


SGC – The SSB People

SGC develops, manufactures, and sells high performance single sideband (SSB)
communications equipment.  For more than 25 years, the company has sold to the
marine, military, aviation, and industrial markets world wide.  Over these years,
SGC has earned an outstanding reputation for product reliability and for service
after sale.

On the cutting edge of technology, the company keeps pace with equipment
options, engineering developments, and design requirements.  Its products are the
most competitive in the entire long distance communication market.  SGC equip-
ment is presently being used by the United Nations and international relief agencies
for inter-communications in developing countries throughout the world.  Many
competitive racing vessels, as well as fishing boats, tugs, and commercial craft are
equipped with SGc equipment.  In fact, an SGC radiotelephone provided the only
communication available on a recent Polar expedition by the National Geographic
Society.

SGC supplies U.S. Government agencies, foreign governmental agencies, and
major petroleum companies throughout Asia and Latin America. In addition, SGC
supplies equipment to major international geophysical corporations and exploration
crews.

All SGC equipment is designed and manufactured in the USA, with some compo-
nents imported for different international suppliers and manufacturers.  SGC has
qualified people ready to provide technical information, assistance in selecting
equipment, and recommendations for installations.

SGC welcomes your call to discuss your HF-SSB requirements.



Digital Signal
Processing
Facts and Equipment

Another
Informative Publication of 

SGC, Inc.
Manufacturer of Advanced

Technology

ÒNo Compromise CommunicationsÓ



T a b l e  o f  C o n t e n t s
C h a p t e r  1

T h e  i d e a  o f  D i g i t a l  S o u n d  P r o c e s s i n g 1

U n d e r s t a n d i n g  S o u n d 1

Hea r ing  Sound 2

F r e q u e n c y 2

A m p l i t u d e 3

Stor ing  and  Re t r iev ing  Sound    3

S to r i ng  sound 4

R e t r i e v i n g  s o u n d 4

Transmi t t ing  and  Rece iv ing  Sound  by  Rad io 4

M o d u l a t i o n 5

S i d e b a n d s 6

Processing Sound Digi ta l ly 7

Recording on Compact  Discs 7

S a m p l i n g 8

V o l u m e 9

Compres s ion 9

C h a p t e r  2

T h e  I d e a  o f  A n a l o g  F i l t e r i n g 10

Analog  Fi l te rs  in  Audio 10

Crossove r  Ne twork 10

W o o f e r s 10

T w e e t e r s . 10

M i d r a n g e 10

Cutoff 11

Analog Fil ters  in HF Radio 11

S y m m e t r y 12

Crys ta l  f i l t e rs 12 i
SGC Inc. SGC Building,13737 S.E. 26th St.  Bellevue, WA. 98005 USA

P.O.Box  3526, 98009  Fax: 425-746-6384 or 746-7173   Tel:  425- 746-6310 or 1-800-259-7331
E-mail: SGCMKTG@aol.com   Website: http://www.sgcworld.com

© 1997 SGC Inc



Mechanica l  f i l t e r s 13

HF f i l te rs  in  pract ica l  appl ica t ions 13

W i d e  b a n d p a s s 13    

M e d i u m  b a n d p a s s 13

N a r r o w  b a n d p a s s 13

C h a p t e r  3

D S P s  i n  H F  C o m m u n i c a t i o n s 15

DSP Flow Chart 15

Sample  and  Ho ld 16

Analog to Digital 16

DSP 17

Digital  to Analog 17

Low-pas s  f i l t e r 17

DSP Evolution 1 8

DSPs in  Transmi t t ing  Appl ica t ions 1 8

DSPs in  Speech Processing 1 8

DSP in SSB Generation 1 9

DSP in Phase Delay 1 9

Out-of-phase s ignal                                    19

Phase  sh i f t ing  ne tworks                            19

DSP in CW Modulation 2 0

DSPs in Receiving Applicat ions 2 0

Standard  DSP f i l t e r s 20

A n a l o g 21

Digital 21

P r o g r a m m i n g 21

Cont inuously  Variable  DSP Fi l ters 22

RF  At t enua to r 23ii

SGC Inc. SGC Building,13737 S.E. 26th St.  Bellevue, WA. 98005 USA
P.O.Box  3526, 98009  Fax: 425-746-6384 or 746-7173 Tel: 425- 746-6310 or 1-800-259 7331

E-mail: SGCMKTG@aol.com   Website: http://www.sgcworld.com

© 1997 SGC Inc



DSP Filters:                                                        

H igh-pass ,  Low-pass ,  and  Bandpass 23

High-pass  F i l t e r s 23

Low-pass  F i l t e r s 24

Bandpass  F i l t e r s 24

Notch  f i l te rs 25

B a n d  I n t e r f e r e n c e 25

H e t e r o d y n e  I n t e r f e r e n c e 26

Digital AGC 26

C h a p t e r  4

A v a i l a b l e  D S P  H F  e q u i p m e n t 2 8

The Digi tal  Receiver 2 8

DSP Transce ivers 2 8

SGC's  SG-2000 PowerTalk 2 8

ADSP™ noise reduction 2 9

SNS™ noise reduction 2 9

Fi rs t  mobi le  DSP t ransce iver 3 0

Visual  DSP f i l ter  d isplay 30

Programmab le  d ig i t a l  f i l t e r s 31

P r e - p r o g r a m m e d  f i l t e r  s e t t i n g s 31

Notch  f i l te r 31

Var iab le  Bandpass ,  low-pass ,  

a n d  h i g h - p a s s  f i l t e r s 31

Upgradab le  DSP head 31

O t h e r  A d v a n t a g e s 31

R e m o v a b l e  H e a d 31

S imple  des ign 32

H i g h - p o w e r / s m a l l  p a c k a g e 32

Tes t ed  fo r  h igh  qua l i t y 32
iii

SGC Inc. SGC Building,13737 S.E. 26th St.  Bellevue, WA. 98005 USA
P.O.Box  3526, 98009  Fax: 425-746-6384 or 746-7173   Tel:  425- 746-6310 or 1-800-259-7331

E-mail: SGCMKTG@aol.com   Website: http://www.sgcworld.com

© 1997 SGC Inc



Add-on  DSP 33

Bas ic  Fea tures 33

V a r i a b l e  b a n d p a s s  f i l t e r s 34

Notch  f i l te r 34

Noise  r educ t ion 34

A d v a n t a g e s  a n d  d i s a d v a n t a g e s  o f

DSP add-ons 34

SGC's Add-on:  PowerClear 35  

Using DSP HF Equipment 36

Ope ra t i ng 36

Operat ing  wi th  DSP 36

Opera t i ng  w i th  PowerTa lk 3 7

C h a p t e r  5

T h e  F u t u r e  o f  D S P 3 9

HF Communica t ions 3 9

New poss ib i l i t i es 3 9

M a n i p u l a t i o n 3 9

S t o r a g e 4 0

T r a n s m i s s i o n 40

Digi ta l  t ransmiss ion 40

Data  to  Compute r s 40

Other  app l i ca t ions 41

A p p e n d i x  A  —  G l o s s a r y 42

A p p e n d i x  B  —  F u r t h e r  R e a d i n g 44

S u b j e c t  I n d e x 49

iv

SGC Inc. SGC Building,13737 S.E. 26th St.  Bellevue, WA. 98005 USA
P.O.Box  3526, 98009  Fax: 425-746-6384 or 746-7173 Tel: 425- 746-6310 or 1-800-259 7331

E-mail: SGCMKTG@aol.com   Website: http://www.sgcworld.com

© 1997 SGC Inc



T h e  I d e a  o f  D i g i t a l  S o u n d  P r o c e s s i n g

I n t r o d u c t i o n .  Digital  Signal  Processing (DSP) may soon rev-

o lu t ion ize  many aspec ts  of  the  e lec t ronics  indus t ry .  DSP wi l l

have  much  t he  s ame  e f f ec t  on  e l ec t ron i c s  t ha t  pe r sona l  com-

p u t e r s  h a v e  h a d  o n  e v e r y d a y  l i f e  s i n c e  t h e  e a r l y  1 9 8 0 s .  A n d

par t  o f  tha t  e f fec t  i s  due  to  the  fac t  tha t  DSP i s  compute r -

r e l a t e d .

You can  expec t  DSP to  a f fec t  appl ica t ions  as  var ied  as  med-

i ca l  e l ec t ron i c s ,  d i e se l  eng ine  t une -ups ,  speech  p roces s ing ,

long-d i s t ance  t e l ephone  ca l l s ,  mus ic  p rocess ing  and  record-

ing ,  and  t e l ev i s ion  and  v ideo  enhancemen t .  Th i s  book m e n-

t ions  some of  these  app l ica t ions ,  bu t  i t  focuses  mos t ly  on  the

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

communica t ions .  

Fi rs t ,  a  few of  the  bas ics .  We wi l l  d iscuss  concepts  of  sound,

s o u n d  r e t r i e v a l ,  a n d  s o u n d  t r a n s m i s s i o n  b y  r a d i o .  T h e n  w e

wi l l  d i scuss  how modern  t echno logy  uses  d ig i t a l  in  accom-

p l i sh ing  t he se  s ame  t a sks .

U n d e r s t a n d i n g  S o u n d  

We fee l  the  need  to  save  our  sense  exper i ences .  For  ins t ance ,

we  r eco rd  pho tog raphs  and  v ideo  images ,  a l t hough  we  don ’ t

expec t  t hese  med iums  to  r ep roduce  exac t ly  t he  o r ig ina l .  The

pho tograph  and  v ideo  sc reen  con ta in ing  an  image  o f  a  c loud

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

p h e r e .

Bu t  sound ,  hea rd  t h rough  one  o f  ou r  ba s i c  s ense s ,  ho ld s  a

spec ia l  p lace  in  our  l ives  because  i t  a l lows  us  to  communi-

ca t e ,  p ro t ec t  ou r se lves  f rom dange r ,  and  en t e r t a in  ou r se lves .  

And  so ,  we  s ave  and  r e t r i eve  ou r  vo i ce s  and  ou r  mus i c  on

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

wor ld  v i a  r ad io  waves ,  w i r e s ,  and  cab l e s .  Any t ime  we  t r ans- 1
SGC Inc. SGC Building,13737 S.E. 26th St.  Bellevue, WA. 98005 USA

P.O.Box  3526, 98009  Fax: 425-746-6384 or 746-7173   Tel:  425- 746-6310 or 1-800-259-7331
E-mail: SGCMKTG@aol.com   Website: http://www.sgcworld.com

© 1997 SGC Inc

C h a p t e r  1



mit ,  save ,  o r  r e t r i eve  a  sound  s igna l  (which  we  ca l l  an  aud io

s igna l ) ,  t ha t  s igna l  mus t  be  changed  in to  a  s to rab le  fo rm and

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

u n d e r s t a n d  i t  a n d  e n j o y  i t .  

H e a r i n g  s o u n d

The  sound  o f  t he  r a in  h i t t i ng  t he  g round  i s  a  phys i ca l  pheno-

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

cu l e s  t o  v ib r a t e ,  t o  t r ansmi t  t h rough  t he  a i r  un t i l  t he i r  ene r-

gy  d i s s ipa tes .  I f  your  ea r  i s  wi th in  r ange  o f  the  v ib ra t ions ,

t he  ex t e rna l  pa r t s  o f  you r  e a r  w i l l  f ocus  t hem so  t ha t  t hey

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

the  ea r s .  Where  t he  l a s t  bone  connec t s  t o  ne rves ,  t he  phys i-

ca l  v ib ra t i ons  become  neu ra l  impu l se s ,  and  your  b ra in  s ig-

na l s  you  t ha t  you  hea r  t he  r a in  h i t t i ng  t he  g round .   

Those  sound  v ibra t ions  (ca l l ed  aud io)  t r ave l  in  r ipp les ,  l ike

r ipp les  in  a  pond  when  you  toss  in  a  rock .  R ipp les  o f  wa te r

wi l l  r ad i a t e  ou t  f rom the  p l ace  tha t  t he  rock  sp l a shed .  The

he igh t  ( amp l i t ude )  o f  t he  r i pp l e s  w i l l  dec rea se  a s  t hey  move

fa r the r  away  f rom the  sou rce  o f  t he  sp l a sh .  The  ampl i t ude  o f

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

F i g u r e  1  —  S i m p l e  r i p p l e  f o r m  

F r e q u e n c y . T h e  m e a s u r e  o f  e a c h  r i p p l e  f r o m  p e a k  t o  p e a k

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

t h e  f r e q u e n c y  ( a n d  t h e  d e e p e r  t h e  s o u n d  p i t c h ) .  T h e  s h o r t e r

t h e  m e a s u r e ,  t h e  h i g h e r  t h e  f r e q u e n c y  ( a n d  t h e  h i g h e r  t h e

sound  p i t ch) .   

2
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F i g u r e  2  —  F r e q u e n c y  o f  r i p p l e  f r o m  p e a k  t o  p e a k

A m p l i t u d e.  T h e  m e a s u r e  o f  e a c h  r i p p l e  f r o m  p e a k  t o

t r o u g h  r e p r e s e n t s  i t s  l o u d n e s s  ( a m p l i t u d e ) .  I n  b e t w e e n  t h e

peak  and  dep th  o f  t he  r i pp l e s ,  t he  l eve l  o f  t he  wa t e r  i s  t he

same  a s  i t  i s  t h roughou t  t he  r e s t  o f  t he  pond .

F i g u r e  3  —  A m p l i t u d e  o f  r i p p l e

f r o m  p e a k  t o  t r o u g h

Complex  aud io  s igna l s ,  howeve r ,  l ook  much  d i f f e r en t  f rom

t h o s e  r i p p l e s  o n  t h e  p o n d .  W h e r e a s  t h e  p o n d  r i p p l e s  w o u l d

r e s e m b l e  s i n g l e - t o n e  a u d i o  s i g n a l s  ( l i k e  o n e s  f r o m  a  t o n e

g e n e r a t o r  o r  t u n i n g  f o r k ) ,  c o m p l e x  s o u n d s  s u c h  a s  s p e e c h

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

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

j agged ,  compl i ca t ed  wave  t han  any  o f  t hose  r i pp l e s  on  t he

p o n d .  

