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I. INTRODUCTION

I. 1 General

The Airborne Measurement Facility (AMF) is a data collection and
conversion system that provides a means for obtaining recorded data repre-
senting pulsed electromagnetic signals received on one of the two ATC radar
beacon frequency bands (1030 or 1090 MHz) that is selected for a given data
collecting mission. The facility consists of two subsystems:

1. The airborne subsystem provides for the reception of signals in
the selected band, their conversion to digital data samples, and
the storage on an instrumentation-type magnetic tape of these
data samples and data representing aircraft state and position.

2. The ground subsystem provides a means for playing back the
recorded instrumentation tape, an interface that couples the
data to a minicomputer that will perform minimal data editing
and reformatting, and a tape transport and associated controller
that will re-record the data onto an IBM-compatible tape. The
resultant computer tape is intended for use on a large general
purpose computer programmed to provide detailed data analysis
as required for the particular experiment.

I. 2 Background

One of the major elements of the present air traffic control system
is the cooperative radar beacon system known as the Air Traffic Control
Radar Beacon System (A TCRBS) which uses ground-based radars to interro-
gate all aircraft within its operating area, and transponders located aboard
cooperating aircraft to generate reply signals with coded information per-
taining to a selected identity code and the actual aircraft altitude. ATCRBS
functions well today under usual conditions, but it is generally agreed that
an improved surveillance and data communication capability is required to
support the increased automation of ATC planned for the 1980s. As a
result, the Presidential ATC Advisory Committee recommended, in its
December 1969 report, the development of an improved radar beacon system
to eliminate the existing and potential problems of ATCRBS. The develop-
ment of Discrete Address Beacon System (DABS) has proceeded under FAA
sponsorship, and the procurement of prototype systems will be initiated in
the near future.

In conjunction with DABS development work and continuing further
studies of AT CRBS, several measurements of the RF environment in
the AT CR BS/DABS uplink frequency band (1030 MHz) have been made.



Such measurements were made using unsophisticated equipment and were
intended to provide a ,,fir~t look, , at the electromagnetic environment in a

short time scale.

Two experiments were conducted at M. I. T. , Lincoln Laboratory.
The first experiment used a modified ATCRBS transponder as a means of
receiving and decoding the anticipated ATCRBS interrogations (Mode A,
Mode C and SLS), and a digital counter and printer configured to record on
a paper tape the number of decodes per second. This equipment was known
as the “Portable Uplink Monitor, “ The second experiment was specifically
related to the development of DABS. In this experiment, RF signals actu-
ally received on the AT CRBS/DABS uplink frequency were combined with
a simulated DABS interrogation signal and fed to an early model DABS
transponder. The intent of the experiment was to determine experimentally
the probability of reply for the DABS transponder in a real-world environ-
ment as a function of the DABS interrogation signal level.

The data obtained from the first experiment did not concur with pre-
dictions in three areas :

1. Interrogation rates measured in the vicinity of New York City,
Philadelphia, Washington, D. C. , Los Angeles, and San Fran-
cisco exceed, by factors from 2 to 5, the amounts calculated
for main beam interrogations.

2. A discrepancy exists between the expected and apparent per-
formance of IISM. (This was also noted by Cameron in ATC-
16 [Ref. I] and ATC-38 [Ref. 2].)

3. The total pulse rates and SLS rates measured north of Philadel-
phia were much higher than predicted.

Subs equent attempts to explain the preceding results (using all available
information pertaining to the location, type, and operation of ground interro -
gators) were inconclusive.

The second experiment was used primarily to verify the DABS link
design, but data taken was also used in an attempt to develop a theory that
would explain the previous results. This experiment did indicate that the
DABS performance was more than adequate under all conditions, but it did
not lead to a conclusive explanation of the source or nature of the high pulse
rates.

.

.

Irrespective of the development of DABS, it will be necessary to
continue to use AT CRBS as a primary ATC aid for at least the next decade.
The limited data taken to date, in addition to operational expe rience, indi-
cate that A TCRBS is not working to its theoretical potential, and that the
situation will deteriorate as the aircraft population increases. It is,
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therefore, very desirable to have measurement tools available, which will
allow further analysis of the present signal environment, so that improve -
ments may be planned in a reasonable manner. In addition, the develop-
ment of DABS can proceed with a higher degree of confidence if detailed
knowledge of the electromagnetic environment in its operating band is avail-
able. The AMF is the measurement tool that can provide the required data.

I. 3 Overall Block Diagram

An overall block diagram, illustrating the units that comprise the
AMF and other units used with it, is shown in Fig. 1. The primary func-
tions of the units will be explained briefly in the following subsections.

Airborne Subsystem

The airborne subsystem consists of three primary units, which are
the Receiver-Processor (with the A/D subassembly), the Aircraft State unit,
and the Airborne Recorder. All associated units provide inputs to these
three primary units.

The AMF is intended for use in an aircraft equipped with at least
two antenna systems: a multiple -element angle -amplitude receiving
antenna system, and a second amplitude receiving antenna located on a
different part of the aircraft. In a typical installation the angle antenna
would be mounted on the bottom of the aircraft and used for both the angle
receiver input and one amplitude receiver input. The second ar,tenna would
be mounted on top of the aircraft and used to feed the second amplitude chan-
nel. In most installations it will be desirable to provide more antennas
(top, bottom, forward-looking, rearward-looking, etc. ) for m~imum flexi-
bility of operation. An antenna distribution box serves as a convenient tie
point and juper panel for interconnecting antennas and receivers; it is not
an essential part of the system, however.

The receiver-processor contains two log-video amplitude receivers
and one angle receiver. The video output signals from these receivers are
sampled and digitized by analog-to-digital converters and stored in a btifer
memory. The sampling, bdfer storage, and control signals are generated
in the proces ser. The processor performs the following functions:

1. Upon detection of a received pulse, as evidenced by the receipt
of valid pulse-present and start-of-pulse signals from the
amplitude receiver(s), the processor collects amplitude and
angle samples, and generates a data word containing Time of
Arrival, two amplitude samples, two pulse width counts, and
an angle sample.
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2. Generates a Time Mark word each time the Time -of-Arrival
clock overflows (approximately every 8 milliseconds).

3. Generates a data word containing the total count of the sample
clock, once each second on command of the recording control
circuitry. (The data word is referred to as the Once-per-
Second word. )

4. Stores all the above data words in a buffer memory in the order
in which they were generated and feeds them to the recording
control circuitry upon command.

The Aircraft State unit controls the recording process and performs
multiplexing as required to allow the insertion of a Sync Code into the data
stream once each second, followed by four data words, referred to as Inte-’
grated Data Words, which contain aircraft state and position information.
The Aircraft State unit feeds a continuous series of words to the Recorder
consisting of sync codes, integrated data words, or pulse data words and
time mark words drawn from the buffer memory in the processor. When
there are no words of any type waiting to be recorded, the Aircraft State
unit generates “filler” words and supplies them to the continuously running
recorder.

