


d u r i n g  t e s t i n g  t h a t  e v e n  w i t h  rio i n j e c t e d  n o i s e ,  w h i l e  

r u n n i n g  t h e  m o d e m  u n s y n c h r o n i s e d  to t h e  d a t a  a s  

e x p l a i n e d  a b o v e ,  u s i n g  t h e  c i r c u i t  of F i g  7.1, r a n d o m  

e r r o r s  a p p e a r e d .  T h e s e  a r e  a t t r i b u t e d  to t h e  -fact t h a t  

t h e  d a t a  a n d  s a m p l i n g  c l o c k s  w e r e  n o t  s y n c h r o n i s e d .  A s  

a b o v e ,  t h e  i n d i c a t i o n s  a r e  t h a t  t h e  r e s u l t s  m i g h t  

d i f f e r  for t h e  c a s e  w h e r e  s y n c h r o n i s e d  c l o c k s  a r e  

f e a s  i b 1e .

O n  t h e  q u e s t i o n  of c h o i c e  of c o n v e r g e n c e  c o e f f i c i e n t ,  

it is r e c o m m e n d e d  t h a t  t h e  v a l u e  of 1 0 0 0  b e  e m p l o y e d .  

A l t h o u g h  t h e  e r r o r  r a t e  is h i g h e r  w i t h  t h i s  v a l u e ,  a s  

s t a t e d  a b o v e  in S e c t i o n  7 .2, it r e d u c e s  t h e  l i k e l i h o o d  

of e q u a l i s e r  l a t c h - u p .  T h i s  v a l u e  is t h e  l o w e s t  

p a s s i b l e  w h i c h  p r e v e n t s  l a t c h - u p ,  y e t  r e t u r n s  an 

a c c e p t a b l e  er-^or p e r f o r m a n c e .
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7 . 4  T h e  E f f e c t  of G r o u p  D e l a y

T h i s  is an i m p o r t a n t  a r e a  in t e r m s  of t h e  i n t e n d e d  

a p p l i c a t i o n  of t h e  m o d e m  to l o n g  d i s t a n c e ,  m u l t i l i n k  

c i r c u i t s .  A l t h o u g h  e a c h  s t a g e  of a l i n k  is p r e -  or 

p o s t - e q u a 1 ise d  b y  m e a n s  of f i x e d  p a s s i v e  e q u a l i s e r s ,  it 

is n o t  in g e n e r a l  p o s s i b l e  a c c u r a t e l y  to e q u a l i s e  a n y  

g i v e n  c i r c u i t .  T h u s  a c h a n n e l  h a s  a b u i l t  in e r r o r  

p r o d u c i n g  c o m p o n e n t  in a d d i t i o n  to n o i s e ,  

u s u a l l y  low, l e s s  t h a n  - 3 0  dBrn u n d e r  w o r s t  c a s e  

c o n d i t i o n s  e x c e p t  f a u l t s ,  m e a s u r e d  w i d e b a n d .  

A d d i t i o n a l l y ,  w h e n  m a i n t e n a n c e  is c a r r i e d  o u t  o n  l i n e s ,  

c h a r a c t e r i s t i c s  m a y  c h a n g e ,  r e s u l t i n g  in a n  

u n p r e d i c t a b l e  e r r o r  p e r f o r m c ^ c e .  It is t h e r e f o r e  h i g h l y  

d e s i r a b l e  t h a t  t h e  m o d e m  d e s c r i b e d  h e r e  is a b l e ,  

t h r o u g h  its a d a p t i v e  a q u a l i s a t i o n  c a p a b i l i t y ,  to a d j u s t  

i t s  o p e r a t i o n  to s u i t  t h e s e  t i m e - v a r y i  ng c h a n n e l s .

T e s t s  w e r e  c a r r i e d  o u t  on t h e  m o d e m  for t o l e r a n c e  t o  

g r o u p  d e l a y .  T h e s e  w e r e  p e r f o r m e d  w i t h o u t  a n y  

a d d i t i o n a l  n o i s e  to a v o i d  c l o u d i n g  t h e  r e s u l t s .  T h e  

c i r c u i t  u s e d  fo r  t h e s e  t e s t s  is s h e w n  in F i g  7 .4. T h e

F i g  7 . 4  C r r '> - t i o n s  f o r  G r o u p  D e l a y  T e s t s

c h a n n e l  w a r  s i m u l a t e d  b y  an e q u a l i s e r  se t  u p  t o

s i m u l a t e  a c a n n e l  w i t h  a n  a m p l i t u d e  r e s p o n s e  a s  f l a t  

a s  p o s s i b l e ,  it w i t h  a g r o u p  d e l a y  r e p r e s s . t a t i v e  of a 

r e a l  char.re!, T h e  e q u a l i s e r  u s e d  is a C o n v e x  C 3 0  w i t h  

i ni ep isr t ly v a r i a b l e  'lelay and a m p l i t u d e

c h a r a c t e r i s t 1cs o v - r  a f r e q u e n c y  r a n g e  6 0 0  Hz to 3 0 0 0  

Hz. F i g u r » s  ^ “ at. ~ * s h o w  t h e  a m p l i t u d e  a n a  j r o u p  

d » ! a y  ' e s p o n s e s  of t h e  c b & n n s i  a s  u s e d .  N o t e  t h e  de'.ay 

b e t w e e n  t h e  marl.' a n d  r.pace f r e q u e n c i e s .  A m c - e  

e x a g g e r a t e d  r e s p o n s e  w a s  t r i a d ,  at w h i c h  th e  moc.er.i a l s o  

ran, b u t  to o b t a i n  r e s u l t s  f r o m  wnici r nrnpar i s o n s  c o u l d  

b e  d r a w n  b e t w e e n  d i f f e r e n t  c o n v e r g e n c e  f a c t o r s ,  it w a s  

•‘e l 1: p r e f e r a b l e  to a l l o w  t h e  m o d e m  to o p e r a t e  s l i g h t l y  

b e l o w  t h e  e x t r e m e  at w h i c h  a l m o s t  c o n t i n u o u s  e r r o r s  

c c c u ^ r f d •

It is a p p r e c i a t e d  t h a t  t h e  c h a n n e l  s h o w n  is o n l y  o n e  

e x a m p l e  of m a n y  p o s s i b l e  c h a n n e l  s h a p e s ,  b u t  t h i s  s h a p e  

w a s  c o n s i d e r e d  s u f f i c i e n t l y  r e p r e s e n t a t i v e  to d e t e r m i n e  

w h e t h e r  a n  a d a p t i v e  e q u a l i s e r  p r o v i d e s  a n y  b e n e f i t  in
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^ i v e  c o n v e r g e n c e  -a.ir.tors w e r e  t e s t e d ,  r a n g i n g  -from 0 

>'n o a d a p t a t i o n !  o u g h  to 4 0 0 0 .  At e a c h ,  t e n  t e s t s  

w e r e  r u n  u s i n g  J' " t it? a n d  t h e  b i t  e r r o r s  n o t e d ,  a n d  

t h e n  a s i n g l e  rvi 1 • 1 C” b i t s .  T h e  r e s u l t s  s h o w  t h a t  

e r r o r s  t h e y  t e r ;  *■ ; ; c u r  in b u r s t s .  T h i s  is b e c a u s e  

b e f o r e  th e  d a t a  3^ t  l o s e s  s y n c h r o n i s a t i o n ,  t h e r e

is u s u a l l y  a of i n d i v i d u a l  e i r o r s ,  b u t  a s

s y n c h r o n i s a t i o n  i lost, a i u r s t  of e r r o r s  is 

r e g i s t e r e d  S s f o r a  the c o u n t e r  is b l o c k e d .  C o u n t e r  

u n b l o c k i n g  c c c i r s  a g a i n  o n l y  w h e n  t h e  t e s t e r  

r e s y n c h r o n 1s e s . ”iis c a u s e s  l a r g e  d i f f e r e n c e s  b e t w e e n  

d a t a  r u n s , b u t  t h e s e  a v e r a g e  o u t  o v e r a l l  a n d  in t h e  

l o n g e r  t e s t  a r e  n o t  so a p p a r e n t .