S t o r i n g  a n d  R e t r i e v i n g  S o u n d    

When  a  mic rophone  p i cks  up  a  sound ,  i t  changes  t he  sound

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

t h e  s o u n d  w a v e s  s t r i k e  a  t h i n  e l e m e n t  ( t y p i c a l l y  a

d i a p h r a g m o r r i b b o n ) .  T h e  m o v e m e n t  o f  t h a t  e l e m e n t

3
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t h rough  a  magne t i c  f i e ld  i nduces  an  e l ec t romagne t i c  s i gna l

tha t  w i l l  t r ave l  t o  an  ampl i f i e r  t o  boos t  t he  ampl i tude  o f  t he

t iny  aud io  s igna l s  to  a  more  usab le  l eve l .

S t o r i n g  s o u n d.  A  phonograph  r eco rd  i l l u s t r a t e s  how the  v i -

b r a t i o n a l  p a t t e r n  f r o m  t h e  m i c r o p h o n e / a m p l i f i e r  t r a n s l a t e s

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

v ibra t ions ,  cu t  in to  the  g rooves  o f  a  v iny l  d i sc ,  match  the  v i -

b r a t i o n s  t h a t  t h e  d i a p h r a g m  m a d e :  w a v e s  t h a t  v a r y  i n

a m p l i t u d e  a n d  f r e q u e n c y .    

F i g u r e  4  —  S o u n d  v i b r a t i o n s  c u t  i n t o  t h e

s i d e s  o f  a  l o n g - p l a y  r e c o r d i n g  g r o o v e

R e t r i e v i n g  s o u n d . T o  r e p r o d u c e  t h e  s o u n d s  c u t  i n t o  t h e

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

m i c r o p h o n e :  i t  c o n t a i n s  a n  e l e m e n t  t h a t  m o v e s  w i t h i n  a n

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

g r o o v e s . T h e  w i d t h  ( a m p l i t u d e )  o f  t h e  g r o o v e  c o n t r o l s  t h e

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

t h e  s o u n d .

The  e l ec t r i ca l  impu l se s  f rom the  phono  ca r t r i dge  t r ave l  t o  an

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

speake r  t o  be  r ep roduced  aga in  a s  v ib ra t i ons  i n  t he  a i r .  The

e lec t r i ca l  impulses  cause  the  speaker  vo ice  co i l  to  pump in

a n d  o u t ,  c a u s i n g  t h e  s p e a k e r  c o n e  t o  v i b r a t e  j u s t  a s  t h e

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

through  the  a i r—to  your  wai t ing  ear .    

T r a n s m i t t i n g  a n d  R e c e i v i n g  S o u n d  b y  R a d i o  

This  book  concerns  DSP in  rad io  technology ,  t ransmi t t ing  and

rece iv ing  aud io  s igna l s  v ia  the  r ad io .  Th i s  t echno logy  mus t

a d d r e s s  h o w  t o  t r a n s m i t  a  r a d i o  f r e q u e n c y  s i g n a l  t h a t  a l s o4
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conveys  an  aud io  message .  Cons ide r  t ha t  t he  t yp i ca l  vo i ce

s igna l  r anges  f rom abou t  100  to  5000  Hz  ( .1  to  5  kHz)  whi le

a  typ ica l  r ad io  s igna l  migh t  be  t r ansmi t t ed  on  7 ,200 ,000  Hz

( 7 2 0 0  k H z — i n  t h e  4 0 - m e t e r  a m a t e u r  b a n d ) .  S o m e h o w ,  t h e

two  s igna l s  have  to  be  mixed  toge the r .   

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

audio  s ignal  on  a  rad io  s ignal  i s  a m p l i t u d e  m o d u l a t i o n  (AM).

The  f i r s t  component  o f  the  AM s igna l  i s  the  ca r r i e r .  Jus t  an

“ e m p t y ”  r a d i o  s i g n a l  t h a t  c o n t a i n s  n o  a u d i o ,  t h e  car r i e r i s

ca l l ed  tha t  because  i t s  on ly  purpose  i s  to  ca r ry  an  aud io  s ig-

na l  to  r ece ive r s .  A  good  way  to  hea r  a  ca r r i e r  i s  to  tune  in  to

the  AM b roadcas t  band  and  t une  i n  t o  a  r ad io  s t a t i on .  When

the re  i s  no  aud io  and  no  s t a t i c ,  you  a re  hea r ing  the  ca r r i e r .  

F i g u r e  5  —  A  c a r r i e r  s i g n a l  w i t h o u t  m o d u l a t i o n

T h e  a m p l i t u d e - m o d u l a t e d  s i g n a l  h a s  t h r e e  b a s i c  c o m p o-

n e n t s :  t h e  c a r r i e r ,  i t s  u p p e r  s i d e b a n d ,  a n d  i t s  l o w e r  s i d e-

b a n d .  W h e n  a u d i o  s i g n a l s  a r e  a d d e d  t o  a n  A M  s i g n a l ,  t h e

c a r r i e r  f r e q u e n c y  r e m a i n s  a t  t h e  e x a c t  f r e q u e n c y  o f  t h e

radio  s ignal .  

F i g u r e  6  —  A  c a r r i e r  s i g n a l  w i t h  m o d u l a t i o n

The  two  aud io  s igna l s ,  known as  the  u p p e r  s i d e b a n d a n d  t h e

l o w e r  s i d e - b a n d,  a p p e a r  o n  e i t h e r  s i d e  o f  t h e  c a r r i e r .  T h e
5
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u p p e r  s i d e b a n d  a u d i o  s i g n a l  a p p e a r s  a b o v e  t h e  c e n t e r  o f  t h e

ca r r i e r ,  and  t he  l ower  s i deband  aud io  s i gna l  appea r s  be low

the  cen te r  o f  the  ca r r i e r .  As  a  r e su l t ,  i f  you  tune  your  r ad io

to  the  cen te r  o f  an  AM rad io  s t a t ion ,  the  aud io  o f t en  won’ t  be

as  s t rong  as  i f  you  tune  s l igh t ly  to  e i the r  s ide  o f  the  cen te r .

S i d e b a n d s.  I f  you  look  a t  one  of  the  s idebands  on  an  osc i l lo-

s c o p e  ( a  v i d e o  p r e s e n t a t i o n  o f  s i g n a l  s h a p e s ) ,  i t  w i l l  l o o k

q u i t e  a  b i t  l i k e  a n  a c t u a l  v o i c e  s i g n a l .  I n  s i n g l e - s i d e b a n d

( S S B )  r a d i o  t r a n s m i s s i o n ,  t h e  c a r r i e r  a n d  o n e  o f  t h e  s i d e-

bands  a re  f i l t e red  ou t  o f  the  AM s igna l  and  e l imina ted .  Al l

t ha t  i s  t r ansmi t t ed  i s  one  o f  t he  aud io  s idebands .  

F i g u r e  7  —  A l l  t h e  e n e r g y  i s  c o n c e n t r a t e d

i n  t h e  u p p e r  s i d e b a n d  ( r i g h t h a n d  d i a g r a m )

SSB t r ansmis s ion  i s  impor t an t  fo r  two-way  communica t ions

i n  t h e  H F  b a n d .  A l l  o f  t h e  p o w e r  t h a t  o n c e  w a s  u s e d  t o

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

can  now concen t r a t e  i n  t he  r ema in ing  s ing l e  s i deband .  And

n o w  t h e  S S B  t r a n s m i s s i o n  r e q u i r e s  o n l y  h a l f  t h e  c h a n n e l

w i d t h .  A s  a  r e s u l t ,  a n  S S B  s i g n a l  s o u n d s  a l m o s t  1 0  t i m e s

louder  than  an  equ iva len t  AM s igna l .   Because  of  i t s  e f f ic ien-

cy,  ease  of  use ,  and good voice inte l l igibi l i ty ,  SSB is  by far  the

mos t -u sed   r ad io  t r ansmis s ion  on  t he  HF  bands .

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

t h r o u g h  t h e  a n t e n n a  a n d  i n t o  t h e  a i r .  I t  t r a v e l s  t h r o u g h  t h e

a tmosphe re  fo r  dozens  o r  even  t housands  o f  m i l e s .  When  i t

i s  r ece ived  by  an  an tenna ,  t he  t i ny  r ad io  s igna l  pas ses  i n to

the  rece iver .  In  the  rece iver ,  the  s igna l  i s  ampl i f i ed ,   f i l t e red ,

and  the  aud io  dec iphe red .  The  dec iphe red  aud io  s igna l  goes

t h r o u g h  t h e  s a m e  p r o c e s s e s  d e s c r i b e d  i n  S t o r i n g  a n d
R e t r i e v i n g  S o u n d .6
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P r o c e s s i n g  S o u n d  D i g i t a l l y

The  sound  p rocess ing  we  have  d i scussed  so  fa r  i s  ca l l ed  a n a-

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

s o u n d  w a v e s  t h e y  r e p r e s e n t .   

D ig i t a l  s i gna l  p roce s s ing  changes  ana log  aud io  s i gna l s  i n to

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

descr ibe  aud io  s igna l s .  The  mos t  common example  o f  d ig i t a l

technology is  the  compact  d isc  (CD).  Every  wave of  sound is

c o n v e r t e d  i n t o  b i n a r y  c o d e  (1 s  a n d  0 s ) .  T h e s e  n u m b e r s  a r e

t r ansmi t t ed  i n  such  a  way  tha t  t he  aud io  wave  i s  “bu i l t ”  f rom

blocks  o f  t he se  number s .  

O n e  w a y  t o  t h i n k  o f  t h e s e  w a v e  r e p r e s e n t a t i o n s  i s  t o  d r a w  a

mounta in  on  a  shee t  o f  paper .  Tha t ’ s  the  ana log  s igna l .  For

the  d ig i t a l  r ep re sen t a t i on  o f  t h i s  pape r  moun ta in ,  p l ace  t he

w o o d e n  s q u a r e s  f r o m  a  S c r a b b l e  g a m e  i n  r o w s  o v e r  t o p  o f

t h e  p a p e r .  W i t h  t h e  w o o d e n  s q u a r e s ,  y o u  c a n  r e p r e s e n t  t h e

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

o f  the  b lock  r ep resen ta t ion  a re  b locky ,  no t  smoo th .  In  ac tua l

d ig i t a l  aud io , t h e  n u m e r i c  b u i l d i n g  b l o c k s  a r e  s o  t i n y  t h a t

any  b locky  edges  i n  t he  d ig i t a l  aud io  wave  a r e  unde tec t ab l e .

R e c o r d i n g  o n  C o m p a c t  D i s c s   

Although CD audio  isn’ t  d i rect ly  re la ted to  DSPs in  h igh f re-

quency radio  use ,  CDs do  of fer  a  fami l ia r  example  of  d ig i ta l

F i g u r e  8  —  D r a w i n g  o f  a  m o u n t a i n  o u t l i n e d  i n  g a m e

t i l e s  m a k e s  a  b l o c k y  p a t t e r n 7
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aud io  in  the  home .  The  mus ic  tha t  i s  t o  be  r eco rded  on to  a

compac t  d i sc—simply  a  th in  d i sc  o f  a luminum tha t  i s  encased

in  a  p las t i c  l amina te  to  p ro tec t  the  record ing—must  be  in  a

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

n u m b e r s  o f  1 s  a n d  0 s .  W h e n  t h e  d i s c  i s  r e c o r d e d ,  m u c h

e r r o r - c o r r e c t i n g  d a t a  a n d  s y s t e m  i n f o r m a t i o n  ( l i k e  t r a c k

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

the  mus ic .  A l l  o f  th i s  da ta  mus t  be  r e t r i evab le ,  so  the  a lu-

m i n u m  d i s c  i s  e t c h e d  w i t h  m i n u s c u l e  p i t s .  T h e  p i t t e d  a n d

u n p i t t e d  a r e a s  t r a n s l a t e  a s  t h e  1 s  a n d  0 s  t h a t  r e p r e s e n t  t h e

d a t a .  

In  p l ace  o f  need le  and  ca r t r idge  o f  t he  ana log  r eco rd  p l aye r ,

a  l a se r  op t i ca l  a s sembly  r e t r i eves  the  aud io  in  a  compac t  d i sc

p layer .  Th i s  low-powered  l a se r  f i r e s  a t  the  t r acks  o f  the  d i sc .

The  unp i t t ed  a reas  o f  the  d i sc  r e f l ec t  i t s  l igh t  back ,  bu t  the

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

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

c h a n g e s  t h e  l i g h t  f l i c k e r s  i n t o  b i n a r y  e l e c t r i c a l  i m p u l s e s .

These  a r e  t hen  conve r t ed  i n to  ana log  impu l se s ,  wh ich  can  be

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

S a m p l i n g .  O f  c o u r s e  t h e  a n a l o g - t o - d i g i t a l  a n d  d i g i t a l - t o -

ana log  p rocesses  a re  ex t remely  compl ica ted—espec ia l ly  when

you  cons ide r  t ha t  such  t h ings  a s  cod ing  and  s ampl ing  mus t

a l so  occur  in  the  sys tem.  S a m p l i n g i s  t he  p roce s s  by  wh ich

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

checks  the  d ig i t a l  source  fo r  i t s  accuracy ,  then  p lays  ano the r

s o u n d .  T h i s  c y c l i n g  o c c u r s  4 4 , 1 0 0  t i m e s  p e r  s e c o n d  ( 4 4 . 1

k H z ) ,  a l t h o u g h  m a n y  p l a y e r s  n o w  s a m p l e  s e v e r a l  t i m e s  m o r e

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

rece ived  i s  a ccu ra t e  and  no t  e r ro r - r i dden .  Such  s amp l ing  a t

h a r m o n i c  f r e q u e n c i e s  i s  k n o w n  a s  o v e r - s a m p l i n g.  Many  o f

the  h igh -cos t  compac t  d i s c  p l aye r s  s ample  up  to  e igh t  t imes

t h e  s t a n d a r d  s a m p l e  f r e q u e n c y .   

V o l u m e . R e l a t i v e  s o u n d  v o l u m e a l so  needs  to  be  cons ide red .

E v e r y  a u d i o  w a v e - f o r m  h a s  a  p e a k - t o - p e a k  l e n g t h  ( t h e  f r e-8
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q u e n c y  o f  t h e  s o u n d ) ,  w h i c h  d e t e r m i n e s  t h e  p i t c h  o f  t h e

s o u n d ,  a n d  a  h e i g h t  ( t h e  a m p l i t u d e  o f  t h e  s o u n d ) ,  w h i c h

de t e rmines  i t s  vo lume .  I n  o rde r  f o r  t he  compac t  d i s c  p l aye r

to  a ccu ra t e ly  r ep roduce  mus i c  and  no t  end  up  r ep roduc ing  a l l

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

a r e  q u a n t i f i e d  t o  a  1 6 - b i t  n u m b e r  b e t w e e n  0  a n d  6 5 , 5 3 5 .

