
TECHNICAL AND OPERATIONAL 
EVALUATION OF THE 

TYPE IV PIC TORIAL-DISPLAY 
EQU IPMENT 

BY 

E. Blount 
C. E. Dowlmg 

H. Kay 
R E McCormick 

E R. Sellers 

Navlgatmnal Alds Evaluation DIVISION 

Techmcal Development Report No 242 

Prepared for 

The Aw Nawgatlon Development Board 

Under 

ProJect No. 6 2.5 

by 
CIVIL AERONAUTICS ADMINISTRATION 

TECHNICAL DEVELOPMENT AND 

EVALUATION CENTER 

INDIANAPOLIS, INDIANA 
c, 1430 

June 1954 



U S DEPARTMENT OF COMMERCE 
Smclalr Weeks, Secretary 

CIVIL AERONAUTICS ADMINISTRATION 
F B Lee, Admmlstrator 
D M Stuart, D,rector. TechnIcal Development and Evaluatmn Center 

TABLEOFCONTENTS 

FOREWORD 
SUMMARY 
INTRODUCTION 
DESCRIPTION 
TECHNICAL-EVALUATION TESTS 
OPERATIONAL-EVALUATION TESTS 
CONCLUSIONS 
RECOMMENDATIONS 

This 1s a techmcal mformat,on report and does not 
necessady represent CAA pol,cy In all respects 

The Air Nmgatmn Development Board 
Under 

Pro,ect No 6 2 5 

CIVIL AERONAUTICS ADMINISTRATION 
TECHNICAL DEVELOPMENT AND EVALUATION CENTER 

INDIANAPOLIS, INDIANA 

Page 
1 
1 
1 
2 
2 

12 
30 
32 

June 1954 



TECHNICAL AND OPERATIONAL EVALUATION 
OF THE 

TYPE IV PICTORIAL-DISPLAY EQUIPMENT 

FOREWORD 

The Air Navlgatmn Development Board (ANDB) was established by the Department of 
Defense and Commerce ,n 1948 to carry out a umfied develo 

7 
ment program amed at meeting 

the stated operatmnal requirements of the common mllltary clwl air navlgatmn and traffic 
control system This proJect. sponsored and fmanced by the ANDB. 1s a part of that program 
The ANDB 1s located wlthm the admmlstratlve framework of the Clvll Aeronautics Admlms- 
trat,on for housekeepmg purposes only Persons desumg to communicate with ANDB should 
address the Executive Secretary. Air Nav,gatmn Development Board, Clv11 Aeronautics 
Admmlstratmn. W-9, Washmgton 25, D. C. 

SUMMARY 

This report describes the technlcal and operatmnal evaluatmn of the Type IV rotatable- 
panel pxtorlal display Laboratory tests revealed manmurn errors of -0 4” and +O 5’ 1” 
bearmg, and of 0 75 nautical mile m distance ln the plctorxal-d,splay portmn of this equipment 
Errors ,n the course-lme-computer umt I,, the display produced maxzmum d,splacements of 
2 0 miles from the proposed course 

Techmcal-evaluatmn flight tests showed that errors I,, arcraft posltmn wh,ch are direct- 
ly attributable to the display did not exceed 0 8 m,le The operatmnal fl,ght tests demonstrated 
that alrcraft usmg the p,ctorlal display ,n areas provldmg OBD-signal coverage were able to 
comply with current navlgatmn and traffic-control procedures based on L/MF and VHF faclll- 
ties This compatiblllty of the plctorul display with current, mterlm. and new traffic-control 
procedures should be one of Its most valuable characterlstlcs 

INTRODUCTION 

The Type IV rotatable-panel pwtorlal computer1 ,s the second of a series of such 
devices developed under A,= Navvgatmn Development Board Pro,ect 13 1 The development 
and evaluatmn of the first devxe, the Type III Portable Plctorlal Computer, has been covered 
earher III reports 2.3 

Two models of this dxplay, designated as Types IV-A and IV-B, were manufactured by 
the Sperry Gyroscope Company, Inc , of Great Neck, Long Island The former model prcwdes 
only a plctorml display. whereas the latter combmes a plctorlal dxplay w,th a course-hne 
COI”pUte* Because of the addltmnal features mcorporated 11, th,s umt. the Type IV-B equp- 
ment was selected for the techmcal evaluat,on The Type IV-A was used zn the operatmnal 
tests 

Although the techmcal evaluatmn 1s concerned only with the Type IV pxtorlal display, 
the operatlanal evaluat,on produced mformatmn not only on the Type IV I,, partxular but on 
plctorlal displays ,n general A previous report4 d,scusses or, detail the operatmnal advantages 
common to all plctorxd-dxplay devices 

Addltmnal operatmnal tests appear des,rable, however, the pro,ect was termmated I,, 
September 1953, at the request of the Air Navlgatmn Development Board 

1 Special CommIttee 54 of the Radio Techmcal Commlsslon for Aeronautics (RTCA) 
recommends that equlpment of this type be referred to as a pxtnnal display rather than as 
a computer 

2 Logan E Setzer, “The Type III Portable Plctorlal Computer, Part I. Development and 
Imtlal Tests,” CAA Techmcal Development Report No 172, October 1952 

3 E M Blount, H A Kay, R E McCormick. F S MeKnIght. and M H Yost, “The 
Type III Portable P,ctor,al Computer, Part II, TechnIcal and Operatronal Evaluatmn. CAA 
Terhmcal Development Report No 209, June 1954 

4Fred S McKmght, “A Prelmunary Study of Operatmnal Advantages of Plctorml Navr- 
g&on Displays 1” CAA Techmcal Development Report No 241. June 1954 
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DESCRIPTION 

The Type IV-B plctorlal computer, shown m Fig 1, 1s a navlgatlonal aid for “se in 
arcraft equ,pped w,th visual amn,range (VOR) 
and wwlth a Gyrosyn compass 

and distance meas”rlng eq”lpments (DME). 
The display plots the track of the arcraft on a map and sxnul- 

taneously mdlcates the headmg of the arcraft Course-lme-computer md,catlons are also 
available for the p,lot who prefers this type of ,,resentatmn 

This dewce consists of a display umt Intended for mountrng an the mstrument panel and 
of an electronics unit which may be stored in the arcraft equxpment rack 
and scale selectmn are manual operations 

Chart-changmg 
Charts are prmted an heat-sens,t,ve paper and 

permit permanent recording of the track, ,f desired 
mdlcates the data flow and 1s shown I,, Fig 2 

A block diagram of the equipment 

1n an earher report 5 
A detalled description of the “n,t 1s c‘,nta,ned 

TECHNICAL-EVALUATION TESTS 

Laboratory Tests, Plctcrlal Display 
To obtam preclsmn I,, measurements of bearmg accuracy, a carefully machmed, ten- 

Inch-diameter, metal azimuth scale was used wrth a Type AY-201-3-B. 400-cps Autosyn as 
a laboratory standard This unit. which 1s shown xn F’lg 3, was calibrated to one-half degree, 
and tenths of a degree could be estimated with great accuracy In the measurements conducted 
on the plctorlal display. the standard was first set to 0’ and the drsplay was adjusted ta give 
an ldentlcal readmg The standard was then advanced I* 20’ Increments throughout 360’ of 
rot&on in a clackwIse dlrectmn, and display mdlcatmns were recorded The tests were re- 
peated with the “se of counterclockwse rotatmn to mvestlgate the magmtude of errors mtro- 
duced by the approach to check pants from the opposxte d~rectmn 

Results of laboratory tests for bearmg accuracy showed that the greatest err=s occurrmg 
,n the average results of repeated tests for a given pomt were +0 2’ and -0 4’ for clockwise 
rot&on and were +0 5’ and -0 2’ for counterclockwse operatmn The maxlmurn error found 
I” any smgle test was o 6’ Table I shows the average results obtamed in these tests 

