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The Air Navigation Development Board (ANDB) was established
by the Departments of Defense snd Commerce in 1948 to carry out a
un:fied development progrem aimed at meeting the stated operational
requirements of the common military/civil air nevigation and traffic
control system. This project, sponsored and financed by the ANDB, is
a part of that progrem. The ANDB is located within the administretive
framework of the Civil Aeronautice Administretion for housekeeping
purposes only. Persohs desiring to communicate with ANDB should address
the Executive Secretary, Alr Navigation Development Board, Civil
Aeronautics Administration, W-9, Washington 25, D. C.



THE STATUS OF THE EXPERIMENTAL
PICTURIAL SITUATICH DISPLAY PRQGJECT

SUMMARY

The status of ihe development of the Pictorial Situation Display,
an ailr navaigation system and a traffic control aid, is described in this
reporte The Pictorial Sitastion Display was deveslooed by the Radio
Corporation of imerica =t Camden, M. J. The eq-isment 18 a modified ver-
sion of the Teleran ground-to-zir pictorial communicabion system. The
ground equipment transmits to the aireraft, in television form, aircraft
position information obtained from surveillance radar, maps of the neigha
boring terrain, and simwlaved visual commands. A large number of picture
channels can be transmittsd over one r-f chamnel by use of a time multi-
plexing system in conjunction with a storage tube.

Recent television techniques and the Graphechon storage tube have
been incorporated in the modified equipment. A4t present, certain charac-
teristics are unsatisfactory. The evaluation of the equipment has been
cancelled at the request of 4DB because of the lack of operational re-
quirements and the cost of further development to rectify the troubles in
the present equipment.

IMTRODUCTION

In the early part of 1946, the Radio Corporation of America pro-
posed development of a navigatien and air traffic control system utilizing
radar and television techniques. The proposed sgystem would provide to
each equipped aircraft its range and azimuth with respect to a selected
ground station, the location of other aircraft in the same altitude layer
in the area, the altitude of the aircraft, means for self identificataion,
map and Weather information, and information to enable instrument landing.
On the recommendation of the Stration Committee on Air Navigation and
Traffic Control, the Department of the .ir Force initiated the project for
the development and evaluation of such a system under Centract
W 28~099-ac~107. In fpral, 1948, two ground stations, one an airport sta-
tion and the other an airways station, were installed at Andrews Field and
Gravelly Point, respectively. Evaluation tests on these installations
were performed from December G, 1946, to February 18, 1949, and the results
are set forth in an RCA report-l This evaluation was also reported by the

IRcA Statistrcal Report on the Performance of the Teleran lodel
Lquipment During the Evaluation Tests ilade from December 6, 1948, to
February 16, 19L9.
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3151st Electronics Group, Watson Laboratories.2 Thig latter report states
that the system had not proven to be of value to the military service, was
complicated and difficult to maintain, required excessive bandwidth for op-
eratlion, did not provide a sufficient number of altitude separation layers,
Was entirely inadequate with regard to azimuth resolution, and did not pro-
vide a satisfactory landing display. In view of the above, the Watson
Laboratories report recommended that no further development of this device
be carried on by the Department of the Air Force.

Since the equipment did provide means for televising information
fram ground to air, consideration was given to usaing i1t to demonstrate the
utility of an airborne pictorial display. RCA prepared a proposal, based
on the Teleran esperience, for an experaumental system. After negotiation
and modifieation of the proposal, Contract Cca-28572 was entered into on
Juns 30, 1950, between MNDB and RCu for the development of a visual air-
ground communaication link. The purpose of this contract was "to develop a
pictorial display that could be televised to an aircraft presenting the
pilot with a cdisplay of the terminal area traffic situation, a map of tne
surrounding area, terrain features, and to provide a system for visual com-
mands to be transmitted to the pilot." This activaity was to be under the
technical responsibility of the Department of the Aar Forece All-ieather
Flying Division because of their interest and previcus experience with pore
tions of the Teleran system which would be used in this programe Later, the
reorganization of the Wright Air Development Center and designation of the
All~Veather Flight Section as an evaluating organization made it necessary
to waithdraw this project which was then in the developmental stage. The
traffic control aspects of this project suggested its assignment to the CAA
Technical Development and Evaluation Center, and on October 31, 1951, the
technical responsibality for this project was transferred to TDEC.

