
CHAPTER - 4 

FOURIER TRANSFOfiM PROCESSOR 

4.1 Introduction 

We discuss in this chapter the Fourier Transform (FT). 

Processor subsystem of the Digital Receiver System. The 

FT processor computes, on an on-line basis, the sky 

brightness distribution employing digital techniques and 

by using the cosine and sine correlation coefficients as 

its input data. Appropriate phase corrections and the 

grading function are applied to the cosine and sine 

correlation coefficients which are obtained from the 

observed signals as explained in Chapter 3 .  

4.2 Principle of operation 

The brightneaa distribution, T (m), of the sky 
map 

for a given direction of the beam in the meridian plane 

is given by (Appendix 3) 

N 
T (m) a z (an Cos 2n  Vn m + b Sin 2n V m) . . . . . . . . . . . . . . (4 .1 )  

map n= o n n 

where an, bn = the Cosine and Sine correlation coeffi- 

cients, 

m = Cos z = the direction Cosine, being the 
zenith angle 

v = the spatial frequency = 0.5 n cycles/radian 
n 

N = the total number of elements in the 
North-South array. 

Let 2mT1n be equal to angle e , where vl is the 



epatial frequency component given by the separations 

of any two adjacent elements of the N-S array. That 

is the angle, 0 , the minimum incremental angle that 
has to be provided in the SIN and COS look-up tables. 

As there are 90 each of Cosine and Sine Corre- 

lation coefficients in the spatial domain which has 

Hermitian Symmetry (~ppendix-3), Fourier transfor- 

mation will yield 180 independent directions called 

'beamst in the angular domain. Since digital tech- 

niques are employed, processing for 256 beams instead 

of 180 beams does not involve much additional cost. 

In any case, it is desirable to oversample, and 

therefore 512 beams are formed in the meridian plane. 

While performing discrete Fourier Transformation (DFT), 

38 points with zero values are appended to the ninety 

measured Correlation Coefficients anda128 point 

DFT is performed. 

4.3 System Design 

The main features of the system design of the 

processor are: 

1) pipeline technique of data processing; 
2) on-line data acquisition and correction; 
3) on-line implementation of grading function; and 
4) selectable pre and post-integration time. 

In the pipeline processing technique, the whole 



processor  system i s  d iv ided  i n t o  va r ious  blocks.  The 

d a t a  f low from each b lock  i s  s e q u e n t i a l ,  while  t h e  

p rocess ing  goes on concur ren t ly  i n  d i f f e r e n t  b locks .  

A t  no t ime does d a t a  a c q u i s i t i o n  o r  computation s t o p ,  

and one h a s  t h e r e f o r e  t o  keep a c a r e f u l  watch on t h e  

v a l i d  d a t a  flow i n  any block a t  a  p a r t i c u l a r  i n s t a n t  

of time. Data has t o  be l a t ched  a t  v a r i o u s  blocks 

i n  o r d e r  t o  y i e l d  e r r o r  f r e e  opera t ion .  There i s  a 

severe  c o n s t r a i n t  on l o c i c  design t o  keep t h e  propa- 

g a t i o n  de lay  wi th in  t h e  c y c l e  time of t h e  processor .  

That is ,  t h e  access  t ime and t h e  computation time of 

d i f f e r e n t  hardware elements  i n  each block has  t o  be 

maintained wi th in  t h e  b a s i c  cycle  time of t h e  

processor .  

The p r e s e n t  d i g i t a l  c o r r e l a t i o n  r e c e i v e r  i s  

designed t o  be used i n  a v a r i e t y  of a p p l i c a t i o n s  l i k e  

making b r igh tness  d i s t r i b u t i o n  maps of sources  a t  

t h e  frequency of o p e r a t i o n  of the  t e l e s c o p e ,  s c i n t i -  

l l a t i o n  s t u d i e s  of t h e  ionosphere,  s o l a r  

obse rva t ions ,  p u l s a r  sea rches  e t c .  These a p p l i c a t i o n s  

c a l l  f o r  d i f f e r e n t  i n t e g r a t i o n  t imes i n  t h e  r e c e i v e r ,  

s i n c e  t h e  frequency s p e c t r a  of i n t e r e s t  f o r  t h e s e  

a p p l i c a t i o n s  a r e  d i f f e r e n t .  I n  t h e  case  of survey 



work, where the brightnees distribution is to be computed, 

integration times should be as large as possible (limited 

by the beanwidth in the EW direction) so that weak sources 

can be detected. For ecintillation work, the time 

constant of the receiver should be around 10 to 100 ms. 

In pulsar studies, the time constant ahould be as small 

as possible, preferably in the range of a few milliseconds. 

To cater for these different time constants, integration 

time control is provided at 2  level^, prior to and after 

the Fourier transforming process and are called pre- 

integration and post-integration respectively. This two 

level control gives economical system design for the 

required speed of operation. Pre-integration time is 

selectable from 2 mS to 256 mS in steps of powers of 2, 

while post-integration is a multiplying factor ranging 

from 1 to 256 times the preintegration setting. Thus 

integration times of 2 mS to about 1 minute can be 

obtained with the combination of the above controls. 

In an on-line processing system, corrections, if 

any, have to be implemented on the measured correlation 

values before transformation. There are essentially 

two types of corrections - one is to compensate for 
gain instabilities in each channel and the other for 

relative phase errors in all the channels. Gain 



corrections need not be incorporated in the one bit 

correlator system, since the signal is amplified suffi- 

ciently before going through the zero-cross detector. 

kelative phase errors between channels can be corrected 

by rotation of rectangular co-ordinates by the phase 

correction angle of each channel. Relative phase errors 

can be obtained from the known strong sources whose 

position in the sky are accurately known. These errors 

between the expected and the measured values can be 

noted and used in correcting the measured values. The 

error angles with a resolution of % P.4 corresponding 

to each channel are stored separately in a RAM and can 

be accessed very fast. Let ant and bnt be the measured 

cosine and Sine coefficients, while an and bn are the 

exgected values. The phase error angle can be 

positive (+A$) or neiyative ( - A $ )  depending upon 
0 

whether the vector ant is anticlockwise ( 0  c A$ c 179' ) 

or clockwise (180' < A$ < 359'). To rotate the vector in 

the rectangular coordinate system, one has to implement the 

following equations: 

Case a: + a+(o0 < A$ < 1 7 9 ~ )  

a = a 1  

n Cos A$n + b n l  S i n  b i n  
n 

b = b ' Cos Aqn - a ' S i n  AQn 
n n n 

Case b: ... . . .  ( 4 . 2 )  
-A$ (180' < A@ < 359') 

a = a ' Cos A$ - b ' S i n  A$ 
n n n n n 

b = b ' Cos A@ + a ' S i n  Aqn 
n n n n 



Appendix04 gives the derivation of these expressions. 

