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Description 

This  invention  relates  to  frequency  response  analysis.  Such  analysis,  in  which  the  input  signal  applied 
to  a  system  is  compared  with  the  output  signal  from  the  system  at  various  frequencies,  is  a  well-known 

5  technique  for  characterising  the  behaviour  of,  for  example,  servo  systems,  rotating  machinery,  electrical  and 
electronic  circuits  and  elastic  and  viscous  materials.  The  output  signal  is  often  analysed  by  correlating  it 
with  reference  signals  which  are  in  phase  and  in  quadrature  phase  with  the  input  signal  to  the  system. 

Typically,  the  input  signal  to  the  system  might  be  a  sine  wave  and  the  correlation  process  involve 
identifying  the  components  of  a  return  signal  from  the  system  under  test  at  the  frequency  of  the  input  sine 

io  wave  and  at  harmonics  thereof.  The  frequency  of  the  input  may  be  swept  between  limits  defining  a  band  of 
frequencies  of  interest,  and  measurements  made  within  the  sweep  to  further  characterise  the  system.  In 
circumstances  where  the  return  signal  changes  rapidly  with  time,  the  instantaneous  value  of  a  component 
that  might  be  present  in  a  return  signal  is  seldom  of  interest,  and  the  average  value  is  the  prefered 
measurement. 

75  Averaging  is  known  in  other  areas  of  instrumentation,  for  example  in  integrating  analogue  to  digital 
converters.  Such  devices  serve  to  provide  a  numeric  output  representative  of  the  average  value  of  a  signal 
applied  to  a  device  input  during  an  averaging  period.  Such  techniques  as  dual  slope  integration  and  the 
pulse  width  conversion  technique  described  in  United  Kingdom  Patent  No  1  434  414  are  well  documented 
elsewhere  and  do  not  require  further  description  here. 

20  Also  well  known  in  the  instrumentation  art  is  the  process  of  digital  to  analogue  conversion,  that  is  of 
providing  an  analogue  signal  having  an  instantaneous  value  representative  of  the  numeric  value  of  a  digital 
input  applied  to  a  converter.  In  some  such  devices,  a  second  input  may  be  applied  in  analogue  form, 
resulting  in  an  output  which  has  the  value  of  the  analogue  input  multiplied  by  the  value  of  the  digital  input. 
Such  devices  are  termed  multiplying  digital  to  analogue  converters,  and  these  too  are  adequately  described 

25  elsewhere. 
To  perform  the  correlation  required  in  frequency  response  analysis,  multiplication  of  the  output  signal 

from  the  system  under  test  with  a  reference  signal  is  normally  required.  One  approach  is  to  employ  voltage 
to  frequency  conversion  of  the  output  signal  in  an  arrangement  whereby  the  present  numeric  values  of  the 
reference  are  added  together  at  a  rate  determined  by  the  converted  frequency,  amounting  to  multiplication. 

30  An  alternative  approach  is  to  analogue  to  digital  convert  both  reference  and  output  signal  and  perform  the 
multiplication  by  means  of  an  arithmetic  processor  which  operates  on  instantaneous  values,  the  products 
being  averaged  by  another  process.  Examples  of  such  approaches  are  described  in  IEE  Proceedings 
Section  A  of  I,  vol.  129,  no  5,  part  F  October  1982,  pages  341-346,  Old  Woking,  GB,  H  J  KOLB  et  al  : 

"Measuring  the  frequency  response  of  systems  with  digital  techniques"  and  in  DE-B-2  532  801  and  no 
35  further  explanation  is  required.  It  will  be  noted  that  what  is  required  for  success  with  this  latter  approach  is 

fast  conversion  of  the  instantaneous  values  of  the  signals,  which  will  be  contrasted  with  the  averaging  type 
of  analogue  to  digital  converter  mentioned  above. 

According  to  the  present  invention,  there  is  provided  a  frequency  response  analyser  comprising: 
a  signal  generator  for  providing  a  periodic  driving  signal, 

40  means  for  relaying  the  driving  signal  to  a  system  under  test, 
means  for  receiving  an  output  signal  from  a  system  under  test, 
means  for  deriving  a  reference  signal  of  digital  form,  a  multiplying  digital  to  analogue  converter  having  an 
analogue  analogue  input,  a  digital  input  and  an  analogue  output,  the  analogue  input  being  connected  to 
receive  said  output  signal  and  the  digital  input  being  connected  to  receive  said  reference  signal,  and 

45  an  integrating  analogue  to  digital  converter  arranged  to  convert  the  output  of  the  multiplying  digital  to 
analogue  converter  over  an  integral  number  of  periods  of  the  the  driving  signal;  wherein 
the  integrating  analogue  to  digital  converter  is  arranged  to  convert  the  output  of  the  multiplying  digital  to 
analogue  converter  over  an  integral  number  of  periods  of  the  driving  signal,  and  said  reference  signal  varies 
as  a  first  reference  function  during  a  first  period  to  establish  a  first  characterising  co-efficient  and  varies  as 

50  a  second  reference  function  during  a  second  period  to  establish  a  second  characterising  co-efficient. 
Preferably  said  reference  signal  varies  as  a  sine  function  of  the  same  period  as  the  driving  signal  and  a 

second  multiplying  digital  to  analogue  converter  is  arranged  to  multiply  the  output  signal  by  a  second 
reference  signal  which  varies  as  a  cosine  function  of  the  same  period  as  the  driving  signal,  a  second 
integrating  analogue  to  digital  converter  being  arranged  to  convert  the  output  of  the  second  multiplying 

55  digital  to  analogue  converter  over  an  integral  number  of  periods  of  the  driving  signal. 
Advantageously  the  multiplying  digital  to  analogue  converter  may  be  of  the  one  quadrant  type,  and 

means  included  to  add  in  a  dc  level  to  the  analogue  input,  the  reference  signal  arranged  to  vary  as  a 
function  of  (1  +  sine),  and  means  included  to  subtract  a  related  dc  level  intermediate  the  multiplying  digital 

2 
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to  analogue  converter  and  integrating  analogue  to  digital  converter.  Similarly,  a  dc  level  may  be  added  to 
the  analogue  input  of  a  second  multiplying  digital  to  analogue  converter  receiving  a  signal  varying  as  a 
function  of  (1  +  cosine)  at  its  digital  input,  and  means  included  intermediate  the  second  multiplying  digital  to 
analogue  converter  and  a  second  integrating  analogue  to  digital  converter  to  subtract  a  related  dc  level. 

5  As  an  alternative  (1  +sine)  and  (1  +  cosine)  functions  may  be  sequentially  applied  to  a  single  multiplying 
digital  to  analogue  converter. 

Alternatively,  the  multiplying  digital  to  analogue  converter  may  be  of  the  two  quadrant  type,  allowing  its 
analogue  input  to  be  of  either  polarity.  Sign  variation  of  the  reference  signal  may  be  accomodated  by 
arranging  for  the  analogue  input  to  be  inverted  whenever  the  reference  signal  should  take  on  a  negative 

io  value.  A  second  multiplying  digital  to  analogue  converter  of  the  two  quadrant  type  may  be  similarly 
arranged  with  respect  to  a  second  reference  signal.  As  an  alternative,  a  first  reference  function  and  a 
second  reference  function  may  be  sequentially  applied  to  a  single  multiplying  digital  to  analogue  converter. 

