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1.0 INTRODUCTION
1.1 Purpose

The Aircraft Reply and Interference Environment Simulator (ARIES) is a
test system designed to simulate a high density radar beacon environment for
the purpose of evaluating Discrete Address Beacon System (DABS) sensors. DABS
is an improved surveillance and communication system designed to support the
needs of the civil air traffic control system. For a more complete description
of both the DABS system and ARIES, please see Volume 1 of this document. It
is recommended that the overview sections of that volume be read before reading
this manual, in order to give the correct context to the material presented

here.

This manual describes Lincoln Laboratory-built input/output devices used
in the ARIES system from the point of view of persons trying to control these
devices from the computer. The descriptions are primarily concerned with the
logic of the interface boards that reside in the computer chassis and the formats

of the words transferred to and from the computer. The logic of the devices
themselves is described only to the extent necessary to understand the interface

MooLL apTu VaaLy Che extent nec gl <12 Lile Liliel lditE

protocols and data formats.

Devices not built by Lincoln Laboratory are described in separate manuals
provided by their manufacturers (see the list of references).

Figure 1.1 shows the overall block diagram of the ARIES System, and all
interfaces to the DABS sensor.

1.2 Data General I/0 Interface Conventions

ARIES employs a Data General 'Eclipse' computer and associated I1/0
devices and interfaces. Data General interfaces have two modes of data transfer.
One is programmed I/0, where the transfer of each word 1s controlled by the

enftware The other ig data channel T/n where the software metrelvy snecifies
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to the device the address and length of a buffer area in memory (v1a programmed
1/0). All transfers to or from that buffer are controlled by the device
interface, independently of the software.

Programmed I/0 is conducted between a CPU register and one of three
"registers" on the device interface, the A, B, and C registers. These may or
may not be implemented as unique hardware registers. It is better to regard
A, B, and C as device addresses of particular components of the interface,
rather than as actual registers. Output to these registers occurs via the DOA,
DOB, and DOC instructions, respectively. The corresponding input instructions

are DIA, DIB, DIC.

[
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Each device interface has three status flip-flops which are contrelled
by the software, the BUSY, DONE, and INTERRUPT DISARLE flip-flops. If
BUSY is set, the device is. active. DONE is -always zero in that circumstance.
When the device completes its operation, it clears BUSY and sets DONE. This

automatically causes an interrupt to be generated at the CPU, unless the
INTERRUPT DISABLE flip~-figp is set, in which case the interrupt will be

inhibited until INTERRUPT DISABLE is cleared. If DONE is set when INTERRUPT
DISABLE is =zero, an interrupt will be generated immediately. A device is

completely inactive when both BUSY and DONE are zerc.

There are several signals available to control these status flip-flops.
The START line, when pulsed, will set BUSY and clear DONE. This usually has.
the effect of activating the device. The CLEAR line, when pulsed, will set - -
both of these to zero. The IORST line is similar to CLEAR, except that
the INTERRUPT DISABLE flip-fiop is also cleared.,

To pulse the START and CLEAR lines the letters S and C respectively are
appended -to the programmed: I/0 instruction mmnemonics (e.g., DOAS, DIBC), or
to a NO I/0 TRANSFER instruction (NIOS, NIOC). - There is a third control

. , .
line, called the P line, which is operated similarly by appending a P to the

I/0 commands. It has ne°standard usage, and is. interpreted differently by
each device.

The -IORST line is pulsed by the I/0 RESET imstruction, or by toggling: ..
the RESET switch on the front panel. ..It is pulsed automatically by the CPU
when power -is first turned on. Note that the input and output instructions,
and any START, CLEAR, or P pulse assoclated with them, affect only the addres-

sed device, while an IORST affects all devices.

INTERRUPT DISABLE is normally set and cleared by a MASK OUT instruction,
This instruction places the contents of a specified CPU register on the data
lines, and then sends a specilal control pulse. Each device looks at only one
of the 16 data bits, and loads the value of that bit into its INTERRUPT DISABLE
ha ise,

F1-In-.--F1nn ont receint of

on receipt of the puls

For more information on the operation of the Data General I/0 system,
please see the Data General documentation in the references.



2.0 RECEIVER

The_ ARTES receiver consists of an analog section and a digital section.
The analog section receives its input from the ARIES RF port of the DABS
sensor at 1020 MHz and demodulates it, providing output levels compatible
with digital logic. The digital. section detects arriving interrogations,
determines their mode, and in the case of discrete interrogations it assembles
the data bits and removes the error detection -2ncoding from the DABS address
field. At each interrogation, an interrupt is generated to inform the com-
puter of its arrival and a 10 word interrogation data block is created in a
buffer area in the computer's memory. This block contains the time of arrival,
the antenna boresight azimuth at arrival, the mode,-and (for discrete
interrogations only) the data bits, The format is shown in- the Appendix.

The receiver uses a-data channel interface to store interrogation blocks
directly into the memory. Therefore, it can operate independently of the
computer once an input buffer area is specified to it. A 640 word buffer is”
required, allowing 64 ten word interrogation blocks to be stored.. The-inter-
face maintains a count of the number of interrogation blocks that have been
completed. - This can be read by the soitware to determine how many complete
interrogation blocks are awaiting processing. The software can also decrement
this counter once it-has completely processed an interrogatiom.: ..

The input buffer is treated as a circular buffer by the interface. As
long as the interrogation counter does not overflow (as.it will if there are-
64 unprocessed interrogations) the interface will.continue storing interro-
gation blocks. If-it reaches the end of the buffer area, it will: continue at
the beginning of the buffer.

The interrupt generated with each interrogation occurs at the time of
bracket detection for ATCRBS or ATCRBS/All1-Call interrogations, and at the
time of sync phase reversal detection for discrete interrogations. In the
case of discrete interrogations an additional 14 to 28 usec can elapse before
the last word of the interrogation block is stored, depending on whether the
interrogation is a surveillance or Comm-A interrogation respectively. Therefore,
it should not be assumed that occurrance of an interrupt means that the data
is available. The interrogation counter must be tested to determine if the
data block is complete, as it will only be incremented upon storage of the
10th word of the block.

The interrupt logic for this interface is a modification of the Data
Ceneral standard. Two DONE flip-flops are used to indicate different con-
ditions. - The standard DONE, which is tested by the I/0 SKIP instruction, is
set only upon interrogation counter overflow. As in the Data General
standard, the BUSY flip-flop is simultaneously reset, disabling the interface.
This occurrence should be treated as an error condition,
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The second DONE flip-flop cannot be tested by the I/0 SKIP, but does
cause an interrupt to be generated. The BUSY flip-flop is not reset. This
is used to indicate the arrival of an interrogation. When either of the DONE
flip-flops is set, an interrupt is generated, and the INTA instruction will
indicate that the interrupt is from the receiver. The I/0 SKIP instruction
can be used to distinguish the two cases by testing the standard DONE flip-
flop.

The interface must be initialized by sending a CLEAR or IORST pulse
to assure that BUSY and both DORE flip~flops are reset, and that the inter-
rogation counter is zerced. Then the address of the origin of the buffer
area must be set via a DOA instruction. The buffer length is always assumed
to be 640 words. Sending a START pulse will then activate the receiver,

Upon receipt of an interrupt from the receiver, the program must first
check whether the interrupt indicates buffer overflow or the arrival of an
interrogation. If the latter, it must first reset the second DONE flip-flop
by means of the P pulse, Then it must repeatedly read the interrogation
counter via a DIC instruction until a non-zéro count is indicated. It can
then process the interrogation.

In order to be able to locate the interrogation, the software must
maintain a buffer pointer of its own. It is not correct to read the receiver's
memory address register for this purpose. Every time BUSY is set, the
interface's memory address register is set to the beginning of the buffer,
and the first interrogation will appear there. Subsequent interrogations
will appear in successive locations until the end of the buffer is reached (at
the end of every 64th interrogation) at which time the address register will
be set back to the beginning of the buffer.

When the program has completed processing the interrogation, it must
decrement the interrogation counter via a DOC instruction. This DOC does not
transmit any data, but merely provides a pulse to the interface which is used
to decrement the count. '

In processing interrogations, the programmer should note that the
interrogation time field has different precision for DABS and ATCRBS/All-Call
interrogations. The recelver has a 20 bit range counter that counts at a
16 MHz rate. The DABS interrogation time is used to calculate the precise
reply time and therefore the low order 16 bits of this counter are used, This
allows a maximum unambiguous round trip time of 4.096 msec. The ATCRBS/All-
Call time is only used in obtaining the inter-interrogation times while ARIES
is finding the interrogation pattern of the DABS sensor. Less precision and
a longer unambiguous interval is required, and so the high order 16 bits
of the 20 bit counter are returned as the ATCRBS/All-Call interrogation time.

