
CHAPTER -5 

~~IICROCOMPUTBH SYSTEN .- 

5.1 Introduction 

The data from the Fourier Transform (FT) processor 

is displayed on a TV monitor and also stored on an 

incremental magnetic tape recorder at the end of each 

post-integration period. The computed brightness 

values corresponding to different beams are displayed 

on the TV monitor as a column of points. A two- 

dimensional brightness distribution map is obtained by 

real-time processing and displaying successive columns 

of points progressing leftwards as the earth rotates 

from west to east. As already mentioned in Sec. 2.2.2.4 

a microcomputer based on the RCA 1802 microprocessor 

has been designed and constructed to act as a peripheral 

controller for the real-time operation mentioned above. 

In addition to the above operation, the microcomputer 

is designed to read the control settings for the number 

of beams, the pre-integration time, the post-integration 

time, the grading function and the delay required to 

be implemented. This information obtained from the 

console is stored in a pre-assigned memory area of the 

computer for controlling the various subsystems of the 

digital correlation receiver. The microcomputer is also 

designed to obtain the information, alternatively, from 

an input/output device, namely, the teletype unit. 



That is, the option to control the correlation receiver 

either from the consple or from the teletype unit, has 

been built into the system. 

The computer controls the following output devices 

in the real-time operation: 

1 )  An incremental magnetic tape unit (MTU), 

Kennedy Model 1610, used for recording the final computed 

data. The data is stored on the tape for further 

processing, if any. An incremental magnetic tape unit 

was chosen for asynchronous data transfer from the 

FT system, to cater to a wide option of the number of 

data points and periodicity of the data sets. 

2) A TV monitor ECIL Model 803, used as a graphic 

display terminal to give the brightness distribution map. 

3) A digital printer,;j[p model 5055A, incorporated 

into the system. It is a slow device but gives a hard 

copy of the data flow at various subsystem levels. 

Hence the printer may be used as a debugging device. 

In the off-line mode, the system has been designed: 

1) To monitor the control console of the FT processor. 

The controls are set by means of thumbwheel switches. 

The computer has been designed to economically multiplex 

all the thumbwheel data settings through a single input 



and output port. 

2) To write the data in the phase correction memory, 

A$-RAM. This data is obtained from the field calibration 

of some known strong sources. 

3 )  To write an arbitrary grading function in any 

one of the two memories, the GI-RAM or G2-RAM. The 

grading function may be fed through the teletype unit 

or may be generated within the computer. In addition to 

these two memories for storing arbitrary grading functions, 

it may be recalled (ref. Chap.4) that there are four 

memories wherein fixed grading functions have been stored. 

3) To set the control bits of the delay shift 

registers in the correlators as given in Chap. 3 .  The 

control bits for the E-W array and the various groups of 

the N-S array are obtained from a delay table, which is 

available from a dedicated menory area in the computer. 

The correlator receiver has been designed to operate 

with the least possible delay decorrelation for different 

zenith angle zones as discussed in Chap. 3. The total 

zenith angle range of + - 60' is divided into 8 zones and 

the control bits for the delay shift registers have to 

be set differently for the various zenith angle zones. 

In on-line operation of the computer, a fast data 

acquisition scheme in real-time is envisaged. The data 

from the Tmap-RAM of the FT processor is sequentially 

transferred to the internal memory area of the computer 



a t  t h e  end of each pos t- in tegra t ion  period.  F a s t e r  

opera t ion  i s  achieved by t h e  deaign of a d i r e c t  memory 

access  (DMA) mode of d a t a  t r a n s f e r .  The d a t a  block 

con ta ins  a header  of a f i x e d  number of by tes  ( 16) g i v i n g  

t h e  console  s e t t i n g s .  This  w i l l  enable d a t a  i d e n t i f i -  

c a t i o n  a t  t h e  time of i t s  r e t r i e v a l  from t h e  magnetic 

t ape  f o r  f u r t h e r  processing.  

An important  f e a t u r e  of t h e  design invo lves  

address ing  t h e  d a t a  b u f f e r  r e g i s t e r  of t h e  alphanumeric (AN)  

d i sp lay  and t h e  graphic memory systems of t h e  TV i n t e r f a c e  

c i r c u i t  as extended memory l o c a t i o n s  of t h e  computer. 

This avoids  output  p o r t  expansion and t h e  hardware des ign  

f e a t u r e  g i v e s  f a s t e r  communication with t h e  TV i n t e r f a c e  

u n i t .  I n  such a design i t  i s  necessary t o  employ h igh  

speed l o g i c  c i r c u i t r y  w i t h  a good d r i v e  c a p a b i l i t y .  

Some amount of d a t a  process ing  has been incorpora ted  

i n  t h e  sof tware  t o  convert  t h e  computed 16 b i t  b r i g h t n e s s  

d i s t r i b u t i o n  va lues  t o  g i v e  16 grey l e v e l s  ( 4  b i t )  on a 

black and whi te  TV monikor. A simple a lgor i thm f o r  t h e  

4 b i t  conversion i s  implemented. 

F u r t h e r  processing of t h e  d a t a  can be done by 

expanding t h e  memory s i z e  of t h e  system. This  w i l l ,  



however, limit the on-line data acquisiton speed in 

real-time operation. 

Fig 5.1 gives the block schematic of the computer 

system with the necessary interface units to drive various 

peripheral units. Fig'5.2 gives the program flow chart 

for all the segments of the software. Appendix-5 gives 

the details of the microprocessor. 

5.2 System desim of the microcomputer 

5.2.1 System hardware 

5.2.1.1 Interface unit for the Control Console 

For the processing of the received data, information 

such as the range of beams, the pre-integration and the 

post-integration times, values of the delays and the 

grading function to be employed, is required. This 

information may be supplied to the system by means of 

thumbwheel switches available for this purpose in the 

control console. The interface unit of the micro- 

computer has, therefore, been designed to retrieve the 

information at the beginning of the data processing, and 

to supply it to the approprkate subsystems of the 

receiver. Processing of the data results in the 

bri&htneaa distribution values corresponding to various 
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beams and i s  d isp layed as a column of p o i n t s  on t h e  

graphic  d i s p l a y .  The lB&UII-qTBB'P' and t h e  ' BEAN-FINIS2 ' 
s e t t i n g s  on t h e  console g ive  t h e  number of beams t o  be 

computed, and c o n t r o l s  t h e  d i s p l a y  area on t h e  graphic  

d i s p l a y  of t h e  TV monitor. 

There are i n  a l l  16  o c t a l  d i g i t s  f o r  t h e  console  

s e t t i n g s .  These a r e  grouped i n t o  bytes  t a k i n g  two 

o c t a l  d i g i t s  i n  one byte  and a r e  multiplexed through 

an  8-channel mul t ip lexe r  t o  t h e  inpu t  of t h e  micro- 

computer. The c o n t r o l  f o r  t h e  channel s e l e c t i o n  of the  

mul t ip lexe r  i s  generated by t h e  sof tware of t h e  micro- 

computer and i s  given a t  t h e  output p o r t .  A f t e r  

s u i t a b l e  d e l a y  f o r  d a t a  s e t t i n g  up  time of t h e  mul t ip lexe r ,  

t h e  thumbwheel d a t a  i s  taken through t h e  i n p u t  p o r t  

t o  t h e  s p e c i f i e d  l o c a t i o n  i n  t h e  memory under sof tware  

c o n t r o l .  