Preferably  the  means  for  deriving  the  reference  signal  includes  a  memory  device,  having  values  of  the 
required  reference  function  stored  therein,  for  example  sine  or  cosine  or  (1  +  sine)  or  (1  +  cosine). 

is  Additionally  the  memory  may  be  arranged  to  store  values  of  the  harmonics  of  the  required  function  so  that 
harmonics  of  the  reference  signal  may  be  used  in  correlation. 

In  some  frequency  response  analysis  applications  it  is  desirable  to  apply  a  modulated  signal  to  the 
system  under  test.  In  this  arrangement,  the  drive  signal  is  used  to  modulate  a  carrier  signal,  which 
modulated  carrier  signal  is  applied  to  the  system  under  test.  It  will  be  apparent  that  in  such  an  application, 

20  the  signal  received  from  the  system  under  test  must  be  demodulated  as  part  of  correlation.  In  a  frequency 
response  analyser  in  accordance  with  the  present  invention  demodulation  may  be  achieved  by  rectifying 
the  received  signal  to  one  polarity  during  a  first  half  cycle  of  the  carrier  period,  and  to  the  other  polarity 
during  the  second  half  cycle.  Advantageously,  a  polarity  switch  connected  to  selectively  invert  the  received 
signal  is  included  and  controlled  to  invert  the  output  signal  at  every  alternate  half  cycle  of  the  carrier  to  give 

25  rectification  as  aforesaid  prior  to  connection  to  the  multiplying  digital  to  analogue  converter.  Alternatively, 
the  polarity  of  the  reference  signal  may  be  switched,  preferably,  where  the  reference  is  derived  from 
memory,  by  selectively  addressing  samples  of  an  inverse  reference  function  stored  in  memory  together 
with  the  reference  signal  samples. 

In  order  that  features  and  advantages  of  the  present  invention  may  be  further  appreciated  two 
30  embodiments  will  now  be  described,  by  way  of  example  only  and  with  reference  to  the  accompaying 

diagrammatic  drawings,  of  which:- 
Figure  1  represents  a  frequency  response  analyser  including  a  two  quadrant  multiplying  digital  to 
analogue  converter, 
Figure  2  shows  some  waveforms  as  might  be  present  therein,  and 

35  Figure  3  represents  a  frequency  response  analyser  including  a  one  quadrant  multiplying  digital  to 
analogue  converter. 

In  a  frequency  response  analyser  (Figure  1)  a  drive  signal  is  generated  to  be  available  as  an  input 
signal  to  a  system  under  test  10.  An  output  signal  is  derived  from  the  system  under  test  10  by  means  not 
shown  but  which  might  for  example  comprise  an  accelerometer  or  other  transducer  for  reception  at  a 

40  connection  point  11  of  the  frequency  response  analyser.  The  drive  signal  is  derived  from  a  read  only 
memory  (ROM)  12  which  is  addressed  by  the  multiple  digital  outputs  of  a  counter  14.  The  ROM  12  contains 
samples  of  a  sinusoidal  waveform  arranged  in  order  such  that  when  sequentially  addressed  and  d/a 
converted  a  sinusoidal  drive  signal  is  present  at  the  output  of  the  amplifier  16.  The  frequency  of  the  drive 
signal  is  determined  by  the  frequency  of  a  clock  17,  which  clocks  the  counter  14. 

45  The  signal  received  from  the  system  under  test  is  relayed  to  the  analogue  input  of  a  multiplying  digital 
to  analogue  converter  18.  The  digital  input  for  the  multiplying  digital  to  analogue  converter  18  is  derived 
from  a  ROM  19,  which  is  addressed  by  the  data  output  lines  of  counter  14  in  a  way  analoguous  to  the  ROM 
12.  The  ROM  19  is  arranged  to  contain  sequential  samples  of  a  reference  signal,  which  in  this  embodiment 
is  a  sine  wave,  to  derive  a  signal  in  digital  form  which  is  connected  to  the  digital  input  of  the  multiplying 

50  digital  to  analogue  converter  18  as  described  above.  The  multiplying  digital  to  analogue  converter  18 
provides  an  analogue  output  100  which  is  relayed  to  an  integrating  analogue  to  digital  converter  101  to  give 
a  digital  output  102. 

The  operation  of  the  above  embodiment  of  the  present  invention  will  now  be  described  in  more  detail. 
The  addressing  of  the  ROM  12  by  the  data  output  of  the  counter  14  leads  to  a  sinusoid  of  an  angular 

55  frequency  w  and  of  amplitude  A  appearing  at  the  output  of  the  amplifier  16.  Thus  the  driving  signal  may  be 
represented  as  A  sin  wt.  Following  application  to  the  system  under  test,  the  received  signal  at  input  1  1  will 
generally  not  be  of  this  form,  but  may  contain  many  components  of  varying  instantaneous  amplitude.  In 
accordance  with  the  known  principals  of  Fourier  analysis  the  received  signal,  V(t),  may  be  represented  by  a 
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sine  and  cosine  series  of  the  form:- 

V(t)  =  ao  +  ai  sin  wt  +  &2  sin  2  wt  +  az  sin  3  wt  +  +  an  sin  nwt 
+  bo  +  bi  cos  wt  +  b2  cos  2  wt  +  b3  cos  3wt  +  +  bn  cos  nwt 

5 
A  typical  objective  of  frequency  response  analysis  might  be  to  establish  the  level  of  the  components  (ai  , 
bi  )  at  the  fundamental  frequency  present  in  the  signal  from  the  system  under  test  following  application  of 
the  driving  signal. 

Assuming  that  the  received  signals  were  relayed  either  directly  or  by  a  path  of  unity  gain,  then  this 
io  signal  V(t)  would  be  present  at  the  analogue  input  of  the  multiplying  digital  to  analogue  converter  18.  That  is 

assuming  switch  115  were  permanently  connected  to  amplifier  113  having  unity  gain;  (the  functions  of 
switch  115  and  amplifiers  113  and  114  are  described  hereinafter).  By  virtue  of  addressing  the  ROM  19  by 
the  data  outputs  of  the  counter  14,  a  reference  sinusoid  B  sin  wt  of  known  amplitude  and  of  the  same 
frequency  as  the  driving  signal  is  generated,  and  relayed  to  the  digital  inputs  of  the  multiplying  digital  to 

is  analogue  converter  18.  As  is  known,  the  function  of  a  multiplying  digital  to  analogue  converter  is  to  multiply 
the  instantaneous  values  of  signals  applied  to  its  analogue  and  digital  inputs,  and  to  provide  an  analogue 
value  representative  of  the  result.  Thus  for  the  multiplying  digital  to  analogue  converter  18,  the  signal  at  its 
analogue  output  100,  xi(t),  may  be  respesented  by  the  product  of  the  signal  at  input  11,  V(t)  and  the  output 
of  the  ROM  19,  taken  together  with  the  sign  switching  function  effected  by  sign  bit  117,  control  116  and 

20  switch  115,  B  sin  wt;  thus  xi(t)  =  B  sinwt.V(t). 
Substitution  of  the  expanded  version  of  V(t)  leads  to  the  following:- 

xi(t)  =  Bai  sin2wt  +  Ba2sinwt.  sin2wt  +  Ba3sinwt.sin  3wt  +  +  Ban  sin  wt.sin  nwt 
+  Bbi  sinwt.coswt  +  Bb2  sinwt.cos2wt  +  Bb3Sinwt.cos3wt  +  +  Bbn  sin  wt.cosn  wt 