At the time of the transfer, all ground components had been
checked and were operative except the antenna. The airborne equipment was
about 45 per cent complete, but no actual flight testing of the system had
been accomplished by that date.

CQUIPIENT DESCRIPTION

The Pictorial Situation Display presents information to the pilot
in visual form on a seven~inch kinescopes All necessary flight informationm,
such as position, proximity of ovher aircraft, weather, and flight instruc-
taons, are collected at a ground location, converted as necessary, and
trangmitted as a standard television picture for visual presentation in the
aircraft. Each type of information is transmitted separately and can be
selected for individual display by the piloty However, any desired group of
signals can be combined in the chamnel normally used for test pattern

2pechnical Report No. 46, dated November 30, 19h9, 3151st
Electronies Group, llatson Laboratories.
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transmission. A1l signhals are confined to a 12-megacycle channel by time=
ghared multiplexing techniques.

Since time-sharing involves interruptions in the transmission of
a given signal and each period required the transmission of at least one
full frame of a television picture, covering 1/30 of a second, it follows
that with 50 time~shared periods, transmission in a given chamel would
occur once in three seconds. To obtain a continuous display in the air-
craft, a Graphechon storage unit 1s empleyed between the receiver and dis-
play. This unat stores the intermattent signals and delavers a continuous
output to the display unit.

In the prezent equipment facilitaes are provided for handling
the following types of information:

RAD'R DaTA - 4 PPI dasplay of all aircraft in the mapped ares, showing
az:muth and range, obtained from a suitably located search radare

Ii’P DATA - A map of the terrain over which the aircraft is flying,
covering an area consistent with reliable television transmission and ac-
curate radar scan, showing airports, beacons, and salient topographical
features.

ORTNEFR DATA - Specaal flight instructions, weather maps or weather
information.

TEST PATTERN -~ A bar or grating pattern intended primarily for checking
system operation and maxing linearity adjustments.

Descraption of Ground Equapment.

The egquipment comprising a ground installation consists of ten
rack assemblies arranged in tuo groups. Six racks, containing data prep-
aration circuits, are grouped to form the studio equipment. The remaining
four racks contain the radio transmitter circuits and may be located at
scme distance from the studio rackss

A target simulator rack may be employed to provide a2 simulated
radar anput when a check of equipment operation 15 desired. The signals
provided consist of trigger pulses; one~ and ten~speed servo information,
ana two simulated target echoes, 180° apart, thabt may be adjusted to
actomatically traverse a radial, circular or spiral course. Variable
levels of noise may alsoc be introduced inte its video ocutput.

An over-zll functional block diagram of a complete ground instal-
lation 15 shown in Pig. 1. For clarity and ease of description, the chassis
1n the studio racks are grouped according to funetion in the diagram and
will be described under these groups.
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1. Smchronizing and Multiplexing Circuits.

The pulse unit develops the timed synchronizing pulses. These
timed pulses are used by the code unit to develop horizontal and vertical
synchrenization, and blanking pulses that are cistributed to the various
chassis by the distrabutzon amplifier. These pulses provide for a 525-
iine interlaced television signal with a field of €0 fields or 30 frames
per second. The code unit, by means of an intermal units-count ring
oscillator and a ssparate tens-count ring oscillator, develops codang for
the individual inteliagence signals and enabling pulses to control multi-
plexing of the chammels- Thus, the code unit, in conjunction with the
multiplex injector, causes the output of the 1aformation circuits to be
gated through the multiplexer in the correct order.

The enabling pulses are timed to permit each channel to feed one
corplete television frame in sequence to the transmitter. Since the frame
rate 15 30 per second and 90 chammels are provaded, a given frame will be
repealed every three seconds when the full 90 multiplexed channels are in
use. To maintain a constant display in the airborne equipment under these
concitaions, a picture storage unit 1s used between the receiver and display
unil. A4 Graphechon tube an the storage unit provides sufficient signal
storage to assure continuous signal input to the display duraing the three-
second intervals between signal transmissions in a given channel.

2« Radar Viceo Circuats.

