
A0 A07’e ‘2’+ MASSACHUSETTS INST OF TECH LEXINGTON LINCOLN LAB F~ G 9,2
THE AIRCRAFT REPLY All) INTERFERENCE ENVIRON €NT SIMLLATOR (AR !E——E TCW)
MAR 79 M GOON, D A SPENCER DOT— FA 7TWA I—261

UNCLASSIFIED ATC 87 VOL 3 FAA— RD——78—96— VOt—3 Ni..

__  

1 1111 :

_I

~

I

~

’iciDfl



i i-~ ~~~~~ L’•’I .LJ i_

‘.-

L :o
I I~~

_________________ I 8

~HU ‘ ‘ .6



• 
,“—

-

a



w



r ~~

-..

/ ~ t i  Report Doi..unieiit it i n ~ t i t

I. R.po.• No. J 2. Go..inn..nt A ccsi i ion No . 3. R~ c .pi. nt s Catal o g No.

~ 
J~~~ FAA- RL4~~~~~-V i , 2 ~~\ 

~ _ _ _a7— 
~~~~~ .nd s.~ ,,.i. •

/ ~ J J  n~ .tar 9 )
( \ th e  Aircra ft Mepl y an. interference Environment Simulator (ARLES ) _ I -

~
- 

.

~~~~~~~~ 
—

[
Volume .9 Prugrarnrnn~s Manual . 6, .‘fonn,ng O,go n,:ot ,on

•,t~ , ~~~

( 

~~~~~~ch iu~ Cs)on~~~~~t)n vld A/ ’ipt. ni. t r) 
—_________________ __________________________

P. Go in g 0 gin. •ot on Nan.. and Add i.., 10 Wo ik Un it No

Massachu setts inst itu te of Technology \ Pro ). No. 052- 241-04
• Lincoln Laborato ry \ ( 

. onu or Qiant No.
P.O. Box 73 ~L 

~~~ DOT-FAñ~~~Al-26t j  
~~

‘

Lexington, MA 02173
vs . aI Rep.. nd P.r,o~ C0~.’.a

• 12. Spon~ o .,ng A ge ncy N.m. and Add ....

Depaz fment of Transportation / Proiect)~P.~t
Federal Aviation Ad ministration - -

Service 14 . ~~~~~~~ Ags nc , Cod .

15. Sup p ?.me neory Notee

The work reported In this document was performed at Lincoln Laboratory, a center for research operated by
Massachusetts Institute of Technology, with the suppor t of the Depa rtment of the Air Force under Contract
F19628—78—C—000 2.

16. A b oira c t

The Aircraft Reply and interferen ce Environment Simulator (ARIES> makes possible the performance
assessment of a Discrete Address Beacon System (DABS) sensor waler Its specified maximum aircraft Load .
To do this A RIES operates upon a taped traffi c model to generate simulated aircraft replies and fruit, feeding
them to the sensor at RF. Sepport documentation for ARlES~ of which thi s Is the third volume, consists of:

Volume 1: PrInciple s of Operation
Volume 2: Appendices to the Principles of Operation
Volume 3: Programmer’s Manual

The ARIES Programmer ’s Manual describes the operation, signal formats and protocols of the Lincoln
Laboratory-built Input/output devices controlled by the Eclipse computer. The descriptions are primarily
concerned with the logic of the interface board s 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
exten t necessary to understand the Interfa ce protocols and data formats .
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1.0 INTRODUCTION

1.1 Purpose

The Aircr aft 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
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 1/0 Interface Conventions

ARIES employs a Data General ‘Eclipse ’ computer and associated I/O
devices and interfaces. Data General interfaces have two modes of data transfer.
One is programmed I/O , where the transfer of each word is controlled by the
software. The other is data channel 1/0, where the software merely specifies
to the device the address and length of a buffer area in memory (via programmed
I/O). All transfers to or from that buffer are controlled by the device
interface , independently of the ~trftware.

Programmed I/O 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 oc~urs via the DOA ,DOB, and DOC instructions , respectively . The corresponding input instructions
are DIA , DIB. DIC.

j
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Each device interface has three status flip—flops which are controlled
by the software, the BUSY , DONE, and INTERRUPT DISABLE f l ip—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—flop 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 zero .

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 effec t 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—flop is also cleared .

To pulse the START and CLEAR lines the letters S and C respectively are
appended to the programmed I/O instruction mnemonics (e.g., DOAS, DIBC), or
to a NO I/O TRANSFER instruction (NIOS, Nb C). There is a third control
line, called the P line, which is operated similarly by appending a P to the
I/O commands. It has no standard usage, and is interpreted differently by
each device.

The IORST line is pulsed by the i/o RESET instruction, 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 associated 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 special control pulse. Each device looks at only one
of the 16 data bits, end loads the value of that bit into its INTERRUPT DISABLE
f l i p — f lap  o. receipt of the pulse.

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

3

14 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.- A



2.0 RECEIVER

The ARIES 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 1030 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 encoding from the DABS address
field. At each interrogation, an interrupt is generated to inform the corn—
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 m ode, 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 software to determine how many complete
interrogation blocks are awaiting processing. The software can also decrement
this counter once it has completely processed an interrogation.

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/A11-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 psec 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
General standard. Two DONE flip—flops are used to indicate different con—
ditions. The standard DONE, which is tested by the I/O 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 1)ONE flip—flop cannot he tested by the I/O SKIP , but  does
cause an interrupt to be generated . Ihe  hUSY flip—flop is not r e se t .  This
is used to Indicate the a r r i va l ot tn interrogation. When e i t h e r  of the DONE
fli p—flops is set , an i n t e r r u p t  is generated , and the INTA in s t ruc t ion  wi l l
indicate that the interrupt is from the receiver. The I/O SK1P instruction
can be used to distinguish the two cases by t e s t i ng  the standard DONE fli p—
f l o p .

The i n t e r f a c e  must  be initialized by sending a CLEAR or IORST pulse
to assure that  BUSY and both I)ONE f l i p — f l o p s  a re  reset , and tha t  the inter-
rogat ion counter  is zeroed . Then the address  of the  or ig in  of the b u f f e r
area must be set via a DOA i n s t ruc t ion. The b u f f e r  length is always assumed
to be 640 words .  Sending a STAR T pulse wi l l  then ac t iva te  the receiver .

U pon rece ip t  of an i n t e r r u p t  f r o m  the r e c e i ver , the program must f i r s t
check whether  the i n t e r r u p t  indica tes  b u f f e r  ove r f low or the a r r iva l  of an
in ter rogat ion. If  the  l a t t e r , it must first resel 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—zero count is indicated . It can
then process the interrogation .