25 
By  applying  well  known  trigonometrical  relationships,  this  expression  may  be  expanded  to:- 

30 

35 

40 

x,  (t)  «=  f e ,   ( l -oos2wt)   +  £a2  (oos  ~  006  ^  
2  2 

+|Ja3  (oos  2wt  -  oos  4wt)  +  
2 

+ j f e n ( c o s ( n - l ) w t   -  oos  ( n + l ) w t )  
2 

4^ . ,   ( s in   2wt)  +  Ebj  <sin  3wt  -  s in   w t )  
2  2 

45 

+ ^ 3   (s in   4wt  -  s in   2wt)  + .  
2 

+ ^   (s in   (n+l)wt   -  s i n   ( n - l ) w t )  
2 

The  above  expression  gives  the  instantaneous  value  for  any  time,  t,  of  the  signal  at  the  output  of  the 
50  multiplying  digital  to  analogue  converter  18.  This  signal  is  connected  to  the  input  of  the  integrating  analogue 

to  digital  converter  102,  which  is  arranged  to  have  an  integration  period  of  one  complete  cycle  of  the 
fundamental  reference  signal  B  sinwt,  that  is  a  period  of  2  Ww.  The  digital  output  102  of  the  integrating 
analogue  to  digital  converter  101,  yi(t),  is  thus:- 

4 
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Y l ( t )   «  j   xx( t )   d t  

o  

70  By  examination  of  the  expansion  of  xi  (t)  above  it  will  be  apparent  that  the  only  component  providing  a  non- 
zero  integral  over  the  complete  period  is  the  dc  term  Bai/2.  Hence:- 

75 

40 

w 

20  It  will  be  observed  that  B,  -n  and  w  are  all  either  constant  or  known,  and  that  thus  the  value  of  the  output  102 
of  the  integrating  analogue  to  digital  converter  101  at  the  end  of  the  averaging  period  may  be  directly 
related  to  a  required  coefficient  ai  characterising  the  frequency  response  of  the  system  under  test  10. 

In  the  present  embodiment  two  parallel  signal  processing  channels  are  used  and  a  second  multiplying 
digital  to  analogue  converter  103  also  receives  the  signal  received  from  the  system  under  test  xi(t),  at  its 

25  analogue  input.  The  digital  input  to  this  multiplying  digital  to  analogue  converter  103  is  supplied  from  a 
ROM  104,  addressed  by  the  data  outputs  of  the  counter  14,  in  a  way  analogous  to  ROM  19,  excepting  that 
the  ROM  104  is  loaded  with  samples  of  a  cosinusoid.  Thus  the  ROM  104  provides  a  reference  signal 
C.coswt  in  digital  form.  Analogue  output  105  of  multiplying  digital  to  analogue  converter  103  may  thus  be 
represented  by  V(t).  Ccoswt.  The  signal  appearing  at  the  output  105  is  fed  to  an  integrating  analogue  to 

30  digital  converter  106  having  a  digital  output  107.  The  integrating  analogue  to  digital  converter  106  is 
arranged  to  have  an  integrating  period  of  one  cycle  of  the  fundamental  reference  waveform,  that  is  2Ww. 

An  analysis  similar  to  that  performed  for  the  behaviour  of  multiplying  digital  to  analogue  converter  18 
and  integrating  analogue  to  digital  converter  101  may  be  performed  for  multiplying  digital  to  analogue 
converter  103  and  integrating  analogue  to  digital  converter  106. 

35  Representing  the  signal  received  from  the  system  under  test,  V(t),  as:- 

N 

V(t)  »  ^   ^   s in   nwt  +  oos  n w t ,  

n = l  

then  the  output  of  multiplying  digital  to  analogue  converter  103,  X2(t),  (that  is  (V(t).  Ccoswt)  may  be 
45  represented  by:- 

N 

x2( t )   -  Cax  c o s w t . s i n w t   +  Ca^  c o s w t . s i n   n w t  
50  n=2 

N 

+  oos2wt  +  ^   Cb^  o o s w t . o o s n w t  

55  n=2 

5 
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This  expression  for  X2(t)  may  be  expanded  to:- 

N 

5  x2 ( t )   «=  .  s in2wt   +  f i n   ( s in   ( l+n)wt   +  s i n   ( l - n ) w t )  
2  n=2  2 

N 
+  (oos2wt+l)   +  ^   ( o o s ( l + n ) w t   +  c o s ( l - n ) w t )  

70  2  n=2  2 

This  expression  for  X2(t)  gives  the  instantaneous  value  of  the  analogue  output  signal  105  of  the  multiplying 
digital  to  analogue  converter  103.  The  output  of  the  integrating  analogue  to  digital  converter,  y2(t)  is  given 

75  by:- 

20  I 

y2( t )   -  \  X2(t)  d t  

o  

25 

By  examination  of  the  expansion  of  X2(t)  above,  it  will  be  apparent  that  the  only  component  providing  a  non- 
zero  integral  over  a  complete  cycle  of  the  reference  signal  Ccoswt  is  the  dc  term  -Cbi  12,  hence:- 

so  yi(t)  =  %  •  bi 

In  similar  fashion  to  yi  (t)  and  integrated  analogue  to  digital  converter  101,  it  will  be  observed  that  the  output 
107  of  integrated  analogue  to  digital  converter  106  at  the  end  of  the  averaging  period  may  be  directly 
related  to  a  required  coefficient  bi  characterising  the  frequency  response  of  the  system  under  test  10. 

35  In  general  further  analysis  will  be  required  on  the  system  under  test,  and  it  will  be  desirable  to 
determine  at  least  some  of  the  remaining  coefficients  a2,  a3  an  and  b2,  b3  bn,  that  is,  the  average 
magnitude  of  the  components  of  the  received  signal  at  harmonics  of  the  fundamental  drive  signal  are 
sequenced.  In  order  to  achieve  this  further  analysis,  different  reference  waveforms  of  the  general  two  forms 
Bsin  nwt  and  Ccos  nwt  may  be  applied  to  the  digital  inputs  of  multiplying  digital  to  analogue  converters  18 

40  and  103  respectively.  For  each  reference  signal  applied,  different  signals  respectively  x1n(t)  and  x2n(t)  will  be 
provided  at  outputs  100  and  105  of  the  multiplying  digital  to  analogue  converters  18  and  103. 

Representing  the  received  signal  by  the  expression: 

V(t)  =  s in   iwt  +  bĵ   oos  i w t ,  

i = l  

50  then  for  generalised  reference  signals  B  sinmwt,  C  sinmwt,  the  output  signals  from  the  multiplying  digital  to 
analogue  converters  18,  103  respectively  may  be  represented  as:- 

55 
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>̂  b  s in   nwt.  s in   nwt  +  B  bj,  s in   nwt.  oos  nwt,  a n d  
n = l  

5 

10  It  will  be  appreciated  that  the  only  dc  terms  present  in  these  expressions  are 

15 
and 

respectively,  which  arise  for  the  case  for  n  =  m.  By  virtue  of  the  integrating  nature  of  integrating  analogue 
to  digital  converters  101  and  106,  only  these  dc  terms  will  be  responsible  for  the  respective  outputs  102, 
107  of  the  multiplying  analogue  to  digital  converters  provided  the  integration  interval  of  2Ww  is  retained. 

y1n(t)  =  p  •  an  and  y2n(t)  =  •  bn 

The  outputs  102,  107  at  the  end  of  the  averaging  period  may  therefore  be  directly  related  to  the  required 
30  characterising  coefficients  an,  bn,  respectively. 