These circuits accept video, trigger, and azamuth data signals
from a suitable sezrch radar, which is not part of the equipment or the
target simulavor, and develop a flickerless PPI type of display output
with standard television scan.

Converszon from radial radar deflection to television scan is
macde in the Graphechon chassis, where the storsge property of the tube
also steadies the video ocutput. The Graphechon unit ancludes a wide band
r-f amplaifiers The writing deflection and video chassis provides video
gmplification and radial deflection, keyed by radar trigger pulses, for
the writaing end of the Graphechon. The rotating yoke at the input end of
the Graphechon tube 1s driven in synchroniem with the search antenna rota-
tion by means of the servo control in response to azimuth data derived
from the radar equipment. At the reading end, television deflection 1s
obtained from the reading video chassis which as triggered by synchro-
nizing pulses from the pulse unit. Enabling pulses from the code unit are
used toc swilch the reading beam on during transmission periods, and the
output i1s fed through the video mixer to the transmitter.

3« lMap and Order Circuits.

Two sets of video signals are developed in these chassis, namely,
nap video and order video. A duzl flying spot scanner assembly 1S incor-
porated in the FSS unit. The kinescope yoke 1s driven by deflection cur-
rents from the deflection umit with the beam set for optimum brilliance.
The moving spot on the kinescope screen 1s projected through an angularly-
positioned, half-silvered mirror -thich divides the illuminatien, permitting
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one=half to pass to the map slide and reflecting the other one<half to the
order slides The slides contamn the information to be transmitted in the
form ef clear lines on an opaque film between glass plates.

Light passing throvgh the clear sections of the film, as the pro-
Jected spot traverses the entire face of the slides, 15 picked up by photo=
cells to form the elements of the video output signals. The outputs are
amplafied in the video amplifier to provide two outputs for each channel.
One output of each channel is gated through the multiplexer to the trans-
mtter, and the other output 1s fed to the monitor.

L. Test and llonitorang Cirerults.

The Ai-scope momitor, with a five-inch screen, 15 uvsed to deter-
mine video signal amplitudes and waveshapes of the signals at horizontal
or vertical synchronizing sweep frequencies. In addition, the A~scope
monitor can be used with a patch cord to check waveshapes at test points on
the various chassis when trouble shooting. The raster monitor, with a ten-
inch screen,is used to check video picture qualaty at the outputs of the
various intelligence channels. ‘/hen swatched into the output of the multi-
plexer, 1t displays the signals as fed in sequence to the transmitter. The
monrtors can be switched into the various output circuits by means of the
monitor selector panel. The grating generator provides barred or grating
video signals to check the linearity of television deflection circurts in
the entire system, including the airborne equipment. The generator output
is fed to the multiplexer and gated into proper time-sharing sequence to
te fed to the transmitter.

5. Transmitier Circuits.

The video mixer chassis was originally used in Teleran for the
limiting and mixang of video signals. Vaideo signals are not mixed or
clipped in the transmitter, but the removal of the unased components was
not considered economically desirable. The circuits used consist of two
completely separate chamels. The video channel includes an attenuator
and a linear video amplifiers The synchronizing channel includes pro-
vision for clippang both the top and the base of the synchronizing pulses
and 1s followed by a linear amplafier.

The exciter and modulator chassis contains circuits for ampli-
fying and mixing the vaideo and synchronizing signals, phased to cause in-
ecrease of carrier level for video and decrease of carrier level for
synchronizang signals. The circuits include the master oscillator, buffer
amplifier, and nodulated amplifier, the latter being modulated by the
above.mentioned video and synchronizing amplafier ocutput. The modulated
r~f output 1s fed to the high level assembly. The high level assembly
consists of two power amplifiers operating in cascade to raise the r-f
signal level to the power level required. OCircuits are included for bias
control, overload protection, and for monitoring the amplified signals. A
standing wave indicator 1s also included to facilitate power output checks
and antenna matching. The monitor selector panel provides switching faeil-
ities to comnect the monitors ainto the transmtter civeuits at such poants
as require frequent cnacks during operatien. It gimpltaneously connects
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the A-scope and raster monxtor to a selected point and cormects the proper
enabling pulses to provide individual display of any of the four time-
sharing picture signals. The scope monitor displays the waveform at any
selected po:nt, either with line or with frame sweep frequency. FProvision
is macde to dasplay vertical deflection voltages from test points on the
chassis, as may be necessary for trouble shooting or for adjustment pro-
ceunres. A panel meter zlso indicates transmitter output, as represented
by the r-f voltage on the plate of the power amplafier. The monitor dis-
plays the pacture saznal at various points in the equipment, either each
picture separately or the combined signals as desired. It provides a con-
tanuous check on video transmission at all times.

