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A  speech  enhancement  apparatus. 

©  An  apparatus  for  enhancing  speech  sounds  in- 
cludes  an  input  circuit  for  receiving  speech  sounds 
and  for  converting  said  speech  into  a  speech  signal; 
a  rectifier  for  rectifying  the  speech  signal;  a  first  time 
constant  circuit  for  applying  a  first  time  constant  to 
the  output  of  the  rectifier;  a  second  time  constant 
circuit  for  applying  a  second  time  constant  to  the 

output  of  the  rectifier;  a  divider  for  obtaining  the  ratio 
of  the  output  of  the  first  time  constant  circuit  to  the 
output  of  the  second  time  constant  circuit;  a  multi- 
plier  for  multiplying  the  speech  signal  by  the  ratio 
obtained  by  the  divider;  and  an  output  circuit  for 
converting  the  output  of  the  multiplier  into  speech 
sounds. 
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shown  in  Figure  16C.  When  no  pulse  is  sent  to  the 
amplifier  101,  the  original  speech  signal  input  to 
the  amplifier  101  is  output  therefrom  with  a  gain  of 
1  (one),  i.e.,  without  any  amplification. 

5  Such  a  conventional  speech  enhancement  ap- 
paratus  amplifies  only  a  specific  consonant  of  the 
speech  signal  with  the  predetermined  amount  of 
gain,  since  the  gain  of  the  amplifier  101  is  con- 
trolled  based  on  a  pulse  output  of  the  one-shot 

w  mono/multivibrator  106.  The  gain  of  the  amplifier 
101  drastically  changes  when  the  pulse  output  of 
the  one-shot  mono/multivibrator  106  is  switched. 
This  causes  distortion.  Further,  the  conventional 
speech  enhancement  apparatus  amplifies  conso- 

75  nants  having  different  levels  from  each  other  with 
the  same  gain,  since  the  gain  of  the  amplifier  101 
is  predetermined.  As  a  result,  it  is  impossible  to 
amplify  various  kinds  of  consonants  to  an  appro- 
priate  level. 

20 
SUMMARY  OF  THE  INVENTION 

The  apparatus  for  enhancing  speech  of  this 
invention,  includes:  an  input  circuit  for  receiving  a 

25  speech  and  for  converting  the  speech  into  a 
speech  signal;  a  rectifier  coupled  to  the  input  cir- 
cuit  for  rectifying  the  speech  signal;  a  first  time 
constant  circuit  coupled  to  the  rectifier  for  applying 
a  first  time  constant  to  the  output  of  the  rectifier;  a 

30  second  time  constant  circuit  coupled  to  the  rectifier 
for  applying  a  second  time  constant  to  the  output 
of  the  rectifier,  the  second  time  constant  being 
different  from  the  first  time  constant;  a  divider 
coupled  to  the  first  time  constant  circuit  and  the 

35  second  time  constant  circuit  for  obtaining  a  ratio  of 
the  output  of  the  first  time  constant  circuit  to  the 
output  of  the  second  time  constant  circuit;  a  multi- 
plier  coupled  to  the  input  circuit  and  the  divider  for 
multiplying  the  speech  signal  by  the  ratio  obtained 

40  by  the  divider;  and  an  output  circuit  coupled  to  the 
multiplier  for  converting  the  output  of  the  multiplier 
into  speech. 

In  one  embodiment  of  the  invention,  the  first 
time  constant  is  smaller  than  the  second  time  con- 

45  stant. 
In  another  embodiment  of  the  invention,  the 

divider  outputs  a  signal  of  1  (one)  to  the  multiplier 
when  the  output  of  the  second  time  constant  circuit 
is  zero. 

50  In  another  embodiment  of  the  invention,  the 
apparatus  further  includes:  a  third  time  constant 
circuit  coupled  to  the  divider  for  applying  a  third 
time  constant  to  the  output  of  the  divider,  wherein 
the  multiplier  multiplies  the  speech  signal  by  the 

55  output  of  the  third  time  constant  circuit. 
In  another  embodiment  of  the  invention,  the 

apparatus  further  includes:  a  limiter  coupled  to  the 
divider  for  limiting  the  output  of  the  divider  within  a 

BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention: 

The  present  invention  relates  to  a  speech  en- 
hancement  apparatus  for  enhancing  rising  portions 
of  speech  including  consonants. 

2.  Description  of  the  Related  Art: 

Figure  15  shows  a  basic  configuration  of  a 
conventional  speech  enhancement  apparatus.  The 
speech  enhancement  apparatus  includes  an  am- 
plifier  101  for  amplifying  a  speech  signal,  a  gap 
detector  102  for  detecting  a  silence  component,  an 
envelope  follower  103  for  following  an  envelope  of 
the  speech  signal,  a  zero  crossing  detector  104  for 
determining  the  zero  crossing  frequency  of  the 
speech  signal,  and  a  differentiator  105  for  deter- 
mining  the  rate  of  change  in  the  speech  signal.  The 
speech  enhancement  apparatus  further  includes  a 
one-shot  mono/multivibrator  106  which  generates  a 
pulse  on  the  basis  of  the  output  from  the  gap 
detector  102,  the  differentiator  105,  and  the  zero 
crossing  detector  104  so  as  to  control  the  amplifier 
101. 

The  operation  of  such  a  conventional  speech 
enhancement  apparatus  will  be  described  with  ref- 
erence  to  Figures  16A  to  16C.  Figure  16A  shows  a 
waveform  of  an  input  speech  signal.  The  input 
speech  signal  is  sent  to  the  amplifier  101,  the  gap 
detector  102,  the  envelope  follower  103,  and  the 
zero  crossing  detector  104.  The  gap  detector  102 
detects  a  silence  component  of  the  received 
speech  signal  and  outputs  the  result  to  the  one- 
shot  mono/multivibrator  106.  The  envelope  follower 
103  follows  an  envelope  of  the  received  speech 
signal  and  outputs  the  result  to  the  differentiator 
105.  The  differentiator  105  determines  the  rate  of 
change  in  the  envelope  and  outputs  the  result  to 
the  one-shot  mono/multivibrator  106.  The  zero 
crossing  detector  104  determines  the  zero  crossing 
frequency  of  the  received  speech  signal  and  out- 
puts  the  result  to  the  one-shot  mono/multivibrator 
106.  Based  on  the  outputs  from  the  gap  detector 
102,  the  differentiator  105,  and  the  zero  crossing 
detector  104,  the  one-shot  mono/multi  vibrator  106 
generates  a  pulse  having  a  waveform  as  shown  in 
Figure  16B.  The  pulse  is  generated  when  a  silence 
component  of  the  speech  signal  shifts  to  a  sound 
component  thereof  and  lasts  until  both  the  zero 
crossing  frequency  and  the  rate  of  change  in  the 
envelope  become  sufficiently  high.  The  pulse  gen- 
erated  by  the  one-shot  mono/multivibrator  106  is 
sent  to  the  amplifier  101.  On  receipt  of  the  pulse, 
the  amplifier  101  amplifies  the  input  speech  signal 
with  a  predetermined  amount  of  gain,  and  outputs 
an  amplified  speech  signal  having  a  waveform  as 
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predetermined  range  defined  by  at  least  one  of  a 
lower  limit  and  an  upper  limit,  and  wherein  the 
multiplier  multiplies  the  speech  signal  by  the  output 
of  the  limiter. 

In  another  embodiment  of  the  invention,  the 
lower  limit  of  the  limiter  is  1  (one). 