Eve ry  t i ny  p i ece  o f  aud io  can  be  r ep roduced  by  t he  compac t

d i sc  a t  any  one  o f  65 ,536  d i f f e ren t  vo lume  l eve l s .   

C o m p r e s s i o n.  These  codes  tha t  de t e rmine  va r ious  a spec t s  o f

the  compac t  d i sc ’ s  sound  and  t echn ica l  opera t ions  a l l  r equ i re

a  vas t  amount  o f  in fo rmat ion .  A  fu l l  compac t  d i sc  o f  approx-

i m a t e l y  7 4  m i n u t e s  r e q u i r e s  i n  t h e  n e i g h b o r h o o d  o f  3 4  m i l-

l ion  b i t s  o f  in format ion  to  p roduce .  I f  th i s  in format ion  was  a l l

he ld  on  a  s t anda rd  compu te r  f l oppy  d i sc ,  t he  s e l ec t i on  wou ld

have  to  be  p laced  on  48  5 .25”  d iscs  or  25  3 .5”  d iscs .  Using  a

c o m p r e s s i o n  c o d e  m a k e s  i t  p o s s i b l e  f o r  d i g i t a l  t a p e s  a n d

MiniDiscs  to  be  d ig i ta l  and  hold  as  much music  as  they  do .

C o n c l u s i o n

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

a u d i o  s i g n a l  c a n  b e  f i l t e r e d  s o  o n l y  a  s i d e b a n d  r e m a i n s  i n

use .  And  you  have  s een  how aud io  s i gna l s  c an  be  conve r t ed

to digi tal  s ignals ,  in  such forms as CDs.

In  t he  nex t  chap t e r ,  we  l ook  a t  t he  i dea  o f  f i l t e r s  t ha t  c an

m a k e  c h a n g e s  i n  w a v e s — w h e t h e r  t h o s e  w a v e s  a r e  s o u n d

waves  o r  r ad io  f r equency  waves .  And  in  Chap te r  3 ,  we  look

a t  how d ig i t a l  s igna l s  can  be  p rocessed  fo r  r ad io  t r ansmi t t ing

and  r ece iv ing .

9
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T h e  I d e a  o f  A n a l o g  F i l t e r i n g

Analog  f i l t e r s  a re  used  fo r  a  wide  va r ie ty  o f  app l i ca t ions  in

e lec t ronics .  One  fami l ia r  appl ica t ion  i l lus t ra tes  how f i l te rs

w o r k :  s p e a k e r  c r o s s o v e r  n e t w o r k s .  

A n a l o g  F i l t e r s  i n  A u d i o   

Speake r  c ros sove r s  u sua l ly  cons i s t  o f  t h ree  d i f f e ren t  t ypes  o f

f i l t e r s  t ha t  combine  t o  channe l  aud io  t o  t he  p rope r  speake r s .

T h e  t y p i c a l  s p e a k e r  a r r a n g e m e n t  c o m p r i s e s  a  w o o f e r  ( l o w -

f r e q u e n c y  s p e a k e r ) ,  a  m i d r a n g e  s p e a k e r ,  a n d  a  t w e e t e r

(h igh - f r equency  speake r )  f o r  e ach  channe l  o f  a  sound  sy s t em.

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

p r i a t e  v o l u m e  r e a c h  e a c h  s p e a k e r .

C r o s s o v e r  N e t w o r k . T h e  c r o s s o v e r  c o n s i s t s  o f  l o w - p a s s ,

h i g h - p a s s ,  a n d  b a n d p a s s  f i l t e r s  a t  t h e  s p e a k e r  i n p u t s .  E a c h

f i l t e r  c rops  ou t  c e r t a i n  f r equenc i e s  and  pa s se s  o the r  f r equen-

cies.  

W o o f e r s. Mos t  woofe r s  a r e  mos t  e f f ec t i ve  i n  t he  s eve ra l  hun-

dred  Hz  range ,  so  the  low-pass  f i l t e r  migh t  be  se t  a t  500  Hz .

Al l  f r equenc ie s  be low 500  Hz  (bu t  l i t t l e  above  tha t  f r equen-

cy)  wi l l  pass  to  the  woofer .   

T w e e t e r s. S imi l a r ly ,  mos t  twee t e r s  a r e  e f f ec t i ve  above  abou t

4  kHz ,  so  the  h igh-pass  f i l t e r  migh t  be  se t  a t  th i s  f r equency .

Al l  f r equenc ie s  above  4  kHz  (bu t  l i t t l e  be low tha t  f r equency)

wi l l  pas s  to  the  twee te r .   

M i d r a n g e. Midrange  speakers  use  a  more  compl ica ted  f i l t e r—

a bandpass  f i l t e r ,  wh ich  combines  h igh -pass  and  low-pass  f i l-

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

on  t he  aud io  t ha t  pa s se s  t h rough .  Th i s  bandpas s  f i l t e r  wou ld

pas s  a l l  f r equenc i e s  t ha t  we re  i n  an  aud io  band  above  400  Hz

and  be low 4  kHz .   

A s  a  r e s u l t  o f  s u c h  f i l t e r i n g ,  t h e s e  s p e a k e r s  p r o d u c e  g o o d -10
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s o u n d i n g  a u d i o  a n d  d o  n o t  s u f f e r  d a m a g e  f r o m  t o o  m u c h

p o w e r  b e i n g  a p p l i e d  t o  t h e  w r o n g  s p e a k e r .

C u t o f f . S o m e  a u d i o  e n t h u s i a s t s  s a y  t h a t  i f  t h e  a u d i o  i s

c ropped  too  sha rp ly  by  the  f i l t e r s ,  i t  w i l l  sound  s t e r i l e .  So

des ign  o f  speake r  c ros sove r  f i l t e r s  p rov ides  fo r  a  more  g rad-

ua l  f i l t e r ing .  The  low-pass  f i l t e r ,  fo r  example ,  does  no t  cu t

off  a l l  audio  a t  exact ly  400 Hz.  Rather  i t  wi l l  gradual ly  cutoff

t h e  a u d i o  o v e r  t h e  c o u r s e  o f  s e v e r a l  h u n d r e d  H z  o r  m o r e ,

p a s s i n g  e v e r y t h i n g  b e l o w  4 0 0  H z  b u t  g r a d u a l l y  a t t e n u a t i n g

aud io  above  400  Hz .   

F i g u r e  9  —  T h i s  l o w - p a s s  f i l t e r  g r a d u a l l y  

a t t e n u a t e s  f r e q u e n c i e s  a b o v e  4 0 0  H z .  

A b o v e  4 0 0  H z  i s  i t s  “ s k i r t . ”

This  s lope  o f  aud io  tha t  i s  be ing  a t t enua ted  by  the  f i l t e r  i s

k n o w n  a s  t h e  s k i r t,  wh ich  desc r ibes  tha t  s lope  in  a  g raph  o f

the  f i l t e r ed  f r equency .   

A n a l o g  F i l t e r s  i n  H F  R a d i o   

S t a n d a r d  H F  r a d i o  f i l t e r s  a r e  t u n a b l e  b a n d p a s s  f i l t e r s .

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

and  pass  s igna l s  wi th in  a  ce r t a in  r ange .  The  e f fec t  o f  a  band-

pass  f i l t e r  in  rad io  i s  l ike  the  combina t ion  of  a  low-pass  f i l-

t e r  a n d  a  h i g h - p a s s  f i l t e r  t h a t  p a s s e s  a u d i o  t o  a  m i d r a n g e

speaker .  Unl ike  c rossovers ,  the  r ad io  f i l t e r s  shou ld  have  as

c lose  to  s t r a igh t  sk i r t s  a s  poss ib le .  I f  they  have  wide  sk i r t s ,

aud io  f rom ad jacen t  s t a t i ons  and  no i se  f rom ou t s ide  o f  t he
11
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r a d i o s igna l  wi l l  i n t rude  on  the  tuned  s igna l .

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

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

f i l t e r s ,  one  s ide  o f  the  sk i r t  can  eas i ly  be  tuned ;  wi th  low-

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

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

t u n a b l e ,  a d j u s t i n g  t h e  v a l u e s  o f  t h e  c o m p o n e n t s  i n  t h e  b a n d-

pass  f i l te r  wi l l  a f fec t  both  s ides  of  the  f i l te r ’s  response .  

A s i d e  f r o m  t h e  s k i r t s  o f  a  f i l t e r ’ s  o u t p u t  w a v e  f o r m ,  t h e

o t h e r  c o m p o n e n t s  o f  t h i s  w a v e  f o r m  a r e  t h e  a r e a  b e t w e e n

the  sk i r t s—the  pass  band—and  the  a rea  where  no  s igna l  pass-

es  th rough  the  bandpass  f i l t e r—the  s t o p b a n d.  

S y m m e t r y . Anothe r  p r inc ipa l  cha rac te r i s t i c  o f  bandpass  f i l-

t e r s  i s  t ha t  o f  s y m m e t r y.  Drawing  a  hypothe t i ca l  l ine  down

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

the  symmet r i c a l  shape  o f  t he  ou tpu t  ( j u s t  l i ke  t he  sk i r t s  he lp

to  descr ibe  the  f i l t e r  charac te r i s t i cs ) .

To  ach ieve  a  more  symmet r i ca l  f i l t e r ,  mos t  bandpass  f i l t e r s

combine  s eve ra l  bandpas s  f i l t e r s .  The  wave  fo rms  o f  t he se

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

fo rm.  As  a  r e su l t ,  t hese  complex  f i l t e r s  have  v i r tua l ly  sym-

me t r i ca l  ou tpu t s .  

Th e  i d e a l  p a s s b a n d  f r o m  a  b a n d p a s s  f i l t e r  i s  a  s q u a r e  w a v e

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

b a n d ,  a n d  t h e  r e s p o n s e  a c r o s s  t h e  t o p  o f  t h e  p a s s b a n d  i s

s t r a i g h t  a n d  u n a t t e n u a t e d .  

C r y s t a l  f i l t e r s.  I n  o rde r  t o  improve  t he  cha rac t e r i s t i c s  o f

pa s sband  f i l t e r s ,  mechan i ca l  e l emen t s  a r e  o f t en  u sed  i n s t ead

of  the  t rad i t iona l  combina t ion  of  capac i to rs  and  co i l s  ( induc-

t o r s ) .  B e c a u s e  o f  l o w e r  c o s t  a n d  b e t t e r  p e r f o r m a n c e  c o m-

p a r e d  w i t h  c a p a c i t a n c e - i n d u c t a n c e  b a n d p a s s  f i l t e r s ,  q u a r t z

c rys t a l  f i l t e r s  a r e  o f t en  used  in  HF  t r ansce ive r s  and  commu-

n ica t ions  rece ive r s .  The  c rys ta l  f i l t e r s  a re  capab le  o f  s t eeper

s k i r t s  t h a n  t h e  s t a n d a r d  i n d u c t o r / c a p a c i t o r  f i l t e r s ,  a n d  t h e y12
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a l so  have  more  cons i s t en t  qua l i t y .

A l t h o u g h  a n a l o g  f i l t e r s  a r e  g e n e r a l l y  n o t  v a r i a b l e  a t  a l l ,

some of  the  o lder  rece ivers  had  a  “Crys ta l  Phas ing”  cont ro l .

Th is  con t ro l  was  mere ly  a  tun ing  capac i to r  in  the  c rys ta l  f i l-

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

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

M e c h a n i c a l  f i l t e r s . A  m o r e  d r a m a t i c  i m p r o v e m e n t ,  w h i c h

i s  covered  fu r the r  in  the  nex t  sec t ion ,  i s  the  mechan ica l  f i l-

te r .  Mechanica l  f i l te rs ,  s imi lar  in  des ign  to  c rys ta l  f i l te rs ,  use

m e t a l  e l e m e n t s  i n s t e a d  o f  q u a r t z  c r y s t a l  e l e m e n t s .

Mechan ica l  f i l t e r s  a re  capab le  o f  much  be t t e r  cha rac te r i s t i c s

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

and  sha rp  s t opband .  Bu t  t he se  f i l t e r s  a r e  expens ive  t o  de s ign

and  cons t ruc t .  

H F  f i l t e r s  i n  p r a c t i c a l  a p p l i c a t i o n s

C o m m u n i c a t i o n s  r e c e i v e r s  a n d  m o d e r n - d a y  t r a n s c e i v e r s

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

r e c e i v e r  t o  p a s s  a  c e r t a i n  b a n d  t h r o u g h  t h e  r a d i o  a n d  t o  t h e

s p e a k e r .  

W i d e  b a n d p a s s . For  a  s t rong,  h igh-f ide l i ty  AM s ignal ,  such

a s  f r o m  s o m e  s h o r t w a v e  b r o a d c a s t  s t a t i o n s ,  a  v e r y  w i d e  ( 8

t o  1 5  k H z )  f i l t e r  w i l l  a l l o w  y o u  t o  e n j o y  t h e  a u d i o  t o  i t s

fu l les t .  However ,  a  wide  f i l t e r  such  as  th i s  wi l l  pe rmi t  ad ja-

cen t - channe l  i n t e r f e r ence  t o  pa s s  t h rough  and  wi l l  a l l ow  s t a-

t ic  to  d is tor t  the  s ignal .  

M e d i u m  b a n d p a s s .  So,  for  average  AM broadcas t  l i s ten ing ,

a  m e d i u m - w i d t h  f i l t e r  ( b e t w e e n  4  a n d  6  k H z )  i s  b e s t

because  i t  w i l l  keep  ou t  the  s t a t i c  and  in t e r f e rence ,  bu t  w i l l

a l l ow  enough  aud io  t o  pa s s  t h rough  t o  be  somewha t  p l ea s-

a n t .