T h e  .-esults a r e  o r e s e n t e d  in T a b l e s  7 . 2  a n d  7.3. N o t e  

in "rz b l e  - . 3  t h e  to t a l  e r r o r s  w i t h o u t  a d a p t a t i o n .  It is
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F i g  ".6 3 - n u p  D * l a y  R e s p o n s e  of " c h a n n e l " a s  s i m u l a t e d  

T a b l e  7 . 2  E r r o r  R a t ©  •£or 'iimulated C h a n n e l
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T a b l e  7 . 3  N u m m a r y  of R e s u l t s  arid E q u a l i s e r  C o e f f i c i s n t s  A f t e r  

A d a p t a t  ion

T e s t T o t a l

of

A v e r a g e

of 10 '

E q u a l i s e r  C o e f f i c i e n t s  

N o r m a l i s e d  a g a i n s t  3 0 0 0 0

a _______ ____ 10*»__
1

n
_______3___ _______ J _____ 5

0 4 6 9 2 469. 2 4 3 1 3 . 0 5 0 - . 2 0 0 1. 0 0 - . 2 0 0 . 0 5 0

5 0 0 1 9 2 0 192. 0 191 1 1. 0 9 - . 2 2 1 . 9 7 3 -. 1 4 7 . 0 0 3

1 0 0 0 1 4 1 6 1 4 1 . 6 1 S 6 7 1. 0 8 - . 2 2 0 . 9 8 4 1 5 8 - . 0 1 3

2 0 0 0 1 7 6 4 1 7 6 . 4 1 8 0 7 1. 0 7 - . 2 3 7 . 9 5 3 - . 1 6 3 - . 0 1 5

4 0 0 0 2 0 3 3 1 8 0 2 1 . 0 6 - . 2 2 2 . 9 0 4 * . 1 6 3 - . 0 4 0

c l e a r  t h a t  t h e  e q u a l i s e r  o f f e r s  a d e f i n i t e  i m p r o v e m e n t  

in e r r o r  r a t © .  T h e  v a l u e  of c o n v e r g e n c e  c o e f f i c i e n t  a s  

s t a t e d  a b o v e ,  w a s  c h o s e n  a s  10CJ0, g i v i n g  a f a i r  

c o m p r o m i s e  b e t w e e n  r a p i d  c o n v e r g e n c e  for g r o u p  d e l a y  

v a r i a t i o n ,  and  r e a s o n a r l e  p e r f o r m a n c e  in n o i s e .

It is a l s o  i n t e r e s t i n g  to n o t e  t h e  e f f e c t  of d e l a y  o n  

t h e  e q u a l i s e r  c o e f f i c i e n t s .  T h e r e  is a c l e a r  c h a n g e  in 

t h e  e q u a l  i s e r ’-i a c t i o n  as it c o m p e n s a t e s  f o r  t h e  d e l a y .  

T h e  e m p h a s i s  is p l a c e d  o n  t h e  f i r s t  arrd t h i r d  

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

r e l a t i v e l y ,  b u t  t h e  f i f t h  a l m o s t  v a n i s h i n g .  It is 

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

c o r r e s p o n d i n g  to " l ’s ”, a n d  t h a t  it t h i s  f r e q u e n c y  

w h i c h  s u f f e r s  m o r e  d e l a y  r e l a t i v e  to t h e  o t h e r .  It 

a p p e a r s  as if t h e  e q u a l i s e r  a t t e m p t s  to e m p h a s i z e  t h e  

m a r k  to c o m p e n s a t e  fo r  t h e  d e l a y  it s u f f e r s  f r o m  t h e  

c h a n n e l .
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B . C O N C L U S I O N

3 . i t e s u I t s

T h e  r e q u i r e m e n t  w a s  to p r o d u c e  an F S K  m o d e m  to o p e r a t e  

on n o n - s t a n d a r d  - f r e q ue n c i e s ,  a t  1 2 0 0  bd, o v e r  v a r i o u s  

m u i t i l i n k  c h a n n e l s .  An i m p l i c i t  r e q u i r e m e n t  is t h a t  t h e  

d e v i c e  s h a l l  h a v e  a low b i t  e r r o r  r a t e  in t h e  p r e s e n c e  

o-f p o s s i b l y  l a r g e  l e v e l s  of n o i s e ,  or o v e r  a c h a n n e l  

w i t h  p o o r  d e l a y  c h a r a c t e r i s t i c s ,  or a c o m b i n a t i o n  of 

b o t h .

T h e  d e s i g n  p r e s e n t e d  ;iere p r o d u c e s  r e s u l t s  w h i c h  w i l l  

m e e t  t h e  r e q u i r e m e n t s  in m o s t  c a s e s ,  t h e  o b v i o u s  a r e a  

f o r  s t t e n  ion b e i n g  t h e  n o i s e  p e r f o r m a n c e .  F r o m  t h e  

r e s u l t s  o b t a i n e d  in C h a p t e r  7, it c a n  b e  s e e n  t h a t  an 

i m p r o v e m e n t  o-f s a y  Z dE in t h e  n o i s e  p e r f o r m a n c e  of t h e  

s y s t e m  m a y  b e  d e s i r a b l e ,  b u t  n o t  a n e c e s s i t y .

T h e  m o d e m  r e t u r n s  i/er y s a t  i sf ac'tory r e s u l t s  u n d e r  

c o n d i t i o n s  of s e v e r e  g r o u o  d e l a y ,  a l r e a d y  i n d i c a t i n g  a 

u s e f u l  a c h i e v e m e n t  ir. t h i s  a r e a .  T h i s  h a s  b e e n  a s c r i b e d  

to t h e  e x c e l l e n t  d e l a y  c h a r a c t e r i s t i c s  of t r a n s v e r s a l  

■filters, e m p l o y e d  t h r o u g h o u t  t h e  s y s t e m ,  a n d  o n l y  

a c h i e v a b l e  in t h e  f l e x i b l e  f o r m s  p r e s e n t e d  h e r e  b y  

u s i n g  d i g i t a l  p r o c e s s i n g .



S u g g e s t i o n s  f a r  F u r t h e r  W o r k

S e v e r a l  a r e a s  l e n d  t h e m s e l v e s  to f u r t h e r  c o n c e n t r a t e d  

d e v e l o p m e n t .  O n e  is t h e  r e c e i v i n g  o r  c h a n n e l  f i l t e r .  It 

h a s  b e e n  s t a t e d  t h a t  t h e  o p t i m u m  f i l t e r  is a c o s i n e  

s h a p e ,  b u t  as h a s  b e e n  s h o w n ,  t h e r e  is an i m p r o v e m e n t  

to b e  g a i n e d  b y  u s i n g  a f i l t e r  w i t h  a s l i g h t l y  

d i f f e r e n t  s h a p e .  It m a y  b e  p a s s i b l e  to f u r t h e r  i m p r o v e  

t h e  e r r o r  r a t e  b y  i n v e s t i g a t i n g  t h e  f i l t e r  to f i n d  t h e  

o p t i m u m  s h a p e .

T h e  p o s t  d e t e c t i o n  f i l t e r  m a y  b e  a n o t h e r  a r e a  w h e r e  a  

d i f f e r e n t  a p p r o a c h  m a y  r e a p  b e n e f i t s ,  l i k e w i s e  t h e  

e q u a l i s e r .  T h e  a p p r o a c h  t a k e n  h e r o ,  u s i n g  5 

c o e f f i c i e n t s  r.nd 3 3  d e l a y s  w a s  a d o j t e d  to s a v e  

p r o c e s s i n g  t i m e  a n d  m e m o r y .  It m a y  b e  b e n e f i c i a l ,  

h o w e v e r ,  to e x a m i n e  t h e  p o s s i b i l i t y  of s p a c i n g  t h e  

c o e f f i c i e n t s  b y  4  s a m p l e s  i n s t e a d  of 3 ie t h e r e  w o u l d  

b e  9 c o e f f i c i e n t s  a n d  3 3  d e l a y s .  T h i s  m a y  g i v e  i m p r o v e a  

r e j e c t i o n  of i n t e r m e d i a t e  i n t e r f e r e n c e  c o m p o n e n t s .

i*

A m e t h o d  of r e d u c i n g  t h e  e f f e c t s  of j i t t e r  m a y  o f f e r  a n  

i n t e r e s t i n g  a r e a  of s t u d y ,  a s  t h i s  is an i n h e r e n t  

p r o b l e m  w i t h  all s a m p l e d  d a t a  s y s t e m s .  A n  i m p r o v e m e n t  

h e r e  w o u l d  c e r t a i n l y  b e  v i s i b l e  in t h e  e r r o r  r a t e  of 

t h e  m o d e m ,  b u t  p r o b a b l y  n o t  in t h e  t o l e r a n c e  to d e l a y s .

It is c l e a r  t h e r e f o r e ,  t h a t  t h e  c o v e r a g e  p r e s e n t e d  h e r e  

is l i m i t e d  to t h e  b a s i c  c o n c e p t ,  a n d  t h e  p r o o f  of it s  

v i a b i l i t y ,  a n d  t h a t  m a n y  a v e n u e s  r e m a i n  o p e n  f o r  

d e t a i l e d  f u r t h e r  e x a m i n a t i o n  o n  t h i s  t o p i c .



