9.1 103 9.2 fl -0.1 
11 110 9.5 111 9.7 110 9.7 +1 0.0 
12 119 10.25 118 10.4 119 IO.3 -1 to.1 
13 122 10.5 122 10.7 122 IO.7 0 00 
14 127.5 11.5 128 11.5 129 11.5 -1 0.0 
15 133 12.5 134 12.6 135 12,6 -1 00 
16 138 13.5 140 13.9 140 13.6 0 +0.3 
17 144 12 3 145 12.6 147 12 3 -2 to.3 
:; 154 163.5 11.2 10.5 155 167 10.6 11 1 165 156 10.6 11.2 +2 -1 -0 0.0 2 

20 171 10.2 173 10.3 173 10.2 0 to.2 
21 185 10.2 185 10.3 1.35 10.2 0 to.1 
22 196 10.5 I94 10.6 196 10.6 -2 0.0 
23 206 11.5 203 11.4 206 11.4 -3 0.0 
24 212 10.6 212 10.6 212 IO.6 0 00 
25 218 9.7 218 10.0 218 (1.8 0 to.2 
26 229 2,” 230 9.1 229 a.9 t1 to.2 
27 239.5 
28 248 .a:4 

241 a.6 239 a.5 t3 to.2 
248 a.5 250 a.4 -2 to.1 

29 257 a.5 257 a.6 257 a.5 0 to.1 
30 261 a.5 262 a.6 262 8.6 0 0.0 

kBearmg error 1s the hfference, m degrees, between OBD and plctorral-drsplay mdlcatmns. 
Distance error 1s the difference, In miles, between OBD and plctorlal-&splay mdlcatmns. 

The Type V display shares these general advantages and m addltron has certam features which 
make It even more desirable for operatmnal use. Because of budget lumtatmns. the operational- 
flight-test program could not be completed. However, one Type V display has been rnstalled in 
a Douglas DC-3 alrcraft at the CAA Technrcal Development and Evaluation Center since July 
1952. Smce Its mstallatzon. thx display unit has been used on many flights for en route 
navlgatlon, transltmn to final approach, and other special flight sltuatmns xnposed durmg 
techmcal tests of varmus equpmeht. The fallowmg comments are based on observations by 
TDEC pllots who have used the Type V and previous models of plctorlal displays. 

The outstanhng and most frequently mentmned feature of the Type V plctorlal &splay 1s 
Its simplicity of operatmn Possible sources of error due to mcorrect tunmg or improper 
scale selection are ellmmated. The speed with which these operations are accomphshed is 
also Important, because under certam con&trons the pilot may be extremely busy snd unable 
to afford extra time to perform these tasks manually. 

The most frequent complaint of the pilots concerned the llghtmg of the display. If direct 
or reflected sunlight struck the glass face of the &splay, the projected map and the alrcraft- 
posltmn mdlcator could not be seen. For example, reflections from s white shirt or from 



Fxg. 2 Type V Display Screens Wltb Eqrupment 1x1 Operatmn 

light-colored clothmg would make the c&play unreadable at tmnes by one or bath pilots 1n the 
cockpit Light shields or baffles mght elmunate much of thxs difficulty. At mght, the &splay 
was too bright and could not be dxnmed suffmently even though the umt 1s eqmpped with a 
variable-light-Intensity control. A contmuously vanable light source mth a much wider rang= 
oi mtenslty 15 requred. 

An advantage of the pro,ectmn system used I,, the Type V display was the ellmlnation of 
possible readmg errors due to parallax. I,, the Type IV &splay, the encraft heating arrow at 
the end of the aircraft-posl~an-ln~=~tor actuatrng arm was displaced from the surface of the 
chart about i/4 mch. When mewed from an angle, as for example whep the &splay was 
mounted III the center of the arcraft panel for use by both pllot and &&lot, a large readmg 
error could be mtroduced. If, for example, the pxtorml display 1s @&d from an angle of 
45’. the readmg error due to parallax is equal to the displacement d tl+lrcraft-posltlon 

i ’ 
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Fig. 3 Tecbrucal fight Tests of the Type V Display 

rndicator from the chart surface. A displscement of l/4 Inch wultb a chart scale of 1 1,000,000 
1s equvalent to four m&es. The pro~ectmn system used in the Type V &splay effectively 
eliminates any reading error due to parallax. 

