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Both these transfers are byte-wide transfers. The azimuth
information is rather more complicated. Two ten bit words need
to be output to the PIA ports. The PIA, however, contains three
8 bit ports. It is thus necesgary to output three byte-wide
data words and to encode the 'rds In such a way that the
correct bits are output at the PIA ports. i is .one by
writing the lower 8 bits of both the start azimuth and the
extent to ports B and A respectively. The two upper bits of the
azimuth start are written in bits 4, 5 and the two upper bits of

the extent are written in bits 0,1 of the word cutput by port C.

The two start values are input on the A inputs of the
comparators. The B input of the range comparator i: derived
from the output of the range counter. The B input <«f the
azimuth comparator is derived from the 10 most significant bits
of the antenna azimuth position indicator. The two extent

values are made avaliable at the inputs to the counters.

As the antenna scan. .ound, the antenna azimuth position is
comparnd to the value contained in the azimuth comparator. When
the two values coincide the comparator gives off a pulse. This
pulse is detected by the azimuth flip-flop and the ¢ is set.
This loads the azimuth extent counters and enables the count
sequence. When the counters reach FFFHex a carry is given which

resets the flip~-flop Q and disables the count sequence.

A similar operation is carried out for the range comparitor.
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The range count is continuously compared to the start range

value held in the comparator. When the two values are equal the

comparator gives off a pulse. This pulse is detected by the

rangn flip-flop and the 2 is set. This loads the range extent

Ll N

counters and enables the coun: 3sequence. When the counters
reach FFHex a carry is given which resets the flip-flop and

disables the count sequence.

The range excent counters are clocked by +the 2.5 MHz system
clock. The azimuth extent counters need to be clocked by a

signal that has a ciock rate half that of the antenna positior

least significant bit, This signal is derived from the 1l1lth

most significant bit of the antenna azimuth position indicator.

Because use is made of up-counters for the extent counters the
extents output to the counters need to subtracted from the
maximum count. The range extent is thus found by subtracting
the required extent from FFHex and the azimuth extent is found

by subtracting the required azimuth extent from l1FFHex.

The output of the range flip-flop wili be a pulse that is high

for the time that the range counter 1lies within the range ;

window. The output of the azimuth flip-flop is a pulse that is 1

S TR

high for the period that the antenna lies witi.in the azimuth
window. If these two signals are then ANDed the result will be

a pulse that is high only while the system lies within the

window. This signal is thus used to gate the one-bit video to

M e T

the memory card.

—p
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Figure H.1 details the blcck diagram of the memory card.

The output ¢ the AND gate from the window generator circuit is
ANDed with the oune~bit viaceo signci. The output <f this AND
gate is used to enable a set of counters. These counters are
used to count the number of uvchoes received within the window
and to provide an address counter for the memories. Before the
commencement of any sweep through the window the counters are

loaded with 00Hex.

During the period that the antenna is within the azimuth extent
of the window the azimuth flip-flop Q will select the output of
the address counters as the address bus for tha memories, it
will enable the buffers allowing the range and azimuth values of
the echo access to the memory data bus and will disable the
memory card from the IBM PC data bus. As each echo is detected
the range anéd azimuth value of that particular echo will be

written into a memory location.

When the antenna has scanned over the window, the video is gaced
off, disabling the counter and the data ready flip-flop is set
to indicatz to the processor that the data is ready for
gervicing. When the azimuth Q goes low it also selects the IBM
PC address bus for the memories and places the range and azimuth

huffere in a tri-state condition.

