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(54)  Golf  training  diagnosing  apparatus. 

(57)  A  cheap  and  safe  golf  training  diagnosing 
apparatus  (1)  calculates  and  displays  diagnostic 
information  obtained  from  measured  values  of  a 
shot  ball  (25).  The  apparatus  is  composed  of  an 
arm  (20),  one  end  of  which  is  supported  rotat- 
ably  by  a  supporting  member  (21)  and  which 
has  at  least  three  shot  detecting  sensors  (a,  b,  c) 
disposed  at  different  positions  on  a  measure- 
ment  surface  (23)  at  the  other  end  thereof.  The 
supporting  member  (21)  is  fixed  to  a  plinth  (28). 
A  buffer  member  (25)  transmitting  a  shot  to  the 
shot  detecting  sensors.  A  calculating  unit  (3) 
including  a  processing  section  calculates  diag- 
nosis  information  including  at  least  a  face  angle 
of  a  golf  club  head,  a  swing  path  angle,  a  head 
speed  of  the  golf  club,  a  flight  of  a  golf  ball  and 
a  ball  drive  angle,  starting  from  detection  sig- 
nals,  which  the  shot  detecting  sensors  obtain  by 
detecting  a  shot  transmitted  from  the  buffer 
member.  Diagnosis  information  is  displayed  vi- 
sually.  A  cable  (19)  connects  the  shot  measur- 
ing  instrument,  a  power  supply  (9)  and  the 
processing  section  with  each  other. 

en 

(3 

LU 

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



1 EP  0  572  158  A1 2 

FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  a  golf  training  di- 
agnosing  apparatus,  and  in  particular  to  a  golf  training 
diagnosing  apparatus  and  a  measuring  instrument 
used  therefor,  in  which  striking  force  applied  by  a 
swing  of  a  golf  club  head,  direction  thereof,  etc.  are 
measured  by  means  of  a  shot  sensor  and  diagnosis 
information  including  the  flight  of  a  golf  ball  and  the 
ball  drive  angle  is  calculated  and  displayed. 

BACKGROUND  OF  THE  INVENTION 

Heretofore  following  golf  training  diagnosing  ap- 
paratuses  are  known. 

(1)  Those  used  as  home  golf  training  apparatus, 
in  which  information  on  movement  of  a  club  head 
directly  before  impact  is  obtained  by  means  of  a 
magnetic  sensor; 
(2)  Those  used  as  business  golf  training  appara- 
tuses,  in  which  in  addition  to  the  information  on 
movement  of  a  club  head  obtained  by  the  home 
golf  training  apparatuses  described  above,  infor- 
mation  on  a  ball  directly  after  impact  is  detected 
by  means  of  an  infrared  ray  sensor,  calculated 
and  displayed;  and 
(3)  Those  used  as  systems  for  detecting  ball  tra- 
jectory,  in  which  an  image  of  a  golf  course  is  pro- 
jected  to  be  displayed;  a  simulation  play  of  a  play- 
er  is  measured;  and  a  flight  trajectory  of  a  ball  is 
simulated  by  using  conditions  of  the  course  and 
swing  conditions  of  the  player  to  be  displayed. 
Information  on  the  movement  of  the  club  head  for 

(1)  and  (2)  described  above  is  obtained  by  calculation 
by  means  of  a  microcomputer,  starting  from  values  of 
signals  obtained  by  the  fact  that  the  club  head  acting 
as  a  magnetic  body  passes  over  four  sensors  incor- 
porated  in  a  sensor  unit  by  a  method,  by  which  vari- 
ations  in  magnetic  resistance  within  a  magnetic  circuit 
are  detected  in  the  form  of  a  coil  voltage,  when  the 
magnetic  body  such  as  an  iron  club,  etc.  passes  di- 
rectly  above  the  magnetic  sensors,  and  the  informa- 
tion  thus  obtained  is  displayed. 

Further  information  on  the  ball  in  (2)  stated 
above  is  obtained  from  a  detection  position  signal  pro- 
duced  by  disposing  an  infrared  ray  generating  section 
and  a  group  of  photosensitive  elements  at  a  position 
opposite  to  the  ball  through  the  flight  trajectory  there- 
of  and  by  detecting  variations  in  characteristics  of  the 
photosensitive  elements  due  to  the  fact  that  the  ball 
interrupts  the  infrared  ray. 

However,  although  the  home  golf  training  appa- 
ratus  described  in  (1)  can  display  information  on 
movement  of  the  club  head  directly  before  impact,  it 
can  neither  calculate  nor  display  the  trajectory  of  the 
ball,  etc.  Further  it  has  an  inconvenience  that  no  in- 
formation  on  the  movement  can  be  obtained,  unless 
the  club  head  passes  directly  above  the  magnetic 

sensors.  The  business  golf  training  apparatus  has,  in 
addition  to  the  drawback  of  (1),  a  drawback  that,  since 
the  area  of  the  detection  surface  consisting  of  the  in- 
frared  ray  generating  section  and  the  group  of  photo- 

5  sensitive  elements  disposed  at  the  position  opposite 
to  the  ball  through  the  flight  trajectory  thereof  should 
be  great  and  it  is  necessary  to  arrange  the  photosen- 
sitive  elements  with  a  high  density  in  order  to  meas- 
ure  the  position  of  the  ball  directly  after  impact  with 

10  a  high  precision  by  using  the  infrared  ray  sensor, 
which  increases  the  fabrication  cost  and  the  sale 
price,  if  the  area  of  the  detection  surface  is  restricted, 
the  measurement  cannot  be  effected  for  some  balls 
and  on  the  contrary,  if  the  detection  surface  is  en- 

15  larged  while  decreasing  the  density  of  the  photosen- 
sitive  elements,  the  measurement  becomes  rough 
and  measured  values  are  less  precise.  Further,  since 
an  impact  is  given  really  to  the  ball  to  make  it  fly,  a 
large  area  is  necessary  or  protecting  measures  or 

20  protecting  installations  are  necessary  in  order  that 
nobody  is  exposed  to  danger  by  a  flying  ball.  There- 
fore  it  has  a  drawback  that  cost  is  increased. 