D,stance accuracy was exammed at two-nautical-mile Intervals on the 17-rmle range. 
which corresponds to a chart scale of l-250.000, and at proportionately larger mtervals nn 
the other ranges Informatmn, m the form of resistance values proportxonal to distance, was 
supphed to the computer by a calibrated prec,s,on potentmmeter Readmgs were taken both 
Inbound, or toward a statmn, and outbound, or axvay from a station. to determme the absolute 
magnitude of error produced 1x1 distance mdlcatmn The largest of the average errors was 
0 75 m&e in distance mdlcatmn Th,s maximum was observed on the 136-m11e scale Errors 
found on the 17-, 34-, and 68-mile scales were 0 34, 0 5. and 0 4 nnle, respectively Table II 
shows the results obtamed ,n a series of d,stance or range accuracy tests with the “se of a 
chart havmg a radius equivalent to 17 rmles Tables III, IV, and V show the results of sxrnlar 
tests on larger-scale charts 

The change ,n d,stance required to produce a perceptible change xn distance mdlcatlon 
on the computer was measured wrth the same equipment used m the distance accuracy tests 
To determme the change in distance reqlured to cause a cha,ge in mdlcatlon when flight con- 
tmues 1x1 the same dxrectmn along a radial. a predetermmed value of resistance proportional 
to mileage was set Into the preclsmn potentmmeter. the computer mdlcator was allowed to 
come to rest, and addltmnal resistance was then added to cause a change III mdlcatmn A con- 
versl~n of resistance to mules revealed the distance changes required To check the accuracy 
of the servosystem when the dlrectmn of progress was reversed, the tests were repeated as 
descrtbed However. after the posltlon rndlcator had come to rest, the wper arm of the prea- 
s,on potentmmeter was turned in the opposite dlrectmn until movement of the mdlcator was 
observed Table VI shows the average results of these tests with rexstance values converted 
to their proportmnal &stances m nautical rmles 

The accuracy of the headmg mdlcatmns of this computer 1s appronmately a8 0’ In the 
same dlrectmn, an average of 5 7’ change in headmg 1s required to produce a perceptible 
change I,, mdlcatmn With a reversal of dlrectmn. as m a 1.30’ turn, a change of 10 3 1s re- 
qulred before a perceptible change III lndlcatmn can be observed Because large errors were 
noted in these prehmmary tests and because difficulty was encountered in mterpretmg 

5 Logan E Setzer, ” The Type IV Rotatable-Panel Plctorlal Computer, Part I. Devel- 
opment and Irutxl Flight Tests 1” CAA Techmcal Development Report No 195, April 1954 
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Fig 1 Type IV Pictorial-Dtsplay and Amplifier Unit 

Fig 2 Data Flow in the Type IV Pictorirl Display and Course-Line Computer 
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TABLE I 

BEARING ACCURAC’ 

r 1 
I 
tc ( 

I Clockwise Rotation 

3earmg Average Camputer 
1 statmn Indicatmns 
degrees) , (degrees) 

0 
20 

6”: 
80 

100 
120 
140 
160 
180 
200 
220 
240 
260 
280 
300 
320 
340 
360 

T , 359 7 
19 a 
39 a 
59 8 
79 9 
99 6 

119 7 
139 8 
159 9 
179 9 
200 1 
220 2 
240 1 
260 0 
279 9 
299 9 
319 9 
339 9 
359 a 

2 
4 
6 
a 

I 10 
12 
14 

T 
L 

Average Error 

(degrees) 

TESTS 

CounterclockwIse Rotation 

Average Computer 
Indlcatlons 

(degrees) 

T 

L 

Average Error 

(degrees) 

-0 2 20 1 
-0 2 40 0 
-0 2 60 1 
-0 1 a0 2 
-0 4 99 9 
-0 3 119 a 
-0 2 140 0 
-0 1 160 2 
-0 1 180 2 
to 1 200 3 
to 2 220 2 
to 1 240 5 

00 260 o 
-0 1 280 0 
-0 1 300 2 
-0 1 320 2 
-0 1 340 2 
-0 2 02 

TABLE II 

DISTANCE ACCURACY TESTS 

Chart Radius 17 Miles Chart Scale 1 250,000 

Outbound Inbound 
erage Computer Error Average Computer Error 

Indlcatlons Indlcatxons 
(““-4 (“4 (“=“I (*A 

0 00 0 00 00 00 
1 85 -0 15 22 to 2 
3 69 -0 31 4 15 +o 15 
5 66 -0 34 61 to 1 
7 82 -0 18 81 +o 1 
9 66 -0 34 IO 1 to 1 

11 75 -0 25 12 1 +o 1 
13 82 -0 18 14 25 +O 25 

lndlcatlons from the small heading arrow. no attempt was made to obtain absolute callbratlon 
CurYes 

An lnvestlgatlon of the flag-alarm system of the display was made by the blocklng of the 
lndlcator drive mechanism and the Insertion of bearing and range lnformatlon of various values 
until the error llmlts were exceeded and the flag appeared A bearing error af +l 1’ was found to 
be sufflclent to actuate the flag system under all condltlons of normal operation. while the 
necessary error In distance varied with the range scale employed Table VII shows the average 
results of a series of tests conducted to determlne the drstance error required for flag operation 
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TABLE III 

DISTANCE ACCURACY TESTS 

Chart Radius 34 Miles Chart Scale 1 500,000 

! 

Smnulated 
Distance 

(-1 

i I Inbound 
I Error Average Computer Error 

Ind,cat,ons 
(4 

16 
20 
24 
28 

11 6 -0 4 12 1 
15 6 -0 4 16 o 
19 5 -0 5 20 0 
23 6 -0 4 24 0 
27 7 -0 3 28 1 

to 1 
00 
00 
00 

+o 1 

TABLE IV 

DISTANCE ACCURACY TESTS 

Chart Radius 68 Miles Chart Scale 1 1,OOO.OOO 

Smnulated 
Distance 

(4 

0 

1: 
24 
32 
40 
48 
56 

innulated 
Distance 

-2- 
32 
48 
64 

,“: 
112 

l- 

Outbound Inbound 
Average Computer Error Average Computer Error 

Indlcatmns Indlcatmns 
b-4 (-4 (=J b=4 

00 00 00 00 
76 -0 4 80 00 

15 6 -0 4 16 1 to 1 
23 6 -0 4 24 25 +O 25 
31 7 -0 3 32 1 +o 1 
39 7 -0 3 40 1 +o 1 
47 9 -0 1 48 25 +0 25 
55 75 -0 25 56 1 +o 1 

TABLE V 

DISTANCE ACCURACY TESTS 

Chart Radius 136 Miles Chart Scale 1 2.000,000 

Outbound 
Average computer 

Indlcatlons 
(=I 

00 
15 4 
31 7 
48 0 
64 0 
80 0 
96 0 

112 0 

nm 
00 

-0 6 
-0 3 

00 
00 
00 
00 
00 

Inbound 
Average computer 

Indrcations 
*In 

00 
16 1 
32 1 
48 5 
64 75 
80 5 
96 5 

112 3 

Error 

00 
to 1 

7 
to 1 
+o 5 
to 75 
to 5 
to 5 
to 3 
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If the positmn mdlcator fails to follow the VOR and DME Inputs by the values prevmusly 
shown, the Increased error voltage drives the grids of the servo power-amphher tubes posltlve 
When this occurs, the bias supply becomes more negat,ve and prevents conductmn in vacuum 
tubes, the plate loads of which are flag-alarm relays Release of these relays pernuts the alarm 
flag to operate and warns that d,splay lndlcatmns are unrehable Thus, the Inputs and excess,ve 
errors are adequately momtared, but other vacuum-tube or component iallures m the electronic 
unit ~111 render the display moperatlve without affectmg the b,as Many of these Internal 
failures. therefore, xv,11 not actuate the flag system 

The range of mdlcator dampmg I,, this display 1s satmfactory Provumns are Included 
for varying the feedback from the tachometers in the bearmg and distance servoampllfler 
channels to perrmt operatmn of the mdlcator from a,, underdamped to an overdamped condltmn 
A dampmg factor of 3 6 to 3 8 was found sutable for most ,nstallatmns The dampmg factor 1s 
a factor erpressmg the rate of decay of osclllatlons and 1s found by dlvldmg the Naplerlan 
logarithm of the ratms of two success,ve amplitude manma by the time mterval between 

The chart IS ,llummated by 29 small incandescent bulbs spaced around the periphery of 
the cover plate The mtenslty of 1,ght on the chart may be varied from an amount too small to 
be read with a General Electric Type DW-68 exposure meter to a maximum of 33 foot-candles 
at the edges of the chart The 1,ght mtens,ty var,es from 33 foot-candles at the edges to 5 foot- 
candles at the center of the chart 