The  application  of  the  alternative  reference  signals  may  be  achieved  by  addressing  samples  of  different 
reference  waveforms  stored  in  the  ROMs  19,  104  respectively.  Extra  addressing  bits  are  supplied  from  a 
harmonic  selector  108,  which  is  connected  to  some  address  lines  of  the  ROMs  and  is  arranged  to  select  an 
appropriate  address  range,  so  that  the  samples  of  the  required  reference  signal  will  be  present  at  the  digital 

35  outputs  of  the  ROMs  19,  104  respectively  during  an  addressing  cycle  of  the  counter  14. 
For  example,  the  ROM  19  might  have  fourteen  address  lines,  the  least  significant  ten  bits  being  directly 

addressed  by  the  counter  14,  which  is  arranged  to  count  from  zero  to  1023  to  sequentially  address  the 
1024  states  definable  with  ten  bits.  The  ROM  19  has  a  capacity  of  16k  bits.  Of  the  remaining  bits  four  are 
addressed  by  harmonic  selector  108.  For  each  different  combination  of  these  four  address  inputs,  a 

40  different  set  of  1024  locations  may  be  addressed.  Thus  for  the  16k  ROM,  1024  samples  of  sixteen  different 
reference  waveforms  may  be  addressed.  The  ROM  19  is  therefore  loaded  with  samples  as  follows:- 

25  Thus:- 

45 

50 
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5 

10 

15 

25 

30 

B n u i v a l e n t   t o t -   ggnpl^d  W g v e f g g t s  

Harmonic  s e l e c t   C o u n t e r  

from  0  0  0  

s in   w t  

to   1023  0  1023 

from  1024  1  0  

to   2047  1  1023 

s in   2  w t  

2o  from  14336  14  0  

s in   15  w t  

to   15359  14  1023 

from  15360  15  0  

s in   16  w t  

to   16383  15  1023 

35  It  will  be  appreciated  that  the  ROM  104  may  be  similarly  loaded  with  samples  of  the  values  of  the 
functions  cos  wt  (addresses  0  to  1023)  through  to  cos  16  wt  (addresses  15360  to  16383). 

To  perform  a  full  frequency  response  analysis  (up  to  the  sixteenth  harmonic)  of  the  system  under  test 
10,  the  embodiment  is  arranged  to  operate  as  follows. 

Firstly  the  harmonic  number  is  set  to  zero,  and  the  outputs  of  the  integrating  analogue  to  digital 
40  converters  101,  106  are  cleared.  The  clock  17  is  enabled  so  that  counter  14  counts  from  0  to  1023  to 

simultaneously  address  the  waveform  ROM  12,  and  reference  ROMs  19  and  104.  Whilst  the  system  under 
test  10  will  be  driven  by  a  driving  signal  of  the  form  sin  wt,  references  at  the  fundamental  frequency  (sinwt, 
coswt)  are  fed  to  the  digital  inputs  of  multiplying  analogue  to  digital  converters  18,  103  respectively.  Thus, 
at  the  end  of  a  cycle  of  the  counter  14,  the  outputs  of  the  integrating  analogue  to  digital  converters  will 

45  contain  digital  representations  defining  the  characterising  coefficients  ai  ,  bi  ,  which  may  be  stored  for  later 
processing  or  displayed  as  required.  The  outputs  of  the  integrating  analogue  to  digital  converters  may  be 
cleared  and  the  harmonic  selector  incremented  by  one.  During  a  later  cycle  of  the  counter  14,  the  received 
signal  is  thus  correlated  with  reference  sin  2  wt,  cos  2wt  to  allow  the  second  harmonic  characterising 
coefficients  a2,  b2  to  be  determined.  This  procedure  is  repeated,  with  incremented  harmonic  number,  until 

50  all  harmonic  characterising  co-efficients  (i.e.  up  to  ai6,  bi  g)  have  been  determined. 
It  will  be  appreciated  that  the  operation  of  the  embodiment  requires  synchronisation,  and  this  may  be 

achieved  by  control  logic  (not  shown,  but  which  will  be  readily  realisable  by  those  skilled  in  the  art).  The 
precise  operation  desirable  will  depend  upon  application,  and  thus  the  control  logic  may  vary  with 
application.  For  example,  in  general  in  most  applications  it  is  best  to  leave  the  system  under  test  10 

55  permanently  driven,  by  arranging  that  the  counter  14  is  continuously  cycling. 
Acquisition  of  any  particular  characterising  coefficient  pair  may  then  be  achieved  by  clearing  the 

integrating  analogue  to  digital  converters  101,  106  in  synchronism  with  the  counter,  for  example  by  applying 
a  clearing  signal  to  trigger  inputs  109,  110  of  integrating  analogue  to  digital  converters  101,  and  106 
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respectively.  In  most  applications  it  is  sufficient  to  leave  the  averaging  period  at  2  Ww,  being  that  of  the 
fundamental.  An  averaging  period  of  a  multiple  of  2Ww  may  be  used,  such  a  longer  period  having  the 
benefit  of  increasing  noise  rejection. 

In  some  applications,  it  may  be  necessary  to  trigger  the  frequency  response  analyser  with  an  externally 
5  generated  driving  signal.  To  this  end,  the  counter  15  has  a  trigger  signal  input  111,  which  may,  for  example, 

reset  the  count  to  zero  prior  to  an  acquisition,  and  the  clock  17  a  synchronising  input  112  so  that  the  cycle 
time  may  be  made  equal  to  the  period  of  an  external  reference.  The  precise  operation  of  these 
synchronising  and  trigger  features  will  be  apparent  to  those  skilled  in  the  art. 

It  will  be  apparent  from  the  foregoing  that  both  the  signal  received  from  the  system  under  test  and  the 
io  reference  signal  may  take  both  positive  and  negative  instantaneous  values  during  the  course  of  a  cycle. 

This  implies  that  the  multiplying  digital  to  analogue  converters  18,  103  operate  in  all  four  quadrants,  ie.  both 
the  analogue  and  digital  inputs  may  take  positive  and  negative  values.  Four  quadrant  multipliers  are  not 
readily  available,  and  it  is  preferable  that  a  two-quadrant  type  be  used.  For  a  two-quadrant  type  although  the 
digital  input  can  take  but  a  single  polarity,  the  analogue  input  may  be  of  either  polarity.  To  impose  this 

is  restriction  on  the  multiplying  digital  to  analogue  converters  18,  and  103,  the  ROMs  19  and  104  contain 
positive  values  only,  which  may  be  regarded  as  positively  rectified  values  of  the  reference  waveforms.  The 
signal  received  from  the  system  under  test  10  at  input  11  is  relayed  to  the  multiplying  digital  to  analogue 
converters  18,  103  via  either  one  of  a  non-inverting  amplifier  113,  or  an  inverting  amplifier  114,  both  of  unity 
gain.  The  selection  is  controlled  by  a  switch  115,  and  switch  control  logic  116,  which  is  arranged  such  that 