Before exiting the interrogation interrupt routine, it is worth checking
the interrogation count to determine if any more interrogations have arrived



during the processing interval. Processing these immediately will avoid the
overhead of saving and restoring the machine state for each interrupt.

The current value of the receiver's memory address register can be read
via a DIA instruction. This is useful primarily for diagnostic purposes,
and points to the next location to be written into by the interface.

Note that, since the interrogation interrupts do not reset the BUSY
flip-flop, the receiver will run continuously once started. It will be
disabled only by an I/0 RESET instruction (or a reset from the front panel),
a CLEAR pulse, or a buffer overflow condition.



3.0 CONTROLLED REPLY GENERATOR

The Controlled Reply Generator (CRG) generates both DABS and ATCRBS
replies under software control, All non-fruit replies are generated by this
portion of ARIES. As shown In Fig. 3.1 the CRG consists of several components.
The program creates reply data and transmits it to buffers in the interface.
The microprocessor controller polls the Controlled ARIES Targets {(CATs) to
see if any are ready for new reply data. When new data can be accepted by
a CAT, the controller obtains the next set of reply data from the interface
buffers, if any is available, and places it into the CAT.

All programming fox the CRG involves only the interface circuits, and
the rest of this discussion focuses exclusively on the operation of the
interface. The interface serves a dual purpose., First, it forms a link
between the computer and the controller. Second, it provides a buffer space
where the program can place replies as they are generated. The advantage of
having replies stored in the interface rather than in the computer's memory
is that the data transfer rate to the controller is increased. This makes
it possible to handle bursts of replies that would not be transferred in
time if the Data General direct memory access channel was used to obtain the
data from the computer's memory. It also reduces the amount of interference
between central processor and I/0 memory access requests.

Two buffer memories are built inte the interface. At any time, one is
labeled as primary and the other as secondary, but the roles can be reversed
under program control. Each buffer is 1024 words long (16 bit words). This
allows the storage of 102 DABS discrete or all-call replies (10 words each)
or 256 ATCRBS replies (4 words each)., The microprocessor controller can read
reply data only from the buffer designated as primary.

To understand the functioning of the primary and secondary buffers, it
is necessary to understand how ARIES handles discrete and ATCRBS/All-Call
interrogations. Discrete interrogations are handled as they are received.
The ARIES receiver interrupts the computer, which then processes the interro-
gation data and generates a reply, which is immediately sent to the CRG. This
can be done because the DABS transponder turn-around time of 128 psec allows
sufficient processing time.

In the case of ATCRBS interrogations, however, the specified turn-around
time is 3 usec, This does not allow sufficient time for the software to process
these interrogations "in real time". Fortunately, the time and mode of ATCRRS/
Al11-Call interrogations is predictable, as the sensor follows a fixed interro-
gation pattern. Therefore, the ARIES system can prepare the complete set of
ATCRBS and all-call replies for a given interrogation in advance of that in-
terrogation actually being sent. When the interrogation is received, these
pre-computed replies are transmitted and ARIES begins generating the replies
for the next ATCRBS/Al11-Call interrogation.
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The secondary buffer is the storage area for these pre-computed ATCRBS
and all-call replies. Since the controller can only read from the primary
memory, these will not be transmitted. When the ATCRBS/Al1-Call interrogation
is received, the software switches the buffer status. Since the ATCRBS and
All-Call replies are then in the primary buffer the controller immediately begins
sending them to the CATs.

DABS discrete replies are to be transmitted immediately, and so the CPU
must store them directly into the primary buffer. This introduces the problem
that this buffer may be simultaneously read from by the controller and
written into by the CPU. Therefore, some control logic is needed so that
it is always accurately known how many replies have yet to be read from the
buffer. Each buffer therefore has associated with it a reply counter. This
is Incremented each time a complete reply is entered into the buffer by the
software and decremented each time the controller reads a reply. Just as the
controller can only look at the primary buffer, it can only access the
primary reply counter. Figure 3.2 is a block diagram of the overall interface,

To write a word into the primary memofy, the program executes a DOA
instruction. Words must be written in the order shown in the Appendix, and are
stored at successive locations in the buffer. $imilarly, to store a word
into the secondary memory, a DOB instruction is executed. To store the last
word of a reply (word 4 for ATCRBS, word 10 for DABS All-Call or discrete
replies) either a DOAP or DOBP instruction must be used, as this increments
the reply counter for the buffer in addition to storing the last reply word,.
The result of issuing a pulse on the P line other than in conjunction with
DOA or DOB 1is undefined.

The interface buffers are circular buffers. After word 1023 is written,
word 0 will be the next to be written. Therefore, if more than 1024 words
are written before any reading takes place, some locations will be overwritten.
There 1s no hardware protection against this, nor any error indication. It '
is the responsibility of the software to keep track of the available memory.
The size of the buffers 1s such, however, that they should never be more than
50%Z to 60% full,

Tt is acceptable to start a reply at the end of the buffer and finish
it at the beginning, or in other words to split it between the end and beginning

of the buffer.

The DOC instruction is used to control the interface operations. As
shown in the Appendix, bits are provided to specify which buffer is primary,
to select whether the primary or secondary reply counter is to be read by
the next DIC instruction, to place the interface in a diagnostic mode, and to
reget the microprocessor. The DIC instruction can be used to read back these
control bits, as well as the primary or secondary reply counter, for test
purposes.
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If the interface is placed in the diagnostic mode, the controller is

inhibited from reading either buffer, and the program is allowed to read

either buffer by means of DIA or DIB instructions for the primary. and secondary
buffer respectively, Successive DIAs or DIBs will read successive buffer
locations, starting at whatever address the read address register was left
indicating when dlagnostic mode was entered. . After location 1023, location

0 will be returned.

11



4,0 FRUIT REPLY GENERATOR

fruit replies into the signal being sent to the sensor. These replies are
randomly generated, with exponentially distributed inter-arrival times. The
following parameters of the random reply genmeration process can be controlled
by the programmer: average fruit rate, the fraction of replies in the main
antenna beam (as opposed to being in the sidelobes), the fraction of replies
that will have a fixed known value for their data bits (as opposed to having
randomly generated data bits) and the specific fixed data bits to be used.
Only ATCRBS replies are generated by the FRG.

The FRG consists of several components as shown in Fig. 4.1. The
microprocessor controller is the central controlling element of the FRG. In
normal operation, it polls the three Fruit ARIES Targets (FATs) to find one
that can accept another reply block. At that point, it obtains the parameters
for a fruit reply from the Random Process Generator {(RPG), and semnds it to
the FAT. ‘

The controller also periodically polls the interface to the computer.
By this means it can obtain new fruit parameters from the computer and transmit
them to the RPG. There are also diagnostic modes whereby the RPG reply
parameters can be sent to the computer, or the reply parameters can be obtained
from the computer rather than from the RPG.

Programming for the FRG is conce r e
between the program and the interface, and so the rest of this discussion -

focuses entirely on the interface.

interaction

rnad
el nc

rimarily with th

L)
P ke

Figure 4.2 is a diagram of the interface. There are two nearly independent
channels, one for transferring data from the computer to the controller and the
other for transfers in the opposite direction. Each such channel consists of
a four word memory, a memory address register, and a bit to indicate whether
the memory 1s in a read or write mode. In addition to the two data transfer
channels, there ig a two bit control register, which determines whether the
FRG is in its normal operating mode or in onme of three possible diagnostic
modes. .

All transfers over the two channels must be in groups of four words.
The source of the data (i.e., the program or the controller) first must check
the status bit to be sure that it is allowed to write into the memory. It
then writes four words into the memory, causing the memory address register
to wrap around and be left pointing at the first word stored., The status bit
is then switched automatically by the interface, allowing the reader to access
the data. When four words have been read, the status bit will switch back to
its original state. A status bit value of 0 always means that the computer has
access to the memory.

12
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Note that both the iaput and output status bits will change state when-
ever the memory address for the corresponding buffer wraps around from the
last word to the first. The value of the status bit does mot interlock:the
memory tc prevent either the microprocessor or the computer :from-accessing
either buffer at any time. Therefore, for example, the program 1is perfectly
free to output 8 successive words.- This will cause the output status bit. to
change value twice, and leave it in its original state.

To send data to the microprocessor, the: programmer follows the above
protocol using the output channel. The status bits can be obtained by :means
of the DIC ingtruction. .Data is transfered to the output memory by means of
four DOA instructions. The format of the RPG control words and the order in
which they are to be sent is.shown in the Appendix. Similarly, four DIA
instructions are used to read data from the input channel. The input data
format ‘is also shown in the Appendix.

Whenever: the RPG parameters are changed (by sending 4 words to. the con-
troller over the output channel) the RPG is reset to its initial state.