N a r r o w  b a n d p a s s.  For  the  nar row-width  SSB voice  s ignals ,

a  f i l t e r  o n l y  2 -  o r  3 - k H z  w i d e  i s  u s u a l l y  u s e d .  T h e  a u d i o

qual i ty  i s  fa i r  for  SSB,  but  i s  ra ther  poor  for  l i s ten ing  to  an
13
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A M  b r o a d c a s t  ( t h e  A M  b r o a d c a s t  w i l l  s o u n d  “ m u d d y ”  a n d

wi l l  be  d i f f i cu l t  t o  dec iphe r ) .  Fo r  ex t r eme ly  na r row d ig i t a l

m o d e s  ( s u c h  a s  M o r s e  c o d e ) ,  t h e  f i l t e r s  u s e d  a r e  t y p i c a l l y

be tween  0 .1  and  1  kHz  wide .  At  these  wid ths ,  i t  i s  d i f f i cu l t  to

unde r s t and  any  vo ice  communica t ions ;  ve ry  l i t t l e  aud io  can

pass  th rough ,  excep t  fo r  the  do t s  and  dashes  o f  Morse  code .  

C o n c l u s i o n

Y o u  h a v e  s e e n  h o w  a n a l o g  f i l t e r s  c a n  m a k e  c h a n g e s  i n

w a v e s — w h e t h e r  t h o s e  w a v e s  a r e  s o u n d  w a v e s  o r  r a d i o  f r e-

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

a n d  t o  i m p r o v e  r a d i o  r e c e p t i o n  b y  e x c l u d i n g  u n w a n t e d  f r e-

quenc ies  and  s t a t i c .  In  the  nex t  chap te r ,  we  look  a t  how d ig i-

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

rece iv ing .

14
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D S P s  i n  H F  C o m m u n i c a t i o n s

Digi ta l  t ransmiss ions  a re  no th ing  new.  Morse  code ,  which  i s  a

b i n a r y  a l p h a b e t  ( d o t s  a n d  d a s h e s  i n s t e a d  o f  1 s  a n d  0 s),  is

app rox ima te ly  100  yea r s  o ld .  Ano the r  t e chno log i ca l  deve l -

opmen t  t ha t  peop le  a s sume  i s  r ecen t ,  f a c s imi l e  t r ansmis s ion

(FAX) ,  had  been  success fu l  in  r ad io  t r ansmiss ion  nea r ly  70

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

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

b u s i n e s s  t e l e p h o n e - b a s e d  f a x  m a c h i n e s  i n  t h e  1 9 8 0 s .

F i g u r e  1 0  —  M o r s e  C o d e  s e n d i n g  k e y

Like  b inary  codes  and  facs imi le ,  DSP has  ex i s ted  in  theory

s ince  the  ea r ly  20 th  cen tury .  DSP manipu la tes  a  d ig i t a l  s ig-

na l .  A  box  tha t  d ig i t a l ly  a l t e r s  the  acous t i cs  o f  a  symphony

recorded  on  CD i s  a  type  o f  DSP.  Equ ipmen t  tha t  d ig i t a l ly

e l i m i n a t e s  t h e  t i m e - d e l a y e d  e c h o  i n  t e l e p h o n e  l i n e s  i s

another  type  of  DSP.

Whateve r  the i r  app l i ca t ion ,  a l l  DSPs  use  many  o f  the  same

D S P  m i c r o p r o c e s s o r  “ c h i p s . ”  T h e  d i f f e r e n c e s  b e t w e e n  t h e

app l ica t ions  a ren’ t  the  DSPs  a lone ;   r a the r  they  a re  in  wha t

we  program them to  do .  So  the  genera l  ca tegory  o f  DSP i s  ex-

t r e m e l y  b r o a d .

D S P  F l o w  C h a r t

The  f l ow  cha r t  o f  eve ry  bas i c  app l i ca t i on  i n  wh ich  DSP  i s

used  i s  t he  s ame .  An  ana log  s igna l  ( e i t he r  aud io  o r  v ideo )

en te r s  t he  d ig i t a l  s ec t ion  o f  t he  equ ipmen t .  
15
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S a m p l e  a n d  H o l d . The  f i r s t  s t age  o f  t he  sys t em i s  t he  s a m-

p l e  a n d  h o l d.  The  S /H  c i r cu i t  s amp le s  t he  s i gna l  and  ho ld s

each  sample  b r i e f ly ,  f o r  example  t he  ampl i t ude  o f  t he  i ncom-

ing s ignal  a t  a  specif ic  t ime.   

In  the  typ ica l  CD p layer ,  the  sampl ing  f requency  i s  44 .1  kHz,

wh ich  means  t ha t  t he  amp l i t ude  o f  t he  i ncoming  aud io  s i gna l

i s  sampled  44 ,100  t imes  pe r  second!  The  sampl ing  ra te  fo r  CD

playe r s  i s  h igh  because  h igh -qua l i t y  aud io  i s  more  complex

than  t e l ephone  o r  HF  communica t ions ,  whe re  t he  f i de l i t y  i s

o f t en  de l i be r a t e ly  r educed  t o  make  t he  s i gna l s  bo th  ea s i e r  t o

u n d e r s t a n d  a n d  m o r e  e f f i c i e n t .  I n  t h e s e  s y s t e m s ,  t h e  s a m-

pl ing  ra te  wi l l  o f ten  be  as  low as  8  kHz.  

F i g u r e  1 1  —  A  h o m e  C D  p l a y e r

The  bas i c  gu ide l ine  fo r  de t e rmin ing  the  sampl ing  r a t e  i s  t ha t

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

expec t  to  reproduce .  So ,  i f  the  maximum f requency  of  the  CD

player  aud io  i s  20  kHz ,  two  t imes  th i s  f requency  (40  kHz)  wi l l

s t i l l  fa l l  wel l  wi th in  the  “ two t imes”  guidel ine .  For  the  8-kHz

s a m p l i n g  r a t e  o f  t h e  t e l e p h o n e  s y s t e m ,  y o u  c a n  e x p e c t  t h a t

t h e  h i g h e s t  f r e q u e n c y  t h a t  c a n  b e  r e p r o d u c e d  i s  4  k H z  ( n e a r

the  t op  o f  t he  spec t rum fo r  t he  ave rage  vo i ce  f r equency ) .

A n a l o g  t o  D i g i t a l . At  the  nex t  s t age ,  t he  ana log - to -d ig i t a l

conver ter  (ADC),  the  mil l ions  of  t iny audio “s l ices”  f rom the

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

ADCs opera te  in  a  var ie ty  of  ways ;  some count  wi th  a  “s ta i r-

case”  gene ra to r  wh i l e  o the r s  conver t  t he  ana log  vo l t age  in to  a

d ig i t a l  va lue  wi th  mul t ip l e  compara to r s .  The  qua l i ty  o r  use-

fu lness  o f  an  ADC can  be  de te rmined  by  i t s  accuracy ,  com-

p lex i ty ,  and  speed .   16
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S e v e r a l  o t h e r  m e t h o d s  f o r  c o n v e r t i n g  t h e  d a t a  a l s o  e x i s t ;

cho i ce  i n  me thods  depends  on  whe the r  you  wan t  l ow  cos t ,

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

amounts  o f  da ta .  The  ADC se lec t ion  i s  an  impor tan t  cons ider-

a t ion  a t  t h i s  po in t ,  bu t  a s  t echno logy  advances  and  the  p r i ces

decrease ,  i t  wi l l  become less  a  fac tor .

D S P.  The actual  DSP stage is  next  in the l ineup.  This  chip—

rea l ly  a  cen t ra l  p rocess ing  un i t  commonly  ca l l ed  a  “compute r

ch ip”— might  be  p rogrammed as  a  f i l t e r  to  reduce  no i se  in  a

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

audio  echo,  i t  might  be  used  to  c la r i fy  a  v ideo  s ignal ,  o r  i t

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

t a s k s .

D i g i t a l  t o  A n a l o g.  T h e  n e x t  s t a g e  o f  t h e  D S P  s y s t e m  i s

ano the r  t ha t  i s  u sed  i n  s t anda rd  d ig i t a l  aud io  app l i ca t i ons ,

t h e  d i g i t a l - t o - a n a l o g  c o n v e r t e r  ( D A C ) .  T h e  D A C  d o e s  t h e

s a m e  t h i n g s  a s  t h e  A D C ,  o n l y  b a c k w a r d s .  I t s  m e a s u r e s  o f

qua l i ty  ( accuracy ,  complex i ty ,  and  speed)  a re  a l so  the  same

as for  the ADC. Like the ADC, i t  can also use a  number of  dif-

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

In  one  type ,  the  DAC coun ts  d ig i t a l  pu l ses  to  de te rmine  the

ana log  ou tpu t .  O the r s  use  such  t echn iques  a s  vo l t age  o r  cu r-

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

Like  ADC conver ters ,  the  problems in  us ing DAC chips  should

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

e x p e n s i v e .

L o w - p a s s  f i l t e r.  The  output  of  the  DAC is  b locky  waveform

tha t  wou ld  look  l i ke  the  Sc rabb le  b lock  moun ta in  f rom ea r l i-

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

w a v e f o r m.  Here  the  las t  sec t ion  of  the  DSP (a  low-pass  f i l te r )

i s  u sed :  i t  smoo ths  ou t  t he  rough  s t a i r s  i n  t he  wave fo rms .

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

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

smooth ing  f i l t e r s .
17
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D S P  E v o l u t i o n

Exper imenta l  use  o f  DSPs  in  one  fo rm or  ano ther  was  occur-

r i ng  i n  t he  1950s  and  1960s .  Howeve r ,  because  o f  t he  eno r-

mous  cos t  o f  e a r l y  compu te r s ,  t h i s  r e sea r ch  was  l im i t ed  t o

l a r g e  u n i v e r s i t y  a n d  g o v e r n m e n t  r e s e a r c h  f a c i l i t i e s .  I n  t h e

1 9 7 0 s  a n d  1 9 8 0 s ,  D S P s  b e g a n  t o  b r e a k  a w a y  f r o m  t h e  u n i-

v e r s i t y  a n d  g o v e r n m e n t  c e n t e r s ,  m o v i n g  t o w a r d  h i g h - p o w-

e red  pe r sona l  compu te r s  w i th  cen t r a l  p roces s ing  un i t s ,  such

a s  t h e  I n t e l  8 0 8 6  a n d  8 0 8 8  s e m i - c o n d u c t o r  c h i p s .  

F i g u r e  1 2  —  A  s e m i - c o n d u c t o r  “ c h i p ”

B e c a u s e  t h e  m a n u f a c t u r e r s  o f  s e m i c o n d u c t o r s  r e a l i z e d  t h e

potent ia l  for  DSP,  they began to  crea te  specia l ized  DSP chips

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

c i e n t l y  t h a n  s t a n d a r d  m i c r o p r o c e s s o r  c h i p s .  T o d a y ,  c o m p a-

n i e s  s u c h  a s  M o t o r o l a ,  T e x a s  I n s t r u m e n t s ,  a n d  A n a l o g

Devices  have  severa l  hundred  va r ia t ions  on  the i r  DSP ch ips ,

fo r  d i f fe r ing  app l i ca t ions  and  budge t s .  

As  the  t echno logy  o f  compute r  and  DSP ch ips  has  inc reased

in  soph i s t i c a t i on  and  the  p r i ce s  have  d ropped ,  s eve ra l  i nnov-

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

aspects  of  HF communica t ions .  

D S P s  i n  T r a n s m i t t i n g  A p p l i c a t i o n s

A  n u m b e r  o f  a d v a n c e s  i n  t r a n s m i t t e r  d e s i g n  a n d  e f f i c i e n c y

in  HF communica t ions  have  made  use  o f  DSP technology ,  bu t

t hey  do  no t  have  t he  s ame  d r ama t i c  e f f ec t  i n  co s t  o r  pe r fo r-

mance  tha t  DSPs  make  in  rece iver  f i l t e r  app l ica t ions .  

D S P s  i n  S p e e c h  P r o c e s s i n g .  The  speech  p roce s so r  i n  one

t r a n s c e i v e r  i s  h e a v i l y  i n t e r m e s h e d  w i t h  i t s  m e t h o d  o f  S S B

modu la t i on .  Th i s  t r ansce ive r  u se s  a  sy s t em o f  l ow-pas s  and18
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h igh -pass  f i l t e r s  t o  r educe  the  bandwid th  o f  t he  vo ice  s igna l

and  make  t he  t r ansmi t t e r  more  e f f i c i en t .  The  h igh -pas s  f i l-

t e r  i s  ad ju s t ab l e  so  t ha t  t he  ope ra to r  c an  choose  f rom seve r-

a l  d i f f e ren t  s e l ec t ions .  Th i s  f i l t e r ing  wi l l  s l i gh t ly  a l t e r  t he

sound  o f  t he  vo i ce  (make  t he  vo i ce  sound  s t r onge r  o r  t i n-

n i e r )  and  poss ib ly  he lp  i t  cu t  t h rough  the  s t a t i c  a  b i t  be t t e r .

D S P  i n  S S B  G e n e r a t i o n . O n e  t r a n s c e i v e r  u s e s  d i r e c t  m o d u-

l a t ion  to  impose  aud io  on  the  t r ansmi t t ed  s igna l .  Ra the r  t han

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

when  c r ea t i ng  a  s i ng l e - s ideband  s igna l ,  t he  t r ansce ive r  u se s

a  DSP.  Because  d ig i ta l  audio  i s  mathemat ica l ly  based ,  i t s  t im-

ing  i s  a lmos t  per fec t—perfec t  t iming  and  audio  cont ro l  be ing

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

D S P  i n  P h a s e  D e l a y

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

de lay  sys tem can  a l so  en t i r e ly  f i l t e r  ou t  a  s igna l .  Th i s  sys tem

e l imina te s  a  s igna l  by  add ing  ano the r .  

O u t - o f - P h a s e  S i g n a l . B e c a u s e  e v e r y  a u d i o  s i g n a l  h a s  a

p o s i t i v e  c y c l e  a n d  a  n e g a t i v e  c y c l e ,  p h a s e - s h i f t  s i d e b a n d

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

s igna l  a t  exac t ly  the  oppos i te  phase ,  a  s igna l  a t  exac t ly  the

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

pos i t ive  cyc le  and  i t s  exac t  dupl ica te  i s  in  the  nega t ive  cyc le ,

t he  two  waves  cance l  each  o the r  ou t  and  no  s igna l  r ema ins .

Because  o f  i t s  exac tness ,  th i s  sys tem i s  much  more  p rec i se

t h a n  a n a l o g  p h a s e  s h i f t e r s ,  w h i c h  s o m e t i m e s  a l l o w  t r a c e

amoun t s  o f  t he  o the r  s i deband  t o  r ema in  i n  t he  s i gna l .

