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THE TYPE V PICTORIAL COMPUTER WITH AUTOMATIC CHART SELECTION 

PART I 

DEVELOPMENT AND INITIAL TESTS 

FOREWORD 

The Al= Navlgatmn Development Board (ANDB) was establIshed by the Departments of 
Defense and Commerce I=, 1948 to carry out a ulilfled development program axned at meeting 
the stated operatmnal reqlurements of the common mil&xry/clvll al= navlgatmn and traffic 
control system. Thzs p=o,ect, sponsored and fmanced by the ANDB, 1s a part of that program. 
The ANDB 1s located w>thm the admlmstratlve framework of the Clvll Aeronautics Admrus- 
tratmn for housekeeprig purposes only Pel sons desxmg to communxate with ANDB should 
address the Executive Secretary, Al= Navlgatmn Development Board, Clvll Aeronautics 
Adnunlstratmn, W-9, Washmgtan 25, D. C. 

SUMMARY 

This report describes the Type V pxto=rJ computer and presents the results of early 
laboratory and flight tests The results of more extensive tests and evaluatmn ~111 be presented 
1” Part II. 

The Type V computer IS an aIrborne dzsplay of omnlbearmg and distance navlgatlon Info=- 
mation and provides contm,“ous airplane-posxtran and heading mdlcatmns, a mecharucal chart 
selector, and an autamatw receiver-tunmg mecharusm The charts are prmted in route sequence 
on a roll of 35-mm film and are p=o,ected on a ten-Inch dxxneter, see-through-type screen. 
Laboratory tests mdxated that the computer meets speclfxatmn reqlurements for an aCC”=aCy 
of fO 4 nautical mile I=, distance, *O 5” I,, bearmg, and *7’ >n heading Flight-test results 
emphasize the value of the followmg features (1) srnphclty of cont=al accampllshed by the 
automatic-tumng and scale-selectmn features, (2) an uncluttered chart due to the projected 
posltmn mdzcator, and (3) the h u g e amount of chart storage avallable by “se of film. Two fea- 
tures that can be rnproved are the contrast of the ,mage pro,ected on the screen and the means 
of replacing obsolete charts on the film roll. 

INTRODUCTION 

The Type V plctorlal computer, see Fzg. 1, 1s the third of three plctorlal computers 
developed by the Techmcal Development and Evaluatmn Center of the Clvll Aeronautxs Admlrus- 
tratmn under the spansorshlp of ANDB Five “,uts were manufactured by Prma Corporatmn, 
Roosevelt Field, Garden City, Long Island. 

Previously publxhed report&’ describe the Type III portable plctorlal computer and the 
Type IV rotatable-panel pxtorlal computer. These three computers were deslgned to evaluate 
the va*1ous features of plctorlal dlspl?ws Laboratory mvestr&mns3 which xndxated that plc- 
torlal displays possessed much me=,t were completed before the speclflcatmns for these com- 
puters were prepared The addltmnal expe=,ence gamed durmg the manufacture, mstallatlon, 
and testing of these computers has mdxated the relative values and shortcommgs of many of 
the va=lo”s features It 1s now possible to design a computer for routxne operatmn wvlth much 
confidence 1n the technical aspects of the design Although the suxtabll,ty of some of the 
features cannot be determmed until the computer 1s used under actual operatmg condltmns. 
changes in these features are not hkely to require a ma,o= redssIgn of the eqmpment 

1 Logan E setzer, “The CAA Type III Portable P,cto=lal Computer. Part I. Development 
and Irvtlal Tests,” CAA Techrucal Development Report No 172, October 1952 

2 
Logan E Setzer, “The Type IV Rotatable-Panel Pxtorml Compute=, Part I, Develop- 

ment and Inxtxal Tests,11 CAA Technxal Development Report No 195. May 1954 

3 Roscoe, Smith, Johnson, Dlttman, and W~Il~rns, “Comparatwe Evaluatron of Plctorlal 
and Symbolic VOR Nav~gatmnal Displays in l-CA-1 Lmk Trams=,” CAA Dxvlsmn of Research. 

,. Report No 92, Washmgton 25, D C , October 1950 
I 
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DESCRIPTION OF THE EQUIPMENT 

General 
The Type V p~ctorxal computer provldee a contmuous display of heading, bearmg, and 

distance from the selected ammbearlng-distance (OBD) statmn The dxplay unit IS deslgned 
to be mounted m an arcraft mstrument panel as shown xn Fig 2, so that It IS clearly vlslble 
to the pllot and to the copilot This computer requues mformat~on from an ommrange recel- 
“er and from an aIrborne distance-measurmg equipment (DME) and may be used III any axea 
wlthm the range of an OBD statmn The charts aganst which the posItIon and the headmg are 
shown are qmckly selected by means of a slewng control on the front of the panel The equip- 
ment consists of two wts the display unit and the ampllfler urut The ampllfler umt con- 
tams all relays, special power sources, and ampllfuxs. 1s desIgned to be mounted in the radm 
rack of the arcraft, and 1s of standard JAN-S2 outhne sxze A diagram of the electronic 
clrcmts of the Type V computer 1s shown I,, Fig 3, and a gearmg diagram 1s shown III Fig 4 

The front panel of the display umt provides the fallowing lndxatmns and controls 

1 A power-control switch 
2 An ~llummatmn-control switch 
3 An alarm-mdxator meter 
4 A pull-out knob to brmg the spare pro,ectmn lamp Into posltlon 
5 A chart-engagmg lever to change charts 
6 A fuse holder for a 115-volt, 400-cps, 3-amp fuse 
7 A fuse holder for a 26-volt, 3-amp fuse 
0 A screen for pro~ectmg the charts 

The houang of the dxplay unit contans the followng clrcurts and mechamsms 

1 Distance servomotor and dxtance repeat-back potentwneter 
2 Bearmg servomotor and bearing repeat-back synchro 
3 Heading servomotor and heading repeat-back synchro 
4 A mecha,,um requred to transmit the output of the servomotors to the alrplane- 

posItIon mdxator 
5 Chart-changmg mechanxsm 
6 Scale-selecting and frequency-decodmg mechanism 