The Aircraft State unit receives aircraft range and bearing informa-
tion from conventional VOR and DME sets which are included in the system.
It receives aircraft altitude and state information from a Readout Aircraft
State (RAS) unit that is used with the AMF but is not considered a part of it.
Both state and position information are recorded once each second as part
of the integrated data words.

The magnetic tape recorder is an instrumentation type recorder
operating in the High Density Digital Recording mode at tape speeds of 120,
60, 30, or 15 inches per second. RecOrding time is approximately 15
minutes at the maximum speed.

Primary power is distributed via an electrical distribution box that
also contains a series regulator designed to filter the line feeding the
recorder. Airborne subsystem checks can be performed using a calibra-
tion box that generates appropriate pulse signals to allow gross checks of
system ope ration.

The AMF, in its simplest possible airborne configuration, consists
of the Receiver-Processor, with the A/D subassembly, the Aircraft State
unit, and the Airborne Recorder. The distribution boxes are used primarily
for convenience, and the RAS, VOR, and DME sets provide state and posi-
tion information. The system could be operated without any or with all of
these sets.

5



Ground Subsystem

The ground subsystem consists of four functional blocks: the ground
recorder- reproducer, the interface , a minicomputer, and an industry-cOm-
patible computer tape deck with its associated controller.

The ground recorder-reproducer is a companion unit to the air-
borne recorder and is used to play back the tapes recorded during flight.
Record capability is included in this unit to allow stand-alone self test to
be performed by allowing the minicomputer to record tapes and sub -
sequently play them back to allow record/reproduce error checking to be
performed. The recorder -reproducer is remotely controlled by the mini-
computer which exercises start-stop, forward-reverse, and speed control.

.

.

The interface performs the storage and control functions required
to connect the recorder to the minicomputer. During data playback, it
checks the validity of received signals and removes filler words from the
data fed to the computer.

The minicomputer operates with the computer type start-stop tape
deck and its controller to re-record the data onto a 9 -track industry stan-
dard taps at a density of either 800 or 1600 bpi as desired. This tape will
be played back into a large general purpose computer where extensive data
analys is routines will be run.



II THE DATA COLLECTION PROCESS

11.1 General

Signals are received by ho amplitude channels and an angle channel
as illustrated in Fig. 2. Both the angle and one amplitude receiver may
be connected to the angle antenna by means of a power splitter, or both
amplitude channels may be connected to separate antennas. A pulse received
by one or the other of the amplitude receivers, as selected by a front-panel
cOntrol switch, at a level above a manually set minimum triggering level

(MTL), will activate a data sample. The data sample, referred tO as a
~lse Data word, consists of a time-of-arrival reading, an amplitude read-
ing frOm each channel, a pulse width reading frOm each channel> and an
angle-of-arrival reading. Two operating modes are provided, but they
differ only in the number of samples taken for each received pulse, as de -
scribed below.

To provide efficient use of the recording medium at the higher
received pulse data rates, a periOdic Time Mark wOrd is inserted intO the
recorded data stream. This Time Mark word contains the 16 most signifi-
cant bits of the 32-bit time-of-arrival clock; the 16 least significant bits are
recorded as part of the Rise Data word for each received pulse. Thus,
complete data concerning time of arrival (relative to the time -of-arrival
clock) is determined from the combination of the Pulse Data word and the
Time Mark word.

The system is configured to allow use of a time -of-arri.ral clock
which is not necessarily synchronous with a time-of-day clock. The system
does contain, however, a time-of-day clock, and it is desirable to main-
tain a reference betieen the “arrival” clock and the “TOD” clock. This is

accomplished by inserting into the recorded data stream a Once-per-Second
word, upon command from the time -of-day clock. The Once-per-Second
word contains a complete count of the “arrival” clock at the one-second in-
crement of the TOD clock and, therefore, allows crOss -referencing Of the
ho clocks each second.

Once each second, the Sync Code is recorded to provide a means of
aligning the data stream on playback. The Sync Code, and the integrated

data words that follow, appear in fixed locations on the tape as a result of
their being recorded precisely once per second. The Rise Data, Time
Mark, and Once-per-Second words occur betieen the sync code blocks on
the tape in the order in which they occurred. If no data words were waiting
to be recorded at the start of a word time on the tape, a “filler’” word is
inserted. A summary of the type and frequency of recorded words is pre -
sented in Table 1.

7 I
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TABLE 1

PRIMARY ~FORMATION CONTENT OF RECORDED WORDS

rWord

Sync code

Mtegrated
data

Once per
second or
external
trigger

Time mark

Pulse data

I

Primary Contents

A synchronizing code used to align
the bit stream on playback

Date, time of day

Count of total number of pdses re-
corded in last see, barometric pressure

Aircraft heading, roll, pitch outside air
temperature, indicated airspeed, rate
of climb

VOR frequency and bearing reading
DME frequency and range reading

All 32 bits of the time-of-arrival clock

Count of total number of pdses
recorded since last time mark,
most significant bits of time -of-
arrival clock

Amplitude in charnel 1 (7 bits)
Pulse width, charnel 1 (2 bits)
Amplitude in charnel 2 (7 bits)
Pulse width, charnel 2 (2 bits)
Time of arrival (16 bits)
Angle of arrival (8 bits)

*
The frequency at which the words are recorded.

6

*
Freauencv

l/second

l/second

l/second or
on receipt of
external trig-
ger (if in that
mode )

1/2 16 counts
of TOA clock
(approximately
every 8
millisec
t~ically )

1/pulse
received in
selected
charnel above
M TL



II, 2 Operating Modes

The &o modes of operation provided in the airborne subsystem are
the Normal mode and the Rapid Sample mode. Processing of signals in
either mode can be triggered by either the receipt of a signal on a selected
channel or by an external trigger that enables the receiver processor for a
fixed length of time. The triggering source is determined by the setting of
a front panel switch.

The ope ration of the two modes is similar for reception on either

uplink (1030 MHz) Or dOwnlink (1090 MHz) bands; the primary difference
being in the use of an 8-MHz time -of-arrival clock for uplink measurements
and an 8. 27-MHz (1 2 MHz/1. 45 exactly) clock fOr dOwnlink measurements.
The clock frequency is changed to accommodate the 1. 45-vsec spacing Of
downlink reply pulse S. A more detailed explanation of the Normal and Rapid
Sample modes is presented in the following subsections.

Normal Mode

A pulse in either amplitude channel , whose leading edge is declared
by the receiver threshold circuit, will be recognized by the processor. If
this pulse continues to be present one standard-width interval later, an
amplitude and angle sample will be commanded at that time, the 16 least
significant bits of the time-of-arrival clock will be loaded into temporary
storage, and a pulse width count will b: enabled. The standard-width inter-
val is two clock periods (2/8 MHz = 0. 250 psec) in the uplink case and One
clock period ( 1. 45/1 2 MHz - 0J2 usec) in the downlink’case. The width
counter starts at a count of zero at the sample time and advances one count
for each standard-width interval that the pulse continues to be present.
When the width counter reaches a count of three it is frozen at that count.
If the pulse continues to be present for another standard-width interval, a
Rise Data word with a width count of three and a Continuation bit = one is
recorded, and a new sample is commanded.

