
CHAPTER 6 

SYSTEM TESTING 

6.1 I n t r o d u c t i o n  

The performance of t h e  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  

f o r  t h e  decametrewave r a d i o  te lescope  a t  Gauribidanur,  

whose d e t a i l e d  des ign  h a s  been d iscussed  i n  the  

precedinc  chap te r s ,  was t e s t e d  f i r s t  i n  tbe  l a b o r a t o r y  

and then  on t h e  f i e l d .  The l abora to ry  t e s t s  on the  

subsystems of the  r e c e i v e r  were c a r r i e d  o u t ,  as 

descr ibed  i n  Sec. 6.2 under Contro l led  Condit ions and 

t h e  performance was found t o  be s a t i s f a c t o r y .  

The f i e l d  t r i a l  of the system was c a r r i e d  out  by 

connect ing t h e  r e c e i v e r  system t o  t h e  antenna system 

and ob ta in ing  tee system response - f o r  two 

s t r o n g  r a d i o  sources ,  3C144 and 3C218. The d e t a i l s  of 

t h i s  t e s t  a r e  d i s c r s s e d  i n  Sec. 6.3 below. 

Both. t h e  l a b o r a t o r y  t e s t s  and t h e  f i e l d  t r i a l s  

have shown t h a t  the  system works s a t i s f a c t o r i l y  as p e r  

t h e  design. 

6.2 Laboratory t e s t s  

6.2.1 T e s t s  on the  ~ i , c i t a l  C o r r e l a t o r  C i r c u i t  

A s  a l r eady  d iscussed  i n  Chapter 3, one-bit 

c o r r e l a t o r s  and two adders  ( ~ e f ,  F ig .  6.1) a r e  used 
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f o r  c o r r e l e a t i n g  double sideband s i g n a l s  d i r e c t l y  

wi thout  unfold ing  t h e  s i g n a l s .  It  may be r e c a l l e d  

t h a t  the  Cosine (an) and Sine (b,) c o r r e l a t i o n  

c o e f f i c i e n t s  a r e  given by 

I I 

an = s1s2 + S1s2 1 
Equation (7.4) Chap. J 

1 I X 
bn = s2s1 - s1s2 X 
The c o r r e l a t o r  c i r c u i t  was f i rs t  t e s t e d  by g i v i n g  

a l l  t h e  p o s s i b l e  combinations of t h e  l o c i c  l e v e l s  of 
t I 

t h e  i n p u t s  S , ,  S2, S1 and S2 and monitor ing t h e  o u t p u t s  

an and bn. A s  each of t h e s e  f o u r  i n p u t s  can assume 

independent ly the  l o g i c  l e v e l s  0 and 1 ,  t h e r e  a r e  i n  

a l l  16 poss ib le  combinations. This  t e s t  i n d i c a t e d  

t h a t  t h e  C o r r e l a t o r  C i r c u i t  funct ioned as expected 

under  s t a t i c  condi t ions .  

To determine t h e  e f f e c t  of propagat ion de lays  i n  

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

p a t t s ,  on 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 ,  an and bn, a 

no i se  source was used as shown i n  F ig .  6.2. The n o i s e  

source  was followed by a bandpass f i l t e r ,  BPF, of 

600 KHz bandwidth a t  c e n t r e  frequency o f  4  PIHz. BPF 

was followed by a zero- cross d e t e c t o r  (ZCD) c i r c u i t  

t o  yrovide t h e  one-bit s i g n a l  .of t h e  n o i s e  inpu t .  