The ampllhei urut contans components for the followmg electronic clrcults 

1 Dxstance servoampllfier 
2 Bearrng servoamphfux. 
3 Hea&ng servoamplxfler 
4 Alarm ampllfler 
5 Power supply 
6 Scale-selection and frequency-deco&n&! mecharusm 

Three 400~cps servoampllfwzs of conventional design are required for the mstrumen- 
tatmn of the Type V pxtorlal computer Signals for the range ser”o are obtamed from the 
shaft orlentatron of a potentuxneter whxh 1s in the aIrborne DME and which mdlcates the 
&stance (up to 100 nautxal n-ales) to the OBD statvan to which the DME 1s tuned 
mformatmn 1s obtamed as a smgle-speed,4 

Bearmg 
400-cps, synchro signal ,n the omnlbearmg 

r,dxator, a component of the na”lg&on rece,“er, whxh calculates the bearing to the OBD 
statIan Magnetx-headmg mformatmn I& recerved as a 400-cps, smgle-speed, synchro 
signal from the gyrocompass 

4 That 1s. the shaft of the synchro 1s rotated one revolutmn for each 360’ change of 
bearrig or headmg 



Fig 1 Type V Pxtorlal Computer 

Operatmn of Display 
The charts used m the Type V computer are prmted photographlcally on 35-mm film 

and are proJected with 10X magnrfxcatmn onto a IO-Inch-diameter screen The center of the 
chart 1s the OBD statmn and 1s also the center of mstrumentatmn from which the analogs of 
distance and of aznnuth are measured T*o arrangements for showing urcraft posltmn are 
used m the computer One arrangement has two retxles. as shown m Fig 4. arranged so that 
each 1s In the oblect focal plane of the proJector One retxle 1s engraved with bearmg 1u.e~ 
and distance circles, and the other retrcle 1s engraved with an urcraft-headmg mdlcator 
Both retlcles are posItioned by the azrnuth-distance servos In addltmn, the reticle with the 
aircraft-headmg mdrcatar 1s rotated by the headmg servo The rnage, shown m Fig 8, 1s 
the compaslte prolectmn of the chart, of the posltmn-mdlcator reticle. and of the headmg- 
m&cator reticle 

The other arrangement has one reticle, m the ObJect focal plane of the proJector, upon 
which 1s engraved an arcraft-headmg mdxator This retxle 1s posltmned by the dlstance- 
azunuth servos and 1s rotated by the headmg servo The image shown In Figs 2 and 10 1s 
the composite prOJeCtlOn of the reticle and of the chart This arrangement allows a sharper 
and cleaner display than the first arrangement, which uses two glass retlcles m the oblect 
focal plane of the projector However, the distance circles and the bearmg lmes of the 
two-reticle arrangement enable an observer to determine hzs posrtian more accurately 

Charts 
The charts prmted on the 35-mm film were prepared by the U S 

Survey Features of the charts are described 11, a prevmus CAA report F 
east and Geodetic 

Up to 750 charts 
can be stored in a loo-foot film roll Charts are prmted on the f&n m a route-sequence 
order The route sequence 1s made up of a series of Olm strips, each strip contarnmg the 
charts for OBD statmns encountered on a route between two termmal cltxs The chart for 
any given statmn may be located In the sequence by reference to the index sheet, shown m 
Fig 5, which provxdes the number of the chart The arrangement of charts is such that the 
amount of film-changmg requred durmg flight 1s mmxmzed and the wear on film 15 reduced 

5 
Roscoe, Srmth, Johnson, Dlttman, and Wxlliams, op tit 



Fig 2 Type V Pictorial Computer Display Unit 

The sequence shown m Fig 5 was arbltrarlly chosen to Include all the VOR statmns 
in operation at the time the ar~gmal film was prepared Fifty-su charts were comprled for 
31 of the stations an the three routes ChIcago to New York, Boston to Richmond, and Wash- 
mgtan to St Lous Only the Chxago-to-New York route was DME-equipped at the time the 
charts were made Call letters, ldenttlflcatmn code, sequence number, VOR frequency, and 
scale factor for each station for whxh a chart was not complled were prmted on the Olm, 
and the tunmg and Scale lnformatmn was punched rnta the film A total of 525 chart spaces 
were mcluded In each of the arlgmal films 

SelectIon of Charts 
To select a chart, the slewmg handle E pulled out to engage the chart-changmg mech- 

*nl5rn The handle 1s then turned to the right or to the left, depending on the chart or scale 
desired The greater the amount of turn is, the greater the slewmg speed, up to a manmum 
slewmg speed of ten charts per second The slewmg may be stopped completely by posltlon- 
mg the handle near the center, even though the chart-changing mecharusm 1s engaged The 
film may readily be driven at a speed slow enough to allow the OBD-stahon call letters to be 
read directly from the chart image 

Automatx Receiver Twng 
Associated with each chart on the f&n roll 1s a series of 12 on-off code locations Nme 

of these locatmns are used to Identify the particular frequency combinatmn of the OBD-statmn 
transmitters and transponders situated at the center of each chart Three of the locatlons are 



TABLE I 

MAXIMUM AND MINIMUM DEVIATION OF POSITION INDICATOR 
FROM A DISTANCE CIRCLE WITH CHANGE IN BEARING 

Computer 
Ser,al No 

2 0 

3 l/32 

4 

I 

l/32 

5 0 

Clockwise Rotatmn 

Lngle at Whxh 
Aalnmum Pos - 
tlve Devmtmn 

Occurred 
(degrees) 

0 

0 

180 

i 

Malllmum 
Nega hve 
Devratmn 

(mches) 

l/32 

0 

0 

l/64 

Angle at Whwh 
vlaumum Neg- 
ahve Deviation 

Occurred 
(degrees) 

TABLE II 

DIAMETER OF CIRCLE GENERATED BY POSITION 
INDICATOR DUE TO CHANGES IN HEADING 

240 

120 

T 1 I 
I 

daxlrnum 
Posltlve 
3evratmn 

(inches) 

l/32 

0 

l/64 

0 

1 1 

1 

Counterclockwise Rotatmn 

bgle at Which 
vlaxlmum Pos- 
.kve Devmtmn 

Occurred 
(degrees) 

0 

250 

(mches) 

