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Description 

RELATED  APPLICATION 

This  application  is  related  to  our  prior  copending 
application  for  U.S.  Pat.  entitled  "ULTRASONIC 
GROUND  SPEEDMETER  UTILIZING  DOPPLER  EF- 
FECT"  which  was  filed  on  April  24,  1990  and  which 
bears  Ser.  No.  513658  or  for  Europe  Pat.  entitled  "the 
same"  which  was  filed  on  April  25,  1990  and  which 
bears  Appli.  No.  90107838-6. 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  an  ultrasonic 
Doppler  ground  speedmeter,  and  more  specifically  to 
an  improvement  of  an  ultrasonic  Doppler  ground 
speedmeter  in  circuit  configuration  for  providing  a 
smaller  size  and  a  lower  cost. 

Description  of  the  Prior  Art 

An  example  of  prior-art  ultrasonic  Doppler 
ground  speedmeter  is  disclosed  in  Japanese  Publish- 
ed  Unexamined  (Kokai)  Patent  Appli.  No.  60-76678. 
In  the  prior-art  ground  speedmeter,  an  ultrasonic 
wave  signal  having  a  predetermined  frequency  f0  is 
transmitted  to  a  road  surface;  an  ultrasonic  wave  sig- 
nal  returned  being  diffusion  reflected  from  the  road 
surface  is  received;  and  a  ground  speed  can  be  cal- 
culated  on  the  basis  of  a  change  in  frequency  be- 
tween  the  two  ultrasonic  wave  signals  due  to  Doppler 
effect,  that  is,  Doppler  shift  frequency  fd  can  be  ex- 
pressed  as 

fd  =  2f0vcos9/C  (1) 
where  f0  denotes  the  transmission  signal  frequency; 
C  denotes  the  sound  speed;  v  denotes  a  speed  of  an 
object  to  be  measured,  for  instance,  such  as  an  auto- 
motive  vehicle;  and  9  denotes  a  transmission  angle  of 
the  ultrasonic  wave  signal  to  a  road  surface.  There- 
fore,  it  is  possible  to  calculated  a  vehicle  speed  v  by 
deriving  a  Doppler  shift  frequency  fd.  However,  the 
above  expression  (1)  is  effective  only  when  an  ultra- 
sonic  signal  is  received  in  the  vehicle  travelling  direc- 
tion. 

In  the  above  expression  (1),  since  the  sound 
speed  is  340  m/s  (corresponding  to  1224  km/h),  the 
Doppler  shift  frequency  fd  increases  proportionally 
with  increasing  vehicle  speed  v. 

For  instance,  if  a  range  of  vehicle  speed  to  be  de- 
tected  is  from  0  to  200  km/h  (at  the  maximum  speed), 
the  Doppler  shift  frequency  fd  ranges  from  0  (at  0 
km/h  vehicle  speed)  to  about  0.23  f0  (at  200  km/h  ve- 
hicle  speed)  when  the  ultrasonic  signal  transmission 
angle  9  to  the  road  surface  is  45  degrees.  Therefore, 
if  fd  at  the  maximum  vehicle  speed  is  fd  max,  the  fre- 

quency  of  the  ultrasonic  signal  received  by  a  receiver 
changes  within  a  range  from  f0  to  f0  +  fd  max  according 
to  vehicle  speed.  For  instance,  if  the  frequency  of  the 
transmitted  ultrasonic  signal  is  120  kHz  in  the  above 

5  example,  the  Dopplershiftfrequencyfdchangesfrom 
0  to  27.6  kHz,  so  that  the  frequency  of  the  received 
ultrasonic  signal  changes  within  a  range  from  120  to 
147.6  kHz  according  to  the  vehicle  speed. 

On  the  other  hand,  in  the  ultrasonic  Doppler  ve- 
10  hide  ground  speedmeter  to  be  mounted  on  a  vehicle, 

piezo-electric  transmitter  and  receiver  are  preferably 
used  as  means  for  transmitting  and  receiving  ultra- 
sonic  signals.  However,  since  the  transmitter  and  re- 
ceiver  are  mounted  under  such  a  severe  environment 

15  as  under  the  vehicle  floor  in  practice,  the  transmitter 
and  receiver  must  be  of  an  enclosed  structure.  An  en- 
closed-structure  transmitter  or  receiver  forms  a  res- 
onance  system  on  the  basis  of  the  shape  and  dimen- 
sions  thereof  and  the  sound  pressure  level  or  sensi- 

20  tivity  is  the  highest  at  the  resonance  frequency. 
Fig.  1(A)  shows  sensitivity  characteristics  of  a 

resonance  piezo-electric  transmitter,  by  way  of  exam- 
ple.  In  this  example,  the  sound  pressure  level  is  as 
high  as  about  1  1  0  dB  at  a  resonance  frequency  of  1  20 

25  kHz  but  the  sound  pressure  level  drops  sharply  when 
the  frequency  deviates  from  the  resonance  frequen- 
cy. 

As  described  above,  since  the  ultrasonic  wave 
signal  frequency  for  the  ultrasonic  Doppler  vehicle 

30  ground  speedmeter  changes  from  a  transmission  fre- 
quency  f0  to  a  value  derived  by  adding  or  subtracting 
a  Doppler  shift  frequency  fd  max  corresponding  to  the 
maximum  vehicle  speed  to  or  from  f0,  it  is  preferable 
that  the  characteristics  of  the  receiver  have  a  high  re- 

35  ception  sensitivity  within  the  above-mentioned  fre- 
quency  range.  However,  as  is  well  understood  in  Fig. 
1(A),  since  the  transmitter  has  a  high  sound  pressure 
level  at  only  the  resonance  frequency,  if  the  frequen- 
cy  deviates  from  the  resonance  point,  the  character- 

40  istics  are  such  that  the  sound  pressure  level  drops 
sharply.  Therefore,  even  if  the  transmission  frequen- 
cy  f0  is  so  determined  as  to  match  the  resonance  fre- 
quency  or  to  obtain  the  peak  sensitivity  of  the  reso- 
nance  microphone,  since  the  high  sensitivity  frequen- 

45  cy  band  of  the  receiver  is  narrow  in  comparison  with 
a  range  from  the  transmission  frequency  f0  to  the 
Doppler  shift  frequency  fd,  it  is  impossible  to  expect 
a  high  sensitivity  over  a  wide  frequency  range  from 
f0  to  f0  +  fd  max,  thus  raising  a  problem  in  that  the  S/N 

so  ratio  drops  and  therefore  the  measurement  precision 
is  low  at  the  low  sensitivity  range  of  the  receiver. 