Further  the  simulation  system  for  detecting  the 
trajectory  of  the  ball  indicated  in  (3)  is  constructed  as 

25  a  leisure  installation,  in  which  apart  from  e.g.  the  cal- 
culation/display  device  used  in  (2),  a  VTR  for  check- 
ing  swings,  and  an  audio  system  for  producing  effect 
are  unified.  Since  cost  therefor  is  extremely  high  and 
a  satisfactorily  large  space  is  necessary,  it  is  not  suit- 

30  able  as  a  diagnosing  apparatus,  which  can  be  used 
usually  for  home  use  or  with  ease  at  a  low  cost  by  dis- 
posing  a  plurality  thereof  in  parallel  in  a  golf  course, 
etc.  for  business. 

35  OBJECT  OF  THE  INVENTION 

The  present  invention  has  been  done  in  view  of 
the  drawbacks  and  the  problematical  points  descri- 
bed  above  of  the  prior  art  apparatuses  and  the  object 

40  thereof  is  to  provide  a  cheap  and  safe  golf  training  di- 
agnosing  apparatus,  by  which  swing  angles,  meas- 
ured  values  of  a  flying  ball,  etc.  are  obtained  and 
which  calculates  and  displays  diagnosis  information 
such  as  the  measured  values,  evaluation  of  the 

45  measured  values,  the  trajectory  of  the  ball,  etc. 

SUMMARY  OF  THE  INVENTION 

In  order  to  achieve  the  above  object,  a  golf  train- 
so  ing  diagnosing  apparatus  according  to  the  present  in- 

vention  is  characterized  in  that  it  comprises  a  shot  de- 
tecting  member  incorporating  at  least  one  shot  sensor 
and  supported  so  as  to  be  shot  by  a  golf  club  and  mov- 
ably  by  this  shot  in  a  predetermined  extent  and  cal- 

55  culating  means  connected  electrically  with  the  shot 
sensor  in  the  member  described  above,  which  calcu- 
lates  at  least  a  flight  of  a  golf  ball  on  the  basis  of  a  de- 
tection  signal  outputted  by  the  shot  sensor,  respond- 
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ing  to  a  shot  by  the  golf  club. 
When  the  shot  detecting  member  is  shot  by  the 

golf  club,  detection  signals  from  one  or  three  sensors 
described  above  are  sent  to  the  calculating  means.  5 
The  calculating  means  calculates  the  flight  of  the  golf 
ball  or  a  ball  drive  angle  on  the  basis  of  these  detec- 
tion  signals. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 10 

Fig.  1  is  a  schematical  diagram  representing  an 
embodiment  of  the  golf  training  diagnosing  appa- 
ratus  according  to  the  present  invention; 
Fig.  2A  is  an  enlarged  diagram  of  an  arm  section  15 
indicated  in  Fig.  1; 
Fig.  2B  is  a  cross-sectional  view  along  a  line  X- 
X'  in  Fig.  2A; 
Fig.  3  is  a  block  diagram  showing  an  example  of 
construction  of  a  processing  section  in  Fig.  1;  20 
Fig.  4  is  a  flow  chart  showing  the  operation  of  the 
golf  training  diagnosing  apparatus  of  the  present 
embodiment; 
Fig.  5  is  a  timing  chart  for  PIO  bit  control; 
Fig.  6  shows  an  example  of  waveforms  of  the  out-  25 
put  voltage  of  different  shot  sensors  at  a  shot; 
Fig.  7  is  a  diagram  for  explanation  showing  a 
holding  period  of  a  peak  voltage; 
Fig.  8  shows  peak  hold  circuits  and  time  differ- 
ence  detecting  circuits  combined  therewith;  30 
Fig.  9  is  a  diagram  for  explaining  a  difference  be- 
tween  count  values  in  the  time  difference  detect- 
ing  circuit; 
Fig.  10  shows  an  experimental  example  of  vol- 
tage  waveforms  produced  by  a  driver  shot  and  a  35 
stroke  by  a  putter; 
Fig.  11  is  a  block  diagram  showing  the  construc- 
tion  of  an  example  of  application  of  the  golf  train- 
ing  diagnosing  apparatus  according  to  the  pres- 
ent  invention;  40 
Fig.  12  shows  an  example  of  format  for  a  shot  di- 
agnosis  image; 
Fig.  13  shows  an  example  of  format  for  a  shot  di- 
agnosis  result  image; 
Fig.  14  shows  an  example  of  format  for  a  shot  45 
training  image; 
Fig.  15  shows  an  example  of  format  for  a  shot 
training  result  image; 
Fig.  16  shows  an  example  of  format  for  a  putt 
training  image;  50 
Fig.  17  shows  an  example  of  format  for  a  stroke 
play  image; 
Fig.  18  is  a  perspective  view  indicating  a  buffer 
member  and  an  arm  supporting  member; 
Fig.  19A  is  a  cross-sectional  view  indicating  the  55 
construction  of  the  supporting  member  with  a 
tee. 
Fig.  19B  is  a  cross-sectional  view  indicating  the 
construction  of  the  supporting  member  without 

tee; 
Fig.  20  is  a  diagram  indicating  how  to  change  the 
height  of  the  supporting  member; 
Figs.  21  A  and  21  B  show  a  stopper  member,  indi- 
cating  the  supporting  member  at  the  initial  state 
and  at  the  position,  where  the  stopper  begins  to 
work,  respectively; 
Fig.  22  is  a  perspective  view  indicating  a  modified 
example  of  the  shot  measuring  instrument;  and 
Fig.  23  is  a  diagram  indicating  the  modified  ex- 
ample  of  the  shot  measuring  instrument  more  in 
detail. 

DETAILED  DESCRIPTION 

Fig.  1  is  a  schematical  diagram  of  an  embodiment 
of  the  golf  training  diagnosing  apparatus  according  to 
the  present  invention,  in  which  reference  numeral  1  is 
a  golf  training  diagnosing  apparatus;  2  is  a  shot  meas- 
uring  instrument;  3  is  a  processing  section;  4  is  a  unit; 
9  is  a  power  supply;  1  9  is  a  cable  connecting  the  shot 
measuring  instrument  2  with  the  unit  4;  20  is  an  arm; 
21  is  a  supporting  member  supporting  the  arm  20;  23 
is  a  measurement  surface,  which  is  a  free  end  of  the 
arm  and  on  which  three  shot  sensors  a,  b,  and  c  are 
disposed;  and  25  is  a  buffer  member.  The  cable  19  in- 
cludes  a  power  supplying  cable. 