Note that the DIC instruction:also reads the current memory address -
register values for both channels. While only four words of memory are used
in each:-channel, the memories are implemented using locatioms 4, 5, 6, and 7
of a.16.word memory. Four :-bits are provided to read the address register, - -
although only the above four values should. ever appear. -

The mode control bits -are set using a DOC instruction, as shown in the
Appendix, Four modes are possible, as follows:

Control Bits Mode
11 Normal
10 RPG diagnostic
01 FAT diagnostic
00 Interface loop test

The normal mode is the usual operational mode of the interface., Only
the output channel is used. In running tests with a DABS sensor the ARIES
software periodically (every sector of antenna rotation, or 11.25 ) writes
four words of RPG fruit parameters into the output memory. This data is then
taken by the controller and loaded into the RPG. By this means the charac~
teristics of the fruit replies generated by the RPG can be varied from sector
to sector.

The RPG diagnostic mode provides a way of checking the RPG operation
from the computer. Both the output and the input channels are used. To begin
the operation, the program must initialize the RPG with some fruit parameters
using the output channel. The controller will then request fruit reply data
from the RPG and transfer it to the computer via the input channel. As each

15



reply is read by the program, a new one will be sent by the controller. This
operation continues until enough data is gathered to check RPG operation.

Since the random process generator is only pseudo-random, and therefore the
sequence of values is repeatable, the received sequence can be compared against
the expected sequence, The whole procedure may then be repeated for different
fruit parameters to assure that the fruit characteristics change appropriately.

Normally the FATs receive fruit reply information from the RPG via the
controller, and generate the appropriate analog reply signal at 60 MHz. To
check the operation of the FATs one might consider looking at fruit replies
with the ARIES Self Test Unit. However, there are problems with this in that

a2y tha ran'lv naramsatere are random mnl('!ﬂcr it difficult to determine if the
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results are correct and (b) even at low fruit rates replies will occasionally
overlap and garble the results of the test.

To avoid these problems the FAT diagnostic mode of the FRG allows the
software to insert known reply data into the FATs, bypassing the RPG. Only
the output channel is used in this case. The data format is identical to the
RPG diagnostic input data format, shown in the Appendix. The replies generated
can then be observed using the Self Test Unit, without fear of garbled data.

All the above tests are meaningless if the interface itself is not working
properly. To check this link between the computer and the microprocessor con-
troller, the interface loop test mode is provided. This cascades the output
memory and the input memory such that any data written into the output

™ x31T71 s A F |l 1
memory will be read from that memory and written into the input memory. A

diagnostic program can verify the correct operation of both these memories by
writing four words into the output channel, reading four words from the input
channel, and verifying that they match.

The interface generates an interrupt only upon an error condition. If
a FAT fails to request new data within 5 msec of the last time data was sent
to it, it is considered to have failed and the controller will signal the
interface to cause an Interrupt. The BUSY bit must of course be set if this
interrupt is to be seen,

16



5.0 SELF TEST UNIT

The purpose of the ARIES Self Test Unit (STU) is to allow for complete
loop checks of most of the Lincoln Laboratory built equipment in ARIES,
aespecially the analog equipment such as the receiver, the target generators,
and the IF combiner. These tests can be conducted completely independently
of the DABS sensor under test, and provide a means of verifying the correct
operation of ARIES before any such test.

The STU is composed of two independent sections. The first of these is
capable of generating a variety of interrogations at 1030 MHz which are
entered into the receiver's input port. The typical mode of operation is
for a program to specify a particular interrogation to be generated and to
then look at the resulting input data block from the receiver and compare it
against the expected result. This provides a complete loop check of the
receiver, both the analog and digital portions.

The second section receives as inputs the I, A, and @ signals from the
IF combiner. One of these signals can be selected by the program as the
signal to be sampled. When a reply 1s detected an amplitude sample is taken
by an A/D converter and the data bits are also sampled. The program can then
read the time of arrival, the amplitude, and the data bits. To perform a
complete loop check of the reply generator circuitry, the diagnostic program
must generate a series of replies. These should cover the entire range of
ampiitudes and off-boresight angles, all reply modes, and a varieiy of data
content. The resulting signals are then sampled using the STU, and compared
against the expected results.

The operation of both sections of the STU is controlled by two control
registers. These can be altered under program control by executing two
successive DOA instructions. Both words must be changed if either is to be
changed. The STU will interpret every odd numbered DOA as a new transmission
of control word 1 The control words remain in effect until two other words
of these words is shown in the Appendix.

The forma

[ g

To generate a test interrogation, the program must specify an interrogation
time and an interrogation type (one of up to 15 pre-stored interrogations,
not all of which are currently implemented). Once the two control words
containing this information have been transferred, the specified interrogation
will be sent every time the STU clock equals the specified interrogation time.
Since the STU clock is 16 bits wide, driven at 16 MHz, an interrogation will
occur every 4,096 msec., If multiple interrogations are not desired, the
program must disable the STU after receipt of the first interrogation by
executing an NIOC instruction. The BUSY/DONE logic is not used for interro-

gation generation.

=
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To listen to replies, the program must specify whether the I, A, or {
channel is to be sampled, and whether the reply mode will be ATCRBS or DABS.
Normally the interrogation generator should be turned off by zeroing the
interrogation type field. Once the two control words have been transferred
containing this information, a START pulse must be issued. At that point the
STU begins looking for a reply. Next the program must cause a reply of the
desired type to be generated via the Controlled Reply Generator or Fruit
Reply Generator. When the STU has completely recelved this reply BUSY will
be cleared, DONE will be set, and an interrupt generated.

At this point 11 words of information are available from the STU. The
data includes the time of arrival, the amplitude, an indication of whether
the reply was left or right of boresight (this is valid only when the I and A
amplitudes are equal and near their maximum level), the data bits, an error
bit which is set if the pulse position modulation (PFM) format of a DABS
reply appears incorrect, and a copy of the STU control bits to verify that
the appropriate data was sampled. The format of this data is shown in the
Appendix. ‘

To obtain this data the programmer executes successive DIA instructions.
The words are returned in the order shown in the Appendix. It is not necessary
to read all 11 words, or to read any of them. Issuing a START pulse will
reset the STU and it will begin looking for another reply using the previous
control words. Alternatively, the control words can be changed and a START
pulse issued.

It is possible to set the STU up to simultaneously send an interrogation
and listen for a reply. This could be useful in performing a complete check
of the interrogation processing and reply generator portions of the system,
including the real time software which receives the interrogation and generates
the reply. Care must be exercised, however, to be sure that a START pulse is
not sent in the middle of a reply, as this will result in a garbled input.
The reply processing portion of the Self Test Unit does not check for preambles,
or bracket pulses, but instead will start sampling reply data when triggered
by the first pulse leading edge sensed after the START pulse is received.

It is also possible to listen to replies from the Fruit Reply Generator
using the STU. Thils has diagnostic value in testing that the various IF
signals are generated properly by that unit. However, the STU can only pro-
cess one.reply at a time, and overlapping fruit replies will give anomalous
results. Therefore, the fruit peneration must be contreolled directly by the
program, bypassing the hardware Random Process Generator (this is possible
by means of one of the diagnostic modes of the Fruit Reply Generator).

Tt is sometimes useful in running tests to know approximately what value
the ARIES range clock has. One way of controlling this is to send an ATCRBS

18



interrogation, which forces all the system range clocks to zero, including
those of the recelver, Controlled Reply Generators, and the STU. Alternmatively,
sending a DABS interrogation will cause the receiver clock to be read and
inserted into the interrogation data, providing the program with the current

clock value.

[
o



6.0 RADAR REPORT INTERFACE

The purpose of this device is to generate radar target reports in Pro-
duction Common Digitizer (PCD) format for serial transmission to the radar
input port of the DABS sensor. It is a data channel device, and therefore
can independently transmit an entire buffer of reports once initialized by

the software.

To initialize the transmission, a DOA instruction is used to pass the
address of the first word of the buffer and a DOB instruction is used to pass
the two's complement of the word count. A START pulse will then begin the
transmission. The DONE flip-flop will be set and an interrupt generated when
the buffer transmission is completed. A DIA instruction can be used to read
the current contents of the interface's memory address register.

Fach word in the data buffer represents 12 bits of data, stored in bits
4-15. Bit 4 is transmitted first. Bit 0 controls whether even or odd parity
will be generated by the interface for those bits (0 is odd, 1 is even parity).
Including parity, 13 bits are serially transmitted to the sensor for each word
taken from memory. Bits 1-3 of a memory word are ignored.

A surveillance report consists of 4 words, or 48 data bits, or 52 bits

. including parity. The format 1s shown in the Appendix. These words all must
have odd parity. Reports, in turn, must be separated by at least one idle

character. The data bits for this idle character are 000 111 111 111 with

even parity. It is recommended that this idle character be considered the

first or last word of each report, for a total of 5 words per report.