5.2.1.2 RAT4 Data Entry 35odule 

The f i e l d  c a l i b r a t i o n  of the  r e c e i v e r  i s  done by 

observing some s t r o n g  sources ,  whose p o s i t i o n s  i n  the  

sky a r e  a c c u r a t e l y  known. The ijhase e r r o r s  of t h e  

N-3 e l e n e n t s  a r e  thus  determined. The phase c o r r e c t i o n  

d a t a  so oStained i s  s to red  i n  t h e  o f f- l i n e  mode, i n  the  

phase c o r r e c t i o n  memory, t h e  *+-HAPI, and t h e  c o r r e c t i o n  



i s  app l i ed  on t h e  measured c o r r e l a t i o n  c o- e f f i c i e n t s  

be fo re  F o u r i e r  t ransforming as d iscussed  i n  Chap. 4. 

5.2.1.3 I n t e r f a c e  Uni t  f o r  t h e  Delay System 

A s  a l r eady  d i scussed ,  i n  o r d e r  t o  keep t h e  

de lay  d e c o r r e l a t i o n  w i t h i n  acceptable  l i m i t s ,  t h e  

s i g n a l s  from the E-W and t h e  N-S a r r a y  a r e  de lay  

compensated before  c o r r e l a t i o n .  6 b y t e s  of data 

a r e  r equ i red  f o r  each of t h e  e i g h t  zones i n  t h e  

z e n i t h  angle  range (-60' t o  +60°) t o  s e t  t h e  c o n t r o l  

b i t s  of the  de lay  s h i f t  r e g i s t e r s  i n  a l l  t h e  23 

groups of t h e  N-S elements  and one E-W channel. This 

d a t a  i s  obtained from a look-up t a b l e  l o c a t e d  i n  a 

reserved  a r e a  of t h e  memory i n  t h e  microcomputer. 

I n  t h e  i n i t i a l i s i n g  process  of t h e  r e c e i v e r ,  t h e  

microcomputer system demult iplexes t h e  6 by te  d a t a  

and groups i n  t h e  c o n t r o l  b i t s  t o  s e t  t h e  r equ i red  

d e l a y  i n  t h e  23 groups of N-S elements and one E-W 

channel.  

5.2.1.4 I n t e r f a c e  Uni t  f o r  t h e  MTU 

The FT processor  i s s u e s  a "TAPE TRIGGERw 

p u l s e  a f t e r  t h e  i n t e g r a t i o n  of as many d a t a  s e t s  as 

given by the  "Pos t- in tegra t ion  M u l t i p l i e r "  s e t t i n g  



f o r  each beam. On t h e  r e c e i p t  of TAPE-TRIGGER 

pulse ,  data s t r i n g  of a l l  the  beams from BEAM-START 

t o  BEAM-FINISH, having a word l e n g t h  of 16 b i t s  

f o r  each beam, is t r a n s f e r r e d  from the Tmap - W 

of t h e  FT processor  t o  t h e  MTU and t o  the  TV 

i n t e r f a c e  u n i t .  The "DATA READY PULSEw i s  i s sued  

from t h e  FT processor  f o r  each beam when t h e  d a t a  

from t h e  Tmap - RAM i s  a v a i l a b l e  a t  t h e  d a t a  bus. 

The TAPE TRIGGER p u l s e  and t h e  DATA READY PULSE 

form t h e  c o n t r o l  s i g n a l s  f o r  i n i t i a t i n g  d a t a  

t r a n s f e r  under  DMA mode. As t he  microprocessor i s  

an 8 b i t  ve r s ion ,  t h e  computed d a t a  of 16 b i t  l e n g t h  

p e r t a i n i n g  t o  each beam i s  multiplexed i n t o  2 b y t e s  

f o r  f u r t h e r  handling. 

Since t h e  r e c e i v e r  has a wide choice f o r  c o n t r o l  

s e t t i n g s ,  s p e c i a l l y  i n  t h e  i n t e g r a t i o n  time and t h e  

number of beams, t h e  computed d a t a  output  i s  n o t  a t  

a r e g u l a r  r a t e .  An asynchronous d a t a  t r a n s f e r  i s  

the  only choice i n  such a s i t u a t i o n .  An incrementa l  

MTU w a s  t h e r e f o r e  chosen. 

The DATA READY pu l se  i s  i s sued  once i n  256 v s  

which i s  t h e  time f o r  computing the  b r igh tness  f o r  

each beam from t h e  c o r r e l a t i o n  c o e f f i c i e n t s  ans 

and bns. Hence, two b y t e s  of d a t a  p e r t a i n i n g  t o  



each beam have to be transferred in about 1/4 ms. 

The MTU is a slow device accepting the data at a 

maximum rate of 500 bytes per second, For on-line 

operation, the MTU is thus 16 times slower than the 

maximum possible data generation rate. However, by 

choosing a smaller number of beams for a given 

pre-integration time or by choosing a larger 

post-integration multiplier, the data can be 

transferred without overflow, 

5.2.1,5 Interface Unit for the TV Monitor 

The on-line processed data is presented on 

a TV monitor to display the two-dimensional sky 

brightness distribution map. The computed brightness 

of a beam (for a particular declination) modulates 

the intensity of the corresponding point on the 

256 point display column. It may be pointed out 

that a maximum of only 256 points can be displayed 

in a column on the graphic display of the TV screen. 

Theref ore, if the thumbwheel setting requires the 

entire declination range to be covered (512 beam 

positions), the software is designed to choose 

alternate beams for the display. Further, the 

software is designed also to convert the 16 bit 

brightness to 16 grey levels (4 bits) of the 

intensity of the display, 



The console s e t t i n g s  of t h e  r e c e i v e r  a r e  a l s o  

d isp layed i n  alphanumeric form on a p a r t  of t h e  TV 

screen.  Matrox Video-RAM (MTX-1632~~) and t h e  

Graphica Module (MTX-256) a r e  used f o r  genera t ing  

t h e  alphanumeric (AN) c h a r a c t e r s  and t h e  graphic 

d i s p l a y ,  r e s p e c t i v e l y .  APPENDICES 7 and 8 give  t h e  

s a l i e n t  f e a t u r e s  of these  modules. To f a c i l i t a t e  

t h e  c u r s o r  c o n t r o l  i n  t h e  o f f- l ine  d a t a  e n t r y  on t h e  

AN d i s p l a y  and t o  c l e a r  t h e  AN memory, a local! e d i t  

mode f o r  the  AN d i s p l a y  i s  used. The keyboard d a t a  

e n t r y  i n t e r f a c e  has  been designed t o  w r i t e  any ASCII 

c h a r a c t e r s  on t h e  d i sp lay .  

5.2.2 System Software 

F ig .  5.2 g i v e s  t h e  schematic o f  the sof tware 

of t h e  microcomputer system. I n  t h e  o f f- l ine  mode, 

the  d a t a  is  w r i t t e n  i n t o  t h e  memories AJ,-W and 

Q - M I S  as a l ready  d iscussed  e a r l i e r .  I n  t h e  on- line 

mode, a f t e r  i n i t i a l i s a t i o n ,  the  AN d i s p l a y  i s  c l e a r e d  

by w r i t i n g  blank i n  each l o c a t i o n  of t h e  AN memory 

comprising 16 X 32 cha rac te r s .  Then t h e  c o n t r o l  

console i s  read  and t h e  d a t a  corresponding t o  t h e  

thumbwheel s e t t i n e s  a r e  s to red  i n  t h e  a l l o c a t e d  memory 

t o  d i s p l a y  on t h e  r i g h t  top  corner  of t h e  TV monitor. 