The terms in these sets of equationsare similar to those 

used in the normal FT operation (Equation 4.1). Hence, 

the hardware is efficiently utilised by two passes of the 

data, first going through the phase correction mode 

during data acquisition of the measured correlation 

coefficients, and then going through the FT operation. 

Control circuitry takes care of switching the appropriate 

arguments, the data and the sign for these terms. 

Grading of the.coefficients is also provided by 

weighting each coefficient before transformation. This 

affects the resolution and the side-lobe structure in the 

transformed domain and this has to be done after phase 

correction of the coefficients and before the normal 

operation of the transformation. 

4.4 System description 

Fig 4.1 gives the block schematic of the FT 

processor. The address Generator (counter-0) issues 

7 bits of binary address to each of the two multiplexers 

the an - multiplexer and the bn-multiplexer. The decoder 

in the control circuit sequentially multiplexes an8 and 

bnl simultaneously. 

In the phase correction mode, the multiplexers, 

MUX-12 and MUX-13, enable an1 and bnl to one of the 
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inputs of the multipliers Mi and ~2 through the BUS Y1 

and the BUS Y2 respectively. The multiplexer MUX-4, 

connects the A9 -RAM to the SIN and COS tables. 

Outputs from these tables are connected as second 

inputs to the mltiplers, Mi and ~ 2 .  

The sign bits for the positive and the negative 

angles are obtained from the MSBs of 'the data from 

the A+-RAM. The tables are switched such that in the 

first 128 clock pulses, bn is obtained by computing 

bnt Coa A$n 7 ant Sin A+ .and stored in the im-RAM, 
n 

through Multipliers, MI, W and Adder-1. Next, an 

is computed in the following 128 clock pulses aa 

Cos Nn+ bnt Sin A$," and stored in the an-RAM, an - 
a is stored in the first location of the an-RAl4. 

0 

through the EIUX-12 by properly gating the data into 

the 

There are four fixed grading functions provided 

by four ROM.S, GT-3 to GT-6, and two variable grading 

functions provided by the two RAMS, GT-1 and GT-2, 

which can be programmed from the console to store 

the grading function. 

Multiplier, ~ 3 ,  is used for weighting the corrected 

coefficients by choosing the appropriate Grading table 



selected from the Console. In fact, when not needed, 

the whole grading operation can be bypassed under 

control from the Console. Thus corrected and weighted 

correlation coefficients are acquired and placed in 

the an-RAM and the bn-RAM for further processing. 

In the normal mode, Tmap can be computed for any 

number of beams under console control. The beam start 

thumbwheel switch situated on the console (BB) loads 

the starting angle, 0 , ,  into the Beam generator 

counter, counter-1, and goes through increments of 

one till the number set on the beam finish thumbwheel 

switch ('BF) at the Console is reached. This counter 

is incremented after computing T for each beam by 
map 

adding 128 terms, taking 128 clock pulses. The gated 

clock is stopped after computing for eF and waits for 

initiation of the next cycle till the end of the next 

integration period. This period, termed the pre- 

integration time, is selectable from 2 ms to 256 ms in 

steps of powers of two from the Console. 

The ~dder/Latch circuit, A/L-O, is used to 

generate n values for generating successive arguments 

in the normal mode. Here the present value (n-l)e 

is added to e from the Beam generator to get ne . 
MUX-4 enables no to be passed on to address the SIN 



and COS tables in normal operation. Control circuitry 

for generating sign bits corresponding to SIN ne'and 

COS no are not shown in the block schematic . The 2's 

complement values for COS ne and SIN ne are used as 

arguments for the multipliers. These are fast multi- 

pliers taking 5150 ns for multiplication and are capable 

of working in the pipeline mode, that is, new arguments 

can be taken in while the result of the previous terms 

is being taken out. The clock circuitry has to take care 

of the pipeline processing so that the initial terms are 

ignored, since the data flow has a definite time lag 

starting from the Address Generator. Adder-1 gives the 

sum of an Cos ne and bn Sin ne corresponding to one 

coefficient at any time. The ~dder/Latch Circuit, 

A/L-1 , adds up all the 128 terms corresponding to each 
beam and stores the sum in a separate location in the 

final Tmap-RAM. The post-integration factor, a multi- 

plication factor of upto 256 set by the Console control, 

is provided by the ~dder/Latch Circuit, A/L-2, which 

adds the accumulated value to the present computed one, 

for each beam separately, and gives effectively the 

tup-c2&tet in the Tmap-RAM. At the end of the post- 

integration period, the Cata so accumulated corresponding 

to Beam-start to Beam-finish is dumped onto the 



Magnetic tape unit, and also displayed on the video 

Monitor under microcomputer control to be discussed 

later. Fig 4.2 gives the schematic of the Control 

Console. 

A section on the detailed circuit design is 

included in this chapter (Sec. 4.5) and also at 

the end of Chapter 5 (~ec. 5.3) to bring out clearly 

the basic contributions of the author in the design 

of the system. A detailed understanding of these 

sections may not, however, be necessary for a 

general appreciation of the overall system. 

4.5 Detailed Circuit Desim 

4.5.1 Generation of clock simalg 

The basic clock required for the system is chosen 

as 2 MHz, as the maximum bandwidth of the signal to be 

processed is 1 MHz. A crystal controlled oscillator, 

shown in Fig 4.3, is the internal clock for the system. 

The system can also be driven from an external clock 

which may be of higher stability through the multiplexer, 

MUX-1 and the switch 31. The clock signal for the 

delay shift register (Fig 3.5), two-phase clocks in the 

correlator circuit (Fig 3.5), and the strobe and reset 

signals in the integrator circuit (Fig 3 . 6 ) ,  are all 
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derived from the 2 MHz clock as shown in the figure. 

The FT processor is designed based on the pipeline 

processing technique in order to achieve faster data 

processing in real time. The design in this technique 

mainly concerns the division of the sequential processor 

into various blocks. The processing in each block is 

sequential, while the processing in different blocks 

are concurrent as already discussed in Sec 4.2, The 

number of blocka necessary for the complete processor 

is designed based on the function of the block, the 

propagation delays of the suitable devices to implement 

the function, the cost effectiveness and the power 

requirements in the logic design. Based on the worst 

case propagation delays in different blocks, the basic 

cycle time 2 ps for the processor is chosen. This is 

the most critical aspect of the whole design, as this 

controls the operational speed of the system thereby 

determining the throuehput rate in the real-time 

processor. Another important aspect of the design is 

in choosing the devices, like LSI and other digital 

integrated circuits, which are compatible with pipeline 

processing. In addition to the above, cost effectiveness 

and power requirements are always considered in the 

choice of devices. All the LSI circuits are TTL 



compatible circuits, while the logic circuits are based 

on CMOS circuits to save power. Buffer circuits are 

used wherever the LSI circuits are driven. The 

atability of the monoatable circuits used in various 

control circuits is not critical. 