When no data is being transmitted, the interface continually sends idle
characters over the serial 1link.
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7.0 STATUS FORMATTER

This device is used to read various manual switch settings on the ARIES
devices, and also receives error signals and status lines from several ARIES
devices. In the normal mede of operation it sequentially polls devices for
their current status. The new value of a device's status is compared against
the old value. If they are not equal, polling is stopped at the end of the
current polling cycle and an interrupt is generated to inform the computer.

There are two conditions under which an interrupt will not be generated,.
If the only bit that has changed is the low order bit of the 8 bits of status
for some device, no interrupt will be generated. This bit is used only as a
status indicator bit, never an error bit. The second condition which will
inhibit interrupts is if the programmer has set the ERROR ENABLE bit (EE)
in the status formatter control register to zero. This differs from simply
masking the interrupt by means of the MSKO instruction in that if EE is zero
polling will continue despite any mismatch.

e
There is also a mode in which the programmer can force the polling to
stop at the end of the current cycle. This involves setting the UPDATE and

FRROR ENABLE bits in the control register. When the polling cycle is complete,
polling will stop and an interrupt will be generated.

The DOC instruction is used to set and clear the bits in the control
register. This instruction can be executed at any time, independently of
whether polling is in progress.

The DIC instruction is used to read various status lines in the interface,
and is useful primarily for diagnostic purposes. The format and definition of
these bits is given - in the Appendix.

Whenever polling stops and an interrupt is generated, BUSY is zero and
DONE is 1 as in the standard Data General I/0 protocol. When the interface

1 £ +1 4 A4 +4 -
is in this conditiom, the 8 words of status information can be read by means

of successive DIAs. It is incorrect to try to read words while polling is

in progress (i.e., if BUSY is set). The first DIA retrieves word 1, the second
word 2, ete, The programmer can read as many of the 8 words as are desired.
There is no requirement to read them all or to read any. If reading continues
beyond word 8, word 1 will be obtained on all subsequent DIAs.

Setting BUSY restarts the polling cycle, and resets the status formatter
buffer address register so that the next DIA will retrieve word 1.

Note that because the status formatter compares successive status bytes

to determine whether or not it should interrupt, interrupts may be generated
when the status formatter is first activated or when one of the devices it
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monitors is first turned on. Normally this is not desired, and the following
sequence of commands will prevent interrupts until the status has stabilized.

DOCS EE = 0, UPDATE = (
Wait until the status has had time to stabilize

DOC EE = 1, UPDATE = 0

Please see the Appendix for the format and definition of the status
information.

The status formatter also has a self-diagnostic mode. By setting the
Inhibit Polling bit (IP) in the control register by means of a DOC instruc-—
tion, the status formatter is prevented from polling the devices, Instead it
loads into the status words either all ones or all zeros. The choice is
determined by the value of the Test Data (ID) bit, O giving zeros, and 1
glving ones. The status formatter memory and much of the data transmission
circuits can be checked by reading this data back and checking that it matches
the expected value.
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8.0 UNIVERSAL INTERVAL TIMER

The Universal Interval Timer (UIT) provides a means to interrupt the
computer at software controlled intervals. The UIT provides timing accurate
to 1 psec. Its timing is derived from the ARIES 16 MHz clock. The UIT counter
counts from zero or a software specified preset wvalue up to 65535, On the
next count it wraps around to zero and an interrupt is generated by the carry
out of the high order bit., Even though an interrupt is generated, the counter
may continue running, depending on the contents of the control register.

Figure 8.1 shows the major UIT registers (with the exception of the control
register) and their relationships. This is not a complete diagram of the UIT,
and it intends to show the general data flow and not the exact electrical
conmections.

To provide an initial 16 bit count value for the UIT (called its preset
value) a DOA instruction is used. This value is saved by the UIT in the
preset register, allowing the counter to be.repeatedly started at this value
without requiring further DOAs.

The DOC instruction is used to set or reset the bits in the UIT control
register, The current state of this register can be read by means of a DIC
instruction, The bits in this register have the following functions when
set (except where separate functions are shown for 0 and 1):

0-8: Unused
9: Loal the counter on an external signal,
10: Load the counter on overflow.

11: Stop the counter on overflow,

12: Load (0) or read (1) the counter.
13: Load the counter.

14: Zero the counter,

15: Start (0) or stop (1) the counter. .

P line must alsc be
pulsed for these to
take effect.

All of these bits can be set or reset at any time, whether or not the counter
is running. Bits 12-14 take effect whenever the P line is pulsed, whether or
not the counter is running. To load the counter means to take the last preset
value stored by a DOA instruction and load it into the counter. Overfliow
occurs when the counter wraps around from 65535 to zero, causing an interrupt.
The external signal is an external electrical connection of the UIT. Pulses

on that line can be used to trigger a load operation if bit 9 is set. In
ARIES, this line is connected to the receiver and is pulsed whenever an ATCRBS/
All-Call interrogation is received.

Bits 12 and 13 operate together to load the counter. By setting bit 12
to zero and bit 13 to 1, and pulsing the P line, the counter can be loaded
with the preset value.
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Fig.8.1. Major UIT Registers.
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The current counter value can be read by setting bit 12 to 1, and pulsing
the P line. This causes the current counter value to be sampled and saved in
the sample register of the UIT. This action takes place regardless of the state
of bit 13. This value can then be read by means of a DIA instruction. Bit 12
of the control register must remain set while this DIA is executed, or no valid
data will be read. Whenever a DIA is executed with bit 12 set, the last counter
value sampled will always be read. Reading the counter in this way does not

stop it.

To generate an interrupt after a specific interval of T usec, the pro-
grammer must preset the counter to 65536-T and start it running (if it is not
already doing so). Since the Eclipse is a 16 bit machine using 2's complement
arithmetic, this is equivalent to loading (- T). The BUSY bit must also be set
in order to receive the interrupt, as the standard Data General BUSY/DONE logiec
is used for generating the interrupt. The BUSY bit has no effect on the opera-

tion of the counter itself,

To generate periodic interrupts at intervals of T usec, the above pro-
cedure must be followed and in addition bit 10 of the control register must
be set, WNote that BUSY must be set again after each interrupt, or interrupts
after the first one will be lost.

~N
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9.0 RANDOM NUMBER GENERATOR

The purpose of this device 1s to provide rapid generation of random
numbers. It is extremely easy to use, successive DIA instructions returning
successive 16 bit uniformly distributed random integers. The BUSY/DONE logic
1s not used, and no interrupts are generated.

Since the number generator is only pseudo-random, it can be made to repeat
the same sequence of numbers by reinitializing it. This is accomplished by
the I/0 RESET pulse or by pulsing the P line.
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APPENDIX: DEVICE SUMMARIES AND DATA FORMATS

The following pages summarize the function of all the Lincoln Laboratory
constructed I/0 devices in the ARIES system. For a more complete description
of device operation, please see the appropriate section in the main part of
the manual, and also Ref. 1.

In the summaries, the functions START, CLEAR, P, and I/0 RESET are repre-
sented by S, C, P, and IORST respectively. In describing the effect of pulsing
these lines, those functions that are standard among all devices connected to
the Eclipse I/0 system have been omitted, These functions are as follows:

EH Sets BUSY, clears DONE, and clears any pending interrupt
from the addressed device.

C: Clears BUSY, DONE, and any pending interrupt from the
addressed device.

P This line has no standa;a function.
IORST: Performs all the functions of CLEAR, and in addition clears
the interrupt mask. This line affects all devices, and

cannot be addressed to a particular device.

In the data format descriptions the following symbol is used to represent
undefined, "don't care", fields:

Also, in several of the discussions, the term ''set" is used in reference to
flip-flops or bits to mean "set to 1", and "reset' to mean "set to 0".

In the descriptions of certain fields, additional information is included
describing how the ARIES real time software uses these fields.



SUMMARY OF DEVICE NUMBER AND MASK BIT ASSIGNMENTS

Non~Lincoln Devices

TTY (Keyboard)
TTY (Printer)
Disk
Tape

Synchronous Line Adaptor

Line Printer

Real Time Clock

Lincoln Laboratory Devices

Device Code (octal)

Controlled Reply Generator
" Fruit Reply Generator
Receiver

Universal Interval Timer
Status Formatter

Random Number Generator
Radar Report Interface
Self Test Unit

*These devices do not generate interrupts.

10
11
33
22
30

17
14

46
50
52
54
56
60
44
62

Mask Bit

14
15

10
14

12
13

%

¥ WU B~ W N

11

As is standard for all Data General and ARIES documentation, bit O 1is

the high order bit, and bit 15 is the low order bit.



RECEIVER

Device: Receiver
Device Number {octal): 52
Mask Bit: 3

S: Clears the second DONE flip-flop, and activates the receiver.

C: Clears the second DONE flip-flop, deactivates the receilver, and clears
the interrogation counter.

P: Clears the second DONE flip-flop, therebv clearing the interrogation
interrupt.

TORST: The second DONE flip-flop is cleared and the interrogation counter is
cleared. This signal has no effect on the buffer address vointer, or
on the memory address register. These must be explicitly initialized
by a DOA instruction.

