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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 nec«Riery to output three byte-wide 

data words and to encode tht v ~ds in such a way that the 

correct bits are output at the PIA ports. 7s t 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 th«» two upper bits of 

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

The two start values are input on the A inputs of the 

comparators. The B input of the range comparator it derived 

from the output of the range counter. The B input cf the 

azimuth comparator is derived from the 10 most significant bits 

of the antenna azimuth position indicator. The two extent 

values are made available at the inputs to the counters.

As he antenna scan. .o^ind, the antenna azimuth position is 

comparod 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 Q 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.

i
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The range count 1b 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 

rang*’' flip-flop and the is set. This loads the range extent 

counters and enables the count sequence. When the counters 

reach FFHex a carry is given which resets the flip-flop and 

disables the count sequence.

The range extent 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 position 

least significant bit. This signal is derived from the 11th 

most significant bit of the antenna azimuth position indicator.

Because use is made of up-counters for the extant counters the 

extents output to thp counters need to suDtracted 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 1FFHex.

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

for the time that the range counter lies within the range 

window. The output of the azimuth flip-flop is a puls® that is 

high for the period that the antenna lies w i t U n  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 

the memory card.

j u JL
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Figure H.l details the blcck diagram of the memory card.

The output ei the AND gste from the window generator circuit is 

ANDed with the one-bit viaeo 6igiui. The output of this AND 

gate is used to enable a set of counters. There counters are 

used to count the number of echoes received within the window 

and to provide an address counter for t^e memories. Before the 

commencement of any sweep through the window the counters are 

loaded with OOHex.

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 acccss to the memory data bus and will disable the 

memory card from the IBM PC data bus. As each echo is detected 

the range and 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 indicata to the processor that the data is ready for 

servicing. When the azimuth Q goes low it also selects the IBM 

PC address bus for the memories and places the range and azimuth 

buffers 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
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Figure H.1 Block D i agra m of the Memory Card

.* * * * * *  -
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system. All memory decoding is done with the use of PAL logic 

u^vicej.

The remaining function of the memory card is to provide an input 

device for the designation marker position and an output device 

for the W S  symbol position. These functions are carried out 

with the use of two PIA's. Again , the I/O 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 input 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 

TWS algorithm to read in the designation marker position 

therefore requires three read operations. The output of the TWS 

processor is the symbol position. 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 8 bi ̂ s of the Y position will appear 

on port B, bits 4,5 of prrt C wxll 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 i ;e I/O transfers with

the slow PIA devices.

I r
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1.1 T HE SETUP PROCEDURE

Page 1-2

Figure 1.1 details the Setup Procedure.

20 ' SETUP FPOCEC'UPE : SET UP THE F I- ,  *
30 1 i CLEmP •»LL
•40 ' I SET THE WINDOW S I" E
‘50 _____________________________________________________________
40

'0  OUT &H30 3 . 1 2 3
30 OUT i.t-i307,128  
?0 OUT «,H30B .134  
100 OUT &H30F . 155  
1 to OUT <<H3* 3 . 1 2 3  
120 OUT V H 310 .1 2 8 
I 30 OUT H3! 1 , I 28 
140 OUT l<H3l 2 .  48 
1 50 OUT 4.H30A.1 
1*0 OUT &H30*.1«»
1~0 IN IT IA T E -0  
180 «IN*900
1 ?0 R I N * »’N/*0 

200 TIN 0
210 •

i

The out statements configure the relev*>:t PIA's for data input 

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

position to the symbol generator circ ’ii. RIN is the required 

window range extent and this is con- ed tr range counts. TIN 

is the lequired azimuth extent in me- The INITIATE flag is

reset.

1.2 THE MAIN CALLING PROGRAM

Figure 1.2 details the Main Calling Routine.

—A_  ̂ _. _ _,—''— ___ - <?>. - . /r/V ^v b tn r ,  ,/ h  J
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230 '1 . 0  --------------------------------------------------------------------------------------------------------------------------- 1

246 '

2?0 ' M A I N  Ir.'G P P O G P w M  s P U S H B U T T O N  : ET BV O P E R A T O R

240 ! s R E A D Y  SET Br W I N D O W  G E N E R A T O R

270 '

280 ! _____________________________________________________________________________________________

2*0 1

300 PUS HBU TT ON- INP <« cH3 0v ) A M D  & H 2  s FEml'Y- IMP '.*.H30* > A N D  & H 1
31 0 IF PExD'i-l h N D  INIT I*T E=1  T H E N  G O S’JB 470 1 CALL T RAC K IMG * 0 U T I N

320 IF P U S H B U T T O N *  2 A N D  INlTlATf«0 T H E N  Q O S U B  S*0 1 Cm LL INI TI a t e PO U T  IN

330 IF P U S H B U T T O N - 2 A N D  I N I TI AT E- ! T H E N  G O S U B  190 ' CALL C A N C E L  R O U T I N E

340 OC-TO 300

* *,n •

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

program remains in the loop the PUSHBUTTON and READY flags are 

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 will be called. 