The 2 us clock signal (CLN) is derived from the 2 MHz 

basic clock through two stages of divide-by-two 

circuits as shown in Fig 4.3. In the phase correction 

cycle, the multiplexed correlation coefficients from 

the correlators go through the phase rotation given 

by equations(4.2) and(4.3) and the coefficients are 

weighted by the function stored in the grading tables 

as already mentioned in Sec 4.2, Since the path for 

data flow is different in the process of correction and 

weighting, the system is divided into different blocks 

for the pipeline design in the correction cycle. A 

cycle time of6vswaa chosen based on the worst case 

propagation delay with a factor of safety of about 

10 per cent. The phase correction clock, CLP, of 

6 vsis derived from the clock, CLN, by a divide-by- 

three circuit as shown. 

The internal clocks, CLN and CLP, are appropriately 

multiplexed as the signal CLCO to the address generator, 

COUNTER-0 (Fig 4.1) during the normal and the phase 

correction cycles respectively through multiplexer, MUX-14, 



and clock enable gate,G3. External clock, CLPROG, 

can drive the address generator, COUNTER4 through the 

clock multiplexer, MUX-C. This is required to write 

data on A$-RAM or G-RAM in the off-line mode. The 

choice of internal clock or external clock for address 

generation is controlled by a switch, 32, on the console. 

4.5.2 Implementation of pre-intearationtime 
n Pre-integration time can be chosen as 2 ms, 

- n  being selectable from 1 to 8 for different applications 

in radioastronomy as already indicated. 

At the end of the pre-integration time, the counter 

values are latched, giving a data set of correlation 

coefficients a, and bn for further processing. The 

pre-integration time should always be chosen greater 

than the time required for the phase correction cycle 

and the time required for computing the brightness 

distribution for the selected beams. If this time is 

chosen to be less, the data sets of correlation coeffi- 

cients will be missing in further processing. An 

obeerver will not be able to detect this in an on-line 

system. Because missing of the data sets leads to 

error in the RA (x-axis) of the two-dimensional plot 

of the Tmap, the system is designed to sound an alarm 



to the observer if such a situation arises. He can 

then either increase the pre-integration tine, or 

decrease the number of beams in processing, so as 

not to miss any data eets. In case he does not want 

to change either setting, processing will still be 

continued with the previoua settings, but with the 

observer's knowledge. A counter keeps count of the 

number of data sets missed, so that the x-axis of the 

brightness distribution m a p  can be scaled accordingly 

later, 

Fig 4.4 gives the circuit diagram of the controller 

for giving the pre-integration times. Fig 4.5 gives 

the timing diagram of the complete FT-processor. 

An Initialise switch on the console resets a flipflop, 
h 

NORFF4 normal operation. This enables gate, GI , to 
give the signal, LCP, whenever the latch counter pulse, 

LC, is issued at the end of every pre-integration period. 

The LCP signal sets up flipflops, ANFF1 and BNE'F2, to 

enable the an-HAM, and the bn-RAM during the phase 

correction cycles. The signal, LCP, also sets up the 

clock f lipflop, CLFF5, to give clock enable signal, 

CLEN, to enable the internal clock pulses for the 

address generator given in Sec 4.4.1. The signals, 

Q8CO and QgCO,  from €he address generator, COUNTER-0 

( ~ i g  4.1), issued after 128 clock pulses and 256 clock 

pulses are used to reset ANFF1 and BNFF2 respectively. 
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Gates, 64, along with buffer (BuF 4) gives the signal 

EMAN, to enable the an-RAM in the processor. Similarly, 

gate, 05, along with buffer (BUF 5) cives the signal 

ENBN, to enable bn-RAM. Signal, FF1, of m F 1  and the - 
signals FF2 and FF2, from BNFF2 are taken out for con- 

trolling different multiplexers in the control circuit 

to be discussed later. The falling edge of BNFF2 

is designed to set up MONO-1 to give the signal, MONO-1. 

An over range flipflop, OVRFF3, and normal flipflop 

NORFF4, are used along with gates, Go, to indicate the 

alarm condition. LCP pulse from gate, G I ,  initially 

resets OWF3. Signal, MONO-1, sets up OVRFF3, which 

is reaet only by following LCP pulse. NORFF4, which is 

reset by the initialise switch on the console is also 

set up by the signal, MONO-1, and is reset by the 

sit-;nal, OPC 1 > BF , at the end of the normal FT operation. 
Gate, Go, gives the output for the AMD logic function 

of the signals FF3 and FF4. Whenever the alarm condi- 

tion exists (pre-integration time is set less than 

processor time) Go output sets up an alarm flipflop, 

ALFF6, to give the signal, AMP, to switch on the 

alarm lamp in the console and alao sounds a beeper. 

Gate, G2, enables the latch counter pulses, LC, 

to be counted in the alarm condition and clocks the 

counter, CPAL. The output of the counter is displayed 



on the console to give the count of missing data sets. 

Both the CPAL and m P 6  can be reset by the signal 

RAL from the console. 

4.5.3 Generation of argument 'no1 

The first block in the pipeline processing is the 

argument generator, which provides angle 0 in the normal 

FT operation and angle in the phase correction cycle 

to the SIN-COS look-up table. An important design 

facility of this block is to provide the observer a 

choice of particular beams to be selected in the obser- 

vation. Another design feature of this block is to 

provide the address for various RAMS and data multiplexers. 

The beam number selected for computation is taken out to 

address the Tmap-W. The range of beam numbers to be 

computed controls the display area on the video monitor. 

The signal CLCO, (Fig 4.3) from the clock generator 

up-counts the counter-0, (~ig 4.6). Q1 to 47 outputs 

of Counter-9, are taken as the address bits to control 

an-RAM and bn-RAM. This enables appropriate correlation 

coefficients to be fed to the multipliers during 

processing. These address bits are also taken to the 

group and channel decoder ( ~ i g  3.6 (b)) , where the bits 
are suitably decoded to multiplex the correlation 

coefficients an and bn from the front end of the receiver 
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to the FT processor. The signal Q8CO and Q9CO from 

the Counter-0 is taken to the pre-integration time 

controller as discussed in Sec 4.4.2. 48 output, 

WCO, from the address generator (COUNTER-0) clocks 

the beam counter, counter-1. This counter is preset 

with the number set on the Beam-Start thumbwheel 

switches (BS) on the console by the siglal, PCI, 

(same as signal, MONO-1 , in Fig 4.4) . 
COUNTER-1 gives the argument in equation( 4.1) 

represented by 0 in the computation of brightness 

distribution. This counter advances by one count for 

each beam till the number in the counter reaches a 

value set by the Beam-finish thumbwheel switch (BF) 

on the console. A 9-bit comparator, COMP-0, 

detects the condition when COUNTER-1 reaches BFvalue, 

and generates a signal, OPCl > BF, which' resets 
N O R F F ~  CLFFS 4.4 

flipf lops, iHW4 and B-HE?k? (Fig 4-+) . Thus the 

computation for all the beans starting from BZ to 3-p 

in incre~ents of unit steps is carried out. 

