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©  Signal  multiplier  device. 
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©  The  signal  multiplier  device  SMD  multiplies  two 
signals  11  and  12  applied  to  its  input  terminals  and 
generates  a  digital  pulse  signal  OUT  proportional  to 
the  result  of  this  multiplicaiton  at  a  terminal  OUT.  It 
includes  a  first  pulse  density  modulator  PDM1  con- 
verting  11  to  a  1-bit  word  signal  C  which  controls  a 
switch  S  to  connect  12  either  directly  or  via  an 
invertor  I  to  an  input  of  a  second  pulse  density 
modulator  PDM2,  depending  on  the  value  of  C. 

The  device  can  be  included  in  a  device,  e.g.  an 
electric  energy  meter  to  measure  the  integral  of  the 
product  of  11  and  12  or  the  power  of  an  electric 
power  signal  in  case  of  an  electric  energy  meter,  in 
which  case  11  is  the  voltage  signal  of  the  electrical 
power  signal,  whilst  12  is  the  current  signal  or  vice- 
versa.  The  number  of  pulses  of  the  digital  pulse 
signal  OUT  generated  during  a  predetermined  time 
interval  is  indicative  of  the  power  consumption  of  a 
user  receiver  the  electric  power  signal  via  the  meter. 
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The  present  invention  relates  to  a  signal  multi- 
plier  device  to  multiply  a  first  signal  and  an  analog 
second  signal. 

Such  a  multiplier  device  is  already  known  in 
the  art  and  is  for  instance  described  in  the  book 
"Analog  Integrated  Circuit  Design"  by  Alan  B. 
Grebene,  published  by  the  Van  Nostrand  Reinhold 
Company,  1972,  and  more  particularly  on  pp.  218- 
234  thereof. 

Known  signal  multipliers  such  as  those  de- 
scribed  in  the  latter  book  are  however  generally 
inaccurate  and  not  linear  due  to  offset  errors  as 
stated  on  pp.  218  and  219  of  the  book,  and  have  to 
include  circuitry  to  compensate  these  errors. 

An  object  of  the  invention  is  to  provide  a  signal 
multiplier  device  of  the  above  type  but  having  an 
improved  accuracy,  a  better  linearity,  and  a  re- 
duced  offset  error. 

This  object  is  achieved  due  to  the  fact  that  it 
includes  : 

-  a  conversion  means  to  convert  said  first  sig- 
nal  to  a  one-bit  word  pulse  density  modulated 
digital  signal  having  a  predetermined  bit  rate 
and  a  first  or  a  second  value; 

-  and  a  sampling  switch  controlled  at  said  pre- 
determined  bit  rate  by  said  one-bit  word  digi- 
tal  signal  to  selectively  sample  said  second 
signal  or  the  inverse  thereof  depending  on 
said  one-bit  word  digital  signal  having  said 
first  or  said  second  value  respectively,  there- 
by  producing  a  sampled  third  signal  indica- 
tive  of  the  product  of  said  first  and  second 
signals. 

It  may  indeed  be  shown  that  the  above  third 
signal  is  the  sum  of  a  term  proportional  to  the 
product  of  the  first  and  second  signals  and  of  error 
terms  which  may  be  reduced  to  a  negligible  value 
by  using  for  example  as  conversion  means  a  pulse 
density  modulator  with  a  relatively  high  sampling 
rate. 

Another  characteristic  feature  of  the  multiplier 
device  according  to  the  invention  is  that  it  addition- 
ally  includes  an  analog-to-digital  second  conversion 
means  to  convert  said  sampled  third  signal  to  a 
digital  output  pulse  signal. 

The  second  conversion  means  thereby  gen- 
erates  a  signal  from  which  a  concrete  result  value 
of  the  multiplication  can  more  easily  be  derived 
than  from  the  third  signal.  Again  a  pulse  density 
modulator  or  a  multiple  byte  Sigma-Delta  modula- 
tor  can  be  used  as  analog-to-digital  conversion 
means,  thus  maintaining  the  advantages  resulting 
from  the  use  of  the  first  pulse  density  modulator, 
i.e.  the  improved  linearity,  the  accurracy  and  the 
low  offset  error. 

A  further  characteristic  feature  of  the  multiplier 
according  to  the  invention  is  that  it  is  part  of  a 
device  for  determining  the  integral  of  the  product  of 

said  first  and  analog  second  signals  over  a  pre- 
determined  time  interval,  said  device  further  includ- 
ing  a  counter  means  to  count  the  number  of  pulses 
of  said  digital  output  pulse  signal  generated  by 

5  said  second  conversion  means  within  said  pre- 
determined  time  interval. 