In order to be able to locate the i n t e r rogat i on , the sof tware  must
maintain a buffer pointer of its own. It is not cor rec t  to read the receiver ’s
memory address register for this purpose . Every time BUSY is set , the
i nt e r f ace ’s memory address register is set to the beginning of the buffer ,
and the f i r s t  in te r rogat ion  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 interrogat ion, 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/A1l—Call
interrogations. The receiver 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 rnsec. 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 unamb iguous interval  is required , and so the high order 16 bi ts
of the 20 bit counter are returned as the ATCRBS/All—Call interrogation time .

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

5



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

The current value of the receiver’s me~aory 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/O RESET instruction (or a reset from the front panel),
a CLEAR pulse, or a buffer overflow condition

.6
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.0 CONTROLLED REPLY C i N i - I RA TOR

I lie ( ont rolled l~ep lv  ~enerator (CRc) ~~~ii~ i- it  es bot Ii l )AP ~S md AT CRB S
rep lies under s o f t w a r e  control. All non—fruit r ep i  ies art generated by thi s

~ort ion ot  A R I E S .  As shown in Fi g. 1.1 the CRC t i i : i l s t s  ot ~t v e ~~i 1 conpolleilts .
The p r o g r a m  c cc it t -s rep ly dat a and transmits it to but t cr 5  i i i  t it j i l t e r!  ice
The microprocessor controller poiis t i l t  C o n t r o l l e d  AR IES targets (cA F ~-) t o
see i f  m v  ire  r ead~ for new cep lv d a t i . Wti ~ n new dat m t ill be a c cep t  t d  h v
t CAT , the contro [icr obtains the u e X t  set of r~-p lv d a t  t rn L i i i  in t e r t  ace
buff ers , if any is avi I table , mud p laces i t  into I l i t  C - \  1

Al  1 prograimuing for the CR C involves  only t ue inter ! ace ci r -ui is , and
the rest of  this it iscuss ion  focuses cxc lus ivelv on the  operation o t  t h e
i n t er t  ace. ‘I iie i n t e r  face  serve s  m dua I p ur  post  . First , i t  o r rns  a I i n k
between the computer and the controller. Second , it provides i but I c r  space
where the program can p1 act replies as t i i t ~ ir e gent  r i  ted . Iiic .idvan t ige ot
!hLV ing  rep I ics stored in the interface r i  tiie r t h a n  in the  ~-ornput er ’s memory
is t h a t  the da t i  t ratis t er rate to t lie emit  ro I I ~ r i s  in~ ri. id . Til ls  mike s
it possible to hand Ic b u r s t s  of rep l  it s t h a t  would not  be t r ins  t erred in
L ime ii the Data  Cener a l  d i r e c t  memory access channe l was used t o  ob t a i n  the
da t a  f r om t he co n ip t i t e r ’ s memory . I t  also reduc ~ the  imou i lt  of i n te r t er e n c e
between c e n t r a l  processor and I/O memorY access requests.

Two buffer inemor ics are built into t h e interface. .-\t any t ime , one is
lal- led as pr inlarv and th e other as secondary , but the roles can he reversed
under  program c o n t r o l .  E ach b u f f e r  is l02-~ words  long ( i t i  bit words). This
allows the storage of 102 DABS discrete or all—call replies (10 words  each)
or 2~ 6 ATCRBS r ep l i es  (4 words each) . The m i c r o p r o ce s sor  c on t r o l l e r  can read
r e p ly  dat a  only from the buffer designated is primac y .

To understand the functioning o I the pr iiiiarv and sec oii t i i r v but fers , i t
Is necessa ry  to unders tand how A R I E S  hand i t s  d iscri te and ATCRBS/A1 1—C t 11
in t e r roga t ions. i) i sc ret e  i n t e r r o g a t i o n s  are h a n d l e d  as thie~ are  re t -c ived
The ARIES ret e iver interrupts the compute r , w h i c h  then p r o c i s : ;t s  t h e  i n t e r r o —
gat ion data and generates a r e p l y ,  which is immediate 1 V sent to the  CR1: . This
can be done because the DABS t ransponder  t u r n — ar o u n d  t ime oh I .~S psec allows
s u f f i c i e n t  processing t ime .

In the c 1St ’ of ATCRBS inte rroga L ions , however , t iii ’ spec fl i ed turn—around
t ime is . This does not allow suffic itnt t ime I or t h e  s o i t w i r e  to process
t hese  i n t e r roga t i ons  “ in real t ime ” . F o r t u n a te ly , the  t i m e  and mode ot AlC RBS/
A l 1—Call  i n t e r roga t ions  is p r e d i c t a b l e , as the  sensor f o l l o w s  a f i x e d  i n t e r r o —
gat  ton p a t t e rn .  Therefore , the ARIES system can prepare t h e com p le te  set of
ATCRBS and a l l — c a l l  repl ies  for  a given i n ter r - gat  ion in advance of that in—
te r roga t  ion ic t ua liv being sent .  When t h e  u t e  r roc i t ion  is  received , these
p r e — c om p t i t e d  r e p l i e s  are  t r a n s m i t t e d  and AR IF S beg ins ceiit r at  Ing the  rep! ies
for  the nex t  ATC RBS /A 1l—Cal l  i n t e rroga t i on .

7 
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The set -ondn cv b u f f e r  La t he s t o rag e  are  a I or these - r e—computed  ATCRBS
a I — c a l l  rep ! tea • S I net ’ the c o n t r o lle r  i-an on l v  rend f rom I he p r i m ar y

mem ory , (i i i ’  se w i l l  not he transmi t ted , When the ATCRB S /Al  1—Ca 11 in te  rroga I ton
Is received , the so f twar e  switches the b u f f e r  s t a t u s .  Since the ATCRIIS and
All—Call replies .ire t h ou In the p r i m a r y  buffer the controller inimed latel y beg ins
send lug them to the  CATs .

l)AB S d iscrete  rep I tea ar e to he t r a n s m i t  ted mmmcd in tel v , and so t h e  CI’!!
must store them d i r e c t l y  in to  the p r i m ar y  buffer. l’his i n t roduces  t h e  pi -ohiem
t h in  t t h i s  b u t icr may hi’ simultaneously read from by the emi t ro t i e r  and
w r i t t e n  Into hr the CPU . Therefore , some control iog Ic Is  needed so t h a t
It Is always accurately known how manY replies have yet  to be read from the
b u f f e r .  Each buffer therefore has associated with it a rep lv counter. This
Is Incremented eat -h t ime a complete rep ly  Is entered into  the b u f f e r  hr  the
so t  tware  and decremented each time the control icr  reads a r e p l y  . du st  as the
con t ro l b r  can on l y  look at the primary buffer , ii i-an only :1Ct~OSs the
pr tmarv rep ly counter. FIgure 1.2 is a b lo ck  d I n g r am  oh the overal l  in te rlace .