P h a s e  S h i f t i n g  N e t w o r k s.  A f t e r  t h e  r e m a i n i n g  m o d u l a t e d

s igna l  i s  l imi t ed  in  bandwid th  by  a  low-pass  f i l t e r ,  i t  r uns

th rough  s eve ra l  phase - sh i f t i ng  ne tworks  t o  p roduce  an  SSB

s igna l  f r ee  f rom no i se  ou t s ide  the  band  o f  vo ice  f r equenc ies .

A  d ig i t a l  f i l t e r  suppresses  the  ca r r i e r  so  tha t  on ly  the  SSB

m o d u l a t i o n  w a v e  p a s s e s  o u t .
19
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D S P  i n  C W  m o d u l a t i o n  

CW (Morse  code )  modu la t ion  i s  s imple :  t u rn  the  t r ansmi t t e r

on;  turn i t  off ;   turn  i t  on;   turn i t  off .  Typical ly ,  the  act ion of

t h e  t r a n s m i t t e r  b e i n g  k e y e d  o n  a n d  o f f  s k e w s  t h e  w a v e f o r m .  

F i g u r e  1 3  —  “ P e r f e c t ”  C W  m o d u l a t i o n

A per fec t ly  modu la t ed  Morse  code  s igna l  wou ld  be  a  se t  o f

squa re  waves .  The  beg inn ing  o f  t he  wave  wou ld  r i s e  i n s t an t-

l y ,  s t ay  s t e ady  fo r  a  l eng th  o f  t ime  (de t e rmined  by  e i t he r  a

d o t  o r  a  d a s h ) ,  t h e n  d r o p  s h a r p l y  d o w n .  S o m e  M o r s e  c o d e

t ransmi t te rs  “c l ick”  whi le  in  the  CW mode ,  as  a  resu l t  o f  an

i m p r o p e r  w a v e f o r m .  T h i s  D S P  s y s t e m  c a n  e l i m i n a t e  a n y

c l i c k s  a n d  a n y  o t h e r  p e c u l i a r  s o u n d s  t h a t  i m p r o p e r l y  m o d u-

l a t e d  C W  s i g n a l s  c a n  m a k e .  T h e  r e s u l t  i s  p e r f e c t l y  s h a p e d

Morse  code .  Of  course  modern  t r ansce ive r s  in  good  work ing

o r d e r  r a r e l y  s u f f e r  n o t i c e a b l e  m o d u l a t i o n  ( o r  k e y  o n / o f f )

p r o b l e m s .

D S P s  i n  R e c e i v i n g  A p p l i c a t i o n s

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

game  in  HF  communica t i ons ,  t he  r ea l  d i f f e r ences  a r e  t he se

fac tors :  pa t ience ,  “good ears ,”  a  grea t  rece iver ,  and an  excel-

len t  an tenna .   DSP can’ t  he lp  much wi th  “good ears ,”  but  i t

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

o p e r a t o r  w h o  h a s  b e e n  s t r a i n i n g  t h r o u g h  t h e  s t a t i c  a n d  h e t-

e r o d y n e s  f o r  s e v e r a l  h o u r s .

S t a n d a r d  D S P  f i l t e r s .  DSP f i l t e r s  in  HF communica t ions

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

s e g m e n t  o f  t h e  r a d i o  b a n d  t h r o u g h  t h e  r a d i o  i n t o  s p e a k e r s  o r

  Dot  Dash
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h e a d p h o n e s .  T h e s e  f i l t e r s  o f f e r  l o w e r  c o s t  a n d  i m p r o v e d

f lexib i l i ty  over  mechanica l  f i l te rs .  

A n a l o g.  I n  ana log  f i l t e r s ,  a  number  o f  s t anda rd  pa r t s ,  con-

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

ponen t s .  Ana log  f i l t e r s  t ake  more  o f  a  hands -on  app roach  to

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

see  t he  e f f ec t s  o f  t he  work .  The  componen t s  have  a  d i r ec t

impac t  on  the  e l ec t r i ca l  s igna l s  t ha t  pas s  th rough  them.  

D i g i t a l . Although  d ig i t a l  f i l t e r s  a re  mode led  a f te r  ana log  f i l-

t e r s ,  and  a l though  the i r  cha rac t e r i s t i c s  a r e  based  on  ana log

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

ent i re ly  d i f ferent .  Digi ta l  f i l te rs  employ a  specia l ty  DSP chip

for  each  o f  the  f i l t e r ing  func t ions .  Ins tead  o f  us ing  separa te

componen t s  to  con t ro l  the  f i l t e r  func t ions ,  the  bandpass  f i l-

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

p rog ramming  i n s t ruc t i ons  and  equa t i ons  i n  t he  ch ip .  Ra the r

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

f i l t e r  d e s i g n ) ,  t h e  d i g i t a l  f i l t e r  d e s i g n e r  p r o g r a m s  b e t t e r

equa t ions  and  ins t ruc t ions  in to  the  ch ip .  

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

tha t  pa s s  t h rough  t he  DSP  ch ip .  The  end  r e su l t  i s  t ha t  t he

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

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

s tage .  In  th i s  r espec t ,  d ig i t a l  f i l t e r  des ign  i s  much  more  theo-

re t i ca l  in  approach  than  i s  ana log  des ign .  

P r o g r a m m i n g . B e c a u s e  o f  t h e  d i f f e r e n c e  b e t w e e n  a n a l o g

and  d ig i t a l  f i l t e r  cons t ruc t ion ,  the  d ig i t a l  f i l t e r s  depend  more

on  good  p rogramming  than  on  good  qua l i ty  componen t s .  Of

course ,  t he  c i r cu i t s  mus t  be  so l id ,  bu t  t he re  a re  f ew d i f f e r-

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

f i l t e r s — a  f i l t e r  c o u l d  e a s i l y  b e  c h a n g e d  f r o m  e x c e l l e n t  t o

ine f f ec t ive  by  mere ly  chang ing  i t s  p rog ramming .  

Because  d ig i t a l  f i l t e r s  a r e  bo th  c rea t ed  and  l imi t ed  by  the i r

ins t ruc t ions ,  they  can  a l so  be  changed  to  any th ing ,  accord ing
21
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to  the i r  ins t ruc t ions .  As  a  r esu l t ,  ad jus t ing  a  va r i ab le  res i s to r

can  con t inuous ly  change  the  wid th  o f  a  bandpass  f i l t e r .  Also ,

chang ing  some  o f  t he  pa r ame te r s  w i th in  t ha t  f i l t e r  changes

some of  i t s  charac te r i s t ics .  This  f lex ib i l i ty  means  tha t  for  less

than  the  pr ice  of  one  good  mechanica l  f i l t e r ,  a  DSP company

can  deve lop  t he  equ iva l en t  o f  dozens  (o r  pos s ib ly  hund reds )

of  d i f fe ren t  f i l t e r s .

C o n t i n u o u s l y  V a r i a b l e  D S P  F i l t e r s .  Unt i l  recent ly ,  f i l t e rs

have  been  s ing l e  bandwid th  ( excep t  fo r  s l i gh t  a l t e r a t i ons  i n

r e sponse  f rom c rys t a l  phas ing  con t ro l ) .  Wi th  t he  adven t  o f

r ea l - t ime  d ig i t a l  f i l t e r s ,  t he  bandpass  f r equenc ie s  can  now be

c h a n g e d  i n  w i d t h ,  d e p e n d i n g  o n  t h e  o p e r a t o r ’ s  p a r t i c u l a r

r ece iv ing  needs .

JPS  Communica t ions  has  deve loped  a  p rocess  fo r  HF f i l t e r s

t h a t  i s  k n o w n  a s  d y n a m i c  p e a k i n g .  Like  any  DSP sys tem,  the

r ece ived  s i gna l  i s  cons t an t l y  be ing  s amp led  by  t he  s amp le -

and-ho ld   por t ion   o f   the  ana log- to -d ig i t a l  conver te r .   But ,

in  JPS’s  design,  the DSP also works as  a  f i l ter  w h i l e  i t  i s  mon-

i to r ing  the  wid th  o f  the  s igna l  tha t  i s  be ing  rece ived .  I f  the

s i g n a l  i s  n a r r o w ,  t h e  s a m p l e - a n d - h o l d  c h e c k s  i t  a n d  a u t o-

m a t i c a l l y  n a r r o w s  t h e  f i l t e r  w i d t h .  I f  t h e  s i g n a l  b e c o m e s

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

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

h e a r d .  

Th is  so r t  o f  “ smar t  f i l t e r”  obv ious ly  depends  on  fas t  sampl ing

t imes  and  accura te  f i l t e r  so f tware .  I f  t he  DSP was  based  on  a

s low-sampl ing  DSP or  on  one  o f  the  o lder  ch ips  tha t  d idn’ t

work  in  the  r ea l  t ime ,  t hen  the  DSP  wou ld  sample  the  s igna l

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

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

As  a  r e su l t ,  i f  t he  DSP ha rdware  reac ted  s lowly ,  the  r ece ived

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

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

t h e  p r e c e d i n g  p a u s e )  o r  i t  w o u l d  b e  l a c e d  w i t h  b u r s t s  o f22
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i n t e r f e r e n c e  ( b e c a u s e  t h e  b a n d w i d t h  w o u l d  s t i l l  b e  w i d e

f rom the  p reced ing  speech) .  S imi la r  p rob lems  would  occur  i f

t he  so f tware  fo r  t he  dev ices  was  even  s l i gh t ly  i naccu ra t e .

R F  A t t e n u a t o r .  S o m e  p o r t a b l e  a n d  m o d e r n  s o l i d - s t a t e

r e c e i v e r s  f e a t u r e  RF a t tenuators.  (RF i s  r ad io  f r equency ,  t he

s i g n a l s  t h a t  y o u r  t r a n s c e i v e r  r e c e i v e s ;  a t t e n u a t i o n  i s  t h e

weaken ing  o f  s igna l s . )  So l id - s ta te  rad ios  a re  p rone  to  o v e r-

load ing f rom s t rong  s igna ls .   

A  s t rong  s igna l  w i l l  s a tu ra t e  t he  c i r cu i t s  wh ich  sepa ra t e  the

aud io  s igna l  f rom the  ca r r i e r ,  caus ing  tha t  s igna l  to  be  hea rd

o n  s e v e r a l  o r  p o s s i b l y  m a n y  f r e q u e n c i e s .  A s  a  r e s u l t ,  R F

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

in to  the  radio .  With  the  d ig i t ized  audio  of  a  DSP,  th is  funct ion

can  ea s i l y  be  p rog rammed  in to  t he  ch ip .  

( R F  a t t e n u a t o r s  c a n  b e  h a n d y  i f  y o u r  r e c e i v e r  i s  a  b l o c k

a w a y  f r o m  a n o t h e r  a m a t e u r  o p e r a t o r  w h o  o p e r a t e s  a t  t h e

edge  o f  the  l ega l  l imi t .  Otherwise ,  i f  the  t r ansce ive r  r e a l l y

n e e d s t he  RF  a t t enua to r  fo r  t yp ica l  s e rv i ce ,  you  migh t  wan t

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

e n d . )

D S P  F i l t e r s :  H i g h - p a s s ,  L o w - p a s s ,  B a n d p a s s

High-pass ,  l ow-pass ,  and  bandpass  f i l t e r s  a r e  o f t en  used  in

H F  t r a n s c e i v e r  a n t e n n a  i n p u t  c i r c u i t s  f o r  t w o  p u r p o s e s :  t o

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

l oad ing  t he  r ece ive r ’ s  f r on t  end  and  be ing  hea rd  t h roughou t

d i f f e r e n t  b a n d s ;  a n d  t o  p r e v e n t  a d j a c e n t - b a n d  s i g n a l s  f r o m

sp la t t e r ing  ove r  in to  o the r  r eg ions .  

H i g h - p a s s  F i l t e r s.  T h e  m o s t  c o m m o n  h i g h - p o w e r e d  l o c a l

r ad io  s t a t i ons  wou ld  be  t hose  i n  t he  AM broadcas t  band .  The

HF band  i s  h ighe r  i n  f r equency  than  t he  AM broadcas t  band ,

so  these  image  s igna l s  cou ld  a l l  be  v i r tua l ly  e l imina ted  wi th

a  h igh-pass  f i l t e r .  For  example ,  i f  you  l ive  nea r  a  10-kW AM

b r o a d c a s t  s t a t i o n ,  y o u  m i g h t  h a v e  p r o b l e m s  w i t h  h e a r i n g 23
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t ha t  s t a t i on  a s  an  image  t h roughou t  t he  HF  spec t rum.  I f  you

a r e  a t t e m p t i n g  t o  h e a r  a  w e a k  s i g n a l ,  t h i s  o v e r l o a d  c a n

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

f i l t e r  w i t h  a  c u t - o f f  f r e q u e n c y  a r o u n d  1 7 0 0  k H z  c a n  p r e v e n t

t h e s e  A M  b r o a d c a s t  s t a t i o n s  f r o m  i n t e r f e r i n g  w i t h  t h e  s h o r t -

w a v e  f r e q u e n c i e s .   

L o w - p a s s  F i l t e r s . U.S.  te levis ion channel  2  a t  55 MHz is  jus t

above  the  HF f requenc ies  so  these  image  s igna l s  cou ld  a l l  be

v i r tua l ly  e l imina ted  wi th  a  l ow-pass  f i l t e r .  ( In  some  pa r t s  o f

the  wor ld ,  t e l ev i s ion  b roadcas t s  a t  a  f r equency  a s  l ow  as  45

MHz.)