When a track has been initiated the INITIATE flat, is set and 

once the antenna has scanned through the window the READY flag 

is set and the Tracking Routine will be called.

1.3 THE TRACKING ROUTINE

Figjre 1.3 details the Tracking Routine.

The first operations merely ensure that the flags are correctly 

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

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

then the COAST counter is reset. The mean azimuth position is
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3?0 1 TFc»C h I MG PROCEDURE s READS If! NUMBER OF ECHOES
400 1
•410 1
420 '
430 '
440 '

: Ca L C U L h TES THE TARGET POS I T I O N 
s P E R F O R M S  THE TRACK F I L T E R I N G
s OUT P U T S  THE PREDICTED P O S I T I O N  TO THE DI3PLA. 
: OU('PUTS THE PREDICTED P O S I T I O N  TO THE W I NDOW

GEf *E Pm T OR
450 ! _______________________________________________________  _______________________
4*0
470 ,NITI m TE»1 : READ i* 0 s P U S H B U T T O N  I FOR 1 = 1 TO iOOlNE/T I
4 SO i iUMBEP*  INP- ivH?08  ̂ : I iLif 1BER= INP • 8tH306 > : I F  NUMBER-0 THEN GOTO 610  
4 *0  C O A $ - « 0 «DEF SEG »^H 3000
500 a :I M I N « P E E M 1H1000>*4*FEEK<. «|H.800» *4 AMD J.H3FF
510 AL’I M A x - P E E M & H l O O O M N U M B E R - l  )» * 4 t P E E M « tHl800*<NUMBER-l > > *4 AMD
520 a : 1 M E m N - < A Z I M I N + A Z I M A O  2
3 30 R M N - 2 5 5 : P M * ‘»0
?ac FOP 1-0 TO NUMBER-1
550 RU*L»< <PEEK< !>«256*FEEK< I tfcHBOO )/123 A N D  & H 1 F D - 2 5 6  
5 c0 IF RV'AL<RMIN THEN R M I N - R V A L l l F  Kv'AL>RMAX then R Ma X-PUAL 
570 N E X T  I
5 30 RMEAN-cPMi; *RMa x  >/2 tTVAL-AZ I MEAN* .00*1 36
5*0 XMEASG«RMEAN*2*SlNt TL»AL>*51 1 i YMEASG*RMfcAM*2*COS;< T'.'AL) ♦51 1 
600 GOTO *30
610 IF C C A S T * 5  THEN GOTO 880
620 C O A S T - C O A S T ♦ 1 s *MEm SG= sP R E D G s rMErtSG-. PREDG«N» 1
630 A L P H A *  ( 2*N* 1 )rt2- <N*<N* 1 > ‘ -3 . 7: B E T A- A L P H A A2 / ‘ 2-ALP HA ">
*40 -ERP0P-XMEAS6- P R E D G n  ERPOrr* fMEHSG-'rFPEDG 
650 X5M O O T H » X P P E D G * A L P H h *\ERROR i v SMOOTH*i'PPEDG*ALPHA*'r ERROR 
*c0 X V E L * X V E L * B E TA * < E R R O R /  I .5»Y V E L -YVEL*BETA*YERROR/l .5 
670 PREDG«0> SMOOTH* xUEL*l . 5 1 rPREDG»YSMOOTH* W E L * 1  .5 
*80 X P R E D > X P R E 0 G - 5 I  t s r P R EDC-YPREDG-51 1
6*0 RANGE*SQP' <PREDC 2 * Y P P E D C A 2>/2 t T H E T A * A T N < X P R E D C / Y P R E D C ) *57 . 2*58
700 IF X P P E D O - O  A ND . F R E D O - O  TH E N  GOTO ^40
710 IF Y P P E D C < 0  THEN GOTO 730
720 T H E T A « T H E TA * 360:GOTO 740
730 T H E TA * T H E T A * 180
7 JO GOSUB I 2 3 0 iGOSUB 1530 ' CALL SYMBOL OUTPUT ROUTINE
750 ' CALL WINDOW OUTPUT ROUTINE
760 OUT & H 30A , 0 t OUT !*H30A , 1 4 t BEEP «N»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 calculaLed using a sort routine. 

Thifi then allows one to calculate the mean of the range

extremes. The mean azimuth and the mean range position then

770 '

- t - 4L
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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 

not received echoes for fewer than the last five scans tnen the 

COAST counter is incremented by 1 and the target predicted 

position is used as the present measured position.