Thu u-nprovement m reduction of readrng errors by means of a proJection system 1s 
realized only when the projected -age of the azrcraft-position mcbcator 1s of sutable form 
and design. On the Type V display, a rather solrd airplane silhouette IS used with a long 
arrow to rndicate hea&ng. See hg. 2. A small opemng LII the center of the airplane Indicates 
the actual position of the aircrafk This small hole XI the reticle tends to become clogged 
from dust and from particles of f&o emulsion, The heavy outhne of the arcraft tends to 
obscure other chart detrul. It 1s believed that cross hairs only, untb a sutable extensmn or 
arrow on one leg to m&cate heading of the aircraft. would be more satisfactory. The posliaon- 
uidicator image should be prormnent enough to be plcked up at a glance and yet should not be 
80 large or massive that $t obscures desired chart detaxl. 

The need for the,@ctorral display to show exact heating on a compass rose was 
considered relatively &&nportant by TDEC pilots because the chsplay was not used as a 
primary flight-attitud#‘uu&went. 

’ I 



11 

From the pIlot’s standpornt, storage and selectmn of charts left little to be deared. 
With the Type V display, however, It 1s necessary either to remove the entlre urut from the 
uxtrument panel or to secure access to the back side of the umt through the nose sectmn of 
the alrcraft m order to change chart klm rolls or proJection lamps. 

Pllots suggested that a horxontal mountmg of the dlmplay would more nearly represent 
true spatml relatmnshlps. In ad&tmn, a preference was expressed for a mounting whrch would 
pernut the movmg of the &splay out of the way when necessary. This latter suggestlon would 
elirmnate the problem of mounting such a &splay In the already overcrowded instrument p*nelS 
of most arcraft. In ad&tmn, the dxsplay wt could be moved out of the way when not needed 
such as durrng tzamg, wvarm-up, extended ground operation, or take-off and landmg. 

Recommended features for a “Type Deluxe 0 plctorlal &splay. as developed by Payne 
and W~lkama of the Uruverslty of Ilhnms, are given m the Append=. 

CONCLUSIONS 

In regard to the eqlupment characterzstxcs, It IS concluded that 

1. Accuracy of bearzng uxlxation IS adequate for present fkght condltlons, although 
rnaxunum errors III bearmg m this display are somewhat greater than those m the Types III 
and IV displays. 

2. Accuracy of dxtance mdxatmn IS very sunllar In the three types of display tested. 
The Type V shows a little less error on the 120~mile range. 

3. Tlus display IS much more accurate m hea&ng mdlcatmns than the Type IV was. The 
Type III computer &d not Include provrs&s for &splapng arcraft headmg. 

4. On charts scaled to 1 250,000, thrs display requres less change In &stance before the 
position Indicator shows a change. Thus xrxproves the accuracy with which holdmg patterns 
and smular maneuvers m termmal areas may be flown. 

5. The flag-alarm crrcuts of all three computers tested were wformly poor. Although 
they successfully momtor the d-c and a-c power supples, certam error lunlts. and the Input 
signals from DME and VOR, they do not momtor malfunctmlung of the &splay urut Itself. 

6. DampIng characteristics of tis computer are not as good as those of the other types 
exarruned. 

7. The automatic scale-selectmn and twng feature 1s very dearable. 
8. The changing of the chart films requires too much tune 
9. In fight, tlus equipment provides the pllot with an extremely flexible means of 

navlgatmn by wluch he may comply wltb present and proposed traffic-control mstructmns 
based on L/MF or VOR navigation systems. 