Derinding on the  de lay  zone s e l e c t e d ,  t h e  de lay  b u f f e r  
i 



connected t o  the  f r o n t  end system i s  loaded with 

6 by tes  of the  c o n t r o l  d a t a  taken from the  de lay  

look-up t a b l e .  Then t h e  t i t l e s  nBEAplI START", nBEAM 

FINISHn, e t c . ,  of t h e  c o n t r o l  informat ion  of t h e  

system a r e  w r i t t e n  on t h e  TV monitor. 

The start and t h e  s t o p  p o i n t s  on t h e  graphic 

column counter  have t o  be determined from t h e  BEAM 

START and t h e  -BEAM FINISH thumbwheel swi tches  on 

t h e  console.  The LSB of the  converted 9 b i t  d a t a  

of each of t h e  above thumbwheel swi tches  i s  dropped 

l e a v i n g  2 by tes  of d a t a  corresponding t o  BEAM START 

and BEAM FINISH t o  be s t o r e d  i n  t h e  s p e c i f i e d  l o c a t i o n s .  

Then t h e  d a t a  of AN d i s p l a y  corresponding t o  t h e  

thumbwheel s e t t i n ~ a  of va r ious  c o n t r o l  information i s  

w r i t t e n .  Now t h e  h o r i z o n t a l  p o s i t i o n  of t h e  graphic  

row counter  i s  s e t ,  thereby t h e  c u r s o r  i s  a t  the  

r i g h t  column of the  graphic  d isp lay .  . The sof w a r e  

c o n t r o l  then  c l e a r s  t h e  graphic  memory and waits 

f o r  t h e  d a t a  a c q u i s i t i o n .  The FT p rocessor  s i g n a l s  

t h e  computer a f t e r  t h e  computation and t h e  d a t a  i s  

t r a n s f e r r e d  from t b e  Tmap-RAM of t h e  FT processor  t o  

the  computer memory i n  t h e  DMA mode. The d a t a  t h u s  

obtained i s  w r i t t e n  on the  MTU, byte  by by te  i n  t h e  

incrementa l  mode. Then, t h e  d a t a  a f t e r  conversion 



i s  w r i t t e n  i n t o  the  graphic  merory which i s  d isp layed 

as a column of grey l e v e l  d o t s  and t h e  graphic column 

counter  i s  decremented. The computer waits i n  t h e  

d a t a  a c q u i s i t i o n  mode f o r  t h e  next  c y c l e  of opera t ion .  

Once t h e  column counter  i s  decremented t o  zero ,  t h e  

graphic  d i s p l a y  i s  c lea red .  A hard copy of t h e  

d i s p l a y  before  c l e a r i n g  the  screen  can be taken by 

opera t ing  t h e  video hard copy u n i t .  

5.3 De ta i l ed  C i r c u i t  D e a i m  

5.3.1 I n t e r f a c e  U n i t  f o r  the  Contro l  Console 

F ig .  5.3 g ives  t h e  schematic diagram of 

microprocessor i n t e r f a c e  c i r c u i t .  Thumbwheel 

swi tches  i n  t h e  control console a r e  read and s t o r e d  

i n  s p e c i f i e d  l o c a t i o n s  by software c o n t r o l .  48 b i t s  

( 6  bytes)  of informat ion  p e r t a i n i n g  t o  BEAM START 

e t c ,  i s  mult iplexed through e i g h t  channel  m u l t i p l e x e r s .  

The c o n t r o l  f o r  channel  s e l e c t  i s  generated i n  the  

microcomputer and given as d a t a  output  through t h e  

output  por t .  Af te r  s u i t a b l e  de lay  f o r  t h e  d a t a  

s e t t l i n g  t ime of the  mul t ip lexer ,  d a t a  from t h e  

thumbwheel swi tches  a r e  taken on t h e  d a t a  bus t o  

the  s p e c i f i e d  l o c a t i o n s  through t h e  i n p u t  p o r t  under  

sof tware c o n t r o l .  F ig .  5.4 g ives  t h e  inpu t  and 

output  p o r t  connect ions t o  t h e  microprocessor a l o n g  

wi th  t h e  t iming diagrams. The s i g n a l  of t h e  



THUMB WHELL OUTPUTS 

FROM C W S O L E  

BEAM 
13Ee-o BS1 - 8 3 9  (9b t ts )  

B E A M  
FIN - BF1 - B F 9  (9b t ts )  

PRE INTE - 
GnATlON+ P1 - PO ( 9 b l t d  

P 1  - P I  ON0 

DOOTO002 < a 
W 

'1381TS) PORT - MU X 
COMROC SR 

I N 1  6 1 4 0 U  
i 
8 
0 
a 
0 

C L  
IL 0 

EF 3 

>@ PORT* 3 
2 
0 

IL 0 

@ PORT 

2 
0 

POST INTE- u 
GRATIOW* P I O - P I 8  19Yh)  0 

G DG 

TABLE 01 - G 9  ( 9 t i t ~ )  

GI - 0  6 ON0 

DELAY DEL1-DEL3 (3bits) 

TOTAL 4 8  INPUTS 

IN 40: 

0 4 .  07 KEPT AT GND 

FROM 

COMPUTER 

FROM O/P TO GDG 8 PHASE COR RAM 

PORT LBbltr) 
OF COMPUTER 

DATA READY 

MONO l 
DATA 

ADD C L  

FIG. 5.3. BLOCK SCHEMATIC OF MICROPROCESSOR INTERFACE 
(MPI-IL) 



DO - 0 7  

C DP 

TPB CL K 

( A )  

CLK(T P B) I 1 OUTPUT PORT I 1 
c g  
N 2-'NO= 5 
I 

c3 i  IM-~C 1 I I I 
,VALID DATA 

DATA IN  

FROM RAM - 
(N = 5 )  MRD. T P B  I I 

LOAD O/P 

SR 
4tJs  

( 8  m/c cycles) 

I 
( 6 )  

CL CS2 4 . NX =6 
- 

DATA SR E5 CDP 1802 
FROM MUX D r DATA. BUS 

INPUT PORT 

c I  
( SR) VALID DATA LATCHED 

CSI - CS2 
I I 

T P B  I I I I 

S S 2  ( N ~ o - N o  = 6 )  
VALID DATA 

MWR I I 

~1e.5 .4 .  INPUT/OUTPUT PORT 
CONNECTIONS. 



- 
microprocessor i s  connected t o  the  c o n t r o l p i n  CSI 

of t h e  output  por t .  The output  p o r t  i s  hardwired 

f o r  decoding Nx s e t  t o  5 and connected t o  t h e  

c o n t r o l  p i n  of CS2 of t h e  output p o r t .  The d a t a  
- 

i s  l a t c h e d  i n t o  the  output  when CS1, CS2 and CLE 

(TPB) pu l ses  a r e  a l l  t r u e  as shown i n  t h e  t iming 

diagram of t h e  f i g u r e .  The s e r v i c e  r eques t  s i g n a l ,  

SR, i n  t h e  output  p o r t  i s  generated a t  t h e  t e rmina t ion  
- 

of t h e  f u n c t i o n  CS1 .CS2 and w i l l  be he ld  t r u e  u n t i l  

t h e  fo l lowing  high- to-low-level t r a n s i t i o n  of t h e  

CILK pulse.  This pu l se  i s  4 us long wi th  the  p r e s e n t  

opera t ion  of computer a t  a clock frequency of 2 MHz. 