&« Target Simulator.

The nurvose of this rack is to provide a readily avaiiable
source of radar sipnals when a radar instailation 1s not available or is
inoperatives It can be used for checking and adjusting the radar video
channel in the equipment or as a radar signal source for evalugtion tests.
The anterma chassis contzins the motor-driven selsyn generators, differ-
ential generators;, and potentiometers that develop azumuth and range data.
The mechanism includes clutches that allow a manual change of azamuth and
range data or automatic development of radial, circular, or spiral target
courses-. The signzl simlator chassis develops the basic 1200 pps radar
trigger and the target echo pulses. The carcuits also include a noaise
generator to simulate closely conditrons of actual radar reception.

Description of farborne Lquipment.

The airborne equipment consists of a receaiver, storage unzt,
indicator, and associated power supplies. £4n over-all functional block
diagram of a complete airborne installation is shown in Faig. 2.

1. Receiver.

Fags 3 1s a photographic view of the receiver. The 300-megacycle
television signal transmatted by the ground transmitter is detected in the
receiver. 4 keyed AGU system in the receaver tends to prevent video outpub
signal varaiations due to aircraft propeller modulation of the incoming
signals, aircraft attitude, aircraft range, and antenna patterns.
Separation of the synehronization signals from the video signals and de-
coding of the pacture channel adentification pulses are accomplished in the
receiver. Video output signals are provided for the storage unat.

2. Storage Unit.

Fig. L is a photographic view of the storage unit. Video and
synchronizabion signals from the receiver cperate the storage unit. The
intermittent picture information i1s written on the target of the Grpahechon
by the writing deflection and video circuits. The stored piacture on the
target of the Graphechon 1s read off the target by the reading deflection
and video circuats. Due to the storage properties of the Graphechon,
output video signals zre obtained from each field of scanning so that the
Picturs viewed on the indicator linescope will be free of flicker.



3+ Indicator Unit.

Fige 5 1s a photographic view of the inéicator unat. Synchro-
nization signals from tne recelver and video s:gnals from the storage unit
operate the indicator unat. The scanming and vadeo caircuits of the indie
cator vnat present the pictorial xnformation on the face of the indicator
kinescope in rectargular lzlevision coordinates. A transparent aircraft
heading dise in front of the mdicator kinescope shows heading of the air-
craft witn respect to other aircraft courses which are indicated by trails
benind the target.

EQUIFMENT DEVELOPMENT

General.

In general, the original Telersn equipment was modified to in-
corporate recent television techniques and the Graphechon storage tube. A
large portion of thz fsatures of Teleran were eliminated in the experi=-
wental Pictorzal Situation Tisplay since it was felt that the evaluation
could be accomplished without the complexaty of the Teleran system. The
features of Teleran not incorporated in the experimental Pictorial
Situavion Daisplay include the self-identification line, altatude codang,
instrument landing presentation; wrate-in display, and number of channels
available.

RCA mede the following delailed modifications to components of the
Teleran system that are used in the Pictorial Situation Display:

The synchronizing and mltiplexang circuits have been modified to
give odd-lare interlacing instead of even-line interlacing. An automatic
frequency control circuit has been added to synchronize the television
field pulses with the power line frequency. The ring oscillator circuits
have been modified for better stabilaty. The flying spot scamer chassis
has been modified to incorporate a shorter persistence cathode-rzy tube,
an improved video amplilier, head-.on multiplier phototuktes, and an zmproved
mechanical dezign an the phototube mount.

The monator elrcuits have been modified to operate om the odd-
line interlaced television system. The scanning circuits have been im~
proved to give better stability, and the monitor kinescopes have been
replaced with kinescopes with P7 type phosphorsa.