0 

l/64 

l/64 

l/64 

rtaxnnum Neg- 
.t,ve Dewatmn 

Occurred 

ln 
TABLE III 

DEVIATION OF THE HEADING INDICATION 

Computer ClOCkW1S.Z Counterclockwise 
Serml No Rotatwn Rot&on 

(Inches) (Inches) 

2 l/64 I/64 

3 l/64 l/64 

4 0 to l/64 Oto l/64 

5 l/64 I/64 

3 l/4 

4 0 

5 l/4 
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Headmg 

:degrees) 

0 

30 

60 

90 

120 

150 

180 

210 

240 

270 

300 

330 

0 

MaXllllUIIl 
:rror Spread 

TABLE IV 

TIME REQUIRED TO INDICATE 180’ CHANGE IN HEADING 

I Computer T1llle 
Serla.1 No (seconds) 

TABLE V 

ACCURACY OF HEADING INDICATION 

Serial No 2 Serial No 3 
(degrees) (degrees) 

0 0 

29 1/z 30 l/2 

59 60 l/2 

09 90 

120 119 l/L 

150 149 

le\O 180 

210 209 

240 240 

270 l/2 269 

301 300 

331 330 

2 

Computer Indlcatmn 

1 l/2 

Senal No 4 
(degrees) 

+ l/4 

30 l/2 

60 

89 3/4 

lZ(P 

150 

180 

210 

239 l/2 

269 l/2 

299 3/4 

330 l/4 

‘t l/4 

1 

7 
Senal No 5 

(degrees) 

0 

30 

59 l/2 

89 l/2 

119 l/2 

149 l/4 

179 l/4 

209 

239 l/2 

269 3/4 

300 

330 

1 
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used to automatlcally set up the mstrumentatlon to correspond with the scale of the chart 
The coded locatlons consist of ather holes or no holes m the film roll Pawls or fingers 
Interrogate each coded locatlon as soon as a chart has been selected The pawls make a 
sequence of electrIca contacts which actuates a relay network m the amplrfler unit This 
network m turn automatically and remotely controls the autoposItIoner-tunmg mechamsms 
m both the navzgatlon receiver (bearlog) and the DME ( range) I” such a way that after a par- 
tlcular chart has been selected at the display unrt the associated eqlupment IS correctly tuned 
to the corresponting OBD statzon. 

Flag Alarm 
A flag alarm 1s provided to show fallure m the slgnal mputs to the computer, to show 

failure in the computer, or to mdxate that the distance to the OBD statxon 1s beyond range 
and that signals received are below the threshold level 

LABORATORY INSPECTION AND TEST DATA 

All the rnspectlons and tests described m this section were performed on computers. 
Serw.1 Nos 2, 3, 4, and 5 

Automatic Frequency and Scale SelectIon 
To determme the correctness of the wlrmg and of the functlonrng of the automatic- 

selection clrcults, the following procedures were used 

A Operation of the Manual Control Unit for DME and for Navlgatxon-Receiver Twng 
With Computer OFF 

With the proper cables connected and with the computer power swatch m the 
OFF posItIon, conbnuty was checked between points on the Navlgatlon-Receiver- 
Frequency-Selector umt and correspondmg pomts on the DME and on the nawgatlon 
recerver Connectzons on all umts were checked and found correct 

B Operation of the Amphher-Unit Relays 

1 When the equpment was turned ON, the five relays which transfer control 
from the manual-control unrt to the automatic-selection relays were operated 
in all equpment tested 

2 With the tulung fmgers dzsconnected m the dxsplay umt, the wares correspondrng 
to the various tonmg fingers were grounded one at a time, and m each case the 
the corresponding tunmg relay was operated 

3. With the tumng fingers dlsconnected m the drsplay unit, the wares correspond- 
mg to the tunmg fmgers were grounded m groups accordmg to the code whxh 
had been prepared to represent each 1/10-M= frequency from 106 0 to 117 9 MC 
Contlnuty was checked to establxsh whether the corresponding frequency selec- 
tlon would be made zn the DME and m the navlgatlon receiver All equpment 
operated properly on all frequencies 

opt1ca1 System 
The purpose of checlung the optxcal system 1s to determrne (1) the accuracy with 

which the center of rotation of the posItIon-mdxatmg mechanism comclded with the center 
of the chart. (2) the alignment of the posztlon mdxator wzth the center of rotation of the 
headmg display. (3) the functlonmg of the brightness control. and (4) the operatron of the 
spare projectlon lamp 

A Alignment of the PositIon Indxator Wltb the Center of the Chart 
With power ON and wrth a chart v&h range carcles projected, the bearmg of 

the axplane ylms rotated first clockwzse and then counterclockwIse through 360” on 
a midrange circle Devlatlons from range circles were observed, and the rnaxunum 
and mmmwm deviations of magnitude and bearmg were tabulated See Table I 



a 

TABLE VI 

TIME REQUIRED TO INDICATE A CHANGE OF 180” IN BEARING 

Computer Serial No. Tnne (seconds) 

2 5 

3 4 l/2 

4 10 l/2 

5 5 

B. Alignment of the Headmg Indxator With the Posltxon Indicator 
The headmg of the airplane was rotated fxrst clockwise and then counterclock- 

wise at a fixed range and bearmg, The dmmeter of the arcle generated by the center 
of the alrplane was observed. See Table II. 

C. Operaban of Brightness Control. 
The brightness control was checked xn all posItions, and operatron was found 

satisfactory. 

Servo Tests 
The purpose of the servo tests was to determme the performance characterzstlcs of 

the heating, bearmg, and distance servomechamsms. 

A. Headmg-Servo Operation. 
1. Alignment at 0’ Headmg In&catlon. 

An omrubearmg-dxstance mdxator (OBI) was used to simulate heating signals 
from the gyrocompass by connecting It to the synchro Input of the hea&ng servo 
The computer power switch was turned on. Input to the heading servo was ad- 
lusted so that there was a voltage null between terrmnals Sl and 53 of the headmg 
repeat-back synchro. The distance slgnal was adJusted so that the arrplane- 
posltlon mdxator was over the OBD station,and the hea&ng mdxation was ob- 
served. The seromg pm was Inserted I* the heating gear txam, and the headmp 
mdxatlon was agam observed. The mmxnum measurable angle for this test was 
l/4”. The dzfference m the m&catxons was recorded as the devlatlon of the 
headmg lndlcatlon. See Table III. 