In  more  detail,  since  the  frequency  of  the  ultra- 
sonic  wave  signal  received  by  the  receiver  changes 
within  a  range  from  f0  to  f0  +  fd  max,  when  the  reso- 

55  nance  frequency  of  the  receiver  is  set  to  f0  +  fd  maxl2, 
it  is  possible  to  utilize  the  highest  sensitivity  range  of 
the  receiver. 

Fig.  1(B)  shows  sensitivity  characteristics  of  a 
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resonance  piezo-electric  microphone  having  a  reso- 
nance  frequency  of  134  kHz,  by  way  of  example. 
Where  a  piezo-electric  microphone  provided  with  the 
characteristics  as  shown  in  Fig.  1(B)  is  used  as  the  re- 
ceiver  under  the  same  condition  as  mentioned  before 
(the  transmission  frequency  is  120  kHz;  the  vehicle 
speed  range  for  measurement  is  0  to  200  km/h;  and 
the  transmission  angle  to  the  ground  is  45  degrees), 
the  frequency  to  be  received  by  the  receiver  changes 
from  120  kHz  (at  0  km/h  vehicle  speed)  to  147.6  kHz 
(at  200  km/h  vehicle  speed)  and  the  central  value  in 
the  vehicle  speed  range  for  measurement  is  about 
134  kHz  (at  100  km/h  vehicle  speed).  In  this  case, 
therefore,  the  resonance  frequency  point  is  the  cen- 
tral  value  of  the  vehicle  speed  range  for  measurement 
and  a  highest  sensitivity  of  about  -48  dB  can  be  ob- 
tained  at  the  resonance  point,  which  is  the  most  pre- 
ferable  frequency  setting  under  due  consideration  of 
the  receiver  characteristics.  In  this  case,  however, 
since  the  high  sensitivity  range  of  the  receiver  is  nar- 
row,  the  sensitivity  of  the  vehicle  speed  measurement 
drops  markedly  down  to  -65  dB  or  less  at  both  ends 
of  the  vehicle  speed  range,  that  is,  when  the  vehicle 
speed  is  0  km/h  or  200  km/h  (at  the  maximum). 

When  the  reception  sensitivity  is  low  as  descri- 
bed  above,  the  S/N  ratio  of  the  Doppler  signal  drops 
and  therefore  the  precision  of  vehicle  ground  speed 
measurement  is  also  lowered. 

Further,  there  exists  a  certain  microphone  provid- 
ed  with  such  characteristics  that  the  sensitivity  is  flat 
to  widen  the  high  sensitivity  range  by  depressing  the 
resonance  sensitivity  as  shown  in  Fig.  1(C).  In  this  mi- 
crophone,  however,  since  the  sensitivity  at  the  reso- 
nance  point  is  depressed  into  flat  characteristics,  the 
sensitivity  is  low  over  a  wide  frequency  range  and 
therefore  it  is  impossible  to  improve  the  S/N  ratio  over 
the  wide  range  by  using  a  microphone  having  the 
characteristics  as  shown  in  Fig.  1(C). 

As  described  above,  in  the  prior-art  vehicle 
ground  speed  meter,  there  exists  a  problem  in  that  it 
is  difficult  to  improve  the  measurement  precision  over 
the  wide  vehicle  speed  range  to  be  measured. 

SUMMARY  OF  THE  INVENTION 

To  solve  the  above-mentioned  problem,  the  same 
applicant  has  already  filed  an  ultrasonic  Doppler 
ground  speedmeter  which  can  realize  a  higher  S/N  ra- 
tio  and  a  higher  measurement  precision  by  controlling 
the  frequency  of  the  transmission  signal  so  that  the 
frequency  of  the  reception  signal  may  always  match 
the  resonance  point  of  the  receiver,  that  is,  by  control- 
ling  the  transmission  signal  frequency  f0  so  that  f0  + 
fd  becomes  a  predetermined  value  in  spite  of  the  fact 
that  the  Doppler  shift  frequency  fd  changes  according 
to  change  in  the  vehicle  ground  speed  as  stated  under 
RELATED  APPLICATION.  The  above-mentioned  re- 
lated  application  has  already  proposed  a  basic  con- 

ception  of  the  ultrasonic  Doppler  ground  speedmeter 
according  to  the  present  invention. 

The  object  of  the  present  invention  is  to  provide 
an  ultrasonic  Doppler  ground  speedmeter  easy  to  be 

5  realized  by  IC  chip  devices  now  put  on  the  market  and 
therefore  small  in  size  and  low  in  cost,  by  further  im- 
proving  the  circuit  configuration  of  the  speedmeter  al- 
ready  proposed. 