Note: The interrogation counter is -zZeroed whenever BUSY=0.

The second DONE flip-flop is set whenever an interrogation is received,
causing an interrupt. The primary DONE flip-flop is set to indicate buffer
overflow. The interrupts caused by these can be distinguished by using the
I/0 SKIP instruction to test the primary DONE flip-flop. (I/0 skip will not
skip if only the second DONE flip-flop is set}.

DIA: Reads the memory address register.

Oy y 1 1+ 1 & 17181 1 11 11 11®
0 CURRENT MEMORY WRITE ADDRESS
DIC: Reads the interrogation counter. 15
0 L 17,8 L
et ______-———:"'l" TNTERROGAT LON
COUNTER

DOA: lnitializes the buffer address pointer. The memory address register
is also initialized to equal the buffer address pointer.

Oy 1 v 4 1 1 1781 1 (111 19
‘0] MEMORY ADDRESS OF FIRST WORD OF BUFFER

DOC: Decrements the interrogation counter. No data is transferred, and so
the content of the register specified as the argument of the DOC
does not matter.



RECEIVER
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DEFINITION OF FIELDS

RECEIVER

Field Significance
ATCRBS/ALL-CALL The time since the last ATCRBS/DABS All-Call interro-
INTERROGATION TIME gation; LSB = 1 usec. Only used to measure the
interrogation interval and therefore does not need
range—-clock resolution.
DISCRETE The time since the last ATCRBS/DABS All-Call interro-
INTERROGATION gation modulo 4.096 msec; LSB = 1/16 usec. Used to
TIME calculate discrete reply times; therefore, range-clock
resolution is required.
rB Front/back bit. Indicates which antenna, front or
back, transmitted the interrogation.
0 Front Antenna
1 Back Antenna
ITYPE Interrogation type.
Decimal
Value Significance
0 Used to indicate an illegal uplink type.
1 ATCRBS/DABS All-Call, Mode A.
2 ATCRBS/DABS All-Call, Mede C.
3 DABS-only All-Call.
4 DABS surveillance (56 bits).
5 ATCRBS Mode A (no P, pulse),
6 ATCRBS Mode C (no P, pulse).
7 ATCRBS Mode D (no P4 pulse).
8 DABS COMM-A (112 bits).
9-15 Undefined.
AZIMUTH LSB = 21T/214 radian; measured clockwise from true
Pk ol 5
Note: The following fields are included in a DABS discrete interro-

gation. A deta
ARIES appears 1

DL

iled description of these fields and their use by
n Ref. 1.

DABS lockout.

00 Clear all DABS lockouts.

01 Lockout Mode A and Mode C All-Calls.

10 Lockout auxilliary interrogations (ignored
by ARIES).

11  Lockout auxilliary interrogations and

standard All-Calls (treated like 01 by
ARIES).



RECEIVER

DEFINITION OF FIELDS (continued)

Field

Significance

=4

RL

MSRC
EPOCH
CFP

CB

SP

SD (ALEC)

MA

DABS ADDRESS

ATCRBS lockout. Ignored by ARIES.

Synchronization indicator (synchro-DABS) .
0 Unsynchronized interrogation. AI, RL, MSRC

appear in the following bits.
1 Synchronized interrogation. EPOCH appears
in the following bits.

Altitude/identity bit.

0 Reply with Mode C altitude.
1 Reply with Mode A code.,

Reply length requested.

0 Surveillance reply (56 bits).
1 COMM-B reply (112 bits).

Alr-to-ground data link message source. Ignored by
ARTES.

Synchro-DABS epoch. Merely copied into corresponding
reply field.

Clear PBUT. If set to 1, clears the transponder's
pilot acknowledgment.

Clear B bit. If set to 1, clears the transponder’s _
d

P Ty Y ]

12 -
NnlinKk request.

Spare bit, ignored by ARIES.

Special data, or altitude echo field. Ignored by
ARIES.

COMM-A message field. Ignored by ARIES except for
the bit marked AR, which initiates the acknowledgment

request protocol if set to 1.

A 24-bit transponder identifier. The low order 10

 bits are used by ARIES as a track number.



CONTROLLER
REPLY GENERATOR

Device: Controlled Reply Generator
Device Number (octal): 46
Mask Bit: None (this device does not generate lnterrupts)

5,C: Not used. The BUSY/DONE logic is not used by this interface.
P: Used in conjunction with the DOA or DOB instruction which transfers
) of a reply {(word 4 for ATCRBS, 10 for DABS). This

the last word of a reply
increments the reply counter for the current primary or secondary
memory, depending on whether it is associated with DOA or DOB
respectively. The result is undefined if P is used other than with

a DOA or DOB instruction.

IORST: Zeros the read and write address register for both buffer memories,
and zeroes both reply counters. The microprocessor controller rein-
itializes itself and all the target generators.

DIA: Reads one 16 bit word from the current primary buffer memory. The
word is read from the location addressed by the current value of the
read address register for that memory, and the read address register
is incremented by 1 If its value is currently 1023, its incremented
value will be 0. This can only be used if the interface is in

diagnostic mode.

DIB: Identical to DIA, except that the word is read from the current
secondary buffer.

DIC: Reads the current interface status, as shown. Only one of the two
reply counters is read, the selection being based on the value of
one of the control bits,

Oy i i 78, 1 ¢ 1 11 118

i |
PRIMARY OR. SECONDARY
R |PS} D{RC REPLY COUNTER

R: Setting this bit via a DOC causes the microprocessor controller
to reset all the CAT's. This is useful in cases where the CAT's
"lock up" for some reason, and stop processing replies. This bit
is set to 0 by the microprocessor when the reset is complete.

The CPU can check this wvia a DIC,

)
tn

the two buffer

th =Wy

r and which is to be

Primary/secondary select. Sel

o w
LS Will

h

i

th

ec ich e
memories is to be the current primary buffe
the secondary buffer,

D: Diagnostic mode control.

0: Normal mode. DIA, DIB do not read buffer data.
1: Diagnostic mode. DIA and DIB can be used to read
buffer data.
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DOB:
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CONTROLLED
REPLY GENERATOR

RC: Primary/secondary reply counter select. This bit determines
which of the two reply counters will be read by a DIC instructiom.

Q: Primary buffer reply counter.
1: Secondary buffer reply counter.

Writes one word of data to the current primary buffer memory. The
word will be stored at the location indicated by the current value
of the write address register for that memory, and the register will
then be incremented by 1, If the current write address is 1023,

the incremented value will be 0. The formats of the wvarious reply
types are shown below.

Identical to DOA, except that the word is stored in the current
secondary buffer memory.

Transmits the control bits to the interface ee the data format
for the DIC instruction for the bit definition

n w

O) 1 1 1 11 17181 1 1 15
L — e __|R|PS|D |RC




Oy 4 111 1 17181 ) | 1 11 115
1 REPLY TIME
2 POWER R | MONOPULSE
3 MspX{o o o0 1
4 ATCRES DATA
Oy t t 1 11178 4 3 14 4 115
1 REPLY TIME
2 | LR MONOPULSE
3 — Mo o 1 0
4|1 o capasILITY [
5 DABS ADDRESS
6| ALL-CALL PARITY FIELD = 0
7 |
8
9
10
Oy 1 11 1378 3 3t 4y (15
1 REPLY TIME
2] POWER [ 8] MONOPULSE
3 S 0100
4lo o o o olals S p8uT |B
5[0 ofry ALTTTUDE/IDENTITY '
© DABS ADDRESS
7 |
8
9
10 .
Oy v 1 1t v 1 1748 ¢yt g4 115
1 REPLY TIME
2 POWER [z | MONOPUL
3 sl)XN1. 0 0 0
4l0 1 0 0 ofa]sPER 880 0 Jpyyr s
5[0 o] _ ALTTTUDE/IDENTITY
6 :
7 MB (MESSAGE) FIELD
8
9 |
10 DABS ADDRESS

CONTROLLED
REPLY GENERATOR

- ATCRBS REPLY

ALL-CALL REPLY (56 BITS)

SURVEILLANCE REPLY (56 BITS}

COMM-B REPLY (112 BITS)



CONTROLLED
REPLY GENERATOR

DEFINITION OF FIELDS:

Field

Significance

REPLY TIME

POWER

MONOPULSE

MS

LR

ATCRBS DATA

The time that the reply is to be generated; LSB =
1/16 psec. Referenced to the time of the last
ATCRBS/DABS All-Call interrogation (i.e., the reply
time counter is set to zero at that time),

Reply power level; LSB increment = 1 dB. -

referred to the sensor's RF
port (i.e., the reply will
appear to the sensor as if it
had these levels)

0 ~20 dBm
63 -83 dBm

The off-boresight angle of the reply. Values (and
therefore units) are determined by the calibration
procedure. This value is calculated by table lookup
based on off-boresight angle. The table is derived
during the calibration procedure. In terms of ampli-
tude, each step represents a .125 dB attenuation of

A relative to I. A value of 0 gives A=IX.