20  whenever  the  reference  signal  stored  in  the  ROM  19  should  have  a  negative  value,  the  inverting  amplifier 
114  is  connected,  the  non-inverting  amplifier  113  being  connected  at  other  times.  This  arrangement  is 
effective  to  invert  the  analogue  input  (i.e.  make  it  of  opposite  polarity)  whenever  the  reference  waveform 
should  be  negative,  and  effectively  permits  the  reference  to  take  on  negative  values  by  virtue  of  the 
commutative  nature  of  multiplication.  A  straightforward  way  of  providing  an  indication  of  the  required 

25  inversion  or  non-inversion  of  the  received  signal  is  by  storing  a  polarity  bit  together  with  the  magnitude  data 
for  each  sample  of  each  reference  waveform,  which  may  be  fed  directly  to  a  signal  input  117  of  switch 
control  logic  116.  It  will  be  appreciated  that,  given  that  the  multiplying  digital  to  analogue  converter  103  is 
also  of  the  two  quadrant  type,  then  inverting  amplifier  118,  non-inverting  amplifier  119  and  switch  122, 
connected  intermediate  the  received  signal  input  11  and  the  multiplying  digital  to  analogue  converter  103 

30  allow  the  converter  103  to  affectively  operate  in  four  quadrants  in  response  to  a  polarity  signal  from  the 
ROM  104  fed  to  the  switch  control  logic  120  at  sign  input  121. 

In  some  frequency  response  testing  applications  it  is  desirable  that  the  driving  signal  is  used  to 
modulate  a  carrier  signal  of  high  frequency,  which  modulated  carrier  is  then  applied  to  the  system  under 
test.  Of  interest  in  analysis  are  the  components  of  received  signal  at  the  fundamental  and  harmonic 

35  frequencies  of  the  modulating  driving  signal.  Thus,  the  received  signal  must  be  demodulated  prior  to 
correlation. 

A  signal  generator  123  supplies  a  carrier  signal  which  is  fed  to  an  input  of  an  optional  modulator  124. 
The  other  modulator  input  is  fed  with  the  driving  signal  derived  from  the  waveform  ROM  12  and  the  digital 
to  analogue  converter  15.  Thus  the  conditioning  amplifier  16  supplies  a  signal  to  the  system  under  test  10 

40  having  the  driving  signal  as  the  modulating  waveform. 
As  an  alternative  to  modulator  124,  a  multiplying  digital  to  analogue  converter  may  be  used  in  the 

position  of  digital  to  analogue  converter  15,  its  analogue  input  being  supplied  from  generator  123  to  thereby 
provide  an  effectively  modulated  output  to  amplifier  16. 

Generally,  the  carrier  signal  is  a  high  frequency  sinusoidal,  as  might,  for  example,  be  diagrammatically 
45  represented  by  a  profile  20  (Figure  2(a)),  and  the  modulating  driving  signal  is  a  lower  frequency  sinusoid,  21 

(Figure  2(b)).  Hence  the  drive  signal  applied  to  the  system  under  test  will  be  a  modulated  waveform,  32 
(Figure  2(c)).  The  signal  received  from  the  system  under  test  10  at  input  11  is  of  a  form  23  (Figure  2(d)), 
and  contains  frequency  components  for  analysis  as  hereinbefore  described.  The  received  signal  will  be  of 
the  form  of  a  modulated  carrier,  appearing  as  a  sinusoid  within  an  envelope  24.  It  is  this  enveloping 

50  waveform  which  is  of  interest  in  the  analysis,  and  it  may  be  recovered  by  switching  the  received  signal  of 
the  form  23  with  the  polarity  of  the  carrier  signal  for  form  20  to  give  a  signal  of  the  form  26  (Figure  2(e)), 
from  which  the  enveloping  signal  27  may  be  recovered  in  accordance  with  known  principles  of  demodula- 
tion.  It  would  be  a  simple  matter  for  one  skilled  in  the  art  to  configure  the  control  logic  (116,  120)  necessary 
to  give  the  required  switching  and  inversions. 

55  An  alternative  embodiment  of  the  present  invention,  (Figure  3)  operates  under  the  control  of  a  micro- 
computer  30,  and  is  arranged  to  operate  with  multiplying  digital  to  analogue  converters  31  ,  32,  both  of  the 
one  quadrant  type. 

9 
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A  driving  signal  is  supplied  to  a  system  under  test  33  from  a  digital  to  analogue  converter  34  via  an 
amplifier  35.  The  digital  input  for  the  digital  to  analogue  converter  34  is  derived  from  a  ROM  36  addressed 
by  a  counter  37  controlled  by  a  clock  38.  The  counter  also  addresses  two  further  ROMs  39,  300.  This 
arrangement  serves  to  generate  a  driving  signal  and  two  reference  signals,  in  a  way  analogous  to  that 

5  hereinbefore  described,  to  permit  a  frequency  response  analysis  to  be  carried  out  of  the  system  under  test 
33,  a  signal  from  which  is  received  at  an  input  301  . 

In  this  embodiment  of  the  present  invention,  the  multiplying  digital  to  analogue  converter  31  is  of  the 
one  quadrant  type.  This  means  that  neither  the  signal  which  is  applied  to  its  digital  input  via  data  lines  302, 
nor  the  signal  applied  at  its  analogue  input  on  line  303  may  take  on  negative  values.  In  the  case  of  the 

io  digital  input  supplied  from  the  ROM  39.  Where  the  waveform  stored  can  take  negative  values.such  values 
may  be  indicated  by  a  separate  sign  bit  not  fed  to  the  multiplying  digital  to  analogue  converter,  but  used  in 
averaging,  as  will  be  described  later.  The  instantaneous  value  of  the  signal  received  at  the  input  301  may 
be  of  either  polarity.  To  ensure  that  a  positive  value  is  present  on  analogue  line  303  a  dc  reference  level 
305  is  added  to  the  received  signal  by  a  summing  amplifier  306.  The  magnitude  of  the  reference  of  the 

is  reference  level  305  is  chosen  in  relation  to  the  received  signal  such  that  the  resulting  signal,  which  appear 
an  analogue  input  line  303,  will  always  be  of  positive  polarity. 

Representing  the  received  signal  v(t)  as  before  in  the  form:- 

N 
20 

V  (t)  «=  ^   djj  s in   nwt  +  cos  n w t ,  

n = l  

25  then  the  signal  V+(t)  applied  to  the  analogue  input  line  303  of  multiplying  digital  to  analogue  converter  32 
maybe  represented  as:- 

N 

so  V1"  (t)  =  REF^   +  ^   s in   nwt  +  cos  n w t ,  

n = l  

35  The  reference  signal  samples  loaded  into  the  ROM  39  are  of  the  waveform  B.(1  +  sin  wt)  and  its 
harmonics,  which  may  be  selected  by  addressing  harmonic  select  lines  307  in  a  way  analogous  to  that 
already  described.  Thus,  for  a  particular  harmonic,  n,  the  instantaneous  output  of  the  multiplying  digital  to 
analogue  converter  31  may  be  represented  as:- 

40 
N 

X;In(t)  =  REFdc  .  B  (1  +  s in   n  wt)  +  ^   Ban(l+  s i n   mwt)  . s i n   nwt  

n = l  
45 

+  Bb^  (1+  s i n   mwt)  o o s n w t  

50 

55 
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Expansion  of  this  expression  gives:- 