To  achieve  the  above-mentioned  object,  the  ul- 
10  trasonic  Doppler  ground  speedmeter  according  to  the 

present  invention  comprises:  (a)  ultrasonic  transmit- 
ting  means  (2)  for  transmitting  an  ultrasonic  wave  sig- 
nal  at  a  predetermined  angle  onto  a  road  surface;  (b) 
ultrasonic  receiving  means  (5)  for  receiving  an  ultra- 

is  sonic  wave  signal  reflected  from  the  road  surface,  the 
reflected  ultrasonic  wave  signal  frequency  (fR)  being 
represented  by  a  sum  of  the  transmitted  ultrasonic 
wave  signal  frequency  (fT)  and  a  Doppler  shift  (fD);  (c) 
reference  signal  generating  means  (7)  for  generating 

20  a  reference  signal  with  a  constantf  requency  (fREF);  (d) 
phase  comparing  means  (8)  responsive  to  the  reflect- 
ed  ultrasonic  wave  signal  and  the  reference  signal,  for 
generating  a  difference  voltage  signal  according  to 
difference  (fREF-fR)  in  frequency  and/or  phase  be- 

25  tween  the  reflected  signal  and  the  reference  signal; 
(e)  voltage  controlled  oscillating  means  (11)  respon- 
sive  to  the  difference  voltage  signal,  for  generating 
the  ultrasonic  wave  signal  transmitted  by  said  ultra- 
sonic  transmitting  means  in  such  a  manner  as  to  keep 

30  the  reflected  ultrasonic  wave  signal  frequency  (fR)  at 
the  reference  signal  frequency  (fREF);  and  (f)  arithmet- 
ic  means  (14)  responsive  to  the  transmitted  ultrason- 
ic  wave  signal  and  the  reference  signal,  for  deriving 
ground  speed  (v)  from  Doppler  shift  (fD)  between  the 

35  transmitted  ultrasonic  wave  signal  frequency  (fT)  and 
the  received  ultrasonic  wave  signal  frequency  (fpO  or 
the  reference  signal  frequency  (fREF  =  f^.  The  speed- 
meter  further  comprises:  low-pass  filter  means  (9) 
connected  between  said  phase  comparing  means  (8) 

40  and  said  voltage  controlled  oscillating  means  (11),  for 
passing  only  low-frequency  components  of  the  re- 
flected  ultrasonic  wave  signal;  driver  means  (1)  con- 
nected  between  said  ultrasonic  transmitting  means 
(2)  and  said  voltage  controlled  oscillating  means  (11), 

45  for  amplifying  the  transmitted  ultrasonic  wave  signal; 
and  preamplifier  means  (6)  connected  between  said 
ultrasonic  receiving  means  (5)  and  said  phase  com- 
paring  means  (8),  for  amplifying  the  received  ultra- 
sonic  wave  signal. 

so  Further,  said  reference  signal  generating  means 
(7);  a  phase  locked  loop  circuit  composed  of  said 
phase  comparing  means  (8),  said  low-pass  filter 
means  (9)  and  said  voltage  controlled  oscillating 
means  (11);  said  driver  means  (1);  and  said  preampli- 

55  fier  means  (6)  can  be  all  configured  by  separate  IC 
chips  now  widely  used,  thus  allowing  the  ultrasonic 
speedmeter  to  be  small  in  size  and  low  in  cost. 

In  the  speedmeter  according  to  the  present  in- 

3 
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vention,  the  frequency  fT  of  the  voltage  controlled  os- 
cillating  means  Is  so  controlled  that  both  the  Input  sig- 
nals  fR  and  fREF  applied  to  the  phase  comparating 
means  became  equal  to  each  other  in  frequency  on 
the  basis  of  the  principle  of  the  PLL  circuit. 

That  is,  the  frequency  fT  of  the  transmitted  ultra- 
sonic  wave  signal  is  automatically  controlled  so  that 
the  frequency  fR  of  the  received  ultrasonic  wave  sig- 
nal  including  a  Doppler  shift  component  fD  according 
to  vehicle  speed  always  match  that  fREF  of  the  refer- 
ence  signal. 

Therefore,  where  the  frequency  fREF  of  the  refer- 
ence  signal  is  determined  to  match  the  resonance 
point  of  the  receiver,  since  the  reception  signal  can  be 
received  at  the  highest  sensitivity  point  of  the  receiv- 
er,  it  is  possible  to  always  obtain  a  high  level  reception 
signal  irrespective  of  vehicle  speed,  thus  realizing  a 
higher  S/N  ratio  and  a  higher  measurement  precision. 

In  the  speedmeter  of  the  present  invention  addi- 
tionally,  since  the  circuit  is  formed  by  using  an  ultra- 
sonic  wave  path  as  a  part  of  the  feedback  loop  of  the 
so-called  PLLcircuit,  it  is  possible  to  configure  the  es- 
sential  part  of  the  present  invention  (for  controlling 
the  ultrasonic  wave  transmission  signal  so  that  the  ul- 
trasonic  reception  signal  is  kept  at  a  predetermined 
frequency)  by  using  IC  chips  for  a  PLL  circuit  now  on 
the  market,  it  is  possible  to  realize  an  ultrasonic  Dop- 
pler  vehicle  ground  speedmeter  excellent  in  detection 
precision  all  over  the  vehicle  speed  range  for  meas- 
urement,  easy  to  be  fabricated  by  IC  chips,  and  there- 
fore  low  in  cost. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1(A)  is  a  graphical  representation  showing 
the  frequency-sound  pressure  level  characteris- 
tics  of  a  prior-art  piezo-electric  transmitter; 
Fig.  1(B)  is  a  graphical  representation  showing 
the  sensitivity  characteristics  of  a  prior-art  piezo- 
electric  receiver; 
Fig.  1(C)  is  a  graphical  representation  showing 
the  similar  characteristics  of  another  prior-art  pie- 
zo-electric  receiver; 
Fig.  1(D)  is  a  graphical  representation  showing 
the  similar  characteristics  of  the  other  prior-art 
piezo-electric  transmitter; 
Fig.  2  is  a  schematic  block  diagram  showing  an 
embodiment  of  the  ultrasonic  Doppler  ground 
speedmeter  according  to  the  present  invention; 
and 
Fig.  3  is  a  practical  circuit  diagram  showing  the 
embodiment  shown  in  Fig.  2. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

An  embodiment  of  the  ultrasonic  Doppler  ground 
speedmeter  according  to  the  present  invention  will  be 

described  hereinbelowwith  reference  to  the  attached 
drawings.  In  Fig.  2,  the  speedmeter  of  the  present  in- 
vention  comprises  an  ultrasonic  signal  transmitter  2, 
a  transmitter  driver  1  ,  an  ultrasonic  signal  receiver  5, 