Beam numbers are counted from the horizon in the 

North going throu6;h the zenith to the other horizon 

in the south, and designated as beam numbers 0 to 511. 

Since the angle in the euqation (4.1) is reckoned from 

the zenith, the beam numbers given as output from the 



COUNTER-1 is complemented to give the zenith angle. 

The true-complement circuit, T/C-O, gives both the 

true and the complement output of the COUNTER-1. 

A multiplexer, MUX-5, enables complement output to 

be taken to give the zenith angle in normal FT 

processing. Provision is kept to choose the true 

output of COUNTSR-1 in any other application of the 

system. 

The output from the MUX-5 is taken through adder, 

ADDER-0, to give the zenith anglea e, 20 , 3e , . . . . 
n0 . . . . , 128 e , for the corresponding ant s and bnVs. 
This is generated by first latching the ADDEH-0 

output at every address clock-pulse. Latch circuit, 

LATCH-0, gives the zenith angle, no , at the n th 
clock-pulse of address generation for a particular 

beam. The output from the LATCH-0 goes directly to 

address the COS and SLN tables in the normal operation. 

The rising edge of the Q7 output from the COUNTER-0, 

Q7C0, triggers the MONO-KLO (Fig 4.3) to issue a 200 ns 

pulse, RLO, to reset LATCH-0 and starts computing for 

each beam. In addition, the LATCH-0 output is given to 

the other input of the ADDER-O. This facilitates the 

generation of ne value at LATCH-0, when the strobe 

pulse, STL0,is issued. The rising edge of CLNP, pulse 



( ~ i g  4.3) t r i g g e r s  t h e  MONO-STLO, ( F i g  4.5) t o  g ive  a 

100 n s  pu l se ,  STLO. The RLO and STLO pu l ses  a r e  t h u s  

p roper ly  phased t o  g ive  t h e  arguments f o r  COS and SIN 

t a b l e s  i n  t h e  p i p e l i n e  des ign .  

The mul t ip lexe r ,  MUX-4 ( ~ i g  4.6) a l lows t h e  ou tpu t  

from t h e  AJ, -RAM i n  t h e  c o r r e c t i o n  mode and t h e  output  

from LATCH-0 output  i n  t h e  normal mode t o  address  t h e  

COS and t h e  SIN t a b l e s .  BUFFER-1 i s  used t o  convert  

TTL s i g n a l  l e v e l s  of t h e  A+RAM t o  CMOS l e v e l s .  

BUFFER-2 conver ts  t h e  CMOS l e v e l  of t h e  MUX-4 back t o  

TTL l e v e l  t o  address  t h e  COS and SIN t a b l e s .  

f 4.5.4 Generation of S i n  n e and Cos ne 

The mul t ip lexe r s ,  IlUX-0 and MUX-1 ( F i g  4.7) 

connect t h e  sIN/COS t a b l e s  t o  t h e  m u l t i p l i e r s ,  MI and 

142 depending on t h e  mode of opera t ion .  The signal 

FF1 ( F i g  4.4) i s  connected as the  c o n t r o l  s i g n a l s ,  

CO and C 1 ,  f o r  MUX-O and MUX-1. Mul t ip lexe r s ,  IVIUX-10 

and IJNX-11 ( F i g  4.7) c o n t r o l  t h e  t r u e  o r  2 ' s  complement 

output  depending on t h e  s i g n  b i t s ,  SM1 and SM2. The 

s i g n  b i t  genera t ion  i s  d iscussed  s e p a r a t e l y  i n  a 

d i f f e r e n t  s e c t i o n .  The buf fe r s ,  BUF-3 and KJF-4 conver t  

TTL l e v e l s  from the  sIB/COS Rolls t o  CMOS l e v e l s ,  while  

BW-5 and BUF-6 conver t  t h e  s i g n a l s  back t o  TTL l e v e l s  
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to drive the multipliers. The detailed circuit diagram 

for generating the 2's complement values is given in 

the figure. 

Control circuits for the SIN/COS look-up tables 

are designed with minimal logic by enabling the ROMs 

throughout the operation, However, care has to be taken 

in the design to allow for the access time of these 

ROMs. In the present design, after setting up the 

address A$, for these tables, multipliers, MI and 

M2, are clocked after allowing the access time of the 

ROMs and propagation delays in all the intermediate 

circuitry discussed above. This timing was one of the 

important factors in the design of the cycle timing of 

each stage in the pipeline design. 

4.5.5 Generation of Fourier terms 

4.5.5.1 Phase correction mode of operation 

In the phase correction mode of operation, the 

measured correlation coefficients an
1 and b , are n 

given phasor rotation as already mentioned in Sec. 4.4 

This is done in two passes. In the first pass, the 

sine correlation coefficient,b,, is obtained during the 

first 128 clock pulses by implementing the equation 

(4.2) for bn. 

In the second pass, the Cosine correlation coeffi- 



c i e n t ,  an ,  i s  o b t a i ~ e d  d u r i n g  t h e  next  128 c lock  pu l ses  

of t h e  phase c o r r e c t i o n  mode by implementing t h e  

equat ion  (4 .2 )  f o r  an. 

The equat ion  f o r  c o r r e c t i n g  an i s  s i m i l a r  t o  normal 

FT o p e r a t i o n  given i n  equa t ion  (4 .1) .  ilence t h e  sequence 

of t h e  ebove two passes ,  f irst  f o r  bn and then f o r  an, 

enables  t h e  c o n t r o l  c i r c u i t r y  t o  chan,:;e from phase 

c o r r e c t i o n  mode t o  normal mode without any delay.  