To wr it ’ a word I n t o  the p r i mary  memory , the program exet -u t t ’s a DOA
In s t r u c t ion . Words must be w r i t ten  in the  order shown in the Appendix , and are
s tored  a t  success ive  local  louis in the b u f f e r .  S i m il ar l y , to s to re  a word
I n t o  the secondary memory , a DOB Instruction is executed . To s tor e  the last
word ol a ep I r (word 4 fo r  ATCRBS , word 10 f o r  1)ABS Al I—Call or d i s c re t e
rep l i e s)  i ther .i DOAP or DOBP I nat rue I ion must be used , as th I s increments
t he r e p ly  counter for  the b u f f e r  in add it ion to s t or i n g  the la s t  rep !~’ word .
The r ent i  I t  of isaut ing a pul~ t’ on the P l ine other than in eon I nile t ion wi  tb
l)OA or 1)011 Is unde f ined .

The i n t e r fac e  b u f f e r s  •ire c ircular  b u f f e rs .  A f t e r  word 1023 Is w r i t t e n ,
word 0 wi l l  he tile next to be w ri t t e n .  Therefore , if more than 1024 words
ar e w r i t t e n  before  any reading takes place , some locat ions w i l l  be o v e r w r i t ten .
There is no hardware protect ion against  th is , nor any error i n d i c a t i o n,  I t
is the respons ib ili ty  of the software to keep track of the available memory.
The a lze of the buffers is such, however, that Lhiei ’ should never he more than
‘~0I~ to ( O ~ f u l l .

i t  is : l ece h )t I h ) l 0  t i ~ st ar t  a i~t ’p I v  at  the  end of the buffer and I h u s h
I t  i ’ the beginning, or In other words o s p i t  I i t  between the end and beg inning
et the h u h  fec

The DOC Instruct ion is used to control the tnt e u - l a c e  ope rat ion s , As
shown in the Appendix , bits are provided to s p e c I fy  which b u f f e r  is  p r im ar r ,
to si’l&’et whether the primary t ic secondary reply counter Is to be read by
the next P l C  I n s t r u c t  ion , to place the inter face In a d i agnos t i c  mode , and to
reset the microprocessor. The PlC instruction can be used to read hack these
contro l bits , as well as the primary or secondary rep ly counter , lou - test
purposes.

9 
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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 diagnostic mode was entered . After location 1023, location
0 will be returned .

11 
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4.0 FRUIT REPLY GENERATOR

The Fruit Reply Generator (FRG) provides a means of inserting simulated
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 generation process can be controlled
by the progranmuer: 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 he used .
Only ATCRBS replies are generated by the FRC.

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 (RPC.), and sends 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 anti transmit
them to the RPG . There are also diagnostic modes whereby the RPC reply
parameters can be sent to the computer , or the reply parameters can be obtained
from the computer rather than from the RPG.

Programing for the FRG is concerned primarily with the interaction
between the program and the interface, and so the rest of this discussion
focuses entirely on the interface.

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 is in a read or write mode. In addition to the two data transfer
channels, there is a two bit control register, which determines whether the
FRG is in its normal operating mode or in one 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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Fig.4.1. Fruit Reply Generator Components .
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Note that both the input 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 not interlock the
memory to prevent either the microprocessor or the computer from accessing
either buffer at any time. Therefore, for example, the program is 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 instruction. 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 Append ix. 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

H in each channel, the memories are implemented using locations 4, 5, 6, and 7

H 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 DOG 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 11.250) 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
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reply is read by the program , a new one will be sent by the controller. This
operation continues until enough i~-1ta is gathered to check RPC 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 RPC via the
controller , and generate the appropriate analog reply signal at 60 MHz. To
check the operation of Inc FATs one might consider looking at fruit replies
with the ARIES Self Test Unit. However , there are problems with this in that
(a) the reply parameters are random , making it difficult to determine if the
results are correct and (b) even at low f r u i t  rates repl ies  w i l l  occasionally
overlap and garble the r e su l t s  of the t e s t .

To avoid these problems the  FAT diagnost ic  mode of the FRG allows the
software to insert known reply data into the FATs , bypassing the RPC . Only
the output channel is used in this case. The data format is identical to the
RPC diagnostic input data forma t, 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— —

treller , the interface loop test mode is provided . This cascades the output
memory and the input memory such that any data written into the output
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 Uni t  (STU ) is to allow for complete
loop checks of most of the Lincoln Laboratory buil t  equipment in ARIES ,
especially 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 oc 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 ~~, A , and 12 signals from the
IF combiner . One of these signals can be selected by the program as the
signal to be sampled. When a reply is 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
amplitudes and of f—boresight angles, all reply modes, and a variety 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 STh 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
are sent. The format of these words is shown in the Appendix.

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  1 , 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
STEJ begins looking for a reply. Next the program mus t cause a reply of the
desired type to be generated via the Controlled Reply Generator or Fruit
Reply Generator. When the STU has completely received 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 ~ and A
amplitudes are equal and near their maximum level), the data bits , an error
bit which is set if the pulse position modulation (PPM) 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 ii 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. This has d iagnostic 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 generation must be controlled 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).

It 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
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interrogation , which forces all  the  system range c locks  to zero , including
those of the receiver , Controlled Rep ly Generators , and the STU . Alternatively ,
send ing 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 .

19 
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6.0 RADAR REPORT INTERFAC E

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 f l i p — f l o p  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.

Each word in the data buffer represents 12 bits of data, stored in bits
4— 15. Bit 4 is transmit ted f i r s t .  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 is 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 ill Ill 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 link.
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7.0 STATUS FORMATTER

This device is used to read var ious  manual switch set t ings on the ARIES
de v ices , and also receives error signals and status l ines from several AF T ES
devices. in the no rma l mode of operation it sequentially polls devices
their  current s ta tus . The new value of a device ’s s ta tus  is compared against
the old value . If they are not equal , poll i ng is stopped at  the end of the
current  poll ing cycle and an i n t e r rup t  is generated to inform the computer.

There are two conditions under which an in ter rupt  will  not be generated .
If the only b i t  that has changed is the low order b i t  of the 8 bits of s tatus
fo r some dev ice , 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  inte rrupts  is if the programmer has set the ERROR ENABLE b i t  (EE)
in the s ta tus  fo rmat te r  control register to zero . This d i f f e r s  from simply
masking the interrupt by means of the MSKO instruction in that if EE is zero
pol l ing will  cont inue desp ite any mismatch.

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
ERROR ENABLE b i ts  in the control register.  When the polling cycle is complete ,
polling will stop and an In ter rupt  will be generated .

The DOG Instruct ion 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 bi ts  is given In the Appendix.

- - Whenever polling stops and an in ter rupt is generated , BUSY is zero and
DONE is 1 as in the standard Data General I/O protocol. When the interface
is in this condition , 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 se t ) .  The f i r s t  DI.A retrieves word 1, the second
word 2, etc. The programmer can read as many of the 8 words as are desired .
The re 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 .

Se t t ing BU SY restarts the polling cycle , and resets the status formatter
bu f f e r  address reg ister so that the next DIA will retrieve word 1.