5  an  ultrasonic  reception  signal  pre-amplifier6,  an  PLL 
(phase  locked  loop)  circuit  17  composed  of  a  phase 
comparators,  a  low-pass  filter  9,  an  amplifier  10,  and 
a  VCO  circuit  (voltage-controlled  oscillator)  11,  a  ref- 
erence  signal  generator  7,  two  counters  12  and  13,  a 

10  CPU  (arithmetic  unit)  14,  a  D/A  (digital-to-analog) 
convertor  15.  The  PLL  circuit  17  is  a  stable  oscillator 
which  can  generate  any  given  frequency  signals  from 
a  VCO  circuit  in  response  to  a  difference  in  phase  be- 
tween  an  output  signal  fR  of  the  VCO  11  (the  ultrason- 

15  ic  signal  received  by  the  receiver  5)  and  a  reference 
signal  fREF  of  the  reference  signal  generator  7. 

The  operation  of  the  circuit  shown  in  Fig.  2  will  be 
described  hereinbelow. 

In  Fig.  2,  the  drive  circuit  1  amplifies  a  signal  (de- 
20  scribed  later  in  detail)  with  a  frequency  fT  outputted 

from  the  voltage  controlled  oscillator  11  and  drives 
the  transmitter  2  by  an  output  signal  thereof.  The 
transmitter  2  of  piezo-electric  type,  for  instance  gen- 
erates  and  transmits  an  ultrasonic  wave  signal  3  with 

25  the  frequency  fT  toward  a  road  surface  4  in  front  (or 
back)  of  a  vehicle,  for  instance  at  a  predetermined 
transmission  angle.  On  the  other  hand,  the  receiver 
5  receives  a  reflection  signal  obtained  when  the  ultra- 
sonic  wave  signal  3  is  diffusion  reflected  from  the 

30  road  surface  4. 
The  transmitter  2  is  a  transducer  provided  with  a 

low  transduction  efficiency  but  a  flat  sound  pressure 
level  within  a  relatively  wide  frequency  range  from 
100  to  130  kHz,  for  instance  as  shown  in  Fig.  1(D). 

35  The  receiver  5  is  a  resonance  microphone  provided 
with  a  high  resonance  quality  factor  Q  and  a  peak 
sensitivity  near  1  30  kHz,  for  instance  as  shown  in  Fig. 
1(B). 

Since  the  frequency  fR  of  the  reflection  signal  is 
40  shifted  due  to  Doppler  effect  according  to  vehicle 

speed,  this  frequency  fR  is  determined  to  be  higher 
than  thatfT  of  the  transmission  signal  (when  transmit- 
ted  in  the  vehicle  travelling  direction).  The  preampli- 
fier  6  amplifies  the  reception  signal  and  sends  it  to  the 

45  phase  comparator  8. 
The  reflection  signal  with  the  frequency  fR  out- 

putted  from  the  preamplifier  6  and  a  reference  signal 
with  the  frequency  fREF  outputted  from  the  reference 
signal  generator  7  are  given  to  the  phase  comparator 

so  8  as  two  input  signals.  The  phase  comparator  8  out- 
puts  a  difference  voltage  signal  according  to  differ- 
ence  in  frequency  and/or  phase  between  the  two  in- 
put  signals.  The  low-pass  filter  9  outputs  low-fre- 
quency  components  of  the  difference  voltage  signal. 

55  The  difference  voltage  signal  including  only  low-fre- 
quency  components  is  amplified  by  the  amplifier  10 
and  then  applied  to  the  voltage-controlled  oscillator 
1  1  .  Therefore,  the  voltage-controlled  oscillator  1  1  out- 

4 
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puts  a  signal  having  a  frequency  fT  controlled  accord- 
ing  to  the  difference  voltage  signal,  in  order  to  drive 
the  transmitter  2  via  the  drive  circuit  1. 

On  the  other  hand,  the  output  of  the  reference  sig- 
nal  generator  7  is  counted  by  the  first  counter  12  and  5 
the  output  of  the  voltage-controlled  oscillator  11  is 
counted  by  the  second  counter  1  3,  respectively  to  ob- 
tain  two  counted  frequency  values  fREF  and  fT.  These 
two  digital  counted  values  are  calculated  by  the  CPU 
14  to  derive  a  vehicle  speed  v  in  accordance  with  the  10 
following  formula: 

„  _  (fREF  -  fr)  C  ... v  =  J k f _  (2) (fREF  +  fT)cos9 
where  C  denotes  the  sound  speed  and  9  denotes  the 
transmission  angle  of  the  ultrasonic  wave  signal  with  15 
respect  to  the  road  surface. 

The  digital  vehicle  speed  v  derived  by  the  above 
calculation  is  converted  into  an  analog  signal  via  the 
D/A  converter  15  to  obtain  an  analog  voltage  corre- 
sponding  to  the  vehicle  speed.  This  analog  voltage  is  20 
outputted  through  an  output  terminal  16. 

In  the  circuit  shown  in  Fig.  2,  the  PLL  (phase 
locked  loop)  circuit  including  an  ultrasonic  wave  sig- 
nal  path  as  a  feedback  loop  is  composed  of  the  drive 
circuit  1  ,  the  transmitter  2,  the  receiver  5,  the  pream-  25 
plif  ier  6,  the  reference  signal  generator  7,  the  phase 
comparator  8,  the  low-pass  filter  9,  the  amplifier  10 
and  the  voltage-controlled  oscillator  11.  In  this  PLL 
circuit,  the  frequency  of  the  output  signal  of  the  vol- 
tage-controlled  oscillator  11  is  so  controlled  that  the  so 
two  input  signals  to  the  phase  comparator  8  are 
equalized  to  each  other  in  frequency.  Therefore,  in 
the  circuit  shown  in  Fig.  2,  the  frequency  fT  of  the  out- 
put  signal  of  the  voltage-controlled  oscillator  11  is  so 
controlled  that  the  frequency  fR  of  the  reception  signal  35 
including  a  Doppler  shift  component  becomes  equal 
to  that  fREF  of  the  reference  signal.  That  is,  when  an 
ultrasonic  wave  signal  is  transmitted  in  the  vehicle 
travelling  directive,  since  fR  becomes  higher  than  fT 
due  to  a  Doppler  shift  corresponding  to  the  vehicle  40 
speed  and  further  fR  is  controlled  so  as  to  become 
equal  to  a  constant  reference  frequency  fREF,  fR  is  kept 
constant  and  fT  becomes  smaller  due  to  a  Doppler 
shift  corresponding  to  vehicle  speed. 