10 

15 

X-^ f t )   «  R E F ^ . B   +  KEF^  .  B  B i n w t  

N 
B.  a,,  s in   nwt  +  B ^   .  cos(n-m)  wt  -  Be^  .  cos  ( n - m ) w t  

I K  

N 
+  £   B.  bjj  cos  nwt  +  Bbn  .  s in   (n-m)  wt  -  Bb^.  s i n   (n+m)wt 

n = l  

It  will  be  observed  that  the  dc  term  of  this  expansion  is  (REFdc.B  +  Ban),  the  later  component  arising  from 
the  case  where  n  =  m.  So  that  this  system  dependent  component  Ban  may  be  applied  to  the  input  of  an 
analogue  to  digital  converter  for  integration  over  a  period  of  2  Ww  (i.e.  one  cycle  of  the  fundamental 
reference),  the  REFdc.B  component  is  subtracted  from  the  output  signal  309  of  the  multiplying  digital  to 

20  analogue  converter  31  by  means  of  a  difference  amplifier  310.  The  component  for  subtraction  by  difference 
amplifier  310  is  derived  by  a  scaling  311  of  the  reference  level  305.  Following  this  subtraction  of  the 
component  REFdc.B,  the  only  remaining  dc  component  of  the  output  of  the  multiplying  digital  to  analogue 
converter  31  will  be  Ban,  which  will  be  the  only  contributor  to  an  integration  performed  over  the  fundamental 
period  2  Ww,  as  will  be  apparent  from  the  foregoing. 

25  In  order  to  perform  the  required  integration,  the  resultant  output  from  the  different  amplifier  310  is 
relayed  to  the  analogue  to  digital  converter  308  which,  in  this  example,  is  not  of  the  integrating  type,  but 
instead  gives  a  series  of  instantaneous  converted  values  on  output  lines  314,  which  are  loaded  into  register 
312. 

At  the  end  of  the  integration,  the  register  stack  312,  will  contain  a  plurality  of  values  which  may  be 
30  averaged  and  differenced  to  give  a  numerical  value  representative  of  the  value 

B a n ,  

and  thereby  related  to  the  value  of  the  required  co-efficient  an.  Since  the  register  stack  312  is  configured 
within  the  micro-computer  30,  these  essentially  arithmetic  operations  are  performed  therein  under  micro- 
program  control.  Operation  of  the  various  components  thus  far  may  be  controlled  by  Trigger  control  316, 

40  also  configured  within  the  micro-computer  30  under  program  control.  The  trigger  control  316  serves  to 
synchronise  operation  by  enabling  the  clock  38,  reseting  and  enabling  the  counter  37,  and  setting  harmonic 
number  via  harmonic  control  317  to  provide  a  partial  address  on  lines  307.  The  trigger  may  be  internally 
generated,  or  may  be  externally  supplied  via  an  input  318  when  the  use  of  the  correlator  part  of  the 
frequency  response  analyser  with  an  external  signal  generator  is  required. 

45  In  arrangements  where  a  reference  signal  which  may  take  values  of  either  polarlity  (e.g.  sine)  is  used, 
values  may  be  loaded  to  one  of  two  register  stacks,  dependent  upon  the  polarity  of  the  reference,  for 
example  in  response  to  a  sign  bit  output  from  reference  wave  ROM  39.  The  accumulated  positive  and 
negative  values  may  then  be  added  together  and  differenced  to  yield  the  required  coefficient.  The  polarity 
switching  required  for  demodulation  may  also  be  achieved  in  this  way. 

50  The  components  of  the  emboidment  thus  far  described  serve  to  provide  the  characterising  coefficients 
ai  ,  a2,  an.  Further  analysis  is  performed  in  relation  to  a  reference  waveform  C(1+cosnwt)  in  order  to 
establish  the  remaining  characterising  coefficients  bi  ,  b2,  bn.  To  this  end  a  reference  dc  level  is  added  to 
the  incoming  signal  by  a  summing  amplifier  320,  the  output  of  which  feeds  multiplying  digital  to  analogue 
converter  32.  The  reference  is  available  in  digital  form  from  the  ROM  300.  The  multiplied  signal  is 

55  differenced  with  a  scaled  reference  (via  scaler  321)  by  difference  amplifier  322,  to  give  an  output  for 
analogue  to  digital  conversion  by  an  analogue  to  digital  converter  323,  output  values  from  which  are  loaded 
to  register  stack  324.  These  values  may  then  be  averaged  and  differenced  by  the  micro-computer  30  under 
program  control  to  yield  the  required  chracterising  coefficients.  The  operation  of  this  second  channel  is 

11 



EP  0  268  447  B1 

analogous  to  that  of  the  first,  and  analogous  theory  may  be  applied  thereto,  making  further  detailed 
description  unnecessary. 

Ways  in  which  the  various  controls  may  be  generated  within  the  micro-computer  30  under  program 
control  and  the  handling  of  the  various  inputs,  outputs  and  arithmetic  operations  performed  will  be  readily 

5  apparent  to  those  skilled  in  the  art.  Alternative  embodiments  will  also  suggest  themselves.  For  example 
some  economy  (at  the  expense  of  speed)  may  be  derived  by  employing  a  single  correlation  channel  only 
and  having  orthogonal  reference  waveforms  stored  in  ROM.  Further  economy  results  on  the  generation  of 
ROM  addresses  is  performed  by  the  micro-computer.  For  yet  further  economy  the  ROM  storage  may  be 
replaced  by  computer  memory  storage.  However,  the  embodiment  as  described  with  reference  to  Figure  3 

io  is  considered  to  be  a  good  compromise  between  the  speed  and  modularity  of  dedicated  hardware  and  the 
flexibility  and  arithmetic  capability  of  a  micro-computer. 

Claims 

is  1.  A  frequency  response  analyser  comprising: 
a  signal  generator  (12,  14,  15,  16,  34,  35,  36,  37)  for  providing  a  periodic  driving  signal; 
means  for  relaying  the  driving  signal  to  a  system  under  test  (10,  33); 
means  (11,  301)  for  receiving  an  output  signal  from  a  system  under  test  (10,  33); 
means  (19,  116)  for  deriving  a  reference  signal  of  digital  form; 

20  a  multiplying  digital  to  analogue  converter  (18,  31)  having  an  analogue  input,  a  digital  input  and  an 
analogue  output,  the  analogue  input  being  connected  to  receive  said  output  signal  and  the  digital  input 
being  connected  to  receive  said  reference  signal;  and 
an  integrating  analogue  to  digital  converter  (101); 
characterised  in  that  the  integrating  analogue  to  digital  converter  (101)  is  arranged  to  convert  the  output 

25  of  the  multiplying  digital  to  analogue  converter  (18)  over  an  integral  number  of  periods  of  the  driving 
signal,  and  said  reference  signal  varies  as  a  first  reference  function  during  a  first  period  to  establish  a 
first  characterising  co-efficient  and  varies  as  a  second  reference  function  during  a  second  period  to 
establish  a  second  characterising  co-efficient. 

30  2.  A  frequency  response  analyser  as  claimed  in  claim  1  ,  characterised  in  that  said  reference  signal  varies 
as  a  sine  function  of  the  same  period  as  the  driving  signal  and  a  second  multiplying  digital  to  analogue 
converter  (103)  is  arranged  to  multiply  the  output  signal  by  a  second  reference  signal  which  varies  as  a 
cosine  function  of  the  same  period  as  the  driving  signal,  a  second  integrating  analogue  to  digital 
converter  (106)  being  arranged  to  convert  the  output  of  the  second  multiplying  digital  to  analogue 

35  converter  (103)  over  an  integral  number  of  periods  of  the  driving  signal. 