2. DIrectron of Rotation. 
The OBI was rotated, and the correspondence of the dlrectlon of rorataon of 

the alrplane with the OBI was noted and found to be correct. 
3. Maxxnum Rate of Change of Heading Indication. 

The txne requued for the hea&ng mndxator to turn 180’ and to mdlcate a 
heading is shown ,n Table IV. 

4. Accuracy of Heading In&cation. 
A transparent polar-coordmate graph was placed over the center of the azr- 

plane with 0’ ahgned. The accuracy of the headmg lndrcatlon was checked at 
pomts shown ln Table V and plotted in Fig. 6. 

B. Bearing Operation. 
1. Al,gnmeut at Zero Indication. 

The OBI was connected to the bearing-synchro Input. Equipment was turned 
ON. The OBI was rotated to 0’ (mrrdmom voltage across Sl-S3),and the align- 
ment of the center of the airplane with the 0’ bearing mark was observed and 
found satisfactory. 

2. DIrection of Rotation. 
The OBI was rotated and the correspondence of the direction of rotation of 

the bearing of the airplaneposition indxator with the OBI was noted and found 
to be correct 



TABLE VII 

ACCURACY OF BEARlNG INDICATION 

r T Serial No 2 

Bearmg 

(degrees) 

2 
14 
26 
38 

2,” 
74 
86 
98 

110 
122 
134 
146 
158 
170 
182 
194 
206 
218 
230 
242 
254 
266 
278 
290 
302 
314 
326 
338 
350 

2 

Computer 
In&c&on 
(degrees) 

2 

i;t l/4 

:,” 3/4 
61 3/4 
74 
86 
97 l/2 

109 l/4 
121 l/2 
133 l/2 
145 l/4 
157 l/4 
169 l/2 
181 l/2 
193 l/2 
205 3/4 
217 314 
229 l/2 
241 3/4 
253 3/4 
266 
277 3/4 
289 3/4 
302 
313 3/4 
326 
338 
350 

2 

Aaxmwm Error Spread 

Devmtlon 

(degrees) 

0 
0 

+1/4 

-174 
-l/4 

0 

-172 
-3/4 
-l/2 
-l/Z 
-3/4 
-3/4 
-l/2 
-l/2 
-l/2 
-l/4 
-l/4 
-l/2 
-l/4 
-l/4 

-174 
-l/4 

-174 
0 
0 
0 
0 

Serml No 3 T Serial No 4 

2 
14 
26 l/3 
38 l/4 

2,” l/4 
73 3/4 
85 3/4 
97 l/4 

109 l/2 
122 
133 l/2 
145 l/4 
157 l/4 
169 l/2 
181 l/2 
193 3/4 
206 
217 3/4 
229 l/2 
241 l/4 
253 l/2 
265 l/4 
277 l/2 
289 l/2 
302 
;;‘b 3/4 

338 
350 l/4 

2 

0 
0 

+1/4 
+1/4 

0 
+1/4 
-l/4 
-l/4 
-l/2 
-1/z 

-1;2 
-3/4 
-3/4 
-I/2 
-l/2 
-l/4 

-174 
-l/2 
-3/4 
-l/2 
-3/4 
-l/2 
-l/2 

-,;4 
0 
0 

+1/4 
0 

/ 

I 1 

computer 
Indlcatlon 
(degrees) 

14 3/4 
26 l/2 
38 l/4 

2,” 
74 l/2 
86 1/z 
98 l/4 

110 l/2 
122 l/2 
133 3/4 
146 
157 l/4 
169 3/4 
181 3/4 
193 l/2 
205 l/2 
217 l/4 
229 1/Z 
241 l/4 
253 l/2 
265 l/2 
277 l/2 
289 l/2 
302 
313 l/2 
325 3/4 
338 
349 1/z 

2 

t 

Devlatlan 

(degrees) 

$4 
t1/2 
+1/4 

0 
0 

+1/z 
+1/z 
+1/4 
t1/2 
+1/2 
-l/4 

-374 
-l/4 
-l/4 
-l/2 
-l/2 
-3/4 
-l/2 
-3/4 
-l/2 
-l/2 
-3/4 
-I/2 

0 
-l/L 
-l/4 

$2 
0 

1 l/4 

T Serial No 5 1 
Computer 
Indlcatlon 
(degrees) 

1-i l/4 
26 l/2 
38 

2 l/4 
74 l/4 
06 
98 

110 
121 l/2 
133 l/2 
146 
157 l/2 
169 3/4 
182 
194 
205 3/4 
217 l/2 
229 3/4 
242 
253 3/4 
266 
270 
289 3/4 
301 3/4 
314 
326 
338 
350 l/4 

2 

Devlatlon 

(degrees) 

0 
t1/4 
t1/2 

0 
0 

t1/4 
+1/4 

0 
0 
0 

-l/2 
-l/2 

-172 
-l/4 

0 

-174 
-l/2 
-l/4 

-1;4 
0 

$4 
-l/4 

0 
0 
0 

+1/4 
0 

1 
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TABLE VIII 

LINEARITY OF DISTANCE INDIC 
I 

:A: 

I- 

XON 

aamg Rar 
31fferencc 

(ohms) 

27 31 

51 89 

77 85 

102 4 

126 9 

154 3 

1789 

,smg Ran 
hfferenct 

(ohms) 