F i g u r e  1 4  —  F i l t e r s  p e r m i t  s e t t i n g  a u d i o

q u a l i t y  t o  p e r s o n a l  p r e f e r e n c e  

B a n d p a s s  F i l t e r s . L o w - p a s s  a n d  h i g h - p a s s  f i l t e r s  a r e  u s e d

le s s  o f t en  t han  bandpass  f i l t e r s ,  howeve r ,  t o  l ock  ou t  unwan t-

ed  s i gna l s .  H igh  power  sho r twave  b roadcas t  s t a t i ons  a r e  on

the  a i r  t h roughou t  t he  wor ld .  I n  t he  Un i t ed  S t a t e s ,  50 -kW AM

sta t ions  and   1  MW te l ev i s ion  s t a t i ons  b roadcas t  a t  t he  edges

o f  t h e  a m a t e u r  b a n d s .  I n  a m a t e u r  r a d i o  t r a n s c e i v e r s ,  t h e  t y p-

i ca l  so lu t i on  wou ld  be  t o  make  t he  bandpas s  f i l t e r  r un  f rom

the  bo t t om edge  o f  t he  ama teu r  band  t o  i t s  t op  edge .  A l l  t r e s -24

SGC Inc. SGC Building,13737 S.E. 26th St.  Bellevue, WA. 98005 USA
P.O.Box  3526, 98009  Fax: 425-746-6384 or 746-7173 Tel: 425- 746-6310 or 1-800-259 7331

E-mail: SGCMKTG@aol.com   Website: http://www.sgcworld.com

© 1997 SGC Inc

F

V

Without filter
F

V

With high frequency filter

F

V

With low frequency filter

F

V

With low and High filter

HIGH FREQUENCY
 FILTER

High frequency
corner can be adjusted

in 100Hz steps

Low frequency corner
can be adjusted in

100Hz steps

LOW FREQUENCY
 FILTER

CENTER FREQUENCY
 FILTER

Bandpasss center
frequency  can be
adjusted in 100Hz

steps



pass ing  s igna l s  would  be  v i r tua l ly  e l imina ted .  Consequen t ly ,

bandpass  f i l t e r s  have  become the  ma ins tay  o f  DSP use  in  HF

e q u i p m e n t .

Of  course ,  a l l  of  these  f i l te rs  to  e l iminate  s t rong image s ig-

na l s  in  the  r ece ive r  can  be  p rogrammed  in to  DSP ch ips .  And

because  the  cos t  fo r  these  ex t ra  f i l t e r s  i s  so  low,  they  can  be

i n c l u d e d  i n  m o d e r n  r e c e i v e r s — e v e n  t h o u g h  t h e y  w e r e  t o o

expens ive  to  be  inc luded  in  mos t  ea r l i e r  r ece ive r s .  

N o t c h  F i l t e r s

In  HF communica t ions ,  no tch  f i l t e r s  se rve  to  e l imina te  nea r-

by  sources  o f  in t e r fe rence .  No tch  f i l t e r s  a re  a l so  known as

b a n d - r e j e c t i o n  f i l t e r s a n d  b a n d - e l i m i n a t i o n  f i l t e r s,  n a m e s

tha t  p rov ide  an  i n s igh t  i n to  t he i r  i nne r  work ings .

F i g u r e  1 5  —  T h e  S G C  N o t c h  f i l t e r  c a n  s u p p r e s s   u p  t o

f i v e  t o n e s  a t  o n c e

I n s t e a d  o f  p a s s i n g  a  t i n y  s e g m e n t  ( o r  e v e n  a  l a r g e  s e g m e n t )

o f  the  band  th rough  and  r e j ec t ing  a l l  o the r  s igna l s ,  t he  no tch

f i l t e r  r e j ec t s  a  t i ny  segmen t  o f  the  band  and  a l lows  a l l  o the r

s igna l s  t o  pa s s  t h rough ,  una t t enua t ed .

B a n d  I n t e r f e r e n c e . A  n o t c h  f i l t e r  c a n  e l i m i n a t e  s o m e

in t e r f e r ence  w i th in  t he  band .  A  r ad io  s igna l  migh t  be  ove r-

whe lmed  by  Morse  Code  in t e r f e rence ,  bu t  a  no tch  f i l t e r  on

an  ana log  r ece ive r  can  tune  ou t  some  o f  the  in t e r f e rence .  On

many  ana log  rece ive r s ,  t he  no tch  f i l t e r  se t t ings  p rov ide  l i t t l e

improvemen t .  And  even  an  exce l l en t  no t ch  f i l t e r  c an  r educe

the  in te r fe rence  o f  on ly  one  s igna l .  The  no tch  f i l t e r s  in  the

D S P  d e s i g n s  o f t e n  p e r f o r m  a m a z i n g l y .  R a t h e r  t h a n  j u s t

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

“k i l l e r s”  o f  whis t l e  o r  he te rodyne  in te r fe rence . 25
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H e t e r o d y n e  I n t e r f e r e n c e.  A  h e t e r o d y n e  i s  a  s h r i l l  t o n e

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

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

he t e rodynes  can  cause  a  r ea l  p rob l em,  e spec i a l l y  i n  t he  80 -

a n d  4 0 - m e t e r  a m a t e u r  b a n d s ,  w h e r e  s h o r t w a v e  s t a t i o n s

b roadcas t i ng  i n  t he  AM mode  can  be  r ead i ly  hea rd .  The  mix-

tu re  o f  AM and  SSB s igna l s  r e su l t s  i n  an  ama teu r  band  r id-

d l e d  w i t h  h e t e r o d y n e s .  H e t e r o d y n e s  a r e  n o t  o n l y  u n p l e a s a n t

to  l i s t en  to ,  bu t  they  can  ru in  an  opera to r ’ s  ab i l i ty  to  hea r  a

s igna l ;  a s  a  r e su l t ,  he t e rodynes  have  been  one  o f  t he  p l agues

of  rad io  communica t ions  s ince  i t s  c rea t ion .

DSP notch  f i l t e r s  a re  e f fec t ive  aga ins t  he te rodynes—most  can

be  en t i r e ly  e l im ina t ed .  More  impor t an t ly ,  t hey  can  e l imina t e

seve ra l  he t e rodynes  a t  t he  s ame  t ime .  The  DSP  no t ch  f i l t e r

ch ip  i s  p rog rammed  to  e l imina t e  a l l  cons t an t  o r  s lowly  va ry-

i n g  t o n e s  p r e s e n t  i n  r e c e i v e r  o r  t r a n s c e i v e r  a u d i o .  I n  t h i s

s e n s e ,  t h e y  b e h a v e  d i f f e r e n t l y  t h a n  t y p i c a l  n o t c h  f i l t e r s .  I f

t he  d ig i t a l  no tch  f i l t e r  can  e l imina te  one  o f  t he  wors t  enemy

of  t he  HF  communica t i ons  u se r ,  t he  he t e rodyne ,  we  wonde r

wha t  o the r  mi rac le  i t  can  ach ieve—el imina te  fad ing?

Digital  AGC  

A u t o m a t i c  g a i n  c o n t r o l  ( A G C ) ,  a l s o  k n o w n  a s  a n  a u t o m a t i c

l eve l  con t ro l  (ALC) ,  i s  e spec i a l l y  impor t an t  when  r ece iv ing

wideband  modes ,  such  a s  AM,  tha t  a re  suscep t ib l e  to  f ad ing .

Because of  fading,  s ignals  wi l l  quickly  r ise  and fa l l  in  level .  

AGCs leve l  ou t  on ly  the  ampl i tude  o f  the  s igna l s  tha t  pass  ou t

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

into DSP chips .  Because the technology for  analog AGCs was

a l ready  so l id ,  the  on ly  rea l  benef i t  o f  d ig i ta l  des ign  i s  to  save

m o n e y  i n  a p p l i c a t i o n s  w h e r e  a  D S P  c h i p  i s  a l r e a d y  b e i n g

used:  us ing a  DSP s imply for  a  d ig i ta l  AGC would  be  expen-

s ive .26
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C o n c l u s i o n

You have  seen  how DSP has  t r ans fo rmed  the  qua l i ty  o f  HF

communica t ions  in  bo th  t r ansmi t  and  rece ive .  Nex t ,  we  wi l l

look  a t  ava i l ab le  equ ipment  which  fea tu res  DSP.
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A v a i l a b l e  D S P  H F  e q u i p m e n t

As DSP technology i s  beginning  to  reach  the  marketp lace ,  DSP

produc t s  a re  f ind ing  the i r  way  in to  HF communica t ions .  

F i g u r e  1 6  —  S G C ' s  D S P  p r o d u c t s : P o w e r T a l k ,  S G - R M

r e m o t e  m o b i l e  h e a d ,  a n d  P o w e r C l e a r .

D S P  T r a n s c e i v e r s

A  n u m b e r  o f  t r a n s c e i v e r s  c u r r e n t l y  o n  t h e  m a r k e t  o f f e r  d i g i-

ta l  s ignal  process ing.  This  book,  coming f rom SGC,  des igner

a n d  m a n u f a c t u r e r  o f  H F  c o m m u n i c a t i o n s  e q u i p m e n t ,  h a s

been  se t t ing  the  s t age  fo r  th i s  b igges t  t echno log ica l  advance

in  two-way  communica t ions  s ince  the  use  o f  t he  SSB mode

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

S G C ’ s  S G - 2 0 0 0  P o w e r T a l k .  P r e s e n t l y ,  t h e  e q u i p m e n t  t h a t

F i g u r e  1 7  —  T h e  P o w e r T a l k  T r a n s c e i v e r28
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uses  the  s ta te -of - the-a r t  DSP f i l t e r ing  technology  i s  the  SG-

2 0 0 0  P o w e r T a l k .   

The  SG-2000  PowerTa lk  o f fe r s  the  mos t  DSP fea tu res  fo r  the

lowes t  p r i ce . Some of  the  key  DSP-re la ted  fea tu res  o f  the  SG-

2 0 0 0  P o w e r T a l k  a r e  t h e s e :

•  ADSP™ noise - reduc t ion  sys tem

•  SNS™ noise - reduc t ion  sys tem

•  F i r s t  mob i l e /base  HF  t r ansce ive r  w i th  DSP

•  F i r s t  HF DSP sys tem wi th  v i sua l  d i sp lay

•  D S P  f i l t e r s  c a n  b e  p r o g r a m m e d  i n t o  s e p a r a t e

m e m o r i e s

•  No tch  f i l t e r

•  Eight  prese t  DSP f i l te r  pos i t ions

•  Va r i ab l e  h igh -pas s ,  l ow-pas s ,  and  bandpas s  f i l t e r s .

•  S e p a r a t e  c o n t r o l  h e a d  m a k e s  u p g r a d e  f r o m  S G - 2 0 0 0

to  SG-2000  PowerTa lk  s imp le  and  i nexpens ive

ADSP™ n o i s e  r e d u c t i o n . ADSP (Adaptive Digital  Signal

Process ing)  i s  a  pa r t i cu la r ly  e f fec t ive  type  o f  no i se - reduc t ion

s y s t e m  t o  f i l t e r  o u t  u n w a n t e d  n o i s e  i n  a n y  s i g n a l  b e i n g

received.   The DSP a lgor i thm is  “smar t”  and can “see”  the  d i f -

F i g u r e  1 8  —  S G C’ s  A D S P  s u b s t a n t i a l l y

r e d u c e s  n o i s e  l e v e l

f e r e n c e  b e t w e e n  t h e  s i g n a l  b e i n g  r e c e i v e d  a n d  t h e  a c c o m p a-

ny ing  wh i t e  no i se  and  s t a t i c  c r a shes .  Then ,  i t  s epa ra t e s  t he

two  and  pas se s  on ly  t he  r ece ived  s i gna l  t o  t he  speake r .

S N S ™  n o i s e  r e d u c t i o n . SNS (Spectral  Noise Subtract ion)  is 29
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revo lu t ionary   DSP  no i se  reduc t ion  used  on ly  in  the  SG-2000

PowerTalk  and  in  one  o f  the  DSP “b lack  boxes .”  Ins tead  of

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

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

SNS sys t em ac t s  more  l i ke  a  con t inuous ly  va r i ab le  bandpass

f i l ter .  

Figure  19  — SGC’s  SNS s u b t r a c t s  s p e c t r a l  n o i s e

W i t h  S N S  n o i s e  r e d u c t i o n ,  t h e  f i l t e r  b a s i c a l l y  c o l l a p s e s

aga ins t  the  rad io  s igna l  (e i the r  vo ice  o r  da ta ) .  As  a  resu l t ,  the

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

bu t  t he  no i se  be tween  the  b i t s  o f  aud io  in fo rma t ion  i s  e l imi-

n a t e d .  ( I t ’ s  a  l i t t l e  l i k e  D o l b y  p r o c e s s i n g  f o r  h i g h  f i d e l i t y

record ing . )

F i r s t  m o b i l e  D S P  t r a n s c e i v e r .  Compared  wi th  o the r  DSP

transce ivers ,  the  SG-2000 PowerTalk  i s  smal l  (4 .75”  x  10”  x

15”) ,  l igh t  (12  lbs ) ,  and  made  spec i f ica l ly  for  12-vol t  opera-

t ion .  On the  road,  on  a  boat ,  or  on  a  DXpedi t ion ,  where  the

condi t ions  a re  much  less  than  idea l ,  you  wi l l  e spec ia l ly  no t ice

the  benef i t s  of  the  DSP funct ions .

V i s u a l  D S P  f i l t e r  d i s p l a y . None of  the other  HF DSP f i l ters

s h o w  y o u  t h e  e x a c t  s e t t i n g s  o f  t h e  f i l t e r s .  I n  a  f e w  c a s e s ,

ad ju s t ab l e  f i l t e r s  a r e  con t ro l l ed  w i th  ro t a ry  knobs  w i th  t he

i n c r e m e n t s  m a r k e d  a r o u n d  t h e m .  

In  the  SG-2000  PowerTa lk ,  the  f i l t e r  pos i t ions  ( f rom 300  to

3000  Hz)  a r e  ad jus t ab l e  ( i n  100-Hz  s t eps )  and  each  s t ep  i s

d isp layed as  an  LED on the  f ront  panel .  With  th is  LED display

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

f r e q u e n c y  c o v e r a g e  o f  t h e  f i l t e r  t h a t  y o u  a r e  u s i n g  a t  a n y

g iven  t ime .  Th i s  sys tem i s  pa r t i cu la r ly  use fu l  i f  you  need  to

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

a re  o f  va ry ing  s t r eng ths  and  cha rac t e r i s t i c s .30
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P r o g r a m m a b l e  d i g i t a l  f i l t e r s .  Wishing  to  con tac t  a  s t a t ion

on  a  r egu la r  bas i s ,  you  migh t  f ind  tha t  a  ce r t a in  f i l t e r  se t t ing

w o r k s  w e l l  d a y  a f t e r  d a y  f o r  l i s t e n i n g  t o  t h a t  s t a t i o n .  F o r

your  conven ience ,  you  can  p rese t  t h i s  f i l t e r  s e t t i ng  in to  the

rad io  memor ies  ( a long  wi th  s ix  o the r  f avor i t e  f i l t e r  se t t ings ) .