Assuming that the selected triggering source is Continuous (pulse
actuated) rather than Etiernal and that the Sample Command selector switch
is set to either (i. e., either channel can actuate a sample), then a pulse
arriving on the other channel following the first s ample will cause the first
sample width count to terminate, the Continuation bit to be set, and a second
sample to be taken. A pulse arriving on the other channel after the first
pulse (but before the first sample) is inhibited from commanding further
samples.

.,

.

In the usual situation the pulse will fall below MTL before the width
counter fills up, and the Rise Data word will be stored at that time. The
~lse Data word will contain the width count achieved before the pulse ended.
A more detailed discussion of salmpling algorithms is given in Section II. 3.
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Rapid Sample Mode

In the Rapid Sample mode the operation is similar to that for the Nor-
mal mode except that no width measurements are made, and repeated sam-
ples are taken every other clock pulse (each 0.25 i~sec fOr uplink> and ‘ach
O. 24 psec for downlink) until the signal on both channels drops below MTL or
until a maximum of 16 samples is taken. The triggering of the Rapid Sample
mode is the same as for the Normal mode; the controls can be set for either
Continuous (pulse actuated) triggering or Etiernal trigge ring.

External Triggering

Normally the receiver is continuously enabled, and the samples are
triggered by the arrival of pulses in the selected channel. When external
triggering is selected, the processor is disabled until an external trigger is
received on one of three parallel external trigger input line so UpOn receipt
of a trigger, the processor is switched lion,, for a periOd Of ~pproximately

500 Vsec, and operates as explained abOve fOr Whichever mOde that is select-
ed. At the end of the period the processor again becomes disabled.

While operating under external triggering control whenever an etier -
~al t~igge~ is fed to the ~Dit, it causes the processor to store a word referred

to as the External Trigger word, which contains the count of the complete
32-bit time-of-arrival clock at the time the trigger occurred. In addition,
a bit is set in the first data word following the trigger to identify it as such.
This allows a rapid determination in playback processing of the time elapsed
from the trigger to the first received pulse.

Internal Triggering—

In the continuously enabled condition, the triggering source can be
selected to allow samples to be commanded by the arrival of pulses on chan-
nel 1, channel 2, or either channel. Only the &o amplitude channels can
command samples; therefore at least one amplitude channel must be used at
all times.

Frequency Band——

The airborne subsystem can operate in either the uplink frequency
band at 1030 MHz or in the downlink frequency band at 1090 MHz. Band
selection is by means of a front panel switch on the receiver. This switch
selects the local oscillator, RF filters, and time-Of-arrival clOck suitable
to the chosen band.

II. 3 Sampling Algorithms—

The storage of a Rise Data word is always initiated by the arrival or
continued presence of a pulse in one of the amplitude channels during the time

11



the processor is enabled. The following discussion presents the sampling
ope ration and storage of pulse data when operating in the Normal Mode.

The first pulse to arrive on a selected channel will initiate a sample
and the formation and storage of a ~lse Data word. The sampling action
is illustrated in Figs. 3(a) and (b). Whenever a sample is taken, both ampli-
tude channels and the angle channel are sampled regardless of whether or
not a signal ie present above MTL.

In the Normal mode, one sample is all that would usually be taken
on a received ATCRBS pulse. A pulse received on the other amplitude chan-
nel (be&een the time the first pulse arrived and the instant when the sample
was taken) would not initiate further samples. A pulse received on the
other channel after the sample was taken is interpreted as a different pulse
and does initiate a new sample (assuming both channels are selected for
sample control). In this case, which is illustrated in Fig. 4, the width
count for the first pulse is terminated, a Continuation bit is set in the first
Pulse Data word (to indicate that the width count was terminated premature-
ly), and the first Rise Data word is stored. A second sample is taken with
a new width count and is stored after the end of the pulse.

If a long pulse is received the width counter will overflow. When the
width counter reaches a count of three the sample control logic prepares to
store a Pulse Data word containing the previously sampled amplitudes and
time of arrival and this maximum width count. If the received pulse con-
tinues to be present a standard width interval later, the first word is stored
with a Continuation bit equal to one, and a new sample is initiated. If the
pulse is no longer present, the first word is recorded without the Continua-
tion bit set.

11.4 Recording Process

The instrumentation recorder ope rates continuously and records data
in a serial bit stream on two parallel tracks on the magnetic tape. Although
only one track is required for system operation, the use of a second track
allows improved probability of data recovery on playback and, therefore, an
improved system operational reliability. The serial bit stream is gene rated
in 64 bit blocks, each consisting of a 48-bit data word and a 16 -bit check
code. The recording sequence is illustrated in Fig. 5.

The Once-per-Second word is stored in the buffer memory at the
time the Sync Code is generated; hOwever, it is recOrded ontO the taPe when
its location in the buffer is reached, and, therefore, it does not necessarily
follow immediately after the integrated data on the tape recording. If, fOr
example, the buffer contains pulse data waiting to be re corded when the Sync
Code occurs, then the Once -per-Second word will be stored in the buffer in
the next available location, and the Sync Code and inte grated data will be
recorded on the tape. Followi% the integrated data, the contents Of the
buffer will be recorded in the order in which they were stored in the buffer.

12
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Fig. 3(a). Normal mode sampling (uplink).
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Sample
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/ \
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~
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Continuation bit =1.

Fig. 4. Normal mode sampling (2 -pulse case).
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When the buffer becomes empty, filler words will be recorded. If the buf-
fer is empty when the Sync Code occurs, the Once-per-Second word is
written into the buffer and read out and re corded immediately following the
integrated data. In either case, the Once-per-Second word is put into the
buffer at the time of Sync Code gene ration and corresponds to the reading of
the time -of-arrival clock at that instant.

Time marks are stored in the buffer on a regular basis at the time
at which the 16 least significant bits of the time -of-arrival clock overflow.
The time marks are recorded on tape when the recording control circuitry
reaches the buffer location where they are stored; therefore, they do not
necessarily appear at any particular location of the tape, except for the fact
that they will be in proper time sequence. The relative position of Data,
Time Mark, and Fine r words on the tape is determined by the time and
rate at which pulses are received by the system.

The recording clock is derived from the time-of-day clock and is
synchronous with the one -second counts. Submultiple clock rates are pro-
vided to accommodate operating at lower than maximum tape speeds. Tape
speeds of 120, 60, 30 or 15 ips are provided; the corresponding rec Ord
clock rates are

~21 20 19, and 218 Hz
,2,2 0

The recording dens ity on the tape is the same at all times because at a lower
tape speed a lower recording clock rate is used.

In any one-second increment at the highest tape speed, 32,768 wOrds
can be written and are used as follows:

Words—-—

Sync Code 1
Integrated data 4
Time marks 123
Available for

Wise data 32,640

Many anticipated applications will not require this amount of pulse handling
capability, and therefore can be satisfied with a lower tape speed and con-
sequent longer re cording time per tape.