That  is,  the  following  formula  can  be  obtained  45 
fREF  =  f  R  =  fT  +  f  D  (3) 

where  fD  denotes  the  Doppler  shift  component. 
Therefore,  it  is  possible  to  obtain  a  vehicle  speed 

on  the  basis  of  fREF  and  fT  in  accordance  with  the  for- 
mula  (2).  so 

For  instance,  if  the  vehicle  speed  is  0  km/h,  since 
fD  =  0 

fREF  =  f  R  =  ffo 
where  fTo  denotes  fT  at  0-km/h  vehicle  speed. 

Since  fD  increases  with  increasing  vehicle  speed,  55 
fr  =  fro  ■  f  d 

can  be  obtained  from  the  formula  (3),  so  that  the  os- 

cillation  frequency  fT  of  the  voltage  controlled  oscilla- 
tor  1  1  is  automatically  adjusted  so  as  to  decrease  due 
to  the  Doppler  shift  fD  corresponding  to  the  vehicle 
speed. 

In  the  present  invention,  as  described  above, 
since  the  frequency  fT  of  the  transmission  signal  can 
be  always  adjusted  automatically  so  that  the  recep- 
tion  frequency  fR  may  match  that  fREF  of  the  reference 
signal,  it  is  possible  to  use  a  resonance  microphone 
having  a  high  resonance  quality  factor  Q  as  shown  in 
Fig.  1(B)  and  further  set  the  frequency  fREF  of  the  ref- 
erence  signal  to  the  resonance  frequency  (e.g.  130 
kHz)  of  the  microphone,  thus  obtaining  a  high  level  re- 
ception  signal  at  all  times,  irrespective  of  vehicle 
speed. 

In  addition,  when  a  microphone  having  as  high  a 
resonance  quality  factor  as  possible  is  used  as  the  re- 
ceiver,  since  a  filter  function  for  removing  signals 
other  than  the  Doppler  shift  frequency  component 
can  be  provided  for  the  circuit  in  cooperation  with  the 
directional  characteristics  of  the  transmitter  and  the 
receiver,  it  is  possible  to  obtain  a  Doppler  signal  with 
a  higher  S/N  ratio. 

Further,  as  already  explained,  since  the  frequen- 
cy  fT  of  the  transmission  signal  changes  as  fT  =  fTo  - 
fD  according  to  vehicle  speed,  it  is  necessary  for  the 
transmitter  to  transmit  signals  with  frequencies  rang- 
ing  from  20  to  30  kHz.  For  instance,  when  the  fre- 
quency  of  the  reception  signal  is  set  to  130  kHz,  the 
transmitter  must  transmit  signals  with  frequencies 
ranging  from  100  to  130  kHz.  In  order  to  output  sig- 
nals  of  a  wide  band  as  described  above,  a  transmitter 
provided  with  a  low  transduction  efficiency  but  a  wide 
frequency  band  as  shown  in  Fig.  1(D)  is  used.  In  this 
case,  an  ultrasonic  wave  signal  of  sufficient  sound 
pressure  can  be  transmitted  by  driving  the  transmitter 
by  a  relatively  high  power  to  compensate  for  the  low 
transduction  efficiency.  Further,  when  a  transmitter 
of  narrow  band  as  shown  in  Fig.  1(A)  is  used,  a  drive 
circuit  which  can  change  the  voltage  level  of  the  drive 
signal  according  to  the  frequency  characteristics  is  in- 
corporated  (e.g.  an  amplifier  having  characteristics 
opposite  to  those  shown  in  Fig.  1(A). 

Further,  it  is  also  possible  to  obtain  a  more  stable 
operation  by  setting  the  transfer  characteristics  of  the 
low-pass  filter  9  in  the  PLL  circuit  17  so  as  to  corre- 
spond  to  the  kinetic  characteristics  of  the  vehicle  (e.g. 
under  due  consideration  of  vehicle  vibration  charac- 
teristics). 

Further,  in  the  present  embodiment,  there  exists 
such  an  advantage  that  no  fine  adjustment  is  required 
for  the  circuit  because  the  circuit  functions  as  a 
closed  loop  including  an  ultrasonic  wave  signal  path 
and  therefore  an  automatic  adjusting  function  is  pro- 
vided  for  the  speedmeter  circuit. 

Further,  in  the  present  embodiment,  it  is  also  pos- 
sible  to  discriminate  the  vehicle  travelling  direction  on 
the  basis  of  the  relationship  between  fREF  and  fT.  For 

5 
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instance,  on  the  assumption  that  an  ultrasonic  wave 
is  transmitted  in  the  vehicle  travelling  direction,  if  fREF 
>  fT,  this  indicates  a  forward  vehicle  travelling;  and  if 
fREF  <  fi.  this  indicates  a  reverse  vehicle  travelling. 