In  another  embodiment  of  the  invention,  a  third 
time  constant  circuit  coupled  to  the  divider  for 
applying  a  third  time  constant  to  the  output  of  the 
divider,  and  a  limiter  coupled  to  the  third  time 
constant  circuit  for  limiting  the  output  of  the  third 
time  constant  circuit  within  a  predetermined  range 
defined  by  at  least  one  of  a  lower  limit  and  an 
upper  limit,  and  wherein  the  multiplier  multiplies 
the  speech  signal  by  the  output  of  the  limiter. 

In  another  embodiment  of  the  invention,  the 
lower  limit  of  the  limiter  is  1  (one). 

In  another  aspect  of  this  invention,  an  appara- 
tus  for  enhancing  speech  includes:  an  input  circuit 
for  receiving  speech  and  for  converting  the  speech 
into  a  speech  signal;  a  rectifier  coupled  to  the  input 
circuit  for  rectifying  the  speech  signal;  a  first  time 
constant  circuit  coupled  to  the  rectifier  for  applying 
a  first  time  constant  to  the  output  of  the  rectifier;  a 
second  time  constant  circuit  coupled  to  the  rectifier 
for  applying  a  second  time  constant  to  the  output 
of  the  rectifier,  the  second  time  constant  being 
different  from  the  first  time  constant;  a  divider 
coupled  to  the  first  time  constant  circuit  and  the 
second  time  constant  circuit  for  obtaining  the  ratio 
of  the  output  of  the  first  time  constant  circuit  to  the 
output  of  the  second  time  constant  circuit;  a  level 
detector  coupled  to  the  input  circuit  for  detecting 
an  instantaneous  level  of  the  speech  signal;  an 
average  level  detector  coupled  to  the  input  circuit 
for  detecting  an  average  level  obtained  by  averag- 
ing  the  speech  signal  for  a  predetermined  time 
period;  a  comparator  coupled  to  the  level  detector 
and  the  average  level  detector  for  obtaining  the 
difference  between  the  instantaneous  level  detect- 
ed  by  the  level  detector  and  the  average  level 
detected  by  the  average  level  detector,  and  for 
outputting  a  coefficient  signal  based  on  a  compari- 
son  result  of  the  difference  and  a  predetermined 
threshold  value;  a  third  time  constant  circuit  coup- 
led  to  the  comparator  for  applying  a  third  time 
constant  to  the  coefficient  signal  output  from  the 
comparator;  a  control  circuit  coupled  to  the  divider 
and  the  third  time  constant  circuit  for  selectively 
outputting  one  of  the  output  of  the  divider  and  the 
output  of  the  third  time  constant  circuit  based  on 
the  output  of  the  third  time  constant  circuit;  a 
multiplier  coupled  to  the  input  circuit  and  the  con- 
trol  circuit  for  multiplying  the  speech  signal  by  the 
output  of  the  control  circuit;  and  an  output  circuit 
coupled  to  the  multiplier  for  converting  the  output 
of  the  multiplier  into  a  speech. 

In  one  embodiment  of  the  invention,  the  first 
time  constant  is  smaller  than  the  second  time  con- 
stant. 

In  another  embodiment  of  the  invention,  the 
5  divider  outputs  a  signal  of  1  (one)  to  the  multiplier 

when  the  output  of  the  second  time  constant  circuit 
is  zero. 

In  another  aspect  of  this  invention,  an  appara- 
tus  for  enhancing  speech  includes:  an  input  circuit 

w  for  receiving  speech  and  for  converting  the  speech 
into  a  speech  signal;  a  rectifier  coupled  to  the  input 
circuit  for  rectifying  the  speech  signal;  a  first  time 
constant  circuit  coupled  to  the  rectifier  for  applying 
a  first  time  constant  to  the  output  of  the  rectifier;  a 

75  second  time  constant  circuit  coupled  to  the  rectifier 
for  applying  a  second  time  constant  to  the  output 
of  the  rectifier,  the  second  time  constant  being 
different  from  the  first  time  constant;  a  divider 
coupled  to  the  first  time  constant  circuit  and  the 

20  second  time  constant  circuit  for  obtaining  a  ratio  of 
the  output  of  the  first  time  constant  circuit  to  the 
output  of  the  second  time  constant  circuit;  a  third 
time  constant  circuit  coupled  to  the  rectifier  for 
applying  a  third  time  constant  to  the  output  of  the 

25  rectifier;  a  fourth  time  constant  circuit  coupled  to 
the  rectifier  for  applying  a  fourth  time  constant  to 
the  output  of  the  rectifier,  the  fourth  time  constant 
being  different  from  the  third  time  constant;  a  com- 
parator  coupled  to  the  third  time  constant  circuit 

30  and  the  fourth  time  constant  circuit  for  obtaining 
the  difference  between  the  output  of  the  third  time 
constant  circuit  and  the  output  of  the  fourth  time 
constant  circuit,  and  for  outputting  a  coefficient 
signal  based  on  the  result  of  the  comparison  of  the 

35  difference  and  a  predetermined  threshold  value;  a 
fifth  time  constant  circuit  coupled  to  the  comparator 
for  applying  a  fifth  time  constant  to  the  coefficient 
signal  output  from  the  comparator;  a  control  circuit 
coupled  to  the  divider  and  the  fifth  time  constant 

40  circuit  for  selectively  outputting  one  of  the  output  of 
the  divider  and  the  output  of  the  fifth  time  constant 
circuit  based  on  the  output  of  the  fifth  time  con- 
stant  circuit;  a  multiplier  coupled  to  the  input  circuit 
and  the  control  circuit  for  multiplying  the  speech 

45  signal  by  the  output  of  the  control  circuit;  and  an 
output  circuit  coupled  to  the  multiplier  for  convert- 
ing  the  output  of  the  multiplier  circuit  into  speech. 

In  one  embodiment  of  the  invention,  the  first 
time  constant  is  smaller  than  the  second  time  con- 

50  stant. 
In  another  embodiment  of  the  invention,  the 

divider  outputs  a  signal  of  1  (one)  to  the  multiplier 
when  the  output  of  the  second  time  constant  circuit 
is  zero. 

55  According  to  the  speech  enhancement  appara- 
tus  of  the  present  invention,  the  difference  between 
speech  levels  in  the  rising  portion  of  the  speech 
can  be  obtained  by  the  use  of  different  time  con- 
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stants.  The  speech  sounds  are  enhanced  based  on 
the  change  of  speech  levels  by  amplifying  the 
input  speech  by  the  use  of  the  ratio  of  this  dif- 
ference.  As  a  result,  the  rising  portion  of  the 
speech  including  consonants  is  enhanced.  Since 
the  time  constants  change  continuously,  clear  and 
natural  speech  can  be  output  without  distortion, 
even  if  the  degree  of  amplification  of  the  speech  is 
drastically  changed. 

Thus,  the  invention  described  herein  makes 
possible  the  advantage  of  providing  a  speech  en- 
hancement  apparatus  capable  of  controlling  the 
gain  smoothly  with  a  simple  process  by  determin- 
ing  a  degree  of  amplification  of  the  speech  based 
on  the  change  of  the  speech  level. 

This  and  other  advantages  of  the  present  in- 
vention  will  become  apparent  to  those  skilled  in  the 
art  upon  reading  and  understanding  the  following 
detailed  description  with  reference  to  the  accom- 
panying  figures. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  block  diagram  of  a  first  example 
of  the  speech  enhancement  apparatus  according  to 
the  present  invention. 