10. Because of its automatic functions, the Type V 1s the most easily opegated and the 
least susceptible to ptiot error of the &splays tested. 
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APPENDIX 

RECOMMENDED FEATURES FOR PICTORIAL-COMPUTER DISPLAYS 
FOR AIR NAVIGATION 

T. A. Payne and A. C. Wlll~ams, Jr. 
Uruverszty of Illlnols 

Table XI shows the characteristics of three exlstmg types of pictorial-computer 
displays for arr navlgatlon, A fourth type. “Type Deluxe,” 1s llsted lncorporatlng the features 
that will be recommended by this paper. The followmg paragraphs ~111 conslder each feature 
of the “T ype Deluxe ,” the corresponding features of the other three displays being discussed 
at the same tune when applicable. , 

Azimuth Stablheed. 
By “azimuth stablllzed” It 1s meant that the map of the display 1s hxed, the figure 

representing the pilot’s alrcraft movrng over It. Much research has been directed at the 
question of whch should move, the map or the arcraft figure, on this kmd of display In each 
case It was found that a fixed 

IT 
ap and a movable axcraft figure provided the better perform- 

ances. Wxlllams and Roscoe, In studymg a number of Instrument displays to be used with 
omrurange equpment, found that the flxed-map, alrcraft-movement prmclple was superior to 
the movable-map, fxed-arcraft prmclple. Their subjects were presented with drawmgs of 
the &splays together with navlgatlon problems. They solved the problems with fewer errors 
when they were using drawmgs of a display makmg use of the fixed-map, alrcraft-movement 
prmclple than when they were uslog an 

a 
of the other display drawmgs 

Another study by Roscoe, et al., drd not make a comparison between the aircraft- 
movement and the map-movement pruuxples but did show a high character 01 performance 
when the aircraft-movement display was bang used. 

ln tis case a l-CA-1 Lank traner, eqwpped with an arcraft-movement pxctorlal 
display and with conventional omrurange Instrumentation, was used, Not only were 
performances far superlor when the arcraft-movement plctorlal display was bemg used, 
but the absolute character of the performances usmg the pxtorlal were highly acceptable. 

PaynelO further lnvestlgated this problem of the movmg part. Sublects used drawmgs 
of the pxtorial &splay makmg use of the urcraft-movement prlnclple and of the pxtorlal 
&splay makmg use of the map-movement (m this case station-movement) prmclple. Presented 
with a drawing and a navigation problem, they were able to solve more problems more rapldly 

8 k C. Wxlllarns, Jr., and 5. N. Roscoe, “Evaluation of AIrcraft Instrument Displays for 
Use With the Omm-Dlrectlane.1 R&&o Range, I’ CAA Dlvlslon of Research, Report No. 84, 
March 1949. 

9 S. N. Roscoe. J. P. Smith, B. E. Johnson, P. E. Dlttman. and A. C. Wllllams. Jr., 
“Comparahve Evaluation of Plctorxal and Syrnbolxc VOR Navlgatmn Displays In the l-CA-1 
Lmk Tramer,” CAA Dlvlslon of Research, Report No. 91, July 1950. 

10 
T. A. Payne, “A Study of the Movrng Fqure and Orxntatlon of Symbols on Plctorlal 

Aircraft Instrument Dlsplaya for Navlgatlon,” U. S. Navy, Special Devices Center, Techlucal 
Report SDC 71-16-6, July 1950 
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when they were “smg the drawmg of the arcraft-movement plctorml. It took over seven times 
as long to work the statmn-movement problems, with only one-hfth of them correct, as It took 
to work the aIrcraft-movement problems, with four-fifths of them correct. 

Another study by Paynell supported the supermrlty of the alrcraft-movement plCto=ld 
display. PIlots holdmg mstrument-fhght ratings solved navigation problems “sang functmnal 
models of an arcraft-movement plctarlal and of a map-rr,ovement pxtorlal. Usrng the alrcraft- 
movement plctorml, the p&,ts lmtlated solutmns more rapldly, made fewer control reversals, 
made fewer first turns III the Incorrect dlre&on, made fewer marupulatrons of the control 
swtch, and attended to a secondary task more efficiently than when they used the map-movement 
p1ctorEal 

It would appear that a “populatmn stereotype” 1s mvolved 11, this movmg-part question. 
The movmg of the arcraft symbol over a fixed map “mocks-up” the real sltuatmn that the 
p1lcts knows 1s occurrmg. It may be that a reversal of this con&tmn, when dlsplayed on an 
mstrument, causes tifbculty because the “wrong” thmg moves 