3.  A  frequency  response  analyser  as  claimed  in  claim  1  or  claim  2,  characterized  in  that  the  multiplying 
digital  to  analogue  converter  (31)  is  of  the  one  quadrant  type,  and  means  (305)  is  included  to  add  in  a 
dc  level  to  the  analogue  input,  and  means  (110)  is  included  to  subtract  a  related  dc  level  intermediate 

40  the  multiplying  digital  to  analogue  converter  (31)  and  the  integrating  analogue  to  digital  converter  (308). 

4.  A  frequency  response  analyser  as  claimed  in  claim  1  or  claim  2,  characterized  in  that  the  multiplying 
digital  to  analogue  converter  (31)  is  of  the  two  quadrant  type,  allowing  its  analogue  input  to  be  of  either 
polarity,  and  sign  variation  of  the  reference  signal  is  accommodated  by  arranging  for  the  analogue  input 

45  to  be  inverted  whenever  the  reference  signal  should  take  on  a  negative  value. 

5.  A  frequency  response  analyser  as  claimed  in  any  preceding  claim,  characterized  in  that  the  means  for 
deriving  the  reference  signal  includes  a  memory  (19,  39)  having  values  of  the  required  reference 
function  stored  therein. 

50 
6.  A  frequency  response  analyser  as  claimed  in  claim  5,  characterized  in  that  the  memory  (39)  is 

arranged  to  store  values  of  the  harmonics  of  the  reference  signal,  so  that  the  harmonics  can  be  used  in 
correlation. 

55  7.  A  frequency  response  analyzer  as  claimed  in  any  preceding  claim,  characterized  in  that  demodulation 
is  achieved  by  rectifying  the  received  signal  to  one  polarity  during  a  first  half  cycle  of  a  carrier  period, 
and  to  the  other  polarity  during  the  second  half  cycle. 

12 
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8.  A  frequency  response  analyser  as  claimed  in  claim  7,  characterized  in  that  a  polarity  switch  (115) 
connected  to  selectively  invert  the  received  signal  is  included  and  controlled  (116)  to  invert  the  output 
signal  at  every  alternate  half  cycle  of  the  carrier  to  provide  rectification  prior  to  connection  to  the 
multiplying  digital  to  analogue  converter  (18). 

5 
9.  A  frequency  response  analyser  as  claimed  in  claim  7,  characterised  in  that  the  polarity  of  the  reference 

signal  is  switched  by  selectively  addressing  samples  of  an  inverse  reference  function  stored  in  memory 
(104)  together  with  the  reference  signal  samples. 

w  Patentanspruche 

1.  Ein  Frequenzganganalysator,  umfassend: 
einen  Signalgenerator  (12,  14,  15,  34,  36,  37)  fur  das  Bereitstellen  eines  periodischen  Treibersi- 

gnals; 
is  Mittel  (16,  35)  fur  die  Ubertragung  des  Treibersignals  zu  einem  zu  prufenden  System  (10,  33); 

Mittel  (11,  301)  fur  den  Empfang  eines  Ausgangssignals  von  einem  zu  prufenden  System  (10,  33); 
Mittel  (19,  116)  fur  das  Ableiten  eines  Referenzsignals  digitaler  Form; 
einen  multiplizierenden  Digital-Analog-Umsetzer  (18,  31)  mit  einem  Analogeingang,  einem  Digital- 

eingang  und  einem  Analogausgang,  wobei  der  Analogeingang  angeschlossen  ist  zum  Empfang  des 
20  Ausgangssignals  und  der  Digitaleingang  angeschlossen  ist  zum  Empfang  des  Referenzsignals,  und 

einen  integrierenden  Analog-Digital-Umsetzer  (101),  dadurch  gekennzeichnet,  dal3  der  integrierende 
Analog-Digital-Umsetzer  (101)  ausgebildet  ist  zum  Umsetzen  des  Ausgangs  des  multiplizierenden 
Digital-Analog-Umsetzers  (18)  uber  eine  ganzzahlige  Anzahl  von  Perioden  des  Treibersignals,  und  das 
Referenzsignal  sich  als  eine  erste  Referenzfunktion  wahrend  einer  ersten  Periode  andert  zum  Etablie- 

25  ren  eines  ersten  charakterisierenden  Koeffizienten  und  sich  als  eine  zweite  Referenzfunktion  andert 
wahrend  einer  zweiten  Periode  zum  Etablieren  eines  zweiten  charakterisierenden  Koeffizienten. 

2.  Ein  Frequenzganganalysator  nach  Anspruch  1,  dadurch  gekennzeichnet,  dal3  das  Referenzsignal  sich 
als  Sinusfunktion  derselben  Periode  wie  das  Treibersignal  andert,  und  ein  zweiter  multiplizierender 

30  Digital-Analog-Umsetzer  (103)  ausgebildet  ist  zum  Multiplizieren  des  Ausgangssignals  mit  einem 
zweiten  Referenzsignal,  das  sich  als  eine  Kosinusfunktion  derselben  Periode  wie  das  Treibersignal 
andert,  wobei  ein  zweiter  integrierender  Analog-Digital-Umsetzer  (106)  ausgebildet  ist  zum  Umsetzen 
des  Ausgangs  des  zweiten  multiplizierenden  Digital-Analog-Umsetzers  (103)  uber  eine  ganzzahlige 
Anzahl  von  Perioden  des  Treibersignals. 

35 
3.  Ein  Frequenzganganalysator  nach  Anspruch  1  oder  Anspruch  2,  dadurch  gekennzeichnet,  dal3  der 

multiplizierende  Digital-Analog-Umsetzer  (31)  vom  Einquadrantentyp  ist,  und  Mittel  (305)  eingefugt  sind 
zum  Einfuhren  eines  Gleichspannungspegels  zu  dem  analogen  Eingang,  und  dal3  Mittel  (110)  eingefugt 
sind  zum  Subtrahieren  eines  bezogenen  Gleichspannungspegels  zwischen  dem  multiplizierenden 

40  Digital-Analog-Umsetzer  (31)  und  dem  integrierenden  Analog-Digital-Umsetzer  (308). 

4.  Ein  Frequenzganganalysator  nach  Anspruch  1  oder  Anspruch  2,  dadurch  gekennzeichnet,  dal3  der 
multiplizierende  Digital-Analog-Umsetzer  (31)  vom  Zweiquadrantentyp  ist,  was  ermoglicht,  dal3  sein 
Analogeingang  von  beiden  Polaritaten  sein  kann,  und  dal3  Vorzeichenanderung  des  Referenzsignals 

45  berucksichtigt  wird  durch  Sorgen  fur  das  Invertieren  des  Analogeingangs  immer  dann,  wenn  das 
Referenzsignal  einen  negativen  Wert  annehmen  sollte. 

5.  Ein  Frequenzganganalysator  nach  einem  der  vorangehenden  Anspruche,  dadurch  gekennzeichnet,  dal3 
die  Mittel  fur  das  Ableiten  eines  Referenzsignals  einen  Speicher  (19,  39)  umfassen,  in  welchem  Werte 

50  der  erforderlichen  Referenzfunktion  gespeichert  sind. 

6.  Ein  Frequenzganganalysator  nach  Anspruch  5,  dadurch  gekennzeichnet,  dal3  der  Speicher  (39)  ausge- 
bildet  ist  zum  Speichern  von  Werten  der  Harmonischen  des  Referenzsignals,  so  dal3  die  Harmonischen 
in  Korrelation  benutzt  werden  konnen. 