Bandpass sampling w a s  employed. The output  of t h e  



FIG 6.2.  TEST SETUP FOR AUTO-CORRELATION. 
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ZCD, N1, was sampled by a clock at 2 HEiz to obtain 

the signal S1. N1 was also sampled by the clock 
1 

shifted by go0, to obtain S, - the quadrature 
1 

component of S1. Further, S, and S1 were fed to the 
I 

digital correlator circuit also as S2 and S2 

res2ectively. This makes the output the auto- 

correlation of the signals with zero time lag. The 

Cosine and Sine correlation coefficients were measured 

for these two elements. Normalised values of an and 

bn were found ts be unity and zero, respectively, which 

were their expected values. The results of this test 

theref ore showed tbat the digital Correlator Circuit 

was functioning satisfactorily. That is, the 

variation in the propagation delays in tke delay shift 

registers, four channel multiplexers, EXOR/EXNOR gates 

and the jitter in the clock signal in the delay shift 

registers, and the two phase clocks 4 ,  and $2 do 

not produce any detectable loss in the correlation. 

After testing the digital correlator circuit in 

the autocorrelation mode, the Correlator Circuit was 

tested with double sideband signals for its linearity. 

Fig. 6.3 shows the test set up used. Two independent 

noise sources N1 and N2 were connected to the two 

channels of the receiver through attenuators A1 and A2, 

which control the power output of these noise sources. 



FIG 6.3 TEST SETUP FOR CROSS-CORRELATION- 
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A t h i r d  no i se  source N 3 ,  which was used t o  s imula te  

t h e  s i g n a l ,  i n t roduces  equa l  powers s imultaneously 

i n t o  t h e  two channels of the  d i g i t a l  c o r r e l a t o r  

c i r c u i t  via an a t t e n u a t o r ,  A 3 ,  and a power s p l i t t e r ,  

PS, and two power combiners, PC1 and PC2. A 3  c o n t r o l s  

t h e  s i g n a l  power f e d  t o  t h e  two channels of t h e  

r e c e i v e r .  The ou tpu t s  of t h e  power combiners pass  

through 30 dB-RF a m p l i f i e r s  followed by bandpass 

f i l t e r s ,  BPFl and BPF2 of 4 MHz bandwidth and a c e n t r e  

frequency of 34.5 MHz. Their  ou tpu t s  were mixed wi th  

t h e  LO a t  30.5 MKz g i v i n g  an IF of 4 MHz. The IF  

o u t p u t s  were passed through two more bandpass f i l t e r s ,  
1 1 .  

BPF1 and BPF2 cen t red  a t  4 MHz with a bandwidth of 

600 HHz, and t h e i r  ou tpu t s  were t h e n  converted t o  

one-bit s i g n a l s  by pass ing  through two zero- cross 

d e t e c t o r s .  To enable  bandpass sampling, t h e  oujtputs 

of t h e  zero- cross d e t e c t o r s  were sampled by 

( i )  t h e  clock,  CLX-1, t o  give t h e  s i g n a l s  S1 
and S2 and a l s o  by 

(ii) t h e  c lock ,  CLK-Q phase s h i f t e d  through go0, 
I t 

t o  give S1 and S2. 

t 
The outputs  of both  t h e  channels,  S1, St and S2, 

I 
S2 were passed through de lay  s h i f t  r e g i s t e r s  and 

c o r r e l a t e d  us ing  the d i g i t a l  c o r r e l a t o r  c i r c u i t ,  The 

c o r r e l a t o r  ou tpu t s  were accumulated i n  coun te r s  f o r  a 

predetermined time and t h e  outputs  of t h e  coun te r s  were 

l a t c h e d .  The l a t ched  ou tpu t s  from both t h e  Cosine and 



Sine c o r r e l a t o r s  were output ted  on a p r i n t e r ,  as 

shown i n  t h e  f i g u r e .  Phase d i f f e r e n c e s  i n  t h e  two 

channels  were i n i t i a l l y  ad jus ted  n e a r l y  t o  zero ,  so 

t h a t  only t h e  Cosine c o r r e l a t i o n  would be expected. 