3 . 3  Warl< D o n e

- h i s  p a p e r  h a s  t a k e n  a c l o s e  l oo k  at a v e r y  s p e c i f i c  

a p p l i c a t i o n  of s i g n a l  p r o c e s s i n g ,  d i g i t a l  s i g n a l  

p r o c e s s i n g  t o  b e  s p e c i f i c ,  v i :  t h e  d e s i g n  of a m o d e m .  

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

d e s i g n e r  in t h a t  t h e  c h a r a c t e r i t t i c s  of t h e  c h a n n e l  

p l a y  a l a r g e  p a r t  in d e t e r m i n i n g  w h e t h e r  or n o t  a 

d e s i g n  w i l l  p e r f o r m  as e x p e c t e d ,  or  b e t t e r  or w o r s e .  

M a n y  a s p e c t s  a r e  u n p r e d i c t a b l e  w i t h o u t  l a r g e  q u a n t i t i e s  

of m a t h e m a t i c s  w h i c h  c a n  o n l y  a t t e m p t  to p r e d i c t  t h e  

e n d  r e s u l t .

P r e v i o u s  w o r k  o n  t h e  s u b j e c t  of d a t a  t r a n s m i s s i o n  h a s  

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

p r e s e n t e d  h e r e .  T h i s  is d e v e l o p e d  u p o n ,  t a k i n g  i n t o  

a c c o u n t  th e  p e c u l i a r i t i e s  of t h e  s y s t e m  r e q u i r e m e n t s .

E a c h  a s p e c t  of t h e  d e s i g n  of an F S K  m o d e m  h a s  b e e n  

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

r e c e i v i n g  f i l t e r ,  F M  d e t e c t o r ,  p o s t  d e t e c t i o n  f i l t e r  

a n d  a d a p t i v e  e q u a l i s e r ,  p r e s e n t i n g  t h e  p r o b l e m s  

e n c o u n t e r e d  in t h e i r  d e v e l o p m e n t  a n d  t h e i r  s o l u t i o n .  

T h e  r e s u l t  is a m o d e m  w h i c h  c o m p a r e s  v e r y  f a v o u r a b l y  

w i t h  t h e  e x i s t i n g  m o d e m ,  e s p e c i a l l y  in t o l e r a n c e  t o  

g r o u p  dela y .

C o n c l u d i n g ,  t h e n ,  t h i s  a r e a  of s t u d y  o f f e r s  m a n y  

i n t e r e s t i n g  p o s s i b i l i t i e s  f o r  u t i l i s i n g  t h e  f l e x i b i l i t y  

of d i g i t a l  p r o c e s s e s  in a c h i e v i n g  i m p r o v e d  p e r f o r m a n c e s  

f r o m  d e v i c e s  p r e v i o u s l y  thought, t o  b e  f i r m l y  in t h e  

a n a l o g  d o m a i n .
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A P F E N D I X  A: F I L T E R  D E S I G N  E X A M P L E

D e s i g n  a T r a n s v e r s a l  B a n d p a s s  F i l t e r  w i t h  a 3 dB b a n d w i d t h  o-f 

1 0 0 0  H z  w i t h  a c e n t r e  -fre q u e n c y  o-f 1 5 0 0  Hz. A s s u m e  a s a m p l i n g  

f r e q u e n c y  o-f 3 UHz. G r o u p  d e l a y  s h o u l d  b e  -flat.

/re*# zooe Hi
F i g  A. 1 S h a p e  of b a n d p a s s  -filter to b e  d e s i g n e d

S t a r t  b y  d e s i g n i n g  a l o w - p a s s  f i l t e r  w h o s e  t o t a l  p a s s - b a n d w i d t h  

is e q u a l  to t h a t  of t h e  d e s i r e d  b a n d p a s s  f i l t e r .  T h i s  s h o u l d  b e  

e m p h a s i s e d  as t h e  a c t u a l  b a n d w i d t h  of a l o w - p a s s  f i l t e r  is t w i c e  

t h e  c u t - o f f  f r e q u e n c y .  S i n c e  t h e  t r a n s f o r m a t i o n  a p p l i e d  t o  a l o w -  

p a s s  f i l t e r  to c o n v e r t  it to b a n d p a s s  is t h e  F o u r i e r  T r a n s f o r m  

f r e q u e n c y  s h i f t i n g  p r o p e r t y ,  t h i s  w i l l  t r a n s f o r m  t h e  w h o l e  b a n d  

of n e g a t i v e  a n d  p o s i t i v e  f r e q u e n c i e s  t o  t h e  h i g h e r  f r e q u e n c y .  

D e s i g n  t h e r e f o r e  a l o w - p a s s  p r o t o t y p e  w i t h  a c u t - o f f  f r e q u e n c y  of 

5 0 0  H z  = f i_.

F i g  A . 2 T h e  s h a p e  of t h e  d e s i r e d  l o w - p a s s  f i l t e r

T h e  c o e f f i c i e n t s  of a t r a n s v e r s a l  f i l t e r  a r e  s i m p l y  p o i n t s  o n  t h e  

i m p u l s e  r e s p o n s e  of t h e  d e s i r e d  f i l t e r .

F i g  A . 3 I m p u l s e  n t p c n s e  of .'liter in F i g  A . 2. N o t e  t h e  

z e r o  c r o s s i n g  t i ^ e s

T o  o b t a i n  a d e q u a t e  -stopband r e j e c t i o n  w i t h  f r e e d o m  f r o m  l a r g e  

r i p p l e s ,  at l e a s t  t h e  f i r s t  z e r o - c r o s s i n g  o n  e i t h e r  s i d e  of t h e  

o r i g i n  s h o u l d  b e  i n c l u d e d .  T h i s  m e a n s  t h a t  17 c o e f f i c i e n t s  s h o u l d  

b e  a l l o w e d ,  a l t h o u g h  t h e  o u t e r  c o e f f i c i e n t s  w i l l  b e  z e r o  a s  t h e  

s a m p l i n g  f r e q u e n c y  is an e a c t  m u l t i p l e  of t h e  c u t - o f f  f r e q u e n c y .  

T h e s e  c o e f f i c i e n t s  w i l l  lie on the c u r v e

g (t ) = s i n  27Tf i_t A. 1 

21ff !_t ____
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w h e r e  t ^ T -aInp X • n = - 3 , - 7 , . . . 0 , . . . 7 , 3 A. 2

S i n  2lf f l H T  s a m p  1 • A.'

2 l’"f (_nT m m m  p  I •

T h e  r e s u l t i n g  c o e f f i c i e n t s  are:

T a b l e  A . l  C o e f f i c i e n t s  a s  d e r i v e d  f r o m  A . 3

-3 0 . 0 0 0 0 0 3

-7 . 1 3 9 2 1 5 7

-6 . 3 0 0 1 0 6 6

-5 . 4 7 0 5 2 9 5

-4 . 6 3 6 6 2 4

-3 . 7 8 4 2 1 4 3

_2
. 9 0 0 3 1 7 2

-1 . 9 7 4 4 9 6 1

0 1 . 0 0 0 0 0

T h e  c a l c u l a t e d  r e s p o n s e  g i v e n  b y  t h e s e  c o e f f i c i e n t s  is s h o w n  

b e  1o w .

; S S S S S S 3 3 s S S 3 S S S S ^ S 8 S 3 S S S 8 ? S S S S S S 8 S S S 8 S S S S

0 0 0 0 0 0 0 0 0 0 0  3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

f — - -- NNNNNSrIri?i?innr?nnrMMSf>»

F i g  A . 4 D e c i b e l  r e s p o n s e  of f i l t e r  

c o e f f i c i e n t s  of T a b l e  A.l

u s i n g t h e

A s  c a n  b e  s e e n ,  th e s t o p b a n d  r i p p l e  is q u i t e  s e v e r e ,  a v e r a g i n g  

a b o u t  4 0  dE b e l o w  t he  p a s s b a n d .  T h i s  is u n s a t i s f a c t o r y ,  a n d  is 

t h e  r e s u l t  of * t r u n c a t e d  s e r i e s .  A p p l i c a t i o n  of a H a m m i n g  w i n d o w  

to t h e  c o e f f i c i e n t s  of T a b l e  A . i  r e s u l t s  in a m u c h  b e t t e r  

s t o p b a n d  r e j e c t i o n .  T h e  H a m m i n g  w i n d o w  is

h (t ) = 0 . 5 44 - 0 . 4 6  c o s  2jrt f o r  itl i  J_ A. 4

T 2

= 0 e l s e w h e r e

w h e r e  T = 2 T u

a n d  w h e n  t h e  c o e f f i c i e n t s  a r e  s c a l e d  a c c o r d i n g  to t h e  H a m m i n g  

w i n d o w  w e i g h t i n g s  the  f o l l o w i n g  c o e f f i c i e n t s  a r e  o b t a i n e d

A - 2



T a b l e  A . 2 T h e  c o e f f i c i e n t s  s c a l e d  b y  h(t)

-8 0 . 0 0 0 0 0 3

-7 . 0 1 6 0 1 1 9 7

-6 . 0 6 4 4 4 2 3 6

-3 . 1 7 1 2 5 7 5

-4 . 3 4 3 7 7 5 4

-3 . 5 6 1 5 2 4 3

-2 . 7 7 9 0 1 6
2

— 1 . 9 4 0 3 7 3 1

0 1 . 0 0 0 0 0

T h e  r e s p o n s e  c a l c u l a t e d  -from t h e s e  c o e f f i c i e n t s  is s h o w n  b e l o w

R .....................................................