Note that because the status fo rmat ter compar es successive s tatus 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 0
Wait until the status has had time to stabilize
DOG EE ~ 1, UPDAT E 0

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

The 8tatus formatter also has a self—diagnostic mode . By setting the
Inhibit Polling bit (IF) 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 (TD) bit, 0 giving zeros, and 1
giving 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 luterval Timer (Ufl) provides a means to in t e r rup t  the
computer at software controlled intervals. The UIT provides timing accurate
to 1 ~isec . It s  t iming  is derived from the A R I E S  16 MHz clock . The lilT counter
counts from zero or a software specified preset value up to 65535. On the
next count it wraps around to zero and an Interrupt is generated by the carry
out of the hi gh order b i t .  Even though an in te r rup t  is generated , the counLer
may cont inue  running , depending on the contents  of the control register.

Figure 8.1 shows the major LilT registers (wIth the exception of the control
reg i s t e r )  and t h e i r  re la t ionsh ips .  This is not a complete diagram of the lilT,
and it intends to show the general data flow and not the exact electrical
conn~’c t ions .

To provide an initia l 16 b i t  count value [or the UIT (cal l ed  i ts preset
val ue) a DOA ins t ruc t ion  is used . This value is saved by th e IJ1T in the
i~r~-~wt register , allowing the counter to be repeatedly started at this value
without requiring further DOAs.

The I)OC ins t ruc t ion  is used to sct or reset the bits in the LiLT control
register. The current state of this register can be read by means of a i~1C
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: LoafJ the counter on an external s ignal .
10: Load the counter on overflow.
I I :  Stop the counter on overflow.
12 :  Load (0) or read (1) the counter .

- P lIne must  al8o be1 3 :  Load the counter .
. pulsed for these to14: Zero the counter.

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

A l l  of these bits can be set or reset at any time , whether or not the counter
is running .  B i t s  12— 14 take e f f e c t  whenever the P l ine 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. Overf low
occurs when the counter wraps around from 65535 to zero , ca using an in t e r ru p t .
The externa l signal Is an external electrical connection of the LIL T . Pulses
on t h at  line can be used to trigger a load operation if bit 9 is set. ln
ARIES , this l ine is connected to the receiver and Is pulsed whenever an ATCRB S/
All—C a ll 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.l. 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 ~isec , 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 logic
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. Note that BUSY must be set again after each interrupt , or interrupts
after the first one will be lost.
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9.0 RANDOM NUMBER GENERATOR

The purpose of this device is 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
is 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/O RESET pulse or by pulsing the P line.
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APPENDIX: DEVICE SUMMARIES AND DATA FORMAT S

The following pages summarize the function of all the Lincoln Laboratory
constructed I/O 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 summar ies , the functions START , CLEAR , P , and I/O 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/O system have been omitted. These functions are as follows:

S: 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.

This line has no standard 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.

A-i

- - - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _i~ _~



SUMMARY OF DEVICE NUMBER AND MASK BIT ASSIGNMENTS

Non—Lincoln Devices Device Code (octal) Mask Bit

TTY (Keyboard) 10 14
TTY (Printer) 11 15
DIsk 33 7
Tape 22 10

Synchronous Line Adaptor 30 14

Line Printer 17 12

Real Time Clock 14 13

Lincoln Laboratory Devices

Controlled Reply Generator 46 *

Fruit Reply Generator 50 2
Receiver 52 3
Universal Interval Timer 54 4
Status Formatter 56 5
Random Number Generator 60 *

Radar Report Inter face 44 11
Self Test Unit 62 9

*These devices do not generate interrupts.

As is standard for all Data General and ARIES documentation, bit 0 is
the high order bit, and bit 15 is the low order bit.
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Device: Receiver
Device Numbe r (oc ta l) :  52
Mask B i t :  3

Clears  the second DONE f l i p — f l o p , and act ivates  the receiver.

C: Clea r s the second DONE f l i p — f l o p ,  deac t iva tes  the receiver , and clears
the interrogation counter .

Clears the second DONE flip—flop, thereby clearing the interrogation
i n t e r r u p t .

IORST : The second DONE f l ip — f l o p  is cleared and the interrogation counter Is
cleared . This signa l has no effect on the buffer address oointer , or
on t h e  memory address register.  These must be explici t ly initialized
by a DOA i nstruc t ion .

Note : The interrogation counter is zeroed whenever BUSY=O .

The second DONE f l i p—flo p  is set whenever an interrogation is received ,
causing an i n t e r r u p t .  The primary DONE f l i p — f l o p  is set to Indicate buffer
over f low.  The in te r rup t s  caused by these can be distinguished by using the
I/ O SKIP instruct ion to test the primary DONE f l i p — f l o p . (I/O skip wil l  not
s k i p  if only the second DONE f l ip — f l o p  is s e t ) .

DIA:  Reads the memory address reg is ter .

0 i ili8 i i i

10 CURRENT MEMORY WRITE ADDRESS I
DIC : Reads the interrogation counter .

______ 
TNT R~~~ TION ~

15

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

0 r i i i i7’i8 t i i i i I i15
[o 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 mat ter .
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RECE IVER
DEFINITION OF FIELDS

Field Significance

ATCRBS/ALL—CALL The t ime since the last ATCRBS/DABS All—Call interro—
INTERROGATION TIME gation; LSB 1 psec. 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 ilsec. Used to
TIME calculate discrete reply times; therefore, range—clock

resolution is required .

FB 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, Mode C.
3 DABS—only All—Call.
4 DABS surveillance (56 bits).
5 ATCRBS Mode A (no P

4 pulse).6 ATCRBS Mode C (no P
4 
pulse).

7 ATCRBS Mode D (no P
4 pulse).8 DABS COMM—A (112 bits).

9—15 Undefined .

AZIMUTH LSB = 2ir/2 14 
radian; measured clockwise from true

north.

Note: The following fields are included in a DABS discrete interro-
gation. A detailed description of these fields and their use by
ARIES appears in Ref. 1.

DL 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).

A-S
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RECEIVER
DEFINITION OF FIELDS (continued)

Field Signif icance

AL ATCRBS lockout. Ignored by ARIES.

S Synchronization indicator (synchro—DABS) .

O Unsynchronized interrogation. Al . RL, MSRC
appear in the following bits.

1 Synchronized interrogation. EPOCH appears
in the following bits.

Al Altitude/identity bit.

O Reply with Mode C altitude.
1 Reply with Mode A code .

RL Reply length requested .

O Surveillance reply (56 bits).
1 COMM—B reply (112 bits).

MSRC Air—to—ground data link message source. Ignored by
ARIES .

EPOCH Synchro—DABS epoch. Merely copied into corresponding
reply field.

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

CB Clear B bit. If set to 1, clears the transponder’s
downlink request.

SP Spare bit, ignored by ARIES.

SD (ALEC) Special data, or altitude echo field . Ignored by
ARIES.

MA COMM—A message field . Ignored by ARIES except for
the bit marked AR, which initiates the acknowledgment
request protocol If set to 1.