Wi th  a  push  o f  a  bu t ton ,  you  can  immedia te ly  p lace  the  SG-

2000  PowerTa lk  in  your  f avor i t e  f i l t e r  pos i t ion .

P r e - p r o g r a m m e d  f i l t e r  s e t t i n g s . I n  a d d i t i o n  t o  t h e  e n o r-

mous  a r r ay  o f  f i l t e r  s e t t i ngs  tha t  you  can  c rea t e ,  e igh t  s t an-

d a r d  s e t t i n g s  a r e  p r e p r o g r a m m e d  i n t o  t h e  m e m o r i e s .  S o m e  o f

the  mos t  common  o f  t he se  pos i t i ons  a r e  marked  w i th  LEDs

for  ex t ra  conven ience .   

N o t c h  f i l t e r .  The  no tch  f i l t e r  can  loca te  and  e l imina te  as

m a n y  a s  f i v e  h e t e r o d y n e s  a t  o n e  t i m e — m a n y  m o r e  t h a n  y o u

wi l l  p robab ly  eve r  need  to  u se !   

V a r i a b l e  B a n d p a s s ,  l o w - p a s s ,  a n d  h i g h - p a s s  f i l t e r s .

T h e  S G - 2 0 0 0  P o w e r T a l k  h a s  v a r i a b l e  b a n d p a s s ,  l o w - p a s s ,

and  h igh-pass  f i l t e r s .  These  f i l t e r s  a re  one  o f  the  con t r ibu to r s

to  good  rad io  recep t ion .  These  accura te ly  d i sp layed ,  exce l len t

va r i ab l e  f i l t e r s  cou ld  ea s i l y  make  t he  d i f f e r ence  be tween  a

copyab le  s igna l  and  an  un readab le  s igna l  amids t  t he  no i se .

U p g r a d a b l e  D S P  h e a d . I n s t e a d  o f  b u y i n g  a  n e w  t r a n s c e i v-

e r  fo r  t he  DSP  func t ions ,  you  can  s imp ly  pu rchase  t he  SG-

2000  PowerTa lk  head  and  p l ace  i t  on  t he  SG-2000  t r an sce iv-

e r  ca se .  Do ing  so  cou ld  save  you  thousands  o f  do l l a r s  ove r

u p g r a d i n g  t o  a  n e w  P o w e r T a l k  t r a n s c e i v e r .

O t h e r  A d v a n t a g e s . I n  a d d i t i o n  t o  t h e  D S P  a d v a n t a g e s  o f

t h e  S G - 2 0 0 0  P o w e r T a l k ,  t h i s  m o d e l  a l s o  h a s  a  n u m b e r  o f

o t h e r  a d v a n t a g e s :

R e m o v a b l e  H e a d . Unl ike  o the r  HF t r ansce ive r s ,  t he  en t i r e

face  p la t e  ( “head”)  o f  the  SG-2000  can  be  de tached  and  used

to  ope ra t e  the  t r ansce ive r  f rom remote  loca t ions—or  in  t an-

dem wi th  o the r  heads .  Th i s  f ea tu re  i s  pe r f ec t  fo r  commerc i a l

a n d  m a r i n e  o p e r a t i o n ,  o r  f o r  c l u b  a m a t e u r  s t a t i o n s  w h e r e  a
31
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t r ansce ive r  mus t  be  con t ro l l ed  f rom more  t han  one  l oca t i on .

S i m p l e  d e s i g n  o f  f r o n t - p a n e l  c o n t r o l s . I n s t e a d  o f  c r a m-

ming  dozens  o f  t i ny  knobs  and  bu t t ons  on  t he  f ron t  pane l ,

S G - 2 0 0 0  P o w e r T a l k  d i s p l a y s  o n l y  t h r e e  k n o b s  a n d  a  f e w

rows  o f  bu t tons .  No t  tha t  t he  PowerTa lk  l acks  f ea tu res ,  bu t

r a the r  t ha t  i t  i s  so  we l l  de s igned  t ha t  f ewer  bu t t ons  accom-

p l i sh  the  same  func t ions .  

Even the  DSP sec t ion  of  the  PowerTalk—which fea tures  cus-

t om DSP  memor i e s ,  p r ep rog rammed  f i l t e r  memor i e s ,  a  no t ch

f i l t e r ,  a  no ise  reducer ,  the  SNS noise  reducer ,  var iab le  low-

pass ,  h igh-pass ,  and  bandpass  f i l t e r s ,  and  a  bypass  func t ion—

requ i re s  on ly  n ine  bu t tons .  On  the  s impl i f i ed  pane l ,  t he  bu t-

tons  a re  l a rge  and  spaced  wide ly  apar t—there ’ s  l i t t l e  chance

tha t  you  wi l l  mi sp rog ram the  PowerTa lk  head .  Th i s  s imp l i-

f i e d  d e s i g n  i s  s i g n i f i c a n t  w h e n  y o u  c o m p a r e  t h e  S G - 2 0 0 0

P o w e r - T a l k  w i t h  t h e  m a n y - k n o b b e d  a l t e r n a t i v e s .

H i g h - p o w e r / s m a l l  p a c k a g e . I n  s p i t e  o f  h a v i n g  t h e  m o s t

f l e x i b l e  a n d  h i g h l y  d e v e l o p e d  D S P  u n i t  i n  a n y  t r a n s c e i v e r

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

(conse rva t ive ly  r a t ed  a t  150  wa t t s ) ,  t he  SG-2000  i s  sma l l .  As

men t ioned  ea r l i e r ,  t he  SG-2000  PowerTa lk  i s  a  mere  4 .74"  x

10"  x  15"  a t  12  pounds .  You  ge t  eve ry th ing  in  a  package  tha t

y o u  c a n  t a k e  a n y w h e r e .

T e s t e d  f o r  h i g h  q u a l i t y . N o  o t h e r  t r a n s c e i v e r s  a d v e r t i s e

the i r  t e s t ing  p rocedures  a s  SGC does .  Af te r  i t  has  been  manu-

fac tu red  in  t he  Un i t ed  S ta t e s  u s ing  h igh -qua l i t y  componen t s ,

every  SG-2000  i s  f ac to ry -a l igned .  Then ,  each  r ig  i s  keyed  a t

fu l l  power  i n to  an  open  an t enna  fo r  10  seconds ,  t hen  in to  a

shor t ed  an tenna  fo r  ano the r  10  seconds .  Nex t ,  i t  i s  keyed  fo r

2 4  s t r a i g h t  h o u r s  i n  f u l l - p o w e r  C W .  E a c h  S G - 2 0 0 0  i s  t h e n

keyed  on  and  o f f  a t  10 - second  i n t e rva l s  f o r  24  hou r s .  

F ina l ly ,  each  SG-2000  i s  r e -eva lua ted  and  a l l  func t ions  a re

ve r i f i ed  t o  ensu re  t ha t  pe r fo rmance  mee t s  spec i f i ca t i ons .

Af te r  the  SG-2000  passes  these  d i f f i cu l t  t e s t s ,  i t  may  l eave

the  fac tory .   As  a  resu l t  o f  th i s  qua l i ty ,  the  SG-2000 i s  one  of32
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t h e  f e w  a m a t e u r  t r a n s c e i v e r s  t h a t  i s  a l s o  t y p e - a c c e p t e d  f o r

c o m m e r c i a l  a n d  m a r i n e  s e r v i c e .

The  bo t tom l ine  i s  tha t  the  SG-2000  PowerTa lk  i s  one  o f  the

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

p o w e r e d ,  a n d  e a s i e s t - t o - u s e  t r a n s c e i v e r s  o n  t h e  m a r k e t .

And  the  l i s t  p r i ce  i s  jus t  ove r  ha l f  the  p r i ce  o f  the  on ly  o the r

DSP t ransce ivers .

A d d - o n  D S P

Because  DSP technology  has  become much  more  a f fo rdab le ,  a

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

DSP  boxes  t o  s e rve  many  o f  t he  s ame  pu rposes  a s  bu i l t - i n

D S P .  I n s t e a d  o f  c o n n e c t i n g  i n s i d e  t h e  r a d i o ,  t h e y  c o n n e c t

b e t w e e n  t h e  h e a d p h o n e  a u d i o  o u t p u t  j a c k  a n d  t h e  h e a d-

phones .  Al l  DSP convers ions  and  a l t e ra t ions  occur  a f te r  the

audio  s igna l  has  passed  ou t  o f  the  rece iver .  Th is  makes  DSP

use  and  in s t a l l a t ion  qu i t e  s imple .

One  o f  t he  ma jo r  marke t s  fo r  t he  b l ack  boxes  i s  r ad io  ama-

t e u r s .  C o m b i n e  t h e s e  t w o  f e a t u r e s  a n d  y o u  c a n  a s s u m e  t h a t

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

is  bus i ly  d igging out  weak,  s ta t ic - laden SSB and CW signals

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

in tended  fo r  such  d i f f i cu l t  s i tua t ions ,  t hey  a re  typ ica l ly  na r-

row and  e f fec t ive  fo r  poor  s igna l  s i tua t ions  and  no t  fo r  so l id ,

h igh- f ide l i ty  s igna l s .  Fo r tuna te ly ,  t he  manufac tu re r s  o f  these

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

can  be  qu i ck ly  punched  i n  and  ou t .

B a s i c  F e a t u r e s.  E v e n  w h e n  t h e  D S P  p r o g r a m m i n g  v a r i e s

among  the  bas i c  bandpass  f i l t e r s ,  t he  r e su l t s  a r e  e s sen t i a l l y

the  s ame .  Because  t he se  f i l t e r s  c r ea t e  a  squa re -wave  f i l t e r

r e sponse ,  mos t  o f  t he  f i l t e r  r e sponses  o f  t he  equ ipmen t  on

the  marke t  a r e  good ,  and  d i f f e r ences  among  t hem a r e  s l i gh t .

A l t h o u g h  t h e  b o x e s  m i g h t  v a r y  i n  t h e  n u m b e r  o f  f e a t u r e s

tha t  i t  supp l i e s ,  each  box  inc ludes  a t  l eas t  one  o f  these  th ree

m a j o r  f e a t u r e s :  
33
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V a r i a b l e  b a n d p a s s  f i l t e r s. T h e s e  f i l t e r s ,  d i s c u s s e d  i n  t h e

book,  a re  the  key  to  DSP benef i t s  in  HF rece iver  des ign .  Most

of  the  d ig i ta l  f i l t e r  “b lack  boxes”  a re  in tended  for  use  in  h igh

no i se /weak  s igna l  cond i t ions .  

N o t c h  f i l t e r . Notch  f i l t e r s  a re  inc luded  in  near ly  every  DSP

black box;  in  fact ,  one of  the  DSP black boxes is  solely  a  notch

f i l t e r .  A l t hough  some  no t ch  f i l t e r s  on  t he  marke t  a r e  more

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

the  p r i ce  o f  an  en t i r e  DSP f i l t e r  un i t  fo r  ama teu r s  who  regu-

l a r l y  o p e r a t e  i n  t h e  c r o w d e d  8 0 -  a n d  4 0 - m e t e r  a m a t e u r

bands .    

N o i s e  r e d u c t i o n . Unl ike  the  d i f fe ren t  DSP bandpass  f i l t e r s

o n  t h e  m a r k e t ,  t h e  D S P  n o i s e - r e d u c t i o n  t e c h n i q u e s  v a r y

grea t ly .  Un l ike  bandpass  f i l t e r s ,  wh ich  mus t  come  to  a  spe-

c i f i c  ou tcome,  an  eng ineer  can  t ake  a  wide  va r ie ty  o f  d i f fe r-

ent  routes  to  a t tack  noise .  Because  of  such  d i f ferences ,  DSP

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

of  no i se  tha t  they  succeed  in  e l imina t ing .  

A d v a n t a g e s  a n d  d i s a d v a n t a g e s  o f  D S P  a d d - o n s .  I f  y o u

plan  to  use  DSP in  conjunc t ion  wi th  a  t ransce iver ,  you  could

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

chas ing  one  of  the  DSP boxes .  I t ’ s  less  expens ive  than  buying

a  DSP t ransce iver .  You  could  grea t ly  upgrade  the  capabi l i ty

o f  an  o ld ,  ou t -moded  t r ansce ive r  by  do ing  so .

However ,   none  o f  the  b l ack  boxes  has  a  d ig i t a l  r eadou t  and

a d j u s t a b l e  h i g h - p a s s ,  l o w - p a s s ,  a n d  b a n d p a s s  f i l t e r s .  ( T h e

D S P  i n  t h e  S G - 2 0 0 0  P o w e r T a l k  a n d  i n  t h e  P o w e r C l e a r  i s

a rguab ly  t he  bes t  DSP  un i t  t ha t  you  can  f i nd  anywhere . )  

The  DSP boxes  a re  f ine  for  f ixed  ins ta l la t ions ,  where  dozens

o f  l i t t l e  accesso r i e s  a re  s t acked  a round  the  t r ansce ive r ,  bu t

forget  i t  for  mobi le  operat ions .  A DSP box s l id ing off  of  the

dashboa rd  o r  on to  t he  deck  o f  a  ve s se l  wou ld  be  annoy ing .

A l s o ,  t h e  D S P  b o x e s  a r e  a c t i v e  d e v i c e s  a n d  t h e y  r e q u i r e

p o w e r ;  e i t h e r  a  1 2 - v o l t  b a t t e r y  o r  a n  e x t r a  p o w e r  l i n e  w o u l d

have  to  run  th rough  the  boa t  o r  veh ic l e  fo r  t he  s epa ra t e  DSP34
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b o x / t r a n s c e i v e r  m o b i l e  c o n f i g u r a t i o n .  ( W i t h  t h e  S G - 2 0 0 0

PowerTalk,  i t ’s  al l  bui l t  in .)

S G C ' s  A d d - o n :  P o w e r C l e a r  

SGC has  j u s t  en t e r ed  t he  marke t  w i th  i t s  own  “b l ack  box”

(i t ’s  actual ly  gray) ,  the PowerClear .  Offer ing al l  the  audio DSP

f e a t u r e s  o f  P o w e r T a l k ,  i t  c a n  b e  u s e d  w i t h  a n y  r a d i o  ( H F ,

V H F ,  U H F )  o r  a n y  v o i c e  a n d  d a t a  l i n k  s y s t e m ,  e v e n  n o i s y

te l ephone  l ines .  