Power requrements for the unit are 0 9 ampere at 115 volts, 400 cps and 1 53 amperes 
at 26 volts d-c 

A slewmg clrcult which moves the arcraft-posltmn lndlcator to the bottom edge of the 
map when the access door 1s opened sxnpllfles mapchangmg However, the preparatmn of 
charts for use I,, the display 1s too involved Much tm-.e and care 1s reqmred to apply the 
adhesive tape, to properly center and orrent the chart, and then to trun the paper to fit the metal 
backmg Even after the chart has been affixed to the metal plate, escapmg gas bubbles cause 
wrmklmg of the paper and produce an uneven surface Tests showed that the use of a porous 
backmg mater,al such as cardboard ulas superior to metal since the bubbles could be pressed 
out easily The change from metal to cardboard also resulted in a reductmn in weight of a 
funshed chart 

Fig 3 Laboratory Bearmg Standard 
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TABLE VI 

CHANGES IN DISTANCE REQUIRED FOR LEAST PERCEPTIBLE 
CHANGE IN COMPUTER INDICATIONS 

Chart Radius 
b”) 

17 
34 
68 

136 

One DIrectIon 

Negllglble 
Negllglble 
Neghglble 
Neghglble 

Reversed Direchon 
b”) 

05 
05 
0 65 
0 75 

TABLE VII 

DISTANCE ERROR FOR FLAG OPERATION 

Laboratory Tests. Course-Lme Computer 
The course-lme-computer functmn of this equpment accepts the same VOR-DME Inputs 

as the plctorlal-display portmn In the computer mode of operatmn, navlgatmn mformatlon 1s 
presented on the devlatmn and distance-to-waypomt mdlcators as well as on a chart Smce this 
portion of the equpment utlllzes the mputs ln a different manner. It 1s beheved that defuntion of 
terms and a brief dlscussron of theory 1s desirable to understand fully the type of evaluatmn 
tests conducted 

The course-lme-computer channel contmuously solves the trlgonometrlcal problem shown 
ln Fig 4 and thereby determlnes the devlatmn Y of the arcraft from the preselected course 
lme and determmes the distance X from the axcraft to the waypant Other symbols used m a 
dlscussmn of the computer follow 

Ap = Bearmg of the arcraft from the ommbearmg-distance (OBD) statmn 

Rp = Distance to the arcraft from the OBD statmn 

Ad = Bearmg of the waypomt fl urn the OBD statmn 

Rd = Distance to the waypomt from the OBD statIon 

A 
Cl 

= Course-lme angle with respect to magnetic north 

A block diagram of the computer clrcuts 1s shorn in Fig 5 Smce 

X = Rd cos (Ad - AC,) - Rp cos (A p - Acl) (1) 

and 

Y = Rd sin (Ad - A=,) - Rp sin (A p - Acl), (2) 

,t 1s poss,ble to obtam the solutmn by the use of component resolvers WaypoInt degrees Ad 
are Inserted by a “Waypomt Degrees” control Course-lme bearmg A,1 IS subtracted from 
Ad by a mechamcal dlfferentlal, and the output (Ad - Acl) 1s used to posltmn the rotor of 
component resolver B-205 The distance of the uaypomt from the OBD statIon Rd 1s set Into the 



Fig 4 Course-Lme Computatmns 

Fig 5 Diagram of Course-Lme-Computer Clrcults 

computer by the “WaypoInt Miles” control and 1s converted Into an electrIca signal by the Rd 
potentmmeter R-208 The output of the Rd potentiometer 1s ampllfled in an lsolatmn amphfier, 
the output of which energizes the (Ad - AC,) resolver The outputs from thxs resolver are 

Rd szn (Ad - A=,) and Rd co5 (Ad - A=,) 

A voltage R obtamed from the follow-up potentiometer R-204. the output of which 1s 
proportmnayto DME Input, 1s apphed to resolver B-204 R sm (A 

r 
- A,l) and R 

The sme terms %re sub ratted. demo 2 
cos (Ap - A,l) 

are obtamed as outputs of resolver B-204 ulated. and 
fed to an mdlcator which shows devlatlon from course The cosine terms are s~m&rly 
subtracted and fed to a distance-to-wvaypomt mdlcator 

In order to measure the lmearlty of R 
zero, and R and Rd distances were varied % 

and Rd amplifiers, Ad, A , and A,1 were set to 

the uaypmn$plane 
produce voltages propor tB onal to the dzstance to 

These potentials were measured at the outputs of cathode followers V-III 



Fig 6 Measure of Errors Due to R 
P 

and Rd Amplifier Nonlmearlties 

F’lg 7 RelatIonshIp of the Meter DeflectIons of the Off-Course Slgnal Inputs 

and V-109 with a Model 310-A Ballantine electromc voltmeter Errors due to Rp and Rd 
amplifier nanlmearltles resulted m resolver-energlzmg voltages, the maximum errors of 
which were proportmnal to 1 0 and 0 2 mile. respectively 
Fig 6 

These are shown graphxcally m 

To examine the lmearlty of the devlatmn amphfler and of the demodulator (chopper Y-102). 
Rd. Acl, and Ad were set to zero The distance Rp to the statIon was set to 100 miles, and off- 
course devlatlons proportmned to mcrements of ten mIcroamperes were Introduced by varyxng 
the simulated VOR bearmg As shown m Fig 7, equal magmtudes of right and left meter deflec- 
tmns required unequal magnitude of off-course signal mputs This error reaches a maximum 
of 0 8 mile at full-scale deflectmn of the devlahon mdlcator NonsymmetrIcal operatmn of the 
chopper IS responsible far this lack of umformlty Thx condltmn can also be seen m Fig 8, 
which 1s an osclllogram of chopper-output voltage to the dew&on mdlcator 

Tests were also conducted to determme the accuracy with which angles (A 
(Ad - A,,) were generated 3 

- A,l) and 
First Acl and Ad were set to zerQ and Ap was varle to generate 
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certain preselected difference angles Later the process was repeated with AC1 and A set 
to zero, and with Ad varymg In each case the energlzmg voltage was equal to RdK an 

5 
R K, 

m which the constant is equivalent to the transform&on ratlo of the resolver The outpu s of 
the resolvers were measured as voltages proportIona to Rd sin 0, Rd cos 8. and Rp cos i3 
Because of the extremely low voltage levels encountered In the measurement of the resolver 
output at difference angles of 0’ and 180’ and b ecause of the very small varlatmns m voltage 
at difference angles of 90” and 270’. measurements at these pomts were not obtalned The 
total error measured m these tests was contributed by the mechanical drfferentlals. the 
resolvers, the accuracy of Ap and Ad callbratlon, and the dial settings The greatest total 
angular error encountered was 2.0’ Tables VIII and IX show the results of this series of 
tests 

(a) Off Course to Right, Negative Polarity 

(b) Off Course to Left, Positwe Polarity 

Fig g Osclllogram of Chopper-Output Voltages 
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TABLE VIII 

ERRORS IN GENERATING (AP - A 

e Error 

(degrees) (degrees) 

RpCos e 

(volts) 

29 
43 
59 

120 
135 
149 5 
209 
223 
239 

1’ 

I 
30i 
315 
331 

-1 0 
-2 0 
-1 0 

00 
00 

-0 5 
-1 0 
-2 0 
-1 0 
+I 0 

00 
+1 0 

2 34 
1 90 
1 38 
1 34 
1 89 
2 33 
2 36 
1 90 
1 38 
1 32 
i aa 
2 30 

TABLE IX 

ERRORS IN GENERATING (Ad - AC1 ) 

e 

(degrees) 

RpSm 9 

(volts) 

1 30 
1 a3 
2 2.9 
2 33 
1 89 
1 35 
1 30 
1 83 
2 30 
2 29 
1 88 
131 

A 
P 

degrees) 

30 

:z 
120 
135 
150 
210 
225 
240 
300 
315 
330 

Error 

(degrees] 

29 
45 

59 
120 5 
135 
150 
207 5 
225 
239 
299 5 
315 
329 

-1 0 
00 

-1 0 
to 5 

00 
00 

-2 5 
00 

-1 0 
-0 5 

00 
-1 0 

Ad 
degrees) 

RdCos B 

(volts) 

Error 

(degrees) 