The memories are situated in an unused area of the IBM PC memory
map. All memory transfers from the memory card to the IBM PC

are thus implemented as though the memories were part of the IBM

WQ?‘




THE MEMORY CARD Page H-3

-t Figure H.1 Block Diagram of the Memory Card
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system. All memory decoding is done with the use of PAL logic

anvices,

The remaini g function of the memory card is to provide an input
device for the designration marker position and an output device
for the TWS symbol position. These functions are carried out
with the use of two PIA's. Again , the 1/0 decoding is
implemented using PAL logic circuits. The designation marker
information is two 10 bit words. As the PIA has three 8 bit
ports, the lower 8 bits of the X position and the lower 8 bits
of the Y position are input to the A and B ports respectively.
The upper two bits of each of the positions are irput on port C,
with the two upper X position bits input on port C bits 4,5 and
the two upper Y position bits input on port C bits 0,1. For the
T™WS algorithm to read in the designation marker position
therefore requires three read operations. The output of the TWS
processor is the symbol positivon. The program outputs the data
as three 8 bit words. The lower 8 bits of the X position will
appear on port A, the lower B bits of the Y position will appear
on port B, bits 4,5 of port C wall contain the upper two bits of
the X position and bits 0,1 will contain the upper two bits of

the Y position.

A halting circuit is provided to t :e 1I/0 transfers with

the slow PIA devices.
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I.1 THE SETUP PROCEDURE

Figure I.1 details the Setup Procedure.

SET UFP THE Flw s
CLEAR &aLL FL&GS
SET THE WINDOW SITE

—————— . —— —————— ———— - ——— - ——— - ——————————————— -

20 ' SETUP FROCECUPE
30 '
30 !

=0

ol -

70 CUT &M273,128
80 QUT &R307,128
*0 QUT &H208,154
100 OUT &M30F, 1SS
110 QUT &H2:3.12
120 OUT &KW310.12
130 OUT &M311,128
140 OUT &MH312,498
150 QUT &H30A,1
1460 QUT &H30A.14
170 INITIATE=0
120 RIN=%00

170 RIN=RT™N,/40
200 TIN 0

2i0 !

PR—
» 0 !

The out statements configure the relevant PIA's for data input

or output, clear all flip-flops ar output the static symbol

RIN is the required

position to the symbol generaicr circ Ui,

window range extent and this is com ed tr range counts. TIN

is the required azimuth extent in me’ The INITIATE flag is

reset,

1.2 THE MAIN CALLING PROGRAM

Figure 1.2 details the Main Calling Routine.

S i

————
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240
2%0
240
270
220
270
200
210
320
230
340
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' MAIN CALLING PROGRSM 1 PUSHBUTTON ZET BY OPERATOR
! : READY SET By WINDOW GEMERATOR

PUSHBUTTON=INF(&HZ0Y) AMNMD &HZ2:REALTY=INF(&HZ0?) ~AND &HI
[F READY=1 AND INITIATE=1 THEN GOS.EB 470
IF PUSHBUTTON=2 ~ND INITIATE=0 THEN GO3U8B 2720 !
IF PUSHBUTTON=2 AND INITIATE=1 THEN GOSUE 150 !
GOTO =200

CAaLL

While
in the loop the PUSHBUTTON and REALY flags are

One may see that this is in fact an endless loop. the

program remains

continuosly monitored. If the operator depresses the pushbutton

the PUSHBUTTON flag is set. If no track has been initiated then

the INITIATE flag will be reset and the prograr will call the

Initiate Routine. If however a track was in progress the

INITTATE flag will be set and the Cancel Routine wiil be called.

When a track has been initiated the INITIATE flay is set and

once the antenna has scanned through the window the READY flag

is set and the Tracking Routine will be called.

I.3 THE TRACKING ROUTINE

Figure 1.3 details the Tracking Routine.