Mainbeam/Sidelobe. Determines whether the reply will
appear in the mainbeam (MS=0) or in the sidelobe
(M$=1). Normally, this value will be zero. A sidelobe
reply is attenuated by an additional amount specified
on front panel switches.

Monopulse sign. Determines whether the monopulse
angle is to be measured to the left (LR=0) or to the
right (LR=1) of boresight.

The 13 data bits of a standard ATCRBS reply, plus Fl’
F2 (always 1) and SPI. The ordering is:
1 ClAlCZAZC4A40B1D1B2D2B4D4 1 SPI

where the standard ATCRBS pulse nomenclature is used.
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CONTROLLED
REPLY GENERATOR

DEFINITION OF FIELDS {(continued)

The following fields are included in a DABS reply. A detailed description of
these fields and their use by ARIES appears in Ref. 1.

Fields

Significance

CAPABILITY

DABS ADDRESS
ALL-CALL
PARITY FIELD

A

AL

EPOCH

PBUT

Bits indicating the on-board devices with which the
transponder is equipped. 1In ARIES, this information
is obtained from the traffic model file.

A 24~bit transponder identifier. The low order 10
bits are used by ARIES as a track number,

Must always be 0.

Pilot alert bit. If set te 1, it indicates an on-
board emergency condition whose nature is indicated
by the value of tle Mode A code. Set from the model
file.

Synchronization indicator. Copied from the same bit
in the interrogation which caused this reply.

0 Unsynchronized. AI bit follows.
1 Synchronized. EPOCH field follows.

Altitude/Identity. Copied from the same bit in the
interrogation which caused this reply.

0 Reply contains Mode C altitude.
1 Reply contains Mode A code.

Synchro-DABS epoch time. Copied from the interroga-
tion which caused this reply.

Pilot acknowledgment bits. Set from the model file
whenever a pilot acknowledgment is requested.

00 No acknowledgment.

01 Cannot comply.

10 will comply.

11 Request test transmission (not used by

ARIES).
Air-to-ground downlink request (B=l). The ground is

requested to allocate channel time for a COMM-B
downlink. Set from the model file.
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CONTROLLED
REPLY GENERATOR

DEFINITION OF FIELDS {(continued)

Fields Significance
FR Flight rules. Set from the model file. 0=VFR;
1=IFR.
ALTITUDE/IDENTITY If-AI=0, this field contains the Mode C altitude.
If AI=1, this field contains the Mode A code.
The bit order, using the standard ATCRBS pulse
nomenclature is:
ClAlCZA2C4A4OBlDIB2U254U4
MB A fixed format downlink message field. The same

MB is returned by ARIES in all COMM-B downlinks.
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Device:

FRUIT
REPLY GENERATOR

Fruit Reply Generator

Device Number (octal): 50

Mask Bit:

s,C:

IORST:

DIA:

DIC:

2

Only normal functions. An interrupt is generated if a target does

not request data from the controller within 5 msec of the last load
{error condition).

Identical to IORST, but only affects this device.

Both buffer address registers are set to 4 (the first address used

in the memory)}, the mode is set to interface loop test mode, and

the status of both buffers is set to write (0 for the output buffer,
1 for the input buffer). The microprocessor controller reinitializes
itself and the reply generators.

Reads one word from the input channel., After four words are read,
the input buffer status will switch state. Input formats are shown
below. Note: The interface must be in RPG diagnostic or loop test
mode for the DIA to read meaningful data.

Reads the interface status.

Oy v 1t g 1 47 slxﬁpu' 115
OUTPUT
ADBEE 4L ADDREES 15 |0S [MODE
Output Address: The address of the next output buffer memory

address to be read or written. Only addresses
4, 5, 6, and 7 occur.

Input Address: The address of the next input buffer memory
address to be read or written. Only addresses
4, 5, 6, and 7 occur.

1s: . Input buffer status
0: CPU can read the buffer,
1: Microprocessor controller can write

into the buffer.

08: Output buffer status.
0: CPU can write into the buffer,
1: Microprocessor controller can read

from the buffer.

Mode: Interface mode.

11: Normal

10: RPG Diagnestic

0l: FAT Diagnostic ‘

00: 1Interface Loop Test (note that in this
mode 08 is not controlled by the micro-
processor and will only change value
after each group of 4 DOA's).
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FRUIT
REPLY GENERATOR

DOA: Transfers one word to the output buffer memory. After four words
are written, the output buffer status will switch state, Output
formats are shown below. Output of words should normally be done
only if 05=0, the sole exception being when the interface is in loop

test mode. Note: Whenever the RPG parameters are changed, the
RPG is reset to its initial state.

DOC: Interface mode control.
Oy 1 11 1181 1411 15
—_ MODE

The Mode field is as defined for the DIC instruction.
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R

FRUIT
REPLY GENERATOR

O! I I | |7|8| | I |15 Qutput Format for Normal
1 FIXED CODE and RPG Diagnostic Modes
Al e e e it e v FIXE (Note: Whenever these
cf “ALrRAN SRR A el parameters are output,
3 FRUIT RATE SCALING FACTOR the RPG is reset to its

— initial state).
e ———

4'=_* —

DEFINITION OF FIELDS:
Field

Significance

FIXED CODE

MAINBEAM/SIDELOBE RATIO

%Z FIXED

FRUIT RATE SCALING FACTOR

This is the fixed code to be used for that
fraction of replies specified as being fixed
code replies., Bit order:

1 C1A1C2A204A40 BlDlB2D2B4D4 10
This field determines the fraction of replies
in the mainbeam, LSB = 100/256 percent.

0 All replies in sidelobe.

256  All of the replies are in the mainbeam.
Values greater than 256 are treated as
equal to 256.

The percentage of fruit replies that will

have the prespecified fixed reply code (all
other replies having randomly generated codes);
LSE = 100/16 percent.

0 No fixed replies.

16 All fixed replies.

Values greater than 16 are treated as being
equal to 16.

If the desired average fruit rate in thousands of
fruit per second is called F, then the fruit rate
scaling factor should have the value 4096/F.

The TanT 'r‘nngn of valuee for the F-v-n1t yate Stallng
factor is 64 to 4095, corresponding to average fruit
rates of 64,000 to slightly more than 1,000

fruit per second, respectively. Values in the

range 1 to 63 are illegal. (Note: to stop fruit
reply generation, the interface should be set in
loop test mode. Also, at the higher fruit

rates the actual rate will be lower than the
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FRUIT
REPLY GENERATOR

Significance

FRUIT RATE SCALING FACTOR
(Continued)

specified rate due to hardware limitations.

A requested rate of 64000 fruit/sec will
actually result in about 50000 fruit/sec.

The effect is not linear and if precision

is required the actual fruit rate should

be measured. This is done by placing a
counter on the FTOA output line of one of

the FAT boards (see Vol. 1 of this document)).
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FRUIT
REPLY GENERATOR

| |7|8[ L1 115 Input Format, RPG

DELAY TO TRIGGER

Diagnostic Mode.
Output Format, FAT

POWER

LR| MONOPULSE Diagnostic Mode.

Hon =

MS 0 0 0 1

ATCRBS CODE

DEFINITION OF FIELDS:

Field

Significance

DELAY TO TRIGGER

POWER

LR

MOROPULSE

MS

ATCRBS CODE

This is the delay between the beginning of the pre-
vious fruit reply and the beginning of this fruit
reply. LSB=1/16 usec.

This field is identical to the power field of a non-
fruit reply; LSB increment = 1 dB.

referred to the sensor's RF port
(i.e., the reply will appear to
the sensor as if it had these levels).

0
63

-20 dBm
-83 dBm

Monopulse sign. This field determines whether the
monopulse angle is to be measured to the left (LR=0)
or to the right (LR=1} of boresight,

The units of this field depend on the particular
sensor's monopulse calibration. For fruit replies,
this value is determined by a random number generator.
In terms of amplitudes, each increment attenuates

A relative to I by .125 dB. A value of 0 gives

A= .

Mainbeam (MS=0Q) or sidelobe (MS=1) bit. This field
determines whether the fruit reply will appear in
the mainbeam or the sidelobe, Sidelobe replies are
attenuated relative to mainbeam replies by an amount
specified by front panel switches.

The ATCRBS data bits of the fruit reply. The bit
order, using the standard ATCRBS pulse designation,
is:

1 C1A1C2AZC4A4 0 B1D1B2D2B4D4 10¢
A code of all 1's in RPG diagnostic mode indicates
that the microprocessor controller will generate a
reply using the specified fixed code. This does not
apply to FAT diagnostic mode,
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Device:

SELF TEST UNIT

Self Test Unit

Device Number (octal): 62

Mask Bit:

S:

IORST:

DIA:

DIB:

DIC:

DOA:

9

Starts the reply processing portion of the STU listening for a new
reply.