The output  d r i v e r s  of t h e  output  p o r t  a r e  always 

enabled. 

The SR s i g n a l  i s  connected t o  t h e  c lock  i n p u t  of 

t h e  i n p u t  p o r t .  The high-to-low l e v e l  t r a n s i t i o n  of 

t h e  3R s i g n a l ,  s e t s  t h e  s e r v i c e  r eques t  f l i p - f l o p  i n  

t h e  i n p u t  p o r t  and l a t c h e s  t h e  d a t a  i n  t h e  i n p u t  

r e g i s t e r .  The SR ou tpu t  of t h e  i n p u t  p o r t  i s  used 

t o  s i g n a l  t h e  microprocessor,  by connect ing i t  t o  - 
t h e  i n p u t  EF3 f l a g  of t h e  processor .  The sof tware  

i n  t h e  system t e s t s  f o r  this f lag and once i t  senses  

t h e  s e t t i n g  of t h i s  f l a g ,  t h e  program proceeds wi th  

an i n p u t  i n s t n i c t i o n .  The inpu t  p o r t  i s  decoded f o r  

Nx s e t  t o  6 and connected t o  the CS2 p i n  of t h e  

i n p u t  p o r t .  When C S 1  (m) and CS2 a r e  t r u e ,  t h e  



t h r e e  s t a t e  output d r i v e r s  of t h e  inpu t  p o r t  
- 

a r e  enabled. The MWR pu l se  w r i t e s  t h e  v a l i d  d a t a  

from t h e  d a t a  bus i n t o  t h e  l o c a t i o n  s p e c i f i e d  under  

t h e  program c o n t r o l .  The s e r v i c e  r eques t  f l i p- f l o p  

i n  t h e  inpu t  p o r t  i s  r e s e t  a t  the  nega t ive  edge of 

CS1 .CS2 pulse  thereby keeping the f l i p- f l o p  ready 

f o r  t h e  next  inpu t  cyc le .  

F i g .  5.5 g ives  t h e  schematic of t h e  sof tware 

f o r  reading  a l l  t h e  thwnbwheels i n  t h e  console.  

R e g i s t e r  9 i s  a memory p o i n t e r  f o r  s t o r i n g  thwnbwheels 

va lues  i n  a s e q u e n t i a l  order .  R e g i s t e r  C i s  an address  

counter ,  t h e  d a t a  of which i s  used as the  address  

c o n t r o l  of t h e  thumbwheel mul t ip lexer  (P ig .  5.3) and 

R e g i s t e r  B i s  used as an index r e g i s t e r .  The thumbwheel 

swi tches  opera te  i n  o c t a l  mode and hence trle d a t a  from 

two switches a r e  read a s  one byte  w i t h  4 t h  and 8 t h  b i t  

s e t  as zero.  This  i s  decoded i n t o  two by tes  by f i r s t  

read ing  the  3 LSB b i t s  of t h e  multiplexed d a t a  as one 

by te ,  by ANDinp t h e  d a t a  wi th  07 and s t o r i n g  t h e  

r e s u l t  i n  one l o c a t i o n .  Next the  mult iplexed d a t a  i s  

r i g h t  s h i f t e d  by 4 b i t s  and again ANDed with 07 and 

s t o r e d  i n  the  fo l lowing l o c a t i o n .  Thus each thumbwheel 

d a t a  i s  s t o r e d  as a s e p a r a t e  byte i n  t h e  memory. 
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Because of limitation of memory in the graphics 

display, only 256 points are displayed even though 

the brightness is computed for 512 points. Every 

alternate point is displayed. Only 8 MSB bits are 

retained in both the BEAM START and BEAM F I N I S H  data. 

Fig. 5.6 gives program for converting thumbwheel data 

(9 bits) corresponding to BEAM START and BEAM F I N I S H  

data, to 8 bits. 

5.3.2 RAM Data Entry  Module 

Data entry into the A$ -RAM, and G-RAM, is 

done OFF line. Fig. 5.7 gives the block schematic 

of the circuit employed. The data from the output 

port of the computer is gated to the data bus of the 

RAPIS. A service request signal, SR, from. the output 

port is'used to generate the write pulse for the 

RAMS and to advance their addresses. 

MOl30-4 gives a 1 us delay for data settling time 

in the output port, and MONO-5 generates a 1 ps 

write pulse for the RAM. The pulse is level 

shifted to 12V, and applied to the RAM driving 

circuitry in the FT processor unit. The a output of 
MONO-5 is used to trigger the MONO-6 circuit, which 

in turn generates a 1 us ADD-CL pulse to advance the 
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address  counter  i n  t h e  FT processor  system i n  manual 

s e t t i n g  of t h e  address  genera to r .  A switch i s  

provided t o  s e t  the  address  manually i n  t h e  console .  

Data i s  w r i t t e n  i n t o  e i t h e r  t h e  -RAM o r  t h e  G-RAM 

ae lec ted  from t h e  console.  Write and ch ip  s e l e c t  

s i g n a l s  a r e  a p p r o p r i a t e l y  chosen. Data i s  f e d  e i t h e r  

through paper  t ape  o r  t h e  keyboard of TTY. 

F i g .  5.8 g ives  the  software schematic f o r  w r i t i n g  

d a t a  i n t o  W s .  R e g i s t e r  D i s  s e t  as the  Index r e g i s t e r  

and i s  t h e  d a t a  p o i n t e r  from where 128 b y t e s  of d a t a  

a r e  s t o r e d  i n i t i a l l y  t o  be t r a n s f e r r e d  i n t o  t h e  RAM. 

R e g i s t e r  C i s  t h e  address  counter  which t r a n s f e r s  1 2 8  

by tes  of da ta .  Write and CS pu l ses  f o r  t h e  RAN a r e  

generated whenever output  i n s t r u c t i o n  i s  executed as 

descr ibed  e a r l i e r .  

I n  case  t h e  sane d a t a  has  t o  be w r i t t e n  i n  a l l  

t h e  memory l o c a t i o n s  of t h e  FUN, t h e  above program 

i s  s l i g h t l y  modified as shown i n  t h e  f i g u r e .  Consider 

d a t a  zero  i s  t o  be w r i t t e n  i n  a l l  t h e  l o c a t i o n s  of 

RAM. Here zero i s  w r i t t e n  i n  the  start  l o c a t i o n ,  

t h a t  is  i n  t h e  l o c a t i o n  0780 and t h e  Index r e g i s t e r  

i s  decremented a f t e r  t h e  output  i n s t r u c t i o n .  With 

t h i s  opera t ion ,  the  memory p o i n t e r  f o r  t h e  d a t a  i s  

not  incremented and zero  w i l l  be w r i t t e n  i n  a l l  t h e  



REGC-0 

REG D +780 
R (Dl- INDEX 

REG C +O 
REG D -0780  

WRITING DATA 
INTO RAM 

L 

WRITING SAME DATA 
IN ALL LOCATIONS 

OF RAM 

REG C - MEM ADD COUNTER 

REG D - DATA POINTER 

FIG. 5.8 FLOW CHART FOR WRITING DATA INTO Ay-RAM 81 G- RAM. 



l o c a t i o n s  of t h e  RAM. The need f o r  p u t t i n g  i n  z e r o  

a r i s e s  only  i n  t e s t i n g  and debugging t h e  s y s t e a .  