The first operations merely ensure that the flags are correctly

set and the READY flag is reset. The NUMBER of echoes from the

echo counter is then input. If the NUMBER wae greater than zero

then the COAST counter is reset. The mean azimuth position is

e e e ——— e e e e o  — —  — —— o e —m = o e o — o — i —— o — o ———

| CALL TRACKIMNG SOUTING
INITIATE ROQUTIE
CALL CANCEL ROUTIMNE |

——

!

|

{

|

e . e ——— et

-

4
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S0
450
300
310
S20
3320
S4g
S5
sS40
$70
$20
S0
400
410
420
430
440
&S0
&0
&70
$30
490
700
710
720
730
740
750
7é0
70
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|
| TRACKING PROCEDURE : REACDS 11! NUMBER OF ECHOES
! t CALCULATES THE TAFRGET POSITION
\ t FERFUIRMS THE TRACK FILTERIMNG
! 1 OQUTPUTS THE FREDICTED POSITION TO THE DIZPLS.
' 1 QUIPLTS THE FREQICTED FOSITION TO THE WINOCW
! BENERRTOR
INITIATE=L READ =0 :PUSHBUTTOMN=U :FOR I=1 TO 100:MNEXT 1
PIUMBER=INP &4H208) tNUMBER=INP &R20G6) 1 IF NUMBER=0 THEN GOTO 410 ‘
COAST=0:0DEF SEG=4H3000 :
AZIMIN=PEEK (AHI000) #3+FEEK (&M, B00) 724 AMND LHIFF
QU IMAXSPEEN (AH1000+ (NUMBER=1)) #4+PEEK(&HIBO0+ (NUMBER=1)) 44 ArlD &MIFF |
Al IMERM=(AZ IMIN+AZIMAX) 72 :
RMIN=255:FPMax=0 |
FOR I=0 TO NUMEER-1 ;
RUQL=C (PEEK( I ) #ZSE+FEEK (I +&4HBO0 ) /128 AND &KHIFF) =294 ]
IF RUAL(RMIN THEN RMIN=RUAL:IF rJAL>RMAX THEN RMAxX=RUaL |
NEXT 1 |
FMEAN=(RM ¢ RMAX) /21 TUAL=AZ [MEAN® . 00&1 345 !
XMEASG=RMEAMN® 25N TUAL) +51 1 t YMEASG=RMEAN*Z«C0C(TUAL Y +51 ]
GOTO 430
IF CCAST=S THEN GOTO 880
CORST=C0AST+1 1 XMEASG=AFREDG t IMERAZG=YFREDG 1H=1
ALPHA=( 28N+ 1)~ 2/ (N®(N+ 1) =3, 71 BETA=ALPHA" 2/« Z-ALFHA)
CERFOR=XMEALIG~ PREDG: VERROn=(MEASG~-YPREDG
XEMOOTH=XPREDG+ALPHA* Y ERROR 1 Y SMOOTH=YPREDG+ALPHA*YERRNR
XVEL=XVEL+BETA®<ERROR/ 1 .S1VVEL=YVEL+BETA*YERROR/1 .5
“PRECG=> SMOOTH+ <VEL#*! .S:1YPREDS=YSMOOTH+ (VEL#*1.5
*PREDC»XPREDG=S11 : (PREDC=YPREDG~-S11
FANGE=SOR ( <PREDC  2+YPREDC*2) /2 : THETA=ATN(XFREDC,/ VPREDC ) #57 , 2753
IF XFREDC )=0 AND FREDC>=0 THEN GOTO 740
IF YPREDC<D THEN GOTO 730
THETA=THETA+240:60T0O 740
THETA=THETA+1 20
GOSUEB 1230:00SUB 1530 ' CALL 3YMBOL QUTPUT RFOUTINE n
CALL WINDOW QUTPUT ROUTINE
OUT &H30A,0:0UT &HZ0A,14:BEEP tN=N+1 :RETURN
|

calculated using the mean of the initial azimuth position and ;
the final azimuth position. Once this is completed the minimum
range and the maximum range are calculaced using a sort routine.
This then allows one to calculate the mean of the range

ext.remes. The mean azimuth and the mean range position then




SOFTWARE LISTING O THE "WS PROGFPAM Page I-5

form the measured targe. position.

