SECTION VIII

- WTELERAN" —- For Air Navigation and Traffic Control

In 1941, RCA began work on the broad problem of air navigation
and traffic control, and in December of that year devised the
fundamentals of the Teleran system described herein. Even at
that time, the traffic control problem was serious.

Today, the rapidly increasing density of civil and millitary alr
traffic demands the best methods for navigating and controlling
aircraft. Collision prevention, all-weather landing and other
new services must be provided, with a resulting decrease ln re-
quired pilot skill and increases in safety and economy. Large
numbers of commercial, military and private aircraft must be
accommodated, both on and off the established airways.

Due to the urgency of war tasks, little work was done on the
Teleran system between 1941 and 19U45. Then in 1945 RCA, working
in cooperation with technical personnel of Army Air Forces,
Civil Aeronautics Administration, Alrborne Instrument Laboratory,
the airlines and alrcraft manufacturers, expanded the Teleran
system to extend its capabilities. New features such as talk-
down and automatlic landing, automatic on- and off-course flight,
azimuth and distance indication and taxiing control are now

Wl thin the realm of Teleran. Since April, 1946, work on cer-
tain aspects of the system having military uses has been spon-
sored by the Army Air Forces.

TELERAN USES BOTH RADAR AND TELEVISICN: The word TELERAN, con-
tracted from TELEvision-Radar Air Navigation, 1s an appropriate
name for this dynamic new system. It 1s appropriate because, 1n
operation, Teleran actually combines the technologlies of tele-
vision and radar into a single system, collecting its informa-
tion by means of radar equipment, collating it with meteorolog-
ical, geographical and control data, and transmitting a synoptic
pleture to the television receiver in the alrplane.

The Need for Television: Many of the radar systems developed
for military use during the war will have application in solving
peacetime problems, particularly in the field of alr navigation.

Radar used alone, however, whether airborne or on the ground,

has serious limitations. Airborne radar equipment is relatively
heavy and bulky, and requires experience and skill for operation.
Because of limited antenna directivity due to size limitations,
the equipment cannot produce information of sufficiently high
"definition" or accuracy. Ground radar, on the other hand,
furnishes adequate information in sufficient detail, but of
course the information is not available to the pilot. The full
advantages of radar can be realized only if ground search radar
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information is presented to pilots in convenient form. This
is easily accomplished by television.

An abundant variety of information can be conveyed by tele-
vision, information which 1s almost effortlessly percelved
and used. Because of 1ts unlgque manner of presentation,
television provides the best means for transmitting ground
radar information and other data such as weather maps, traffic
instructions and ceiling and visibility information.

THE TELERAN SYSTEM: In its simplest form, Teleran employs a
ground search radar which surveys the air-space of interest
and displays the information on a cathode-ray tube. This
radar presentation, with a map of the area superimposed elther
electrically or optically, is in turn viewed by a television
camera, and the resulting plcture is transmitted to the alr-
plane. On the screen of a television receiver, the pilot sees
his plane as a “pip" or spot of light moving acroes a map;
other planes also appear as spots of light, each moving

across the map according to its actual course. The pilot
jdentifies his plane by a radlal line passing through the
proper pip.

Since the received picture might be confusing if all radar
echoes were displayed in all ailrcraft, and because any pllot
is primarily interested only in those alrcraft at approxi-
mately his altitude, the Teleran system includes a method of
separating the radar echoes according to altitude and trans-
mitting a separate plcture for each altitude level.  This
separation 1s accomplished by having each aircraft carry a
transponder, which consists of a receiver and transmitter
connected together so that the transmitter emits one or more
pulses for each radar pulee picked up by the receiver. If
the transmitter emits two pulses separated by a time inter-
val, which depends on altitude, a discriminator at the ground
station can be used to sort out the responses automatically
according to altitude. These responses from different alti-
tude levels are then displayed on separate indlcators. ‘Other
methods of coding are possible, but the foregoing serves to
illustrate the princiﬁles involved. These principles, first
proposed by RCA in 1941, have since been incorporated in .
other navigational systems. :

Figure 142 shows plctorially a typical airport equipped with
Teleran. The various components of a Teleran system are 1l-
lustrated schematically in Figure 1H43.

The air space may be divicded into altitude levels as shown

in Figure 14l4; of course, other choices can be made. At

least 500 feet of overlap is provided to avold collision hazards
by climbing or descending planes. For example, a plane at
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Figure 142. Sketch Depicting A Typical Teleran Layout.
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DATA
RADAR RADAR
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Figure 143. Components of the Teleran System. Radar indications superimposed on a map
of the area can be reproduced in the plane by inserting a transparent sheet carrying the
proper lines and symbols between the radar tube and the television camera.