Tne program then enters the filter algorithm. The value of 

alpha is calculated according to the scan number, N. The value 

of beta is then calculated. . ie output of the tracking filters 

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

These values are then converted to R-0 coordinates. Because the 

azimuth value returned by the IBM PC is an angle lying between 

+90 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 *.;4e 

symbol output subroutine r.nd the window output subroutine. The 

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

and the routine returns to the Main Calling Routine.

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.

<■«
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1.4 THE INITIATE ROUTINE

Figure 1.4 details the Initiate Routine.
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r s o  
79 9 
8 00 

310 

•20 

3 30 

3-J 

350 

860 

#70

•to
•

v00 

• 1 0 

720

9 30 
M C  

?30 

*60 

97C 

9<30 

990 

1000 

1010

10 20 

10 30 

1040 

1050 

1 060 

1070

i o *■ 
10*0 

: ioo

INITIATE POUT I ME :
:

3ETS THE TRACKING i*Li-iG
READS IN THE JOYSTICK POSITION
SETS UP THE ACQUISITION WINDOW
OUTP U T S  THE 5VMBOL POSITION t o  THE 0 1 3PLAr
INITIATES THE 1 PACKING FILE

INI T I AT,_* i . PiJSHBUTT0N=*2 : BEEP : PE fUPN 
P U S H B U T T O N S »INITIATE-1 :Cl.S:N=l 
X L O W - I N P C I H S O C )  s Y L 0 W » I N P  &H30D> *C0MB*INP<*H30E >
X B LO C k= ( *LOUI A N D  4.HFF > ♦ (COMB AND «<H30>*16 
YBLO C K®<YLOW AND i H F F ) f (COMB AND &H3)*25*
IF B L O C K >**11 h ND YBL0CK>»511 THEN GOTO 990  
IF X B L O C K > “ 5 l 1 A ND Y B L 0 C K < 5 1 1 THEN GOTO 930 
IF X B L O C K <'511 A N D  >BL0CK<511 THEN GOTO 9?0 
X P O S C - v B L O C K - 5 2 6 : Y P O S C - Y B L O C K - 4 9 * : G O T O  
rfP0SC*XBL0CK-526jYP0SC-YBL0CK-329»G0TO 
X P 0 S C « X B L 0 C K - 4 9 6 : Y P 0 S C » > B L O C K - 5 2 6 : G O T O  
X P O S C *  »,BLOCK-496 :Y P O S C -  SLOCK-496 
PANGE«$np<'XPOSCA 2»'rPOSC 2) 2:THl fA-»ATN< P O S C / Y P O S C '*57.2*53 
IF XPOSC >-0 AND rPOSC >*0 THEN GOTO 10 50 
IF rPCSC'O THEN GOTO 1040 
T H S T A - T H E T A * 360:GOTO 1050 
T H E T A « T H E T A + 180 
6 0 « U B  1 2 3 0 lOOSUB 1530

1000

1000
1 000

1 CALL
• CALL

X P P ED G » X P 0 S C + 5 l1 : YPKEDG«rPOSC> 511 
VEu»0 :Y' .'EL«0 : COAST-O 

OUT 4<H30A . 0 : OUT &H30A , 1 4 : RETURN

SYMBOL
W IND O W

OUTPUT
OUTPUT

r o u t i n e  
POUTINE

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

INITIATE flag and to set the scan number to 1.

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

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

the input "alues. Xlow contains the lower 8 bits of the X 

position *nd Comb contains the jer 2 bits in bit positions 4



and 5. YIow 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 

adjupted to allow full four-quadrant operation.

The marker position is then output wO the symbol output routine 

and also to the window output routine.

The marker position is found relative to the (0,0) grid and this 

vaije is used to initiate the filter. The marker position forms 

the predicted X and Y target position. The filter velocities 

are initialised with zero. The pushbutton flip-flop is reset 

and the routine returns to the Main Calling Routine.

1.5 THE CANCEL ROUTINE
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Figure 1.5 details the Cancel Routine.

The PUSHBUTTON flag and the INITIATE flag ate reset. The symbol 

static position is output to the symbol generating circuits. 

The routine then returns to the Main Calling Routine.
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1 1 1 u 
1 1 20 

1 1 30 

1 1 40 
1 150 
1 1 60 
1 1 70 
1 1 30 
1 1 90 
1 20 0 

1 210 

1 220 

1 230 
) >

1240

C A N C E L  POUT IME : CLEA R S  THE T RACKING FLAG
s OUTPUTS THE SYMBOL STATIC POSITION

PUSHEUTTON-O ! INITIATED
OUT 4.H310 , 1 28 t OUT i<H31 I,123: OUT &H312.48
OUT 4iH30A, 7 1 OUT &.H30A .14: OUT &H3CA.6:0UT &M30A.14
RETURN
XPOSC»CINT< RANGE«2*SIN<THETA* .0 1 7453) > : * POSC-CINTt RANGE*2*C0S' ~HE7A« .