RdSln 8 

(volts) 

1 32 
i aa 
2 30 
2 30 
1 a4 
1 31 
1 35 
1 88 
2 30 
2 30 
1 87 
131 

e 

(degrees) 

29 5 
45 
59 

121 
137 

Error 

(degrees) 

e 

(degrees) 

30 
45 
60 

120 
135 
150 
210 
225 
240 
300 
315 
330 

-0 5 2 33 
0.0 I 89 

-1 0 I 33 
Cl 0 I 35 
t2 0 1 87 
+1 0 2 33 
to 5 2 32 

00 1 88 
-1 0 1 33 
+1 0 I 34 

0.0 1 88 
t1 0 2 32 

00 
00 

to 5 
to 5 
-0 5 

00 
0 0 
0 0 

to 5 
to 5 

00 
00 

30 
45 
60 5 

120 5 
134 5 
150 
210 
225 
240 5 
300 5 
315 
330 

151 
210 5 
225 
239 
3oi 
315 
331 

When the maxmum errors observed In these tests were used and when R and Rd were 
less than 100 mLles. It was determined by calculation that the greatest compute! errors to be 
expected in operation would be 2 5 miles In distance-to-waypomt mdlcatlon and 2 5 miles I” 
devlatron from course These two condrtlons ~111 not occur simultaneously. however 

As a further check on the over-all performance of the course-lane computer, a 
hypothetIca problem was prepared and set Into the device m the laboratory Figure 9 shows 
the proposed course and the track made good by followmg devlatlon-mdxcator guidance It 
~111 be noted that the greatest displacement from the proposed course was two miles 

Techmcal Flight Tests 
Tests to determme the accuracy of the plctorlal display under actual flight condltxons 

were conducted In TDEC arcraft N-181. a Douglas DC-3 Flights were made three times 
clockwise and three times counterclockwise around a preselected course, and posltlons were 
noted at 30 ground check points for each trip Because this pro,ect was Intended to evaluate 
the pictorial display rather than the OBD facllrtles, errors m the unit were expressed as 
deviations of display mdlcatmns from those of the ommbearmg mdlcator and the distance 



Fig 9 Plot of HypothetIcal Test Followng Devlatmn-Indicator Guidance 

meter The greatest errors found LII average results of repeated tests were 2 2. and 0 5 
m,le,respectlvely These errors resulted in P max~murn displacement from course of 1 1 
m11es This magmtude of error was noted an a turn 1x1 which the distance to the*station was 
first mcreasmg and then decreasing This condltmn results ,n a ma~lmun, lag in dxplay 
mdlcatmn Table X shows the average mdlcatlons obtamed m the SIX flights, and Fig 10 
shows the proposed course, the OBD lnstrurnent course, and the drsplay md,catmns observed 

OPERATIONAL-EVALUATION TESTS 

In the operatmnal evaluatmn. hve fhght tests were conducted to detcrmlne the 
characterastlcs of this eqmpment when It is used for en route and termmal-area nav,gat,on 
w,th present and proposed arr-tzafhc-control procedures These flights were made rn the 
Indlanapolls area, and all OBD mformatmn used by the plctor~al display v/an provrded by the 
Indianapohs VOR/DME faclhty Because of the azr-traffic-control problems now being 
encountered ,n the transltmn from low-/medwn-frequency (L/MF) to very-high-frequency 
(VHF) aIrWays, SpeCld attention was directed toward the compatibxllty of use of the plctorlal 
dlaplay with present air-traffic-control procedures and navlgntmn eqwpment 



13 

TABLE X 

TECHNICAL FLIGHT TESTS OF THE TYPE IV GUMI I; / L h 

T T I l?o,nt 
Number 

1 
2 
3 

1 
4 

i 
7 
R 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 

Measured Values Average 
Pictorial-Display t ( 

T 

Indlc 
Bearing 
:0 Statlo* 
degrees) 

Indl< 
Bearing 

to statmn 
:degrees) 

loll 
)lstance 
3 Statlo” 

1 r t 
Bearmg 
0 Statmn 
degrees) 

Distance 
0 Statlon 

(*=d 

49 
24 
05 
1 6 
26 
43 

6’: 
78 
92 
95 

10 25 
10 5 
11. 5 
12 5 
13 5 
12 3 
11 2 
10 5 
10 2 
10 2 
10 5 
11 5 
10 6 

97 
9o 
85 
84 
85 
85 

C i 
00 

+o 2 
to 1 
-0 5 
-0 4 
-0 1 
-0 2 
-n 2 
-c 3 
-n , 
-3 2 
- 0 ,: 
-c 1 

00 
-0 2 
-0 1 

00 
-0 3 
-0 1 
-0 1 
-0 2 
-0 4 
-0 c 
-n 3 
-0 2 
-0 2 
-0 1 
-0 3 
-0 5 

(“==I ‘*ml 

48 
23 
05 
16 
29 
43 

2 
RO 
“3 
. ‘ 

!O ‘5 
13 h 
Ii 3 
I.. 5 
1s 6 
12 3 
11 0 
10 4 
10 1 
10 1 
10 5 
11 3 
10 4 

Y7 
90 
85 
84 
85 
86 

c 
288 5 
293 
329 

92 
97 5 

100 
101 
101 5 
102 
102 
110 
119 
122 
127 5 
133 
138 
144 
154 
163 5 
171 
185 
196 
206 
212 
218 
229 
239 5 
248 
257 
261 

287 5 
295 0 
333 6 

88 2 
94 2 
97 0 
98 5 

47 
23 
07 
17 
24 
39 

2,” 
78 
i-0 
c5 

:o G 
lr, 4 
ii L 
12 5 
13 4 
12 2 
11 0 
10 1 
10 0 
10 0 
10 3 
10 7 
!O 2 

94 
88 
83 
83 
82 
81 

287 5 
293 5 
338 6 

88 5 
94 6 
98 3 
99 3 

100 8 
100 e 
1on 8 
!Oci ii 
llh R 
119 5 
115 3 
130 0 
135 6 
142 5 
151 8 
161 l 
168 6 
181 3 
191 8 
202 5 
209 5 
215 5 
226 R 
238 3 
247 8 
256 3 
261 5 

3 0 
+1 5 
-5 0 
-0 3 
-0 4 
-1 3 
-0 8 
-1 0 
-0 5 
-‘1 , 
^_ . 
-1 / 
-, ‘ 
-0 8 
-0 4 
-0 6 
-1 0 
-1 2 
-1 0 
to 9 
-0 5 
-0 5 
-0 5 
-1 2 
-1 0 
-1 0 
-0 8 
-1 5 
-1 3 
-0 5 

99 8 
100 3 
100 6 
106 6 
115 8 
118 1 
124 5 
130 1 
135 0 
141 5 
150 6 
160 1 
169 5 
180 8 
191 3 
202 0 
208 3 
214 5 
225 8 
237 5 
246 3 
255 0 
261 0 

*Beanng error 1s the dlfference,m degrees,between OBI and plctorlal-computer mdlcations 
Distance error 1s the difference, in rmles, between DME-repeater and plctorlal-computer 
mdlcatmns 

To duplicate Instrument-flight-rule (IFR) condltmns of operatlon as nearly as possible, 
all flight tests were conducted either “under the hood” or m actual Instrument weather 
Preflight brleflngs were as lmxted as possible, and traffic-control instructions or clearances 
were Issued to the pllot as the fhght tests progressed 

Fhght paths were recorded by the stylus on the plctorlaldlsplaycharts In addltmn. 
fhght tests were rnomtored by the ASR-2 radar Radar and transponder returns or both were 
photographed as dlsplayed on the ASR-2 radar mdlcator When possible. an observer In the 
arcraft also recorded visual check points on a special detail chart (1 250,000 scale) prepared 
by the U S Coast and Ceodetlc Survey Composites of these recordmgs were prepared with 
the use of a Model C Kodagraph Film Reader and a Saltzman projector The composites are 
Included In Figs 1 l through 25 The varlatlon In recorded tracks IS a result of all the errors 
Involved. lncludmg those of the OBD faahty. the VOR aTd DME receivers. the arcraft 
omnzbearmg-distance-lndlcator (OBI) and DME mdlcatcrs, the plctorlal-display device. and 
the radar equlpment 