In  Fig.  1,  the  golf  training  diagnosing  apparatus  1 
is  composed  of  the  shot  measuring  instrument  2  con- 
sisting  of  the  arm  20,  one  end  of  which  is  supported 
rotatably  by  the  supporting  member21  and  which  has 
at  least  three  shot  detecting  sensors  a,  b  and  c  dis- 
posed  at  different  positions  on  the  measurement  sur- 
face  23  at  the  other  end  and  a  plinth  28  for  fixing  a 
supporting  member21  supporting  the  arm,  the  buffer 
member  25  transmitting  a  shot  given  by  a  golf  club 
head  29  (cf.  Fig.  2)  to  the  shot  detecting  sensors  a,  b 
and  c;  calculating  means  connected  electrically  with 
the  shot  detecting  sensors  a,  b  and  c  and  calculating 
diagnosis  information  including  at  leastthe  face  angle 
of  the  golf  club  head  29,  the  swing  path  angle,  the 
head  speed  of  the  golf  club,  the  flight  of  the  golf  ball 
and  the  ball  drive  angle,  starting  from  inputted  detec- 
tion  signals  obtained  by  detecting  a  shot  by  the  golf 
club  head  29  transmitted  by  the  buffer  member  25; 
the  unit  4  including  the  processing  section  3  having 
display  means  displaying  visually  the  diagnosis  infor- 
mation  after  calculation  and  the  power  supply  9;  and 
the  cable  19  connecting  the  shot  measuring  instru- 
ment  2,  the  power  supply  9  and  the  processing  sec- 
tion  with  each  other. 

Figs.  2Aand  2B  are  enlarged  diagrams  of  the  arm 
indicated  in  Fig.  1,  Fig.  2A  being  an  enlarged  diagram 
of  the  arm  20  viewed  directly  from  above,  Fig.  2B  be- 
ing  a  cross-sectional  view  thereof  along  an  X-X'  line 
in  Fig.  2A.  In  Fig.  2A,  22  is  a  shot  position  detecting 
switch  and  26  represents  a  shot  position. 

One  end  of  the  arm  20  is  supported  rotatably  by 
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the  supporting  member  21  and  a  shaft  22  and  the 
three  shot  detecting  sensors  a,  b  and  c  consisting  of 
piezoelectric  elements  are  implanted  with  a  constant 
interval  at  different  positions  on  the  measurement 
surface  indicated  by  the  X-X'  line  at  the  other  end 
(end  portion  on  the  sensor  side),  as  indicated  in  Fig. 
2B.  Although  piezoelectric  elements  are  used  for  the 
shot  sensors  in  the  present  embodiment,  they  are  not 
restricted  thereto,  but  e.g.  magnetic  sensors  may  be 
used  therefor. 

In  order  to  prevent  destruction  of  the  sensors  a, 
b  and  c  by  the  shot,  the  buffer  member  25  is  fitted  to 
the  measurement  surface.  The  buffer  member  25  is 
made  of  a  material  having  durability  and  elasticity, 
e.g.  plastic  material,  which  is  subjected  directly  to  a 
shot  of  the  club  head  29  by  swing  of  the  golf  club  and 
transmits  the  force  and  the  direction  thereof  to  the 
shot  sensors  a,  b  and  c.  The  end  portion  23  on  the 
sensor  side  of  the  arm  is  normally  at  the  shot  position 
26  and  rotated  by  a  shot  by  the  club  head  29  (in  the 
embodiment  it  is  rotated  clockwise,  but  it  is  not  re- 
stricted  thereto).  When  it  is  rotated  by  270°,  it  is  sup- 
pressed  by  a  stopper  27  and  returned  again  to  the 
shot  position. 

Fig.  3  is  a  block  diagram  indicating  an  example  of 
construction  of  the  processing  section  3.  In  Fig.  3,  ref- 
erence  numeral  30  is  a  CPU  acting  as  the  calculating 
means  and  a  control  section;  31  is  an  operation  panel, 
on  which  operation  buttons,  switches,  etc.  (not  indi- 
cated  in  the  figure)  are  mounted;  32  is  an  input  stage, 
through  which  data  from  a  time  difference  detecting 
circuit  (stated  later)  are  inputted;  33  is  an  input  stage, 
through  which  data  from  a  peak  hold  circuit  (stated  lat- 
er)  are  inputted;  34  is  a  PROM,  in  which  a  procedure 
(program  means)  for  executing  various  operations  of 
the  present  diagnosing  apparatus  is  stored;  35  is  an 
RAM  serving  as  an  interval  memory;  and  36  is  a  CRT 
acting  as  display  means. 

When  the  diagnosing  apparatus  1  is  started,  after 
the  CPU  30  has  terminated  its  initial  setting  operation, 
it  reads  out  the  program  means  stored  in  the  PROM 
one  after  another.  In  this  case,  data  inputted  through 
the  input  stages  31  and  32  are  stored  in  the  RAM  35; 
diagnosis  information  is  calculated  according  to  a  pre- 
determined  calculation  method  (stated  later);  and  in- 
formation  to  be  displayed  is  outputted  by  the  program 
means  described  above  to  the  CRT  36  in  a  predeter- 
mined  format  (stated  later). 

1.  <Diagnosis  principle  of  the  golf  training 
diagnosing  apparatus> 

The  CPU  30  calculates  various  diagnosis  infor- 
mation  by  using  following  relationships  on  the  basis 
of  output  voltages  (waveforms)  from  the  shot  sensors 
a,  b  and  c. 