Figures  2A  to  2E  are  diagrams  showing 
waveforms  of  a  speech  signal  at  different  stages  in 
the  process  by  the  first  example  of  the  speech 
enhancement  apparatus  according  to  the  present 
invention. 

Figure  3A  is  a  diagram  showing  waveforms  of 
original  speech  sounds  and  enhanced  speech 
sounds. 

Figure  3B  is  a  diagram  showing  the  actual 
relationship  between  the  waveform  of  the  speech 
and  the  level  (or  energy)  of  the  speech. 

Figure  4  is  a  block  diagram  of  a  second  exam- 
ple  of  the  speech  enhancement  apparatus  accord- 
ing  to  the  present  invention. 

Figures  5A  to  5E  are  diagrams  showing 
waveforms  of  a  speech  signal  at  different  stages  in 
the  process  by  the  second  example  of  the  speech 
enhancement  apparatus  according  to  the  present 
invention. 

Figure  6  is  a  block  diagram  of  a  third  example 
of  the  speech  enhancement  apparatus  according  to 
the  present  invention. 

Figures  7A  to  7F  are  diagrams  showing 
waveforms  of  a  speech  signal  at  different  stages  in 
the  process  by  the  third  example  of  the  speech 
enhancement  apparatus  according  to  the  present 
invention. 

Figures  8A  to  8F  are  diagrams  showing 
waveforms  of  a  speech  signal  at  different  stages  in 
the  process  by  the  third  example  of  the  speech 
enhancement  apparatus  according  to  the  present 
invention. 

Figure  9  is  a  block  diagram  of  a  fourth  example 
of  the  speech  enhancement  apparatus  according  to 
the  present  invention. 

Figures  10A  to  10F  are  diagrams  showing 
5  waveforms  of  a  speech  signal  at  different  stages  in 

the  process  by  the  fourth  example  of  the  speech 
enhancement  apparatus  according  to  the  present 
invention. 

Figure  11  is  a  block  diagram  of  a  fifth  example 
w  of  the  speech  enhancement  apparatus  according  to 

the  present  invention. 
Figures  12A  to  12J  are  diagrams  showing 

waveforms  of  a  speech  signal  at  different  stages  in 
the  process  by  the  fifth  example  of  the  speech 

75  enhancement  apparatus  according  to  the  present 
invention. 

Figure  13  is  a  block  diagram  of  a  sixth  exam- 
ple  of  the  speech  enhancement  apparatus  accord- 
ing  to  the  present  invention. 

20  Figures  14A  to  14J  are  diagrams  showing 
waveforms  of  a  speech  signal  at  different  stages  in 
the  process  by  the  sixth  example  of  the  speech 
enhancement  apparatus  according  to  the  present 
invention. 

25  Figure  15  is  a  block  diagram  of  a  conventional 
speech  enhancement  apparatus. 

Figures  16A  to  16C  are  diagrams  showing 
waveforms  of  a  speech  signal  at  different  stages  in 
the  process  by  the  conventional  speech  enhance- 

30  ment  apparatus. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

The  present  invention  will  be  described  by  way 
of  examples  with  reference  to  the  accompanying 
drawings. 

Example  1 

35 

40 
Figure  1  shows  the  configuration  of  a  first  ex- 

ample  of  the  speech  enhancement  apparatus  ac- 
cording  to  the  present  invention.  The  speech  en- 
hancement  apparatus  includes  an  input  circuit  10,  a 

45  rectifier  11,  a  first  time  constant  circuit  12,  a  sec- 
ond  time  constant  circuit  13,  a  divider  14,  a  multi- 
plier  15  and  an  output  circuit  16. 

The  input  circuit  10  receives  a  speech  and 
then  converts  the  received  speech  into  an  electric 

50  signal.  In  this  specification,  this  electric  signal  is 
referred  to  as  a  "speech  signal".  The  rectifier  11 
rectifies  the  output  of  the  input  circuit  10.  The  first 
time  constant  circuit  12  applies  a  first  time  constant 
to  the  output  of  the  rectifier  11.  The  second  time 

55  constant  circuit  13  applies  a  second  time  constant 
which  is  different  from  the  first  time  constant  to  the 
output  of  the  rectifier  11.  The  first  and  second  time 
constants  each  is  a  parameter  which  determines 
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the  length  of  time  in  which  a  signal  is  changed 
from  a  predetermined  level  to  another  predeter- 
mined  level.  The  divider  14  divides  the  output  of 
the  first  time  constant  circuit  12  by  the  output  of 
the  second  time  constant  circuit  13  so  as  to  cal- 
culate  the  ratio  of  the  output  of  the  first  time 
constant  circuit  12  to  the  output  of  the  second  tine 
constant  circuit  13.  The  multiplier  15  multiplies  the 
output  of  the  input  circuit  10  by  the  output  of  the 
divider  14  so  as  to  amplify  the  output  of  the  input 
circuit  10  with  the  ratio  calculated  by  the  divider 
14.  The  output  circuit  16  converts  the  output  of  the 
multiplier  15  into  speech. 

Next,  referring  to  Figures  2A  to  2E,  the  opera- 
tion  of  the  speech  enhancement  apparatus  of  this 
example  will  be  described. 

Figures  2A  to  2E  show  waveforms  of  the 
speech  signal  at  points  (a)  to  (e)  shown  in  Figure  1. 
For  simplicity  of  the  explanation,  it  is  assumed  that 
the  speech  signal  at  point  (a)  has  a  rectangular- 
shaped  waveform  having  a  rising  edge  and  a  falling 
edge,  as  is  shown  in  Figure  2A.  This  is  because 
the  present  invention  is  characterized  by  the  en- 
hancement  of  the  rising  portion  of  the  speech  sig- 
nal.  However,  the  present  invention  can  be  applied 
to  a  speech  signal  having  arbitrary  waveform. 

The  input  circuit  10  receives  speech,  and  con- 
verts  the  received  speech  into  a  speech  signal. 
The  speech  signal  is  supplied  to  the  rectifier  11. 
The  rectifier  11  performs  a  full-wave  rectification  of 
the  speech  signal  so  as  to  output  the  resultant 
speech  signal  to  the  first  and  second  time  constant 
circuits  12  and  13. 

The  first  time  constant  circuit  12  applies  a  first 
time  constant  to  the  output  of  the  rectifier  11.  The 
first  time  constant  includes  an  attack  time  Ta1  cor- 
responding  to  the  rising  portion  of  the  speech 
signal  and  a  release  time  Tr1  corresponding  to  the 
falling  portion  of  the  speech  signal.  The  attack  time 
Ta1  is  a  time  period  (t2  -  ti)  shown  in  Figure  2B, 
and  the  release  time  Tr1  is  a  time  period  (t5  -  t+) 
shown  in  Figure  2B. 

The  second  time  constant  circuit  13  applies  a 
second  time  constant  to  the  output  of  the  rectifier 
11.  The  second  time  constant  includes  an  attack 
time  Ta2  corresponding  to  the  rising  portion  of  the 
speech  signal  and  a  release  time  Tr2  corresponding 
to  the  falling  portion  of  the  speech  signal  as  time 
constants.  The  attack  time  Ta2  is  a  time  period  (t3  - 
ti  )  shown  in  Figure  2C,  and  the  release  time  Tr2  is 
a  time  period  (te  -  1+)  shown  in  Figure  2C. 