Fig 10 Plot of Computer Under Actual Flight Condltmns 

Flight Test No 1 

tompatlblhty With Present L/MF Procedures 
ThlE test wae conducted to determtne the possible operatmnal advantages or disadvan- 

tages encountered when the Type IV Pictorial Dasplay IS used for navlgetmn along an an-way 
implemented with L/MF ranges In order to provide a comparison. tbis test consisted of 
two parts In the first part, the face of the computer was concealed from the pllot’s new and 
navrgation was accompliehed by alurl reference to L/MF-range c~ureee 
the pilot used the pictorial computer for c~nree guidmce 

During put two, 

L/MF Navtgatton 
The fltght wae lnlttally cleared to the Terre Haute low-frequency-rmge station via 

Green Airway 4 to make good a track of 360’ magnettc from Weir Cook Airport until well to 



Fig 11 Fltght Test No 1. L/MF and ILS Navlgatlon 

the right of the west course of the Indlanapolls range and to reman well to the right of course 
until passmg the north course of Terre Haute The flight was asslgned an altitude of 3000 
feet to Terre Haute and was then cleared to chmb to 7000 feet m a holdmg pattern at that 
locatmn Snow and hght rune ice were encountered m the vlcraty of Terre Haute, and 
durmg this permd,there were several intervals of approxrmately 40 seconds each when the 
low-frequency-range signal could not be read The flight was then cleared to the Indlanapohs 
outer compass locator. via the on-course of the LF range to the Clayton fan marker. and 
then direct to the compass locator After completing two holdmg patterns at the Indlanapolls 
outer marker, the flight was cleared for an Instrument-landmg-system (ILS) approach to 
Wexr Cook airport 

Figure 11 illustrates the recordmgsobtalned from this fhght and mdlcates the dlffi- 
cultles encountered m malntalrung the desired course lmmedlately west of Indlanapolls and 
agan when approaching Terre Haute In each of these areas, the aural signals were virtually 
unreadable The computer conttnuously recorded posItron, and no flag-alarm actlvlty due to 
1nsuffxlent slgnal occurred durmg the first 55 mlles at 3000 feet MSL Beyond 55 miles. 
there was some DME searcbmg accompamed by 50 seconds of flag actlvlty which ended upon 
leaving 3500 feet MSL In the chmb at Terre Haute 

When Clayton was approached on the return portmn of the flight, the chart change was 
made too soon Ae a consequence, when the new chart had been Inserted the posltmn of the 
aircraft was still outside the area shown on the new chart This condttmn caused the flag 
alarm to appear unttl a pant wltbm the range of this termtnal-area chart (1 250,000 scale) 
was reached The aircraft-posltmn tndtcator of the computer appeared to lag from one-half 
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Fig 12 Flight Test No 1, Plctorlal-Display Navlgat,on 

tU one m& b-hmd the actual posItIon of the arcraft as mdlcated by receptron of the fan, 
statlon-locatrnn and outer markers and lagged approximately one-third of a mile on final 
approach Parr. of thw observed lag can probably be attributed to readmg error, urhxch II 
prrnarlly caused by parallax 

No flag alarm occurred durmg the flnal approach. which was conducted to an altitude of 
300 feet above ground The trace of the plctorlal display recorded the flight path 500 feet 
north of the actual posltmn of the arsr& when _ s+ was v~ually aligned with the runway 

Navlgatmn by Reference to the Rctoriz1 Cx=rlav 
In this part of the test. the fhght was agaxn rnltlally cleared via Green 4 to the Terre 

Haute low-frequency-range statIon tc make good a maqnetlc track of 360’ from Weir Cook 
Alrport to a pcnnt five miles north of the centerlme af Green 4 and then to reman five miles to 
the right of the centerlIne until past Terre Haute The fhght was Instructed to reman at 3000 
feet until past Clayton. to cross Greencastle at 4000 feet, and to mantam 4000 feet thereafter 
The plctorlal-display charts used for this fhght Included the centerlme of Green 4, the Weir 
Cook locallzer course. the ILS outer marker, and a pomt demlgnated as A and located five 
miles west of Greencastle The purpose of selectmg this arbitrary pomt was to demonstrate 
the addrtmnal flenblllty of control procedures which 1s possible in this type sltuatmn These 
addltmns to the charts enabled the pIlot to follow the same clearance routlngs as durmg the 
prevmus fltght, when only the low-frequency range and the ILS were used The results of thus 
flight are shown in Fig 12 
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After departure, the plctorlal display began prondmg usable nawgatlonal mformatlon at 
a” alt,tude of 200 feet above the ru”v,ay Upon the approach to Terre Haute, the DME went 
into memory for permds of 10 to 15 seconds and the flag alarm appeared mtermlttently Also, 
1” passage over Terre Haute, the DME remaned on a reading of 54 nautical moles for a permd 
of appronmately 70 seconds Pnor to arrival at Terre Haute, the fhght was cleared over 
Terre Haute to pomt A An altitude of 5000 fpet was assigned, and the fhght was Instructed to 
hold west of pomt A I” a standard holding patter” After completm” of one holdmg pattern at 
point A, the fhght was cleared to proceed v,a the centerlIne of Green 4 to Clayton and then to 
proceed dxrect to the Weir Cook ILS outer marker Descent from 5000 feet was begun at 
Clayton and after the completion of one holdmg patter” at the outer marker, the flight was 
cleared for fIna approach to Runway 4 

The holdmg pattern at po~“t A was easily executed No dlfflculty was experienced elther 
I” changmg from the en route to the terminal-area charts or 1” the resultmg transltmn to a 
dlffere”t scale The flnal approach was dlscontlnued at a” altitude of 100 feet above ground 
The plctorlal-display trace mdzcated that the arcraft passed duectly over the runway The 
actual flight path, however, was estm-ated by visual observatlo” to be 400 feet south of the 
runway 

These tests demonstrated that, with the necessary reference ~“formatmn provided on the 
plctorlal-display charts, all control procedures predxated upon L/MF navrgatlon were more 
eady followed when the pllot navigated by means of the p&or,al dxplay than when he navigated 
by referpnce to aural signals from radio ranges Better course accuracy was also obtnmed 
when the wlo+ “avlgated by means of the pxtorlal display as compared to that nbtalned when he 
navlpated by means of aural monltormg of the L/MF facrhtles 

Fhght Test No 2 

Terrmnal-Area Navlgatm” 
I” tlus test, complex termmal-area procedures were followed with the pzlot using the 

plctorlal &splay for navlgatlonal gudance These procedures corresponded, to some extent, 
to radar departure and arrival procedures currently used I” some termmal areas Such 
procedures now reqrure a large amount of “ectorrng vrltb a rather high controller and 
commun~catmns workload 

The first phase demonstrated three departure fhghts from the same runway These 
flights proceeded to a common point two rmles from the end of the runway and then VI= three 
adJaccnt tracks separated by 15’ and 30” The second phase illustrated use of three concentric 
paths orbltmg the OBD statlo” at 9, 12. and 15 statute miles, respectively The third phase 
Included a transltm” to three parallel, strarght. descent paths spaced three m&s apart The 
fourth phase mvolved three separate mult~approach tracks from a common fllr to the fmal- 
approach course I” order to estabhsh spacing between arcraft on f,“al approach All of these 
tracks were preplotted on the display charts Each fhght test Included one path for each phase, 
that 1s. departure, orblt. descent, and approach 

The first fhght, shown I” Figs 13 and 14, was xmtlally cleared to pomt A, yla pant X, 
to roamtam 3000 feet After departure on Runway 31 and during the approach to pomt A, the 
fhght was cleared over poxnt A and po,“t B to point C I” order to proceed via the 15-m11e 
orbltal track from pomt A to pomt B Upon approach to pant C, the flight 1~x5 cleared for a 
low approach via pomt F and approach track 14 (14 m,les from po,“t F to the outer marker via 
this track) After take-off, adequate OBD signals were received before the craft reached 150 
feet above the ground, at which pant the flag alarm dlsappeared From pant A to B, the DME 
went rnto memory and caused overcorrectlo” by the pllot when he attempted to follow the 
desired track After pomt B, devlatm” between the display trace and the desired track war. 
prunarlly due to readmg error 0” the final approach, the arcraft was approximately 500 feet 
south of the runway,and the arcraft posrtlon as Indxated by the display appeared to lag about 
one-half rrnle behmd the visually observed pos,tlo” 