The  present  embodiment  has  the  following  ad- 
vantages  from  the  practical  standpoint.  That  is,  in  the 
present  invention,  since  the  circuit  is  so  configured 
that  an  ultrasonic  signal  path  is  formed  as  a  part  of  the 
feedback  loop  of  the  PLL  circuit,  the  essential  portion 
of  the  circuit  for  controlling  the  ultrasonic  wave  trans- 
mission  signal  fT  to  a  constant  frequency  fREF  can  be 
configured  by  IC  chips  of  the  PLL  circuit  now  on  the 
market.  For  instance,  the  block  17  enclosed  by  dash- 
ed  line  in  Fig.  2  is  an  IC  chip  now  put  on  the  market 
as  a  PLL  circuit.  Therefore,  it  is  possible  to  realize  an 
ultrasonic  wave  Doppler  ground  vehicle  speedmeter 
easy  to  be  configured  by  IC  chips  relatively  low  in 
cost. 

Fig.  3  shows  a  practical  circuit  corresponding  to 
the  circuit  shown  in  Fig.  2  by  use  of  IC  chips  now  on 
sale,  in  which  the  same  reference  numerals  have 
been  retained  for  similar  parts  which  have  the  same 
functions.  Further,  in  Fig.  3,  the  counters  12  and  13, 
the  CPU  14  and  the  D/Aconvertor  15  are  all  omitted 
therein. 

In  Fig.  3,  the  PLL  circuit  17  is  a  general  purpose 
CMOS  chip  (e.g.  CD4046  AE  made  by  RCA)  now  put 
on  the  market  for  a  radio  set.  In  the  same  way,  the  ref- 
erence  signal  generator  7  is  a  general  purpose  IC  chip 
(e.g.  CD4047  BE  made  by  RCA).  Further,  the  pream- 
plifier  6  is  configured  by  a  band-pass  filter  composed 
of  three  general  purpose  FET-input  calculating  ampli- 
fiers  (operational  amplifies)  and  two  intermediate  fre- 
quency  transformers  (I  FT),  and  the  drive  circuit  1  is  a 
CMOS  inverter  group  (e.g.  CD4069  BUE  made  by 
RCA)  widely  used  as  logic  circuits.  As  described 
above,  in  the  circuit  according  to  the  present  inven- 
tion,  since  the  circuit  can  be  configured  by  IC  chips 
now  on  the  market,  it  is  possible  to  reduce  the  number 
of  composing  elements  and  therefore  the  size  and  the 
cost  thereof  markedly. 

As  described  above,  according  to  the  present  in- 
vention,  since  the  frequency  of  the  ultrasonic  wave 
reception  signal  is  so  automatically  controlled  as  to 
match  that  of  the  reference  signal,  it  is  possible  to  al- 
ways  receive  the  reflected  signal  at  the  highest  sen- 
sitivity  point  of  the  receiver  and  therefore  to  obtain  the 
reception  signal  of  a  highersignal  level  irrespective  of 
vehicle  speed,  so  that  it  is  possible  to  realize  a  higher 
detection  precision  and  a  higher  S/N  ratio.  Further, 
since  an  ultrasonic  wave  signal  path  is  formed  as  a 
part  of  the  feedback  loop  of  the  so-called  PLL  circuit, 
it  is  possible  to  configure  the  essential  elements  of 
the  circuit  according  to  the  present  invention  for  con- 
trolling  the  ultrasonic  wave  transmission  signal  so 
that  the  ultrasonic  reception  signal  has  always  a  pre- 
determined  frequency  by  IC  chips  for  the  PLL  circuit 
now  widely  on  sale.  Therefore,  it  is  possible  to  realize 

an  ultrasonic  Doppler  ground  speedmeter  fabricat- 
able  by  IC  chips  and  therefore  small  in  size  and  low 
in  cost. 

5 
Claims 

1.  An  ultrasonic  Doppler  ground  speedmeter,  com- 
prising: 

10  (a)  ultrasonic  transmitting  means  (2)  for 
transmitting  an  ultrasonic  wave  signal  at  a 
predetermined  angle  onto  a  road  surface; 
(b)  ultrasonic  receiving  means  (5)  for  receiv- 
ing  an  ultrasonic  wave  signal  reflected  from 

15  the  road  surface,  the  reflected  ultrasonic 
wave  signal  frequency  (fR)  being  represented 
by  a  sum  of  the  transmitted  ultrasonic  wave 
signal  frequency  (fT)  and  a  Doppler  shift  (fD); 
(c)  reference  signal  generating  means  (7)  for 

20  generating  a  reference  signal  with  a  constant 
frequency  (fREF); 
(d)  phase  comparing  means  (8)  responsive  to 
the  reflected  ultrasonic  wave  signal  and  the 
reference  signal,  for  generating  a  difference 

25  voltage  signal  according  to  difference  (fREF-fR) 
in  frequency  and/or  phase  between  the  re- 
flected  signal  and  the  reference  signal;  and 
(e)  arithmetic  means  (14)  responsive  to  the 
transmitted  ultrasonic  wave  signal  and  the 

30  reference  signal,  for  deriving  ground  speed  (v) 
from  Doppler  shift  (fD)  between  the  transmit- 
ted  ultrasonic  wave  signal  frequency  (fT)  and 
the  received  ultrasonic  wave  signal  frequency 
(fpO  or  the  reference  signal  frequency  (fREF  = 

35  fp); 
characterised  in  that  it  further  compris- 

es 
(f)  voltage  controlled  oscillating  means  (11) 
responsive  to  the  difference  voltage  signal, 

40  for  generating  the  ultrasonic  wave  signal 
transmitted  by  said  ultrasonic  transmitting 
means  in  such  a  manner  as  to  keep  the  re- 
flected  ultrasonic  wave  signal  frequency  (fR) 
at  the  reference  signal  frequency  (fREF). 

45 
2.  The  ultrasonic  Doppler  ground  speedmeter  of 

claim  1,  which  further  comprises  low-pass  filter 
means  (9)  connected  between  said  phase  com- 
paring  means  (8)  and  said  voltage  controlled  os- 

50  cillating  means  (11),  for  passing  only  low-fre- 
quency  components  of  the  reflected  ultrasonic 
wave  signal. 