I n  p r a c t i c e ,  s ince  phase matching cannot be achieved 

over  t h e  e n t i r e  band, both  Cosine and Sine C o r r e l a t i o n  

c o e f f i c i e n t s  w i l l  have measurable va lues .  The no i se  

source ,  N 3 ,  was a d j u s t e d  t o  give d i f f e r e n t  s i g n a l  

l e v e l s  f o r  t h e  c o r r e l a t o r .  It may be shown t h a t  t h e  

t r u e  c o r r e l a t i o n  c o e f f i c i e n t  i s  given by 

where SNR and SNR2 a r e  the  s ignal- to- noise r a t i o s  
1  

of t h e  two channels a t  t h e  input  of t h e  d i g i t a l  

c o r r e l a t o r  c i r c u i t ,  

The no i se  sources ,  111 and N2 were ad jus ted  t o  g i v e  

an I F  output  of about 1.5 v o l t s  peak t o  peak,at which 

l e v e l  t h e  ZCD c i r c u i t s  f u n c t i o n  s a t i s f a c t o r i l y .  

F i g .  6.4 gave t h e  v a r i a t i o n  of 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  a t  the  ouzput of the  d i g i t a l  C o r r e l a t o r  

C i r c u i t ,  as a f u n c t i o n  of i t s  t r u e  va lue ,  The 

s tandard  d e v i a t i o n  of 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  from t h e i r  t r u e  values w a s  about 0.0255. 
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The depar ture  may be a t t r i b u t e d  mainly t o  t h e  

i n a c c u r a t e  c a l i S r a t i o n  of the  a t t e n u a t o r s  A 1 ,  A 2  and 

A 3  (~ig. 6.3) i n  de termining  the signal and no i se  

powers t o  s e t  d i f f e r e n t  Cor re la t ion  C o e f f i c i e n t s  i n  

the  t e s t .  The e f f e c t  of phase c h a r a c t e r i s t i c s  i n  t h e  

f r o n t  end system, th resho ld  v a r i a t i o n  i n  ZCD1s, j i t t e r  

i n  samplers e t c  d id  a l s o  con t r ibu te  t o  t h e  depar ture  

of 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  from t h e i r  

true values.  

Another important  measurement wi th  tl-.e above t e s t  

s e t  up w a s  t o  extend t h e  t e s t  t o  zero  s i ~ ~ a l  power, 

When N3 o u t ~ u t  was s e t  very small, t k e  a s and b,s gave n 
the  c ~ r r e l a t i o n  of t h e  two independent no i se  sources ,  

1\11 and N 2 .  Botk.  t h e  ans and bns were w i t h i n  about one 

percent  of ze ro  c o r r e l a t i o n  f o r  an i n t e g r a t i o n  time of 

about 1/4 sec .  

These t e s t s  e s t a b l i s h  t h a t  t h e  c i r c u i t  f u n c t i o n s  

s a t i s f a c t o r i l y  i n  yiviny tke  Cosin? an? Sine  C o r r e l a t i o n  

C ~ e f f i c i e n t s  of t b  two ~ i ? u b l e  sideband s i g n a l s  f e d  t o  

t h e  i n m t  channels o f  t'he r e c e i v e r  system. 

6.2.2 T e s t s  on t h e  PT Processor  

The FT processor  was independently t e s t e d  by 

f e e d i n g  some knov~n i '~:.nctions comparing t h e  

transformed r e s u l t s  of  t h e  system wi th  t h e  FFT r e s u l t s  



obtained u s i n g  a 13 d i g i t  c a l c u l a t o r  (HP 98218) 

Fig .  6 - 5  shows a Cosine f u n c t i o n  with a non- 

i n t e g r a l  number of c y c l e s  chosen t o  give some 

s i m f i c a n t  p o i n t s  on t h e  transformed f u n c t i o n .  The 

f u n c t i o n  t o  be f e d  was s t o r e d  i n  t h e  an-RAN ( ~ i g .  4.1) 

i n  t h e  fo l lowing  way. The phase c o r r e c t i o n  cyc le  w a s  

used t o  implement t h e  f u n c t i o n  

1 1 
a = an n Cos A$ + bn S i n  A$ 

n n Eq. (4.2) 
Chap. 4 

1 I 
bn = bn Cos A$, - an S i n  A$, 

The phase c o r r e c t i o n  angle  A was kept  a t  zero 

by w r i t i n g  zeroes  i n  a l l  t h e  l o c a t i o n s  of t h e  A$ -RAM. 