The  number  of  digital  pulses  over  the  predeter- 
mined  interval  of  the  signal  generated  by  the  sec- 
ond  conversion  means  is  indeed  indicative  of  the 

io  integral  of  the  product  of  the  signals  applied  to  the 
device  over  the  same  time  interval.  Such  a  device 
is  for  instance  an  electric  energy  meter  to  measure 
the  power  of  an  electrical  power  signal  applied  to  it, 
said  first  and  analog  second  signals  being  indica- 

75  tive  of  the  voltage  and  of  the  current  of  said  elec- 
trical  power  signal. 

The  invention  also  relates  to  a  device  for  deter- 
mining  the  integral  of  the  product  of  a  first  signal 
and  an  analog  second  signal  over  a  predetermined 

20  time  interval  and  including  a  signal  multiplier  de- 
vice  to  multiply  said  first  signal  with  said  analog 
second  signal. 

This  device  is  characterized  in  that  said  signal 
multiplier  device  is  as  per  any  of  the  claims  3  to  5 

25  and  that  said  device  additionally  includes  a  counter 
means  to  count  the  number  of  pulses  of  said  digital 
output  pulse  signal  generated  by  said  second  con- 
version  means  within  said  predetermined  time  in- 
terval. 

30  It  is  clear  that  the  result  of  this  count  is  indica- 
tive  of  the  mentioned  integral.  Such  a  device  is  for 
instance  an  electric  energy  meter  as  described 
above. 

The  above  mentioned  and  other  objects  and 
35  features  of  the  invention  will  become  more  appar- 

ent  and  the  invention  itself  will  be  best  understood 
by  referring  to  the  following  description  of  an  em- 
bodiment  taken  in  conjunction  with  the  accompany- 
ing  drawings  wherein  : 

40  Fig.  1  represents  a  functional  diagram  of  a  sig- 
nal  multiplier  device  SMD  according  to  the  in- 
vention;  and 
Fig.  2  shows  an  energy  meter  including  the 
signal  multiplier  device  SMD  of  Fig.  1. 

45  The  signal  multiplier  device  SMD  of  Fig.  1  has 
input  terminals  11,  12  and  an  output  terminal  OUT 
and  includes  two  pulse  density  modulator  circuits, 
or  one-bit  sigma-delta  modulators  PDM1  and 
PDM2,  a  change-over  sampling  switch  S  and  an 

50  inverter  circuit  I.  Input  terminal  11  is  connected  to 
an  input  of  PDM1  whose  output  C  is  connected  to 
a  control  input  of  S  to  control  S  by  means  of  a 
control  signal  C.  Input  terminal  12  is  connected  to 
two  inputs  of  S,  on  the  one  hand  directly  and  on 

55  the  other  hand  via  the  inverter  input  I.  An  output  x 
of  S,  where  a  signal  x  is  generated,  is  connected  to 
an  input  of  PDM2.  An  output  of  PDM2  constitutes 
the  output  terminal  OUT  of  the  device. 

2 
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One-bit  sigma-delta  modulators  such  as  PDM1 
and  PDM2,  are  generally  known  in  the  art.  There- 
fore  none  of  them  is  described  in  more  detail. 

Following  is  a  description  of  the  operation  of 
the  above  signal  multiplier  device  it  being  assumed 
that  analog  signals  11  and  12  are  applied  to  the  like 
named  input  terminals  11  and  12. 

The  analog  signal  11  is  converted  by  PDM1  to 
a  one-bit  word  digital  signal  C  whose  value  is  either 
equal  to  +1  or  to  -1  and  the  average  value  of 
which  is  proportional  to  the  amplitude  of  11.  At  the 
rhythm  of  its  bit  rate  PDM1  controls  the  sampling 
switch  S.  The  latter  accordingly  applies  12  to  PDM2 
directly  when  the  word  value  of  C  is  +1  or  via  I 
when  this  word  value  is  -1  .  Consequently  the  sam- 
pled  signal  x  provided  at  the  output  x  of  S  is  equal 
to  12  or  to  -12  and  therefore  to  the  sampled  product 
of  the  digital  signal  C  and  the  analog  signal  12. 
Since  C  is  proportional  to  12  this  product  is  also 
proportional  to  11  12.  In  PDM2  the  sampled  signal  x 
is  then  converted  to  a  one-bit  word  digital  signal 
OUT. 