1eparture 
From 

L1nea1 
nd,catmn 

(4 

26 03 +O 06 

24 5 -0 06 

24 47 -0 06 

26 1 to 07 

25 9 +o 05 

23 1 -0 17 

F 

t 

>eparture 
From 

Linear 
nd,cat,on 

b-4 

-0 05 

+0 06 

-0 06 

-0 05 

+O 17 

-0 09 

I (oh-) 
1 250,000 27 30 

24 58 

25 96 

24 55 

24 5 

27 4 

24 6 

4 53 33 

6 77 83 

a 1023 

10 1284 

12 154 3 

14 177 4 

Resxstance 14 m,les - resistance 2 miles = l2 63 ohms per mlla 
12 

Data for other scales for Serral No 2 are not available 

1 250,000 

l-----l 
~;3 50 

56 34 

79 44 

104 05 

127 00 

150 20 

174 60 

22 a4 -0 06 

23 IO -0 04 

2461 to 09 

22 95 -0 05 

23 20 -0 03 

24 40 to 07 

3192 

56 39 

79 46 

104 6 

1285 

150 2 

173 2 

25 47 

23 07 

25 14 

23 9 

21 7 

23 0 

+o I7 

-0 04 

to 14 

+o 03 

-0 15 

-0 04 

Xeslstance 14 nnles - resistance 2 miles = 11 76 ohms nnle 
1 

per 
7 

1500,000 5 3 

10 

7 15 

20 

25 

86 66 

145 7 

206 3 

265 6 

324 8 

-0 04 

to 09 

-0 02 

-0 03 

I I I 
59 04 

60 60 

59 30 

59 2 

a6 61 
59 09 -0 03 

145 7 

204 9 
59 2 -0 03 

265 6 60 7 +o 10 

324 7 59 1 -0 03 

teslstance 25 miles - res,stance 5 rmles 
20 = 11 9 ohms rmle per 

10 3 I ~,OOO,OOO 136 2 132 8 

20 255 
119 2 -0 09 

4 252 6 

30 378 
122 7 to 20 

1 375 2 

40 499 
1214 to 09 

5 497 a 

50 617 
118 0 -0 19 

5 616 2 

!es&ance 50 nnles - resistance IO miles 
40 

= 12 03 Ohms per rmle 

to 19 

to 22 

-0 16 
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TABLE VIII (Conttnued) 

LINEARITY OF DISTANCE INDICATION 

Scale Increasing Range Decreasmg Flange 
Resistance Difference Departure Resxtance Dxfference Departure 

FPX” From 
Ll”e.U LH-.eZZ 

Indlcatm” I”dlCatl0” 
(oh-4 (ohms) (““4 (oh”--) (0)=-J*) (“4 

2,000,000 265 5 267 0 
241 2 to 03 239 0 -0 15 

506 7 
6 

506 0 
240 -0 02 242 6 t0 23 

747 3 748 6 
242 5 to 14 239 6 -0 10 

989 8 
13 

988 2 
239 2 -0 238 8 -0 17 

1,229 0 1,227 0 

Resxstance 100 rmles - resistance 20 miles = l2 
80 

I I I I 
1 250 26 1 

50 6 

75 1 

99 6 

124 1 

148 6 

171 8 

04 ohms per “ule 

I 
2 

4 

6 

tl 

10 

12 

14 

24 5 

24 5 

24 5 

24 5 

24 5 

23 2 I 
27 7 

to 02 
50 7 

to 02 
75 1 

to 02 
98 3 

to 02 
122 6 

to 02 
147 2 

-0 09 
170 3 

Resistance 14 m&s - resistance 2 miles 
12 

= 12 15 ohms per mile 

5 4 1 500,000 62 3 

10 128 4 

15 190 4 

20 252 5 

25 314 4 

I 
23 0 -0 11 

24 4 +o 01 

23 2 -0 09 

24 6 to 02 

24 6 to 02 

23 1 -0 10 

66 
65 0 

1 to 29 60 7 -0 14 

62 
125 7 

0 -0 04 64 8 to 18 

62 -0 03 190 
5 

1 60 5 -0 16 

61 
251 0 

9 -0 05 62 0 -0 04 
313 0 

Resxtance 25 miles - resrstance 5 miles = 12 5 ohms per m1Ie 
20 

10 4 1’1.000.000 142 9 142 .3 
125 6 co 02 

20 272 8 
129 8 to 35 

268 4 
125 7 to 02 

396 6 
128 2 to 22 

30 398 5 

40 522 1 
123 6 -0 06 

520 6 
124 0 -0 11 

647 
125 4 00 

643 0 
122 4 -0 24 50 5 

-0 60 769 
11 

.9 
122 3 -2 5 

767 0 
124.0 

Reszstance 60 m&s - resistance lo miles = 12 5 ohms per mrle 
50 
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TABLE VIII (Cont,nued) 

LINEARITY OF DISTANCE INDICATION 

Range Ser,aI SCZLk Increasmg Range Dec.b-u.,. 
(A,r- No Res,stance D,fference Departure Res,stanc 
plane Fro”? 

Pos,tlo”) Lmear I 

“““?g Range 
el D,fferencel Departure 

1 (“4 I I”d,cat,on 1 
(oh-1 (ohms) (nm) (ohms) 

20 
I 

4 
, 
I 2,000,000 299 9 294 2 

40 552 
252 6 

5 
to 21 

547 2 

60 806 
254 0 

5 to 32 800 0 

80 1,054 
247 5 -0 

0 20 1.051 0 
100 246 0 1 2”” -0 ” 32 1 TOP n I A.-“- - / 1 

Resistance 100 m,les - res,stance 20 m,les 

80 
= 12 5 ohms per m,le 

I 

5 1 250,000 1,044 0 

1,025 
19 0 to 

0 
06 

1,006 19 0 to 06 o 

988 6 
17 4 -0 11 

969 6 19 0 to 06 

951 6 
18 0 -0 04 

933 6 
18 0 -0 04 

14 nnles - resistance 2 m&s 
12 

= 9 2 ohms per m,le 

5 1 500,000 1,019 0 

973 
46 

0 
o to 03 

46 
927 0 

0 to 03 

881 0 
46 0 to 03 

836 
45 0 -0 0.3 

o 

T 1,044 5 

1,025 0 

1,006 0 

989 0 

970 0 

952 0 

9330 i 

1.019 3 r 

973 6 

928 5 

881 3 

836 0 

19 5 

19 0 

17 0 

19 0 

18 0 

19 0 

T 

47 7 

45 1 

47 2 

45 3 

to 12 

to 06 

1 -0 15 

CO 06 

-0 04 

to 06 

A 
to 21 

-0 07 

CO 16 

-0 05 

Res,stance 25 m,les - res,stance 5 m,les = 9 15 
20 

ahms per m,le 

10 5 1 1.000,000 962 0 8 
20 859 5 102 

959 
5 +O 16 858 7 101 1 to 02 

30 759 5 100 0 -0 09 758 7 I 100 0 -0 09 

40 658 101 4 1 +o 02 655 7 103 0 to 21 

50 558 3 100 1 -0 08 559 5 96 2 -0 47 

Res,stance 50 m,les - res,stance IO m,les 
= 40 10 09 ohms per m,le 
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TABLE VIII (Contmed) 