These  time  constants  satisfy  the  relationship  of 
Tai   ̂ Ta2  and  Tr1   ̂ Tr2.  In  addition,  it  is  preferable 
that  the  attack  time  Ta1  is  smaller  than  30  msec. 
This  is  because  there  exists  a  feature  information 
of  a  consonant  within  30  msec  from  the  rising  time 
ti  .  It  is  preferable  that  the  attack  time  Ta2  is  smaller 
than  50  msec.  This  is  because,  when  the  attack 

time  Ta2  is  more  than  50  msec,  the  influence  of  a 
vowel  on  the  enhancement  of  the  speech  becomes 
too  large,  which  prevents  an  appropriate  enhance- 
ment  of  a  consonant. 

5  Figure  2B  shows  the  waveform  of  the  output  of 
the  first  time  constant  circuit  12,  and  Figure  2C 
shows  the  waveform  of  the  output  of  the  second 
time  constant  circuit  13.  Since  the  above-men- 
tioned  relationship  is  satisfied  in  time  constants,  the 

w  slope  of  the  rising  portion  of  the  speech  signal  in 
Figure  2C  is  smaller  than  the  slope  of  the  rising 
portion  of  the  speech  signal  in  Figure  2B,  and  the 
slope  of  the  falling  portion  of  the  speech  signal  in 
Figure  2C  is  smaller  than  the  slope  of  the  falling 

75  portion  of  the  speech  signal  in  Figure  2B. 
If  the  output  of  the  second  time  constant  circuit 

13  is  not  zero,  the  divider  14  calculates  the  ratio  of 
the  output  of  the  first  time  constant  circuit  12  to  the 
output  of  the  second  time  constant  circuit  13,  and 

20  outputs  the  calculated  ratio  to  the  multiplier  15.  If 
the  output  of  the  second  time  constant  circuit  13  is 
zero,  the  divider  14  outputs  a  constant  coefficient 
of  1  (one)  to  the  multiplier  15. 

Figure  2D  shows  the  waveform  of  the  output  of 
25  the  divider  14.  As  is  shown  in  Figure  2D,  the  output 

of  the  divider  14  (referred  to  as  a  "coefficient")  is 
equal  to  1  (one)  at  first,  then  gradually  increases  up 
to  a  peak  level  and  comes  back  to  1  (one)  after  the 
peak  level  in  response  to  the  rising  portion  of  the 

30  speech  signal.  The  coefficient  gradually  decreases 
and  comes  back  to  1  (one)  in  response  to  the 
falling  portion  of  the  speech  signal. 

The  multiplier  15  multiplies  the  speech  signal 
shown  in  Figure  2A  by  the  coefficient  shown  in 

35  Figure  2D.  As  a  result,  a  speech  signal  having  an 
enhanced  rising  portion  is  obtained  as  the  output  of 
the  multiplier  15,  as  is  shown  in  Figure  2E.  The 
output  of  the  multiplier  15  is  supplied  to  the  output 
circuit  16.  The  output  circuit  16  converts  the  output 

40  of  the  multiplier  15  into  speech.  Thus,  speech 
having  an  enhanced  rising  portion  of  the  input 
speech  is  output  from  the  output  circuit  16. 

Figure  3A  shows  the  waveform  of  an  original 
speech  which  is  input  to  the  speech  enhancement 

45  apparatus  and  the  waveform  of  an  enhanced 
speech  which  is  output  from  the  speech  enhance- 
ment  apparatus.  The  enhanced  rising  portion  of  the 
speech  is  indicated  by  an  arrow.  In  this  specifica- 
tion,  "rising  portion  of  the  speech"  is  defined  as  a 

50  portion  in  which  the  level  (or  energy)  of  the  speech 
is  rising.  The  enhancement  of  the  rising  portion  of 
the  speech  is  very  useful  to  improve  the  intelligibil- 
ity  of  consonants,  especially  plosives  such  as  /p/, 
IV,  Ikl,  Ibl,  161  and  Igl. 

55  Figure  3B  shows  the  actual  relationship  be- 
tween  the  waveform  of  the  speech  and  the  level  (or 
energy)  of  the  speech. 
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Thus,  according  to  the  speech  enhancement 
apparatus  having  the  configuration  mentioned 
above,  the  rising  portion  of  the  speech  is  enhanced 
based  on  the  difference  between  the  time  con- 
stants.  Since  the  time  constants  change  continu- 
ously,  the  degree  of  amplification  of  the  speech  is 
not  drastically  changed.  As  a  result,  clear  and 
natural  speech  can  be  obtained  without  distortion. 

Example  2 

Figure  4  shows  the  configuration  of  a  second 
example  of  the  speech  enhancement  apparatus 
according  to  the  present  invention.  The  second 
example  is  different  from  the  first  example  in  that  a 
third  time  constant  circuit  20  is  inserted  between 
the  divider  14  and  the  multiplier  15.  The  output  of 
the  divider  14  is  coupled  to  the  third  time  constant 
circuit  20.  The  output  of  the  third  time  constant 
circuit  20  is  coupled  to  the  multiplier  15.  In  Figure 
4,  the  same  components  as  the  first  example  have 
the  same  reference  numerals,  and  the  explanation 
thereof  will  be  omitted. 

The  third  time  constant  circuit  20  applies  a 
third  time  constant  to  the  output  of  the  divider  14. 
The  third  time  constant  includes  an  attack  time  Ta3 
corresponding  to  a  rising  portion  of  the  speech 
signal  and  a  release  time  Tr3  corresponding  to  a 
falling  portion  of  the  speech  signal.  The  attack  time 
Ta3  and  the  release  time  Tr3  satisfy  the  relationship 
of  Ta3   ̂ Tr3.  The  attack  time  Ta3  may  be  0  msec. 

Figures  5A  to  5E  show  waveforms  of  the 
speech  signal  at  points  (a)  to  (e)  shown  in  Figure  4. 
In  Figure  5D,  the  solid  line  indicates  the  output  of 
the  third  time  constant  circuit  20,  and  the  broken 
line  indicates  the  output  of  the  divider  14. 

Thus,  according  to  the  speech  enhancement 
apparatus  having  the  configuration  mentioned 
above,  the  rising  portion  of  the  speech  is  enhanced 
based  on  the  difference  between  the  time  con- 
stants.  In  addition,  the  duration  of  the  enhancement 
can  be  controlled  depending  on  the  third  time 
constant.  Since,  in  man  cases,  the  rising  portion  of 
the  speech  includes  a  consonant  and  a  vowel,  it  is 
possible  to  enhance  the  transition  from  the  con- 
sonant  to  the  vowel.  As  a  result,  clear  and  natural 
speech  can  be  obtained. 

Example  3 

Figure  6  shows  the  configuration  of  a  third 
example  of  the  speech  enhancement  apparatus 
according  to  the  present  invention.  The  third  exam- 
ple  is  different  from  the  first  example  in  that  a 
limiter  21  is  inserted  between  the  divider  14  and 
the  multiplier  15.  The  output  of  the  divider  14  is 
coupled  to  the  limiter  21.  The  output  of  the  limiter 
21  is  coupled  to  the  multiplier  15.  In  Figure  6,  the 

same  components  as  the  first  example  has  the 
same  reference  numerals,  and  the  explanation 
thereof  will  be  omitted. 

The  limiter  21  limits  the  output  of  the  divider 
5  14  within  the  range  from  a  lower  limit  to  an  upper 

limit.  For  example,  the  upper  limit  is  5  and  the 
lower  limit  is  1  (one). 

Figures  7A  to  7F  show  waveforms  of  the 
speech  signal  at  points  (a)  to  (f)  shown  in  Figure  6. 

w  In  Figure  7E,  the  solid  line  indicates  the  output  of 
the  limiter  21,  and  the  broken  line  indicates  the 
output  of  the  divider  14. 