The f u n c t i o n  t o  be s t o r e d  i n  t h e  an-FMM was s t o r e d  as 
1 

t h e  g rad ing  f u n c t i o n  i n  t h e  GI-RAM. By p u t t i n g  an as 
1 

one and bn as zero,  t h e  grading f u n c t i o n  w a s  s t o r e d  i n  

t h e  an-RAM dur ing  t h e  phase c o r r e c t i o n  cyc le .  
I 

S i m i l a r l y ,  t h e  bn-RAM was w r i t t e n  by choosing an as 
I I 

zero and bn as one. For  t h e  p resen t  t e s t ,  an was made 

one by permanently connect ing  a l l  t h e  b i t s  except ing  

t h e  s i g n  b i t  (MSB) t o  l o g i c  l e v e l  '1  I .  F ig .  6.6 g i v e s  

t h e  t e s t  r e s u l t s  of t h e  FT processor  compared wi th  t h e  

FFT c a l c u l a t i o n  w i t h  13 d i g i t  accuracy. The curve 1  

i n  t h e  f i g u r e  i s  from t h e  FT processor ,  whi le  curve  2 

i s  t h e  FFT r e s u l t  from t h e  c a l c u l a t o r .  The mean e r r o r  







and standard deviation between the two results were 

calculated and found to be 0.08s and O.1$ respectively. 

Prom this, it is seen that the truncation errors in 

the FT processor in representing the input number with 

only 8 bits, and the errors in truncation and rounding 

off after multiplication of two 8 bit numbers durinfT 

processing to give only an 8 bit result are very small. 

The test was repeated several times to check the 

performance of the FT processor for its repeatability. 

Fig. 6.7Agives the display of the test result, while 

Fig. 6.7B gives the same repeated 128 times. Each 

column of points gives the level of the last significant 

bit of the 16 bit results corresponding to the 256 point 

display. There is no apparent error in computation in 

this repeatability test, confirming that the errors 

obtained are only from truncation and rounding off. 

Fig. 6.8 gives the grey level display of the output 
. 

result, after converting and scaling the 16 bit 2 ' 3  

complement output appropriately and truncating the 

result to give 4 bits for grey level display. 

The above test was carried out by keeping the doc. 

component, a as zero. The test was repeated by 
0' 

keepinr a. as one, to check the proper functioning of 

the FT processor. The doc. component, ao, was directly 

entered from the input into the an-RAM as already discussed 
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without  going through t h e  phase c o r r e c t i o n  and 

weight ing.  This  t e s t e d  t h e  f u n c t i o n i n g  of t h e  

c o n t r o l  c i r c u i t r y  of t h e  FT processor  i n  e n t e r i n g  

t h e  d o c .  component i n t o  the  proper l o c a t i o n  i n  t h e  

an-RAM. The t e s t  r e s u l t s  gave a mean e r r o r  of 0.04% 

and a s tandard  d e v i a t i o n  of 0.1% a g a i n  showing t h a t  

t h e  e r r o r s  a r e  i n s i g n i f i c a n t .  F ig .  6.9 shows a p l o t  

of t h e  above t e s t  r e s u l t s .  

The e r r o r s  should be maximum when a l l  t h e  

c o e f f i c i e n t s  a r e  maximum and hence a t e s t  was performed 

by keeping a l l  t h e  Cosine C o e f f i c i e n t s  maximum i n  t h e  

f u n c t i o n ,  

N 
f ( 0 )  = 1 an % 0°.7,..(6.2) Cos ne  , e = m  

n= 1 

A mean e r r o r  of -0.7% and a s tandard d e v i a t i o n  of 

1.16% were obtained.  F ig .  6.10 g i v e s  t n e  p l o t  of 

the  t e s t  r e s ~ l t s .  