[Relation  between  the  diagnosis  item  and  the 
output  waveform] 

5  Denoting  the  waveform  of  the  output  voltage  of 
the  sensor  a  by  x1,  the  waveform  of  the  output  vol- 
tage  of  the  sensor  b  by  x2,  and  the  waveform  of  the 
output  voltage  of  the  sensor  c  by  x3,  following  items 
are  represented  as  follows: 

10  (1)  face  angle  of  the  club:  a=f(x1,  x2,  x3) 
(2)  swing  path  angle  of  the  club:  P=f(x1,  x2,  x3) 
(3)  head  speed  of  the  club:  V=f(x1,  x2,  x3) 
(4)  flight  of  the  ball:  L=f(x1,  x2,  x3) 
(5)  ball  drive  angle  (horizontal):  ®.|=f(x1,  x2,  x3) 

15  (6)  ball  drive  angle  (vertical):  ©2=f(x1  ,  x2,  x3) 

[Example  of  diagnosis  principle;  approximation 
formula] 

20  Denoting  the  peak  voltage  value  by  E  and  the 
time  from  the  rise  of  the  waveform  to  the  time  where 
the  peak  voltage  value  appears  by  T  in  the  output  wa- 
veform  x1  ,  x2  and  x3,  experiments  were  repeated  on 
the  output  of  the  shot  sensor  a;  EA  and  time  TA,  the 

25  output  of  the  shot  sensor  b;  EB  and  time  TB,  and  the 
output  of  the  shot  sensor  c;  Ec  and  time  Tc  and  it  was 
found  thatfollowing  approximation  formulas  are  valid, 
if  the  position  and  the  direction  of  the  sensors  a,  b  and 
c  are  suitably  selected. 

30  (i)  face  angle  of  the  club:  a=k1(TA-TB) 
(ii)  swing  path  angle  of  the  club:  p=k1  (TA-TB)+k2 
(Ea-Eb) 
(iii)  head  speed  of  the  club:  V=k3(EA+EB+Ec) 
(iv)  flight  of  the  ball:  L=k4(EA+EB+Ec) 

35  (v)  ball  drive  angle  (horizontal);  ®̂   =k5(TA- 
TB)+k6(EA-EB) 
(vi)  ball  drive  angle  (vertical):  ©2  =k6((TA-TB)/(2- 
Tc))  where  k1  to  k6  are  constants. 

40  2.  <Operation  of  the  golf  training  diagnosing 
apparatus> 

Fig.  4  is  a  flow  chart  indicating  the  operation  of 
the  golf  training  diagnosing  apparatus  1  according  to 

45  the  present  embodiment. 
Hereinbelow  the  operation  of  the  shot  measuring 

instrument  2  will  be  described,  referring  to  Fig.  4. 
[Steps  41  to  43]  Initial  operation 

After  the  initial  setting  (Step  41),  it  is  judged 
so  whether  the  mode  is  self-diagnostic  or  not  (Step  42). 

In  the  case  where  the  mode  is  self-diagnostic,  a  flag 
is  set  for  transmitting  six  input  channels  for  the  output 
of  the  shot  sensor  a;  EAand  timeTA,  the  output  of  the 
shot  sensor  b;  EB  and  time  TB,  and  the  output  of  the 

55  shot  sensor  c;  Ec  and  time  Tc,  as  well  as  the  value  of 
the  voltage  converting  counter  and  the  time  differ- 
ence  calculation  value  to  the  CPU  30  (Step  43)  to  exe- 
cute  Step  44.  In  the  case  where  the  mode  is  not  self- 
diagnostic,  Step  44  is  executed  directly. 

4 
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[Steps  44  to  46]  Test  of  the  shot  position  detection 
switch 

When  the  end  portion  23  of  the  arm  20  is  set  at 
the  shot  position  26,  the  shot  position  detection  5 
switch  22  emits  a  signal  "H".  Then  it  is  judged  whether 
the  signal  is  "H"  or  not.  In  the  case  where  it  is  not  "H", 
the  procedure  enters  a  loop,  where  the  end  portion  23 
of  the  arm  20  waits  to  be  set  at  the  shot  position  26. 
On  the  contrary,  in  the  case  where  the  signal  is  "H",  10 
in  order  to  confirm  again  after  about  100ms  whether 
the  end  portion  23  is  really  at  the  shot  position,  it  is 
judged  whether  the  signal  is  "H"  or  not.  In  the  case 
where  the  signal  is  not  "H",  the  procedure  enters  a 
loop,  where  the  end  portion  23  of  the  arm  20  waits  to  15 
be  set  at  the  shot  position  26,  and  in  the  case  where 
the  signal  is  "H",  Step  47  is  executed. 
[Steps  47  to48]  Notice  of  shot  preparation  to  the  proc- 
essing  section  3 

When  the  signal  "H"  of  the  shot  position  detection  20 
switch  22  is  confirmed,  after  PIO  bit  control  as  indi- 
cated  in  the  timing  chart  in  Fig.  5  has  been  effected, 
a  state  signal  Ready  is  transmitted  as  a  notice  of  shot 
preparation.  The  processing  section  3,  which  has  re- 
ceived  the  state  signal  Ready,  displays  the  Ready  on  25 
the  display  section  36.  In  this  way,  even  if  there  is  any 
shock,  when  the  arm  is  returned  to  the  shot  position 
after  the  ball  has  been  impacted  with  the  club  head 
29,  the  processing  section  3  can  recognize  owing  to 
t  he  shot  position  detection  switch  whet  her  it  is  t  he  sig-  30 
nal  due  to  the  shot  or  not. 
[Step  50]  Detection  of  shot  and  WAIT 

When  the  golf  club  is  swung  to  give  impact  (shot) 
with  the  club  head  29  to  the  buffer  member  25  fitted 
to  the  end  portion  23  of  the  arm  20,  the  piezoelectric  35 
elements  a,  b  and  c  disposed  at  three  positions  on  the 
measurement  surface  output  voltages  depending  on 
the  magnitude  and  the  direction  of  the  shot  with  some 
time  differences. 

In  this  case,  WAIT  is  a  time  constant  necessary  40 
for  stopping  the  detecting  circuit  (cf.  Fig.  8)  before  the 
arm  20  is  locked  at  the  stopper  position,  when  the  pie- 
zoelectric  elements  a,  b  and  c  sense  the  shock  given 
by  the  club  head  29.  In  other  words,  since  the  shock 
at  the  lock,  when  the  arm  20  rotated  around  the  shaft  45 
22  by  the  shot  is  locked  at  the  stopper  position,  is  the 
greatest  next  to  that  produced  at  the  shot,  measure- 
ment  errors  are  great,  if  the  shock  is  detected  by  the 
detecting  circuit,  and  therefore  measurement  at  the 
shot  is  difficult,  a  predetermined  part  of  the  period  of  50 
time  from  the  shot  to  the  lock  is  set  as  WAIT.  The  op- 
eration  of  the  detecting  circuit  is  interrupted  in  the 
lapse  of  the  WAIT. 
[Steps  51  to  53]  Reading  out  and  transmission  of  the 
peak  hold  value  and  the  time  difference  55 

After  the  WAIT,  after  having  made  a  count  dis- 
able/peak  input  disabling  bit  in  the  PIO  bit  "L",  infor- 
mation  for  six  channels  coming  from  the  sensors  a,  b 
and  c  and  held  by  hard  logic  in  the  input  stages  31  and 

32  is  read  out  at  a  stretch  and  the  peak  values  thereof 
are  inputted  to  the  A/D  converter  85  (Fig.  8),  where 
they  are  converted  into  digital  values,  which  are 
transmitted  to  the  CPU  30  through  a  bus  95.  On  the 
other  hand,  the  time  differences  are  transmitted  to 
the  CPU  30  through  the  bus  95. 