I n t e r f a c e  Uni t  f o r  t h e  Delay System 

It may be r e c a l l e d  ( r e f .  Chap. 3) t h a t  d e l a y  

i s  introduced i n  a l l  t h e  N-S channels and t h e  E-W 

channel t o  compensate f o r  t h e  path d i f f e r e n c e s  f o r  

sources  a t  d i f f e r e n t  d e c l i n a t i o n s .  The 90 N-S 

elements a r e  divided i n t o  23 groups each of 4 N-S 

elements. 2 c o n t r o l  b i t s  a r e  requi red  t o  c o n t r o l  

t h e  d e l a y  i n  each group, thereby r e q u i r i n g  48 b i t s  

( 6  bytes)  f o r  a l l  t h e  N-S and E-W channels.  P r o v i s i o n  

h a s  been made i n  the  d e l a y  b u f f e r  f o r  32 groups i n  

t h e  N-S and 1 group i n  t h e  E-W f o r  f u t u r e  expansion 

of t h e  system. F ig .  5.9 g i v e s  t h e  block schematic 

diagram of t h e  i n t e r f a c e  u n i t  f o r  t h e  de lay  system. 

Since t h e r e  a r e  32 groups and each r e q u i r e s  2 b i t s  

X n ,  Yn, a l t e r n a t e  data b i t s  of f i r s t  e i g h t  b y t e s  a r e  

grouped as X1 t o  X32 and Y1 t o  Y32 r e s p e c t i v e l y  and 

brought out  t o  t h e  de lay  b u f f e r  u n i t .  The n i n t h  b y t e  

corresponding t o  t h e  c o n t r o l  de lay  b i t s  of t h e  E-W 

element i s  designated as 21 t o  28. 

There a r e  i n  a l l  e i g h t  s e t t i n g s  corresponding 

t o  the  e i g h t  de lay  zones i n  t h e  d e c l i n a t i o n  range of 





+60° ( ~ e f  . Chap. 3) . The n ine  by tes  of d a t a  - 
p e r t a i n i n g  t o  any p a r t i c u l a r  zone i s  s t o r e d  i n  

t h e  l a t c h  c i r c u i t s  formed by 4 b i t  CMOS chips, 

4076, as shown i n  the  f i g u r e .  These l a t c h  c i r c u i t s  

a r e  addressed as l o c a t i o n s  i n  t h e  memory, thereby 

avoid in^ output  p o r t s .  Memory r e f e r e n c e  ins tm.c t ions  - 
a r e  s u f f i c i e n t  t o  load  t h e s e  l a t c h  c i r c u i t s .  MWR 

and TPB-DEL pu l ses  a r e  used along wi th  t h e  decoding 

of memory address  l i n e s  t o  l a t c h  t h e  d a t a  by 

c o n t r o l l i n g  t h e  c lock  and enable s i g n a l s  as shown 

i n  t h e  diagram. 

The address  decoder u s e s  two c h i p s  (4556),  t o  

decode t h e  address  l i n e s  1UO-MA3 t o  g ive  the  s i g n a l s  

CSI t o  CSg, These s i g n a l s  a r e  used t o  c o n t r o l  9 

l a t c h e s  of one byte  each. The TPB-DEL pulse  i s  

i s sued  a f t e r  ga t ing  t h e  decoded output  of MA4-MA7 

address  l i n e s  and TPB pulse  of the  processor  ( ~ e f .  

F ig .  5.3). M0800 s i g n a l  i s  t h e  decoded adciress Pine 

which goes as the  EN s i g n a l  f o r  s e l e c t i n g  t h e  de lay  

b u f f e r  from l o c a t i o n  0800 onwards ( ~ e f  . Fig. AS.  1 ( a )  ) . 
The t iming diagram i n  the  f i g u r e  shows t h e  

genera t ion  of c lock p u l s e s  which go t o  d i f f e r e n t  

de lay  b u f f e r  chips .  Because of t h e  l e n g t h s  of cab le  



(about  3 metres) from t b e  computer t o  the  i n t e r f a c e  

u n i t  f o r  t h e  de lay  system, t h e  c o n t r o l  and d a t a  

s i g n a l s  a r e  buffered s u f f i c i e n t l y .  S h i f t  r e g i s t e r s  

f o r  provid ing  the  de lay  opera te  on 12V supply,  whi le  

t h e  microcomputer o p e r a t e s  on 5V. The de lay  b u f f e r  

i s  designed t o  opera te  a t  12V and hence t h e  c o n t r o l  

and d a t a  b i t s  a r e  l e v e l  s h i f t e d  a t  t h e  inpuC,thereby 

avo id ing  l e v e l  s h i f t i n g  a t  t h e  m u l t i b i t  output  of 

t h e  de lay  b u f f e r  u n i t .  An open c o l l e c t o r  TTL b u f f e r ,  

7407, i s  used f o r  l e v e l  conversion wi th  ve ry  s m a l l  

propagat ion delays.  

F ig .  5.10 givee t h e  f low c h a r t  f o r  l o a d i n g  t h e  

d e l a y  b u f f e r  corresponding t o  the  de lay  zone s e l e c t e d .  

72 b y t e s  of c o n t r o l  d a t a  corresponding t o  8 de lay  

zones a r e  s to red  from l o c a t i o n  0735 a s  shown i n  t h e  

Fig .  5.10. The de lay  zone spec i f i ed  by t h e  thumbwheel 

on t h e  console i s  s t o r e d  i n  l o c a t i o n  0220. R e g i s t e r  B 

i s  i n i t i a l l y  s e t  t o  p o i n t  t o  t h i s  memory l o c a t i o n .  

R e g i s t e r  C i s  s e t  wi th  a cons tant  9 and R e g i s t e r  8 

i s  s e t  t o  0805 t o  p o i n t  t h e  delay b u f f e r  l a t c h  ( F i g  5.9). 

Memory address  0805 t o  0 8 0 D  r e f e r s  t o  t h e  9 by te  l a t c h  

i n  t h e  de lay  b u f f e r  u n i t .  R e g i s t e r  D i s  t h e  memory 

p o i n t e r  f o r  ob ta in ing  t h e  d a t a  corresponding t o  t h e  

de lay  zone s e l e c t e d .  The memory l o c a t i o n  t o  be 
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pointed  i s  computed from t h e  delay zone s e t t i n g  on 

the  console .  The de lay  zone s e l e c t e d  ( a  number from 

0 t o  7)  i s  mul t ip l i ed  by 9 and added wi th  35 t o  g ive  

t h e  lower o rde r  byte  i n  t h e  Reg i s t e r  D ,  and 07 i s  

s t o r e d  i n  t h e  h igher  o r d e r  byte .  Thus R e g i s t e r  D 

p o i n t s  t o  the  memory l o c a t i o n  corresponding t o  the  

c o n t r o l  d a t a  p e r t a i n i n g  t o  t h e  p a r t i c u l a r  de lay  zone. 