Following  is  a  mathematical  proof  of  the  fact 
that  the  signal  x  as  well  as  the  output  signal  OUT 
are  proportional  to  the  product  of  11  and  12. 

As  generally  known  the  signal  C  at  the  output 
of  the  modulator  PDM1  may  be  written  : 

C  =  k1.H  +  e1  (1) 

where  k1  is  the  average  gain  of  the  modulator 
PDM1  and  e1  is  the  quantizing  error  which  as  a 
result  of  the  noise  shaping  operation  of  the  pulse 
density  modulator  mainly  contains  high  frequency 
components  inversely  proportional  to  the  operation 
rate  of  PDM1,  the  DC  value  of  e1  being  zero.  The 
signal  x  at  the  output  of  the  switch  S  may  be 
written  as  : 

x  =  12  when  C  =  1 
x  =  -12  when  C  =  -1  or,  in  closed  form, 
x  =  I2.C  (2) 

Taking  the  relation  (1)  into  account  the  signal  x 
thus  becomes  : 

x  =  k1.  11.12  +  e1.l2  (3) 

The  first  term  of  relation  (3)  is  thus  indeed 
proportional  to  the  product  of  the  signals  11  and  12, 
whilst  the  second  term  thereof  represents  an  error 
due  to  the  earlier  mentioned  quantizing  error.  This 
second  term  becomes,  as  mentioned  earlier  small- 
er  with  increasing  operation  sampling  rate  and  is 
minimized  by  making  the  latter  rate  relatively  high. 
The  signal  OUT  may  likewise  be  written  as  : 

OUT  =  k2.x  +  e2  (4) 

Taking  the  relation  (3)  into  acount  the  relation  (4) 
becomes  : 

5  OUT  =  k2.k1.  11.12  +  k1.e1.l2  +  e2  (5) 

where  11,  12,  e1  and  e2  are  functions  of  time. 
The  first  term  of  relation  (5)  is  thus  indeed 

proportional  to  the  product  of  11  and  12.  The  two 
io  other  terms  of  (5)  are  as  the  second  term  of  (3) 

error  terms  which  are  function  of  the  above  quan- 
tizing  errors  e1  and  e2.  These  terms  cause  noise 
of  the  device,  but  may  be  made  negligibly  small  by 
making  the  sampling  rates  of  the  modulators  rela- 

15  tively  high,  as  explained  earlier.  Their  time-average 
(DC  value)  is  zero. 

It  has  to  be  noted  that  instead  of  being  an 
analog  signal  11  may  be  a  multiple-bit  word  digital 
signal,  or  even  a  one-bit  word  digital  signal,  the 

20  signal  x  being  then  the  product  of  a  multiple-bit  or 
a  one-bit  word  digital  signal  with  an  analog  signal. 

The  electric  energy  meter  of  Fig.  2  measures 
the  electric  energy  a  subscriber  has  consumed 
over  a  predetermined  time  interval,  said  subscriber 

25  receiving  an  electric  power  signal  via  said  meter.  It 
includes  the  signal  multiplier  device  SMD  of  Fig.  1, 
and  a  counter  circuit  C.  The  terminal  OUT  of  SMD 
is  connected  to  an  input  of  C  which  is  controlled  by 
a  signal  T  and  which  generates  at  a  like-named 

30  terminal  an  output  signal  0.  If  the  signals  11  and  12 
applied  to  SMD  are  the  voltage  and  current  of  the 
electrical  signal,  then  OUT  is  indicative  of  the  cor- 
responding  power  thereof.  By  counting  in  C  the 
number  of  pulses  generated  at  OUT  during  a  pre- 

35  determined  period,  a  measure  is  thus  obtained  of 
the  power  consumption  of  the  mentioned  subscrib- 
er  during  that  period.  The  result  of  this  count  is 
generated  at  O  and  T  controls  C  to  start  counting 
at  the  beginning  of  the  latter  time  interval  and  to 

40  generate  O  and  reset  the  count  at  the  end  of  the 
interval. 

It  has  to  be  noted  that  in  this  electric  energy 
meter  only  the  DC  value  of  the  voltage-current 
product  is  of  importance.  Since  e1  and  e2  of  ex- 

45  pression  (5)  contain  no  DC  part,  the  DC  value  of  (5) 
indeed  corresponds  to  the  required  product,  i.e.  it 
is  proportional  to  the  electric  energy  of  the  elec- 
trical  signal  producing  11  and  12. 