The second flight, illustrated 1” Figs 13 and 15, was cleared I” the same manner as the 
first flight but YIB points X, D, E. F and approach track 10 This route from X to D dwerged 
30’ from the route of the preceding flight from X to A Overcorrectlon resulted from readmg 
error and from lag I” the alrcraft-posltion mdlcator Less trouble was encountered by the 
plot when he was flymg the orbltal portion of the route than on the previous fhght. perhaps 
because of a learmng factor or because of the shorter distance The DME was lntermltteatly 
1” memory between Wlutestown and pomt E and agal” from ten to seven miles north of point F 
The final approach was mterrupted at the rmddle marker because of local traffic 



Fig 13 Flight Test No 2. Termmal-Area and OrbItal Procedures 

The third flight. shown ln Figs 13 and 16. was cleared m the same manner as the two 
previous flights but via points X, G. H, I. F and approach track 6 The route from X to G 
&verged 15’ from the route of the precedmg flight Irnmedlately after the craft turned west 
to the orbltal path between G and H. the flag alarm was vls,ble for five seconds The trace 
was interrupted, and the flag alarm appeared for approximately 20 seconds south of point I 
Tlus approach wan also interrupted at the middle marker because of local traffx During 
these tests. complex departure and arrival routes were easily followed to wIthIn one-eighth of 
an inch of the desired route indicated on a display chart Condltlons such as lag m the porltion 
Indicator, reading error due to parallax, and DYE memory, all of which cause overcorrectlon, 
became incrcaaingly evldent when the pilot attempted to follow an orbital path 
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Fhght Test No 3 

Chart Presentatxo” 
Thxs test was deslgned to determine the ab,llty of a pllot to use fxxes based on a 

Rho/Theta reference system of navlgat~on and traff,c control The effect of the trace feature 
as a” aId to the p,lot was also ,“vestlgated Special charts were prepared w,th four-mile 
range circles and with 5’. 10’. and 15’ azunuth 1,“es Range circles and azimuth lmes were 
drawn alternately I” red and black The only topographxal mformaho” Included was the Weir 
Cook alrport With the use of the plctorlal d,splay for nav,g&o”al Inform&lo”, the pllot was 
rntlally cleared to proceed, after departure from Runway 4, to a pol”t on the 110” radial at 
aght miles range The flight was subsequently cleared to the points shown I” Table XI 

TABLE XI 

CLEARANCE POINTS FOR FLIGHT TEST NO 3 

Rad,al Range Trace 
(r&s) 

175 14 0” 
232 12 0” 
266 10 0” 
303 6 0” 
358 10 Off 
035 4 Off 
074 12 0” 
140 3 0” 

From the last of these fixes, the flight was cleared for a low approach to Runway 13 
Thus entxre route provided two fxes I” each of the quadrants Each quadrant of the chart 
contamed azimuth reference 1,“es These were I” increments of 5” I” the first quadrant, of 
30’ I” the second, of 10” I” the third, and of 30” agam I” the fourth Flight I” the fourth quadrant 

was conducted wlthout the trace feature Some of the assIgned fxes were at the IntersectIons 
of radial and range reference lmes, wh,le the locatlo” of other fixes requ,red that the pllot 
estimate the pomt of ,“tersect,o” 

The hrst flight attempted I” this series was unsatisfactory because of erratic DME- 
receiver operation and because of d,ffxulty encountered with the stylus of the display mech- 
a”lsm To reduce any effect due to learmng. a d,ffere”t pllot was used I” the retest 0” the 
second test, after take-off the flag alarm dIsappeared at an altitude of 750 feet above the 
runway At a” azunuth of 240’ and a range of 13 m,les. the alarm mtermlttently appeared for 
four minutes Upon reaching a” ammuth of 358’ and a range of ten m11e.s. the trace was 
turned off until the arcraft was past the next two fxes WIthout the benefit of the trace for 
reference, the pllot experienced some degree of dlifxulty I” reaching the next fix When thr 
arcraft approached the fix at a” azx”uth of 035’ and a range of four “-&es. the flight was 
cleared to the next fix at a” aernuth of 074’ and a range of 12 miles The p,lot mltlally u”der- 
stood the radial as 174’ Consequently, a right turn of approximately 225’ was executed before 
the pllot proceeded to the correct fix During the fIna approach, the arcraft was observed to 
be 800 feet to the left of the runway, however, the display track lndlcated that the aircraft was 
2000 feet to the left The results of this fhght are show” I” Fig 17 

Fl,ght Test No 3 mdlcates that aemuth and range co-ordinates (Rho/Theta hxes) coL.ld 
be used for general “avlgatro” and axr-traff,c-co”ttro1 purposes H&ever. xmproved chart 
presentatmn of aemuth and range mformatro” would be requred Aamuth reference lines 
should be provided at least every 15’ and should be dlstmguxhed by alternate colors or types 
of prmtmg The use of color dlfferentlatlon would depend on cockplt llghtmg Range reference 
circles equivalent to four ,x,&s apart on the 1:250.000 scale chart (representmg 16 miles 
radius) were satisfactory I,, this appllcat,on. but these circles should also be alternate colors 
or styles of prrntrng 



Fig 14 Flight Test No 2, Arrival and Approach Via Track 14 

Flight Test No 4 

Additional Compatlb,llty Tests 
This test was deslgned to evaluate agam the ablllty of the pllot to fly in accordance w,th 

current and proposed err-traffic-control procedures I” en route and termmal-area sltuatlons 
wulth the use of the Type IV plctorlal dlsplay for nawgat~on It was also deslgned to compare 
the accuracy of navlgat1on when the various navlgatlon methods were used For the departure 
phase, three dwergmg departure routes and three parallel flight paths wlthm the present axr- 
way structure vtere selected This selectlo” ‘yas made to permit a compar~on of the control 
arepace required during navlgatlon by means of the plctorml display with the space required 
durmg navlgatlon by current methods Although the parallel flight paths were outbound in this 
test, results are also applrcable to mbound tracks or to comblnatlon rnbound and outbound 
parallel tracks The departure phase was conducted with the pxtorlal display used for all 
navlgatlon The en route and final-approach phases were conducted with the use of L/MF-range 
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Fig 15 Flight Test No 2, Arrival and Approach Yla Track 10 

courses, automatic dmectlon finder (ADF), and plctorral display for camperleon of nangahon 
on the same tracks En route holdmg patterns were also accompllshed by these various 
methods of navlgatlon 

Radio-faclhty mformatxon vms added, and much topographxal data was deleted on some 
of the charts used m this test The 1 l,OOO,OOO-scale dzsplay chartsbsed for the departure 
flights included only the airway boundarIes, the five-mile range circles (alternately red and 
black), the Weir Cook Awport. and the aslmuth compass rose 

The departure phase IS shown m Fig 18 On the first flight. the pllot was cleared for 
departure from Runway 4 to proceed to the mtersectlon of the north edge of Green 4 and the 
14-mile range circle, from there via the north edge of Green 4 to the 45-mxle range circle. 
where he was to cruise at 3000 feet After the flag alarm had dlsappeared followmg departure, 
the arcraft-posltzon mdlcator operated m an erratic mariner.... Indxcated III Fig 18 Thus 
was found to be due to the DME equrpment wblch caused the DME mdlcatnr to move m 1 l/2- 
to 2-rn,le increments The second flight was cleared for departure from Runway 9 to proceed 
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Fig 16 Fkght Test No 2, Arrival and Approach Via Track 6 

east via the centerlme of Green 4 to the 45-mile range crrcle and there to cr”lse at 4500 feet 
The display chart mclvded knes delineatmg the edges of Green airway 4 but dad not contain the 
centerlrne and thus requred the @at to estunate the center of the airway 

The third departure was snnulated by fhgbt aver Ranway 13 The pilot UI~B cleared to 
proceed dxrectly to the lntersectmn of the south edge of Green 4 and t&,e ISmile-range circle, 
then east vxa the south edge of Green 4 to the 45-mile-range arcle, where he was to c-se rt 
3000 feet No flag alarms occurred on tbls portlon of the flrght The pilot made a nunor 
correctmu after departmg Runway 13 m order to intercept Green 4 at the 15-rmle-range clrele 
Tbls resulted m overcorrect~on 