3.  The  ultrasonic  Doppler  ground  speedmeter  of 
55  claim  2,  which  further  comprises  driver  means  (1) 

connected  between  said  ultrasonic  transmitting 
means  (2)  and  said  voltage  controlled  oscillating 
means  (11),  for  amplifying  the  transmitted  ultra- 

6 
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sonic  wave  signal. 

4.  The  ultrasonic  Doppler  ground  speedmeter  of 
claim  3,  which  further  comprises  preamplifier 
means  (6)  connected  between  said  ultrasonic  re-  5 
ceiving  means  (5)  and  said  phase  comparing 
means  (8),  for  amplifying  the  received  ultrasonic 
wave  signal. 

5.  The  ultrasonic  Doppler  ground  speedmeter  of  10 
claim  1  ,  wherein  said  reference  signal  generating 
means  (7)  is  formed  into  a  single  integrated  circuit 
chip. 

6.  The  ultrasonic  Doppler  ground  speedmeter  of  15 
claim  2,  wherein  said  phase  comparing  means 
(8),  said  low-pass  filter  means  (9)  and  said  vol- 
tage  controlled  oscillating  means  (11)  are  all 
formed  into  a  single  integrated  circuit  chip  togeth- 
er.  20 

7.  The  ultrasonic  Doppler  ground  speedmeter  of 
claim  3,  wherein  said  driver  means  (1)  is  formed 
into  a  single  integrated  circuit  chip. 

25 
8.  The  ultrasonic  Doppler  ground  speedmeter  of 

claim  4,  wherein  said  preamplifier  means  (6)  is 
formed  into  a  single  integrated  circuit  chip. 

Dopplerverschiebung  (fD)  zwischen  der  Fre- 
quenz  (fT)  des  gesendeten  Ultraschallwellen- 
signals  und  der  Frequenz  (fR)  des  empfange- 
nen  Ultraschallwellensignals  oder  der  Refe- 
renzsignalfrequenz  (fREF  =  fp)  in  Abhangigkeit 
des  gesendeten  Ultraschallwellensignals  und 
des  Referenzsignals;  gekennzeichnetdurch 
f)einen  spannungsgesteuerten  Oszillator(11) 
zur  Erzeugung  des  von  der  Ultraschall-Sen- 
deeinrichtung  gesendeten  Ultraschallwellen- 
signals  in  Abhangigkeit  des  Differenzsignals 
in  der  Weise,  dali  die  Frequenz  (fp)  des  reflek- 
tierten  Ultraschallwellensignals  bei  der  Refe- 
renzsignalfrequenz  (fREF)  gehalten  wird. 

2.  Doppler-Ultraschallmeligerat  nach  Anspruch  1, 
gekennzeichnet  durch  ein  zwischen  den  Pha- 
senkomparator  (8)  und  den  spannungsgesteuer- 
ten  Oszillator  (11)  geschaltetes  Tiefpalifilter  (9), 
welches  nur  niederfrequente  Komponenten  des 
reflektierten  Ultraschallwellensignals  durchlalit. 

3.  Doppler-Ultraschallmeligerat  nach  Anspruch  2, 
gekennzeichnet  durch  eine  zwischen  die  Ultra- 
schall-Sendeeinrichtung  (2)  und  den  spannungs- 
gesteuerten  Oszillator  (11)  geschaltete  Treiber- 
einrichtung  (1)  zur  Verstarkung  des  zu  senden- 
den  Ultraschallwellensignals. 

Patentanspriiche 

1.  Doppler-Ultraschallmeligerat  zur  Bestimmung 
der  Bodengeschwindigkeit,  mit: 

a)  einer  Ultraschall-Sendeeinrichtung  (2)  zum  35 
Senden  eines  Ultraschallwellensignals  auf  ei- 
ne  Fahrbahnoberflache  unter  einem  vorbe- 
stimmten  Winkel; 
b)  einer  Ultraschall-Empfangseinrichtung  (5) 
zum  Empfang  eines  von  der  Fahrbahnober-  40 
flache  reflektierten  Ultraschallwellensignals, 
wobei  die  Frequenz  (fp)  des  reflektierten  Ul- 
traschallwellensignals  aus  einer  Summe  der 
Frequenz  (fT)  des  gesendeten  Ultraschallwel- 
lensignals  und  einer  Dopplerverschiebung  45 
(fD)  gebildet  wird; 
c)  einem  Referenzsignalgenerator  (7)  zur  Er- 
zeugung  eines  Referenzsignals  mit  einer  kon- 
stanten  Frequenz  (fREF); 
d)  einem  Phasenkomparator  (8)  zur  Erzeu-  so 
gung  eines  der  Frequenzdifferenz  (fREF-fR) 
und/oder  Phasendifferenz  zwischen  dem  re- 
flektierten  Signal  und  dem  Referenzsignal 
entsprechenden  Differenzsignals  in  Abhan- 
gigkeit  des  reflektierten  Ultraschallwellensi-  55 
gnals  und  des  Referenzsignals;  und 
e)  einer  Recheneinrichtung  (14)  zur  Ermitt- 
lung  der  Bodengeschwindigkeit  (v)  aus  der 

4.  Doppler-Ultraschallmeligerat  nach  Anspruch  3, 
gekennzeichnet  durch  einen  zwischen  die  Ul- 
traschall-Empfangseinrichtung  (5)  und  den  Pha- 
senkomparator  (8)  geschalteten  Vorverstarker 
(6)  zur  Verstarkung  des  empfangenen  Ultra- 
schallwellensignals. 

5.  Doppler-Ultraschallmeligerat  nach  Anspruch  1, 
dadurch  gekennzeichnet,  dali  der  Referenzsi- 
gnalgenerator  (7)  in  einem  einzelnen  integrierten 
Schaltkreis  untergebracht  ist. 

6.  Doppler-Ultraschallmeligerat  nach  Anspruch  2, 
dadurch  gekennzeichnet,  dali  der  Phasenkom- 
parator  (8),  das  Tiefpalifilter  (9)  und  der  span- 
nungsgesteuerte  Oszillator  (11)  alle  zusammen 
in  einem  einzelnen  integrierten  Schaltkreis  unter- 
gebracht  sind. 