8

•
■
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o *  * 4 » « N n o « f O i i » 0 4 n » « o » * n a 4 » ( i a o » n o h « K O « M
| ? ? ? ? ? f M ' 2 2 8 a s j 8 : n S i 5 8 3 R S S S S R R S 5 S C P S 5 j R R : j

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o

F i g  A . 5 D e c i b e l  r e s p o n s e  of f i l t e r  u s i n g  t h e  

c o e f f i c i e n t s  of T a b l e  A . 2

It c a n  b e  s e e n  t h a t  t h e  s t o p b a n d  r i p p l e  is s u b s t a n t i a l l y

r e d u c e d  a n d  t h a t  t h i s  f i l t e r  is n o w  s u i t a b l e  f o r  t r a n s f o r m i n g  to

b a n d p a s s  b y  m e a n s  of 4 . 1 0  v i z

a„ = a„  x 2 c o s  2 v  n _f_̂ ________ A. 5

f ■amp 1•

n = - l 1 , - 1 0 , . . . - 1 , 0 , 1 , . . . 1 0 , 1 1

w h e r e  f D is t h e  b a n d p a s s  c e n t r e  f r e q u e n c y .

T h e  r e s u l t i n g  c o e f f i c i e n t s  a r e  s h o w n  in T a b l e  A . 3

T a b l e  A . 3 T h e  final b a n d p a s s  c o e f f i c i e n t s

-3 0 . 0 0 0 0 0  3

- 7  - . 0 1 2 2 5 4 3  7

-6 . 0 9 1 1 3 3 3  6

-3 . 3 1 6 4 4  5

-4 - 2 . 9 6 1 1 7 E - 0 6  4

-3 - 1 . 0 3 7 3 6  3

-2 - 1 . 1 0 1 6 9  2

-1 . 7 1 9 7 3 2  1

0 2
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T h e  r e s p o n s e  of the  b a n d p a s s  f i l t e r  c a n  b e  s e e n  b e l o w  in F i g  A . 6

^ o o S o o o o o o o o S o o o o o o o o o o o o o o o o o o o o o o o o o f o o o

» n N N v « o n N < i r a > « r ^ M O N r v  « « n « n n  •* *>*•••. o*flr*.r\r o n in o- « id

........... . • . .............. ..

i ~n n a

F i g  A . 6 D e c i b e l  r e s p o n s e  of b a n d p a s s  f i l t e r  u s i n g  t h e  

c o e f f i c i e n t s  of T a b l e  A . 3

A s  c a n  b e  s e e n  f r n m  t h e  f i g u r e ,  t h e  r e s u l t  is a f a i r l y  s h a r p  

bandr.ass  f i l t e r .  U n f o r t u n a t e l y ,  t h o u g h ,  t h e  3 d B  p o i n t s  a r e  n o t  

q u i t e  c o r r e - . .  7 c .eans a r e  p o s s i b l e  t o  t r y  a n d  c o r r e c t  t h i s  

O n e  is t o  u s e  Kaise' w i n d o w s  w i t h  d i f f e r e n t  c o e f f i c i e n t s  u n t i l  

o n e  is f o u n d  i h i c h  g i v e s  t h e  d e s i r e d  b a n d w i d t h .  S e c o n d  is t o  

i n c r e a s e  t h e  b a n d w i d t h  of t h e  l o w - p a s s  p r o t o t y p e  f i l t e r  a n d  u s e  

t h e  s a m e  w i n d o w s  as in t h i s  e x a m p l e .  T h e  u s e  of a K a i s e r  w i n d o w  

w i t h  a s m a l l  K a i s e r  c o e f f i c i e n t  r e s u l t s  in a f i l t e r  w i t h  a 

p o t e n t i a l l y  s h a r p e r  r o l l - o f f .  T h e  s t o p b a n d  r i p p l e s  a r e  a l s o  

h i g h e r ,  so  t h e r e  is a t r a d e - o f f  b e t w e e n  r o l l - o f f  a n d  r i p p l e .  A 

b e t t e r  m e a n s  of e n s u r i n g  r a p i d  r o l l - o f f  is to u s e  m o r e  

c o e f f i c i e n t s ,  b u t  t h i s  d e p e n d s  or. t h e  t i m e  c o n s t r a i n t s  p l a c e d  o n  

t h e  s y s t e m .

It s h o u l d  b e  n o t e d  t h a t  th e  g r o u p  d e l a y  is f l a t ,  e x c e p t  f o r  s m a l l  

i n c o n s i s t e n c i e s  w h i c h  a r e  d u e  e i t h e r  t o  r o u n d i n g  e r r o r s  in t h e  

d i s p l a y  r o u t i n e ,  or w h e r e  t h e  a m p l i t u d e  r e s p o n s e  is a l m o s t  

u n d e f i n e d  d u e  to a v e r y  h i g h  a t t e n u a t i o n .

T h e  F i l t e r  D e s i g n  p a c k a g e  r o u t i n e s  u s e d  in this, e x a m p l e  w e r e  I D L P  

f c r  t h e  o r i g i n a l  c o e f f i c i e n t s  of T a b l e  A . l ,  C U I N  r e s u l t i n g  in 

T a b l e  A . 2. an d I L P B P  to g i v e  T a b l e  A . 3. 3 E T X  w a s  u s e d  to s e t  t h e  

f r e q u e n c y  a x i s  up, G D Z C  to c a l c u l a t e  t h e  r e s p o n s e s ,  ar.a D E G D O U T  

to d i s p l a y  t h e  r e s u l t s .



A P “ \'DIX b : t h e  m o d e m  s i m u l a t i o n  r o u t i n e

A s  a i * s e e d  in C h a p t e r  6, t h e  s i m u l a t i o n  r o u t i n e  w r i t t e n  in 

E A S I C  . p r j s e r r ^ d  h e r e .

10 R E M  I N I T I A L I S E  A L L  A R R A Y S  A N D  V A R I A B L E S ,  A N D  R E A D  IN F I L T E R  

CCiZc F I C I E N T S  

2 0  D E F I N T  A , 8 , J - N ,3 

30  F 5 = 9 6 0 0  

4 0  P 1 = 2 . 1 4 1 3 9  

50  G*'.II\= . 5 

6 0  X A - . 0 1  

70  Y 0 = 0

8 0  Y 1 = 2 * P I * 1 0 5 0 / F 5  

90  Y 2 = 2 * P I * 8 7 5 / F 5

100 D I M X I M P ( 2 3 ) , X P D F ( 1 5 ) , I N F L T R ( 2 3 ) , P D F ( 1 5 ) , D I N F (3)

1 1 0 D I M S E Q ( 9 ) , X D I N F (3), E Q ( 3 3 ) , X E Q ( 3 3 ) , C H F ( 3 ) . X C H (3)

120 REf"

130 R E M R E A D  IN A L L  T H E  C O E F F I C I E N T S

140 F O R 1 = 1 t o  3 :s e q < I ) = i :n e x t  i

15 0 F O R 1 = 1 T O  3 : R E A D  D I N F ( I ) : N E X T  1
i*

160 F O R 1 = 1 T O  2 3 : R E A D  I N F L T R (I ) : N E X T  I

170 F O R 1 = 1 T O  1 5 : P E A D  P D F ( I ) :P D F (I )= P D F (I ):N E X T  I

ISO F O R 1 = 1 T O  3 3 : R E A D  E Q (I ) : N E X T  I

190 F O R 1 = 1 TO 3 : R E A D  C H F ( I ) : N E X T  I

2 0 0 R E M

2 1 0 R E M U S E R  E N T R Y  OF V A R I A B L E S

2 2 0 I N P U T  "NO. O F  B I T S  IN T E S T “; N B I T S

2 3 0 I N P U T  "T Y P E  O F  S E Q U E N C E  1 : 1 ( 1 ) , 7 : 1 ( 2 ) , 1 : 7 ( 3 ) , P R (4)