An important  des ign  f e a t u r e  of t h e  processor  i s  t o  

implement the  on- line phase c o r r e c t i o n  wi th  the  hardware 

desipned f o r  nomal  FT opera t ion .  Phase c o r r e c t i o n  and 

nornal  FT - opera t ion  a r e  t ime multiplexed v t i l i s i n i - :  t h e  

same hzr?.ware. 2he c o n t r o l  s i g n a l s  a r e  s u i t a b l y  

~ ~ e n e r a t e d  t o  c o n t r o l  t h e  va r ious  c i r c u i t s ,  so  t h a t  t h e  

s i q n a l s  a r e  proper ly  rou ted .  The s i g n a l  p a t h  i n  the  

phase c o r r e c t i o n  node i s  as shown i n  > i g  3.1 . I n  t h i s  

node, t h e  mul t ip lexe r s ,  INK-12 and IZX-13 ena;j le an
1 

and bnt t o  appear on t h e  bus, Y1 and Y2, of t h e  

~ u l t i p l i e r s ,  141 and M2, r e s p e c t i v e l y .  The o t h e r  

operands f o r  t h e  m u l t i p l i e r s  a r e  Cos~ly o r  S i n  A)* 
n 

dc!)endin{: on cor rec t ing  a o r  bn. The two products  from n  

M I  and 742 a r e  added a t  ALDER-1, anC wei -h ted  by the  

m v l t i p l i e r ,  T313. The output  from 113 i s  mu.ltiplexed 

thrcuirh T4UX- 1 2 and 11UX- 1 3 t o  an-RAT4 MITI bn-fi'dl! r e  s- 



pectively. As already mentioned in the first pass, bnl 

is corrected and stored in bn-RAT4, and then in the 

second pass, a,' is corrected and storea in an-RAM. 

During the first 128 clock pulses the bn-W1 is 

enabled by the signal BNBN through gate, 65 ( ~ i g  4.4) 

and in next 128 clock pulses an-RAM is enabled by the 

signal ENAN through gate, 64 (~ig 4.4). 

The zero spacing component, ao, some times 

called the doc. component is weighted by half and 

added with the other correlation coefficients, an 

and bn in the kourier summation given by the 

equation( 4.1) .The coefficient a. has to be stored 

directly into the an-RAM without any correction being . 
applied, while ant and bn' need phase correction. 

MUX-12 (Fig 4.8) is a 4 channel multiplexer enabling 

ant in the channels 1 and 3, d .c. component, a. , in 
the channel 2, and Multiplier, M3, output in the 

channel 0. MSB of the channel control bit, CM12, 

of the NUX-12, is taken from a NOR gate which detects 

zero address count, while CLl? clock pulses ( ~ i g  4.3) 

are given as the LSB channel control bit,. CL12. 

Muxtiplexer, MUX-14, enables CLP clock to pass on 

through gate, G3, in the phase correction cycle. This 

control enables a. to be stored directly in the zeroth 
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location and ant to be phase corrected and stored in 

first location onwards in the an-RAM. MUX-13 is only 

a two channel multiplexer, since either the bnt or 

M3 output has to be enabled to the bus Y2, of the 

multiplier, M2. CLP clock pulses are connected here 

also as the control bit, 013, of the MUX-13. 

MUX-12 and IWX-13, are enabled only in the 

correction mode and so are connected to the signal, 

FF2 (Fig 4 . 4 ) ,  through the inhibit pins I12 and 

I13 (Fig 4.8) of the multiplexers. With a 50 per cent 

duty cycle of the CLP clock pulses, the correction 

mode works in the following way: 

1) The signals, CM 12 and CL12, initially connects 

an to bus Y1 and the signal, al3, connects bnt to bus 

Y2 for 3 v s  during the high level of CLP clock 

pulse. It is very important that at this time, other 

inputs connected to Y1 and Y2 bus are inhibited. Fhe 

an-RAI-1 and bn-RAM are inhibited during the read operation 

of the W-RAPI! in the correction mode. 

2) The 200 ns clock pulses, CLXY12, of the multi- 

pliers, Mi and M2, come after 1.75 v s  (Fig 4.9~) after 

setting the address from the address generator and 

hence data is settled after the A+-M4 read pulse. 

MONO-3 (Fig 4.9A) gives the delay of 1.75 ~rs and 

MONO-4 gives a 200 ns pulse which i~ taken as CLW12. 

The clock pulses for the multipliers are unchanged 
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in the normal mode of operation and also, when the 

an-RAM and bn-M.1 are enabled. This design facility 

utilises the same control circuitry in both the 

modes of operation. 

3) Write pulses, R/W an bn ( ~ i g  4.9B) for the 

an-RAN come 2.35 v s  later than the CLXY 1 2 pulse, 

so as to allow multiplication time for P!3 and 

propagation delay in the intermediate circuitry 

including that of MUX-12. 

4.5.5.2 Normal mode of operation 

The signal flow paths for generating an 

Cba no and b, Sin ne are shown in Fig 4.1 . In this 

mode, NX-12 and >TUX-1 3 are inhibited by the signals 

I12 and 113, which are at high level. The output 

from the is connected to MI through bus Y1 

and similarly the output from the bn-KAM is connected 

to M2 through bus Y2. The other inputs for the 

multipliers are designed to be same in both modes of 

of operation, the argument, n0 , is latched at A/L-0 

in the normal mode of operation providing a separate 

staze in the pipeline process design. Sign bit 

generation for the arguments in this mode is separately 

discussed. 

Since the hardware for the signal flow is designed 

to be the same in both the modes of operation, the control 



circuitry for generating the clock pulses for multi- 

pliers and read/write pulses for the an-RAM and 

bn-RAM are suitably designed as discussed later in 

Sec 4.5,.5.7. 

Si.m bit generation in phase correction mode 

Sign bit in correction phase is generatea according 

to the g able 1 given in Fig 4.10. Sign bits, SCMI 

and SCM2, for the two multipliers are given for the 

two cases of +A+ or - A +  . These two cases are dis- 

tinguished in the hardware by storing 0 in the case 

of + A$ and 1 in the case of - A+ in the most significant 

bit of the A$-RAM. Multiplexers, MUX-8 and MUX-9 

(Fig 4.6) control the two cases. The MSB of the 

A$-RAT4 is taken as the control signal C8 and C9 for 

these two multiplexers. Consider first the case of 

+ . SCMl and SCM2 have to be set as 1 ,  0 in the 

first pass, and 0, 0 in the second pass as given in 

the Table - 1 (Fig 4.10). This is achieved by setting 

the data inputs and control inputs of the multiplexers 

MUX-7, MUX-8 and MUX-9 as shown in Fig 4.6. The signal 

FF1 (Fig 4.4) is connected as the control signal, C7, 
I 

for the multiplexer, MUX-7. This multiplexer sets the 

sign bits in the two passes. In the first pass, the 

control signal, C7, is high. This enables the second 
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input, which it9 Permanently connected high to set the 

output of >TUX-7 as high. The output of MUX-7 

is connected to the first output of MUX-8. For the 

case of + A $  , the control signal, C8 and C9 are low, 
enabling the first inputs of MUX-8 and MUX-9. Thus 

SCMl goes high in the first pass and low in the second 

pass, as the first input of 1VIITX-7 is grounded. The 

first input of NUX-9 is connected to ground, and hence 

SCK2 is low in both the first and the second pass. 