7.  Doppler-Ultraschallmeligerat  nach  Anspruch  3, 
dadurch  gekennzeichnet,  dali  die  Treiberein- 
richtung  (1)  in  einem  einzelnen  integrierten 
Schaltkreis  untergebracht  ist. 

8.  Doppler-Ultraschallmeligerat  nach  Anspruch  4, 
dadurch  gekennzeichnet,  dali  der  Vorverstar- 
ker  (6)  in  einem  einzelnen  integrierten  Schalt- 
kreis  untergebracht  ist. 

7 



13 EP  0  418  898  B1 14 

Revendications 

1.  Velocimetre  de  defilement  de  sol  a  ultrasons  et 
effet  Doppler,  comprenant  : 

(a)  un  moyen  de  transmission  a  ultrasons  (2)  5 
pourtransmettre  un  signal  d'onde  a  ultrasons 
a  un  angle  predetermine  sur  une  surface  de 
route  ; 
(b)  un  moyen  de  reception  a  ultrasons  (5)  pour 
recevoir  un  signal  d'onde  a  ultrasons  reflechi  10 
a  partirde  la  surface  d'une  route,  la  frequence 
du  signal  d'onde  a  ultrasons  reflechi  (fR)  etant 
representee  par  une  somme  de  la  frequence 
du  signal  d'onde  a  ultrasons  transmis  (fT)  et 
d'un  deplacement  Doppler  (fD)  ;  15 
(c)  un  moyen  generateur  de  signaux  de  refe- 
rence  (7)  pour  generer  un  signal  de  reference 
avec  une  frequence  constante  (fREF)  ; 
(d)  un  moyen  de  comparaison  de  phase  (8) 
sensible  au  signal  d'onde  a  ultrasons  reflechi  20 
et  au  signal  de  reference,  pour  generer  un  si- 
gnal  de  tension  de  difference  selon  la  diffe- 
rence  (fREF~fR)  de  frequence  et/ou  de  phase 
entre  le  signal  reflechi  et  le  signal  de  referen- 
ce  ;  et  25 
(e)  un  moyen  arithmetique  (14)  sensible  au  si- 
gnal  d'onde  a  ultrasons  transmis  et  au  signal 
de  reference,  pour  obtenir  la  vitesse  de  def  i- 
lementde  sol  (v)  a  partirdu  deplacement  Dop- 
pler  (fD)  entre  la  frequence  du  signal  d'onde  a  30 
ultrasons  transmis  (fT)  et  la  frequence  du  si- 
gnal  d'onde  a  ultrasons  recu  (fR)  ou  la  fre- 
quence  du  signal  de  reference  (fREF  =  fp)  ; 
caracterise  en  ce  qu'il  comprend  en  outre 
(f)  un  moyen  d'oscillation  commande  par  ten-  35 
sion  (11)  sensible  au  signal  de  tension  de  dif- 
ference,  pour  generer  le  signal  d'onde  a  ultra- 
sons  transmis  par  ledit  moyen  de  transmis- 
sion  a  ultrasons  de  maniere  a  conserver  la 
frequence  du  signal  d'onde  a  ultrasons  refle-  40 
chi  (fpO  a  la  frequence  du  signal  de  reference 
(fREF)- 

2.  Le  velocimetre  de  defilement  de  sol  a  ultrasons 
et  effet  Doppler  selon  la  revendication  1,  qui  45 
comprend  en  outre  un  moyen  de  f  iltre  passe-bas 
(9)  relie  entre  ledit  moyen  de  comparaison  de 
phase  (8)  et  ledit  moyen  d'oscillation  commande 
par  tension  (11),  pour  passer  uniquement  les 
composants  basse  frequence  du  signal  d'onde  a  50 
ultrasons  reflechi. 

3.  Le  velocimetre  de  defilement  de  sol  a  ultrasons 
et  effet  Doppler  selon  la  revendication  2,  qui 
comprend  en  outre  un  moyen  d'entraTnement  (1)  55 
relie  entre  ledit  moyen  de  transmission  a  ultra- 
sons  (2)  et  ledit  moyen  d'oscillation  commande 
par  tension  (11),  pour  amplifier  le  signal  d'onde  a 

ultrasons  transmis. 

4.  Le  velocimetre  de  defilement  de  sol  a  ultrasons 
et  effet  Doppler  selon  la  revendication  3,  qui 
comprend  en  outre  un  moyen  preamplificateur 
(6)  relie  entre  ledit  moyen  de  reception  a  ultra- 
sons  (5)  et  ledit  moyen  de  comparaison  de  phase 
(8),  pour  amplifier  le  signal  d'onde  a  ultrasons 
recu. 

5.  Le  velocimetre  de  defilement  de  sol  a  ultrasons 
et  effet  Doppler  selon  la  revendication  1,  ou  ledit 
moyen  generateur  de  signaux  de  reference  (7) 
est  forme  dans  une  seule  puce  de  circuit  integre. 

6.  Le  velocimetre  de  defilement  de  sol  a  ultrasons 
et  effet  Doppler  selon  la  revendication  2,  ou  ledit 
moyen  de  comparaison  de  phase  (8),  ledit  moyen 
def  iltre  passe-bas  (9)  et  ledit  moyen  d'oscillation 
commande  par  tension  (11)  sont  tous  ensemble 
formes  dans  une  seule  puce  de  circuit  integre. 

7.  Le  velocimetre  de  defilement  de  sol  a  ultrasons 
et  effet  Doppler  selon  la  revendication  3,  ou  ledit 
moyen  d'entraTnement  (1)  est  forme  dans  une 
seule  puce  de  circuit  integre. 

8.  Le  velocimetre  de  defilement  de  sol  a  ultrasons 
et  effet  Doppler  selon  la  revendication  4,  ou  ledit 
moyen  preamplificateur  (6)  est  forme  dans  une 
seule  puce  a  circuit  integre. 
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