If the NUMBER of echoes was zero then one of two possibilities

exist. If the COAST counter indicated that the echo counter had

L
i
& Q?MW

ew il ]T1 T ”'W” -

b B,

not received echoes for fewer than the last five scans then the >,

COAST counter is incremented by 1 and the target predicted

position is used as the present measured poegition.

The program then enters the filter algorithm. The value of
E , ' alpha is calculated according to the scan number, N. The value
' of beta is then calculated. .1e output of the tracking filters

p | will be the X and Y positions of the target predicted position.

B - These values are then converted to R-6 coordinates. Because the

azimuth value returned by the IBM PC is &n angle lying between

M~ i a2

490 and ~-90 degrees the value of theta output to the subroutines

must be adjusted to allow full four-quadrant operation. § :

The predicted range and azimuth position is then output to .e

B SRR
I

symbol output subroutine and the window output subroutine. The {

. 7

echo counter is then reset, the scan number is incremented by 1

and the routine returns to the Main Calling Routine.

Tr L

If the COAST counter indicated that no target echoes had been
received within the last five scans then the track is cancelled
by setting the PUSHBUTTON flag and returning to the main calling

routine. Upon returning to the main loop the conditions set up

would immediately cause the Cancel Routine to be executed.

SSRGS O . PTG T WSS g @MWMQ rain
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s

I.4 THE INITIATE ROUTINE

Figure I.4 details the Initiate Routine.

J

) 780 !
; SRR 8 o G T LEe L L e e i e i e s e e bt T
800 !
210 ' INITIATE FOUTINE : SETS THE TRACKING +~LAG
' 820 ! t READS IN THE JOYSTICK POSITION
| 330 ! t SETS UP THE ACQUISITION WINDIW
g« ! ¢t OQUTPUTS THE SYMBOL PAOSITION TO THE CDIsPLAY
2950 ¢ t INITIATES THE IRACKING FILE
B O B i e ot vl et e T it i s e i P, VLR et A e SIS e S o i e B v i SR
270 !
220 INITIATL=1 :PUSHBUTTON=2 :EEEF:REURN i
Viia 290 PUSHBUTTON=0; [NITIATE=1:CLS:N=| !
FOO XLOW=INP(&HIIC) s YLOW=INF  &H30D) (COMB=INFP (P HZOE
10 XBLOCK=(xXLOW AND LHFF)+(COMB AND &H20)=14

P20 YBLOCK=(YLOW AMND &HFF) +(COMB AND 4H3) #2%4

P30 IF JBLOCK>=S11 AND YBLOCK)>=S11 THEN GOTO %20 t
| 740 IF XBLOCK>=5!1 AND VELOCK{(S!1 THEN GOTO %30 »
| 3 P50 IF XBLOCK<S1! AND YBLOCK<S11 THEN GOTO 970

240 MPOSC=XRLOCK-S24:YPOZC=\BLOCK=-494:530T0 1000

®7C XPOSC=xBLOCK-S24:YPOSC=YBLOCK=-5245:30T0 1000

P20 XPOSC=XBLOCK=-474:YPOSC=YBLOCK=-S24:50T0 1000

990 XPOSC=XBLOCK=-4%4:YPUSC=, BLOCK=-474

1000 RANGE=SNR(XPOSC 2+YPOSC '2) /21 THL TA=ATN(APOSC/YPOSC) #57 ., 2958

1010 IF XPOSC =0 AND YPOSC>=0 THEN GOTO 1030

1020 IF rPOSCCO0 THEN GOTO 1040

e 1030 THETA=THETA+340:50T0 1090
) 1040 THETA=THETA+180 ‘
1 1050 GOSUB 1220:G05UE 14930 " CALL SrMBOL QUTPUT ROUTINE
R 1040 ' CALL WINDOW QUTPUT ROUTINE
1 1070 XPREDG=XPOSC+S11:YPREDG=YFOSC+S11

| : 1061 JEL=0:YVEL=0:C0AST=0
‘ 1090 OUT &KZ0A,0:0UT &H20A,14:RETURN
1100 !