‘*The number of time marks per second is a function of the resolution of the
time -of -arrival clock. The numbers indicated above are for a clock period
of O. 125 #see (1/(8 MHz)).

17



The position of the beginning of any block on the tape is completely
determined with respect to the Sync Code block. In the recording process,
each 48 -bit data word is divided by a selected polynomial, and the divis ion
remainder is transmitted at the end of the data stream as a 16 -bit Cyclic
Redundancy Check Character, thereby filling the 64-bit blOck. The polynom-
ial used is the CR CC- CC ITT Forward format

(X16 + X12 tx5tl) .

On playback, the CRCC is stripped out before the data is passed along to the
minicomputer.

11.5 Recording Formats —

Five types of data words are used:

1. Integrated Data
2. Time Mark
3. Once-per-Second or External Trigger
4. ~lse Data
5. Filler

The Sync Code
playback. The
The 64th bit is
time.

is a 64-bit code designed for high probability of detection on
code chosen is a Peterson type 103 sequence of length 63.
obtained by allowing the sequence to re -start for one -bit

All blocks except the Sync Code consist of a 48-bit data word followed
by a 16 -bit Cyclic Redundancy Check Character. The integrated data blocks
are recognized by the fact that they are the first four blocks following a Sync
Code, and their individual identities are determtied bv their relative posi -
tion within this four -block field. The overall formats for the integrated data
words are indicated in Fig. 6. In the rec Ording and pIay-back prOcess~
the left-most or most significant bit occurs first, and the right-most or
least significant bit occurs last.

Overall formats for the Once -per-Second or External Trigger word,
the Time Mark word, and the Wise Data word are shown in Fig. 7. De-
tailed formats for the various types of words are presented in the Appendix.

18
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Word identifier bits

/k

Mode bit: O = Normal

00 = Data
1 = Rapid eompling

Trigger bit: O = Normal
ATC.60 (6)

01 = Time I
10 = Integrated Oata

1 = External Triggering

11 = Filler Teet bit: O = Normal
1 = Test mode

Tome of day

Miscellaneous

AIC state

AIC position

!//~r MTL bite: 3-bit code indicates MTL setting.

1 Dote Hrs. Min. Sec.

-9- -6- -7- -7-
LSB —

~Frequency bit: O = 1030 MHz
1 = 1090 MHz

1
Toto;6pulses Pressure:

12

1 Aircr~f; state

1
VOR freq.: VOR beoring DME freq.: OME range

II 10 11 14

Fig. 6. ktegrated Data Word formats.
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Word identifier bits: -, zTime word identifier biti

01 = Time words

00, Doto words
11 = Filler words

Once per Sec

Exter~~l Trigger

Time Mark

_fl/xternO’T:g
Once-per-Second identifier bit

o 0 0 0
1 0 , , ~ ~ Unused ~me-;~-Arrival clock bits LSB

~+

‘ost:~ificont=‘Lens’~~Jifi
o

0 1 1
Total Time-o~GArrlvol

1 pulses
Unused

I

0 000 Amp 1
Pulse Data 0 0 ~ , , ,

g Amp 2 g Angle Time-of-Arrival
, ! I ( , 3 1 6 It , [ 1 I , 1 1 1 1 1 I I 11 t ! 1 , 1 I i , 1 J

Fig. 7. Time and Data Word formats.
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III. PLAYBACK

III. 1 General

A block diagram of the AMF playback subsystem is shown in Fig. 8.
Typical operation of the subsystem is described in this subsection and in
Subsection 111.2.

The AMF tape to be read is mounted on the instrumentation tape re-
producer, and the system is set up for remote control operation by manually
tensioning the tape arms and selecting the first pass speed of 120 ips. The
operator starts the first pass through the tape to determine the itiormation
on the tape by a command to the computer via the console teletypewriter.

The computer software causes the interface to start the tape at scan
speed and uses tbe interface to input only the Integrated Data words to the
computer. The entire tape is scanned in this mode, and a printed summary
is outputted for use by the operator. After the entire tape is scanned, the
tape is re -wound arid stopped at the beginning.

The operator chooses the area on the tape to be examined and enters
the time-of-day word corresponding to the first block of interest via the tele-
type. The tape is advanced to a point just prior to the desired area at high
speed (120 ips) and then stopped. The ope rater then manually changes the
tape speed to the desired playback setting. Under software control, the
reproducer is then started and all the desired data words are transferred into
the computer memory. In this mode the reproducer can be stopped, run in
the reverse direction, and run in the forward direction both at the selected
playback speed and at fast speed [150 ips]) under software control. The only
restriction in this mode is that data can not be examined in the fast forward
or fast reverse motion states.

III. 2 Data Validation in the Interface

During playback of AMF tapes, signals are transmitted from the in-
strumentation reproducer into the interface in a serial fashion as illustrated
in Fig. 9. When the interface recognizes the Sync Code, it desynchronizes the
interface bit counter and generates a sync interrupt which is sent to the com-
puter.

The interface continues to read signals from the two tracks of the
reproducer according to the protocol illustrated in Fig. 10. If valid data are
received from track 1, they are used. If valid data are received from track 2
but not track 1, track 2 data are used. H no valid data are received, nothing
is transferred unless the word is an Integrated Data word. It is necessary to
transfer four Integrated Data words each second, as a result of the fact that
their identity is determined hy their position within the four-word field.
Therefore, if a valid Integrated Data word is not recovered, a Filler word is
transferred with its identifying leading bit code (1 1). The only time a Filler
word is ever passed to the computer is during the Integrated Data field.
Word data is transferred to the computer in 16-bit parallel form in three
consecutive DMA transfers.
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IV. HARDWARE ~PLEMENTATION

IV. 1 Airborne

A. Antennas

The AMF amplitude channels are designed to accept signals from any
desired configuration of antennas. A typical antenna installation, as used in
the original AMF aircraft, includes a top-mounted omnidirectional antenna,
a forward-looking directional antenna mounted in the nose of the aircraft,
and a directional rear-looking antenna located on the bottom tear of the fuse-
lage; additionally, provision has been made to allow the reference channel
output of the angle antenna to be used as an amplitude channel input. Any two
of these four antennas can be used as amplitude channel inputs for a given
e xpe rime nt.

A detailed series of measurements of antenna patterns of both top-
and bottom-mounted “omnidirectional” antennas have been made for several
aircraft of the general type used in AMF experiments. The re suits indicate
a high degree of consistency for the various aircraft types tested. Coverage
patterns for top- and bottom-mounted antennas on a representative two-
engine, low-wing aircraft are illustrated in the Appendix. There is no
reason to expect the actual patterns of the AMF omnidirectional antennas to
differ in any significant detail from those illustrated.

Unlike the amplitude channe 1s, the angle channel does require a par -
titular type of antenna that can produce both a reference channel output and
a signal channel output, with a phase difference betieen the &o signals re -
lated to the angle of arrival of the received signal. The antenna used in the
first AMF installation is illustrated in F ig. 11 and described in the fOllOwing
ho paragraphs.