Headxng. 
The recommendation in this case IS that the headmg of the real arcraft be shown on the 

arcraft symbol of the pxtorml-computer display. In the Payne studyI rt was demonstrated 
that when headmg mformatmn was given on the arcraft symbol attempts at problem solutmns 
were mxtlated more rapIdly and more problems were solved than when headmg mformatlon 
was not given on the arcraft symbol. There ,vas some mdlcatmn that fewer first turns were 
made in the Incorrect dxectmn when the axcraft symbol showed headxng. In fact the superl- 
orlty of the alrcraft-movement plctorml, in terms of how rapidly the SubJects lmtxated 
solutmns, was dependent almost entirely upon the showmg of heating on Its arcraft symbol. 

A form of headmg was shown on the arcraft symbols used zn the earl~er experwnts.13.14 
The drawngs showed the arcraft symbol as an arrow approxrmately l/2 mch long. The 
functional model of the plctorml display used ,n the I-CA-l Lmk tramer showed a form of 
headmg in that the pip representx,g the alrcraft left a luminous trace about l/2 Inch m length. 
Although this trace showed track-made-good rather than actual headmg, It was not dlffxult to 
“se It as headmg mformatmn. 

When headmg mformahon 1s presented on the alrcraft symbol, the pllot IS relxved of 
one subtask. By tbs It IS meant that were headmg not given on the arcraft symbol It could be 
“placed” there by the pilot by means of his observmg the dxectmn of movement of the arcraft 
symbol or by notmg his compass or by both. Both of the latter alternat,ves are txne-cons-ng 

In the case of a large map with a small scale, observatmn of movement of the arcraft 
symbol would become a difficult task because the absolute rate of movement of the arcraft 
symbol would be very slow. If the pllot has to obtain headmg ~nformatmn from the compass, 
he must translate It irom numbers to somethmg hke an arrow on the arcraft symbol. This 
15 not as simple as It rmght seem to be, especmlly when the entlre &splay IS rotated manually 
away from north-at-the-top orwntatlon. Thus manual rotatmn ~111 be dlscussed later. 

Another advantage to showmg headmg on the alrcraft symbol presents Itself. Durmg 
much of the navlgatmn task the present&Ion of headmg in numbers IS not necessary when a 
plctorlal-computer dxplay 1s bemg used With the plctorlal. the task becomes not one of 
“flyng on a course of 130’ (say)” but of flymg from “here” to “there,” the “heres” and “theres” 
bang marked on the map. An alternatIve to thus, when the plctorlal 1s used, 1s the simpler 
task of makmg good a track drawn in on the map of the display. This ..vlll be mentioned under 
the sectmn Desired Ground Track Shown. 

In the experiments clted prevmusly, the axcraft was represented on the plctorlals I,, 
the form of an arrow rather than an axplane silhouette Although elther would probably do 
the Job It was felt that an arrow would obscure less map detail and thus could be used more 
accurately than the larger airplane saouette. 

11 
T. A. Payne, “A Study of the Mavmg Part, Headmg Presentation, and Map D&all on 

Plrtorml AIM Navvgatmn D~plays,” U S. Navy, Special Devxes Center, Techrucal Report SDC 
71-16-10, November 1952. 

12 
Ibld. 

14 
Roscoe, et. al., op. at. 
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TABLE XI 

PICTORLAL-COMPUTER DISPLAYS* 

rype IIIa 

4zxnuth stablllzed 

SeadIng 
Possibly as spot 
of light) 

Type IV Type V 
(Spe==y) (Arm) 

Azimuth stablllzed Azxnuth stablhzed 

Headmg Heading 
(Arrow on arm) (Axcraft shadow) 

“Type Deluxe” 

Azimuth stablllzed 

Headmg 

x011 map Paper map Prqected map 
(Films) 

Clear map 

Zotatable Rotatable Flxed Rotatable 

Does not record Records Does not record Not record? 