It  has  also  to  be  noted  that  a  meter  as  de- 
50  scribed  above  can  be  used  to  determine  the  in- 

tegral  of  the  product  of  any  other  type  of  signals 
applied  to  11  and  12. 

While  the  principles  of  the  invention  have  been 
described  above  in  connection  with  specific  ap- 

55  paratus,  it  is  to  be  clearly  understood  that  this 
description  is  made  only  by  way  of  example  and 
not  as  a  limitation  on  the  scope  of  the  invention. 

3 
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Claims 

1.  Signal  multiplier  device  to  multiply  a  first  signal 
(11)  and  an  analog  second  signal  (12),  char- 
acterized  in  that  it  includes  : 

-  a  conversion  means  (PDM1)  to  convert 
said  first  signal  (11)  to  a  one-bit  word 
pulse  density  modulated  digital  signal  (C) 
having  a  predetermined  bit  rate  and  a 
first  or  a  second  value; 

-  and  a  sampling  switch  (S)  controlled  at 
said  predetermined  bit  rate  by  said  one- 
bit  word  digital  signal  (C)  to  selectively 
sample  said  second  signal  or  the  inverse 
thereof  depending  on  said  one-bit  word 
digital  signal  (C)  having  said  first  or  said 
second  value  respectively,  thereby  pro- 
ducing  a  sampled  third  signal  (x)  indica- 
tive  of  the  product  of  said  first  and  sec- 
ond  signals. 

2.  Signal  multiplier  device  according  to  claim  1, 
characterized  in  that  said  conversion  means  is 
constituted  by  a  pulse  density  modulator 
(PDM1). 

3.  Signal  multiplier  device  according  to  claim  1, 
characterized  in  that  it  additionally  includes  an 
analog-to-digital  second  conversion  means 
(PDM2)  to  convert  said  sampled  third  signal  (x) 
to  a  digital  output  pulse  signal  (OUT). 

4.  Signal  multiplier  device  according  to  claim  3, 
characterized  in  that  said  second  conversion 
means  is  constituted  by  a  second  pulse  den- 
sity  modulator  (PDM2). 

5.  Signal  multiplier  device  according  to  claim  3, 
characterized  in  that  said  second  conversion 
means  is  constituted  by  a  multiple  bit  Sigma- 
Delta  modulator. 

cative  of  the  voltage  and  of  the  current  of  said 
electrical  power  signal. 

8.  Device  for  determining  the  integral  of  the  prod- 
5  uct  of  a  first  signal  (11)  and  an  analog  second 

signal  (12)  over  a  predetermined  time  interval 
and  including  a  signal  multiplier  device  (SMD) 
to  multiply  said  first  signal  (11)  with  said  analog 
second  signal  (12),  characterized  in  that  said 

io  signal  multiplier  device  is  as  per  any  of  the 
claims  3  to  5  and  that  said  device  additionally 
includes  a  counter  mens  (C)  to  count  the  num- 
ber  of  pulses  of  said  digital  output  pulse  signal 
(OUT)  generated  by  said  second  conversion 

is  means  (PDM2)  within  said  predetermined  time 
interval. 

9.  Device  according  to  claim  8,  characterized  in 
that  it  is  an  electric  energy  meter  to  measure 

20  the  power  of  an  electrical  power  signal  applied 
to  it  and  that  said  first  signal  (11)  and  said 
analog  second  (12)  signals  are  indicative  of  the 
voltage  and  of  the  current  of  said  electrical 
power  signal. 

30 

35 

40 

6.  Signal  multiplier  device  according  to  claim  3, 
characterized  in  that  it  is  part  of  a  device  for 
determining  the  integral  of  the  product  of  said  45 
first  and  analog  second  signals  over  a  pre- 
determined  time  interval,  said  device  further 
including  a  counter  means  (C)  to  count  the 
number  of  pulses  of  said  digital  output  pulse 
signal  (OUT)  generated  by  said  second  con-  50 
version  means  (PDM2)  within  said  predeter- 
mined  time  interval. 

7.  Signal  multiplier  device  according  to  claim  6, 
characterized  in  that  said  device  is  an  electric  55 
energy  meter  to  measure  the  power  of  an 
electrical  power  signal  applied  to  it,  said  first 
(11)  and  analog  second  (12)  signals  being  indi- 

4 
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