The angle antenna consists of four monopole antennas mounted on
the bottom of the aircraft at the corners of a square, wj.th a side dimension
Of ~/4 at 1090 MHz [Ref. 3]. The outputs of the four monopoles are fed
through a combining network (located just inside the aircraft skin), which
produces the reference and signal channel signals, as indicated in Fig. 12.

Data taken with a model of this antenna (consisting of four mono -
poles mounted on a 4-foot-square ground plane), in an anechoic test chamber
at frequencies of 1030 MHz and 1090 MHz fOr variOus elevatiOn angles!
indicated the approximately linear relationship between the angle -of -arrival
and the phase difference between the reference and signal channels. PlOts
of measured data are included in the Appendix.
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Fig. 11. Four - monopole angle antema.

Reference

output

Fig. 12. Angle antenna nehork block diagram.



B. Receiver-Processor

The front panel of the Receiver-Processor unit is illustrated in Fig.
13. The unit is constructed with two pull-out drawers. One drawer houses
the two amplitide receivers and the angle receiver; the other drawer houses
a card cage that holds the processing logic, and d. C. -d. C. converters that
generate various voltages required by the system. A hardware block dia -
gram is illustrated in Fig. 14.

The receiver portion of the unit has front-panel controls that allow
selection of the receiving frequency ( 1030 or 1090 MHz), and manual setting
of the amplitude receiver Minimum Triggering Level (MTL) to values be-
tween -80 and -38 dBm at eight distinct levels. Both amplitude receivers
ope rate at the same MTL. The receiver front panel also contains five BNC
jacks used as test points, and five BNC jacks used as connections to the
Calibration Box when it is used to test the system. One of these jacks sup-
plies a local oscillator RF signal to the Calibration BOX the remaining four
jacks couple the RF simulated signals, two amplitude signals, and two
angle (phase) signals back to the receiver.

The processor section of the unit houses the three logic cards
which contain the circuitry associated with generating the pulse data samples
and their temporary storage prior to recording. The logic cards are identi-
fied as the Sample Control Card which generates the control signals used to
take a data sample, the Buffer Card which provides a short-term memory
in which data is temporarily stored, and the Angle Logic Card which con-
tains an A/D converter used in the angle -of-arrival measurement as well
as miscellaneous control and display logic.

The controls and displays on the processor front panel include 48
LEDs which are used to display the contents of the last address read in the
b~fer, and switches which are used to select the operating mode (Normal
Rapid Sample or test), the channel (1, 2 or either), from which a data sample
is commanded, and the receiver enable condition (continuously enabled or
enabled as a result of an e~ernal trigger). The front panel also includes
five LEDs used to display the four most significant digits of the buffer inter-
rogation counter (amount of the buffer in use at any given time) in addition
to an indication of an overflow condition, an audible alarm used to alert the
OPeratOr Of the buffer overflow, and a connector used to couple the power
and control signals to the Calibration BOX.

The amplitude receivers consist of low-noise preamplifier rs followed
by receiver -mixers and log video 6 O-Mhz intermediate -frequency amplifiers.
The pulse video signals from the IF amplifiers pass to the threshold cir -
wits, which generate signals corresponding to the start of a pulse, the
end of a pulse, and the presence of a pulse above the front-panel-selected
Minimum Triggering Level (MT L).
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Pertinent characteristics of the amplitide receivers are:

Bandwidth 8 MHz
Noise figure 5 dB
Useful dynamic range -90 to O dBm at input
M TL settings -80, 74, 68, 62, 56, 50,

44, 38 dBm manually selectable

The angle receiver consists of two identical parallel channels that
use receiver -mtiers followed by limiting 60- MHz IF amplifiers. The outputs
of the ~ amplifiers are fed to a phase -matched quadrature mker network
that has two video output signals, whose amplitudes are proportional to Sin Q
and Cos 9, where 9 is tie phase difference between the signale in the two
channels. The two video signals are fed to the angle A/D converter, where a
digital representation of Q is formed. Pertinent characteristics of the angle
receivers are:

Bandwidth 8 MHz
Noise ~lgure 5 dB
Useful dynamic range -80 to -10 dBm at input
Thresholding None used

c. The A/D Subassembly

The A./D Subassembly is indicated in the lower right corner of Fig. 15.
This unit contains two high-speed analog-to-digital converters used to sample
the two amplitude channels. Two fans and their associated 400-Hz inverter
are included to provide an abundant air flow for cooling. POwer fOr the A/D
converters is supplied by d. c. -d. c. converter units located in the Receiver-
Processor unit.

D. Aircraft State Unit

The front panel of the Aircraft State unit is illustrated in Fig. 13.
This unit is nor-lly mounted directiy on top of the Receiver-Processor unit
to minimize cable runs, but it need not be so installed. The Aircraft State

unit contains a card cage with three logic cards, a VOR receiver, and an
associated d. c. -d. c. converter. The front panel has the following controls
and displaye:

Time -of-day Seven-segment decimal display designating
display hours, minutes and seconds.

Time-of-day A set of 9 thumbwheel switches used to set in
selectlon the date (1-365), hours, minutes and seconds.
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Fig. 15. Complete airborne subsystem.
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Time-of-day
set

Tape speed

Track 1-
Track 2-Switch

Error rate

VOR DME
frequency
selection

Integrated
data display

word

selector

A push-button switch that causes the contents of
the thumbwheels to be loaded into the clock.

A selector switch used to set the tape recorder
speed; also adjusts the internal recOrding
clock and read-after-write circuitry accord-
ingly.

Selects track tobe monitored by read-after-
write circuitry.

Displays the recorder error rate in word
errors per second for the track being mon-
itored by the read-after-write circuitry.
(Errors are declared by failure to correctly
decode the cyclic code; the same as is done
in the playback facility. )

A set of three thumbwheel switches used to
set the VOR and DME operating frequencies.
The system cycles the VOR and DME between
the three channels to provide multiple read -
ings.

A set of 48 LEDs used to display the contents
of a selected Integrated Data word. The dis -
play is updated once per second.

A thumbwheel used to select one of the four
Inte grated Data words for display.

The three logic cards housed in the Aircraft State unit are: ( 1) the
Record Control Card, which controls the transfer of data to the tape re -
corder, (2) the Integrated Data Card, which provides for storage and
multiplication of the Integrated Data words, and (3) the VOR -DME Interface

Card, which provides the control signals and buffering for these two sets
as well as miscellaneous control signals. The Aircraft State unit provides
interfacing to the interval VOR set and external DME and Readout-Air-
craft State (RAS) sets. A hardware blOck diagram Of the unit is illustrated
in Fig. 16.

