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A N / F S T - 2 Radar-Processing Equipment for SAGE
W. A. OGLETREE*, H. W. TAYLOR', E. W. VEITCH\ AND J. W YLEX*

INTRODUCTION

T

r j p H E Coordinate Data-Transmitting Set A N / F S T - 2
is a real-time special-purpose digital-data processing machine which is operated at heavy radar sites
as part of the S A G E air-defense system. The A N / F S T - 2
has a twofold mission in S A G E , conveniently identified
as the Fine-Grain Data ( F G D ) function, and the Semiautomatic Height Finder ( S A H / F ) function.
The F G D functions are essentially 1) the acceptance of
raw data from surveillance radars and Mark X ( I F F )
equipment, 2) the detection of targets, 3) the determination of the range and azimuth of the targets, 4) the labelling of Mark X targets, 5) the temporary storage of target information, and 6) the processing of the data for the
digital-data telephone-service equipment which transmits
it to a S A G E Direction Center ( D C ) .
The S A H / F functions are 1) the acceptance of request
messages from the direction center for height or other
information about specific targets, 2) the processing of the
message to provide bearing information to the heightfinder radar antennas and visual information to the operators concerning specific targets, and 3) the preparation of the operator's decisions for transmittal to the direction center.
PHYSICAL

DESCRIPTION

Because the S A G E system must be operational 24 hours
a day every day, the A N / F S T - 2 is a duplex system, consisting of two identical simplex systems. Since no data
are stored in A N / F S T - 2 for more than a few seconds, no
necessity for cross-telling of data exists between halves
of a duplex, such as is done in the A N / F S Q - 7 at the direction center.
The A N / F S T - 2 is intended for fixed installation in a
building at a heavy radar site. The electronic equipment
and power supplies for a duplex are contained in 21 airconditioned cabinets. The cabinets are arranged in three
rows of 8, 5, and 8 cabinets each. For reliability, either
of the two power supplies, which are located in four of the
five center-row cabinets, can be switched to either of the
simplex systems by means of switching circuitry located
in the fifth center cabinet. A clear view of the data processing cabinets is shown in the photograph of a simplex
equipment (see Fig. 1 ) . Several cathode-ray-tube display
consoles and operators' consoles also are part of the system. Approximately 43.5 kva of prime power is required
to operate the duplex system, and an air-conditioning capacity of about 40 tons is needed for cooling.

t Burroughs Corp., Paoli, Pa.

Fig. 1—Data processing cabinets for simplex equipment.

Fig. 2—AN/FST-2 plug-in package—component side.
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Fig. 5—AN/FST-2 cabinet—wiring side.
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Fig. 4—AX/FST-2 chassis—azimuth mark generator.
The machine is designed with diode logic and vacuumtube circuits. Approximately 6900 vacuum tubes and
24,000 diodes are used per duplex. The basic building
module is a printed circuit plug-in package such as that
shown in Figs. 2 and 3. Computer circuits, such as flip
flops, buffer and inverter amplifiers, gates, pulse amplifiers, a.nd diode matrix groups, are assembled as complete
units-on these packages. This approach facilitatesmachine
assembly, simplifies trouble isolation, and permits a "replace and repair" maintenance procedure. Circuits with
large components or special requirements in wiring or
fabrication are assembled on standard chassis, such as that
shown in Fig. 4. These chassis are mounted in the cabinets
on sliding racks to permit easy access. Figs. 5 and 6 show
two views of A N / F S T - 2 cabinets (note chassis arrangement in Fig. 6 ) .
F U N C T I O N A L DESCRIPTION

Fine Grain Data Section

(FGD)

The input circuits of the F G D accept the output signals
from the search radar and Mark X ( I F F ) equipment.
These signals are processed so as to eliminate or minimize
the effects of radar-receiver noise and residual ground,
sea, and cloud clutter. Digital circuits within the F G D