The band pass characteristics of the transmitter modulator have
been improved. A standing wave indicator has been added to the transmtter
and an insulatang material with higher dielectric strength has been used
in the failament lines to the {inal power amplifier tube.

The Graphechon chass:is is a completely new unit and 1t replaces
the storage orthicen console. The Graphechon gives improved resolution,
wmproved signal-to-noise ratio, less cross talk, less shading, a wide
range of control of storage time, and is simpler to align. The Teleran
ground antemna had been broken by a windstorm. The antenna has been com-
Pletely reworked +n strengthen .t and to remove corrosion on the internal
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tapered transmission lines. An amproved, keyed AGC system has been incor-
porated in the airborne receiver to minimize video output signal variations
due to aircraft propeller modulation of the incoming signals, aircraft
attitude, aircraft range and antenna patterns.

Additaonal synchron:zing pulse output has been provided for the
storage unit. The airborne storage unit i1s a completely new uynit. The
airborne indicator sweep circuits have been modified for use with an odd-
line interlacing television system. The horizontal scanning circuaits have
been modified for mors stable operation.

Progress During TDEC Supervis.ion of Development Contract.

The airborne equipment Was installed in a DC-3 aircraft, N-183,
during llarch, 1952, at TDEC. Two representat:ves of TDEC attended a six=-
Week training program on the Pictorial Situation Display equapment during
the last week of April to the first weelk in June. Flight tests at the RCA
plant started on llzy 1lli. Mareraft N-183 was flown to Camden to partici-
pate in flight tests during the periods of HMay 12 to 15, liay 25 to 29, and
June 5 to 13. The airborne receiver synchronization circuits were unstable
during the tests.

Arreraft W-183 was flown to Camden for a demonstration of the
equipment to ANDB and TDEC representatives on July 2. The demonstration
and test flipghts indicated that the equipment was not reacy for evaluation.
The followaing characteristics needed improvement:

1. Airbornes equipment synchronization.
2. Resolution.

3+ Linearity.

s Equipment operation reliability.

5. S8ignal-to-noise ratios

A number of photographs were made of the face of the indicator
kinescope 1n the airplane cduring the demonstration and preliminary test
flighvs. Pigs. 6 to 15 are photographs of the face of the airborne indi-
cator kinescope that are representative of the conditions that prevailed
during the fl-ghts.

The test flights with the equipment located on the premises of
the contractor demonstrated that the system for Pictorial Situation Display
was not yet ready for evaluation. The contractor estimated that consider-
able money and time would be reguired to achieve a level of perforrance
which would be consadered adequate for an operational evaluation. Further-
more, due to increased iir Force operational activity in the UHF band, the
extension of the frequency authorization, 300 # &5 ¥Mc, for this project
seemed extremely doubtful after July, 1953. Hence, any plans to contimue
the project would have to provide eventually for a change in the operating
frequency of the air-ground channel. Therefore, the aar Havigation
Development Board recormended to the fiar Coordinating Committee, Air
Traffic Control and Navigation Pavnel, in a letter dated September 9, 1952,
that this project be eather stopped or completely recraated depending upon
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whether 2 firm operational requirement still existed. On October 20, 1952,
the Nav Panel replied as follows:

"The Panel feels that an operational requ:rement continues to
exist for an airborne pictorzal situastion display for use in the Common
System. However, this requirenent does not indicate tl.at the Teleran dis-
Dlay concept i1tself s desirable, but instead that some type of system is
needed. In this comnection the Research and Development Bcard guidance to
4TB on projects for Fiscal Year 195l is cited. an operational-technicagl
systens stucdy should be eflected to establish what the specific criteria
are and what technique would best suffice for the purpose. Thais is to be
done in lieu of actual equipment developmentsse..” _

The /NDB decicded to terminate the present contract for develop-
ment of an airborne pictorial satuation display and to postpone any further
action in this field untal the Arr Traffie Control and Navagation Panel
Speczal Torking Group on Pictorial Display has formulated a sbatement for
the operational requirements for this program.