The Arrival Phase ,s illustrated ln Fig 19 The first night, after completfon of a standard 
two-mmute holdmg pattern west of the Greenfield fan marker, was cleared for ADF approach to 
the Weir Cook alrport in order to make good a magnetic track of 25-l. until a magnetic track of 
224. to the outer marker was Intercepted This mbouud track corresponds to the east couree 
of the low-frequency range and of the ILS localizer The pflot performed all navlgatlon by 
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Fig 17 Fhght Test No 3, Chart Presentatmn 

means of dual ADF and was not permitted to refer to the plctorlal display Because of a 
callbratmn error m one of the ADF mstruments. the pIlot had dlfflculty m untlally establlshmg 
the dcsxred tracks The faulty mstrument was later recalrbrated, and thx portmn of the flight 
was rerun as the return sectmn of Test 5, Part 1. shown on Fig 22 No difficulty was 
encountered vrtb the plctorlal-dlrplay equpment as It momtored this test 

The second flight, on rts return, was cleared to the GreenfIeld fan marker to complete a 
standard two-minute holdmg pattern followed by a complete standard-range mstrument approach 
to Weir Cook Navlgatmn was based on aural L/MF-range slgnalc and on VHF markers The 
plctorlal display was used to record the flight path but was not avaIlable to the prlot for 
reference The recordings cabtamed from tlus flight are shown 1x1 Fig 20 

The tturd fhght WCS cleared to hold east of the Intersection of VOR radials 087’ from 
Indlaeapohs and 316’ from Cmcumat~ These radmls Intersect at the Greenfield fan marker 
34 m&s from the Indianapolis-and 77 miles from the Clncmnatl-VOR sites Although the 
flight was at 8000 feet, It was difficult to use the Cmcmnatl radial and to complete the holding 
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Fig 18 Flight Test No 4. Plctorlal-Display Navzgatmn on Three Departure Tracks 

pattern As mndzcated m Fig 21, the plctorlal drsplay recorded a track SIX rmles east of the 
theoretIca mtersectmn The display agam was used only to monxtor the flaght path and was 
not avalable to the pllot, who navrgated by means of the dual VOR course-dew&on Indicators 

After co&pletlon of ths holding based on the Intersection of VOR radials, the pxctorial 
&splay was used as the means of navlgatvan and the fkght was cleared to Greenfield to com- 
plete a standard holding pattern east of Greenfield From GreenfIeld. the flight was cleared 
for a straight-In approach to Weir Cook and was to proceed YLP the center of Green alrwvay 4 
Descent from 8000 feet was begun at Greenfield Trouble developed in the door lock of the 
display unit when the Greenfield holding pattern was entered Ths resulted in a flag alarm 
until the door was manually held and later taped in a closed posltlon During t-s period, the 
DME rece.ver also dlsplayed a flag alarm for appronmately 60 seconds These factors 
contributed to tbe Irregular holding pattern accomphshed at Greenfield 

On the approach toRunway 27, the arcraft was 2500 feet south of the runway accordln 
to visual checks The prctorlal-dleplay unit also recorded the track at thus tlme as being 1 2 B 
nnle (l/8 Inch) south, since the terminal-area chart used for this approach was a 1 250.000 
scale Because of the erratic DME operation, Uus phase was retested In conjunction wvlth 
Test 5, Part 2. Fig 23 

With the use of pictorial-display charts which provided the necessary reference mnfor- 
matlon (L/MF, VHF, or both, aIrways and control pant.) these test flights mdicared that air- 
craft equipped with plctonal displays could comply wwlth traffic control procedures predicated 
on either low-frequency or VHF systems of navigation There was httle. If any, difficulty 
involved in maklng the pine chart changes required in this series of tests 
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Fig 19 Fl,ght Test No 4. ADF Nawgatron, En Route and Approach Tracks 

Fhght Test No 5 

On- and Off-A,rwway Operatmn 
This test was deslgned to determine the utlhty of the Type IV Plctonal Display for 

mstrument approaches and for en route navlgatmn procedures on and off airways The 
approaches were conducted at aq~~rts located 30 and 50 miles from the OBD site and at an 
alrport only one mile from the OBD s,te Holdmg was accomplished at currently used L/MF 
and VOR mtersectmns and at a pant adjacent to a L/MF a,rway but prmr to entrance to the 
airway Two parts of Flqht test 4 were rerun at tlu. tune 

As shown II? Fig 22, this fhght was fmst cleared to Zmnsv~lle. a VOR mtersectmn 
which had been plotted xn advance on the display chart and wluch is formed by radrals 020’ 
from Indxanapolls VOR and 132’ from Lafayette Two holding patterns were completed at 
this pant with the use of the pxtorml dxplay for navlgatmn The holding patterns were then 
repeated by means of only the dual VOR course-dev,atmn indxators for reference A cruismg 
altitude of 2500 feet was assigned, and the holdmg patterns were executed wltbout madent 
However. the pllot had more difficulty I,, estabkshmg the pattern without the use of the p~tonal 
display 

When the plctorral display was used for navlgatmn, the flight was cleared to go from 
Zlonsvllle to the Anderson amport and to hold east of Anderson After completmn of one 
holdmg pattern, the flight was cleared for an approach to the Anderson arrport The dasplay 
chart used to mclude the approach was of a 1~500,000 scale, because Anderson IS 40 n-ales 
from the OBD station With the use of radm-hue-of-sight restrictmn, mnun,urn OBD coverage 



Fxg 20 Flight Test No 4, L/MF Navlgatmn, 
En Route and Standard Instrument Approach 

at thw distance 1s 1700 feet MSL 6 
feet MSL (400 feet above ground) 

However, no flag alarm occurred on the approach to 1375 
The arport was approxxnately four miles to the north, as 

visually observed at the completion of the approach This corresponds to about l/2 Inch on 
the chart scale used Immediately upon start of the clxnb. a flag alarm was received and 
contmued for a perrod of three minutes 

After thus approach, the flight was cleared to New Castle At that time the face of the 
plctorlal display was concealed from the pllot. and the ADF-navlgatlon phase of Test 4 was 
rerun Clearance was Issued from New Castle to the Greenfaeld fan marker to make good a 
track of 254’ magnetlc and to hold east of Greenfield After completion of this holding pattern. 
the flight was cleared for a standard ADF approach to Weir Cook Airport to make good a track 
of 254’ magnetic until interceptmn of a track of 224’ magnetic to the ILS outer compass 
locator This approach was Interrupted at the outer marker because oi local Jet traffic 
Figure 22 Illustrates the vrsual. radar, and display recordings of this flight The ADF portmn 
of the flight from New Castle Inbound to Weir Cook Alrport may be compared with Fig 23. 
which shows a flight over the same route wwlth the use of the pictorial display as the method of 
navlgatlon 

The second flight. shown m Fig 23. was cleared from Werr Cook Airport to the Martms- 
vllle VOR Intersectran to cruise at 2500 feet This intersectmn 28 n-ales south of the 

6 
W R Rambo, J S Prlchard. D P Duffy, and R C Wheeler,“Summary Report on 

Evaluatmn of Omm-Bearmg-Distance System of Alr Navrgatron.” AIrborne Instruments 
Laboratory. Incorporated. Report No 540-1, October 1950 
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Fig 21 Fhght Test No 4, VOR-Intersection and Fan-Marker Holdmg Patterns. 
Straight-In Approach With Pxctorml Display 

Indlanapolls OBD site was added to the display chart used for this test At Martinsvllle, the 
fhght was cleared to hold, wulth all turns to the right, m a one-mmute pattern south of the 
mtersectmn of radial 160’ from Indlanapohs and radial 094’ from Terre Haute The first 
pattern was flown by means of the dual VOR devlatmn mdlcators, and the turns were madvert- 
ently made to the left The same holdmg pattern was then flown with the pictorial display as 
the means of navigation From Martmsvllle, the flight was cleared to the Atterbury alrport 
tn proceed direct to a pomt ten miles north of Atterbury and then to proceed to Atterbury 
This routmg circumvented the danger area west of the aIrport A cruxsing altitude of 2500 feet 
was assigned. and the pictorial display furrushed the means of navigation After passmg a 
point ten miles north of Atterbury. descent was begun The flag alarm appeared when an 
altitude of 1500 feet MSL was reached. at which time the arcraft was 39 miles from the OBD 
faclhty and 7 miles from Atterbury 
2 l/2 miles west of the field 