6—AX/FST-2 cabine-:—•;
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provide a feedback signal to the input circuits to assist in
the input filtering process. Radar signals which are accepted by the FGD input circuits are quantized in range,
and initiate a standard Dulse for further nrncessinp- in the
magnetic-drum portion of the machine.
The quantized video signals which pass the input section of the FGD are stored on a high-speed magnetic
drum. The drum serves as a set of delay lines to store
data associated with each range while the computer circuitry is processing other ranges. Each track on the drum
utilizes a write head and a read head. The rotation speed
of the drum is accurately synchronized with the P R F of the
radar transmitter by a sensitive servosystem, so that the
delay time on the drum between the write and read heads
corresponds to the radar PRF. The target range stored on
the drum is thus represented by the amount of time its
appearance lags behind the radar trigger pulse. Digital
range information is provided by a radar-synchronized
precision range mark generator and an appropriate flipflop counter.
The detection of targets is achieved by a technique
which is conveniently referred to as "sliding window" detection. The quantized video returns from a number, Ar, of
consecutive radar pulse transmissions are stored on recirculating "detector" tracks on the magnetic drum. As the
returns from the latest "main bang" are written onto the
drum, the signals from the oldest are eliminated. At any
given instant, the drum read heads on the N detector tracks
of the drum are examining the quantized video returns
at a given range Rt. An accumulator and comparator
circuit determines whether the number of stored video
returns, n, (0 < n < N) is equal to a preset threshold
value, Mi. The number nx can be selected by the choice of
a plug-in package to establish the statistical criterion for
the leading edge of a target.
As long as the target remains within the beam of the
transmitted radar pulse, it is expected that the number of
video returns in the Ri range block on the drum will remain greater than Mi. AS the beam rotates, however, and
the target gets into the trailing edge of the beam, the number of returns will decrease. A second comparator,
switched into operation when the leading azimuthal edge
of a target is observed, is used to determine when n becomes equal to n2, the statistical criterion for the trailing
edge. The number n2 is normally lower than the number
nx. Thus the leading azimuthal edge of a target is determined when the number of video returns at range Rx is Mi
out of a possible N, and the trailing edge is determined
when the number of video returns decreases to n2 out of
a possible N.
Upon determination of the leading edge of a target, the
FGD initiates the "beam-splitting" process which calculates the azimuth (bearing) of the target to great accuracy (see Fig. 7). The rotation of the search radar antenna is converted into azimuth pulses which are counted
in the FGD azimuth counter. The azimuth counter stores,
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at any given instant, the azimuth of the antenna in digital
form. A "north-marking pulse" synchronizes the counter
once each revolution. It should be noted, however, that
rntntmn ic aevnrlirnnniK witii +he radar tri^srer P R F and
also that the rotation velocity is not necessarily uniform.
The azimuth of the target is considered to be the average of the leading-edge azimuth and the trailing-edge
azimuth. A set of channels on the magnetic drum is used
to aid in this calculation. At the leading edge of the target
a zero is written in these channels in the appropriate range
block (determined by drum position). As long as the radar
beam is on target, as determined by the detector, every
azimuth change pulse is added into the number stored in
these drum channels at half rate. This is achieved by providing a digital counter which counts the azimuth change
pulses between radar main bangs and then adding one half
of this number into the stored accumulation each time the
Rx range block passes under the drum read heads. If at the
trailing edge of the target this number were subtracted
from the number in the azimuth counter, the result would
be the azimuthal center of the target. However, since the
output telephone equipment may not be immediately available, the accumulated count remains on the drum and continues to accumulate azimuth change pulses, but at full
rate. When the target is transferred to the output registers,
this final accumulation is subtracted from the number in
the azimuth counter at that time to give the true azimuth
of the target (see Fig. 7).
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Fig. 7—AN/FST-2 beam splitting.

The target information is transmitted from the A N /
FST-2 to the SAGE Direction Center. The target message, which is made up in the output section, includes range
data, azimuth data, "run-length" (representing the number of azimuth change pulses between the leading and
trailing edge of the target), "time-in-storage" (see below), the message label, and a sync pulse; azimuth information is taken from the drum, and digital range information from the range register. The data are transferred at high speed into a magnetic shift register when-
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ever the telephone equipment is ready to transmit a new
message. The data are then transferred (at a 1300-bit-persecond rate) from the shift register into the converter,
which changes the pulse train into a sinusoidal signal. The
present communication link to the SAGE Direction Center can transmit up to 50 target messages per second.
When the air traffic is heavy, it may be necessary for
the AN/FST-2 to store target information for up to several seconds before the digital-data transmitter can accept
it for transmission to the direction center. A "clock" circuit in the AN/FST-2 is used to measure the time between
the trailing edge of the target and its transfer to the output section. This storage time is significant information,
and is transmitted to the direction center. If the target
coordinates are stored in the AN/FST-2 for longer than
a nrprfft^rrninpr!

time
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Indicator ( R H I ) . The S A H / F also converts the digital
data contained in its height register into a dc voltage.
Upon receipt of a request message by the SAH/F, and
while the antenna is being oriented, the operator at the
RHI associated with the height-finder radar is alerted by
a visual signal on his console. Range and height lines appear on the CRT face of the RHI along with the video (see

Fig. 8).
NODDING-BEAU
' FINDER
RADAR

The

assumption is made that the target will be detected again
on the next antenna scan, and the "old" information is
useless at the direction center. Erasure of valid target
data would occur only in an unusually heavy air-traffic
situation.
The AN/FST-2 processes Mark X ( I F F ) targets in a
separate channel of the equipment. Because the airborne
transponder returns are usually stronger than the "skin"
returns received by a search radar, the detection criterion
for Mark X targets is different. A Mark X target is denoted by a special bit in the message-label portion of the
AN/FST-2 output word.
Other messages which are transmitted to the direction
center and marked by special codes in the message label
are 1) the "test target," which is sent once per scan and provides a limited means for checking the AN/FST-2 operation, and 2) the S A H / F reply word, which is multiplexed
into the same telephone equipment and takes precedence
over other messages for transmission.
Semiautomatic Height Finder

SAGE

(SAH/F)

The S A H / F section of the AN/FST-2 identifies and
automatically accepts digital request messages received
via telephone lines from the direction center. These messages normally ..contain.the\ x and 3^ coordinates of ,a_targei
for which the direction center needs up-to-date height
data; the request includes the estimated or last known
height of that target and such essentials as the address of
the radar site and the identification number assigned to the
target.
By means of digital-to-analog conversion and a servosystem which includes a resolver, the digital x-y coordinates of the target are simultaneously transformed into
polar coordinates and converted to analog form. The angle
becomes a shaft position wrhich, in turn, is transmitted to
the height-finder radar antenna. The range becomes a voltage which is utilized to generate a range-strobe pulse.
Thus the S A H / F causes the height-finder antenna to be
aimed at the target, and to generate a range pulse which
marks the known range of the target on a Range-Height

Fig. 8—Semiautomatic height-finder operation.