9 b y t e s  of d a t a  fo l lowing  the  memory l o c a t i o n  poin ted  

by R e g i s t e r  D a r e  s t o r e d  i n  l o c a t i o n s  0805 onwards i n  

t h e  de lay  b u f f e r  u n i t .  

5.3.4 I n t e r f a c e  Uni t  f o r  t h e  MTU 

F ig .  5.11 g ives  t h e  schematic diagram of t h e  

MTU i n t e r f a c e  u n i t  and Fig.  5.12 g i v e s  the  t iming 

diagram, 

The f l i p - f l o p ,  FF1, i s  r e s e t  by s e t t i n g  the  Q 

output of CPU which i s  hardwired t o  r e s e t  FF1. The 

d a t a  from the  processor  u n i t  (Dl-16) i s  s t robed  by 
- 

t h e  r i s i n g  edge of  t h e  CSBC pulse of t h e  p rocessor  

u n i t  i n t o  t h e  inpu t  l a t c h  c i r c u i t  a t  t h e  end of t h e  - 
i n t e g r a t i o n  period.  The CSBC pulse  a l s o  s e t s  FF1, 

r e g i s t e r i n g  EF1 reques t .  The microprocessor so f tware ,  

a f t e r  i n i t i a l i s i n g ,  w i l l  be i n  the  w a i t  s t a t e  looking  

f o r  t h e  s e t t i n g  up of f l a g  EF1. 
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The computer t h e n  i n p u t s  the  d a t a  of 16 b i t s  

p e r t a i n i n g  t o  each beam i n t o  2 by tes  from t h e  

s p e c i f i e d  l o c a t i o n  i n  t h e  memory and keeps count 

of number of by tes  t r a n s f e r r e d .  8 us ( execu t ing  

2 m/c cycle  i n s t r u c t i o n s )  a f t e r  EJ?1 r e q u e s t ,  t h e  

h igh  by te  of d a t a  i s  t r a n s f e r r e d .  Q output  from 

t h e  processor  r e s e t s  FFI . After  24 u s  ( execu t ing  

6 m/c cycle  i n s t r u c t i o n s ) ,  t h e  low byte  of d a t a  i s  

t r a n s f e r r e d  ( ~ e f  . t iming  diagrams i n  APPENDIX 5) . 
Program looks  f o r  EF2 r e q u e s t ,  which i s  s e t  a f t e r  

the  dumping opera t ion  i s  over. This f l a g  i s  s e t  up 

by t h e  f l i p- f l o p ,  FF2, on t h e  r i s i n g  edge of t h e  

s i g n a l ,  OPC1 > 3F. This  s i g n a l  i s  i s s u e d  a t  t h e  end 

of t h e  pos t- in tegra t ion  time when process ing  f o r  a l l  

the  beams i s  completed. Once the  EF2 f l a g  i s  sensed, 

t h e  processor  ~ ~ t s  out  t h e  d a t a  a t  t h e  r a t e  of t h e  

w r i t i n g  speed of t h e  MTU i n  t h e  DMA mode of t r a n s f e r .  

The Q output of EF2 a l s o  s e t s  up t h e  f l i p- f l o p ,  

FF3,  which enables  t h e  s e t t i n g  up of ano the r  

f l i p- f l o p ,  FF4, a t  t h e  r i s i n g  edge of t h e  MTU clock 

o p e r a t i n g  a t  500 Hz. A f t e r  sensing EF2 f l a g ,  DMA OUT 

r e q u e s t  s i g n a l  t o  the  processor  i s  genera ted  from the  

f l i p- f l o p ,  FF5, only a f t e r  one ma a f t e r  s e t t i n g  FF4, 

i n  t h e  f ollowin? f a l l i n g  edge of t h e  MTU c lock  t o  



al low t h e  processor  t o  come t o  the  DMA mode of 

t r a n s f e r .  The MTU c l o c k  i s  issued  f o r  DMA opera t ion  

only a f t e r  a s c e r t a i n i n g  t h a t  the gap i n  process  

s i g n a l ,  GIP, and lREADY1 s i g n a l  from MTU a r e  proper .  

The D I U  r eques t  i n i t i a t e s  S2 s t a t e  i n  t h e  

processor  ( ~ i g .  A5.2)  which i s  sensed i n  t h e  

i n t e r f a c e  u n i t  and genera tes  con t ro l  s i g n a l s  t o  

t r a n s f e r  d a t a  t o  MTUo The d a t a  from t h e  p rocessor  

bus i s  s t robed i n t o  t h e  output l a t c h  by ti:e t iming 
- 

pulse  generated by t h e  s i g n a l ,  SCO .SCI .TPB. The 

*WRITE t 'pulse of 50 ~s dura t ion  i s  generated after 

g i v i n g  5 us d a t a  s e t t l i n g  time i n  t h e  output  l a t c h ,  

A f t e r  t r a n s f e r r i n g  a l l  t h e  bytes  t o  MTU, output  

i n s t r u c t i o n  i n  t h e  processor  i s  executed t o  genera te  

t h e  record  gap i n  the  MWo A separa te  counter  i n  

t h e  p rocessor  keeps t r a c k  of the  number of by tes  

kept  i n  memory t o  be t r a n s f e r r e d  onto t h e  MTU. Each 

record i n  the  MTU c o n t a i n s  console s e t t i n g  d e t a i l s  

and a c t u a l  d a t a  computed f o r  a l l  t h e  beam s e t t i n g s .  

The l o c a t i o n s  0202 t o  0210 are kept  f r e e  i n  t h e  

memory f o r  l a t e r  expansion of t h e  console  s e t t i n g s .  

The d a t a  and t h e  c o n t r o l  s i g n a l s  f o r  the  MTU 

a r e  a l l  l e v e l  s h i f t e d  t o  6V by u s i n g  open c o l l e c t o r  

b u f f e r s ,  7407, and energised  by t h e  6 V  supply provided 



by t h e  MTU u n i t ,  i n  o r d e r  t o  meet t h e  MTU 

s p e c i f i c a t i o n s  . The unshi f  t ed  d a t a  and t h e  c o n t r o l  

s i g n a l s  opera t ing  a t  5V a r e  given through a buffer  

t o  a l o w  speed recorde r ,  f o r  debugging purposes. 

I n  t h i s  case ,  t h e  MTU c l o c k  i s  changed from 500 Hz 

t o  10 Hz by an e x t e r n a l  switch con t ro l .  The recorde r  

i s  used only as t h e  lzardcopy f a c i l i t y  f o r  t h e  d a t a  

w r i t t e n  i n  MTU, s i n c e  w r i t e  only MTU cannot be read 

i n  t h e  f i e l d .  This  r e c o r d i n g  f a c i l i t y  w i l l  a i d  i n  

fault  l o c a l i s i n g  e t c ,  

F i g .  5.13 g ives  t h e  f low char t  of t h e  program 

f o r  d a t a  a c q u i s i t i o n  from tk.e FT p rocessor  and 

t r a n s f e r r i n g  the d a t a  onto  t h e  MTU. R e g i s t e r  2 ,  i s  

used as Index r e g i s t e r  and as memory p o i n t e r  t o  

i n p u t  the  16 b i t  word from t h e  FT p rocessor  as 2 byte  

d a t a ,  The d a t a  i s  s t o r e d  from l o c a t i o n  0221 onwards 

i n  t h e  memory. R e g i s t e r  3 i s  a byte coun te r  which 

keeps account of the  number of bytes  t o  be t r a n s f e r r e d  

t o  t h e  MTU. This r e g i s t e r  i s  p r e s e t  wi th  t h e  number 

(16)  corresponding t o  t h e  number of bytes  i n  t h e  header  

p e r t a i n i n g  t o  t h e  d e t a i l s  of the  console s e t t i n g s ,  

eg: BEAM START, BEAM FINISH, e t c .  Once d a t a  a c q u i s i t i o n  

i s  complete, t h i s  r e g i s t e r  i s  decremented while  

t r a n s f e r r i n g  data t o  t h e  MTU through D14A ope ra t ion ,  

R e g i s t e r  0  i s  used as t h e  DMA poin ter .  
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5.3.5 I n t e r f a c e  Uni t  f o r  the  TV Monitor 