3.  <lnput  circuit  of  diagnosis  information> 

Fig.  6  shows  waveforms  of  the  output  voltages 
from  the  different  shot  sensors  at  the  shot.  In  Fig.  6, 
Va,  Vb  and  Vc  represent  peak  voltages  of  the  piezo- 
electric  elements  a,  b  and  c,  respectively,  and  ta,  tb 
and  tc  represent  peak  delay  times  therefor. 

Further  Fig.  7  shows  peak  voltage  hold  times  for 
the  piezoelectric  elements  a,  b  and  c.  The  peak  vol- 
tages  of  the  shot  are  deferred  in  several  seconds  in- 
dicated  by  ta,  tb  and   ̂ in  Fig.  6  after  the  shot  by  the 
club  head  29  by  peak  hold  circuits  as  indicated  in  Fig. 
8.  In  this  way  there  is  marginal  time  for  converting  a 
plurality  of  analogue  signals  into  digital  signals  by 
means  of  an  A/D  converter  while  switching  over  them. 

Fig.  8  shows  peak  hold  circuits  and  time  differ- 
ence  detecting  circuits  combined  with  the  peak  hold 
circuits,  in  which  reference  numerals  81  and  82  are 
peak  hold  circuits  acting  as  the  first  input  stage  31  ;  83 
is  an  attenuator,  which  attenuates  the  voltage  to  1/n; 
84  is  a  switch;  85  is  an  A/D  converter;  91  and  92  are 
time  difference  detecting  circuits  acting  as  the  second 
input  stage  32;  93  and  94  are  counters;  and  95  is  a 
bus. 

In  Fig.  8,  voltages  inputted  from  the  piezoelectric 
elements  a,  b  and  c  are  bifurcated  into  two.  The  vol- 
tage  inputted  to  the  peak  hold  circuit  81  is  attenuated 
by  the  attenuator  83  so  that  the  peak  hold  circuit  81 
acts  as  a  low  sensitivity  peak  hold  circuit. 

Furthera  plurality  of  analogue  signals  represent- 
ed  by  peak  voltages  held  by  the  peak  hold  circuits  are 
converted  into  digital  signals,  while  switching  them  by 
means  of  the  switch  84,  which  digital  signals  are  out- 
putted  to  the  bus  95. 

The  respective  signals  (voltages)  are  inputted 
from  the  peak  hold  circuits  81  and  82  to  the  time  dif- 
ference  detecting  circuits  91  and  92  as  indicated  in 
Fig.  8.  In  the  case  where  the  peak  hold  circuit  81  side 
is  read,  the  time  difference  detecting  circuit  91  side  is 
read,  while  in  the  case  where  the  peak  hold  circuit  82 
side  is  read,  the  time  difference  detecting  circuit  92 
side  is  read.  The  counters  93  and  94  count  the  mag- 
nitudes  of  the  respective  voltage  values  as  indicated 
in  Fig.  9.  The  counting  is  stopped  at  a  point  of  time, 
where  the  count  values  are  constant  (minimum).  Dif- 
ferences  of  the  count  are  obtained  by  subtracting  the 
minimum  count  values  from  the  maximum  count  val- 
ues.  On  the  other  hand,  since  a  period  of  time  corre- 
sponding  to  one  count  is  known  previously,  the  time 
differences  can  be  obtained  by  dividing  the  count 
numbers  by  the  count  times. 
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Fig.  10  shows  an  experimental  example  on  the 
waveform  produced  by  a  driver  shot  and  a  knock  by 
a  putter.  According  to  the  experiment,  if  the  voltage 
level  inputted  to  the  A/D  converter  85  was  set  so  that 
it  could  be  read  out  as  a  digital  value  to  the  bus  95, 
DF  was  increased  as  indicated  in  Fig.  10.  Next  at  the 
knock  by  the  putter,  although  a  voltage  appeared  to 
be  low,  00  was  increased  as  indicated  in  Fig.  10.  On 
the  contrary,  if  the  voltage  level  is  set  so  that  the  vol- 
tage  due  to  the  knock  by  the  putter  is  read  out,  the  sig- 
nal  is  saturated,  independently  from  whether  the  buf- 
fer  member  is  shot  strongly  or  weakly  by  the  driver, 
the  signal  is  increased  only  to  FF.  In  other  words,  it 
was  understood  that  there  is  a  great  difference  in  the 
dynamic  range. 

Therefore  there  were  disposed  two  peak  hold  cir- 
cuits  81  and  82  having  different  sensitivities  as  the 
pair  80  of  peak  hold  circuits  enclosed  by  a  broken  line 
in  Fig.  8  and  the  outputs  thereof  were  switched  by  the 
switch  84  to  be  inputted  to  the  A/D  converter  85.  As 
the  result  it  was  possible  to  read  out  the  output  of  the 
peak  hold  circuit  81  in  the  case  of  the  driver  shot,  but 
not  possible  to  read  out  the  output  of  the  peak  hold 
circuit  82.  In  the  case  of  the  shot  by  the  putter,  al- 
though  it  was  possible  to  read  out  the  output  of  the 
peak  hold  circuit  82,  it  was  not  possible  to  read  out  the 
output  of  the  peak  hold  circuit  81.  In  other  words, 
since  either  one  of  the  pair80ofthe  peak  hold  circuits 
can  be  read  out  in  the  case  of  the  driver  shot  or  the 
shot  by  the  putter,  the  dynamic  range  of  the  A/D  con- 
verter  95  is  enlarged  equivalently  by  a  factor  n. 