6.3 F i e l d  Trials 

F o r  ca r ry ing  out  t h e  f i e l d  t r ia l s  of t h e  D i g i t a l  

CoPre la tor  System, t h e  N-S a r r a y  was d iv ided  i n t o  6 
& 

groups -- 5 of 16 elements  each and t h e  s i x t h  being 

of 10 elements only. The outputs  of t h e s e  groups wexe 

c o r r e l a t e d  with t h e  s i n g l e  output of t h e  E-W a r ray .  

F o r  t h i s  purpose, an  e i g h t  input  channel  system was 
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cons t ruc ted .  The s i g n a l  SEW ( ~ i g .  6.11),  from t h e  

E-W a r r a y  was fed  i n t o  the  f i r s t  channel and t h e  

o u . t ~ u - t s ~  SNS19 S N ~ 2 ,  SNS39 SNS49 sNS5 and SNS6 of 

t h e  s i x  groups of t h e  N-S a r r a y  were f e d  t o  channel 

numbers 2 t o  7 ,  r e s p e c t i v e l y  of t h e  f r o n t  end of t h e  

r e c e i v e r .  The s i g n a l s ,  SNS1, SNS2, .. . . . SNs6 were 

a130 combined, employinp a corpora te  f e e d ,  and the  

s i n g l e  output ,  SNS7, of the  N-S a r r a y ,  thus  obta ined ,  

was f e d  t o  channel No. 8 of the  f r o n t  end of the  r e c e i v e r .  

The outputs  of t h e s e  8 channels were connected t o  

t h e  i n p u t s  of t h e  8 channels  of the  D i g i t a l  C o r r e l a t o r  C i r -  

cuit  so a s  t o  y i e l d  t h e  Cross C o r r e l a t i o n  C o e f f i c i e n t s  

between and SivS1, SEN and SNS2, .... SXW and SgS. 
11 1 

Note t h a t  t h e  output  of t n e  e igh th  channel of t h e  

D i g i t a l  Cor re la to r  C i r c u i t  c i v e s  the  a u t o c o r r e l a t i o n  

C o e f f i c i e n t  of t h e  s i g n a l  SEW T h i s  ovt;wt checks t h e  . 
s a t i s f a c t o r y  opera t ion  of t h e  d i g i t a l  sjrste:? of t h e  

c o r r e l a t i o n  r e c e i v e r  an3 was monitored throughout t h e  

f i e l d  observat ion.  

Before commissioning t h e  system on tk-e f i e l u ,  t h e  

t e s t  i l l u s t r a t e d  i n  F i c .  6.1 2 was c a r r i e d  out on t h e  

system i n  t h e  l a b o r a t o r y .  Since the  same noise  source  i s  

connected t o  a l l  the  e i g h t  channels ,  t h e  ou tpu t s  of t h e  

d i g i t a l  C o r r e l a t o r  C i r c u i t  ( a f t e r  apply ing  the  Van-Vleck 
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cor rec t ion  f o r  one-bit s igna l s )  should give un i ty  

c o r r e l a t i o n  coe f f i c i en t .  The r e s u l t s  of t h i s  

experiment showed a  maximum l o s s  i n  c o r r e l a t i o n  of 

about 376. This l o s s  i n  co r r e l a t i on  i s  due t o  the  

combined e f f e c t  of t he  phase c h a r a c t e r i s t i c s  i n  the  

f r o n t  end ampl i f i e r s ,  f i l t e r s ,  mixers, threshold 

v a r i a t i o n  i n  ZCD, j i t t e r  i n  samplers e t c .  