In the second case of - A$ , C8 and C9 are high, 
enabling the second inputs of MUX-8 and MUX-9. SCMl is 

low in both the passes, as the second input is returned 

to ground. SCM2 is low in the first pass and high in 

the second pass as the output of MUX-7 is inverted 

and given as the second input of MUX-9, thereby 

generating 0, 0 in the first pass and 0, 1 in the second 

pass as the sign bits. Thus with simple multiplexers, 

a definite pattern of sign bits are generated in the 

phase correction mode as required. 

4.5.5.4 Sim bit generation in normal mode 

The sIN/COS tables are stored in 256 byte &OMS. 
0 Values corresponding to the range 0 to 180' are stored 

in these 256 locations with eaual intervals of angles, 

thereby giving a resolution for the look-up table of 



* 0?7 approximately.  P o s i t i v e  va lues  a r e  s t o r e d  i n  t h e  

t a b l e s  f o r  a l l  t h e  180' as shown i n  F i g  4.10. The s i g n  

b i t  i s  generated i n  normal opera t ion  depending upon t h e  

quadrant i n  which t h e  n e  va lue  of t h e  argument f a l l s .  

ADDER-O g i v e s  a 9 b i t  ou tpu t  ( F i g  4.6) f o r  t h e  angle ,  

no, t o  cover  a l l  t h e  360' i n  51 2 va lues .  The most 

s i g n i f i c a n t  two b i t s  of ADDER-0 output  i s  used t o  g ive  

t h e  quadrant of t h e  angle ,  no . Table-2 i n  F i g  4.10 

g i v e s  t h e  s i g n  b i t  f o r  d i f f e r e n t  quadrants .  

The s i g n  b i t  f o r  t h e  M2, SNM2, i s  given d i r e c t l y  

from t h e  MSB of t h e  ADDER-0 output .  The s i g n  b i t  f o r  

MI,  SNM1, i s  obtained by t a k i n g  the  most s i g n i f i c a n t  

two b i t s  through an  exclusive- or g a t e ,  EXOR-O, as 

shown i n  F i g  4.6. 

Although 256 byte  long  EPROMs were t h e  only choice 

f o r  look-up t a b l e s  a t  t h e  time when t h e  system was 

planned, -p resent  day EPROMs wi th  h igher  memory c a p a b i l i t y  

do not  g ive  any s impler  c o n t r o l  hardware. 

4.5.5.5 Storage of DC component 

r i g  4,11 g i v e s  t h e  schematic f o r  e n t e r i n g  t h e  dc 

component a i n t o  t h e  an-RAM as a l ready mentioned. I n  
0 

t h e  second pass  of phase c o r r e c t i o n  mode, when the  address  

i s  zero, the  f i r s t  CLXYI2 p u l s e  e n t e r s  a, ( f i r s t  s p a t i a l  

f requency component) from l a t c h  ant  through t h e  BUS-Y1. 
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This is because the address control for MUX-12 is 3 as 

CM12 is high for the address count 0 and CL12 (CLP) 

is also high (Fig 4.9B) for 3 us in the first address 

cycle. The phase correction angle is given by 

the A + -  RAM and the propagation delay is less than 

1.75 us to reach the multiplier input. Hence the first 

location in the A+-RAM corresponds to the phase 

correction angle corresponding to the first element. 

At the same time, the output clock pulses at the 

multipliers M1 and M2, CLP12, take the product of 

invalid data to M3. The output of M3 is however not 

taken in, since CL12 has changed to low after 3 us 

and the control addrees for MUX12 is now 2 for the 

remaining 3 us in the first address cycle, thereby 

allowing a. to reach BUS-Y1. Before the end of the 

first address cycle, the control signal R/W an bn, 

( ~ i ~  4.9B) writes a, into the 0th location of the 

an-RAM. In the first pass of the phase correction mode 

with the above design of the control circuitry, the 

bn-RAM is enabled and some invalid data enters into 

the first location of the bn-RAM, which is not correct. 

A zero can be entered into first location of the 

bn-RAM by having a zero placed in the first location 

of the grading function. This will ensure 0 at the 

M3 output in the first address cycle of the phase 



correction mode. 

4.5.5.6 Im~lementation of the grading function 

The phase corrected correlation coefficients,an 

and bn, are weighted by a grading function if required. 

There is a choice of 6 grading functions, four of which 

are stored permanently in ROMs and two grading functions 

are stored in RAMS. 

Fig 4.12 gives the circuit for implementing the 

grading function. The output of ADDER-1 (Fig 4.1) is 

connected as one input of the multiplier, M3, through 

BUF-9, which converts signals from CMOS levels to 

TTL levels. The other input of M3 is connected to 

grading data bus, BUS-G. Two RAMS (6810), G I  and G2 

are memories where the grading function is temporarily 

stored. Two ROMs (Intel 1702) provide four grading 

tables, G3 to, Gb. Addrssseef or both the RAMS and ROMs 

are connected to the output of the address generator, 

COUNTER-0 (Fig 4.1). Selection of the particular 

function is provided by the thumbwheel switches, on 

the console. The MSB 8 bits of the output of the 

multiplier, M3 are converted to CMOS level by . 
BbT-10, which goes to WX-12 for writing in the an-RAM 

and the bn-RAM as already discussed in earlier sections. 
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Two CMOS RAMS (RCA 1822) provide two more grading 

functions,G7 and G 8 ,  which are connected with the 

back-up power supply. This fea ture  avoids da ta  entry 

repeatedly in to  these memories i n  case of power 

f a i l u r e s  . 
The grading function can be bypassed by the 

s igna l ,  CG,  which connects ADDER-1 output t o  BUF-10 

input d i r ec t ly .  Simultaneously, M3 i s  disabled by 

the signal,  ENMY. Both these s ignals  a re  generated 

under console control .  

A 200 ns long input clock s ignal ,  CLXY 3, of the 

mul t ip l ie r ,  M3, i s  provided by MONO-6 ( ~ i g  4 . 9 ~ ) ,  

a f t e r  a delay of 1.25 us f r o m  the output clock s ignal  

CLP12, of the mxlt ipl iers ,  MI and M2. This takes 

care of the propagation delay of BUF-9 and ADDER-1 

c i r c u i t s .  The output clock signal ,  CLP 3, of 

mul t ip l ie r  M3, i s  given a f t e r  300 ns from the s ignal ,  

CLXY3, to  allow f o r  the multiplication time i n  M3. 