DABS ADDRESS A 24—bit transponder identifier. The low order 10
bits are used by ARIES as a track number.
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CONTROLLER
REPLY GENERATOR

Device: Controlled Reply Generator
Device Number (oc ta l) :  46
Mask Bit: None (this device does not generate interrupts).

S ,C: Not used . The BUSY/DONE logic is not used by th is  in te r face .

P: Used in con l unc t ion  wi th  the DOA or DO~ i n s t r u c t i o n  which t r a n s f e r s
the last word of a rep ly (word 4 fo r  ATCRBS , 10 for DABS).  This
increments the repl y counter fo r  the current  pr imary  or secondary
memory, depending on whether  it is associated wi th DOA or DOE
respectively.  The resul t  is undef ined if P is used other  than w i t h
a DOA or DOB instruc t ion .

IORST : Zeros the read and wr i t e  address reg ister for  both b u f f e r  memories ,
and zeroes both reply  counters . The microprocessor controller rein-
i t i a l i zes  i t se l f  and all  the ta rge t  generators .

DIA : Reads one 16 bi t  word from the current primary b u f f e r  memory . The
word is read from the location addressed by the  cu r r en t  value of the
read add ress regis ter  for  that  memory , and the read address register
is incremented by 1. If its value is cur rent ly  1023 , its incremented
value will be 0. This can only be used if the interface is in
diagnostic mode.

DIE: Identical  to DIA , except that the word is read from the current
seconda ry b u f f e r .

DIC : Reads the current interface status , as shown . Onl y one of the two
reply counters is read , the selection being based on the value of
one of the control b i t s .

I ~~

‘ 8 ~15

L~~~~~~_l~~~JR ku D fR c~ ~RtM R? OR SECONDAR ~~
J

R: Sett ing this bi t  via a DOC causes the microprocessor controller
to reset all the CAT ’s. This is useful  in cases where the CAT ’S
“lock up ” fo r some reason , and stop processing replies . This bi t
is set to 0 by the mic roprocessor when the reset is complete .
The CPU can check this via  a fTC .

PS: Primary/ secondary select. Selects which of the two b u f f e r
memories is to be the current primary b u f f e r  and which is to be
the secondary bu f f e r .

D : Diagnostic mode control.

0: No rma l mode . DIA , DIE do not read buf fe r  da ta .
1: Diagnostic mode . DIA and fIB can be used to read

bu f fe r  data .

A-7



CONTROLLED
REPLY GENERATOR

RC: Primary/secondary reply counter select. This bit determines
which of the two reply counters  wil l  be read by a DIC ins t ruc t ion.

0: Pr imary  b u f f e r  rep ly counter .
1: Secondary b u f f e r  rep ly counter .

DOA: Writes  one word of data  to the cu r r en t  p r imary  b u f f e r  memory . The
word will be stored at the location indicated by the current value
of the write address r eg i s t e r  fo r  t h a t  memory,  and the regis ter  will
then be incremented by 1. If the cu r ren t  wri te  address is 1023 ,
the incremented value wi l l  be 0. The fo rma t s  of the various reply
types are shown below .

DOE : Identical to DOA , except that  the word is stored in the current
secondary b u f f e r  memory .

DOC : Transmits the control bits to the in t e r f ace .  See the data ~ormai
fo r the DIC instruction for  the bit def in i t ions .

~~~~~~~~~~~~~~~
L J i I I

? I 8 L 1
~~~~~~~~~~~~ I ~5t~ 1RCI
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CONTROLLED

0 i i ~ i 17 i8 i i i 
REPLY GENERATOR

REPLY TIME ATCRBS REPLY

JLR [ MONOPULSE

~ ~~~=~ =~=zzz LJ MS~ 4 0 0 0 1
ATCRBS DATA

0 1 i i i i i i i i ~151 REPLY TIME 
ALL-CALL REPLY (56 BITS)

2 )c~~ POWE R I LRJ MONOPULSE

~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ MS~~~1 ~ ~ 1 ~

- 
4 1 0 CAPABILITY

• 
5 DABS ADDRESS

6 ALL—CALL PARITY FIELD 0

7

8
9

10
0~ i i 7

~~~
8i

1 REPLY TIME SURVEILLANCE REPLY (56 BITS)

MONOPULSE2 
_____________________________________

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~ 
0 1 0 0

A I S I  I~ -’i~~~ I PBUT IB4 ________________________________
5 0 0 FRJ ALTITUDE/ IDENTITY

6

7

8
~~~~~~~~~~~~~DRESS

9
10

0~ 
7

~~ 8i i i i COMM—B REPLY (112 BITS )
1 REPLY TIME

2 
______________________________________

~ 

ER LR I NOP U E 

IA I S r  t~Pocfl4 _______________________________

• 5 0 0 ~ R I ALTITUDE / IDENTIT y
6
7 MB (MESSAGE) FIELD

8

10 DABS ADDRESS

A-9
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1.1
CONTROLLED

DEF INITION OF FIELDS : REPLY GENERATOR

Field Signi f icance

REPLY TIME The time that the reply is to be generated; LSB =

1/16 usec. Referenced to the time of the last
ATCRBS/DABS All—Call interrogation (i.e., the reply
time counter is set to zero at that t ime) .

POWER Reply power level; LSB increment = 1 dB.

referred to the sensor ’s RI0 —20 dBm
63 —83 dBm port  ( i .e . ,  the reply will

appea r to the sensor as if it
had these levels)

MONOPULSE The of f—boresight angle of the reply . Values (and
the refore units) are determined by the calibration
procedu re. This value is calculated by table lookup
based on off—boresight angle . The table is derived
du ring the calibration procedure. In terms of ampli-
tude , each step represents a .125 dB attenuation of
~ relative to E. A value of 0 gives A=E .

MS Mainbeam/Sidelobe. Dete rmines whether the reply will
appear in the mainbeam (MS=O) or in the sidelobe
(MS=l) . Normally, th is value will be zero. A sidelobe
reply is attenuated by an additional amount specified
on front  panel switches .

LR Monopulse sign. Determines whether the monopulse
ang le is to be measured to the le f t  (LR=O) or to the
right (LR 1) of boresigh t .

ATCRBS DATA The 13 data bits of a standard ATCRBS reply, plus F1,
F
2 
(always 1) and SF1. The ordering is:

1 C
1
A
1
C2

A
2C4

A
4

0B
1
D
1
B
2
D
2
B
4
D
4 

1 SPI

where the standard ATCRB S pulse nomenclature is used.

A- 10 
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CON TROLLED
REPLY GENER ATOR

DEF INITION OF FIELDS (continued)

The following fields are included in a DABS rep ly .  A detailed desc ription of
these f ie lds  and their use by ARIES appears in Ref. 1.

-~~~~~~~ Fie lds Significance 
______________

CAPABILITY Bits indicating the on—board devices wi th  which the
t ransponder is equipped . In ARIES , this informat ion
is obtained from the t r a f f i c  model f i le .