tianual map selection Manual map selecton Smgle operation Map scale and tunmg 
,y crank Map selectmn, hke Type V, plus 
scale selection by Manual scale selectmn Scale selection, rmmmum search for 
jwltch switch Tunmg map 
[*dependent tumng Independent tunmg by 
,y hand hand 

Programmed paths Dlscontanruty In turns Proposed paths only, Desired ground track 
Programmed paths with grease penal shown 

Turns may be OK Course indicator for 
off-airways. prmted 
alrways. approach an 
departure paths 

Damping factor 1s Damplng factor IS bad 
electric and 1s good 

#These data were complled on February 113, 1953 at the Avlatmn Psychology Laboratory, 
Umverslty of Ilhncus Alrport, at a conference with R. E. McCorrmck. A. C. Wzllrams, Jr., 
and T. A. Payne. 

Further conslderatzon of the form of the arcraft symbol suggested that there rmght be 
an advantage to he gained from extending a straight kne forward from the nose of the aircraft 
symbol. It was suggested that such a lme might facllltate the estlmatmn of the headmg of the 
arcraft. It WP.S suggested further that distance lmes could be marked along such a lme. This 
would give the p&t xnmedlate lnformatmn concerrung his distance from any place on the map 
toward which he was heading. These two points will be considered In turn. 

For the purpose of ths report, a small experiment was conducted. Thirteen students at 
the Uruverslty of Illmols were presented with drawings oi the face of a plctorlal-computer 
display. The compass rose was marked around the periphery of the drawn displays. On the 
face oi the displays was shown an aircraft symbol, agaIn represented as an arrow l/2 Inch 
long. Dlflerent -otatmns of the compass rose were used (north at the top or some other 
compass point et the top). In the six problems, the alrcraft symbols were placed at different 
posltlons on the display and were given different headmgs. Three of the SIX problems showed 
the arcraft symbol (arrow) with a lme extendmg straight forward from the nose of the symbol 
(arrow head) to the periphery of the display. The other three had no such lme. The task was 
to IudRe the headIn& ai the arcraft, in degrees. The results showed no advantage to usmg the 
11°C except when the arcraft symbol was given In the exact center of the display. In this case, 
the ]udgnents were supermr to those of any other condl+.mn. The fmdmg should not be 
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surprlsmg, because the degrees shown on the perxphery of the display are orlented only to the 
exact center. 

This would seem, however, to show no advantage to extendmg such a hne forward from 
the arcraft symbol. The occasmns durmg which the alrcraft symbol ~111 be In the exact 
center of the display are few. In the second place, It has already been suggested that the 
pictorial computer would be used more often In flymg mdlcated tracks than In flymg headmgs 
m degrees. Third, the writers would not like to predict what the effects of malung the moving 
arcraft symbol so unwieldy would be. Whether or not this would reduce the over-all per- 
formance level, when the pxtorlal computer 1s used, 1s not qrute predictable. Perhaps strange 
llluslons would be developed by the movement of the arcraft symbol with a lme prOJeCtlng 
forward from Its nose. Fourth, m the event that the pllot usmg a plctorlal were requested to 
fly a given headmg in degrees, he could take up such a headmg accurately by usmg h15 compass. 

There IS an altcrnatlve to a line extendmg from the alrcrait symbol. The pllot could be 
provided with a track selector m the form of a thm black lme. This track selector could be 
positmned manually In any posltmn on the display so that It formed a track between the BIT- 
craft symbol and any de&nation shown on the display. The aircraft symbol could be flown 
over such a track A distance scale could be marked along the track selector, enablmg the 
pllot to tell mxnedlately the distance to any pomt shown on the display merely by posltlomng 
the track selector 

Clear Map. 
This recommendataon 1s Just what It appears to be. Any features desirable for a given 

sltuatron could be mdxated on the map of the pxtorlal. Deared ground track (to be mentroned 
later),together with areas to he avolded ( wltb altitudes given), destinations, and other such 
variables, might be shown. The point is that the map be legible. This applied chiefly to the 
proJected-map prlnclple llsted for Type V (Arma) computer. If the map 1s to be proJected on 
the face of the pictorial display by means of films, one danger must be avolded. This 1s the 
posslbllity of the washmg out of the proJected map by light from outslde the cackplt. A chance 
for this to occur would be when the pllat 1s ilymg on top of an overcast but nevertheless IS 
usmg the plctorlal computer to navigate. Perhaps adequate shleldmg for such a plctorlal 
computer would prevent th,s dlifxulty. 