KONO-7 gives the necessary delay of 300 ns, while 

MONO-8 gives a 200 ns long CLP3 pulse. The s ignal ,  

R/~anbn, of 900 ns length i s  generated a f t e r  a 

delay of 400 ns t o  allow f o r  delays i n  BUF-10 and 

MUX-12. MONO-9 gives the delay of 400 ns, while 

MONO-10 gives 900 ns long ~ / ~ a n b n .  A l l  these timings 

a re  considered i n  the pipel ine process design. 



4.5.5.7 Contro l  simals f o r  Read Write Memories 

Contro l  s i m a l a  f o r  t h e  an-RAM and t h e  bn-RAM 

Write  p u l s e s  a r e  produced only i n  t h e  c o r r e c t i o n  

mode, s ince  MUX-15 ( F i g  4 . 9 ~ )  al lows output  of the  

MONO-4 t o  be app l i ed  t o  M O N O - ~ , R / W ~ ~ ~ ~  i s  taken from t h e  

output  of MONO-10 as a l r e a d y  mentioned i n  an e a r l i e r  

s e c t i o n .  The Flip- Flop, FF6, g ives  read pu l ses ,  whicl i  a re  

s e t  by the  low t o  high t r a n s i t i o n s  of t h e  CLNP p u l s e s  

and a r e  r e s e t  by t h e  output  of MONO-4. READ pu l ses  

a r e  demultiplexed by MUX-16 as READ C p u l s e s  i n  t h e  

phase c o r r e c t i o n  mode and READ N pufses  i n  t h e  normal 

mode of opera t ion .  Chip s e l e c t  s i g n a l ,  CS anbn i s  

given by t h e  l o g i c a l  OR f u n c t i o n  of READ N and 

K/W anbn s i g n a l s .  Only READ N pu l ses  a r e  ga ted  t o  

C3anbn by g a t e ,  G 6 ,  t h e  o t h e r  i n p u t  being R/W anbn 

from PIONO-10. This  i s  connected t o  c h i p  s e l e c t  p i n  

of an-RAM and bnwRAF1. The s i g n a l s  B N ~  ( ~ i g  4.4) 

E ~ N  a r e  given t o  o t h e r  ch ip  s e l e c t  p i n s  of an-RAM 

and bn-KAM respectively. 

Control  S i m a l s  f o r  t h e  -RAM 

MONO-17 ( ~ i g  4 . 9 ~ )  i s  used f o r  genera t ing  t h e  

R/W A$ s i g n a l  i n  the  OFF l i n e  mode. R/W A$ i s  taken 

from t h e  output  of MONO-17 and i s  normally i n  t h e  

h igh  s t a t e  thereby enabl ing  read opera t ion  of t h e  RAM. 



The chip select signal, C3 ia obtained by logical 

OR function of the READ C pulse and the R/W A$ pulse. 

Gate, G7, provides this OR function either by connecting 

the MONO-17 output or the FF6 output through MUX-16. 

Control Simala for the (3-RAPa 

The 5 output of MONO-18 pr0vides.a R f i  G signal, 

which ia normally high enabling read operation of the 

RAM. The signal CSG is obtained by the logical OR 

function of the Read G pulae (obtained from FF7 during 

the grading cycle operation) and the R/W G pulse. 
Gate, G8, provides this operation. Fig 4.9B gives 

timing diagram of all the control signals for the RAMS. 

4.5.5.8 Desian of pipeline control system 

Worst case propagation delays were worked out for 

the circuit designed, based on the data sheets of the 

circuits. The figure given in the bracket shows the 

design value chosen in the system. The propagation 

delays (~ef Fig 4.1) are as given below: 

1. From ~dder/~atch, AIL-0, to multipliers I41 

and M2 input is 1650 ns ( 1.75 ps is chosen) . 
2. From multiplier MI output to Adder/Latch, A/L-1,. 

input is 1950 na (CLN chosen as 2 p), 

3. From multiplier MI output to multiplier M3 



i n p u t  i s  1060 ns  ( C L X Y ~ ~  i s  chosen as 1.25 us a f t e r  

CLP12) . 
4. M 3  output  t o  BUS-Y1 i s  10 ns  (400 n s  i s  

chosen, A l a r g e  f a c t o r  of s a f e t y  he re  does not  worsen 

t h e  speed of process ing) .  

For  working ou t  t h e  p i p e l i n e  process ing  system, 

one has  t o  account f o r  i n v a l i d  d a t a  s ince  t h e  d a t a  i s  

f lowing cont inuously.  The s t a t u s  of t h e  d a t a  s i g n a l  

f low with r e s p e c t  t o  the  c o n t r o l  signals a t  t h e  

m u l t i p l i e r s ,  M1 and M2, i s  t a b u l a t e d  where t h e  unprimed 

terms r e f e r  t o  m u l t i p l i e r  MI, and primed terms r e f e r  

t o  m u l t i p l i e r  M2. 

No. of CLXY12 Adder/ 
p u l s e s  i n  M1 MI M2 M2 Latch, 
normal mode Input  Output Input  ou tpu t  A/L-1, 

Output 
-- - - - - 

1 st Xo-Yo i n v a l i d  xo ' -yo i n v a l i d  i n v a l i d  

2nd X1 -1 Xo'Yo x1 '-y1 ' Xo' -Yo i n v a l i d  

3rd X2-y2 X1 '5 x 2 1 - ~ 2 1  x1 ' -yl 1 xov0+ xot  yo t  

4 t h  X3-y3 =2-y2 x J' -Y3' x2'-y2' X1Y1+ X1 ' y l  ' 

The s t r o b e  pu l se  f o r  A/L-1 i s  der ived  from t h e  CLXY12 

pu l se  ( F i g  4.9B) . From t h e  above t a b l e ,  i t  i s  seen that 

the  t h i r d  CLXY12 pu l se  should be t h e  e f f e c t i v e  s t r o b e  

pu l se  f o r  A/L-1 when proper  output  i s  a v a i l a b l e .  This  



is accomplised by Flip Flops, FFll and FF12 and mono- 

stables, Td!ONO-19 and J10MO-23 ( ~ i g  4.9A) . The timing 

diagram is given in Fig 4.9B. MONO-1 9 generates a 

500 ns pulse at the falling edge of the Q7CO pulse. 