The outputs  from the  s i x  groups of the  N-S array 

were connected by a 200 metre open wire t ransmission 

l i n e  (Ref, Fig. 6.11) . The delay e r r o r s  due t o  the  

d i f fe rences  between t h e  lengths  of the  E-W cable and 

the  N-9 c a b l e ~ - ~ w e r e  compensatd by s e t t i n g  the  delay 
s h i f t  r e g i s t e r s  i n  the  channels 2 t o  7 of the  d i g i t a l  

co r r e l a t i on  c i r c u i t .  The f i e l d  t e s t  w a s  ca r r ied  out  

by feed ing  a common s i g n a l  from a noise  source i n t o  

t he  antenna ends of t h e  transmission l i n e s  of both 

the  N-S groups and the  E-W array.  The delay s h i f t  

r e g i s t e r s  were s e t  t o  give the  maximum co r re l a t i on  

i n  a l l  the  channels. 

The noise l e v e l s  i n  a l l  the  channels of the  

f r o n t  end rece iver  were s e t  by ind iv idua l  a t t enua to r s  

i n  each channel t o  give a noise l e v e l  of about 1.5V 

peak t o  peak at  the  IF output ,  s o  t h a t  the  Z C D 1 s  work 

s a t i s f a c t o r i l y .  Observations were a l s o  made of some 



-1 86- 

strong point sources in the sky. The phase shifters in 

the E-W array and N-S array were set to point the beams 

at the declinations of the sources observed, A pre- 

integration time of about 1/4 sec was chosen to acquire 

the data corresponding to the Fourier Coefficients ans 

and bns of the brightness distribution. A post- 

integration factor of 80 gave a total integration time 

of about 20 seconds. The limited samplins of only six 

Fourier Coefficients of the brightness distribution was 

fed to the correspondin{: charnels of the FT processor, 

keep in^ the other channels zero. The phase calibration 

of the six channels was done zt the transit of one of 

tlie strong sources and the correction angles were 

stored in the corresponding locations of the A$ -R.A>l. 

The FT proceszor output is the Fourier summation of the 

measured correlation coefficients, i .e , the bri:<htness 

distribution in the 1:-S direction. The synthesized 

beam (normalized) is shown in curve 1 of Fig 6.13 

obtained at transit of the source 3C144. Curve 2 in 

the fiwre gives the normalized beam pattern obtained 

on the source 3C218. Fig 6.14 shows the hard copy of the 

graphic display of source 3C144. 

It may be pointed out that the systen is designed 

to work ?iith 90 G-3 channels. IIowever, at the time of 

completion of this project, the hardware for only eight 

channels in the front end system was built. Since the 



where On = 2TT (16 ( n-1)+6) 
2 (%) 

m being the direction 

cosine in the N -S direction. 

FIG 6.13 FIELD TRIALS TO SYNTHESIS€ BEAM PATTERN OF N-S ARRAY 





antenna elements i n  t h e  N-S a r r a y  a r e  connected i n  

a Christmas- tree arrangement, t h e  outputs  of 

groups of s i x t e e n  elements was taken.  This r e s u l t e d  

i n  6 N-S group ou tpu t s  f o r  the  above f i e l d  t r i a l s .  

Hence, t h e  t e s t s  were c a r r i e d  out on the  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  wi th  only 6 N-S channels.  I t  

i s  considered e n t i r e l y  reasonable t o  exnect t h a t  t h e  

t o t a l  system w i l l  work s a t i s f a c t o r i l y  based on t h e  

t e s t s  descr ibed  of  t h e  6 channel system. There a r e  no 

cumulative e r r o r s  i n  t h e  system which could render  a 

90 channel system l e s s  accura te  than  thLe 6 channel 

system t e s t e d .  
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CONCLUDING REms 