2 4 0 R E M

2 5 0 R E M P R S E Q U E N C E  G E N E R A T O R  - 5 1 1  b i t  P R s e q u e n c e

2 6 0 F O R K = 0 T O  N B I T S

2 7 0 IF K M O D  1 0 0 = 0  T H E N  L P R I N T  K

:F O R  1=1 T O  2 3  S T E P  3 

: l p r i n t  i .e q c i )

:n e x t  i

2 8 0  IF L = 1  T H E N  4 0 0

2 9 0  IF L = 2  O R  L = 3  T H E N  3 6 0

3 0 0  IF S E Q ( 9 ) = S E Q (5) T H E N  S = 0  E L S E  S=1

3 1 0  F O R  J = 8  T O  1 S T E P  -1

3 2 0  S E O ( J + 1 ) = S E O (J )

3 3 0  N E X T  J

3 4 0  3 E 9 (1) = S

w  W  U W  I U  -T * W

3 6 0  S = K  M O D  8

3 7 0  IF S *  >1 T H E N  3=1

3 3 0  IF L - 3  T H E N  IF 3 = 1  T H E M  3 = 0  E L S E  S=1

3 9 0  G O T O  4 1 0

4 0 0  S = K  M O D  2

4 1 0  F O R  A = 1 T O  8

4 2 0  P E M

4 3 0  R E M  I N P U T  D A T A  F I L T E R

4 4 0  D F 0 U T = 0 : X D I N F (1)=3

4 5 0  F O R  J = 3  T O  1 S T E P  -1

4 6 0  D F O U T = D F O U T  + D I N F I  J ) * X D I N F ( J )

4 7 0  IF J> 1  T H E N  X D I N F (J )= X D I M P (J -1)

4 8 0  N E X T  J
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4 9 0  R E M

5 0 0  R E M  F S K  T R A N S M I T T E R

5 1 0  Y 0 = Y 0 + Y 1 + Y 2 * D F 0 U T

5 2 0  F S K I P = S I N (Y 0 )

5 3 0  R E M

5 4 0  R E M  C H A N N E L  S I M U L A T I N G  F I L T E R

5 5 0  F O R  J = 3  T O  i S T E P  -1

560 FSKIP=FSKIP+CHF(J)*XCH(J)

5 7 0  IF J>1 T H E N  X C H (J )= X C H (J -1)

5 S 0  N E X T  J 

5 9 0  X C H t l ) = F S K T ,

6 0 0  R E M

6 1 0  R'-M N O I S E  G E N E R A T O R  

6 2 0  X N 0 I S E = G A I N * 2 * ( R N D - .  5)

6 3 0  F S K I P = F S K I P + X N O I S E

6 4 0  R E M

6 5 0  R E M  I N P U T  F I L T E R

6 6 0  I N F 0 U T = 0 : X I N F ( 1 ) = r S K I P

o 7 0  F O R  J = 2 3  T O  1 S T E P  -1

6 8 0  I N F O U T  = I N F O U T  + I N F L T R (J )# X I N F (J )

6 9 0  IF J> 1  T H E N  X I N F (J )= X I N F (J - 1)

7 0 0  N E X T  J

7 1 0  R E M

7 2 0  R E M  L I M I T E R

7 3 0  IF I N F O U T  = >0 T H E N  D I F F I N = 1  E L S E  D I F F I N  

7 4 0  R E M

7 5 0  R E M  D I F F E R E N T I A T O R  A N D  E N V E L O P E  D E T E C T O R  

7 6 0  P D F I N = A B S (D I F F 2 - D I F F I N ) : D I F F 2 = D I F F I N

7 7 0  R E M

780 REM POST D E T E C T I O N  F I L T E R  
790 P D F O U T = 0 : X P D F ( 1 ) = P D F I N  
300 FOR J = 1 5  TO 1 S TEP -1  
310 PDFOUT=PDFCUT♦PDF t J ) * X P D F ( J  )
S 2 0  IF J > 1  T H E N  X P D F <J >= X P D F (J -1)

8 3 0  N E X T  J

3 ^ 0  P D F 0 U T = P D F 0 U T / 2 . 5 0 6 4 5 - 1  

8 5 0  R E M

3 6 0  R E M  E Q U A L I S E R  

3 7 0  E C 0 U T * 0 : X E C ( l ) = P L p 0 U T  

3 8 0  F O R  J = 3 3  T O  1 S T E P  -3 

3 9 0  E Q O U T = E Q O U T  * E C (J ! * X E Q  < J )

9 0 0  N E X T  J

9 1 0  R E M

9 2 0  R E M  S L I C E R

9 3 0  IF E G O U T >0 T H E N  3 0 U T = 1 E L S E  S 0 U T  = -1

9 4 0  C O R R = - (E Q O U T - S O U T )* X A

9 5 0  F O R  J = 3 3  T O  1 S T ~° -3

9 6 0  E Q (J I = E 3 (J ) + X E C  J ) * C O R R

9 7 0  N E X T  J

9 3 0  F O R  J = 3 3  T O  2 S T E P  -1 

9 9 0  X E Q (J )= X E 0 (J - 1)

1 0 0 0  N E X T  J

1 0 1 0  P R I N T  T A B (25)5 S J (S O U T  + 1 ) / 2 » E Q C U T



1 0 2 0 N E X T  A

1 0 3 0 P R I N T  " C O U N T , D I N , D O J T :  " ; KJ S ; S O U T

1 0 4 0 N E X T  K

1 0 5 0 P R I N T  C H R $ < 7 )

1 0 6 0 G O T O  2 2 0

1 C 7 0 E N D

1 0 3 0 R E M

1 C 9 0 R E M  D A T A  I N P U T  F I L T E R  C O E F F I C I E N T S

1 1 0 0 D A T A  . 2 5 , . 5 , . 2 5

1 1 1 0 R E M

1 120 R E M  I N P U T  F I L T E R  C O E F F I C I E N T S

1 1 3 0 D A T A  - . 0 0 5 1 6 9 9 2 ,  . 0 4 8 5 1 1 9 ,  . 1 1 9 3 0 3 , - . 0 1 5 3 9 0 4 , - . 2 2 9 2 3 5 , - . 1 4 5 0 3 4 ,

. 0 1 6 7 1 4 7 , - . 3 3 4 9 5 7 , - 1 . 0 0 7 3 1 , - . 5 5 3 3 3 9 ,  1. 0 5 2 4 3 , 2 , 1 . 0 5 2 4 3 ,

- . 5 5 3 3 3 9 , - 1 . 0 0 7 3 1 , - . 3 3 4 9 5 7 , . 0 1 6 7 1 4 7 , - . 1 4 5 0 3 4  

0 1 5 3 9 0 4 , . 1 1 9 3 0 3 , . 0 4 3 5 1 1 9 , - . 0 0 5 1 6 9 9 2

, - . 2 2 9 2 3 5 ,

1 1 4 0 R E M

1 1 5 0 R E M  P D F  C O E F F I C I E N T S

1 1 6 0 D A T A  . 0 6 2 3 5 9 6 , . 1 6 9 7 6 5 , . 3 2 0 1 1 3 , . 5 , . 6 3 5 9 5 6 , . 3 4 3 3 2 7 . 9 6 0 3 3 8 , 1 ,

. 9 6 0 3 3 3 ,  . 8 4 3 3 2 7 ,  . 6 3 5 9 5 6 ,  . 5, . 3 2 0 1 1 3  J*. 1 6 9 7 6 5 ,  .0 6 2 3 5 9 6

1 1 7 0 R E M

1 1 3 0 R E M  E Q U A L I S E R  C O E F F I C I E N T S

1 1 9 0 D A T A  . 1 7 2 1 0 3 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , - . 9 9 0 0 7 6 , 0 , 0 , 0 , 0 , 0 , 0 , 0  

0 , 0 , 0 , 0 , 0 , 0 , - . 9 0 7 7 3 9 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , . 1 5 9 3 4 6

, 4 . 7 2 4 1 3 , 0 ,

1 2 0 0 R E M

*

1 2 1 0 R E M  C h A N N E L  S I M U L A T O R  C O E F F I C I E N T S

1 2 2 0 D A T A  . 7 1 3 7 5 2 , - . 6 4 7 3 3 , . 3 1 0 6 7 9
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M P P  N D I X  c: C I R C U I T  D I A G R A M S  A N D  P A L  S T A T E  T A B L E S

T w o  P r o g r a m m a b l e  A r r a y  L o g i c  d e v i c e s  a r e  u s e d  in t h e  c i r c u i t  of 

t h e  m o d e m ,  o n e  as a d a t a  m u l t i p l e x e r ,  t h e  o t h e r  a s  an I / O  c h i p  

s e l e c t  c o n t r o l l e r ,  a n d  f o r  m i s c e l l a n e o u s  g a t e s .  T h e i r  s t a t e  

t a b l e s  a r e  p r e s e n t e d  h e r e .