55 
7.  Ein  Frequenzganganalysator  nach  einem  der  vorangehenden  Anspruche,  dadurch  gekennzeichnet,  dal3 

Demodulation  erzielt  wird  durch  Gleichrichten  des  empfangenen  Signals  auf  eine  Polaritat  wahrend 
eines  ersten  Halbzyklus  einer  Tragerperiode  und  auf  die  andere  Polaritat  wahrend  des  zweiten 

13 
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Halbzyklus. 

8.  Ein  Frequenzganganalysator  nach  Anspruch  7,  dadurch  gekennzeichnet,  dal3  ein  Polaritatsschalter 
(115),  angeschlossen  zum  selektiven  Invertieren  des  empfangenen  Signals,  eingefugt  ist  und  gesteuert 

5  (116)  wird  zum  Invertieren  des  Ausgangssignals  bei  jedem  zweiten  Halbzyklus  des  Tragers  zum 
Bewirken  der  Gleichrichtung  vor  der  Verbindung  zu  dem  multiplizierenden  Digital-Analog-Umsetzer 
(18). 

9.  Ein  Frequenzganganalysator  nach  Anspruch  7,  dadurch  gekennzeichnet,  dal3  die  Polaritat  des  Refe- 
io  renzsignals  geschaltet  wird  durch  selektives  Addressieren  von  Abtastwerten  einer  inversen  Referenz- 

funktion,  abgespeichert  im  Speicher  (104)  zusammen  mit  den  Referenzsignalabtastwerten. 

Revendicatlons 

is  1.  Analyseur  de  reponse  en  frequence  comprenant: 
-  un  generateur  de  signal  (12,  14,  15,  34,  36,  37)  pour  fournir  un  signal  d'attaque  periodique; 
-  un  moyen  (16,  35)  pour  relayer  le  signal  d'attaque  vers  un  systeme  soumis  a  un  test  (10,  33); 
-  un  moyen  (11,  301)  pour  recevoir  un  signal  de  sortie  d'un  systeme  soumis  a  un  test  (10,  33); 
-  un  moyen  (19,  116)  pour  determiner  un  signal  de  reference  de  forme  numerique; 

20  -  un  convertisseur  numerique-analogique  multiplieur  (18,  31)  ayant  une  entree  analogique,  une 
entree  numerique  et  une  sortie  analogique,  I'entree  analogique  etant  connectee  pour  recevoir  ledit 
signal  de  sortie  et  I'entree  numerique  etant  connectee  pour  recevoir  ledit  signal  de  reference;  et 

-  un  convertisseur  analogique-numerique  integrateur  (101); 
caracterise  en  ce  que  le  convertisseur  analogique-numerique  integrateur  (101)  est  adapte  a 

25  convertir  la  sortie  du  convertisseur  numerique-analogique  multiplieur  (18)  sur  un  nombre  entier  de 
periodes  du  signal  d'attaque,  et  en  ce  que  ledit  signal  de  reference  varie  comme  une  premiere  fonction 
de  reference  au  cours  d'une  premiere  periode  pour  etablir  un  premier  coefficient  caracteristique  et 
varie  comme  une  seconde  fonction  de  reference  pendant  une  seconde  periode  pour  etablir  un  second 
coefficient  caracteristique. 

30 
2.  Analyseur  de  reponse  en  frequence  selon  la  revendication  1,  caracterise  en  ce  que  ledit  signal  de 

reference  varie  comme  une  fonction  sinus  ayant  la  meme  periode  que  le  signal  d'attaque  et  en  ce 
qu'un  second  convertisseur  numerique-analogique  multiplieur  (103)  est  adapte  a  multiplier  le  signal  de 
sortie  par  un  second  signal  de  reference  qui  varie  comme  une  fonction  cosinus  ayant  la  meme  periode 

35  que  le  signal  d'attaque,  un  second  convertisseur  analogique-numerique  integrateur  (106)  etant  adapte  a 
convertir  la  sortie  du  second  convertisseur  numerique-analogique  multiplieur  (103)  sur  un  nombre  entier 
de  periodes  du  signal  d'attaque. 

3.  Analyseur  de  reponse  en  frequence  selon  la  revendication  1  ou  la  revendication  2,  caracterise  en  ce 
40  que  le  convertisseur  numerique-analogique  multiplieur  (31)  est  du  type  a  un  quadrant  et  en  ce  qu'un 

moyen  (305)  est  prevu  pour  additionner  un  niveau  continu  a  I'entree  analogique,  et  un  moyen  (110)  est 
prevu  pour  soustraire  un  niveau  continu  dependant  du  premier  entre  le  convertisseur  numerique- 
analogique  multiplieur  (31)  et  le  convertisseur  analogique-numerique  integrateur  (308). 

45  4.  Analyseur  de  reponse  en  frequence  selon  la  revendication  1  ou  la  revendication  2,  caracterise  en  ce 
que  le  convertisseur  numerique-analogique  multiplieur  (31)  est  du  type  a  deux  quadrants,  ce  qui 
permet  a  son  entree  analogique  d'avoir  I'une  des  deux  polarites,  et  en  ce  que  les  variations  de  signe 
du  signal  de  reference  sont  prises  en  compte  en  faisant  en  sorte  que  I'entree  analogique  soit  inversee 
chaque  fois  que  le  signal  de  reference  prend  un  valeur  negative. 

50 
5.  Analyseur  de  reponse  en  frequence  selon  I'une  quelconque  des  revendications  precedentes,  caracteri- 

se  en  ce  que  le  moyen  de  determination  du  signal  de  reference  comporte  une  memoire  (19,  39)  dans 
laquelle  sont  stockees  des  valeurs  de  la  fonction  de  reference  requise. 

55  6.  Analyseur  de  reponse  en  frequence  selon  la  revendication  5,  caracterise  en  ce  que  la  memoire  (39)  est 
adaptee  a  stacker  des  valeurs  des  harmoniques  du  signal  de  reference  de  fagon  a  ce  que  ces 
harmoniques  puissent  etre  utilises  par  correlation. 
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Analyseur  de  reponse  en  frequence  selon  I'une  quelconque  des  revendications  precedentes,  caracteri- 
se  en  ce  qu'une  demodulation  est  effectuee  par  redressement  du  signal  regu  de  fagon  a  ce  qu'il 
presente  une  polarite  au  cours  d'un  demi-cycle  d'une  periode  de  porteuse  et  a  ce  qu'il  ait  I'autre 
polarite  pendant  le  deuxieme  demi-cycle. 

Analyseur  de  reponse  en  frequence  selon  la  revendication  7,  caracterise  en  ce  qu'un  commutateur  de 
polarite  (115)  connecte  pour  inverser  selectivement  le  signal  regu,  est  prevu  et  commande  (116)  pour 
inverser  le  signal  de  sortie  un  demi-cycle  sur  deux  de  la  porteuse  et  pour  produire  un  redressement 
avant  connexion  au  convertisseur  numerique-analogique  multiplieur  (18). 

Analyseur  de  reponse  en  frequence  selon  la  revendication  7,  caracterise  en  ce  que  la  polarite  du  signal 
de  reference  est  commutee  par  acces  selectif  a  des  echantillons  d'une  fonction  de  reference  inverse 
stockee  en  memoire  (104)  en  meme  temps  que  les  echantillons  du  signal  de  reference. 
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