The elevation of the antenna and the video target returns are presented by the radar. The range-strobe from
the AN/FST-2 brightens the scope sweep each time it
passes the proper range point, and the height voltage from
the S A H / F is interlaced with the sweeps to present a
height line. The selected target will appear near the "intersection" of the horizontal height line and the vertical
line made by the range-strobe points.
The operator's console contains a height wheel whose
motion is converted into pulses which are counted into the
height register in the SAH/F. The direction of rotation
of the wheel determines whether the pulses are added or
subtracted in the height register. The operator's assignment is to observe the relative positions of the target and
the height line, and to rotate the height wheel until the
height line is centered on the target. At that time he
press£S_a. release-button which ...freezes tiie^information in
the height register until it is automatically transmitted
back to the direction center.
Facility is provided in the S A H / F to permit the console
operator to perform additional data-gathering functions.
Special requests (for example, formation, number of aircraft) may be received from the direction center. These
are communicated to the operator by means of visual displays on the console. An A Scope with a 5-mile range expansion provides the operator with a close-up view of the
area around the selected target. Switches on the console
permit the operator to select predetermined digitally coded
messages for inclusion in the reply word to the direction
center. Each simplex section of the AN/FST-2 is designed to operate with two height-finder radars and two
console operators.
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M A I N T E N A N C E AND R E L I A B I L I T Y

The function of the A N / F S T - 2 has been described in
simplified "block diagram" form. T h e actual design and
operation of the machine is quite complex, as might be
indicated by the size of the equipment and by noting that
tne rauar P R F , the antenna rotation, and the telephone bit
rate are asynchronous. This tends to make troubleshooting
and signal tracing somewhat difficult.
The A N / F S T - 2 was designed using the "worst-case"
philosophy to achieve reliability. In this approach, all circuit
components are assumed to be at their "end-of-life" values
simultaneously, in the worst direction for design purposes. F o r example, a 1 per cent resistor is assigned a design value 5 per cent from nominal in the direction which
will make performance most marginal. This approach,
combined with the use of the best available tubes, diodes,
and other components, is expected to provide the optimum
in equipment reliability attainable in the art today.
T o facilitate machine checking and preventive maintenance, the A N / F S T - 2 incorporates a marginal-checking
system and an extensive variety of internal check and test
circuits. Many of the checks are continuous during normal
on-line operation. In addition, a test simulator is provided. The simulator generates complex repetitive target
patterns which completely exercise all parts of the A N /
F S T - 2 . At the maintenance man's discretion, it can also
force the synchronization of the simulated radar trigger,
azimuth, and telephone-pulse repetition rates.
Two displays are provided as part of the A N / F S T - 2 to
permit on-line monitoring and to aid in maintenance. A
P P I monitor can display various quantized video and detected target signals near the front end of the machine. A
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digital B Scope permits detailed examination of the range
and azimuth coordinates of each target that is transmitted
to the direction center. A random-access P P I ( R A P P I )
and associated word printer are also located at the radar site
for output monitoring and recording. It is recognized that
no matter how careful the design, good machine performance requires good maintenance, and considerable
thought was, and is, being devoted to improving the maintainability and maintenance procedures for the A N /
FST-2.
CONCLUSION

The A N / F S T - 2 Coordinate Data Transmitting Set is a
vital link in the S A G E system for the air defense of the
continental United States. Its function of "filtering" raw
radar data and providing accurate target information to
the S A G E Direction Center represents an important application of digital data processing equipment to the solution of real-time problems. Many units of the A N / F S T - 2
equipment have been produced and installed in the field.
Their performance to date has been up to expectations.
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Operation of the SAGE Duplex Computers
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INTRODUCTION

T

A R G E S C A L E digital computers perform the routine
. control and data-processing functions of S A G E
direction centers. For practical air defense, the
S A G E direction centers must operate around the clock, a
* The research reported in this paper was supported jointly by
the U. S. Army, Navy, and Air Force under contract with Mass.
Inst. Tech. and the IBM Corp., Kingston, N.Y.
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goal not yet achieved by present-day computing equipment.
I n order to achieve 24-hour-per-day operation, two identical computers are provided at each center. One computer
(the active computer) operates the direction-center program. The other computer (the stand-by computer) is
available for preventive maintenance and a limited amount
of routine data processing. The functions of the two machines are interchanged by switching the direction-center
inputs and outputs from one machine to the other. Thus,
if the active computer fails, the task of operating the direction-center program can be transferred to the stand-by