FFll provides a tozgle circuit which is reset by the 

MOI?O-19 pulse and toggled by the CLXY12 p~lse. FF12 

is set by the MONO-19 pulse and reset by the high to 

low transition of the FFll pulse. The high to low 

level transition of FF 12 triggers IJONO-20 in generating 

a 1 ps reset pulse for A/L-1 (RL1) . Now the CL9Y12 
- 

pulses are AIDED with the FF12 signal to produce a 

strobe pulse, STLAX, for A/L-1 from the second CLXY12 

onwards. However the first STL1X is ineffective 

because of sim~lltaneous production of the RL1 and 

STLlX pu.lses. Xence the STLlX pulses are allowed 

only in the normal mode by the SW2 switch as signal 

STL1. This ensures retention of data at the A/L-1 

output in case the phase correction cycle starts 

immediately. In this xorst case, when the pre-integration 

period just starts after computation, the STLl pulses 

in phase correction mode can destroy the previous added 

value, since the A/L-1 output is taken after some time. 

4.5.5.9 POST-Integration Scheme and Trna~-~1 

Fig 4.13 gives the schematic for providing the 

post-integration tine, which is selectable from the 

console as mentioned earlier. Fig 4.14 gi~res the 

schematic of the Tmap-R~JJI. Tmap-IMl is a. 512 by 16 bit 



FIG. 4.13.  POST - INTEGRATION IMPLEMENTATION. 

16 
I -- 

T / 

B 
U 
F 

S F -  
E 

16 
t1 + 

TO TMP- 
RAM 

Data  Bus 

112 

ST LATCH 2 
2 x  4508 

D I 
Bidlnctlonol 

ADDER # 3 

4 x 4008 
IL2,  CSW I. 

Bus-* 
B C # O  

4 r 8 2 2 6  

48 

4 x 4 0 1 6  

,/ 16 

D O  

1 16 

8 
I 

A * - 

- 
T 1 A 2  

STLl + 
R L I  C 

LL I 
I 

/'16 

1 

ADDER# 2 

4 x 4008 

8 8 Zl6 -iO 
A D O E R # I  O/P 

LATCH# I 

2 x  4508 
i 

3 x 7 1 0 6  



FIG.4 .14  TMAP-STORAGE 



memory formed by 8 c h i p s  (1:otorola 6810) having an 

organisat ion of 128 b y t e s  each. They a r e  formed from 

two banks of 512 by tes  l o n g  by s u i t a b l y  conbining 

throuch c o n t r o l  s i g n a l s  ~/\lTamp 1 and 2 and CSTmap 1 

and 2. There a r e  2 s e t s  of 512 by 16 b i t  M I S  

going through b i l a t e r a l  swi tches  f o r  connect inz  

Tmap-RAI4 i n  t h e  b u f f e r  mode. The d a t a  bus having 

16 b i t s  i s  connected through a bus coup le r ,  whi le  t h e  

address  bus having 9 b i t s  i s  connected from LATCH-3 

Output ( F i g  4.1 5) corresponding t o  t h e  bean number. 

F i g  4.15 g ives  t h e  c i r c u i t  diagram of t h e  c o n t r o l  

c i r c u i t .  The I.IGITu-~ 9 p u l s e  ( ~ i g  4 . 9 ~ )  t r ip ,gered  by 

the  f a l l i n g  edge of Q7CO allowed i n  t h e  normal mode 

through SW3 t o  s t r o b e  t he  counter-1 output  of LATCH-3. 

'Chis provides  t h e  address  f o r  Tmap-RAII, which i s  h e l d  

v a l i d  t i l l  t h e  next  f a l l i n 2  edse of Q7CO. The address  

f o r  Ymap-rLA:oI i s  s tzggered  by ha l f  t h e  periocl of Q 7 C 0 ,  

enabl ing  p i p e l i n e  p rocess ins .  This i s  achieved by 

t r i g g e r i n g  liOlT0-19 on t h e  f a l l i n g  edge of t h e  E7CO 

pulse .  Buffer  13  p r ~ v i ~ e s  TTL Compatible output .  

3W4 provides  f a c i l i t y  t o  address  Tmap-MI e x t e r n a l l y  

under console c o n t r o l .  

H/\I Trnap i s  taken from t h e  a output  of NONO-16, 

which i s  always h igh  t h u s  enabl ing  t h e  read opera t ion .  
- 

The DIEN s i g n a l  taken from FFlO connects t h e  Tmap-PduI 

d a t a  t o  one of t h e  ADDER-3 ( ~ i g  4.13) i n p u t s  through 

the  bus coupler ,  BC-0, t h e  o t h e r  i n p u t  be ing  t aken  





from the LATCB-1 output. A strobe signal for A/L-2, 

STL2, is given af'ter a delay of 1 US to account for - 
the delay in BUF-12 and ADDER-3. Now DIEN is such as 

to connect LATCH-2 output to the Tmap-RAM through 

BUF-11 and the bidirectional bus coupler, BC-O. 

A R/W Tmap pulse of 1 us is generated after a delay 

of 500 ns to account for the propagation delay of 

BW-11 and BC-O. Chip select signal, CS Tmap, is - 
enabled, both when Tmap-RAN is read i.e. during DIEN 

signal, and during writing in Tmap-RAM. This is 

effected by gate, 615, (Fig 4.15)* Fig 4.17 gives 

the timing diagram of the above circuit. 

Post-integration control is provided by the circuit 

shown in Fig 4.16 and the timing diagram for this 

circuit is also given in Fig 4.17. An intialise pulse 

from the console sets FF8 and resets FF9. The Q output 

of FF8 enables the MONO-1 (Fig 4.4) output at the end 

of the phase correction mode and loads the DOWN COUNTER-2 

with the post-integration factor set by the thumbwheel 

switch at the console. In addition, the MONO-1 pulse 

resets FF8 and sets 3'3'9 after 2 gate delays of G9 

and GlO, since the borrow output of the down counter 

is high. The first MONO-1 pulse going to the clock 

input of the down counter is ineffective since the preset 

counter input dominates. 



F 10. 4.16 CONTROL CIRCUIT FOR THE TAPE TRIGGER SIGNAL. 
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FF9 is reset again by the following MONO-1 pulse 

and remains low till the borrow output from the down - 
counter sets it again. DIEN signals are gated by the 

Q output of FF9, thereby producing Q bus coupler signal, - 
CSBC, when the data corresponding to each beam is valid 

at the output of Tmap-RAM. This is effected by 

Gate S1, GI1 and G12. The GI0 output is effectively 

the trigger signal to take the data outside the system, 

and is designated as the TAPE TRIGGER pulse and is 

issued at the end of each post-integration period. Two 

operations are performed simultaneously. E'irst the 

data from Tmap-RAP1 is read out to the microcomputer by 
- 

the chip select signal, CSBC. Second, this signal 

inhibits bus coupler, BC-0, and forces a zero input to 

the ADDER-3, since fresh data has to start accumulating. 

3ubsequent tape trigger pulses are obtained by using 

the borrow output of the down counter to load the 

post-integration factor again. Thus the memory add-in 

feature is obtained in the Tmap-Wul. 