4.  <Example  of  application  (example  of  display  of 
diagnosis  results)> 

Fig.  11  is  a  blockdiagram  indicating  the  construc- 
tion  of  an  example  of  application  of  the  golf  training  di- 
agnosis  apparatus  according  to  the  present  invention. 
In  Fig.  11,  each  block  110  to  167  is  constructed  by  pro- 
gram  means.  These  program  means  are  stored  in  pro- 
gram  storing  means  (e.g.  PROM)  in  the  processing 
section  as  indicated  in  Fig.  3  and  executed  one  after 
another  by  the  CPU  at  the  start  of  the  golf  training  di- 
agnosing  apparatus.  The  present  example  of  applica- 
tion  will  be  explained  by  using  the  construction  of  the 
golf  training  diagnosing  apparatus  1  described  previ- 
ously. 
[Step  110]  Display  of  title  and  menu 

When  the  golf  training  diagnosing  apparatus  1  is 
started,  the  title  and  the  menu  indicating  Steps  130, 
140,  150,  160  and  "end"  are  displayed  on  the  screen 
of  the  CRT  36.  [Step  120]  Menu  selection 

A  user  selects  a  menu  by  using  function  keys  (or 
a  keyboard,  buttons,  etc.)  on  an  input  panel  31. 
[Step  130]  Shot  diagnosis 

In  order  to  examine  or  compare  characteristics, 
etc.  of  clubs,  results  of  each  shot  are  displayed  on  the 
CRT  36,  using  a  format  as  indicated  in  Fig.  12  or  13. 

[Steps  131  and  132] 
External  input  data  such  as  name  of  trainee,  used 

club,  etc.  are  inputted  by  using  a  keyboard  (or  OCR, 
5  etc.)  on  the  input  panel  31. 

[Step  133]  Shot  diagnosis 
The  CPU  30  obtains  inputted  information  by  the 

operation  (cf.  2.  <Operation  of  the  golf  training  diag- 
nosing  apparatus>)  indicated  in  Fig.  4  described  pre- 

10  viously  by  t  he  fact  t  hat  t  he  trainee  shoots  t  he  end  por- 
tion  23  of  the  arm  20  in  the  shot  measuring  instru- 
ment;  calculates  the  face  angle  of  the  club,  the  swing 
path  angle  of  the  club,  the  head  speed  of  the  club,  the 
flight  of  the  ball,  the  ball  drive  angle  (horizontal),  the 

15  ball  drive  angle  (vertical),  etc.  as  well  as  the  trajectory 
of  the  ball  as  diagnosis  information  by  the  principle 
described  previously  (cf.  1.  <Diagnosis  principle  of 
the  golf  training  diagnosing  apparatus>)  on  the  basis 
of  the  inputted  information;  and  displays  them  on  the 

20  CRT  36  in  a  format  as  indicated  in  Fig.  12.  Further  the 
shot  diagnosis  can  be  effected  repeatedly.  In  addi- 
tion,  it  can  be  effected  by  calling  Step  134  by  means 
of  function  keys  on  the  operation  panel  31  .  When  the 
shot  diagnosis  is  terminated,  the  procedure  returns  to 

25  Step  120  and  a  new  menu  is  selected. 
When  the  square  in  the  left  lower  part  of  the  im- 

age  indicated  in  Fig.  12  shows  "READY",  the  trainee 
can  shoot.  On  the  contrary,  when  it  shows  "BALL 
PREPARATION",  the  end  portion  23  of  the  arm  20  is 

30  returned  to  the  shot  position  26  to  make  the  state 
"READY".  In  addition,  the  ball  is  moved  and  displayed 
while  leaving  a  trajectory  of  the  ball.  When  the  ball 
stops,  the  numerical  value  is  displayed  in  the  lower 
part  of  the  screen.  If  the  flight  is  below  1  50  yards,  no 

35  ball  drive  angle  is  displayed. 
[Step  134]  Display  of  shot  diagnosis  results 

Shot  diagnosis  results  are  appropriately  dis- 
played  by  Step  12.  They  are  displayed  in  the  form  of 
a  list  in  the  format  indicated  in  Fig.  13  and  the  proce- 

40  dure  returns  to  Step  133.  The  display  of  the  results 
can  be  viewed  while  moving  forward  or  backward  in- 
formation  on  the  screen  by  stroke  manipulation. 
[Step  140]  Shot  training 

In  order  to  know  or  compare  results  of  the  golf 
45  training,  results  of  each  shot  are  displayed  on  the 

CRT  36  in  the  form  indicated  in  Figs.  14  and  15. 
[Steps  141  and  142] 

External  input  data  such  as  name  of  trainee,  used 
club,  etc.  are  inputted  by  using  a  keyboard  on  the  in- 

50  put  panel  31. 
[Step  143]  Display  of  shot  training  results 

The  CPU  30  obtains  inputted  information  by  the 
operation  indicated  in  Fig.  4  described  previously  by 
the  fact  that  the  trainee  shoots  the  end  portion  23  of 

55  the  arm  20,  calculates  the  face  angle  of  the  club,  the 
swing  path  angle  of  the  club,  the  head  speed  of  the 
club,  the  flight  of  the  ball,  the  ball  drive  angle  (hori- 
zontal),  the  drive  angle  (vertical),  etc.  as  well  as  the 
trajectory  of  the  ball  as  diagnosis  information  by  the 
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principle  described  previously  on  the  basis  of  the  in- 
putted  information;  and  displays  them  on  the  CRT  36 
in  a  format  as  indicated  in  Fig.  12.  Further  the  shot 
diagnosis  can  be  effected  repeatedly.  In  addition,  it 
can  be  effected  by  calling  Step  144  by  means  of  func- 
tion  keys  on  the  operation  panel  31.  When  the  shot 
training  is  terminated,  the  procedure  returns  to  Step 
120  and  a  new  manu  is  selected. 