Fig .  5.14 g ives  a block schematic of t h e  TV 

i n t e r f a c e  u n i t  f o r  keyboard con t ro l .  The w r i t e  

s i g n a l ,  R/W AN, of 500 n s  width and t h e  c h i p  s e l e c t  

s i g n a l s ,  CS AN, of 1.2 us f o r  the  alphanumeric 

module a r e  generated as shown i n  t h e  f i g u r e  t o  meet 

t h e  t iming requirements of t h e  AN module g iven  i n  

APP3NDIX 7. MONO-1 a l lows  t h e  s e t t l i n g  time f o r  t h e  

d a t a  from the  TV keyboard t o  be s t robed i n t o  the  d a t a  

l a t c h .  The d a t a  s i g n a l s  go through a ga ted  l a t c h  

c i r c u i t  t o  t h e  d a t a  bus of t h e  AIT module. MONOS 2 

t o  4 ,  and t h e  f l i p- f l o p ,  FFI , generate  R/W AN and 

CS AN p u l s e s  as pe r  t h e  t iming diagram shown. MONO-2 

provides  a de lay  of 400 n s  f o r  CS AN t o  provide w r i t e -  

set- up- time, tCQW(240 n s  minimum). IONO-4 provides a 

de lay  of 300 ns pulse  f o r  ch ip- se lec t- hold- t ime,  tCSH 

(75 n s  minimum), after R/W AN. The w r i t e  p u l s e  width,  

typ, of 500 n s  (250 n s  minimum) i s  provided by t h e  

Q ou tpu t  of 1rIONO-3. CS AN pulse  i s  provided by FF1 

which i s  s e t  by the  r i s i n g  edge of MONO-2, and r e s e t  

by t h e  f a l l i n g  edge of MONO-4. The R/W AN and CSAN 

p u l s e s  can be i n i t i a t e d  by one of t h e  fo l lowing  pulses:  

1 . Clear  pu l se  from t h e  keyboard, 
2. Strobe s i g n a l  from t h e  keyboard, and 

3.  R/w AN-MP p u l s e  from the microprocessor  





User def ined  keyboard switches,  S1 t o  S9, a r e  

u t i l i s e d  i n  t h e  AN d i s p l a y  f o r  genera t ing  t h e  c u r s o r  

c o n t r o l ,  f o r  r e s e t t i n g  t h e  d a t a  and t h e  address ,  f o r  

genera t ing  b l i n k i n g  c h a r a c t e r s  and f o r  c l e a r i n g  t h e  

d i s p l a y .  The keyboard swi tch  f u n c t i o n s  a r e  shown 

i n  t h e  Fig.  5.14. 

The AN module comprises 512 memory l o c a t i o n s  

corresponding t o  16 rows by 32 columns. Lower case ,  

upper case  and ~ m e k  c h a r a c t e r s  a r e  a l l  a v a i l a b l e ,  

t o t a l l i n g  128 c h a r a c t e r s .  The MSB of t h e  d a t a  byte  

dec ides  whether t h e  c h a r a c t e r  displayed is  t o  be 

b l i n k i n g  o r  not .  The f l i p- f l o p ,  FF2, i s  s e t  by 36. 

The output  of FF2 goes as t h e  MSB of t h e  d a t a  l a t c h ,  

while  t h e  o t h e r  7 b i t s  of d a t a  a r e  t aken  from t h e  

keyboard. A f t e r  i s s u i n g  w r i t e  pulse ,  R/w AN, FF1 

r e s e t s  t h i s  b l i n k i n g  FF2. 

Address l i n e s ,  A 0  t o  A4, c o n t r o l  t h e  column i n  

which t h e  c h a r a c t e r  i s  t o  be d isp layed,  whi le  A 5  t o  

A 8  c o n t r o l  the  raw. Two up/down counters  a r e  

s e p a r a t e l y  used f o r  column c o n t r o l  and row c o n t r o l  

and can be increnented o r  decremented under  keyboard 

c o n t r o l .  The column coun te r  i s  a 5  b i t  one, a s i n g l e  

c lock  pu l se  f o r  which i s  produced by MONO-5 t r i g g e r e d  

by e i t h e r  r i p h t  s h i f t  key, 31, o r  l e f t  s h i f t  key, 82. 

The counter  i s  i n  t h e  U P  mode f o r  r i g h t ' s h i f t  con t ro l .  



Similarly row counter is a 4 bit one, the single 

clock pulse for which is produced by MONO-6 

triggered by down skif t key, 83 ,  or up shift key, 

54. The counter is in the UP mode for up shift 

control. 

In the second mode of operation, any particular 

character from the keyboard can be written into all 

the 512 locations. This mode is used for blanking 

the screen. Clear switch, 35, is used for this 

operation. Both the counters are connected in series. 

The Q6 output of the column counter is connected to 

the clock input of the row counter through a 

multiplexer and some gate circuits as shown in the 

figure. An internal clock operating at 20 Hz is 

used to clock the column counter. By pressing the 

blank key, or any character and depressing 55, AN 

characters are copied row by row. Por shifting the 

cursor by more than few characters, the internal clock 

can be used by independently enabling the clock 

signal to the column counter by pressing switches 51, 

S2 or S5 and for the row counter by switches 3 3 ,  S4 

or S5. 

Sufficient delay is introduced for the keys S1 

to 34 to avoid switch bouncing. Switch, S9, is used 



f o r  enab l ing  t h e  microprocessor,  by s e t t i n g  t h e  

f l i p- f l o p ,  FF3. FF3 i s  i n  t h e  t o g g l i n g  mode and 

changes s t a t e  f o r  a l t e r n a t e  pulse i n p u t s .  The 

microprocessor  i s  enabled i n  the  switch-on cond i t ion  

by t h e  power-on r e s e t  of FF3. The d a t a  and address  

l i n e a  a r e  d i sab led  when microprocessor enable ,  MPEN, 

s i g n a l  i s  a c t i v e  as shown i n  the  f i g u r e .  