LINEARITY OF DISTANCE INDICATION 

Range Send Scale InCrei 
(Am- No Fces1stance !I 
plane 

Posltmn) 

20 5 

40 

60 

80 

100 

(ohms) 

202 0 -0 18 

206 7 +o 28 

204 8 to 10 

202 0 -0 18 

re Res,stance DIfferem* 

-t 

Resistance 100 miles - resmtance 20 rmles 
80 

= 10 19 ohms per rnlk 

TABLE IX 

DISTANCE ERROR REQUIRED TO OPERATE FLAG-ALARM INDICATION 

Computer Dxtance 
Serral No (mles) 

2 18 

3 18 

4 18 

5 15 

TABLE X 

DISTANCE ERROR PRESENT WHEN ALARM FLAG DISAPPEARED 

Computer DlStaUCe 
Send No (mles) 

2 09 

3 15 

4 10 

5 05 

TABLE XI 

BEARING ERROR REQUIRED TO OPERATE FLAG-ALARM INDICATOR 

computer Error 
Ser,al No (degrees) 

2 2 

3 2 

4 *2 

5 2 

to 19 

to 16 

-0 03 

to 07 
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Fig. 3 Schematic Wiring Diag Type v Pictorial Computer 



“Fig. 4 Mechanical Schetiatic and Block Diagram of Type V Pictorial Computer 
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Fig. 5 Route and Serial Sequences of Charts 
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Fig 6 Accuracy of Headmg as Presented by the Amplane-Pos~tmn Indicator 



Fig 8 Schematic Dmgram Test Setup 
for Distance Linear&- 
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Fq 9 Lmearlty of Airplane-Posl~on-Indicator Response 



Fig 9 (Contmued) Linearity of Airplane-Posltlon-Indicator Response 
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-3 

-4 

-5 



Fig 9 (Co”t?nued) Llnearzty of A,rplane-Positron-Indicator Response 

3 Maxmnum Rate of Change of Bearing Indxatm” 
The time reqrured to mdrcate a change of 180” 1” bearmg 1s shown I” Table 
VI 

4 Accuracy of Bearing Indwatm” 
The posltro” lndtcator was placed on the outer beam 

Accuracy was checked at the pants lndxated I” Table VI and plotted 1” Figs P 
S circle of a chart 

7a and 7b 

c Distance-servo Operation 
Only lmearlty of &stance lndrcatm” was measured A brrdge-swrtchmg 

circuit was connected to the range mput as shown m Fig 6 The equpment was 
turned ON, and B chart with range crrcles was projected The resistance of the 
Input potent;ometer ,vas measured for posrtlons of the airplane-posltmn mdzcator 
See Table VIII The departure fro”, a linear mdlcatmn x.,&s converted to nautical 
rmles and wns plotted 1” Figs 9a to 9m. lnclvsive The &rectio” of travel of the 
urplane was the same for consecutive reamngs The airplane was prevented from 
overshooting the posxtm” for measurement 

Flag Alarm 
A Comparlso” of Computer and Course-Dewatm” Flags 

B 

When the equipment was on, the flag alarm on the navlgatm” receiver was 
adjusted so that the edge of the alarm flag was just vlslble The alarm on the 
plctorlal computer was also just vlslble 
Distance-Error Alarm Operatm” 

A chart with 1 250,000 scale was pro,ected The flag alarm was out of vzev, 
The reading of the aIrplane-posltm” m&cator was noted, and the xndxcator w-s the” 
moved manually by rotating the range gear untxl the flag returned to sight The 
drstance traveled by the axplane-posltio” Indxatar ruas recorded See Table IX 
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TABLE XII 

BEARING ERROR PRESENT WHEN ALARM FLAG DISAPPEARED 

Computer Error 
Serial No (degrees) 

2 l 1 

3 l/2 

4 l 1 

5 1 

The pasrtion mdxator was allowed to return slowly to the servo balance posxtmn 
The distance from the normal airplane position to the pant where the flag dis- 
appeared was recorded See Table X 

C Bearmg-Error Alarm Operation 
The operatron to determme distance error was repeated except that the 

bearmg was changed by rotatmg the bearmg gear The number of degrees the 
axplane-posltmn Indicator moved before the flag reappeared was noted The 
posxtlon mdxator was allowed to return slowly to the balance posltmn for the servo 
The number of degrees of departure from normal alrplane pcsltmn before the flag 
hsappeared was recorded See Table XII 

Operation of Film-Llmlt Stops 
The film-llmlt stops were set, and the motor was slewed rnto each stop The lout- 

switch operation was checked and found to be correct 

FLIGHT TESTS AND RESULTS 

The compute- used for the flight tests was mstalled m a DC-3 type arrplane Flrghts 
were made m the Indranapohs area. and charts of each of the four scales provided were used 
The desired course was plotted on a 1 500,000-scale reference chart which the pllot used The 
flights were made m good weather under visual-flight-rule (VFR) conditions. and the selected 
courses were flown accurately enough so that any course devlatmn was neglected A trans- 
parent film was taped over the computer screen, and the copilot marked the track of the 
alrplane-posltmn m&cator on the film with a grease pencil After the fkghts, the track of the 
posllzon mdxator was transferred. for comparison with the desired course, to charts corres- 
pondmg to the charts used m the computer during the varmus tests. The results of these flights 
are shown in Fzgs 10. 11, 12. and 13 

For the most part, the charts are self-explanatory All flights orlgmated at and re- 
turned to the Indmnapohs War Cook Mumclpal Azrport Two flights were made with the use 
of the 1 250,000-scale chart. and the charts of these flights eze shown in Fig 10 In addrtmn 
to the results of the flights, Fig 10 shows the theoretlcal regmn of error due to varmus equip- 
ment used m pxtorial-computer flights The results of flight using a 1 500,000-scale chart 
are shown m Fig 11 This chart also illustrates the two-retxle posltmn mdxcattor 
results shown in Fig 12 were obtarned usmg a 1 1 ,OOO,OOO-scale chart 

The flight 
This chart also 

illustrates the theoretical regrons of error due to the varmus eqmpment 
(see Fig 

The concludmg flight 
13) was made at a &stance of from 60 to 90 miles from the OBD statmn, with the use 

of a chart waltb a scale of 1 2,000,OOO Suffxlent altitude was mar&tamed so that the airplane 
was wultin lme of sight of the airport at all times durmg the fllght However, on some turns, 
the DME lost the signal for short permds of time The VOR slgnal was also lost for short 
permds, especially during flrght through some areas of severe scalloping 
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Fig 10 Chart of Flight Wltb Type V Pictorial Computer 

DJSCUSSION 

The foregoing parts of this report describe those features of the Type V computer wbxh 
lend themselves to quantitative measurement. Some of the features are of a qualltatlve nature 
rather than quantltatlve and for that reason require detailed discussion. 