When  the  square  in  the  left  lower  part  of  the  im- 
age  indicated  in  Fig.  14  shows  "READY",  the  trainee 
can  shoot.  On  the  contrary,  when  it  shows  "BALL 
PREPARATION",  the  end  portion  23  of  the  arm  20  is 
returned  to  the  shot  position  26  to  make  the  state 
"READY".  In  addition,  the  ball  is  moved  and  displayed 
while  leaving  a  trajectory  of  the  ball.  When  the  ball 
stops,  the  numerical  value  on  the  screen  is  displayed. 
If  the  flight  is  below  150  yards,  no  ball  drive  angle  is 
displayed. 
[Step  144]  Summation  and  display  of  shot  diagnosis 
results 

Shot  diagnosis  results  are  summed  and  appro- 
priately  displayed  by  Step  14.  They  are  displayed  in 
the  form  ofa  list  in  the  format  indicated  in  Fig.  15and 
the  procedure  returns  to  Step  143. 
[Step  150]  Putt  training 

In  order  to  know  results  of  the  shot  training,  re- 
sults  of  each  shot  are  displayed  on  the  CRT  36  in  the 
form  indicated  in  Fig.  15. 
[Step  151]  Display  of  putt  training  results 

The  CPU  30  obtains  inputted  information  by  the 
operation  indicated  in  Fig.  4  described  previously  by 
the  fact  that  the  trainee  shoots  the  end  portion  23  of 
the  arm  20,  calculates  the  length  of  movement  of  the 
ball,  transversal  deviations,  etc.  by  the  principle  de- 
scribed  previously  on  the  basis  of  the  inputted  infor- 
mation;  and  displays  them  on  the  CRT  36  in  a  format 
as  indicated  in  Fig.  16.  Further  the  putt  training  can 
be  effected  repeatedly.  When  the  putt  training  is  ter- 
minated,  the  procedure  returns  to  Step  120  and  a  new 
menu  is  selected. 
[Step  160]  Stroke  play 

A  simulation  course  as  indicated  in  Fig.  17  is  dis- 
played  on  the  CRT  36  and  an  image  of  the  ball  is  ad- 
vanced  for  every  stroke.  Results  of  the  shot  or  the 
putt  and  whereabouts  of  the  ball  are  examined  and 
marks  are  given  them.  Results  of  every  stroke  are 
displayed  on  the  CRT  36  in  a  format  indicated  in  Fig. 
17. 
[Step  161]  Restart  of  stroke  play 

In  the  case  where  the  trainee  wishes  to  restart  an 
interrupted  stroke  play,  he  pushes  function  keys  on 
the  input  panel  31  to  execute  Step  165. 
[Steps  162  and  163] 

External  input  data  such  as  name  of  trainee,  used 
club,  etc.  are  inputted  by  a  keyboard,  an  OCR,  etc.  on 
the  input  panel  31. 
[Step  164]  Selection  of  form  of  play 

The  form  of  play  is  selected  by  using  function 

keys  or  a  keyboard  on  the  input  panel  31  . 
[Step  165]  Stroke  play 

The  CPU  30  obtains  inputted  information  by  the 
5  operation  indicated  in  Fig.  4  described  previously  by 

the  fact  that  the  trainee  shoots  the  end  portion  23  of 
the  arm  20;  calculates  the  face  angle  of  the  club,  the 
swing  path  angle  of  the  club,  the  head  speed  of  the 
club,  the  flight  of  the  ball,  the  ball  drive  angle  (hori- 

10  zontal),  the  ball  drive  angle  (vertical),  etc.  as  well  as 
the  trajectory  of  the  ball  as  diagnosis  information; 
and  displays  the  position  of  the  ball  on  the  course  in 
the  format  as  indicated  in  Fig.  17  on  the  CRT  36.  In 
the  stroke  play,  when  the  trainee  has  made  a  round 

15  in  all  the  courses,  Step  167  is  executed  and  when  the 
play  is  interrupted  at  a  hole  on  the  way,  the  position 
of  the  ball,  scores  and  other  calculated  values  upto 
that  point  are  stored  at  Step  166.  Then  the  procedure 
returns  to  Step  120  and  a  new  menu  is  selected. 

20  [Step  167]  Disposition  at  hole-out 
The  trajectory  of  the  ball  in  all  the  courses,  the 

flight  for  every  course,  calculated  values,  scores  and 
the  sum  of  scores,  etc.  are  displayed.  After  the  ter- 
mination  of  the  display,  the  procedure  returns  to  Step 

25  1  20  and  a  new  menu  is  selected. 
Although  an  embodiment  and  an  example  of  ap- 

plication  of  the  present  invention  have  been  ex- 
plained  in  the  above,  the  present  invention  is  not  re- 
stricted  to  the  embodiment  described  above  and  it  is 

30  a  matter  of  course  that  various  modified  executions 
are  possible. 

Further  in  the  shot  measuring  instrument  2,  the 
buffer  member  25  is  nearly  a  half  of  a  golf  ball,  i.e.  it 
is  approximately  hemi-spherical,  as  indicated  in  Fig. 

35  18,  and  mounted  detachably  on  the  end  portion  23. 
The  cable  19  from  the  different  sensors  a,  b  and  c 
passes  through  the  groove  20a  in  the  arm  20  and  the 
supporting  member  21  to  arrive  at  the  processing 
section  3. 

40  The  supporting  member  21  is  so  constructed  that 
its  height  can  be  varied,  depending  on  whether  it  is  a 
tee-shot  or  not,  as  indicated  in  Figs.  19Aand  19B.  In 
the  figure,  the  supporting  member  21  consists  of  a 
cap  member  21a  and  a  pillar  21b  and  the  arm  20  de- 

45  scribed  above,  etc.  are  mounted  on  the  cap  member 
21a  and  the  pillar  21b  is  inserted  therein  so  that  the 
cap  member  21a  is  rotatable  and  dismountable.  Two 
grooves  21c  and  21d  having  different  heights  are 
formed  in  the  pillar  21  b  and  on  the  other  hand  a  screw 

so  21e  is  screwed  in  the  cap  member  21b. 
The  change  in  the  height  is  effected  by  changing 

the  groove  21c  or  21d,  with  which  the  screw  21e  is 
engaged.  The  grooves  21c  and  21  d  described  above 
are  formed  so  that  change  in  the  arm  height  can  be 

55  effected  at  an  angle  within  an  extent  of  30°,  as  indi- 
cated  in  Fig.  20. 

Further,  as  indicated  in  Figs.  21  A  and  21  B,  a  first 
stopper  member  21  f  is  disposed  in  the  neighborhood 
of  the  supporting  member  21  and  a  second  stopper 
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member  21  g  is  disposed  in  a  part  of  the  outer  periph- 
ery  of  the  cap  member  21a. 