T a b l e  C « 1  S t a t e  T a b l e  f o r  1 6 L S  P A L  U s e d  a s  D a t a  M u l t i p l e x e r

T h e r e  a r e  t w o  s e l e c t  l i n e s :  S L 1  a n d  S L 2 ,  w h i c h  c a n  t a k e  u p  t h r e e  

d i f f e r e n t  c o m b i n a t i o n s .

S E L E C T Swi t c h  

C e n t r e d

Sw i  t c h  

Up

Swi tch 

D o w n

O U T P U T

S L 1 = 1 : S L 2 = 1 S L 1 = 1 : S L 2 = 0 s l i = o :S

T x D l T x D 2 T x D 3 0

R T S  1 R T S 2 R T S 3
9-

R x D 2 R x D l 0 T x D 3

R L S 2 R L S 1 0 R T S 3

R x D 3 0 R x D l T x D 2

R L S 3 1 R L S 1 K T S 2

T a b l e  C . 2  S t a t e  T a b l e  f o r  2 0 L 1 0  P A L  U s e d  a s  I/ O  S e l e c t o r

O n l y  t h e  I / O  s e c t i o n  is d e f i n e d  b e l o w .  U n l e s s  o t h e r w i s e  

i n d i c a t e d ,  t h e  o u t p u t s  a r e  a l w a y s  "I".

_A0_

I N P U T S

W E : D E N

0 0 1

0 1 0

i
0

1 1 0

O U T P U T S

.2U I2.

c-i



T a b l e  C . 3  P o w e r  S u p p l y  C o n n e c t i o n s  of M a j o r  D e v i c e s

T h e  p o w e r  c o n n e c t i o n s  f o.- t h e s e  d e v  i c e s  a r e  n o t  i n d i c a t e d  o n  t h e  

d r a w i n g  -for c l a r i t y .  A1J p o w e r  c o n n e c t i o n s  s h o u l d  b e  d e c o u p l e d  t o  

g r o u n d __|__b y  a l O O n F  c a p a c i t o r  p e r  d e v i c e ,  p e r  s u p p l y .  W h e r e  t w o

///

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

d i g i t a l  g r o u n d .  T h e s e  a r e  c o n n e c t e d  t o g e t h e r  in c i r c u i t .

D E V I C E G n d + 5V - 5 V ♦ 12 V - 1 2 V

A D  3 7 4 9, 15 1 7 11

A D  6 6 7 5, 16 - - 8 10

T M S  3 2 0 10 3 0 - - -

1 4 S 3 7 - - 14 1

1 4 8 9 7 14 - - -

2 9 1 2 1 5 , 1 1 9 3 -
i*

1 6 L 3 10 2 0
- - -

2 0 L 1 0 12 24 - - -

7 4 L 5 0 4 7 14 - - -

7 4 L S 7 4 7 1* - - -

7 4 L S 2 7 3 10 20 - - -

7 4 L S 3 7 4 10 20 - - -

8 2 S 1 9 1 12 24 - - -
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A P P E N D  IX D: M O D E M  P R O G R A M  L I S T I N G

* PROTOTYPE MODEM FOR 1200 bd FSK.

*

* This version operates at a sampling frequency of 9600Hz.

*

* This program synthesises a 1200 bd FSK modem. The sampling

* frequency is 9600Hz; the mark and space frequencies are

* 1C50Hz and 1925Hz respectively.

*

IDT 1M 9 o 1

NCONST EQU 8

NCINF EQU 23 No. of Input Filter Coefficients

NCPDF EQU 1 5 No. of Post Detection Filter Coefs

NCEQ

ft
EQU 5 No. of Equaliser Coefficients

NX1 EQU NCINF/2 + 1

NX2 EQU N C P DF/2+1

NX 3 EQU NCEQ

NCOEF

ft
EQU NX1+NX2+NX3

LPCOEF

ft
EQU 4 069 Represents .993477 AS A Q12 Fraction

* Port 

ft

Definition

FSKIP EQU 0

FSKOP EQU 0

DATAIP EQU 1

DATAOP EQU 1

TESTIP EQU 1

FLAGOP EQU 1

* Constants in Data RAM

DSEG CONSTS

XINF BSS NCINF-1 Locations for Input Filter Delays

XINFN

ft
BSS 1 Last Input Filter Delay Position

XPDF BSS NCPDF-1 Locations for PDF Delays

XPDFN

ft
BSS 1 Last PDF Delay Location

XEQ BSS 32 Equaliser Delays

XEQN

ft
BSS 1 Last Equaliser Delay

INFLTR BSS NCINF/2 Locations for Input Filter Coefs

INFILN

ft
BSS 1 Last Input Filter Coef

PDF BSS NCPDF/2 Locations for Post Det Filter Coefs

PDFN

ft
BSS 1 Last PDF Coefficient

EQ BSS 4 Equaliser Coefficients

EQN

ft
BSS 1 Last Equaliser Coefficient

TEMPI BSS 1 Temporary Register 1

TEMP2

ft
BSS 1 Temporary Register 2

5IGENV BSS 1 Filtered Rectified Signal

SIGLIM

ft
BSS 2 Limiter Output and DIFF Delays

DATIN BSS 3
Input Data

DATOUT BSS 1 ~  ~ Output Data

FSKOUT BSS 1 Output FSK

D- l



ANGMEM

*

ONE

TSTMSK

ANGMSK

REF

«

RMPDIF

RAMPHI

«

CARREF

A

BSS

BSS

BSS

BSS

BSS

BSS

BSS

BSS

BSS

DEND

Angle

Constant of Value 1

Mask for Special Control Inputs

Angle Mask

• 1 1 or ’O ’ Decision Level

Differential Increment 

Angle Increment for High Freo

Carrier Detect Reference 

Equaliser Convergence Coefficient

RORG

B MODEM

*

DTBLE

*

COEF 

*

*

*

CINFIL

B

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

EQU

W T I N T

1
> 00F0

> FFF 

>5060 

-93 

821
> DDO 

-  1000

Filter Coefficients

The Value One 

Test Mask 

Angle Mask

*1» or 'O’ Decision Level

Differential Angle Increment Divided by 4 

MARK (High) Freq Angle Increment 

Carrier Detect Reference Level 

Equaliser Convergence Coefficient

*

CPDF

*

CEQ

*

* Sine

*

TBLE

DATA 16384,8622,-4574,-8256,-3154,137

DATA -1189,-1878,-130,978,397,-42

DATA 16384,15734,13907,11239,8192,5245

DATA 2781,1022

DATA 1500,-6000,30000,-6000,1500 

Table

DATA 0,804,1606,2404,3196,3981,4756,5520,6270,7005,7723

DATA 842 3,9102,9760,10394,11003,11585,12140,12665,13160

DATA 13623,14053,14449,14811,15137,15426,15679,15893,16069

DATA 16207,16305,16564,16384

DATA 16364,16 305,16207,16069,15893,15679,15426,15137

DATA 1 481 1,14449 ,14053,13623,1 3160,12665,12140,1 1585

DATA 1100 3,10394,9760,9102,8423,7723,7005,6270,5520,4756

DATA 3981,3196,2404,1606,804,0

DATA -804,-1606,-2404,-3196,-3981,-4756,-5520,-6270,-7005

DATA -772 3,-8423,-9102,-9760,-10394,-11003,-11585,-12140

DATA - 12665,-13160,-13623,-14053,-14449,-1481 1,-15137

DATA - 15426,-15679,-15893,-16069,-16207,-16305,-16364

DATA - 16384

69,1 15426

DATA -15137,-14811,-14449,-14053,-13623,-13160.-12665 

DATA -12140,-11585,-11003,-10394,-9760,-9102,-8423,-7723 D - 2



*

DATA -7005,-6270,-5520,-4756,-3981,-3196,

* Initialise On

X
-Board RAM to Zero's

MODEM LARK A R O , 143

LARP 0

ZAC

ZMEM S ACL
*

ft
BANZ ZMEM

* Load 

ft

the Constants into Data Memory

LARK ARO,ONE

LARK A R 1 ,NCONST-1 No. of Constants

LACK DTBLE

READK LARP 0

TBLP • + ,1

ADD ONE

ft
BANZ READK

* Test 

ft

for Special Requirements

IN TEMPI , TESTIP These may be test toi

LAC TSTMSK up to 16 different 0]
AND TEMPI on the DIP switches <

ft
SACL TEMPI to be executed

* Read 

ft

the Filter Coefficients into Data RAM

LARK A R O ,INFLTR

LARK A R 1,NCOEF

LACK COEF

RDCOEF LARP 0

TBLR •♦,1

ADD ONE

BANZ RDCOEF

ft
LARP 0

ft
SOVM Set Overflow Mode

EINT

LOOP NOP

NOP

NOP

NOP

B LOOP

* Implement the Actual Modem

*

WTINT

«

READ IN X I N F ,FSKIP Read Input FSK Ready for

LAC ONE, 15 Input Filter

XOR XINF

SACL XINF Invert Sign Bit

IN D ATIN, DATA IP Read Data in

LAC ONE, v: 