The des ign ,  c o n s t r u c t i o n  and t e s t i n g  of a 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  system f o r  t h e  low frequency 

t e l e s c o p e  a t  Gauribidanur have been descr ibed  i n  t h e  

e a r l i e r  chap te r s .  The s i g n a l s  from t h e  mul t ichannel  

c o r r e l a t o r  system a r e  processed by F o u r i e r  t r ans fo rmat ion  

i n  real- t ime t o  o b t a i n  a b r i g h t n e s s  d i s t r i b u t i o n  map of 

t h e  sky. The hardware t o  apply s u i t a b l e  phase 

c o r r e c t i o n s  and t o  choose a grading f u n c t i o n  f o r  t h e  

s i g n a l s  on an on- line b a s i s  has  been discussed.  A 

simple system i s  descr ibed  which employs t h e  d i g i t a l  

one-bit c i r c u i t s  t o  c o r r e l a t e  DSB s i g n a l s  and t o  o b t a i n  

2 ' s  complement conversion from t h e  one-bit c o r r e l a t o r-  

i n t e g r a t o r ,  A microcomputer based p e r i p h e r a l  c o n t r o l l e r  

w a s  used t o  t r a n s f e r  t h e  d a t a  from t h e  FT processor  t o  

an incremental  magnetic tape  recorde r  and t o  d i s p l a y  

t h e  processed s i g n a l s  on a TV monitor t o  provide a 

real- t ime b r i g h t n e s s  d i s t r i b u t i o n  map, The microcomputer 

w a s  a l s o  used t o  i n i t i a l l y  s e t  the  d e l a y  f o r  t h e  va r ious  

channels  of t h e  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  and t o  

e n t e r  the  phase c o r r e c t i o n  d a t a  and t k e  grading f u n c t i o n  

i n  t h e  appropr ia t e  memories. 



I n  a one-bit c o r r e l a t o r  system, ga in  va r i a t i ons  

have p r a c t i c a l l y  no e f f e c t  on the system performance. 

The phase c a l i b r a t i o n  of t he  system i s  done by der iv ing  

the  ?ham e r r o r s  i n  each channel a t  t he  t r a n s i t  of a 

s t rong  point  sovrce and applying them a s  cor rec t ions  

while processing. This exerc ise  has t o  be performed 

f o r  various sources and a t  d i f f e r e n t  t i ~ e s  s ince  

ionospheric e f f e c t s  are predominant a t  the  operat ing 

frequency of t he  telescope.  The frequency of the  

c a l i b r a t i o n  has t o  be decided based on a l a r g e  sample 

of observations of t he  ca l ib ra t i ng  sources. 

3cope f o r  f u t u r e  work 

There i s  a  p o s s i b i l i t y  of observing l i n e  r a d i a t i o n  

a t  the  frequency of opera t ion of the  Gauribidanur 

te lescope  l lake e t  a l ,  1980; Konovalenko e t  a l ,  1980) , 

The present  d i g i t a l  co r r e l a t i on  r ece ive r  can be very 

e f f e c t i v e l y  used a s  a l i n e  (auto- correlat ion) r ece ive r  

by merely changinc the  f r o n t  end c i r c u i t r y  t o  some 

ex ten t .  A 128 channel one-bit s h i f t  r e g i s t e r  can give 

time delayed samples of the  input  s igna l .  The d i g i t a l  

c o r r e l a t i o n  rece iver  can be connected t o  obta in  the  

au tocor re la t ion  coe f f i c i en t s .  The on- line Four ier  

t ransformation then g ives  the power spectrum thus  



enabling the observation of l i n e  spectra.  The grading 

function f a c i l i t y  can be used i n  t h i s  case t o  cont ro l  

the  e f fec t ive  f i l t e r  shape. 

The microcomputer incorporated i n  the system is  

presently deaigned t o  operate a s  a peripheral  con t ro l l e r  

and t o  perform some control  operations of the receiver .  

A t  present,  the grey l e v e l  display of the brightness 

distribution map has a l imited dynamic range i n  i n t e n s i t y ,  

since the human eye can resolve at  most 10 grey l e v e l s  

i n  a black and white TV monitor. A ruled surface 

display, on the other  hand can have a much l a r g e r  dynamic 

range. The microcomputer can be programmed t o  d isp lay  

the final data  of the  FT processor i n  the ruled surface 

format. 