Thus,  according  to  the  speech  enhancement 
apparatus  having  the  configuration  mentioned 

75  above,  the  rising  portion  of  the  speech  is  enhanced 
based  on  the  difference  between  the  time  con- 
stants.  In  addition,  the  excessive  amplification  of 
the  rising  portion  of  the  speech  can  be  avoided  by 
the  use  of  the  upper  limit  of  the  limiter  21,  and  the 

20  attenuation  of  the  speech  can  be  avoided  by  the 
use  of  the  lower  limit  of  the  limiter  21.  Since,  in 
many  cases,  the  rising  portion  of  the  speech  in- 
cludes  a  consonant  and  a  vowel,  it  is  possible  to 
avoid  a  different  sound  from  the  original  which  is 

25  caused  by  the  excessive  amplification  of  the  con- 
sonant  and  to  avoid  the  distortion  which  is  caused 
by  the  attenuation  of  the  vowel.  As  a  result,  clear 
and  natural  speech  can  be  obtained. 

Alternatively,  the  limiter  21  may  only  set  the 
30  lower  limit  without  setting  the  upper  limit.  For  ex- 

ample,  the  lower  limit  is  1  (one).  In  this  case,  the 
attenuation  of  the  speech  can  be  avoided  by  the 
use  of  the  lower  limit  of  the  limiter  21. 

Figures  8A  to  8F  show  waveforms  of  the 
35  speech  signal  at  points  (a)  to  (f)  shown  in  Figure  6 

in  the  case  where  the  limiter  21  only  sets  the  lower 
limit  without  setting  the  upper  limit. 

Example  4 
40 

Figure  9  shows  the  configuration  of  a  fourth 
example  of  the  speech  enhancement  apparatus 
according  to  the  present  invention.  The  fourth  ex- 
ample  is  different  from  the  first  example  in  that  a 

45  third  time  constant  circuit  20  and  a  limiter  21  are 
inserted  between  the  divider  14  and  the  multiplier 
15.  Specifically,  the  fourth  example  is  a  combina- 
tion  of  the  second  example  with  the  third  example. 
In  Figure  9,  the  same  components  as  the  first 

50  example  have  the  same  reference  numerals,  and 
the  explanation  thereof  will  be  omitted. 

The  third  time  constant  circuit  20  applies  a 
third  time  constant  to  the  output  of  the  divider  14. 
The  third  time  constant  includes  an  attack  time  Ta3 

55  corresponding  to  a  rising  portion  of  the  speech 
signal  and  a  release  time  Tr3  corresponding  to  a 
falling  portion  of  the  speech  signal.  The  attack  time 
Ta3  and  the  release  time  Tr3  satisfy  the  relationship 
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of  Ta3   ̂ Tr3.  The  attack  time  Ta3  may  be  0  msec. 
The  limiter  21  limits  the  output  of  the  third  time 

constant  circuit  20  within  the  range  from  a  lower 
limit  to  an  upper  limit.  For  example,  the  upper  limit 
is  5  and  the  lower  limit  is  1  (one). 

Figures  10A  to  10F  show  waveforms  of  the 
speech  signal  at  points  (a)  to  (f)  shown  in  Figure  9. 
In  Figure  10D,  a  solid  line  indicates  the  output  of 
the  third  time  constant  circuit  20,  and  a  broken  line 
indicates  the  output  of  the  divider  14.  In  Figure 
10E,  a  solid  line  indicates  the  output  of  the  limiter 
21,  and  a  broken  line  indicates  the  output  of  the 
third  time  constant  circuit  20. 

Thus,  according  to  the  speech  enhancement 
apparatus  having  the  configuration  mentioned 
above,  the  rising  portion  of  the  speech  is  enhanced 
based  on  the  difference  between  the  time  con- 
stants.  In  addition,  the  duration  of  the  enhancement 
can  be  controlled  depending  on  the  third  time 
constant.  The  excessive  amplification  of  the  rising 
portion  of  the  speech  can  be  avoided  by  the  use  of 
the  upper  limit  of  the  limiter  21  ,  and  the  attenuation 
of  the  speech  can  be  avoided  by  the  use  of  the 
lower  limit  of  the  limiter  21.  Since,  in  many  cases, 
the  rising  portion  of  the  speech  includes  a  con- 
sonant  and  a  vowel,  it  is  possible  to  enhance  the 
transition  from  the  consonant  to  the  vowel.  It  is  also 
possible  to  avoid  a  different  sound  from  the  original 
which  is  caused  by  the  excessive  amplification  of 
the  consonant  and  to  avoid  the  distortion  which  is 
caused  by  the  attenuation  of  the  vowel.  As  a  result, 
a  clear  and  natural  speech  can  be  obtained. 

Example  5 

Figure  11  shows  the  configuration  of  a  fifth 
example  of  the  speech  enhancement  apparatus 
according  to  the  present  invention.  The  fifth  exam- 
ple  is  different  from  the  first  example  in  that  a 
circuit  for  restraining  an  impulsive  sound  is  added. 
The  circuit  includes  a  level  detector  31  for  detect- 
ing  an  instantaneous  level  of  the  output  of  the  input 
circuit  10,  an  average  level  detector  32  for  detect- 
ing  an  average  level  obtained  by  averaging  the 
output  of  the  input  circuit  10  for  a  predetermined 
time  period,  a  comparator  33  for  comparing  the 
difference  between  the  output  of  the  level  detector 
31  and  the  output  of  the  average  level  detector  32 
with  a  predetermined  threshold  value  so  as  to 
output  the  comparison  result,  a  third  time  constant 
circuit  34  for  applying  a  third  time  constant  to  the 
output  of  the  comparator  33,  and  a  control  circuit 
40  for  controlling  the  selection  of  one  of  the  output 
of  divider  14  and  the  output  of  the  third  time 
constant  circuit  34  depending  on  the  output  of  the 
third  time  constant  circuit  34.  In  Figure  11,  the 
same  components  as  the  first  example  has  the 
same  reference  numerals,  and  the  explanation 

thereof  will  be  omitted. 
Next,  referring  to  Figures  12A  to  12J,  the  op- 

eration  of  the  speech  enhancement  apparatus  of 
this  example  will  be  described. 

5  Figures  12A  to  12J  show  waveforms  of  the 
speech  signal  at  points  (a)  to  (j)  shown  in  Figure 
11.  For  simplicity  of  the  explanation,  it  is  assumed 
that  the  impulsive  sound  and  the  speech  signal  at 
point  (a)  have  a  rectangular-shaped  waveform  hav- 

w  ing  a  rising  edge  and  a  falling  edge,  as  is  shown  in 
Figure  12A.  This  is  because  the  present  invention 
is  characterized  by  the  enhancement  of  a  rising 
portion  of  the  speech  signal.  However,  the  present 
invention  can  be  applied  to  a  speech  signal  having 

75  arbitrary  waveforms. 
The  input  circuit  10  receives  speech  and  then 

converts  the  received  speech  into  an  electric  signal 
(i.e.  speech  signal).  The  speech  signal  is  supplied 
to  the  rectifier  11,  the  level  detector  31  and  the 

20  average  level  detector  32. 
The  level  detector  31  detects  an  instantaneous 

level  of  the  speech  signal,  as  is  shown  in  Figure 
12E.  The  average  level  detector  32  detects  an 
average  level  obtained  by  averaging  the  speech 

25  signal  for  a  predetermined  time  period,  as  is  shown 
in  Figure  12F.  The  instantaneous  level  detected  by 
the  level  detector  31  and  the  average  level  de- 
tected  by  the  average  level  detector  32  are  sup- 
plied  to  the  comparator  33. 