1 ' The first operation is to reset the PUSHBUTTON flag , to set the

1 ' INITIATE flag and to set the scan number to 1. :

The symbol position is then input. Because the position data is

‘ ol input as three 8-bit words the position has to be decoded from

the input values. Xlow contains the lower 8 bits of the X .

i | position and Comb contains the yper 2 bits in bit positions 4

WJEMLJ,wwgmm,mwgwm,MﬁmﬁﬁHﬁ_ﬁ/AquA4hﬂmnmm%dﬂhmmMAQmMWﬂm~4H¢hrhqxafwmndwa




SOFTWARE LISTING OF THE TWS PROGRAM Page I-7

and 5. Ylow contains the lower 8 bits of the Y position and
Comb contains the upper 2 bits in bit positions 0 and 1. The
center of the block referred to the (512,512) grid is then
calculated. This position is arrived at by adding or
subtracting offsets depending on which quadrant the marker is

found to lie.

Once the marker center has been calculated the coordinates are
transformed to R-6 coordinates. Again the value of theta is

adjusted to allow full four-quadrant operation.

The marker position is then output co the symbol output routine

and also to the window output routine.

The marker position is found relative to the (0,0) grid and this
vaiue is used to initiate the filter. The marker position forms
the predicted X and Y ta~get position. The filter velocities
are initialised with 2zero. The pushbutton flip-flop is reset

and the routine returns to the Main Calling Routine.

I.5 THE CANCEL ROUTINE

Figure 1.5 details the Cancel Routine.

The PUSHBUTTON flag and the INITIATE flag are reset. The symbol
static position is output to the symbol generuting circuits.

The routine then returns to the Main Calling Routine.

Lm At W b g i e WJWWMAAMW& L BT
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o C

o ———— - —————————————————————————— . .t o e o e . ———————

B e - -
5oyt -
—

o

1150 t QUTPUTS THE SYMBOL STATIC POSITION

11460
BT T o ciouiusinrc e oot st ooy s ST e 5y S 0 5 10 i S S S S e i
1180 !

1170 PUSHEUTTON=0:IN!TIATE=0

1200 OUT &H310,126:0UT &H311,123:0UT &H312,48

1210 QUT &HZ0A4,7:10UT &HI0A,14:0UT &H3CA,&:0UT 4HZ0A,14

1220 RETURN

1230 XPOSC=CINT(RANGE#2#SIN(THETA#,017453)) 1Y FPASC=CINT (FANCGE#Z2+COS( THETA*,
))

1240 !

1980 )

' CANCEL ROUTINE : CLERARS THE TRACKING FLRG
|
'
|

I.6 TUE SYMBOL OUTPUT SUBROUTINE

Figure 1.6 details the Symbol Output Subroutine.

DB 1 i at e i S e e A ST $ 0200 0  Aveeasinis ek el '
1270

1280 ' SYMEOL QUTPUT FOUTIME : QUTPUTS THE INITIAL 3TART FOINT

1290 ! OF THE SYMEOL TO THE POSITIONING ,
1300 ! CIRCUITRY

b D S N RS e S N APt L SRR e R L Ty A g BRI R B PSR S ED T
1320 !

1330 IF XPOSC)=0 AND vYPOSC =0 THEN GOTO 13%0

1340 [F XPOSC =0 AND YPOSC (0 THEN 50TO 1330

1250 IF ¥POSC0 AND YPOSCCO THEN GOTO 1370

1350 XBLOCK=XPOSC+S24:vBLOCK=/POSC+426:G0TO 1400
1370 XBLOC: =XPOSC+S24:YELOCK=YPOSC+S24:G0TO 1400
1300 XBLOCKH=xPOSC+474:1YBLOCK=YPOSC+524:6G0T0 1400
1390 XBLNCK=xPOSC+424:YBLOCK=YPDEC+47%4

1400 YLOW=>BLOCK AND &HFF i XUP=( xBLOCK=XLOW) 14
1410 YLOUW="BLOCK AND AHFF iYUP=(YEBLOCK=YLOW) /Z2Ss
1420 COMB= P 0OF YUP

1430 OUT 2M210 ,XLOW0UT &HE1L1  YLOW:OUT &H312,C0MB
1430 OUT &H20A,15:0UT &H30A,14:RETURN

14%0 !