Inhibits reply processing by the STU, and clears the second of the two
STU contrel registers. This is the preferred method of clearing this
word, as it avoids possible timing errors that can arise if the
interrogation time is cleared while the uplink type field UPSEL con-
tains a non-zero value. For a similar reason, this register should
always be cleared before changing the interrogation time via a DOA
instruction.

Not used.

Stops any reply processing and interrogation generation, if either
is active. Sets the second of the two control registers to all zeros.

Used to sequentially read up to 11 input words provided by the

reply processing portion of the STU when a reply has been detected,
The result of executing this instruction when BUSY=1 may be to lock
up the STU data transfer, preventing interrupts until BUSY is cleared.
The format of the 11 words is shown below.

Reads back from the control registers the first of the two control
words transferred by the last DOA's. This is the interrogation
time word.

Reads back from the control registers the second of the two control
words last transferred to the interface by the last DOA's. This is
the mode selection word.

Two sequential DOA instructions are used to transmit the two STU
control words. The format of these words is shown below. To change
any control field, both words must be sent, and the change does not
take effect until the second word is received.
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SELF TEST UNLT

n. ] * [] [] . . - . » - ] [ . IR
hed U NN W VRN SN NN AN Bl SN NN SN EE U T LA
Qutput Fermat,

1 INTERROG%EION TIME Control Words (DOA)
2 UPSEL SSEL |RD
DEFINITION OF FIELDS:
Field Significance
INTERROGATION TIME Every time the system range clock reaches this

value, the selected interrogation will be sent.
Until further control words are sent, this
interrogation will therefore be sent every
4.096 msec. LSB=1/16 usec.

UPSEL Interrogation type selection.
0: Do not generate an uplink
1: ATCRBS/DABS All-Call Mode A
2: ATCRBS/DABS All-Call Mecde C
3: DABS~only All-Call
4 DABS surveillance (56 bits: 200"'0016)
5: ATCRRS Mode A (No P, pulse)
6: ATCRBS Mode C (No P, pulse)
7: ATCRBS Mode D (No P4 pulse)
8: DABS COMM-A (112 bits: 7FF...FF )
9: DABS COMM-A (112 bite: 718400 .1°
00555555
10; DABS surveillance (56 bits: ZCF%RA
11: M6
12: rnirrant 1y mnAafFinaAd
13: L-UJ.LC—LLI_.LJ LLAlUI T L L1iCud
1l4:

15: DABS interrogation defined by front
panel switches. The bit pattern is
assumed to be that tresulting after
the error detection doding has been
performed. No encoding is performed
by the Self Test Unit.

SSEL Selects which IF signal the reply processing
portion of the STU will sample.

0: Z channel
1: A channel
2: Q channel
3: Unused
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DEFINITION OF FIELDS (continued)

SELF TEST UNIT

Field Significance
RD Selects the reply mode that
will be expected.
0: ATCRBS
1: DABS
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0]

L1

L1 1781 1t 1 1 1415 SELF TEST UNIT

REPLY TIME

AMPLITUDE LR

UPSEL

I SSEL PD I Input Format,

O ONOOO DN

10

- Reply Data (DIA)

DATA BITS

11Es

DEFINITION OF FIELDS:

Field

Significance

Reply Time

Amplitude

LR

RD, UPSEL,
SSEL

The range clock time at which this reply was
detected. LSB=1/16 usec. Reply detection occurs
at the leading edge of the first reply pulse.

An amplitude sample from the channel specified
by $SEL. LSB = .080 dB (this is approximate, and
varies with amplifier gain adjustments).

1023 = 0 dBm at the input to the A/D log amplifier.

The following correspondences exist (approximately)
between power levels at the A/D log amplifier input
and power levels at the test points shown. The
corrections should be added to the measured value
to get the test point value, These are based on
design information. For greater accuracy, a cal-
ibration chart should be consulted.

2

A input to the —  hybrid: +3 dBm
A monitor port: =10 dBm

I,
z,
Q  output to sensor: +0 dBm
9]

monitor port: -—10 dBm

Specifies whether the relative phase of £ and A
is such that the target appears to the right (1)
or left (0) of boresight. This is generated
independently of the value of SSEL. This bit is

not valid except when the I and A amplitudes are
equal, and near their maximum level.

Defined as in the control word output format.
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SELF TEST UNIT

DEFINITION OF FIELDS (continued)

Field Significance

Data Bits ‘ These are the sampled reply data bits. The format
depends on the reply type. If RD=0 (ATCRBS reply mode)
only the first 16 bits contain useful data, and the bit
order is:

F1ClA1C2A2C4A4XB1DleDzBADansPI

If RD=1 (DABS reply mode) there are either 56 bits
(Surveillance, All-Call) or 112 bits (COMM-B) of useful
data. The format is identical to words 4-10 of the
Controlled Reply Generator reply formats, except that

the DABS address field is combined with a parity field

in a 24 bit address/parity field. The STU does not
contain the required circuitry for parity removal. This
must be done by thé software before the address field can
be compared against the address actually sent.

EB If set when a DABS reply has been processed (RD=1) this
indicates that an error was detected in the pulse position
modulation format of the reply. Further diagnostic action
requires observing the IF signals with an oscilloscope.
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Device:

RADAR REPORT
INTERFACE

Radar Report Interface

Device Number (octal): 44
Mask Bit: 11

5:

IORST:

DIA:

DOB:

buffer defined by the current buffer

Stops transmission of the buffer, if any is in progress. Idle

characters will be sent over the serial link.
Not used.
Same as a CLEAR pulse.

Reads the interface's memory address register, which points to the
next word to be transmitted.

Oy v v v 1 1 T8 4y 111 419
0 CURRENT MEMORY READ ADDRESS
Transmits the output buffer starting address to the interface (the

a ,
address of the first word).

I N AL - TR T
0 ADDRESS OF FIRST WORD OF BUFFER

Transmits the number of words in the output buffer to the interface.

Oy y ¢ v 1 1 1718 14 141115

WORD COUNT (NEGATIVE)

The word count is expressed as the two's cdmplement of the number
of words to be transmitted.
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RADAR REPORT
INTERFACE

The radar report formats in the buffer are shown below. In the interests
of eliminating unnecessary detail, the only fields of these reports that have
been labeled are the ones which ARIES may change from report to report. On
the search report the constant bits indicate

Test = 0, FAA=1, AF=1, AIMS Present = {,

using the nomenclature of Reference 2. In the status report, all alarm bits
are set to zero, standby CD available = 1, Sens. Pet, On = 0, R.L. Discr.

On = 0, Normal Sectors 1, 2, 3 = 1, Outer Contour = 0, Inner Contour = 0,
Fixed Map On = 0, Sensitive Sectors 1, 2, 3 = 0. The general intent is

that this message cause no alarm or unusual action when received by a NAS
site. In the Real Time Quality Control report, the fields shown will actually
contain fixed values adapted to the expectations of the NAS site receiving

the data,

DEFINITION OF FIELDS: .

FIELD © " SIGNIFICANCE

Range, RTQC Range Target range from the radar, LSB = .125 nm.

Azimuth, RTQC Azimuth ' Target azimuth, clockwise from true north,
LSB = 2%/4096 radian = 1 ACP.

Run Length, LSB = 4 ACP, ARIES sets this to some
RTQC Run Length nominal constant value.

Time in Storage, LSB = 0.125 sec. ARIES sets this to some
RTQC Time In nominal constant wvalue.

Storage
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RADAR REPORT
INTERFACE

The format of individual words in the buffer is as follows:

=y P . [P T
YL wWOLUS O wllLll

Oy v 1+ 1 T8y 4 4 115
lP DATA ]
where
Data 1s the 12 data bits.
P determines whether odd (0) or even (1) parity is generated
for this word.
The interface is not concerned with the data cont
the message structure beyond the single word level. T

e higher level

formats are entirely the concern of the transmitting and receiving soft-
However, for reference purposes, the three types of report trans-

ware.,

mitted by ARIES are shown below.

is always included as the last word.

[ N N I\ hhHhwn -

b ol —

O 1 1 L 117185 1o o111 118
0 G 00 1101 100°T10
0 RANGE i o
0] AZIMUTH

0 0 ¢ of rEgorg | TIME IN STORAGE
1%000111111111
O 11 L 11718 1 4 4 14 18
0 0000 1100G02O0T10
0 0 000O0O0TO0TOTLLO 00
[0 00 00O0GOT 0GOCGOTIT1T1
0 0 00O0O0OO OO OO0 O
1 0001111 11111
O 1 1 1 1 1718 | 3 411 115
0 10 01 00100010
0 RTQC RANGE . !0
0 RTQC AZIMUTH

0 RTQC RUN LENGTH | 1 SYORACE |
1 000 1 1 1111111

A=-25

Note that the required idle character

Radar Search Report

Status Report

Real Time Quality
Control (RTQC) Report



Device:

STATUS FORMATTER

Status Formatter

Device Number (octal): 56
Mask Bit: 5

IORST:

DIA:

DIC:

Starts the device polling cycle.