30  The  comparator  33  calculates  the  difference 
between  the  instantaneous  level  detected  by  the 
level  detector  31  and  the  average  level  detected  by 
the  average  level  detector  32,  and  then  compares 
the  calculated  difference  with  a  predetermined 

35  threshold  value.  When  the  calculated  difference  is 
greater  than  or  equal  to  the  predetermined  thresh- 
old  value,  the  comparator  33  outputs  a  value  small- 
er  than  1  (one)  to  the  third  time  constant  circuit  34. 
For  example,  the  value  smaller  than  1  (one)  may 

40  be  0.3.  However,  the  value  smaller  than  1  (one)  is 
not  limited  to  a  fixed  value.  The  value  smaller  than 
1  (one)  may  change  depending  on  the  amplitude  of 
the  impulsive  sound.  When  the  calculated  differ- 
ence  is  smaller  than  the  predetermined  threshold 

45  value,  the  comparator  33  outputs  a  value  of  1  (one) 
to  the  third  time  constant  circuit  34.  The  output  of 
the  comparator  33  is  shown  in  Figure  12G.  The 
output  of  the  comparator  33  is  used  as  a  coefficient 
in  the  multiplier  15,  which  described  later. 

50  The  third  time  constant  circuit  34  applies  a 
third  time  constant  to  the  coefficient  output  from 
the  comparator  33.  The  third  time  constant  in- 
cludes  an  attack  time  Ta3  corresponding  to  a  rising 
portion  of  the  speech  signal  and  a  release  time  Tr3 

55  corresponding  to  a  falling  portion  of  the  speech 
signal.  The  attack  time  Ta3  and  the  release  time  Tr3 
satisfy  the  relationship  of  Ta3   ̂ Tr3  in  order  for  the 
coefficient  to  come  back  to  1  (one)  smoothly.  This 
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is  useful  to  avoid  the  occurrence  of  noises.  The 
attack  time  Ta3  may  be  0  msec.  The  output  of  the 
third  time  constant  circuit  34  is  shown  in  Figure 
12H. 

The  control  circuit  40  receives  the  coefficient 
from  the  divider  14  and  the  coefficient  from  the 
third  time  constant  circuit  34.  When  the  coefficient 
from  the  third  time  constant  circuit  34  is  smaller 
than  1  (one),  the  control  circuit  40  outputs  the 
coefficient  from  the  third  time  constant  circuit  34  to 
the  multiplier  15.  When  the  coefficient  from  the 
third  time  constant  circuit  34  is  equal  to  1  (one), 
the  control  circuit  40  outputs  the  coefficient  from 
the  divider  14  to  the  multiplier  15.  The  output  of 
the  control  circuit  40  is  shown  in  Figure  121. 

The  multiplier  15  receives  the  speech  signal 
from  the  input  circuit  10  and  the  coefficient  from 
the  control  circuit  40,  and  multiplies  the  speech 
signal  by  the  coefficient.  The  output  of  the  multi- 
plier  15  is  shown  in  Figure  12J.  The  output  of  the 
multiplier  15  converted  into  speech  by  the  output 
circuit  16.  Thus,  speech  having  an  enhanced  rising 
portion  is  obtained  with  a  restrained  impulsive 
sound. 

Thus,  according  to  the  speech  enhancement 
apparatus  having  the  configuration  mentioned 
above,  the  rising  portion  of  the  speech  is  enhanced 
based  on  the  difference  between  the  time  con- 
stants.  In  addition,  an  impulsive  sound  is  restrained 
by  controlling  the  coefficient  to  the  speech  signal 
by  control  circuit  40.  As  a  result,  clear  and  natural 
speech  can  be  obtained  with  a  restrained  impulsive 
sound. 

Example  6 

Figure  13  shows  the  configuration  of  a  sixth 
example  of  the  speech  enhancement  apparatus 
according  to  the  present  invention.  The  sixth  exam- 
ple  is  different  from  the  first  example  in  that  a 
circuit  for  restraining  an  impulsive  sound  is  added. 
The  circuit  includes  a  third  time  constant  circuit  50 
for  applying  a  third  time  constant  to  the  output  of 
the  rectifier  11,  a  fourth  time  constant  circuit  51  for 
applying  a  fourth  time  constant  to  the  output  of  the 
rectifier  11,  a  comparator  52  for  comparing  the 
difference  between  the  output  of  the  third  time 
constant  circuit  50  and  the  output  of  the  fourth  time 
constant  circuit  51  with  a  predetermined  threshold 
value  so  as  to  output  the  comparison  result,  a  fifth 
time  constant  circuit  53  for  applying  a  fifth  time 
constant  to  the  output  of  the  comparator  52,  and  a 
control  circuit  40  for  controlling  to  select  one  of  the 
output  of  divider  14  and  the  output  of  the  fifth  time 
constant  circuit  53  depending  on  the  output  of  the 
fifth  time  constant  circuit  53.  In  Figure  13,  the  same 
components  as  the  first  example  have  the  same 
reference  numerals,  and  the  explanation  thereof  will 

be  omitted. 
Next,  referring  to  Figures  14A  to  14J,  the  op- 

eration  of  the  speech  enhancement  apparatus  of 
this  example  will  be  described. 

5  Figures  14A  to  14J  show  waveforms  of  the 
speech  signal  at  points  (a)  to  (j)  shown  in  Figure 
13.  For  simplicity  of  the  explanation,  it  is  assumed 
that  the  impulsive  sound  and  the  speech  signal  at 
point  (a)  have  a  rectangular-shaped  waveform  hav- 

w  ing  a  rising  edge  and  a  falling  edge,  as  is  shown  in 
Figure  14A.  This  is  because  the  present  invention 
is  characterized  by  the  enhancement  of  a  rising 
portion  of  the  speech  signal.  However,  the  present 
invention  can  be  applied  to  a  speech  signal  having 

75  arbitrary  waveforms. 
The  input  circuit  10  receives  a  speech,  and 

then  converts  the  received  speech  into  an  electric 
signal  (i.e.  speech  signal).  The  speech  signal  is 
supplied  to  the  rectifier  11.  The  rectifier  11  per- 

20  forms  a  full-wave  rectification  of  the  speech  signal 
so  as  to  output  the  resultant  speech  signal  to  the 
first,  second,  third  and  fourth  time  constant  circuits 
12,  13,  50  and  51. 

The  third  time  constant  circuit  50  applies  a 
25  third  time  constant  to  the  output  of  the  rectifier  11. 

The  third  time  constant  includes  an  attack  time  Ta3 
corresponding  to  a  rising  portion  of  the  speech 
signal  and  a  release  time  Tr3  corresponding  to  a 
falling  portion  of  the  speech  signal.  The  output  of 

30  the  third  time  constant  circuit  50  is  shown  in  Figure 
14E. 

The  fourth  time  constant  circuit  51  applies  a 
fourth  time  constant  to  the  output  of  the  rectifier  11. 
The  fourth  time  constant  includes  an  attack  time 

35  Ta4  corresponding  to  a  rising  portion  of  the  speech 
signal  and  a  release  time  Tr4  corresponding  to  a 
falling  portion  of  the  speech  signal.  The  output  of 
the  fourth  time  constant  circuit  51  is  shown  in 
Figure  14F. 