14«nN ' ’

S S ——

The first operation is the conversion of the input position from
R-6 coordinates to X-Y coordinates. The lower left hand

position of the symbol is then calculated with reference to the

MQ%A~MA&¢4_;,WN,1L_JM..ﬁ~mﬁﬂﬂ.,hﬁbhﬂA,»AWQ>WRH”VW&nm’”ﬂd'hmwm»J‘hmﬁﬂﬂmnwﬁjumrﬂﬂa%‘a«Aumﬁm&WM
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(0,0) grid. The two 10 bit words then need to be converted into
three 8 bit words. The lower 8 bits of the X-position are
output as Xlow. The lower 8 bits of the Y-position are output
as Yiow. The upper 2 bits of the X-Position are then written to
bits 4 and 5 of Comb and the upper 2 bits of the Y-position are
written to bits 0 and 1 of Comb. Tue three 8 bit words are then
latched out to the symbol positioning circuits. The routine

then returns to the calling routine.

I.7 'THE WINDOW OUTPUT SUZROUTINE

Figure I.7 details the Window Output Subroutine.

THE WINDOW GEMERATOR

e e e e e e e - —— —

)
POWINDOW QUTPUT ROUTINE : QUTPUTS THE WINDOW DIMENSIONS TO
'

PELTAR=AMHIFF=CINT(RIN) :ROUT=C INT« 2ANGE-RIN/2) '
IF ROUT ‘84 THEN GOTO 1540 |
DELTAT=849,.8%/ROUT :AMNGLE=THETA-DELTAT/72:G0T0 1570 :
DELTAT=10.29:ANGLE=THETA~-S.12 :
IF AaNSLE0 THEN ANGLE=ANGLE+ 340
CELTAT=4H2FF-CINT(DELTAT#2.845 ) tANGLE=CINT(ANGLE#*2,24%)

QUTR=ROUT AND &HFF:10UTDOR=DELTAR AND &HFF

QUT &H300,0UTDR:QUT &H301 ,0UTR

OUTR=aNGLE AND &HFF:OUTDA=DELTAT AND &HFF
AUPPER=(ANGLE-OUTA) 7254 : DAUPPER=(DELTAT-0UTDA /14 : OUTDAR=ALIFPER OR DAl
OUT &H304,0UTCA:OUT &H30S,0UTA:QUT &H204,0UTDAA

RETUPN

The first operation is to calculate the range extent, DELTAR.
This involves subtracting the required extent in range bins from

the value 1FFhex. The initial range value is then calculated as

4
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ROUT. The azimuth extent and initial azimuth value are

dependent on the value of ROUT.

If ROUT is greater than 84 (5040 m) then DELTAT 4is calculated
using the trigonometric formula for radius of arc and radius.
The initial azimuth value ANGLE is calculated from theta and the

azimuth extent.

If ROUT is less than 84 then the azimuth extent DLELTAT is fixed
at 10 degrees and the initial azimuth value is calculated from

theta and the extent.

DELTAT and ANGLE are then converted from angular measure to
azimuth counts. The range ROUT and DELTAT are output as is to
the window generating circuits. The azimuth information must
first be manipulated. The lower 8 bits of DELTAT are output to
the window generator as OUTDA and the lower 8 bits of ANGLE are
output to the window generator as OUTA. The upper two bits of
ANGLE are written to bit positions 4 and 5 of OUTDAA and the
upper 2 bits of OUTDA are written to bit positions 0 and 1 of

OUTDAA.

The subroutine then returns to the calling routine.

T pe———
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