2400 feet will apﬁgar on both the pictures for the O- to 2000-
and the 2000- to 00-foot levels, which are displayed through
separate television channels.

EN ROUTE NAVIGATION: A typical picture seen in an alrplane
flying in the 10,000- to 15,000-foot level 1s shown in Figure
145. The altitude, wind direction and velocity are shown. The
alrways and their headings are displayed, together with the
frequency channels to be used. At this altitude the topography
of the ground is of little interest and is not shown. Figure
146 illustrates the type of picture seen between 2000 and

4000 feet.

The pilot, beside seeing the position of all alrcraft at his
level, can see the direction in which they are travelling.
This is made possible by the "trail" of each pip. Although

- the pilot can fly a course by observing the position of the

- pilp and the direction of its trall, prompt indications of
heading-changes provided by a stabilized gyro-compass repeater
are of great assistance. Therefore a transparent disc engraved
with red lines showling the heading of the plane is mounted in
front of the television receiver viewing tube. This disec,
illustrated in Figure 1lU47, is rotated by a servo link to the
stabilized gyro compass.

As previously mentioned, the pilot identifies his alrcraft by
means of a radisl line which passes through the plp produced
by his plane. Since the transponder is active only when the
radar beam is pointed toward 1t, the radial line necessarily
passes through the pip indicating his own plane. In case more
than one aircraft appears on the same radial line, the pilot
can momentarily interrupt his transponder, whereupon hls pip
disappears.

AIRWAYS TRAFFIC CONTROL: An important feature of the system is
the possibility of providing a traffic controller with infor-
mation as to traffic conditions beyond his particular control
zone. If search radar equipment is installed for survelllance,
the information can be relayed to the controllr so that he may
observe the traffic conditions approaching his control zone.

In like manner, additional unattended search radars will be
located in areas which cannot be served by the main radar. Thus
blind areas caused by mountains, tall bulldings, etc., can be
covered by auxiliary radar sets keyed to the master equipment.
Such an arrangement is shown in Figure 149. Electrical mixing
of the signals from the two radar sets permits complete pictures
to be constructed to the proper scale.

Traffic along an alrway can be controlled by assigning to each
alrcraft definite locations along its course. These locations
can be marked (as symbels) on moving tapes, superimposed on the
television pictures transmitted aloft. Alternatively, methods
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similar to those employed in animated motion-picture production
could be used to move symbols assigned to individual ailrcraft

at appropriate rates and in the proper directions. In this

way, the correct poslitions of all aircraft in the traffic pat-
tern could be determined in advance, each pilot flying his plane
so as-to keep its pip in the assigned space. Any deviations
from the prescribed plan of flight would then be apparent to
both the controller and the pilot.

Since the position of all aircraft can be monitored both 1n the
plane and on the ground, an almost unlimited number of parallel
courses can be established and flown in safety. This would be
an lmportant advantage when weather conditions restrict the safe
sltitude of flight. It might also be of importance in setting
safe approach courses into several alrports located in the same
area. A new course can be established for any pilot by the con-
troller drawing the new course on the map. The system provides
a maximum of flexibility to accommodate changing conditions.

The controller can also transmit written instructions to a pilot
by placing the writing before the televlision camera.

INSTRUMENT APPROACH AND LANDINGS: The Teleran system allows

aireraft to execute landings in three ways -- by picture, by talk-

down, or fully automatically. The display for the plctorial
approach is rather unique, as shown in Figure 151. A vertlcal
line representing an extension of the runway indicates to the
pilot whether or not he is on course. Mileage marks along the
line indicate the distance from the end of the runway. A hori-
gontal line which moves toward the alrport along with the alr-
craft pip, shows the altitude of the plane with respect 1o the
correct glide path. When the altitude is correct, the line
passes through the pilp. If the plane is too high, the pip 1ls
above the line. If it is too low, the pip is below the line.
This line is produced automatically without attention from
ground or air personnel.

If the plane is not equipped with a television receilver, the
ground equipment can be used for talk-down landing. The opera-
for of a single control tower equipped with Teleran, as shown
in Figure 152, can be of great assistance to the pllot during
the letdown. 3

Automatic landings are provided for by adding a relatlively
simple modification kit to the Teleran equipment. The addition
will not interfere with the televislon picture transmitted for
manual landing.