In considermg this discussmn, it should be borne 1” mind that the computer w&s designed 
to investigate certam features of the display rather than to arrive at a preproduction design. 
Therefore. the comments concerning design improvement are not to be regarded as a cribcism 
of the design. They are prompted by the knowledge gafned from laboratory and flight tests an 
the experimental models and are Intended to encourage and direct further computer develop- 
ment. The Intended operatmnal use is also considered m the discussion of the features of the 
computer. Therefore It will be assumed, except where otherwise Indicated, that the computer 
1s to be used by a scheduled airline for routine flights along a specified course. 

The outstanchng feature of the Type V computer is the simplicity of its operaton By 
malung only two manipulatmns, turnmg on the power switch and selecting the desired chart, 
the operator has a display of his position and headmg before hmx. With other pictorml 
computers tested at&s Center, it was necessary to turn on three power switches (VOR 
receiver, DME, and computer) to select and Insert a previously prepared chart of the proper 
scale and to select the OBD frequency. This simplicity of operation 1s very important and 
should be available to the operators of aircraft whxh c&n carry tia type of equipment. 



hOi= 1163 

Fig. 11 Chart of Fhght With Type V P~ctorlal Computer 

It may be possible to n-nprove the chart-storage arrangement. The charts are prmted 
on a smgle loo-foot roll of 35-- f&n I,, a serves of route sequences. This film ~111 hold 
750 charts. or two charts for each of the 358 operatmg VOR stations in the Uralted States and 
more than 30 addltmnal charts. Th,s storage of a huge amount of mformatmn in a volume of 
only 15 cubx mches IS a remarkable accomplishment. Although the operation 1s srnple, the 
assocmted mechamsm has a,, undesirable complemty and the long film roll has disadvantages 
The design of the computer IS such that either the changmg of the film or the replacement of 
burned-out pro,ectmn lamps requres access to the rear of the computer. This access 
reqvlres the cpemng of the nose sectron of the DC-3 in whrch the computer is mstalled at this 
Center. Access from the front of the computer to all components reqmring replacement or 
ad]ustment 1s very desirable. Same difficulty in apllcmg the f&n was experienced because the 
pro~ectmn mechamsm could not handle the extra tblckness caused by a smple lap sphce. 
Butt splices were not strong enough. The solution arrived at w&s a tapered lap sphce which 
provided suff,cwr,t strength without a,, appreciable increase in tickness. The long film 
strip makes frequent sphcmg necessary, because it 1s not economical to print an entire film 
to replace only five OT ten obsolete charts Also, the long film causes much wear on the 
charts that are not used but which must be passed over in going between two statmns that are 
adJacent geographxally but are on different route sequences on the film. For routme flymg 
along an establIshed route, this 1s not an important problem, but for itinerant flymg, It would 
be mpracUca1 to prepare a film havmg the charts in sequence fbr every possible flight, and 



Frg. 12 Chart of Flight With Type V Plctorml Computer 

the chart selection would require a large amount of time if the present route sequence is used. 
Thus, an arrangement that would use a number of short route-sequence films, or better a 
number of mdividual charts, would reduce film wear and would save chart-changing time. The 
use of a number of small magazmes, each holding a single route sequence of individual charts, 
would provide the advantages of simple selection, ease of replacement of obsolete charts, and 
fleubillty m rearranging the charts when a new route 1s to be flown. 

The automatx scale selection and frequency selection are important features which have 
been achieved with normnal equipment complexity. In a broad sense. the chart is the source of 
information for the are* It covers. Orclmarily, the mformation 1s taken from the chart by the 
operator reading the chart. In the case of the pictorml computer, the chart can be thought of 
as LL key, since It must be mstalled in the computer, and, .SS a key, It should unlock to the com- 
puter as much informatron as the computer can use to perform automatically any fun&on 
which would ordinarily reqrure the atbntlon of the operator This broad concept must be 
kmited by e. practical conslderahon of operational fleublhty and eqvipment complexity. 

Thus. autxxnatlc adjustment of the scale mechamsm to agree wltb the scale of the chart 
is very logical. With manual scale selection, the operator must select the chart scale twice. 
once when he selects the chart, and again when he makes the mechanrsm-scale adjustmen+ 
Fe.~lure to make the scale ad,us+ment results I,, an erroneous position xxlication. 



Fig. 13 Chart of Flight With Type V Plctorlal Computer 

The case for automatic frequency selection 1s camphcated by the fact that the 
nawgatlon receiver covers frequencies outsIde of the 112- to 118-MC band whxch has been set 
aslde for VOR. In the mstallation of the Type V computer at TDEC, provismn was made for 
transferrmg control to the manual frequency selector when the computer power 1s turned off 
This complicated the mstallatlan greatly. The logxal solution seems to be to provide a 
method of manually selecting frequencies outside the VOR band as a part of the computer. 

Further consideration of this problem suggests that the computer might provide a 
display of ILS lnformatmn. Th%s suggestion is supported by the fact that many glide-slope 
sites are expected to be equpped wztb DME. Such a pxtorxal present&Ion of the ILS 
lnformatmn might eliminate the need ior the course-devlatmn mdicator and might provide a 
larger, more usable mdxation. 