The approach was contmued. and the arcraft passed 
The pictorial-display trace at this time Indicated the field as 

l/0 Inch, or approumately two miles, to the west on the 1 1.000,000-scale chart used 
Upon contmuatmn of navlgatmn by means of the plctorlal display, the flight was cleared 

from Atterbury, via Shelbyvllle, to New Castle It had origmally been planned that the portmn 
of this route from Atterbury to Shelbyvllle would be flown wulthout the trace features, but 
because of madequate radar return, the trace was left on to faclhtate recording of the track 

From New Castle. the remainder of this test corresponds to the last phase of the tird 
flight In Test 4 Navigation was accomplished by means of the pxctor~al &splay, and the 
flight was cleared. via the centerline of Green 4, to the GreenfIeld fan marker At Greenfield. 
a standard holdmg pattern was completed and the flight ‘PM cleared for a stralghtdn approach 
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Fig 22 Flzght Test No 5, Part I 

to Weir Cook Alrport As mdxated m Fig 23, the ax-way boundaries were shown on the 
display chart used Ovnng to local traffic on return, the approach was dlsconhnued east of 
the alrport Durmg this retest, no dlfflcultles were experienced In complymg with the con- 
ventlonal L/MF procedures when only the plctorlal-display was used for navlgatmn 

The third fhght 1s shown in Figs 24 and 25 In contrast to the approaches attempted at 
airports more distant from the OBD site, two approaches were made at Brownsburg, an BIT‘- 
port which 1s one mile west of the OBD site Begmning five miles out, straight-in approaches 
were completed from the south and then from the north On the approach from the north, the 
flight turned east to avoId local traffic lmmedlately after passmg the aIrport boundary Both 
approaches were well aligned with the runways, and landmgs could easily have been accom- 
pkshed Durmg these tests, approaches conducted with the plctorlal display were most 
successful at airports wlthln 15 miles of the OBD faclhty At greater distances approaches 
were handicapped by the lack of an adequate slgnal at lower altitudes. the greater effect of 
VOR/DME errors, and the mcreased readmg and parallax errors due to the use of 1 500.000 
01‘ 1 1.000.000 display scales 

When the pictorial-display charts were appropriately marked, holdmg patterns pre- 
dlcated upon L/MF and VOR facihtles were easily flown En route navigation both on and off 
arways was easily accomplished with the pxtorlal drsplay. and the pilot was able to circumvent 
a danger area and to enter an alnvay at a given point 

One condatmn concerrung the flag-alarm system deserves comment A partial flag alarm 
frequently appears when the omnibearmg selector 1s set to a radial approximately 90’ from 
the radial on which the alrcraft 1s located TIM tendency IS more pronounced when the 
statlou 1s abeam of the aircraft and when the arcraft 1s m relatively weak srgnal areas In 



Fig 23 Flight Test No 5. Part II, Atterbury Approach 

order to correct this condltlon or to be sure of the cause, the OBS must be changed or the 
course-devlatmn mdlcator must be checked for maxmum deflectron A pxlot famlllar with 
this mdicatlon should not be handicapped but rnstead should be alded, because proper Inter- 
pret&on offers valuable Inform&on as to commumcatlons which may be expected This same 
condition. however. mrght be a nuwance and mlsleadmg to some pilots 

The process of chart preparation 1s difficult and time-consummg Gas generated by the 
adhesive forms blisters, wbch In turn cause wrmkles on the charts These rough surfaces 
are sometimes large enough to catch the stylus and to ImpaIr Its movement A method of 
reducing or ellminatlng these undesirable features should be adopted 

It 1s realleed that a larger number of fhght tests to determIne the operatmnal charac- 
terlstxcs is desirable in order to provide a larger amount of data usually required for a more 



Fig 24 Flight Test No 5. Part III, First Brownsburg Approach 

complete analysis However, it was necessary to terminate the project m September 1953 
at the request of ANDB. before the addltmnal testing could be accompllahed 

CONCLUSIONS 

Regarding the equtpment characterlstlcs, the following conclusmns were drawn from the 
techmcal evaluatmn. 

1 The accuracy. wrth respect to besrmg and distance, of the indications 1s adequate for 
present navigation requirements 
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Fig 25 Flight Test No 5. Part III, Second Brownsburg Approach 

Headmg rnformatmn 1s useful but 1s not suffmently accurate to replace the dzrectmnal 
gyro 
An apprecmble lag I,, the drsplay of the arcraft posltmn 1s noticeable m turns 
The flag-alarm operatmn IS not fall-safe 
Dampmg of the posltmn ,ndlcator IS very satisfactory 
Illumlnatxm of the chart 1s adequate, however, for night operatmn, the flag-alarm 
mdlcator should also be llghted 
Chart preparation must be snnpllfied 
The method of recordmg the aircraft track made good Is very effective. but It limits 
each chart to one-tune usage 
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Although addltlonal flight tests are b&wed desirable in order to obtam a more complete 
analysis of the operatIona usage of this device, the followmg conclusmns can be made based 
upon the data obtalned 

1 In areas m whxch OBD-slgnal coverage 1s provided, fhghts usmg the Type IV Plctorlal 
Computers were able to comply with current nav,gatmn and traffic control proredurf s based 
on L/MF and VHF faclllt,es This demonstrated compattblllty of the plctorlal dxplay with 
current, mterlm, and new traffic-control procedures should be one of Its most valuable 
characterlstlcs 

2 With the exception of the ILS, the plctorlal display provided accuracy comparable with 
that of presently used methods of navlgatlon and afforded great advantage zn ease of operatxon 
and m versatlhty 

3 The contmuous posltmn mformatmn provided by the display permitted selectIon both of 
flwht paths and of control pomts which cannot be used for routmE and holdmg arcraft with 
p&&it methods of navigation because of s,t,ng problems, frequ;ncy s&rat&, and costs 
mvolved I,, establlshmg multiple facllltles 

4 PIlots advised that the headmg mdlcator defmltely aded them m usmg the plctorlal 
display 

5 In these tests, the pIlots did not find it necessary or advantageous to rotate the chart 
of the display umt 

6 The trace provlslon of the display apparently aded the pllots m flymg between pomts 
not preplotted on the charts and also served as a means of callmg attentmn to gradual 
devxatlons between Intended and actual fhght paths Some of this apparent advantage of the 
trace feature may be attributable to the parallax Introduced by the design of the arcraft- 
pos,tmn lndlcator 

7 No problems were encountered in the changing of charts durmg fllght The process 
was completed man average of five seconds, and no difficulty was observed in either the 
mechanIca operatmn or m transltmn to a different scale 

8 Virtually no mechamcal trouble was encountered wrth the plctorlal-display equipment 
At one time the stylus momentarily stuck and thus reqmred minor adpxtment. and at another 
time the display-door latch falled to catch 

9 The central lacatlon of the plctorlal display m the Instrument panel facllltated vlewmg 
the fhght-attitude and engme mstruments However. this obhque view increases parallax 
and readmg error 

10 Complex termmal-area routmgs. which now require many commumcat~ons and heavy 
personnel workload, were easily followed when navlgatlon was accomplished with the plctorlal 
display Improved control procedures should be possible for alrcraft equipped wvlth plctorlal 
displays 

RECOMMENDATIONS 

1 Although lllummatlon of the chart face 1s adequate, It would be desirable to obtam more 
even dlstrlbutmn The effect of a colored hlter or of a source of light for mght fhght should 
also be tested 

2 Chart presenttatmn requires addltmnal study Inform&on on charts mtended for use 
durmg Instrument flight should more closely resemble radxo-facllltzes charts The add,txon 
of contour lmes might be valuable m some areas, and the use of varmus colors would 
certamly mcrease readabIlIty 

3 The arcraft-posltmn mdlcator, the heading mdlcator. and the stylus assembly should be 
redeslgned or modxfied to reduce parallax and readmg errors Improvement might be obtamed 
by the use of a retzcle and an optlcal system 

4 A new method of nreuarme charts should be developed Attentxon should also be given 
to reducing the weight df &arts I 

5 The avaIlable displays should be placed ln actual operatmn to obtam addlhonal results 
with regard to their operatmnal suItabIlIty 