Sets ERROR ENABLE and UPDATE = 0 in the control register. The
effect on polling is indeterminate, i.e., depending on the hardware
state polling may continue or may be stopped.

Has no effect.

Starts the polling cycle, if polling is stopped. However, it sets
ERROR ENABLE, UPDATE, TEST DATA and INHIBIT POLLING to zero in the
control register, preventing interrupts. Sets DR=0, ER=0 {see the DIC
instruction below).

Reads successive status words up to the maximum of 8. (Further DIA
instructions will retrieve word 1 only). It is incorrect to execute
a DIA instruction for this device if BUSY = 1, The format of the
status words is shown below.

Reads wvarious status bits, as shown.

Op ¢ 41 1 1 1 1718 115
DRI ER up| EE| 1P| TD

DR: Data Ready. This indicates that the status formatter has a word
to transfer to the computer. It will normally be O during
polling, and 1 if polling stops due to a status change or an
UPDATE request and all 8 words have not yet been read. It is
intended to be used only for hardware diagnostic purposes. After
each DIA instruction DR = O until the interface obtains the
next word from the status formatter. Normally this word will
arrive too quickly for the software to notice that DR = 0, but
in the event of hardware failure this may not be the case.

ER: Error Report. This reads the state of the flip-flop which
indicates if-a status chénge has been detected during the current
pelling cycle (ER = 1). Again, this is useful primarily for
hardware diagnostic purposes. However, in the case where
polling has stopped due to an UPDATE request, this can be
used to determine if a status change was also detected on the
last polling cycle. '
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DOC:

UP:

EE:

IP:

TD:

Used

STATUS FORMATTER

The current value of the UPDATE bit in the interface control
register. Setting this bit and the EE bit to 1 via a DOC
instruction causes polling to stop at the end of the next
complete polling cycle and an interrupt to be generated. If
EE 1s not set, UP has no effect.

The current value of the ERROR ENABLE bit in the interface
control register. If set to 0 via a DOC instruction this bit
prevents polling from being stopped and an interrupt generated
even though the status bits change or an update is requested.
This 1s useful when the Status Formatter or one of the devices
it monitors is first started up or stopped, as this will likely
cause status changes that are not of interest,

The current value of the INHIBIT POLLING bit in the interface
control register. If set to 1, this bit prevents device polling
from taking place. Instead, the value of the TEST DATA bit is
placed on all the input lines to the status formatter, and that
value should appear in all 128 bit positions of the status words.
This is a status formatter diagnostic mode.

TEST DATA. The test value to be placed on the status formatter
inputs when INHIBIT POLLING is set. Used for diagnostic
purposes.,

to transfer the control bits to the interface. The bit

definitions are as for the DIC instruction.

0

Coro oL T8 g 15
UP| EE|] IP| TD

——
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STATUS FORMATTER

Input block format read by DIA instructioms:

Oy 1 1 11 1 47,8 o111 415
CAT 1 P RIP , Universal Interval Timer
cat 2 t+F R|P|J}DL Recelver
CAT 3 . ? RIP AZ AL| AE ACP/ARP Decoder/Simulator
raT 1 | P R
raT 2 |.F R :
FAT 3 P _ Rip|J| 1ol E1l £E2] E3 Status Formatter
GSL GML GQ Front Panel Switches
—
4 >

Bits 7 and 15 are not
checked by the status
change detection logic.

P

Definitions of fields:

Field

r

Significance

P

Power on. A 1 indicates that the device is connected
and powered up.

Ready to reply. If this bit is 0, the corresponding CAT or
FAT is disabled. Normally only one FAT should have this bit
set, After each FAT replies, its R bit goes to 0 and the
next FAT's R bit goes to 1. Normally all CAT's are ready
(R=1). For CAT's, this bit is turned off by a signal which
occurs every time the Universal Interval Timer overflows, and
turned on by a signal which occurs whenever an ATCRBS/All-Call
interrogation is detected.

This is a manual jumper conmnection on several of the devices

which can be used to indicate that a modification has been
made or that some other special condition applies.
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STATUS FORMATTER

Definition of fields (continued)

Field

Significance

DL

AZ

AL

AE

El, E2, E3

SL

. Data Lost. This is an error condition indicating that data

was not transferred to the computer from the Receiver quickly

enough to prevent overwriting by the arrival of subsequent data.
0: The ACP/ARP Decoder/Simulator is generating simulated
ACP's and ARP's.

1: ACP's and ARP's are being received from the sensor's
antenna.

ARP Late. More than 16384 ACP's were received between two ARP's.
ARP Early. Fewer than 16384 ACP's were received between two ARP's,

Test Data. The current value .of.the Test Data bit in the
Status Formatter control register.

Status Formatter error conditions, which should be referred to a
hardware engineer. El indicates that the Transfer Acknowledge
signal is present even though Data Ready was not raised (these
are signals between the Status Formatter and its interface board).
E2 and E3 indicate different circumstances under which Transfer
Acknowledge remained up too long.

Sidelobe gain. This reads the corresponding front panel switch.
This indicates the amount of additional attenuation placed in the
£ and A lines when a reply is outside the mainbeam. LSB = 1 dB,
0 = 27 dB attenuation, 15 = 42 dB attenuation.

Mainlobe gain. The amount of attenuation indicated is placed

and fruit replies. This serves to adjust the output levels to
match the sensor's desired input levels, and in conjunction with

G. is used to set the relative levels of the main and omni

antennas. LSB = 1 dB, 0 = 0 dB attenuation, 15 = 15 dB attenuation.
This performs a similar function to GML’ but for the @ signal.
LSB = 1 dB, 0 = 0 dB attenuation, 15 =15 dB attenuation.
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Device:
Device Number (octal): 54

Mask Bit:

S

TORST:

DIA:

=]
=t

[

cow o
HNERWOOH

UNIVERSAL INTERVAL
TIMER

Universal Interval Timer

4

Enables one clock interrupt (i.e., by setting BUSY and clearing
DONE, the logic is set so that the next clock overflow will clear
BUSY, set DONE and cause an interrupt if interrupts are not masked).

Will clear BUSY and DONE, preventing further timer interrupts.

Causes actions specified by the LR, L, and Z control bits (see below) .
to take place. They will not occur until this pulse is generated.

Inhibits timer interrupts. Does not affect control bits. Note: «
This implies that if the counter is running, it will continue to

do so. If it overflows, the signal will be sent to the CAT target

cards, disabling their reply generation logic until an ATCRES in-

terrogation or an IORST occurs.

When the LR bit of the control register is set, this will read the
last sampled counter value. -(The counter is sampled when the LR

bit is set and the P line is pulsed). If the LR bit is not set,

the content of the preset register is returned by the DIA instruction.

O { 1 1 1L 1 108 1 3111 115

SAMPLED COUNTER VALUE

. prevent proper loading.

PR Te . cme s wm A o -y
ads the current status

8 15

LE| LO| SO| LR{ L |Z |ST

- %
Load the counter from the preset register on an exterpal signal .
n 2

AdvF s u LeseLl 1

Load the counter from the preset register on overflow .

Stop the counter on overflow. *

Load (0} or Read (1) the counter . * %Hgthéigglsed
Load the counter from the preset register . for IR, L. or Z
Zero the counter.  to tak; e%fect
Start (0) or stop (1) the counter. :

*
Note: None of the counter loading operations will work properly

2o W e 3 FN s o = o~
if LR=1 at the time of the load. For safety, LR should normally

7 be left at 0. This also makes it unsafe to read the counter if

either LE or LO is in effect, as the timing might be such as to

To load the counter directly with the preset register value, set LR=0,
L=1, and pulse the P line. (The preset register is loaded by a DOA
instruction). To sample the current counter state and store the
value in the sample register set LR=1 and pulse the P line. (This
1ue can then be read by a DIA instruction if LR=1}.

ro
vead = 1Rl Ly
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DOA:

DOC:

UNIVERSAL INTERVAL
TIMER

Initializes the preset register to the starting time for the counter.

Oy 11 11 1 18 11

L1 115

COUNTER PRESET/LOAD VALUE

Initializes the control bits
for the DIC instruction.
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RANDOM NUMBER

GENERATOR
Device: Random Number Generator
Device Number {octal): 60
Mask Bit: This device generates no interrupts.
s,C: ‘ Have no effect,
IORST, P: Reset the generator to the beginning of its sequence.
DIA: Obtains successive 16 bit uniformly distributed random numbers.

Op { 1 11 1 aN8 1 1 111118
RANDOM INTEGER
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