E. Instrumentation Recorder

The Sangamo SABRE III instrumentation recorder used in the air -
borne subsystem is indicated on the left side Of Fig. 15. This recOrder is
equipped with a 7 -track record head, but only two tracks are used in this
application.
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A data signal and a clock signal are fed to the recorder for each track used.
Direct recording of input NRZ data is performed using an encoder that mani-
pulates the data to eliminate the possibility of a large amount of zeros, which
otherwise would require a d.c. response from the tape. The recorder can
be operated from either 284 2vdc or 24+ 2vdc. In fie AMF, the primary
power is passed through a regulator located in the Power Distribution Box,
and the recorder is operated from the resultant 24 vdc. Rec Ording is dOne
at tape speeds of 120, 60, 30 or 15 inches per second. The clock rate at the
highest tape speed is 221 HZ (2.097 MHz) at 120 iPs, 220at 60 iPs! 219 at
30 ips, etc. , resulting in a constant density on the tape of 221/120 bits per
inch (approximately 17, 500 bpi). As the present art extends well above
30,000 bpi, reasonable performance can be expected at this density.

The recorder is customized by the insertion of two new cards into
unused slots in the recorder. One card is used to couple data (by way of
optical isolators) from the Aircraft State unit to the recorder, and the other
card is used for remote motion control circuits. The recorder motion
(start-stop) remote contr?lis provided bya switch located ina position
accessible to an intended user.

The SABRE III is equipped with a 7 -track read head, and readout
electronics for two of the heads corresponding to the record channels. The
read head signal is preamplifier and fed through a decoder that extracts a
clock signal and also converts the data stream back to its original sequence.
The output data and clock signals are fed back, via optical couplers, to the
Record Control Card in the Aircraft State unit where the cyclic code is
checked to detect errors that may have occurred as a result of tape discon -
tinuities.

F. Other Units

1. Power Distribution Box

The Power Distribution Box provides seven individually fused and
switch controlled circuits from the input aircraft supply voltage at 28 vdc.
The four switches on the left of the front panel control the 28 vdc supplied
to the d. c. -d. c. converters located in the Receiver-Processor unit, as
indicated below:

Switch Converter Output (vdc)

RCVR Logic t5

PRCS RCVR IF t5
t 24

RCVR IF t15
(Switch 3) t12

RCVR IF -15
(Switch 4) -12



The switch labeled “Sensors” provides aircraft 28 VDC to the VOR
and DME sets. The switch labeled “A/D Fans” is provided to SUPPIY air-
craft power to cooling fans for the A/D converters. The switch labeled
llTaPe Recorder,, controls the pOwer input to a series regulatOr that PrO -

vides 24 vdc for the tape recorder. The re~lator is contained within the
Power Distribution Box.

2. Ante nna Distribution Pane 1-—

The coaxial cable from the antennas installed in the aircraft are
terminated in the antenna distribution panel, which serves as the patch panel
to allow connection of the ~o AMF amplitude and No AMF angle receiver
inputs to the desired antennas. The signal from the reference channel of the
angle antenna can be split in order to drive both one channel of the angle
receiver and one amplitude receiver. This arrangement provides both
amplitude and angle information from the same antenna.

3. DME-—-

The system has been confi~red using a commercially available
DME unit, the King KDM -70 5A. The selection of this unit was influenced by
the requirement that the DME be capable of t,~ning and acquiring a new
station within &o seconds (preferably within one second).

The DME is used without modification. The appropriate frequency
control signals are generated on the VOR-DME Interface Card in the Air-
craft State unit, and the output logic level range signals are fed to the Inte -
grated Data Card. The DME operates directly from the 28 -vdc supply on
the aircraft.

~Readout-Aircraft State [Ref. 4]4

The Readout-Aircraft State equipment (RAS) obtains data on the atti-
tide and dynamics of the aircraft and presents them for on-board recording
by the AMF system. The parameters measured are:

Heading: The heading is derived from a flux valve stablized gyro-
compas~.~position of the gyrogimbal is picked off by a bootstrap syn -
chro and digitized in a synchro-digital converter. Nine bits Of infOrmatiOn
are used.

Roll: Aircraft roll information from -3o to t30 degrees is sensed by

a gyro -zon originally intended to operate an autopilot. Using operational
amplifiers and a phase detector circuit, the pickoff signal is converted to
d. c. and, in turn, digitized to provide an appropriate signal.

Pitch: Pitch information is derived from the same horizon gyro as
the roll~rmation; signal processing and digitizing are very similar to
that for the roll data.
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Outside Air Temperature (OAT): Outside air temperature is de -
rived from a standard resistance element sensor. OAT from -50° to t40°
C is digitized in 7 bits. The airspeed data can be used to establish wind
direction and velocity at the aircraft altitude.

Indicated Air Speeds: Airspeed data are derived from a differential

pressur~transducer th am connected between the pitot and static lines of
the aircraft. The d.c. output of the transducer is digitized into 12 bits;
the raw data are recorded over the range of indicated airspeed from 50 to
250 knots with a resolution of greater than 2 knots.

Rate of Climb: An absolute pressure transducer, connected to the
static line of the aircraft, provides an output voltage proportional to altitide.
This voltage is differentiated onboard; the resulting rate of change of pres-
sure signal is digitized in seven bits, of which six bits are recorded by the
AMF.

Altitide: Altitude data are read from the RAS system into the AMF
in the form of a 12-bit binary number, representing the barometric pressure
as measured by an onboard transducer. The 12-bit numbers represent
pressures corresponding to altitudes from -570 to t 21,788 feet. The rela-
tionship betieen pressure and altitude is deterministic; however, it is of
sufficient complexity that the conversion is left-over for the computer,
which processes the data on the ground.

The RAS system electronics have been built into a standard 1/2 ATR
box. This box contains all the circuitry needed to convert the raw transducer
outputs into dig ital form and assemble the appropriate message ready fOr
transmission to the AMF.

The accuracy of the reported data for all parameters is not as reli-
able as the number of assigned digits in the message suggest. In the interest
of cost and availability, standard circuit instruments were used. The system
has been designed so that if more accuracy is required, more accurate gyros
and transducers may be substituted without changing the software required.

G. Typical Installation

A typical aircraft installation of the airborne AMF subsystem is
illustrated in Fig. 17, which indicates the layout used in initial flight tests
in a Piper Navajo. The Receiver Processor unit was mounted atop the main
aircraft wing spar with the A/C. State unit mounted on tOp Of it. The accom-
panying A/D subassembly was mounted on the other side Of the plane as
shown. The Power Distr Lbution Box was mounted directly behind the pilot’s
seat in a location where the co-pilot could readily reach the switches on its
front panel. The recOrder was mOunted aft Of the ‘P’r, as ‘hownI ‘n a
location convenient to the operator, who has a seat in the rear Of the craft.
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Fig. 17. T~ical A MF airborne installation.
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The antennas installed for use by the AMF are also illustrated. The
angle antenna provides the angle -of-arrival s ignals; any ho antennas can
be used to provide the amplitude signals. The cables from these antennas
were wired through the antenna distribution panel which allowed connection
to the desired combinations.

The RAS box was mounted in a forward cargo compartment adjacent
to installed avionics equipment. The AMF DME unit, which is not shown,
was located forward of, and in a recess in, the main wing spr.