40  The  attack  times  Ta3  and  Ta4  and  the  release 
times  Tr3  and  Tr4  satisfy  the  relationship  of  Ta3  < 
Ta4  and  Tr3  <  Tr4. 

The  comparator  52  calculates  the  difference 
between  the  output  of  the  third  time  constant  circuit 

45  50  and  the  output  of  the  fourth  time  constant  circuit 
51,  and  then  compares  the  calculated  difference 
with  a  predetermined  threshold  value.  When  the 
calculated  difference  is  greater  than  or  equal  to  the 
predetermined  threshold  value,  the  comparator  52 

50  outputs  a  value  smaller  than  1  (one)  to  the  fifth 
time  constant  circuit  53.  For  example,  the  value 
smaller  than  1  (one)  may  be  0.3.  However,  the 
value  smaller  than  1  (one)  is  not  limited  to  a  fixed 
value.  The  value  smaller  than  1  (one)  may  change 

55  depending  on  the  amplitude  of  the  impulsive 
sound.  When  the  calculated  difference  is  smaller 
than  the  predetermined  threshold  value,  the  com- 
parator  52  outputs  a  value  of  1  (one)  to  the  fifth 
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time  constant  circuit  53.  The  output  of  the  com- 
parator  52  is  shown  in  Figure  14G.  The  output  of 
the  comparator  52  is  used  as  a  coefficient  in  the 
multiplier  15,  which  described  later. 

The  fifth  time  constant  circuit  53  applies  a  fifth 
time  constant  to  the  coefficient  output  from  the 
comparator  52.  The  fifth  time  constant  includes  an 
attack  time  Ta5  corresponding  to  a  rising  portion  of 
the  speech  signal  and  a  release  time  Tr5  cor- 
responding  to  a  falling  portion  of  the  speech  signal. 
The  attack  time  Ta5  and  the  release  time  Tr5  satisfy 
the  relationship  of  Ta5   ̂ Tr5  in  order  for  the  coeffi- 
cient  to  come  back  to  1  smoothly.  This  is  useful  to 
avoid  the  occurrence  of  noises.  The  attack  time  Ta5 
may  be  0  msec.  The  output  of  the  fifth  time  con- 
stant  circuit  53  is  shown  in  Figure  14H. 

The  control  circuit  40  receives  the  coefficient 
from  the  divider  14  and  the  coefficient  from  the  fifth 
time  constant  circuit  53.  When  the  coefficient  from 
the  fifth  time  constant  circuit  53  is  smaller  than  1 
(one),  the  control  circuit  40  outputs  the  coefficient 
from  the  fifth  time  constant  circuit  53  to  the  multi- 
plier  15.  When  the  coefficient  from  the  fifth  time 
constant  circuit  53  is  equal  to  1  (one),  the  control 
circuit  40  outputs  the  coefficient  from  the  divider  14 
to  the  multiplier  15.  The  output  of  the  control  circuit 
40  is  shown  in  Figure  141. 

The  multiplier  15  receives  the  speech  signal 
from  the  input  circuit  10  and  the  coefficient  from 
the  control  circuit  40,  and  multiplies  the  speech 
signal  by  the  coefficient.  The  output  of  the  multi- 
plier  15  is  shown  in  Figure  14J.  The  output  of  the 
multiplier  15  is  converted  into  a  speech  by  the 
output  circuit  16.  Thus,  speech  having  an  en- 
hanced  rising  portion  is  obtained  with  a  restrained 
impulsive  sound. 

Thus,  according  to  the  speech  enhancement 
apparatus  having  the  configuration  mentioned 
above,  the  rising  portion  of  the  speech  is  enhanced 
based  on  the  difference  between  the  time  con- 
stants.  In  addition,  an  impulsive  sound  is  restrained 
by  controlling  the  coefficient  to  the  speech  signal 
by  control  circuit  40.  As  a  result,  clear  and  natural 
speech  can  be  obtained  with  a  restrained  impulsive 
sound. 

In  examples  1  to  6,  the  rectifier  11  performs  a 
full-wave  rectification.  However,  the  rectifier  11  may 
perform  a  half-wave  rectification. 

In  examples  1  to  6,  the  release  time  Tr1  may 
be  the  same  as  the  release  time  Tr2.  In  this  case, 
the  output  of  the  divider  14  can  become  1  (one)  in 
the  time  corresponding  to  the  falling  portion  of  the 
speech  after  the  attack  time. 

In  example  5,  when  the  calculated  difference  is 
greater  than  or  equal  to  the  predetermined  thresh- 
old  value,  the  comparator  33  outputs  a  value  small- 
er  than  1  (one)  such  as  0.3  to  the  third  time 
constant  circuit  34.  However,  the  comparator  may 

output  arbitrary  value  which  is  greater  than  or  equal 
to  zero  and  is  smaller  than  1  (one)  instead  of  the 
value  smaller  than  1  (one). 

In  example  6,  when  the  calculated  difference  is 
5  greater  than  or  equal  to  the  predetermined  thresh- 

old  value,  the  comparator  52  outputs  a  value  small- 
er  than  1  (one)  such  as  0.3  to  the  fifth  time  con- 
stant  circuit  53.  However,  the  comparator  may  out- 
put  arbitrary  value  which  is  greater  than  or  equal  to 

w  zero  and  is  smaller  than  1  (one)  instead  of  the 
value  smaller  than  1  (one). 

In  example  5,  the  level  detector  31  detects  an 
instantaneous  level  of  the  speech  signal,  and  the 
average  level  detector  32  detects  an  average  level 

75  obtained  by  averaging  the  speech  signal  for  a 
predetermined  time  period.  However,  the  level  de- 
tector  31  may  detect  an  average  amplitude  or  an 
average  energy  for  a  short  period  and  the  average 
level  detector  32  may  detect  an  average  amplitude 

20  or  an  average  energy  for  a  long  period. 
Various  other  modifications  will  be  apparent  to 

and  can  be  readily  made  by  those  skilled  in  the  art 
without  departing  from  the  scope  and  spirit  of  this 
invention.  Accordingly,  it  is  not  intended  that  the 

25  scope  of  the  claims  appended  hereto  be  limited  to 
the  description  as  set  fourth  herein,  but  rather  that 
the  claims  be  broadly  construed. 

Claims 
30 

1.  An  apparatus  for  enhancing  speech,  compris- 
ing: 

input  means  for  receiving  speech  and  for 
converting  said  speech  into  a  speech  signal; 

35  rectifying  means  coupled  to  said  input 
means  for  rectifying  said  speech  signal; 

first  time  constant  means  coupled  to  said 
rectifying  means  for  applying  a  first  time  con- 
stant  to  the  output  of  said  rectifying  means; 

40  second  time  constant  means  coupled  to 
said  rectifying  means  for  applying  a  second 
time  constant  to  the  output  of  said  rectifying 
means,  said  second  time  constant  being  dif- 
ferent  from  said  first  time  constant; 

45  dividing  means  coupled  to  said  first  time 
constant  means  and  said  second  time  constant 
means  for  obtaining  a  ratio  of  the  output  of 
said  first  time  constant  means  to  the  output  of 
said  second  time  constant  means; 