DABS ADDRESS A 24—bit  transponder ident i f ie r .  The low order 10
bits are used by AR IES as a track number.

ALL—CALL Must always be 0.
PARITY FIELD

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

S Synchronization indicator . Cop ied f rom the same bit
in the interrogation which caused this reply.

O Unsynchronized . Al b i t  follows .
1 Synchronized . EPOCH field follows.

Al I A l t i tude/ Ident i ty .  Cop ied f rom the same b i t  in the
interrogation which caused this rep ly.

0 Reply contains Mode C a l t i tude .
1 Reply contains Mode A code.

EPOCH Synchro—DABS epoch time . Copied from the interroga-
tion which caused this rep ly.

PBUT Pilot acknowledgment bits . Set from the model f i le
whenever a pilot acknowledgment is requested .

• 00 No acknowled gmen t .
01 Canno t comp ly.
10 Will comply .
11 Request test transmission (not used by

ARIES).

B Air—to—ground downlink request (B=l). The ground is
requested to allocate channel time for a COMM—B
downltnk. Set from the model file.

A-i l
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CONTROLLED
REPLY GENERATOR

DEFINITION OF FIELDS (continued)

- - 
Fields Si~ ntficance -

FR Flight rules . Set from the  model file . O VFR;
1— I FR.

ALTITUDE/IDENTITY I f  AI = O , this f ie ld contains the Mode C a l t i tude .
If A 1 l , th is  f ie ld  conta ins  the Mode A code.
The b i t  order , using the s tandard ATCRBS pulse -

nomenclature is:

C1A 1C2A2C4A4 0B1D1B 2 D2 B4f4

MB A fixed format downlink message field. The same P
MB is returned by ARIES in all COMM—B downlinks.

A-I 2
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FRUIT
REPLY GENERATOR - - -

Device: Fruit Reply Generator
Device Number (oct.tl) : 50
Mask Bit: 2

S,C: Only normal functions. An interrupt is generated if a target does
not request data from the controller within 5 msec of the 1a~~ load(error condition).

Identical to IORST, but only affects this device.

IORST : 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 buffets is set to write (0 for the output buffer,
1 for the input buffer) - The microprocessor controller reinitializes
itself and the reply generators.

DIA: 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
node for the DIA to read meaningful data.

DIC : Reads the interlace status.

~itri4 
1 7

1
8 
‘
A~~~I~S f IS I°S JMODE. J

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.

IS: Input buffer status

0: CPU can read the buffer.
1: Microprocessor controller can write

into the buffet.

OS: Output buffet status .

0: CPU can write into the buf fe r .
1: Microprocessor controller can read

from the buffet.

Mode: Interface mode.

11: Normal
10: RPC Diagnostic
01: FAT Diagnostic
00: Interface Loop Test (note that in this

mode OS is not controlled by the micro-
processor and will only change value
after each group of 4 DOA’s).

A- 13
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FRUIT
REPLY GENE RATO R

DOA : Transfers one word t~ the output b u f f e r  memory .  A l t e r  four  words
are w r i t t e n , tht. o u t p ut  b o l t e r  ~~ t ~u u~ w i t  I s w i t c h  st a te .  Outpu t
formats are shown below . Ou t p u t  ot words should normal ly  be done
onl y if OS—O , the sole excep t ion  being when the in t e r face  is in ioop
test mode . Note : Wheiit~ver the RIG paramete rs  ar c changed , the
RIG is reset to i ts  in it i al  st .itc.

DOC : Interface mode •. o u tr o l .
0 1 I 1 1 1 1 i15

- 
I 

I 
MODE

The Mode field is •is d e f i ned  for  the DI C in s t r u c ti o n .

A-I 4
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FRUIT
REPLY GENERATOR

O j I I I I I IT I 8 t I I I I 115 Output  Forma t for Normal
F1X~.D coi~ and RPG Diagnostic Modes

2 ~~~~~~ B~~~~/ SIDELOBE RATIO Z FIXED 
te~~~~~~~~~ u~~~~~~

• 3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SCALING FACTOR the RIG ls r:set to its

DEFINITION OF FIELDS :

Field Si gnif icance

FIXED CODE This is the fixed code to be used for that
fract ion of rep lies specif ied as being fixed
code replies. Bit order :

1 C1A1C2A2C4A40 B
1D1B 2 D 2 B4D4 1 0

MAINBEAM/SIDELOBE RATIO This field determines the fraction of replies
in the mairtbeam , 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.

% FIXED The percentage of f r u i t  rep lies that  will
have the prespecified fixed reply code (all
other replies having randomly generated codes);
LSB = 100/16 percent.

0 No fixed replies.
16 All fixed replies.
Values greater than lb are treated as being
equal to 16.

FRUIT RATE SCALING FACTOR 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 legal range of values for the fruit rate scaling
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

A-IS



FRUIT
REPLY GENERATOR

DEFINITION OF FIELDS :

Field Significance

FRUIT RATE SCALING FACTOR specified rate due to hardware limitations .
(Continued) 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) ) .

A- 16 
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FRUIT I
REPLY GENERATOR

O j i i i i I 17 181 1 1 i i t~5 inp u t F o rmat , RPG

1 DELAY TO TRIGGER Diagnostic Mode.
Output Format, FAT

2 $1 POWER JLRI MONOPULSE Diagnostic Mode.

3 ~~~~~~~~~~~~~ ~‘ z J  MSN 0 0 0 1

4 ATCRB S CODE

DEFINITION OF FIELDS:
— 

Field Signi f icance

DELAY TO TRI GGER This is the delay bet ween the beginning of the pre-
vious f r u i t  reply and the beginning of this  f r u i t
reply . LSB 1/ 16 tisec .

POW ER This f ield is identical  to the power f ie ld  of a non—
f ru i t  reply; LSB increment — 1 dB.

referred to the sensor ’s RF port0 = -20 dBm
63 — —83 dB (i.e.. the reply will appear to

Ifl the senso r as if it had these levels).

LR Monopulse sign . This field determines whether the
monopulse angle is to be measured to the l e f t  (LR O)
or to the right (LR—l) of boresight.

MONOPULSE 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 ~ by .125 dB. A value of 0 gives
A — E.

MS Mainbeam (MS O) or sidelobe (MS—i) 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 f ront  panel switches.

ATCRBS CODE The ATCRBS data b i t s  of the f r u i t  rep ly .  The b i t
order , using the standard ATC R BS pul se designat ion ,
is:

1 C 1A 1C 2A 2C4A4 0 B 1D 1B 2 D 2 B4D4 1 0

A code of all l’s in RPC diagnostic mode indicates
that the microprocessor controller will generate a
reply using the specified fixed code . This does not
apply to FAT diagnostic mode .

A-17
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SELF TEST UNIT

Device: Self Test Unit
Device Number (octal): 62
Mask Bit: 9

S: Starts the reply processing portion of the STU l i s ten ing  for  a new
reply .