A representat-ve of TDLC visited the ACA plant during the week of

January 12, 1953, to arrange Tor shipment of the equipment to IDEC. A con-
ference was held between the RCA and TDEC engineers to determine the causes
of improper operation of the equipment curing the test and demonstration
lights. It was agreed that instsbilaty in the operation of the equipment
durang the flight tests could be due to the unfortunate choice of the
transmitted signal polarity and the receiver AGC sampling carcuit. The
synchronizing signal portion of the transmtted signal is at minirmum modu-
lation. Standard entertaimment television transmitters transmit the
synchromizing signals at maximum modulation to reduce the effects of noise
on the receiver synchronization circuits. The video information an the
Teleran system that makes up the braight elements of the final pacture has

a very low duty cycle. The bright video information i1s transmitted as an
increase in transmtter power cutput so that the average power dissipated
1in the final amplifier of the transmitter 1s considerably lower than the
pealk potrer.

The AGC sample is teken from the portion of the blanking pedestal
following the synchronizing pulse. The gating signal used for the AGC
samplang 1s formed from the output of the horizontal oscillator. The air-
borne receiver uses a hagh Q oscillator thatv is controlled in frequency by
the output of a phase discrimnator. Such a system has good noise ilmmunity
but 2t will not respend to rapid frequency changes. hen muiti-path
signals are received, 1t 15 possible that the occurrence of a reflected
synchronizang signal during the AGC sampling time would change the AGC
voltage, the amplitude of the synchronizing pulses fed to the phase dis-
criminator, and upset the horizontal oscillator.

It is possible that reversal of the transmitted signal polarity,
taking the AGC sample during the synchronizang pulse interval, and in~
creasing the AGC tame zonstant would umprove the synchronizing stability of
the airborne recelvers
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The equipment was shipped to TDEC, for storage and use on other
projects, dquring January, 1953.

CONCLUSIONS

The evaluation of the equipment has been cancelled at the request
of ANDB because of the lack of detailed operational requirements and the
cost of further development to rectify the trouble in the present equip-
ment. The evaluation program for this equipment was based upon the ob~
Jjectives listed in Appendix A.

Components of the system are finding use in the ATC dynamic
similator at TDEC. The television synchronizing generator has been modi-
fied to provide synchronization signals at standard commercial rates to
the sirmlator televisicn system. The studio monitor ccnsole i1s being used
as a control monaters The flying spot scanner will be incorporated in the
sim] ator television system to provide additional information for the
final displays.

Should the Air Coorcinating Commititee determine that an opera-
tiongl requirement exasts for an aircraft cockpit display of the type
avtempted in this development program, it is believed that a new develop-
ment, using dafferent techniques and some other portion of the radie
frequency spectrum, will be required.



APFENDIX A
EVALUATION OBJECTIVES

During the development of the experimental Plctorial Situation
Display, an evaluation program under ANDB Project 6.2.11 was prepared for
this equipment to determine its operational and technical characteristics.
The objectives of thas program were:

1l. Determine the range, accuraesy, and resolution characteristics of
the visual data relay equipment when installed in aircraft at various ele-
vatzons and azimths and with different headings and attituces. Jccuracy
and resolution character.stics are to be measured relatave to the normal
ASR-PPT display indications.

2. Determine suitability of the airberme display from the brilliance,
linear2ty, resolution, and stability standpoints.

3. Prepare recommendations for future development work as indicated
by the performance of the equipments tested. In particular, determine
quantitative, realistic values for resolution, accuracy, stability, display
brilliance, s:ze and weight of airborne components, extent of time multi-
plexing desired, methods of message insertion desired, and the degree of
aiwrborne storapge desired.

L. Determine test equipment needs and maintenance features desired.

5. Determane the value of the equipment as a traffic contrel aid,
including the feasibalaty of using ihe equipment as a ground-air commni-
cetion link in terminzl areas experiencing traffic rates sumlar to those
encountered at today's major air terminals. This determination should
consider the utality of the equipment when used in conjunction with
standard voice commnication facilibies, and should include consaderation
of the reduction, if any, which can be achieved in the use of woice facil=
1ties as a result of visual data relay. Commands sent aloft should be in
the form of control messages and alse in the form of pictorial description
of the path to be followed by the aircraft.

6+ Determine the utilaty of the equipment as a terminal area navi-
gation aide The flyability and accuracy should be compared to that achieved
on the VOR.DIE system usirg pictorilal and/or course line computers.
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