FSKOUTXOR

SACL FSKOUT

OUT FSkOUT', FSKOP Output FSK

LAC
ONE, 7

XOR DATOUT Flip the Overflow Bit

D - 3



SACL DATOUT

OUT DATOUT,DATAOP Output Data

Filter the Input (See Section 4.5.1)

Input Filter for 1200 bd Modem. Has Bandwidth from 

1000Hz to 2000Hz. The Coefficients are Stored in the 

Name INFIL, and the Delayed Values in XINF.

INFIL ZAC

LT XINFN

MPY INFILN

LTD XINFN-1

MPY INFILN-1

LTD XINFN-2

MPY INFILN-2

LTD XINFN-3

MPY INFILN-3

LTD XINFN-4

MPY INFILN-4

LTD XINFN-5

MPY IN FILN-5

LTD XINFN-6

MPY INFILN-6

LTD XINFN-7

MPY INFILN-7

LTD XINFN-8

MPY INFILN-8

LTD XINFN-9

MPY INFILN-9

LTD XINFN-10

MPY INFILN-10

LTD XINFN-1 1

MPY INFILN-1 1

LTD XINFN-12

MPY INFILN-10

LTD X INFN-1 3

MPY INFILN-9

LTD XINFN-14

MPY INFILN-8

LTD XINFN-15

MPY INFILN-7

LTD XINFN-16

MPY INFILN-6

LTD XINFN-17

MPY INFILN-5

LTD XINFN-18

MPY INFILN-4

LTD XINFN-19

MPY INFILN-3

LTD X INFN-20

MPY INFILN-2

LTD XINFN-21

MPY INFILN-1

LTD X INFN-22

MPY INFILN

APAC

SACH T E M P I ,1 Save Filter Output

* The Carrier Detector (See Section 4.6.1)



*

* Rectify the Signal

*

ABS

SACH T E M P 2 ,1

LAC T E M P 2 ,5

#

* Low Pass Filter the Rectified

*

FIL L T SIGENV

MPYK LPCOEF

APAC

SACH SIGENV, 4

#

* Implement Carr.'.er Detect

«

SUB C A R R E F , 12

BGEZ CARR

ZAC

SACL DATOUT

B OFLOW

CARR LACK 2

*

SACL DATOUT

* Frequency Discriminator (See

*

* Limiter for

*

use with Frequency

LAC TEMPI

BGEZ POS

ZAC

SUB ONE, 14

SACL SIGLIM

B DIFFTE

POS LAC ONE, 14

SACL SIGLIM

«

* Differentiate the Incoming FSK

*

DIFFTE LAC SIGLIM+1 ,14

SUB SIGLIM, 14

UMOV SIGLIM

*

DET ABS

SACH XPDF, 1

«

* Implement Post Detection Filte

*

* The Coefficients are Stored in

*

PDFIL ZAC

LT XPDFN

MPY PDFN

LTD XPDFN-1

MPY P D F N - 1

LTD X PDFN-2

MPY PDFN-2

LTD XPDFN-3

MPY PDFN-3

LTD XPDFN-4

MPY PDFN-4

LTD XPDFN-5

Detect the Signal

n X P D F .
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MPY PDFN-5

LTD XPDFN-6

MPY PDFN-6

LTD XPDFN-7

MPY PDFN-7

LTD XPDFN-8

MPY PDFN-6

LTD XPDFN-9

MPY PDFN-5

LTD XPDFN-10

MPY PDFN-4

LTD XPDFN-11

MPY PDFN-3

LTD XPDFN-12

MPY PDFN-2

LTD XPDFN-13

MPY PDFN-1

LTD XPDFN-14

MPY PDFN 

APAC

*

SUB R E F , 15 Adjust the signal

SACH X E Q , 1 zero

*

* Adaptive Equaliser (See Section 4.5.4)

*

* Implement Equaliser Portion

ZAC

LT XEQN

MPY EQN

LTA XEQN-8

MPY EQN- 1

LTA X E Q N - 16

MPY EQN-2

LTA XEQN-24

MPY EQN- 3

LTA XEQN-32

MPY EQ

SACH T E M P I ,1

* Detect Data at Output of Equaliser

BGZ Z ERO

LAC ONE

B DOUT

ZERO ZAC

DOUT ADD DATOUT

SACL DATOUT

*

* Calculate the error signal

«

LAC TEMPI

BGZ HI

ADD O N E , 12

B CORR

HI SUB ONE, 12

CORR SACL TEMPI

LT TEMPI

- MPY

PAC

A

SACH T E M P I ,1

to be symmetrical about
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*

* Adjust Coefficients

*

LT TEMPI

ZALH EQN

MPY XEQN

APAC

ADD O N E , 15

SACH EQN

ZALH EQN- 1

MPY XEQN-8

APAC

ADD O N E , 15

SACH EQN- 1

ZALH EQN-2

MPY X E Q N - 16

APAC

ADD ONE, 15

SACH EQN-2

ZALH E Q N - 3

MPY XEQN-24

APAC

ADD ONE, 15

SACH EQN-3

ZALH EQ

MPY XEQ

APAC

ADD ONE, 15

SACH EQ

*

* Implement Equaliser Delays

*

DMOV X E Q N - 1

PMOV X EQN-2

DMOV XEQN-3

DMOV X E Q N - 4

DMOV X EQN-5

DMOV XEQN-6

DMOV XEQN-7

DMOV XEQN-8

DMOV X EQN-9

DMOV X E Q N - 10

DMOV X E Q N - 1 1

DMOV X EQN - 12

DMOV XEQN-13

DMOV XEQN-14

DMOV XEQN-15

DMOV XEQN-16

DMOV X E Q N - 17

DMOV XEQN- 18

DMOV XEQN-19

DMOV XEQN-20

DMOV X E Q N - 2 1

DMOV XEQN-22

DMOV XEQN-23

DMOV XEQN-24

DMOV XEQN-25



DMOV

DMOV

DMOV

DMOV

DMOV

DMOV

DMOV

XEQN-26

XEQN-27

XEQN-28

XEQN-29

XEQN-30

XEQN-31

X E Q N - 3 2

Check for Overflows

BV

*

»

*

OFLOW

*

*

*

MOD

OVFLOW (See Section 4.6.3) 

FSK Modulator (See Section 4.3)

*

OUTSIN

*

RTSLOW

ft
OVFLOW

LAC ONE, 1

AND DATIN

BZ RTSLOW

LAC ONE

AND DATIN

SACL DATIN

ADD DATIN+1 , 1

ADD DATIN+2

DMOV DATIN+1

DMOV DATIN

SACL TEMPI

LAC RAMPHI

LT TEMPI

MPY RMPDIF

APAC

ADD ANGMEM

AND ANGMSK

SACL ANGMEM

LAC ANGMEM, 11

SACH TEMPI

LACK TBLE

ADD TEMPI

TBLR FSKOUT

El NT

RET

ZAC

SACL F SKOUT

B OUTSIN

SOVM

ADD O N E , 7

B MOD

Pointer

Idle Output

END



A P P E N D  IX E: F I L T E R  C O E F F I C I E N T  L I S T I N G J

All t h e  c o e H i c i e n t s  l i s t e d  b e l o w ,  h a v e  b e e n  n o r m a l i s e d  w i t h  

r e s p e c t  t o  t h e  l a r g e s t ,  in t h i s  c a s e ,  a l w a y s  t h e  c e n t r a l  

c o e f f  i c i e n t .