I

I

1.6 TLE SYMBOL OUTPUT SUBROUTINE

Figure 1.6 details the Symbol Output Subroutine.

1 2*0  
1 270 
1 230 
1 290 

I 300 
1 310 
1 320 
1 330 
1340 
1 ?50 

1 3*0 
1370 
1 3C'0 
1 390 

1 40 0 
1410 

1 420 
1430 

1 440 
1450 
i a . n

>>MBOL OUTPUT F OUT I ME : OUTPUTS T HE INITIAL 3T-1RT POINT
OF THE SYMBOL TO THE P O S ITIONING 
CIPCUI TRY

IF X P O S O - O  AND tPOSC -0 THEN GOTO 1390 
IF X P 0 3 C > ~ 0  AND YP05 C ; 0  THEN GOTO ’ 330 
IF X F O S C ' O  A N D  Y P 0 3 C < 0  THEN GOTO 1370 
> B L O C K = X P O S C ♦ 5 2 6 »YBLOCK-rTOSC*49*»GOTO 1400 
XBLOC • -XPOSC* 526:Y B L O O - Y P 0 S C ♦526:GOTO 1400 
X B L 0 C K = \ P 0 S C ^ 4 9 6 » t BLOCK =YPOSC + 526:G O T 0 1400 
ygLOr- * ■ POSC ♦ f :Y B l O C K — Y P O S C ♦ 4 ?6 
XLOW-* BLOCK A N D  !<HFF:XUP=< BLOC K - X L O W ) /1 6 
YLOt'-N BLOCK mN D  & H F F :Y U P - < Y B L 0 C K - YL 0 W ) / 2 5 o 
COMB-vijp OP YUP
OUT 4.H31 0 ,XLOW:OUT «cH3t I ,YL0M:OUT &H312.C0MB 
OUT &H30A,15:OUT &H30A,14:c ETURN

The first operation is the conversion of the input position from 

R-e coordinates to X-Y coordinates. The lower left hand 

position of the symbol is then calculated with reference to the

■A_I * _ jK



SOFTWARE LISTING OF THE TWS PROGRAM Page 1-9

(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 Ylow. The upper 2 bits of the X-Positior. 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. Tn<. three 8 bit words are then 

latched out to the symbol positioning circuits. The routine 

then returns to the calling routine.

1.7 THE WINDOW OUTPUT SUBROUTINE

1470 ' _____________________________________________________________________________

1480 '
1490 ' WINDOW OUTPUT ROUTINE : OUTPUTS THE WINDOW DIMENSIONS TO

1310 ! __________________________________________________________________________________________
1 *20 '
1530 CELTAP»*.H1FF-CINT(PIN) :POUT»r INT> PANGE-FIN/2)
1540 IF ROUT ' S *  THEN GOTO 1560
1550 D E L T A T * 8 4 9 . 8 ? / R 0 U T ihN G L E » T H E T A - P E L T a T/ 2 : 6 0 T 0  1570
1560 DEl_T A T » 1 0 . 2 4 :A N G L E - T h E T A - 5 .12
1570 IF rt'.jLE .0 THEM A N G L E » A N G L E * 3*0
1 580 C€LTAT-«,K3FF-CINT< DELTAT*2 . 845 » :ANGLE-CINT- A N G L E *2. 845 >
15*0 0U T R « R 0 U T  A ND itHFF«OUTDR*DELTAR AN D  £HFF
1610 OUT & H 3 0 0  , OUTDR : OUT VH301.0UTR
1620 0UT a » ~ N G L E  AN D  4<HFF: 0UTDA«DELTAT A N D  &HFF
1630 A U P P E P - t A N G L E - 0 U T A > / 2 5 6 » D A U P P E P - < D E L T A T - 0 U T D A > / l 6 lOUTDAA*AUFFER OR DAl
1640 OUT 8<H 304 , OUTDA : OUT «<H305 . O U T A : O'JT & H 3 0 6  , OUTOAA
1 *50 PETUPN

The first operation is to calculate tht range extent, DELTAR. 

This involves subtracting the required extent in range bins from 

the value lFFhex. The initial range value is then calculated as

Figure 1.7 details the Window Output Subroutine.

1500 ' THE WINDOW GENEPATOP

Ijt___



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 is calculated 

using the trigonometric formula for radius of arc and radius. 

The initial azimuth value ANGLE is calculated from theta and the 

p.zimuth extent.

If ROUT is less than 84 then the azimuth extent DELTAT 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 

OUTDA A.

SO FT WA RE  LISTING OF THE TVS PROGRAM Page I-IO

The subroutine then returns to the calling routine.
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