Rotatable 
It 1s desirable that the ent,re plctorlal d,splay be manually rotatable Using this fea- 

ture, the pllot could rotate the dxplay whenever necessary so that the arcraft symbol could 
be made to move on an up heading toward the tap of the display Payne15 found that there 
was a deflmte decrement tn performances when the task was to fly a deflrute down heading 
toward the bottom of the dtsplay when the arcraft-movement pictorial dxplay was being 
used The greater frequency of control reversal which was observed when the alrcraft sym- 
bol was heading down over that observed when the symbol was heading up was slgnlflcant 
Apparently this Increase in control reversals occurred because of the right-left amblgulty 
that occurs when the arcraft symbol 1s heading toward the lower hemtclrcle of the display 
In thus case, the Instructton “to the right” I” terms of the alrcraft symbol means “to the left” 
from the standpant of the pllot’s orlentatmn When however, the display can be rotated man- 
ually so that the atrcraft symbol 1s heading up. “to the right” means “to the right” for both the 
arcraft symbol and the pIlot The manual-rotation feature of the plctorlal display should be 
valuable especially when the pllot 1s approachmg a destmatmn. at which time he would want to 
perform as accurately as possible The Incorporation of a manually rotatable display with 
film-proJected maps might prove to be dlfflcult 

Not Record? 
Whether or not the track-made-good by the arcraft should be recorded autamatlcally 

on the map of the display might depend upon the purpose for which It 1s bang used. For 
tralnmg purposes, a c&se rmght be made far a permanent recordmg. For ordmary navlgatmn 
uses, It would seem to be unnecessary. 

Map Selection, Statmn-Turung, Map Scale. 
The xnportant pant here IS that steps be taken to assure that the appropriate map 1s 

used when the computer 1s tuned to a gzven statmn. Not only this, the scale of movement of 

15T. A. Payne, Techlucal Report SDC 71-16-10. 
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the arcraft symbol should agree with the scale of the map bang used. Tlus nught be 
accomplished in one of two ways. 

If the entlre operatmn 15 automatic, such as with push-button turung performmg the 
triple duties of map selectmn, station-tuung, and scale selectmn, the use of an incorrect map 
or of a.n Incorrect scale with a given statIon would be precluded. In such an automatic system, 
It would not seem unreasonable to reqmre that the selectmn of the desired map-statlon-scale 
system take a maxwnum of 5 seconds. (Thr, assumes that the computer has been II, operation 
and IS warmed up.) If the pllot were gettmg close to his de&nation and desired to switch to a 
larger-scale map (wth appropriate scale movement of the arcraft symbol), a greater time 
delay would be a marked dlsadvanttage. 

If map selection 1s manual, the equpment should be so engreered that only the correct 
scale and the correct station can be employed. A map-selectmn techruque should be ~ncor- 
porated that allows a mxnmum search for the map to be used at any particular tune. 

Deslred Ground Track Showh 
The ground track to be made good should be shown on the map of the computer. Payne 16 

found that when at least a portmn of the ground track to be made good was shown on the map 
his sublects xutlated solutmns more rapldly and solved more problems than when such a track 
was not show% When the axcraft symbol shows the heating of the real alrcraft and when the 
desired ground track 1s shown on the map, navlgatmn problems are reduced to sxnple trackmg 
problems. 

Awuays and approach and departure paths from termxrals can be prmted on the maps. 
The track selector, mentioned at the end of the sectxr, concerned wulth headmg, could be used 
for off-airways flymg. Usmg the arcraft symbol that shows heading and ather the prmted 
track or the track selector, the pxlot could tell somethu,g about the dlrectmn and velocrty of 
the wmd. This should be about as useful as the observation of crab angle in VFR flymg. 

16 Ibld. 