C: Inhibits  reply processing by the STU , and clears the second of the two
STU control reg is ters .  This is the p re fe r r ed  method of c learing this
word , as it avoids possible timing errors tha t  can ar ise if the
interrogation time is cleared while the upl ink type  f ie ld  UPSEL con—
tains a non—zero value . For a similar reason , this reg ister  should
always be cleared before changing the  in te r roga t ion  t ime via a DOA
instruction.

P: Not used .

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

DIA: Used to sequentially read up to 11 input words provided b y the
reply processing portion of the STU when a reply has been detected .
The result of executing this instruction when BUSY I may be to lock
up the STU data t ransfer , preventing interrupts  un t i l  BUSY is cleared .
The forma t of the 11 words is shown below .

DIB : Read s back from the control reg isters the f i r s t  of the two control
words transferred by the last DOA ’s. This is the interrogation
time word.

DIC : Reads back from the contro reg isters the second of the two control
words last transferred to the in terface  by the last DOA ’s. This is
the mode selection word .

DOA: 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 .

A-18 
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SELF TEST UNIT

0 i t I 1 17181 i i I I ~15 
0 F t

_________________________________________ c~~~~~~~i ~~~~~s
’(DOA)

DEFINITION OF FIELDS :

Field Si gn i f i cance

INTERROGATION TIME Every time the system range clock reaches this
value , the selected in te r roga t ion  w i l l  be sent .
Unt i l  f u r t h e r  control  words are sent , this
interrogation w i l l  there fore  be sent every
4.096 msec . LSB I/ lb  usec .

UPSEL Interrogation type selection.

0: Do not generate an uplink
1: ATCRBS/DABS Al l—Cal l  Mode A
2: ATCRBS/DABS All—Call Mode C
3: DABS—only Al l—Cal l
4: DABS surveillance (56 b i t s :  200 .. .0016

)
5: ATCRBS Mode A (No P

4 pulse)6: ATCRBS Mode C (No P
4 pulse)7: ATCRBS Mode D (No P
4 Pulse)

8: DABS COMM—A (112 bits : 7FF. .  .FF )
9: DABS COMM—A (112 bi tr : 718400

00555555 )
10: DABS surveillance (56 b it s :  2CF~~ A

Il: 1

cu r ren t ly  undefined
14:
15: DABS in t e r rogat ion  def ined  h f ron t

pane l swi tches .  The h i t  p a t t e r n  is
assumed to  be that resu l t ing  a f t e r
t h e  ~ t ror de tec t ion  dod i ng has been
performed . No encoding is performed
by the Self Test U n i t .

SSEL Selects  which IF si gnal the reply processing
portion of the STU w i l l  samp~ e.

0: Y channe l
1: A channel
2 :  0 channel
3 : Unused

A-19
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SELF TEST UNIT

DEFINITION OF FIELDS (continued )

Field Signif icance

Selects the reply mode that
will be expected .

0: ATCRBS
1: DABS

A-20
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Oi  I L I I £ ~7i8i I I I I I i15 SELF TEST UNIT
1 REPLY TIME

3 UPS EL j s s :L p D [ =~~~~~~~~.~~~~~~~~~~~~~~~ Input Forma t ,

4 Reply Data (DIA)

5
6 DATA B ITS

7
8
9

• ic 
________________________________________

- 1 1  B [~~~~~~~~~~~~~~~~~~~~ ---~~~~~~~~~~~~~~~~~~~~~

DEFINITION OF FIELDS :

Field Si gn i f ica nce

Rep ly Ti me The range clock time at which this reply was
detected . LSB—l / 16 ~Jsec . Rep ly detection occurs
at t he leading edge of the f irst r eply pulse.

Amplitude An amplitude sample from the channel specified
by SSEL . LSB .080 dB (this is approximate , and
varies with amplif ier  gain adjustments) .

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

The f ollowing corr espondences exist (approximately)
between power levels at the AID 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 .

~ ,A input to the —
~~ hybrid : +3 dBm

E ,A monitor por t :  — 10 dBm

0 ou tpu t  to sensor: +0 dBm
0 monitor port :  -10 dBm

LR Specifies whether the relative phase of ~ and A
is Such that  the target appears to the right (1)
or le f t  (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.

RD, UPSEL. Defined as in the control word output  fo rmat .
SSE L

A—2 1
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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 R D O  (ATCRB S reply mode)
only the f i r s t  16 bi ts  contain useful data , and the bit
order is:

F1C1A1C2A 2C4A4XB1D 1B2D 264D4F2S~~1

If RD=1 (DABS reply mode) there are either 56 bits - -
~

(Surve illance, 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 par i ty  field - -

in a 24 bit address/parity field . The STh does not
contain the required circuitry for parity removal. This
must be done by the 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 forma t of the reply. Further dia ’~nostic action
requires observing the IF signals with an oicilloscope .

A-2 2
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RADAR REPORT
I N TEk~ Aci :

flew icc : Ra dar  Repor t  1st t’ r t a c o
Dcv ice Numbe r (Oct a I ) : 44
Ma sk B i t :  11

5: S t a r t  t r n ~-;m iss Ion ol tile ’ b u l l er del  I iied by (lie ’ c u r ren t  b u t t e r
address and word count  values.

Stops  t ransm iss ion ot  t he bu I It’  r , I t  • iuv  is i n  progress. 1 d I c
cli., rae ors w i l l  b’ s~’n t ‘vi ’ r ~~~~~ ~~ 1.- i l  i i  u k

I’ : Not used

IORST : S•~~e as a CI.EAR pu 1st’.

1)1 A:  Reads the Inter I ice ’ s memory add i- es~; reg i s te r , wh ( c i i  p o i n t _ s to (hi’
next word t e) be t raii sni I I tedo 1 1 i7 i 8 i I I I I I i15
~o f CURRENT MEMORY REAl) ADDRESS _J

DOA : T ran smi t s  the out put  h u l l  er s t a r t i n g  address to the in t er f ac e ’  ( t he
add ress of t I’e I l i - st word)o 1 1 i 7 i 8 t i[~ 

ADDRESS OF FIR ST WORI) OF BUFFER

111)11: Transmi t s  the number of word s in the  out put  b u f f e r  to the I :lter f . ice

i i i7i 8 i I I I I I 115
WORI) COUNT (NEGATIVE)

‘l’ile’ word count  I s  expressed as th e’ two ’s complement 01 th~’ t iumber
0 t words to be t r a n s m i t  ted

A-2 1



RAI)AR REPORT
1 NTERFACE

The radar report formats in the b u f f e r  are shown below . In the in te res ts
of e l iminat ing unnecessary de ta i l , the ~‘n h v  f i e l d s  of these reports  that have
been labeled are the ones which ARIES may change from report  to rep ort . On
the search report the constant b i t s  i n di c at e

— Test 0 , FAA I , AF— 1, AlMS Present 0 ,

using the nomenclature of Reference 2~~ In the s ta tus  report , a l l  a l a rm  b i t s
— are set to zero , standby CD avai lable  — 1 , Sens . Det .  On — 0 , R . L .  l) iscr .