F i g u r e  2 0  —  P o w e r C l e a r —  s t a n d i n g  3 . 6 5 ”  h i g h

I t  w e i g h s  2 0  o u n c e s  a n d  s t a n d s  a  m e r e  3 . 6 5 ”  h i g h ,  6 . 6 5 ”

w i d e ,  a n d  1 . 9 3 ”  d e e p ,  u n m o u n t e d .  A n d  y e t  i t  o f f e r s  A D S P

and  SNS and  memory  f ea tu re s  o f  PowerTa lk ,  p lus  a  bu i l t - i n

speake r ,  speake r  j ack ,  headphone  j ack ,  and  vo lume  con t ro l .  

T h e  b u i l t - i n  s p e a k e r  p e r m i t s  t h e  P o w e r C l e a r  t o  b e  u s e d

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

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

nen t s  in  a  sma l l e r  space  by  means  o f  fou r  l aye r s  o f  c i r cu i t s

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

moun t ing”  o f  componen t s ,  pe rmi t s  a  more  dense  packag ing

o f  componen t s  f o r  more  e f f i c i en t  u se  o f  space .  Tha t ' s  how

SGC has  managed  to  make  i t s  PowerClear  smal l  bu t  power fu l .
35
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U s i n g  D S P  H F  E q u i p m e n t

Digi ta l  f i l t e r s  and  o ther  types  o f  d ig i ta l  p rocess ing  a re  pow-

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

e f fec t ive .  Misus ing  DSP technology  cou ld  h inder  ra ther  than

he lp  r ecep t ion .

O p e r a t i n g . I f  you  wou ld  no rma l ly  p re fe r  a  h igh - f ide l i t y  s ig-

na l  wi th  a  fa i r  amount  o f  no i se  to  a  muff led ,  low-f ide l i ty  s ig-

na l  w i th  a lmos t  no  no i se ,  you  wou ld  usua l ly  keep  the  f i l t e r s  

F i g u r e  2 1 —  P r i n t e d  C i r c u i t  B o a r d —

t h e  H e a r t  o f  P o w e r C l e a r

about  as  wide  as  you  cou ld  s t and .  Because  o f  the i r  focus  on

noise  reduc t ion  and  t igh t  f i l t e r s ,  the  DSP add-ons  a re  o f ten

mos t  e f fec t ive  in  h igh- in te r fe rence ,  weak-s igna l  cond i t ions .

O p e r a t i n g  w i t h  D S P.  Keeping DSPs switched out  whi le   l i s-

t en ing  t o  a  s t a t i on  o r  ne t ,  you  can  punch  in  t he  f i l t e r  and /o r

the  noise  reduct ion  i f  the  s ignal  i s  a  b i t  d i f f icu l t  to  copy or  i f

i t  i s  be ing  degraded  by  a  no ise  source .   Somet imes  DSP can

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

unde r s t and ing  o f  a  s i gna l .  Un fo r tuna t e ly ,  t he  f i l t e r s  a r e  so

n a r r o w  t h a t  t h e y  m a k e  g e n e r a l  l i s t e n i n g  u n p l e a s a n t .  F o r

rece iv ing  weak  b roadcas t  s t a t ions  wi th  some  DSPs ,  t he  l i s-

t e n i n g  m i g h t  e v e n  b e  a  b i t  p a i n f u l  a f t e r  a  a n  h o u r  o r  s o —

even i f  the  DSP was  ef fec t ive .

The  no tch  f i l t e r  in  some DSPs  i s  unnot iceab le  un t i l  a  he te ro-36
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d y n e  i s  e n c o u n t e r e d ;  t h e  f i l t e r  w i p e s  o u t  t h e  h e t e r o d y n e —

usua l ly  be fore  you  can  even  no t i ce  i t .  As  a  r esu l t ,  t he  no tch

f i l t e r  i s  one  accessory  tha t  can  o f ten  be  l e f t  in  whi le  scan-

n ing .

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

D S P  n o i s e  r e d u c t i o n  v a r i e s  c o n s i d e r a b l y  f r o m  m o d e l  t o

mode l .  Some  mode l s  do  l i t t l e  more  than  r educe  the  ga in  o f

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

ef fec t ive  aga ins t  cons tan t  sources  o f  no ise ,  bu t  i t  a l so  wipes

ou t  cons tan t  po r t ions  o f  the  aud io  f rom the  r ece ived  s igna l .  

H o w e v e r ,  o n e  o f  t h e  b i g g e s t  p r o b l e m s  w i t h  s o m e  n o i s e

reduc t ion  i s  tha t  i t  makes  the  aud io  pu l sa te ,  a s  i f  i t  i s  coming

in  waves  f rom the  ocean .  In  many  cases ,  t h i s  no i se  r educ t ion

benef i t s  r ecep t ion ,  bu t  i t  does  make  i t  sound  pecu l i a r—and

poss ib ly  annoy ing .  

O p e r a t i n g  w i t h  P o w e r T a l k . Using  the  SG-2000  PowerTa lk

i s  d i f f e ren t  f rom us ing  o the r  DSP  un i t s .  The  f i l t e r s  a r e  a l l

d i g i t a l ,  s o  i t ’ s  n o t  a  m a t t e r  o f  u s i n g  o r  n o t  u s i n g  D S P .

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

ADSP process ing  and  a l l  o f  the  o ther  func t ions  tha t  you  can

choose .

To  l i s t en  fo r  SSB s t a t i ons ,  s t a r t  ou t  by  tun ing  th rough  the

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

becomes  a  p rob lem,  swi t ch  ou t  t he  bypass  f i l t e r  and  choose

a  wide  f i l t e r  se t t ing .  For  more  “ f i repower ,”  choose  the  no ise-

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

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

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

C o n c l u s i o n

Digi ta l  Signal  Process ing has  ar r ived in  the  world  of  HF s in-

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

we l l  a s  i n  " add -on"  un i t s ,  i t  pe rmi t s  much  more  s a t i s fy ing

communica t i on  on  t oday ' s  c rowded  f r equenc i e s .
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Fina l ly ,  in  Chap te r  5 ,  we  wi l l  exp lore  wha t  the  fu tu re  ho lds

for  d igi ta l  s ignal  process ing.

38
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T h e  F u t u r e  o f  D S P
W e  h a v e  d i s c u s s e d  D S P  a p p l i c a t i o n s  i n  s o u n d  a n d  i n  r a d i o

communica t ions .  As  DSP cont inues  to  be  improved ,  i t  should

f ind  new,  a s  ye t  un iden t i f i ed  app l i ca t ions .

H F  C o m m u n i c a t i o n s

D S P  i s  t h e  f u t u r e  o f  H F  c o m m u n i c a t i o n s ,  n o t  b e c a u s e  t h e

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

because  th i s  book  i s  p roduced  by  a  l eader  in  DSP-based  HF

communica t ion .  The  sys t em wi l l  endure  because  i t  c an  p ro-

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

Hobbyis t s  and  exper t s  seem to  fee l  tha t  a s  soon  as  DSP tech-

no logy  decreases  in  p r ice ,  everyone  wi l l  be  us ing  i t .  By  the

y e a r  2 0 0 0 ,  m o s t  e v e r y  r e c e i v e r  a n d  t r a n s c e i v e r  o n  t h e  m a r-

ke t  wi l l  u se  DSPs  to  improve  pe r fo rmance  and  reduce  cos t .

N e w  p o s s i b i l i t i e s

But  a f te r  d ig i ta l  f i l t e rs ,  no ise  reduct ion  sys tems,  no tch  f i l t e rs ,

and  AGCs,  no ise - reduc t ion  sys tems  s t i l l  wi l l  r equ i re  p len ty  of

work ,  and  t hey  w i l l  su r e ly  improve  i n  t he  fu tu r e .   A n d  n o w

tha t  d ig i t a l  f i l t e r s  have  been  pe r f ec t ed ,  o the r  i n t e r e s t i n g

s y s t e m s  c o u l d  b e  i n v e s t i g a t e d .  A n d  s o  w e  s p e c u l a t e  o n  t h e

f u t u r e .

Jus t  as  DSP conver ts  a l l  of  the  analog s ignals  to  d ig i ta l  da ta

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

these  p i eces  o f  DSP equ ipmen t  shou ld  be  a  r e l a t ive ly  s imple

t a sk .  Wi th  an  in t e r f ace ,  t he  da t a  cou ld  be  inpu t  t o  a  compu t-

e r ,  and  once  the re ,  i t  cou ld  be  used  fo r  a  va r i e ty  o f  app l i ca-

t ions .  

M a n i p u l a t i o n . The  da t a  cou ld  be  man ipu l a t ed  by  a  spec i a l-

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

e i the r  be  a l t e red  fo r  e f fec t  o r  “c leaned  up”  th rough  a  no i se

r e d u c t i o n  p r o g r a m .
39
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S t o r a g e .  Data  cou ld  be  s to red  on  a  f l oppy  d i sk  o r  ha rd  d r ive

for  per fec t ,  low-cos t  copies .  Also ,  i t  would  be  much eas ie r  to

f ind  aud io  c l ip s  on  a  compute r  d i sk  than  on  a  t ape  cas se t t e :

t e l l ing  a  compute r  to  “go  to”  a  segment  ins t ead  o f  f a s t  fo r -

w a r d i n g  t h r o u g h  a s  m u c h  a s  6 0  m i n u t e s  o f  r e c o r d e d  t a p e .

Dig i t a l  s to rage  wou ld  be  impor tan t  fo r  those  who  pa r t i c ipa te

i n  e m e r g e n c y  c o m m u n i c a t i o n s  o r  f o r  a m a t e u r s  w h o  w a n t  t o

s a v e  r a r e  r e l a y e d  m e s s a g e s .

T r a n s m i s s i o n . Depend ing  on  your  needs ,  you  migh t  ca re  t o

up load  sound  f i l e s  f rom the  r ad io  t o  a  compu te r  ne twork .  Fo r

ins tance ,  a  r ece ive r  cou ld  be  p laced  in  some remote  l and .  To

access  i t ,  you  could  l ink  up  wi th  the  rece iver  v ia  a  BBS or  v ia

t h e  I n t e r n e t .  

D i g i t a l  t r a n s m i s s i o n .  Voice  and  o the r  sound  ma te r i a l  cou ld

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

modula t ion  of  car r ie rs .  (Even now,  HF-SSB radio  i s  be ing  used

to  t ransmi t  da ta—not  voice  or  CW but  computer ized ,  d ig i ta l-

i z e d  i n f o r m a t i o n — i n p u t  n o t  f r o m  a  m i c r o p h o n e  b u t  f r o m  a

persona l  compute r . )  I f  aud io  s igna l s  can  be  d ig i t i zed ,  they  can

b e  t r a n s m i t t e d  a n d  r e c e i v e d  v i a  t h e  H F  b a n d s .

Because  o f  t he  no i se  and  f ad ing ,  t he re  wou ld  obv ious ly  be

some  r ece iv ing  d i f f i cu l t i e s .  Howeve r ,  du r ing  be s t - ca se  con -

d i t ions ,  the  s igna ls  could  theore t ica l ly  sound as  c lear  as  an  FM

broadcas t  s ta t ion  or  a  compact  d i sc .  The  poss ib i l i t i es  fo r  h igh-

f i de l i t y  aud io  wou ld  be  o f  more  i n t e r e s t  t o  b roadcas t e r s  and

p rog ram l i s t ene r s  t han  t o  two-way  HF  communica t i ons  u se r s .  

D a t a  t o  C o m p u t e r s .  I n  t he  ea r l y  1980s ,  Rad io  Ne the r l ands

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

wave .  At  tha t  t ime ,  i t  sounded  l ike  a  s i l ly  use  o f  t echnology

for  t echnology’s  sake .  But  now,  computers  and  HF communi-

ca t i ons  appea r  qu i t e  compa t ib l e .

The  p rog rams  f rom Rad io  Ne the r l ands  cou ld  be  r eco rded  ove r

the  a i r  t o  c a s se t t e  and  p l ayed  back  ove r  one  o f  s eve ra l  pe r-

sona l  compute r s .  Th i s  e f fo r t  r ep resen ted  s imple  d ig i t a l  com-

munica t ions .  40
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O t h e r  a p p l i c a t i o n s .  DSPs  cou ld  be  u sed  whe reve r  r ecep-

t ion  o r  sound  condi t ions  were  marg ina l :  l i s t en ing  to  long-d i s-

t ance  t e lephone  ca l l s ,  l i s t en ing  to  ce l lu la r  t e lephones  in  mar-

g ina l  a reas ,  se rv ing  as  sophis t ica ted  equal izers  in  record ing—

or res tor ing—analog recordings .  

C o n c l u s i o n

The poss ib i l i t ies  of  DSP technology in  HF communicat ions  are

vas t  and  t he  fu tu r e  i s  open ing  even  g r ea t e r  po t en t i a l .  S t ay

tuned  to  SGC,  the  l eader  in  two-way HF communica t ions  fo r

t he  l a t e s t .
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G l o s s a r y
40-meters A band of frequencies (7MHz to 7.3MHz) with a wave

of 40 meters (131 feet) long

AM broadcast band A band ranging from 530 to 1605 KHz.

Amateur bands HF frequencies of 1.8MHz to 29.7 MHz set aside for 
amateur radio operators.

Amplitude                   The height of a radio or sound wave—loudness.

Amplitude Adding information to an RF carrier by increasing and 
Modulation decreasing amplitude.

Analog Representing data with physical quantities (a watch with
hour and minute hands is an analog time display).

Binary A system of numbers represented only by digits 0 and 1.
(Contrast with decimal which uses digits 0 through 9.)

Capacitor A device to store electrical energy.

Carrier An unmodulated RF signal.

Chip A wafer of semiconductor material used in an electronic 
circuit.

Copy When radio operators hear and write down a message,
they “copy.”

DXpedition A contest in which amateur radio operators try to reach
distant stations.

Frequency The number of times per second a radio or soundwave
oscillates. (See Hertz.) 

Heterodyne The frequency that results when two radio frequencies
“beat” together (one frequency minus the second
fre quency = heterodyne).

Hertz See Hz.

HF A range of frequencies from 3 to 30 MHz.
42
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Hz (Hertz) A measure of frequency: one cycle per second

Inductor A coil onto which voltage is imposed by another coil.

KHz 1000 Hertz

LED Light-emitting diode: a semiconductor that lights up; 
used in digital displays. 

MHz 1 million Hertz

Microprocessor A computer processor contained on a chip.

Oscilloscope A display of frequency on a cathode ray tube.

Phase-shift Removing an unwanted frequency (or sideband) by 
imposing a mirror-image frequency so the two
cancel each other.

RF Radio frequency—such as a transmitter emits.

Transceiver Radio transmitter and receiver combined in the same 
unit.
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