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A] 3 - l e v e l sampling 
For s p e c t r a l l i n e t h e r e l a t i v e SNR i s given by 
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where d i s the d e c i s i o n l e v e l i n u n i t s of s igma . The SNR i s o p t i m i s e d w i t h 
d - O ^ l o r a n d y i e l d s a d e g r a d a t i o n f a c t o r ( t h e i n v e r s e of t h e r e l a t i v e SNR) equal 
t o 1.235* For continuum the r e l a t i v e SNR should take i n t o account t h e number 
of b i t s needed to record the d a t a in any comparison. For t he 3 - l e v e l case the 
i n f o r m a t i o n r a t e ( f o r op t imal encoding) i s 

The f i g u r e shows how t h e normal ised continuum deg rada t ion f a c t o r ( f o r a f i x e d 
number recorded b i t s ) v a r i e s wi th d e c i s i o n l e v e l in the case of 3 - l w e l sampling. 
The optimum performance i s achieved a t 0 ^ . 9 and r e s u l t s i n a loss f ac to r of 1.49 
a t 1 .22 b i t s / s a m p l e o r about 5% b e t t e r than the 2-levrel l o s s f ac to r of fl/2-1.57. 
However t h i s ga in assumes op t imal encoding of the samples t a k i n g i n t o a c c o u n t 
t h e i r p r o b a b i l i t y d i s t r i b u t i o n . In p r a c t i c e t h r e e 3- level samples would probably 
be encoded i n t o 5 b i t s o r t ake 1.67 b i t s / s a m p l e * . In t h i s c a s e t h e 3 - l e v e l 
d e g r a d a t i o n f a c t o r would be o p t i m i s e d by choosing the d e c i s i o n l e v e l which 
o p t i m i s e s the s p e c t r a l case which r e s u l t s in a n e t d e g r a d a t i o n f a c t o r of 1.59-
Th i s i s about worse than the 2 - l e v e l c a s e . 
B] Degradat ion f a c t o r s f o r m u l t i - l e v e l and oversampling 
The Table shows t h e d e g r a d a t i o n f a c t o r s . In my opin ion we have 4 o p t i o n s : 
l ] 2 - l e v e l sampling p lus oversampling f o r s p e c t r a l l i n e case 

*or 5 samples into 8 b i t s at 1 .6 bits/sample 

R =-pQ log^ PQ - (1 -P 0 ) log 2 ( l - P 0 ) / 2 2 o 



2] 3 - l e v e l sampling p lus oversampling f o r the s p e c t r a l l i n e case 
3 ] 2 - l e v e l sampling f o r continuum p lus 3 - l e v e l sampling and oversampling 

f o r s p e c t r a l l i n e 
4] 2-level sampling f o r continuum p l u s 4-level sampling and oversampling 

f o r s p e c t r a l l i n e 
In my opinion we must suppor t 2 - l e v e l sampling op t ion f o r the following reasons: 

a ] I t i s we l l unders tood and v e r y immune to i n s t r u m e n t a l d e f e c t s . 
b ] I t i s immune to i n t e r f e r e n c e e f f e c t s which may s a t u r a t e t h e AGC o r 

a l t e r the d e c i s i o n t h r e sho ld dur ing r ecove ry . 
c ] I t i s t h e on ly easy way of avoid ing c a l i b r a t i o n e r r o r s i n t he case of 

s t rong p u l s a r s . 
d ] I t o p t i m i s e s continuum s e n s i t i v i t y more e a s i l y than does the 3 - l e v e l 

case which r e q u i r e s an AGC o r dynamic t h r e s h o l d . 
e ] I t i s compa t ib le wi th p r e s e n t VLBI systems 

On the b a s i s of t h e above I would l i k e t o e l i m i n a t e op t ion 2 and c o n s i d e r on ly 
1 , 3» and 4 . I f c o s t were n o t a c o n s i d e r a t i o n o p t i o n 4 p r o v i d e s t h e b e s t 
per formance . However i t i s l i k e l y t h a t o p t i o n 4 w i l l r e s u l t i n s i g n i f i c a n t 
compl i ca t i ons i n the p r o c e s s o r which would be avoided in option 1 and to a l e s s e r 
e x t e n t i n op t ion 3* Thus I w i l l examine only the added h a r d w a r e r e q u i r e d i n 
o p t i o n 3 t o see i f i t i s worth the M% improvement i t y i e l d s f o r s p e c t r a l l i n e 
o b s e r v a t i o n s i n the 4 X Nyquis t oversampled c a s e . 
c ] Added hardware needed to p rov ide 3 - l e v e l sampling 

a ] 3 - l e v e l sampler + AGC f o r each of 32 channe ls o r approx 64 I . C . ' s 
per a c q u i s i t i o n system 

b ] Encoding of 3 samples i n t o 5 b i t s f o r each of 32 channe l s o r approx 
96 I . C . ' s per a c q u i s i t i o n system 

c ] Add i t i ona l i n t e r m e d i a t e bandwidth f i l t e r s 
e . g . 4 Mbi t / sec sample r a t e would need 2 MHz f i l t e r f o r 2 l e v e l sampling 

and 2X3/5 = 1 . 2 MHz f i l t e r f o r 3 - l e v e l sampling 
o r i n t e r m e d i a t e sample r a t e s to use the same f i l t e r s . 

d ] Decoding of 5 b i t b l o c k s i n t o t h r e e 3 - l e v e l samples o r approx imate ly 
64 I . C . ' s per a c q u i s i t i o n system 

e ] 3X3 l e v e l f e a t u r e i n VLSI c o r r e l a t o r c h i p - a l r e a d y provided 
Assume $10 p e r IC a somewhat o p t i m i s t i c e s t i m a t e f o r t he a d d i t i o n c o s t f o r 10 
a c q u i s i t i o n systems would be $22 ,400 . A s i m i l a r a d d i t i o n sum would probably be 
needed in the p r o c e s s o r . 



Levels Mode Nyquist 2 x Nyquist 
2 s p e c t r a l 1 .57 1.35 2 continuum 1.57 — 
3 s p e c t r a l 1 .23 1 .13 
3 continuum 1.59 — 
4 s p e c t r a l 1 .13 1.07 
4 continuum 1.69 — 
3 continuum 1.49 — 

3 z Nyquist 4 x Nyquist Encoding 
1.29 1.27 

1 b i t / s a m p l e 
1.11 1.09 

5/3 b i t s / s a m p l e 
1.06 1.05 

2 b i t s / s a m p l e 
1.22 b i t s / s a m p l e 

TABLE MULTI-LEVEL AND OVER-SAMPLING DEGRADATION FACTORS 