When  the  arm  20  is  rotated  in  the  direction  indi- 
cated  by  an  arrow  by  about  90°,  the  first  and  the  sec- 
ond  stopper  member  begin  to  be  engaged  with  each 
other  to  brake  the  arm  and  they  are  so  constructed 
that  braking  force  increases  with  increasing  rotation 
angle  over  90°.  In  this  way  it  is  possible  to  prevent  un- 
necessary  rotation  of  the  arm  20. 

A  matter  of  primary  concern  as  golf  diagnosing  in- 
formation  is  the  flight  of  the  golf  ball.  In  the  case 
where  it  is  desired  to  know  only  the  flight,  one  sensor 
may  be  sufficient. 

Further  the  buffer  member  is  not  necessarily  dis- 
mountable  from  the  arm.  For  example,  they  may  be 
formed  in  one  body,  in  which  the  sensors  are  incor- 
porated.  Instead  of  the  arm  the  member  stated  above 
may  be  bound  only  with  strings,  etc. 

Figs.  22  and  23  show  a  modified  example  of  the 
shot  measuring  instrument,  in  which  30  represents  a 
buffer  member  formed  detachably  (or  in  one  body)  at 
one  end  of  an  arm  31  and  the  other  end  of  the  arm 
31  is  mounted  rotatably  on  an  horizontal  bar  33  sup- 
ported  by  a  supporter  32. 

Three  shot  sensors  34  to  36  are  mounted  on  the 
back  surface  of  the  one  end  of  the  arm  31  stated 
above.  37  is  a  print  board  disposed  on  the  back  sur- 
face  of  the  arm  31  .  One  end  of  each  of  conductor  lines 
38  formed  on  the  print  board  is  connected  with  each 
of  the  sensors  and  the  other  end  thereof  is  connected 
with  a  contact  plate  39. 

Each  of  contact  plate  39  is  contacted  slidably  with 
each  of  the  terminal  plates  40  and  lead  wires  41  from 
different  terminal  plates  40  are  connected  with  the 
unit  described  previously. 

The  method  for  calculating  diagnosis  information 
in  the  processing  section  according  to  the  present  in- 
vention  is  not  restricted  to  the  approximation  formulas 
described  previously.  Instead  thereof,  necessary  ta- 
bles  are  prepared  previously  on  the  basis  of  various 
experimental  data  on  the  detection  signals  from  the 
sensors  and  the  flight,  etc.  and  more  precise  diagno- 
sis  information  may  be  obtained  on  the  basis  thereof 
or  on  the  basis  of  the  approximation  formulas  togeth- 
er  therewith. 

As  explained  above,  according  to  the  present  in- 
vention,  since  the  shot  by  the  golf  club  head  is  trans- 
mitted  to  the  shot  sensors  through  the  buffer  member 
and  the  calculating  means  calculates  diagnosis  infor- 
mation  including  at  least  the  face  angle  of  the  golf 
club  head,  the  swing  path  angle,  the  head  speed  of 
the  golf  club,  the  flight  of  the  golf  ball,  and  the  ball 
drive  angles  from  detection  signals  from  the  different 
shot  sensors,  and  displays  the  diagnosis  information 
by  the  display  means,  it  is  possible  to  obtain  the  swing 
angle,  measured  values  on  the  shot  ball,  etc.  and  to 
calculate  and  display  diagnosis  information  such  as 
these  measured  values,  evaluation  of  the  measured 

values,  the  trajectory  of  the  ball,  etc.  Further,  since  it 
requires  no  large  space,  an  apparatus,  which  can  be 
installed  easily  and  is  cheap,  is  provided.  In  addition, 

5  since  no  ball  flies  really,  it  is  safe. 
The  term  "flight"  used  in  the  specification  refers 

to  the  total  linear  displacement  of  the  ball  for  a  given 
simulated  trajectory. 

10 
Claims 

1.  A  golf  training  diagnosing  apparatus  (1)  compris- 
ing  a  shot  detecting  member  (25),  detection 

15  means  operable  to  produce  detection  signals  re- 
sponsive  in  use  to  movement  of  the  shot  detect- 
ing  member  responsive  to  being  shot  by  a  golf 
club  (29)  and  calculating  means  (3)  responsive  to 
the  detecting  signals  to  calculate  at  least  a  flight 

20  of  a  corresponding  simulated  golf  ball  trajectory 
characterised  in  that  the  detection  means  com- 
prises  one  or  more  shot  sensors  (a,  b,  c)  incorpo- 
rated  in  the  shot  detecting  member,  the  shot  de- 
tecting  member  being  supported  so  as  to  be  mov- 

25  able  by  a  predetermined  extent  when  shot  by  the 
golf  club  and  in  that  the  calculating  means  is  con- 
nected  electrically  with  the  one  or  more  shot  sen- 
sors. 

30  2.  A  golf  training  diagnosing  apparatus  as  claimed  in 
claim  1  wherein  the  detection  means  comprises 
three  or  more  shot  sensors  (a,  b,  c)  and  the  cal- 
culating  means  is  further  operable  to  calculate  a 
ball  drive  angle  of  the  simulated  golf  ball  trajecto- 

35  ry. 

3.  A  golf  training  diagnosing  apparatus  according  to 
claim  2,  wherein  said  shot  detecting  member 
comprises: 

40  an  arm  (20),  one  end  of  which  is  supported 
rotatably  and  which  has  at  least  three  shot  sen- 
sors  (a,  b,  c)  disposed  at  different  positions  on  an- 
other  end  thereof;  and 

a  buffer  member  (25),  which  transmits  the 
45  shot  by  the  golf  club  to  the  different  shot  sensors. 

4.  A  golf  training  diagnosing  apparatus  according  to 
claim  3,  wherein  said  buffer  member  has  a  pre- 
determined  elasticity  and  it  is  formed  detachably 

so  on  the  other  end  of  said  arm. 

5.  A  golf  training  diagnosing  apparatus  according  to 
claim  1  ,  furthercomprising  display  means  (36)  for 
displaying  diagnosis  information  obtained  by  said 

55  calculating  means. 

6.  A  golf  training  diagnosing  apparatus  according  to 
claim  3,  where  said  arm  is  constructed  so  as  to 
be  regulable  in  at  least  two  different  heights. 

8 
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7.  A  golf  training  diagnosing  apparatus  according  to 
claim  2,  further  comprising  a  stopper  member 
(27)  restricting  the  rotation  angle  of  said  arm  to  a 
predetermined  extent.  5 
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