Fig.  5.15 g ives  t h e  block schematic of t h e  

microprocessor d r iven  TV i n t e r f a c e  u n i t  f o r  d r i v i n g  

Graphics module type ,  MTX-256. Separa te  l a t c h e s  a r e  

used f o r  column address ,  row address  and d a t a  f o r  

alphanumeric d i sp lay .  These l a t c h e s  a r e  used as 

l o c a t i o n s  i n  memory apace i n  the microcomputer. Th i s  

f e a t u r e  avoids  output  p o r t  expansion of t h e  microcomputer 

and t h e  hardware des ign  becomes q u i t e  economical. Some 

memory l o c a t i o n s  (0800 t o  08FF) a r e  reserved  as output  

p o r t s .  I n  t h i s  mode of opera t ion ,  t h e  output  b u f f e r s  

a r e  accessed i n  t h e  memory w r i t e  i n s t r u c t i o n s .  
- 

Timing s i g n a l s ,  MWR and TPB-TV, p u l s e s  a r e  ga ted  t o  

genera te  t h e  clock s i g n a l s  f o r  these  l a t c h e s .  The 

d a t a  from t h e  microprocessor d a t a  bus i s  t r a n s f e r r e d  

t o  t h e s e  l a t c h e s  when MPEN s i g n a l  i s  t r u e .  Each l a t c h  

c i r c u i t  i s  l i k e  a memory l o c a t i o n  and can be s e l e c t e d  

by decoding t h e  address  b i t s  of the  microprocessor as 

shown i n  F i g .  A 5 , l  (a)  . A f t e r  load ing  column address ,  
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row address and the data into the appropriate 

latches, the R/W AN-MP signal is generated by - 
gating the signals CS3, CLI and M0800 as shown 

in the figure. The R/w AN-MP signal is used to 

generate R/w AN and CSAN for the alphanumeric 

display (Fig. 5.14) . Thus different characters 

can be written in the selected places by the proper 

data flow under software control. Cldaring the 

screen involves writing a blank character in each 

location of the AN display. The initialising program 

clears the screen. 

Fig. 5.16 gives the schematic of the software 

for clearing the AN RAM. Registers B and C contain 

constants corresponding to the total number of 

columns (32) and rows (16) respectively to address all 

the locations. The data corresponding to 'BLANK' is 

written in all the locations by goinr through two 

loops as shown in the figure. 

Fig. 5.17 gives the schematic of the software 

for displaying the house-keeping data on one corner 

of the TV screen. Console data like BEAT4 BEGIN, BEAM 

FINISH, etc, are stored in locations 0700 to 0731 of 

computer memory and Register D is used as memory 

pointer for the data. Register B is used as the 
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column counter, while Register C is used as the row 

counter. Register 8 is used as the memory pointer 

to write data in the AN module. 

Fig. 5.18 gives the flow chart of the program 

for writing data corresponding to the thumbwheel 

settings of the console. Register 9 is a memory 

pointer and is initially set to the memory location 

0211 from where the console setting data is stored in 

the following 16 bytes. Register 8 is a TV buffer 

pointer. Registers B and C are used as the column 

address and row address counters respectively by the 

AN display. 

The graphic data latch and memory address latch 

are two locations in the memory space of the graphics 

module and are loaded with suitable data by generating 

graphic control signals CSG and R/W G pulses as shown 

in the Fig. 5.15. MONO-1 provides a delay of 400 ns 

in generating CSG and R/W G pulses. This allows 

settling time in the output latch circuits for the 

data. CSG and Ii/N G are of 400 ns duration and taken 

as the Q and output of MONO-2. The same pulse 

duration for bot9 the signals is possible because 

chip-select-to-write-set-up-time, tCSW, and chip- 

select-to-hold-time, tCSH, required is zero ns. 
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Timine requirements of the graphics  rrodule i s  

given i n  t h e  Fig.  A8,6 (APPENDIX 8 ) .  MONO-1 i s  
- 

t r i g g e r e d  by g a t i n g  CS5, CL2 and M0800 p u l s e s  a s  

shown i n  the  F i s .  5.15 when t h e  d a t a  i n  t h e  

corresponding output  l a t c h e s  have s e t t l e d ,  MPEN, 

M0800, CL s i g n a l s  a r e  a l l  buffered t o  d r i v e  the  

v a r i o u s  c i r c u i t s .  The t iming diagram i s  a l s o  given 

i n  t h e  Fig.  5.15. 

F ig .  5.1 9 g i v e s  t h e  flow c h a r t  of t h e  program 

f o r  c l e a r i n g  the  g raph ics  memory. For  c l e a r i n g  the  

screen ,  t h e  address  h a s  t o  be s e t  t o  3 and t h e  d a t a  

as zero  and then  t h e  w r i t e  pulse has  t o  be issued.  

k de lay  of 3.3 m s  has  t o  be allowed be fo re  t r a n s f e r r i n g  

any d a t a  onto t h e  g raph ics  memory which al lows t ime 

f o r  w r i t i n g  zeroes  i n  a l l  l o c a t i o n s .  R e g i s t e r  8 i s  

used as t h e  memory p o i n t e r  f o r  dumping t h e  d a t a  and 

R e g i s t e r  5 i s  used f o r  g iv ing  the  d e l a y  time. A number 

of NOP cyc les  a r e  executed i n  a loop  and i t  comes out  

of t h e  loop,  a f t e r  t h e  requi red  d e l a y  time. 

F ig .  5.20 g i v e s  t h e  flow c h a r t  f o r  t h e  program 

f o r  w r i t i n g  computed d a t a  onto t h e  g raph ics  menory. 

A t  t h e  end of each i n t e g r a t i o n  t ime, t h e  b r i g h t n e s s  

f o r  a l l  t h e  beams a r e  computed and s t o r e d  i n  the  

computer memory. Since t h e  g raph ics  module has  a 
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memory s i z e  of 256 X 256 l o c a t i o n s ,  256 p o i n t s  

i n  each column a r e  used t o  r ep resen t  512 beams i n  

d e c l i n a t i o n ;  i . e . ,  on ly  a l t e r n a t e  beams a r e  displayed.  

4 MSB b i t s  ou t  of t h e  16 b i t  word corresponding t o  

each beam can be chosen under sof tware c o n t r o l .  

Th i s  number i s  converted t o  provide an  analog 

v o l t a g e  f o r  i n t e n s i t y  c o n t r o l  of t h e  TV monitor. 

R e g i s t e r  7 i s  used f o r  s t o r i n g  a cons tan t  

corresponding t o  t h e  number of b i t s  t o  be s h i f t e d .  

Address of t h e  BEAM START and BEAM FINIS3 i s  a v a i l a b l e  

i n  t h e  computer memory a t  0200 and 0201 as 2 b y t e s  as 

a l r e a d y  given (Fig.  5 ,6) .  R e g i s t e r  8 i s  used as t h e  

memory p o i n t e r  f o r  t r a n s f e r r i n g  the  d a t a  i n t o  the  

g raph ics  memory. R e g i s t e r  6 i s  used as t h e  d a t a  

p o i n t e r .  Once t h e  address  f o r  start l o c a t i o n  i s  

w r i t t e n ,  c u r s o r  movement c o n t r o l  i s  exerc ised  f o r  

w r i t i n g  a l l  t he  p o i n t s  i n  t h a t  column by g iv ing  

v e c t o r  s h i f t  c o n t r o l  (Ref.  APPENDIX 8) . The c u r s o r  

w i l l  now po in t  t o  t h e  s tar t  l o c a t i o n  f o r  w r i t i n g  

the  column o f  p o i n t s  corresponding t o  t h e  fo l lowing 

i n t e g r a t i o n  cycle .  T h i s  w i l l  p rogress  i n  t h e  le f tward  

d i r e c t i o n  f o r  new i n t e g r a t i o n  cyc les ,  thereby 

d i s p l a y i n g  t h e  b r i g h t n e s s  d i s t r i b u t i o n  map as the  

e a r t h  r o t a t e s  from west t o  e a s t .  