AZIMUTH AND DISTANGE INDICATION; Azimuth information is ob-
fained by transmitting a pulse from the omnidirectlional tele-
vision antenna at the instant the search radar antenna 1is

- pointing north. Electronic circuits in the airborne equipment
then compute the time interval between reception of the pulse
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Figure 144. Possible Air Space Separation Into Altitude Layers. The transponder replies
are sorted out on the ground according to altitude and displayed on appropriate receiving
tubes. This permits placing most of the pulse separation or decoding equip-
ment on the ground. Also, a pilot may look at any other altitude layer.
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Figure 145. A Typical Picture Received at High Altitude.
In the large block is shown the altitude, barometric setting
and communications frequencies for airways station (AS8),
Wilkesbarre (W1) and Allentown (XA). Large “8” in
center identifies area covered by this Teleran station; over-
lapping Teleran areas are denoted by numbered arcs.




H N /@
N:@’A "
-- -5
STATION HEADING
SELECTOR

| A8 142,
Wi 272 KC
6.1 C

CHANNEL

Figure 146. A Typical Picture Received at 2000 to 4000
Feet. Wilkesbarre and Allentown Teleran approach con-
trol zomes are shown in dashed circles, with letdown paths
into these areas. Contour lines are
shown for 2000 feet.
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Figure 147. The heading of the plane is shown accurately
by parallel lines on a transparent disc placed in fromt of
the television receiving tube. This disc is driven
by the plane's stabilized gyro compass.
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Figure 148. A Traffic Control Center Employing a Number of Teleran Indicators to
Portray Different Altitude Layers and Adjacent Teleran Areas. Other arrangements of
personnel and equipment are feasible. For areas having dense traffic,
computers and other accessory equipment can be added.
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Figure 149. Diagram Illustrating How Shadow Areas may
be Filled in by Combining the Displays from
One or More Auxiliary Radars.



STATION
SELECTOR

HEADING

CHANNEL
s
i

Figure 150. Teleran Picture of an Approach Zone. The
approach paths will accommodate relatively dense traffic,
New information may be quickly pencilled on the
chart, and subsequently erased if desired.
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Figure 151. A Picture Received in the Final Stages of Asr-
port Approach Prior to Landing. The pilot, guided by the
moving horizontal line which indicates the altitude to be
maintained, and by the pips of surrounding planes,
can make bis letdown with complete confidence.

CONTROL  TOWER

Figure 152. Control Tower Installation of Teleran, Show-
ing Approach and Landing Displays.




and direct interrogation by the search radar beam. The azimuth
information so obtained supplements that obtained directly fronm
the television pilcture, but it is in more usable form for auto-
matic flight and can be read from an azimuth meter 1f desired.

Distance information is obtained by using the transponder of
the plane as an interrogator a short time after it replies to
the ground station. The interrogating pulses are received on
the ground and sent back on the television channel, affording
a measurement of distance to the station. Distances can be
read from a distance meter if desired.

Since range and azimuth information are supplied by Teleran,
automatic flight is possible if flight 1s to be directly to or
away from the station. Off-course flight and curved-path
flights require additional information supplied by a computer.

WEATHER DATA: The prompt transmission of complete weather
information is a unique feature of Teleran. Figure 153 1is an
example of the information which can be included. By a time-
scheduling arrangement data on weather conditions at all al-
titudeo in various areas maj be substituted as shown in Figure

15k,

TAXIING CONTROL: The prompt dispersal of aircraft after landing,
and the general policing of the ground area adjacent to the run-
‘ways will be necessary for efflcient traffic handling. There

is reason to believe that radar can be developed capable of lo-
cating each aircraft on the airport. When such equipment lis
avallable, its integration into Teleran will be simple and logi-
cal. The lpilot will see a picture of the airport and of air-
craft on the ground, together with taxiing instructions.

TELERAN COVERAGE: The number of Teleran stations required in
an area 1s influenced by factors such as the loccations of air-
ports and the desired minimum altitude coverage. These factors
also affect the number of frequency channels required. -Studles
indicate that a maximum of ten television-transmitting channels
would be necessary when complete geographical coverage of the
airways 1s desired. Since the alrport television transmitters
are not requlred to cover an extensive area either in dilstance
or altitude, about five channels would be sufficient for any
probable disposition of airports accomodating large aircraft.

The traffic density in the Washington-New York-Boston area 'is

the highest in the United States. In such a region, shown in
Figure 155, the number of stations required to provide complete
airway coverage is virtually the same as that required for the
complete area coverage. Major alrports are numerous, thus a
large number of airport installations is justified. Figure 156
shows a region where congestion is almost restricted to terminals,
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