'able E . l  C o e f f i c i e n t s  o-f Modern C h a n n e l  I n p u t  F i l t e r  

C o e f  -f ic- -»nt 1

4

5

6

7

8 

9

10

11

- . 0 0 2 5 6 3 4 3  

. 0 2 4 2 3 1 0  

. 0 5 9 6 9 2 4  

- . 0 0 7 9 3 4 5 7  

- . 1 1 4 6 2 4  

- . 0 7 2 5 7 0 3  

. 00836.’.32 

- . 1 9 2 5 0 5  

- . 5 0 3 9 0 6  

- . 2 7 9 1 7 5  

. 5 2 6 2 4 5

12 1 . 0 0 0 0 0

13 . 5 2 6 2 4 5

1 4 - . 2 7 9 1 7 5

15 - . 5 0 3 9 0 6

16 1 9 2 5 0 5

17 . 0 0 8 3 6 1 3 2

13 - . 0 7 2 5 7 0 3

19 - . 1 1 4 6 2 4

2 0 - . 0 0 7 9 3 4 5 7

21 . 0 5 9 6 9 2 4

2 2 . 0 2 4 2 3 1 0

23 - . 0 0 2 5 6 3 4 3

E - l



T a b l e  E . 2  P o s t  D e t e c t i o n  F i l t e r  Coe-f i ic i e n t s

1 . 0 6 2 3 7 7 9

-5
. 1 6 9 7 3 9

3 . 3 7 0 1 2 9

4 . 5*>0000

5 .6 S 5 9 7 4

A
. 3 4 3 3 1 6

7 . 9 6 0 3 2 7

S 1 . 0 0 0 0 0

9 . 9 6 0 3 2 7

10 . 3 4 3 3 1 6

11 . 6 3 5 9 7 4

12 . 5 0 0 0 0 0

13 . 3 2 0 1 2 9

14 . 1 6 9 7 3 9

15 . 0 6 2 3 7 7 9

T a b l e  E . 3  E q u a l i s e r  S t a r t - U p  Coe-f t i c i e»it s

. a „£as±±ici£

l . 0 5 0 0 0 0

r> - . 2 0 0 0 0 0

3 1 .00000

4 - . 2 C C C C 0

w* •v j w J o j



T a b l e E . 4 C o e f  i i c i e n t s  o-f C o s i n e - S h a p e d  C h a n n e l  I n p u t  F i l t e r

n Coe-f -f i c i eri t

1 . 0 1 7 0 7 2 7

n
. 0 1 3 1 2 5 3

~T

J - . 0 0 6 3 2 3 3 5

4 0

5 . 0 2 3 9 5 3 0

6 - . 0 0 4 3 6 0 6 9

7
- . 0 5 4 1 7 4 5

3 0

9 . 0 2 0 3 5 1 5

10 - . 2 4 3 2 3 9

11 - . 5 5 1 9 4 0

12 - . 2 8 3 6 4 5

13 . 5 3 0 2 0 0

14 1 . 0 0 0 0 0

15 . 5 3 0 2 0 0

16 - . 2 3 3 6 4 5

17 - . 5 5 1 9 4 0

13 - . 2 4 3 2 3 9

19 . 0 2 0 3 5 1 5

2 0 0

21 - . 0 5 4 1 7 4 5

nn
- . 0 0 4 3 6 0 6 ?

2 3 .023° 530

24 0

25 - . 0 0 6 3 2 3 3 5

26 . 0 1 2 1 2 5 3

2 7 . 0 1 7 0 7 2 "’



A P P E N D I X  F: T M S  3 2 0 1 0  S P E C I F I C A T I O N S  A N D  I N S T R U C T I O N  S E T

T h e  p i n o u t s ,  i n t e r n a l  a r c h i t e c t u r e ,  a n d  -full i n s t r u c t i o n  s e t  a r e  

s u m m a r i s e d  in t h e  -f ollowing p a g e s .  N o t e  t h a t  t h e  a c t u a l  d e v i c e  in 

u s e  is t h e  T M S  3 2 0 1 0 ,  w i t h o u t  i n t e r n a l  R O M ,  a n d  c o n s e q u e n t  1y , p i n  

3, t h e  MC/f’TP pin, is h e l d  low.

' 12 ISB

16

A11-A0. --*

PA2-PA0

INSTRUCTION

S i

PROGRAM
AC
Q ROM
Q (1536 * 16)
<

PROGRAM BUS

z :

a

16 —  

7 C

■4 » D15-D0

16

ED

16

ARO (16) j

AR1 (161 1

/'8

NOTE
AC C  *  A c c u m t rftor

ARP *  A u x ilia ry  reg is te r po in te r

ARO *  Au*tiiarv re g is te r 0

AR1 *  A u x ilia ry  reg is te r 1

OP » D a ta page po in te r

PC *  Program  co u n te r

P *  P Register

T « T R egiste r

z:

16

/

1

' 32 

r

ACC (32)

►--------

SHIFTER 10. 1. 41

DATA BUS
1 6 / 

___ !L

16

Fig F.l Block Diagram of the TMS 320M10
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Table F.l TMS 32010 Pin Descriptions

SIGNAL PIN I/O DESCRIPTION

POWER SUPPLIES

Vcc 30 Supply voltage ( + 5 V NOM)

Vss 10 Ground reference *

CLOCKS

X2/CLKIN 8 IN Crystal input pin for internal oscillator (X2). Also input pin for ex­
ternal oscillator (CLKIN).

X1 7 OUT Crystal input pin for internal oscillator

CLKOUT 6 OUT Clock output signal. The frequency of CLKOUT is one-fourth of the 
oscillator input (external oscillsiori or crystal frequency (internal 
oscillator). Duty cycle is 50 percent.

CONTROL

WE 31 OUT Write Enable. When active (low), WE indicates that valid output 
data from the TMS32010 is available: on the data bus. WE is only 
active during the first cycle cf the OUT instruction and the second 
cycle of the TBLW instruction (see Section 3.4.3). MEN and DEN 
will always be inactive (high) when WE is active.

DEN 32 OUT Data Enable. When active (low), DEN indicates that the 
TMS32010 is accepting data from the data bus. DEN is only ac­
tive during the first cycle of the IN instruction (see Section 3.4-.3). 
MEN and WE will always be inactive (high) when DEN is active.

MEN 33 OUT Memory Enable. MEN will be active low on every machine cycle 
except when WE and DEN are active. MEN is a control signal 
generated by the TM S32010 to enable instruction fetches from 
program memory. MEN will be active on instructions fetched from , 
both internal and external memory.



«* . i

Table F.l TMS 32010 Pin Descriptions (Continued)

-
SIGNAL PIN I/O DESCRIPTION

INTERRUPTS

RS 4 IN Reset. When an active low is placed on the RS pm for a minimum 
of five clock cycles, DEN, WE, and MEN are forced high, and the 
data bus (D15 through DO) is tristated. The program counter (PC) 
and the address bus (A11 through AO) are then synchronously 
cleared after the next complete clock cycle from the falling edge of 
RS. RS also disables the interrupt, clears the interrupt flag register, 
and leaves the overflow mode register unchanged. The TMS32010 
can be held in the reset state indefinitely.

iNT 5 IN Interrupt. The interrupt signal is generated by applying a negative- 
going edge to the INT pin. The edge is used to latch the interrupt 
flag register (INTF) until an interrupt is granted bv the device. An
active low level will also be sensed. (See Section 2.10.)

1*

BlO 9 IN I/O Branch Control. If BIO is active (low) upon execution of the 
BIOZ instruction, the device will branch to the address specified by 
the instruction (see Section 2.9).

PROGRAM MEMORY MODES

MC/MP 3 IN Microcomputer/Microprocessor Mode. A high on the MC/MP pin 
enables the microcomputer mode. In this mode, the user has 
available 1524 words of on-chip program memory. (Program 
memory locations 1524 through 1535 are reserved.) The 
microcomputer mode also allows an additional 2560 words of 
program memory to reside off-chip. A low on the MC/MP pin 
enables the microprocessor mode. In this mode, the entire 
memory space is external, i.e., addresses 0 through 4095. (See 
Section 2.3.1.)

BIDIRECTIONAL DATA BUS

D15
D14
D13
012
D11
010
09
08
D7
D6
D5
D4
D3
02
D1
DO

18
17
16
15
14
13
12
11
19
20 
21 
22
23
24
25
26

I/O
I/O
I/O
I/O
I/O
I/O
I/O
I/O
I/O
I/O
I/O
I/O
I/O
I/O
I/O
I/O

D1 5 (MSB) through DO (LSB). The data bus is always in the hiah- 
impedance state except when WE is active (low).

F - 3
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