Much Interest has centered around the accuracy requirements for the computer. Two 
factors made It dxfflcult for the computer to meet the accuracy requrements. First, 
comparatively long gear trams were placed between the sensmg devices and the mdxators, 
and backlash and notinearlty m the gear trams appeared as positlon errors ln the m&cations 
Second, the ProJectIon system magmfled any error present by a factor of ten. 

The speclfrcatmn reqlurements of l/2” m bearing and4/10 mile In distance were 
arrived at from conslderatlon of avaIlable component accuracxes. Autosyns havmg an 
accurrrcy of l/3 degree and potentiometers having lmearltles accurate witlun l/4 of 1 per cent 
are commercially awulable The remamder of the error was allowed far backlash and for 
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nonlmearlty u, the mechamsm When compared wrth the accuracy of the OBD mformatmn 
(i 3 l/2’ for the VOR ground statmn, + 1 l/2’ for the Collms 51R VOR receiver, and * l/2 
mile o= 3 per cent for the Type DID airborne DME), these requirements seemed reasonable. 
Thus. the total e==o=s m the dxsplay under the worst condltmns would be * 5 l/2” ,n bearrng 
and * 9/l 0 mle, o= * 3 per cent plus 4/10 -le. The area of error for va=~ous locatmns cm 
a 1 1.000.000-scale chart 1s shown ln Fig 9 For trafhc-control problems. when all a=- 
Craft are usmg the same OBD faclhty, the ground-statmn e==o= can be neglected sxnce lt 1s 
common to all arcraft The DME ground-statmn e==o= 1s small enough to be neglected. 
Most traffx control 1s based on a guaranteed n,xm,num separatmn of three miles and on an 
approach speed of 120 to 150 mph If the OBD statmn 1s assumed to be on the aIrport and If 
the control data are based on the rn~~m,,n, e==o=s at 20 m&s, the fastest landmg rate would 
be one arrcraft every three mmutes. Thu time can be allocated as follows 1.5 minutes due 
to the three-m& reqlured sepa=atmn, 0.8 rmnute due to the a,=borne DME e==o=, and 0.2 
minute due to the computer error. Thus, the computer e==o= would be responsible for 6.6 
pe= cent of the total delay. 

These condltmns are pomted out here to show the relative e==o= due to each eqmp- 
ment. In actual practice, provrsmn far checkmg the accuracy of the system should be made, 
In order to reduce the delay due to system e==a=. 

The projected &splay used ln the Type V computer has attracted much attentmn. The 
use of an Image projected on a screen suggests time sharing of the screen wxth functmns 
other than the navlgatmn display. Far example, some mdlcatmg instruments which reqmre 
only occasional attention could be arranged to have tbelr Images pro,ected on the sc=een when 
they are needed. Such zndxcatzons as battery-charging rate, hydra&c pressure, and outslde 
temperature would be sutable for this lund of present&on Prxvate-hne data probably 
could be superunposed on the navrgatmn &splay. Alrborne radar mndxa+.mns also could be 
proJected on the screen. 

The feature of the *splay which needs the most improvement 1s the contrast on the 
sC=een. At present. the display 1s usable under all condztmns of cockplt hghta-,g However, 
under bright-sullght conditmns, the p=o,ected rnage suffers from loss of contrast and, 
therefore, from a loss of chart detal. This sltuatron can be xnproved by makmg the front 
glass of a materlal which has less reflectxve power and by makmg the screen of a material 
which ~111 show greater conttrast. Increasing the size of the pro,ector lamp from 100 to 
300 watts improved the xnage substantzally but Increased the power ccnsumptmn of the 
computer correspondmgly. 

In tbe Type V compute=, the charts were oriented north up. By use of a dove prism, 
the &splay could have been optrcally rotated so that the cou=se would be up the chart. Ttis 
feature IS especially valuable to begu,=nng pIlots, and cons~deratmn should be given to Its 
lncluslon 1n the computer. 

The flag alarm was dIsplayed on a meter mounted on tbe computer panel. The action 
of the flag 1s qrute satisfactory. However, a more effective presentation would have been 
ta have the flag appear on the screen. 

In the design of lamp housmg, It was possible to save some space by mountr,g the 
pro]ect.mn lamps on theI= sxdes. Thrs is not I,, accordance wvlth the recommendatxons of the 
lamp manufacturer and results m some shortemng of the life of the lamp when the computer 
1s Installed in the airplane 

CONCLUSIONS AND RECOMMENDATIONS 

1. The Type V computer meets the specification requirements for an accuracy of * 0.5” 
o= l/32 Inch, whichever 1s larger, m bearmg, of * 0.4 nautical role xn distance. and of 
l 7 0’ ,n heading. The servomechamsm responses are slightly underdamped but are not 
obJectionably so. The computer 1s almost free of flnnsy mechanisms and has therefore 
required a small amount of mazntenance. 

2. The Type V computer requres less mampulatmn for Its operation than any of the other 
va=1ous types of p1ctoria1 computers reqtilire. The sxnpllcity of the controls is an excellent 
feature. 

3 Automatic scale selectmn 1s desirable because it prevents e==o=s due to manual 
se1ect1on of the improper scale. Its inclusmn 1s -ecommended for all future plctorlal 
computers. 
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4. Automatic frequency selection IS preferable to manual frequency selectmn If the 
reqrured space and weight can be justified. If automatic frequency selectran IS Included, an 
auxllmry method of manually turung the navlgatmn receiver and the DME when the computer 
IS off must be provided as part of the computer. 

5. The means of selecting charts should (a) provide flexlblhty of arrangement m route 
sequence, (b) provide a ready means of replacmg obsolete charts, (c) a-old wear on charts 
not bemg used, and (d) provide an easy and accurate method of Inserting and removmg the 
charts. 

6. More attention should be given to reducmg the size, weight, and complexity of the 
computer. It 1s especially vnportant that the repeat-back sensmg umts be mechamcally 
geared close to the posItion m&cator. 

7. The use of a lens-and-prism arrangement to control the uuformlty and the dlrectmn 
of brightness 1s to be commended, Further work needs to be done m getbng the brightness 
directed toward the pllot and copllat and In lmprovmg the contrast on the screen by the 
choice of better screen materials and possibly by printing the charts on 70-mm film. 

6. A dove prism to psovlde a manual chart-rotatmg feature should be consldered for 
mcluslon in the optlcal system. 


