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ABSTRACT. The Mark IIIA corre la tor system, developed at Haystack Observatory , 
i s a s econd-gene ra t i on v e r s i o n o f the o r i g i n a l Mark I I I c o r r e l a t o r which 
adds s i g n i f i c a n t new c a p a b i l i t i e s , such as doub le - speed opera t ion , longer 
i n t e g r a t i o n p e r i o d s , and i m p r o v e d i n t e r n a l m o d e l l i n g . One Mark I I IA 
c o r r e l a t o r i s c u r r e n t l y o p e r a t i o n a l a t the U.S. Naval Observatory in 
Washington, D.C. , and another i s be ing r ead ied t o r e p l a c e the Mark I I I 
c o r r e l a t o r a t Haystack. 

The Mark I I IA c o r r e l a t o r can s imultaneously process up to 10 baselines 
o f 24-MHz BW data from 5 s t a t i o n s . Exper iments i n c l u d i n g more than 5 
s t a t i o n s may be p r o c e s s e d with mu l t i p l e passes th rough the c o r r e l a t o r . 
The a r c h i t e c t u r e o f the c o r r e l a t o r a l lows a future expansion to a maximum 
o f 16 s ta t ions . Due to a simple modular des ign and the low c o s t o f r equ i red 
computer-support equipment, expansion i s s t r a igh t fo rward and r e l a t i v e l y 
e c o n o m i c a l . 

Both astronomy and g e o d e t i c data p r o c e s s i n g are supported by the Mark 
I I IA system, i n c l u d i n g s p e c t r a l l i n e and p u l s a r g a t i n g . In a d d i t i o n , 
r e c e n t work has l e d to support o f s p a c e - b a s e d VLBI o b s e r v a t i o n s ; t h i s 
c a p a b i l i t y was c r i t i c a l in suppor t ing the f i r s t s u c c e s s f u l s p a c e - b a s e d 
VLBI astronomy obse rva t i ons between ground-based antennas and an orbi t ing 
s a t e l l i t e in August 1986. 

1. INTRODUCTION 

In 1984, four U.S. government agenc ies (NASA, NGS, USNO, NRL) c o n t r a c t e d 
wi th Haystack Observatory to deve lop and b u i l d a nex t -gene ra t i on Mark I I I 
c o r r e l a t o r to r e p l a c e the o r i g i n a l Mark I I I c o r r e l a t o r i n s e r v i c e s i n c e 
1979. This c o r r e l a t o r , dubbed the Mark I I IA , was t o have s i g n i f i c a n t l y 
i m p r o v e d c a p a b i l i t i e s i n s e v e r a l a r e a s , p r i m a r i l y i n m o d e l l i n g and 
data- throughput improvements. This new c o r r e l a t o r system was i n i t i a l l y 
i n s t a l l e d a t the USNO in January 1986, and has s i n c e b e e n expanded t o 
5 - s t a t i o n o p e r a t i o n . 
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2 . SYSTEM DESCRIPTION 

The Mark I I I A p r o c e s s o r , l i k e the Mark I I I p r o c e s s o r , i s based on a 
s t r a i g h t - f o r w a r d modular concep t u t i l i z i n g one hardware c o r r e l a t o r module 
per b a s e l i n e t r a c k - p a i r , where a tape t r ack contains the data from a single 
RF "window". Thus 14 modules are r equ i r ed t o p r o c e s s one b a s e l i n e o f 14 
t r a c k s . Each module opera tes as a comple t e ly autonomous u n i t , b u t a l l 
are c o n t r o l l e d by a common o v e r s e e i n g compu te r (HP1000 m i n i c o m p u t e r ) . 
The module performs the func t ions o f d e - c o d i n g the two data streams (one 
from each s t a t i o n forming the b a s e l i n e ) , b u f f e r i n g and c o r r e c t l y aligning 
the data streams to remove the e f f e c t s o f r e c o r d e r j i t t e r . Each module 
can p r o c e s s cont inuous data streams up t o 8 Msamples/second. 

Each Mark IIIA corre la tor module incorporates an i n t e rna l m ic rop roces so r 
t o maintain a h i g h - p r e c i s i o n a p r i o r i mode l f o r s e v e r a l s e c o n d s , even 
under conditions o f very higji delay rates o r a c c e l e r a t i o n . Sample-by-sample 
f r i n g e - r o t a t i o n and c r o s s - c o r r e l a t i o n i s performed over a spec i f ied number 
o f lags (up to 32/module) for each o f a number o f s e v e r a l - s e c o n d i n t e g r a t i o n 
p e r i o d s over the dura t ion o f an o b s e r v a t i o n . The c o r r e l a t i o n results are 
then communicated to the c o n t r o l computer, which performs the n e c e s s a r y 
Four ie r transforms to c r e a t e c r o s s - s p e c t r a l and de lay func t ions f o r each 
i n t e g r a t i o n p e r i o d . Data from a l l i n t e g r a t i o n p e r i o d s are then combined 
t o make es t imates o f v a r i o u s obse rvab l e s ( c o r r e l a t i o n ampl i tude , p h a s e , 
group d e l a y , phase-de lay r a t e , e t c . ) . S p e c i a l a l g o r i t h m s a r e u s e d f o r 
bandwidth-synthes is measurements, which t y p i c a l l y span RF bandwid ths o f 
s e v e r a l hundred Megahertz. 

3. CAPABILITIES 

Up t o 5 - s t a t i o n s (10 b a s e l i n e s ) o f 14 - t r ack data may be correlated through 
the ensemble o f 140 i d e n t i c a l c o r r e l a t o r modules . S o f t w a r e - s e l e c t a b l e 
signal-path se lec t ion allows considerable freedom with regard to c o n f i g u r i n g 
the c o r r e l a t o r f o r p r o c e s s i n g o ther types o f da ta . For example, up to 5 
b a s e l i n e s o f 2 8 - t r a c k d a t a may b e p r o c e s s e d s u m u l t a n e o u s l y ; o r a l l 
p o l a r i z a t i o n combinat ions from a 3 - s t a t i o n 14 - t r ack (7 track/polarizat ion) 
may be p r o c e s s e d . 

For s p e c t r a l - l i n e p r o c e s s i n g , 4480 a v a i l a b l e l ags (140 modules times 
32 l ags /modu le ) may be d i v i d e d among one o r more b a s e l i n e s as d e s i r e d . 
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