On — 0 , Normal Sec tors 1, 2 , 3 — 1, Outer Contour — 0 , Inner Contour — 0 ,
Fixed Map On — 0 , Sensitive Sectors 1, 2 , 3 — 0. The general  i n t e n t  is
that th is  message cause no alarm or unusua l act ion when received by a NAS
si te .  In the Real Time Qual i ty  Control  report , the f i e lds show n w i l t  ac tua l l v
contain f ixed values adapted to the expec tat ions  of the NA S s i t e  r e c ei v i ng
the data.

DEFINITION OF FIELDS:

FIELD SIGNIFICANCE

Range , RTQC Range Target range from the radar , LSB — .12 5 urn.

Azimuth , RTQC Azimuth Target azimuth , clockwise from true nor th .
LSB — 2,r/4096 radian I ACP .

Run Length , LSB 4 ACP . ARI E S Mt ’tS t h i s  to some’
RTQC Run Length nominal  constant  value .

Time in Storage , LSB 0. 125 sec . ARIES sets this  to some’
RTQC Time In nomina l constant value .
Storage
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RADAR REPORT
I NTERFACE

The forma t o individual words in the buffer is as follows :

0 I 1 1 7 1 8 1 1 1 I I
DATA I

where

Data is thc 12 d i i i h i t s
P determines whether odd (0) or even (1) pari ty is generated

• for this word .

The tnterface is not concerned with the data content of words or with
the message structure beyond the single word level. The higher level
formats are entirely the concern of the transmitting and receiving soft-
ware. However , for reference purposes , the three types of report trans-
mitted by ARIES are shown below. Note that the required idle character
is ~ulways included as the last word .

1 1 1 7 1 8 1 1 I 1 1 1 1 1 5
1 0 0 0 0 1 1 0 1 i 0 0 1 0 Radar Search Report
2 0  RANGE 10
3 0 AZIMUTH

4 0 0 0 01 LE~~ TH TIME iN STORAGE

5 1  0 0 0 1 1 1 1 1 1 1 1 1

2 1 I 17 1 8 1  1 I I I I u S
1 

.~~~ 0 0 0 0 1 1 0 0 0 0 1 0 Status Report
2 o  0 0 0 0 0 0 0 0 1 0 0 0
3 o  0 0 0 0 0 0 0 0 0 1 11

4 o  0 0 0 0 0 0 0 0 0 00 0

0 0 0 1 1 1 1 1 1 1 1 1

Q ..i.. ...i...._ i i i7t8 I I I I 1 u S
1 0 0 1 0 0 1 0 0 0 1 0  Real Time Qual i ty

2 0 RTQC RANGE J 0 Control (RTQC) Report

3 0 RTQC AZIMUTH

4 0 RTQC RUN LENGTH

5 1  0 0 0 1 1 1 1 1 1 1 1 1
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STATUS FORMATTER

Device: Status Formatter
Device Number (octal): 56
Mask Bit: 5

S: Starts the device polling cycle.

C: 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 .

P: Has no effect.

IORST : 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—O , ER—0 (see the DIC
instruction below).

DIA: Reads successive status words up to the maximum of 8. (Further UI/i
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.

DIC: Reads various status bits, as shown.

~~~~~~~~~Lj~~
I I h I 8 

D14 ER~~~J UP! EE) 

~~
DR: Data Ready. This indicates that the status formatter has a word

to transfer to the computer . It will normally be 0 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 = 0 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 change has been detected during the current
polling 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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STATUS FORMATTER

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

EE: 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 is 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.

IP: 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.

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

DOC: Used to transfer the control bits to the interface. The bit
definitions are as for the DIC instruction.

O~ ~ ~ ‘ i7i8 i j........i ..i i 15
I ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ 

UP E~~ IP TDj
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STATU S FORMATTER

Input block format read by DIA instructions :

~ •1 I I~ ~~~~~~ L... ’ ~ ~ ~ 15
CAT 1 L !. !. .!. ________________ Universal Interval Timer

CAT 2 !. !. .!~ ~ D Receiver

CAT 3 !. ‘~ AL~AE ACP/ARP Decoder/Simulator

FAT 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _

FAT 2 !. - 
.~~ 

______________

FAT 3 P 
- 

- 

R ~ ri~ El~ E21 E 
Status Formatter

SL CML GQ Front Panel Switches

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

Definitions of fields:

Field Significance

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

R 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 .

J This is a manual jumper connection 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 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.

• AZ 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 .

AL ARP Late. More than 16384 ACP ’s were received between two ARP ’s.

AE ARP Early. Fewer than 16384 ACP ’s were received between two ARP’s.

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

El , E2 , E3 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.

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

Mainlobe gain. The amount of attenuation indicated is placed
in the E and t~ lines for all replies, both controlled replies
and fruit replies. This serves to adjust the output levels to
match the sensor’s desired input levels, and in conjunction with

is used to set the relative levels of the main and omni
antennas. LSB = 1 dB , 0 = 0 dB attenuation, 15 = 15 dE attenuation.

This performs a similar function to G~~, but for the ui signal.
LSB 1 dB , 0 — 0 dB attenuation, 15 15 dB attenuation.
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UNIVERSAL INTERVAL
TIMER

Device: Universal Interval Timer
Device Number (octal): 54
Mask Bit: 4

S: 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).

C: Will clear BUSY and DONE, preventing further timer interrupts .

P: 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 .

IORST: 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 ATCRBS in-
terrogation or an IORST occurs.

DIA : 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.
01 i i i i ~15

SAMPLED COUNTER VALUE

DIC: Reads the current status bit values.

~~~~~~~~~~~_
I I I

~~±

8 
LEI Lot 501 LRI L Z EsTI 

*
LE: Load the counter from the preset register on an external signal
LO: Load the counter from the preset register on overflow
SO: Stop the counter on overflow. 

*LR: Load (0) ~r Read (1) the counter . The P line
* must be pulsed

L: Load the counter from the preset register . for LR, L, or Z
Z: Zero the counter. to take effect.
ST: Start (0) or stop (1) the counter.

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

if LRm1 at the time of the load . For safety , LR should normally
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
prevent proper loading.

To load the counter directly with the preset register value, set LRO ,
L—l, 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
value can then be read by a DIA instruction if LR 1).
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UNIVER SAL INTERVAL
TIMER

DOA : Initializes the preset register to the starting time for the counter .0 1 I I I I I i 7i 8 i L I I I I u S

I COUNTER PRESET/LOAD VALUE
DOC: Initializes the control b i t s  The format and def in i t ions  are as

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.

fl/i: Obtains successive 16 bit uniformly distributed random numbers.

01 I I I I I 7i 8i i u u i ~15
RANDOM INTEGER
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