This illustration is intended merely to show one installation layout
that was used. Obviously an endless variety of acceptable installations can
be devised. However, the following ground rules are recommended:

1. The Power Distribution Box should be accessible to the
pilot or co-pilot.

2. The operator should be able to view the displays on the
Receiver-Processor and A/C State units and readily

Operate all cOntr Ols Q

3. Provision should be made for opening the door of the
tape re corder and frequent changing of the tape.

IV. 2 AMF Ground Station

A. General

The AMF ground station is a fixed-base play-back facility used to
translate data from the instrumentation tape to standard IBM- type comput-
er tapes. The ma jor functional elements are the instrumentation tape
reproducer, the minicomputer, with its associated operator’s console, and
a 9-track tape deck, with associated controller. A floor plan of a typical
installation is illustrated in Fig. 18, which includes a printer that is desir-
able, but not an essential accessory.

B. The Minicomputer

A Data Gneral NOVA 800 is used as the control element of the play-
back and translation process. The computer used in the initial installation
is equipped with a paper tape reader, a Teletype Model 33 operators con-
sole, and MO Diablo Model 30 disk drives.

The NOVA has been augmented by the addition of an expansion chassis
which contains ho additional circuit boards; one board is associated with
the transfer of information from the NOVA to the instrumentation recorder,
and the other board is associated with the transfer of processed data to the
NOVA .
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c. The kstrumentation Reproducer

The instrumentation tape, recorded durtig flight, is returned to the

ground facility and played back on a -chine provided for that purpose. The
machine used is a Sangamo SABRE IV, a companion machine to the SABRE
III used in the airborne installation. The basic SABRE IV is augmented by
the addition of interface cards plugged into unused card plots to provide both
electrical isolation of signals, by the use Of Optical cOuPlers, and interfacing
for both data and control lines. These interface cards are connected to the
NOVA input-output logic added in the expansion chassis.

D. The 9- Track Tape Deck and Controller

The instrumentation provided for the formatting and re-recording of
data on a 9 -track computer tape consists of a DATUM controller and a
PERTEC 75 ips tape deck. The *O units can be operated at either 800 or
1600 bpi and, therefore, offer considerable flexibility in re - recording or in
playback of other tapes. The controller-tape deck combination is used as
supplied, without modification.



v. EXPERIMENTAL APPLICATIONS

V. 1 Uplink Experiments

There are two categories of uplink experiments. The first experi-
ment is concerned with the total environment, and the second experiment is
concerned with the signals radiated by a particular interrogator facility. The
total environment experiments characterize the signals received in a partic-
ular region of airspace and allow analysis of the types, rates, amplitudes,
and angles-of-arrival of the various pulsed signals that may be present in the
frequency band. Specific pulse pairs that can be separated and analyzed in-
clude Mode A, Mode C, other ATCRBS interrogations, and P1 -P2 side lobe
suppression pairs.

The total environment data can also be analyzed, by the use of PRF
filtering, to yield the characteristics” of individual interrogators which are
contributing signals. This will allow a correlation between hewn interroga-
tor sites and the signals received in a given location, and consequently will
lead to identification of previously unknown signal sources. Additionally, the
total environment can be analyzed to produce a prediction of the performance
of a DABS system in such an environment. Predictions concerning the prob -
ability of reply to a first DABS interrogation in the presence of the measured
environment, and the probability of reply to a second DABS interrogation
(assuming the first did not produce a reply) are of prime interest in the plan-
ning for DABS installations.

Presently envisioned experiments involving the total environment will
not require more than one or, perhaps, a few minutes Of recOrding in each
location. It is anticipated that several of these relatively short samples of
the total environment would be taken in a given flight, with the recorder not
used while flying between areas of interest.

The second class of uplink experiments is concerned with signals
radiated from a particular facility. Typical information that can be readily
etiracted from short sections of a recording include the antenna pattern
(absolute amplitude of PI, P2, and P3 vs time over one scan interval) and
the IISN performance (amplitude of P2 vs PI) for interrogators so equipped.
For purposes of isolating signals from a given interrogator, it can be assumed
that the operating characteristics (PRF, scan rate, 10catiOn, etc. ) Of the facil-
ity are known.

A second type of measurement that may be made on a signal interro -
gation facility consists of recording received signals while flying radials
toward or away from the selected station or circular flights around the select-
ed station. Pby-back processing of the signals received when the center (or
some selected point) of the beam is directed at the aircraft can be used to

>:’

PRF, scan rate, interlace pattern, bearing from the aircraft, etc.
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produce plots indicating the effects of ground or obstruction reflections on
signal strength as a function of position, and therefore indicate the coverage
effectivenesss of the antenna. Separate processing of Pl, P2 and P3 signals
can be used to show the expected SLS performance of the installation. Single
interrogator pattern measurements will require longer record times, as a
re suit of the fact that the aircraft must move through the area of interest.
In most instances the airborne AMF recording can be done at a reduced tape
speed, thereby allowing longer record times on a single tape.

Another series of measurements involving signals transmitted from
a single ground station is that which can be made with the aircraft on the air-
port surface. There has been considerable speculation regarding the suit-
ability of ATCRBS or DABS for airport-surface surveillance, and the results
depend on the multipath conditions that may exist at a given location. An
AMF -equipped aircraft can readily record signals in as many locations as
desired to give a pictire of the multipath conditions to be expected. The
rapid sample mode is particularly useful for this type of measurement. A
short recording interval is all that is required in each location: therefore,
several different mea aurements can be made with a single reel of tape.

V. 2 Crosslink Experiments

A variety of croa slink (from one aircraft to another) experiments are
feasible with the AMF and could yield data presently unavailable to inve stiga -
tors and ayatem planners concerned with the airborne environment in the
1090-MHz ATCRBS reply frequency band.

There are three categories of possible crosslink experiments: (1)
pas sive measurement of the interference environment, (2) measurement of
air-to-air link characteristics, and (3) pseudo-operational experiments for
nonreal-time te sting of air -to -air collision avoidance systems.

The interference environment measurements are primarily concerned
with the number of replies and total pulses received aa a function of amplitude
for a given location and altitude. It should be possible to correlate these re-
sults with measurements of uplink interrogation rate, in the same location,
and the count of total traffic aa observed by an ARTS facility. The data can
be processed to yield a prediction of the probability of successfully decoding
a reply as a function of reply amplitide.

Air -to-air link characterization measurements can be made using a
second aircraft operating in conjunction with the AMF aircraft to measure
multipath and fading on the air-to -air link. The AMF aircraft can interrogate
on 1030 MHz, preferably on a special mode, such as mode D, and the AME’can
record replies received from a specially modified transponder in the target
aircraft. U a more sophisticated experiment is de sired, the target aircraft
can be equipped with a transponder that replies first on a lower antenna and
somewhat later from a top antenna. Analyais of pulses received on both the
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AMF aircraft top and bottom antennas would allow evaluation of all possible
links betieen the four antennas (tio on each aircraft). In view of the fact
that the interrogation is generated on board the AMF aircraft, operation in
the rapid sample mode (with an external trigger furnished from the interro -
gator ) will yield information indicating the range of the target aircraft in
addition to the other data normally provided. Measurements at various alti-
tudes over dtiferent terrains will provide an indication of multipath and fad-
ing effects to be expected on the air -to -air link.