50  multiplying  means  coupled  to  said  input 
means  and  said  dividing  means  for  multiplying 
said  speech  signal  by  said  ratio  obtained  by 
said  dividing  means;  and 

output  means  coupled  to  said  multiplying 
55  means  for  converting  the  output  of  said  mul- 

tiplying  means  into  speech. 
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second  time  constant  means  coupled  to 
said  rectifying  means  for  applying  a  second 
time  constant  to  the  output  of  said  rectifying 
means,  said  second  time  constant  being  dif- 
ferent  from  said  first  time  constant; 

dividing  means  coupled  to  said  first  time 
constant  means  and  said  second  time  constant 
means  for  obtaining  a  ratio  of  the  output  of 
said  first  time  constant  means  to  the  output  of 
said  second  time  constant  means; 

level  detecting  means  coupled  to  said  in- 
put  means  for  detecting  an  instantaneous  level 
of  said  speech  signal; 

average  level  detecting  means  coupled  to 
said  input  means  for  detecting  an  average  lev- 
el  obtained  by  averaging  said  speech  signal 
for  a  predetermined  period  of  time; 

comparing  means  coupled  to  said  level 
detecting  means  and  said  average  level  de- 
tecting  means  for  obtaining  the  difference  be- 
tween  said  instantaneous  level  detected  by 
said  level  detecting  means  and  said  average 
level  detected  by  said  average  level  detecting 
means,  and  for  outputting  a  coefficient  signal 
based  on  the  comparison  result  of  said  dif- 
ference  and  a  predetermined  threshold  value; 

third  time  constant  means  coupled  to  said 
comparing  means  for  applying  a  third  time 
constant  to  said  coefficient  signal  output  from 
said  comparing  means; 

control  means  coupled  to  said  dividing 
means  and  said  third  time  constant  means  for 
selectively  outputting  one  of  the  output  of  said 
dividing  means  and  the  output  of  said  third 
time  constant  means  based  on  the  output  of 
said  third  time  constant  means; 

multiplying  means  coupled  to  said  input 
means  and  said  control  means  for  multiplying 
said  speech  signal  by  the  output  of  said  con- 
trol  means;  and 

output  means  coupled  to  said  multiplying 
means  for  converting  the  output  of  said  mul- 
tiplying  means  into  speech. 

10.  An  apparatus  according  to  claim  9,  wherein 
said  first  time  constant  is  smaller  than  said 
second  time  constant. 

11.  An  apparatus  according  to  claim  9,  wherein 
said  dividing  means  outputs  a  signal  of  1  to 
said  multiplying  means  when  the  output  of  said 
second  time  constant  means  is  zero. 

12.  An  apparatus  for  enhancing  speech,  compris- 
ing: 

input  means  for  receiving  speech  and  for 
converting  said  speech  into  a  speech  signal; 

rectifying  means  coupled  to  said  input 

2.  An  apparatus  according  to  claim  1,  wherein 
said  first  time  constant  is  smaller  than  said 
second  time  constant. 

3.  An  apparatus  according  to  claim  1,  wherein  5 
said  dividing  means  outputs  a  signal  of  1  to 
said  multiplying  means  when  the  output  of  said 
second  time  constant  means  is  zero. 

4.  An  apparatus  according  to  claim  1,  further  w 
comprising: 

third  time  constant  means  coupled  to  said 
dividing  means  for  applying  a  third  time  con- 
stant  to  the  output  of  said  dividing  means,  and 

wherein  said  multiplying  means  multiplies  75 
said  speech  signal  by  the  output  of  said  third 
time  constant  means. 

5.  An  apparatus  according  to  claim  1,  further 
comprising:  20 

limiting  means  coupled  to  said  dividing 
means  for  limiting  the  output  of  said  dividing 
means  within  a  predetermined  range  defined 
by  at  least  one  of  a  lower  limit  and  an  upper 
limit,  and  25 

wherein  said  multiplying  means  multiplies 
said  speech  signal  by  the  output  of  said  limit- 
ing  means. 

6.  An  apparatus  according  to  claim  5,  wherein  30 
said  lower  limit  of  said  limiting  means  is  1. 

7.  An  apparatus  according  to  claim  1,  further 
comprising: 

third  time  constant  means  coupled  to  said  35 
dividing  means  for  applying  a  third  time  con- 
stant  to  the  output  of  said  dividing  means,  and 

limiting  means  coupled  to  said  third  time 
constant  means  for  limiting  the  output  of  said 
third  time  constant  means  within  a  predeter-  40 
mined  range  defined  by  at  least  one  of  a  lower 
limit  and  an  upper  limit,  and 

wherein  said  multiplying  means  multiplies 
said  speech  signal  by  the  output  of  said  limit- 
ing  means.  45 

8.  An  apparatus  according  to  claim  7,  wherein 
said  lower  limit  of  said  limiting  means  is  1. 

9.  An  apparatus  for  enhancing  speech,  compris-  50 
ing: 

input  means  for  receiving  speech  and  for 
converting  said  speech  into  a  speech  signal; 

rectifying  means  coupled  to  said  input 
means  for  rectifying  said  speech  signal;  55 

first  time  constant  means  coupled  to  said 
rectifying  means  for  applying  a  first  time  con- 
stant  to  the  output  of  said  rectifying  means; 

10 
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means  for  rectifying  said  speech  signal; 
first  time  constant  means  coupled  to  said 

rectifying  means  for  applying  a  first  time  con- 
stant  to  the  output  of  said  rectifying  means; 

second  time  constant  means  coupled  to  5 
said  rectifying  means  for  applying  a  second 
time  constant  to  the  output  of  said  rectifying 
means,  said  second  time  constant  being  dif- 
ferent  from  said  first  time  constant; 

dividing  means  coupled  to  said  first  time  w 
constant  means  and  said  second  time  constant 
means  for  obtaining  a  ratio  of  the  output  of 
said  first  time  constant  means  to  the  output  of 
said  second  time  constant  means; 

third  time  constant  means  coupled  to  said  75 
rectifying  means  for  applying  a  third  time  con- 
stant  to  the  output  of  said  rectifying  means; 

fourth  time  constant  means  coupled  to 
said  rectifying  means  for  applying  a  fourth  time 
constant  to  the  output  of  said  rectifying  means,  20 
said  fourth  time  constant  being  different  from 
said  third  time  constant; 

comparing  means  coupled  to  said  third 
time  constant  means  and  said  fourth  time  con- 
stant  means  for  obtaining  the  difference  be-  25 
tween  the  output  of  said  third  time  constant 
means  and  the  output  of  said  fourth  time  con- 
stant  means,  and  for  outputting  a  coefficient 
signal  based  on  the  comparison  result  of  said 
difference  and  a  predetermined  threshold  val-  30 
ue; 

fifth  time  constant  means  coupled  to  said 
comparing  means  for  applying  a  fifth  time  con- 
stant  to  said  coefficient  signal  output  from  said 
comparing  means;  35 

control  means  coupled  to  said  dividing 
means  and  said  fifth  time  constant  means  for 
selectively  outputting  one  of  the  output  of  said 
dividing  means  and  the  output  of  said  fifth  time 
constant  means  based  on  the  output  of  said  40 
fifth  time  constant  means; 

multiplying  means  coupled  to  said  input 
means  and  said  control  means  for  multiplying 
said  speech  signal  by  the  output  of  said  con- 
trol  means;  and  45 

output  means  coupled  to  said  multiplying 
means  for  converting  the  output  of  said  mul- 
tiplying  means  into  speech. 

13.  An  apparatus  according  to  claim  12,  wherein  50 
said  first  time  constant  is  smaller  than  said 
second  time  constant. 

14.  An  apparatus  according  to  claim  12,  wherein 
said  dividing  means  outputs  a  signal  of  1  to  55 
said  multiplying  means  when  the  output  of  said 
second  time  constant  means  is  zero. 

11 
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