Pseudo-operational experiments may be used to investigate air-to-
air beacon GAS performance in either the active (aircraft interrogate) mode
or passive (listen only: Litchford) mode. h the active mode, the AMF air -
craft would interrogate, using an on-board interrogator connected to a for-
ward directional, top, or bottom antenna, singly or in sequence, and record
the replies received from other aircraft. Operation would be on the Normal
mode with exte”rnal trigger.

Pas sive experiments can be instrumented by deriving a trigger from
an on-board transponder whenever a Mode A or C interrogation is received
and using this trigger to start a Normal mode recording of signals received
from other aircraft. It is possible to instrument the AMF aircraft to accom-
modate active experiments interleaved with pas sive experiments if conser-
vation of flight time is important at a future date.

Detailed processing of the recorded data following a flight can permit
evaluation of the performance of both the active and passive air-to-air beacon
CAS techniques uncle r various traffic conditions while using different antenna
configurations on the CAS -equipped aircraft, as simulated by the AMF. With
sufficiently sophisticated proces sing, different GAS tracking algorithms can
be evaluated.
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APPENDIX

Figs. A-1 &rough A-7: Detailed Word FOrmats

Figs. A-8 through A-9: T~ical Antenna Patterns

Figs. A-1 O and A- 11: Angle Antenna Ou@ut
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Word identifier bits

‘ ,glll,

Mode bit: O = Normal; I = Rapid Somple

10 = Integrated Doto Trigger bit: O = Normal; 18 Externol Triggering

Test bit: O = Normol; 1 = Test mode

MTL bits: 000 = ’60 dBm 100 = ’56 dBm
A~c-60 (A-1) 001 = -74 101 = -50

010= -6E 110- -44
011 = ’62 111= ’36

Freq. bit: O = 1030 MHz; 1= 1090 MHz

10 Dote Hrs Min Sec

48&44424038,834X2~ Z8Z. Z422m 181.141210 8S+ Z

~~q- F :r~:%3~~~~~’tsig
I Hours \

Recording speed:
llnitn (i. ucn endel

00 = 15 ips
01= 30ip8
10=60ips

11 = 120 ips

Fig. A-1.

Tene(m two least sigz 7’~~~;i~~~ ‘i,

Units (in BCO code)

BCD code bits)

btegrated Data Word 1.



Word

10 =

identifier bits!

/

Integmted Doto

J

MSB 1 0 Totol pulses Pressure LSB

40464442403636343230 28262422201816141210 8 6 42
I

A count of the totol number of
data words recorded in the last
one second; data is in straight

binary.

Fig. A-2. htegrated Data Word 2.



O= unassigned

TC-60 (A-3)

‘:rsi~= [1=2~~~;~~(overfo.

1 Heading Rol I Rtch OAT ;: IAS ROC
.!

9-44424038863~32 3028 ?624,, ,0,81s14 ,2108,42

Vps; of
Ronge

ParOmeter Wts Min Max

Heading 9 (360°/512) o 360° (binary 512)

Roll 6 10 ’31” (binOry O) +3% (binary 63)

Pitch 6 -1” ’31° (bina~ 63) +32° (binory O)

Outside air 7 0.625°C ’40” C (bimry O) +39< 375°C
temperotum (binory 12~

Indicated 10 1 mm H20 O (binory O) 1023 (binary 1023)
aimpeed

Rotc of chmb 6 24mm H20/min -766 (binary O) +744 (Mnary 63)

Note: Pitch reading is not linear far pitch angles greater Ihon 20 degrees.

Fig. A-3. htegrated Data Word 3.



VOR and DME frequency settings:

The one Ieost significant bit sets the
50-kHz step when true.

The units of frequency eet in BCD,

Word identifier bits

[~,,,,l,,,,l; ‘

The tens of frequency set with the least
10 = Integrated Dato significant bit of a BCD cade.

The most significant bit is not used.

ATC-60 (A-b

VOR freq, Bearing DME freq. Range

48464+424038363+32 30282624 zz 20,8,814 ,2,08642

Fig. A-4. ktegrated Data Word 4.
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Word identifier bits

~,,,,,,,1

Once-per-Second word identifier bit

010 = Once-per-second or O = Once-per-Second word

External Trigger 1 = External Trigger word
word

Externol Trigger source bits (only meaningful
on External Trigger wards)

00 = external input 1

01 = external input 2
10 = external input 3

~

o 00
10 Time-of-Arrival clack bits

1111

48464442 40%363432 ~28262422 2018161412108 6 4 2

Buffer overflow bit
1 = the last word recorded

before buffer overflaw

Time-o f-arrivol clock bits in binary farmat
Bit 1, the LSB, = l/E ~sec (uplink

case) ar V8.27 #see (down link)

Fig. A-5. Once-per -Second for External Trigger Word formats.
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Word identifier bits

/

011 = Time Mark word

,[,

Buffer overflow bit

A~c-60 (A-6)

//TO’~nfl~~~’sTme”Ok

A count of the totol number of sample commonds

— .—

~ , , 0 Totol Pulses
7 me:;f-A~~:l Clock

4e46444*403836wxm 28*6242Z ZO ,8,6,4,2,0 8642
——

\

\“ Time of Arrlvol clock (binory)
The 16 meet eignificont bite of the Tim-of-Arrival
clock.

Fig. A-6. Time Mark Word format.

.

.

I
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Word identifier bits
Buffer overflow bit

00 = data word

7/

1= the last ward recorded

11 =filler wOrd
before buffer overflow

~,:1,1
First ward bit:

1= first dots word fallowing
an external trigger

Initiating channel bit
A~c-60 (A-7)

O = channel 1
1 = channel 2

_~/&;:e

The 16 least significant biieof the
Time-of-Arrival clock at the instant the

00 ~~~~ AMP1 ; AMP2 S Angle Time-of-Arrival

4.464442 w3s363+s ~2826E42220181614 1210864Z

k An:e=

Amp! i tude E-bit binary code giving the measured angle of arrival

?i~~ ~i~j code;
k

of the signal received by the ongle, antenna;
LSB = 360/256 degrees

Fig. A-7. Pulse Data Word format.
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!,,

,“0

(a) horizontal plane

,,) “ “., , ,.,:

(b) whg to wing

,“.0

(c) nose to tail

Beech Baron top-mounted front, flaps ‘UP, wheelq up.

Fig. AT8. Typic al wtema patterns.
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270.

(a) horizontal plane

0““

.. . ,., , 0

,0.8 ,“, < ,,,

(b) wing to wing

,“, = ,0

,0,. ,,, ~ ,,,

. . . .

(c) nose to tail
Beech Baron bottom-mounted rear, flaps up, wheels up.

Fig. A-9. Typical mtenna patterns.
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