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Description 

In  the  field  of  ophthalmology,  myopia  (near- 
sightedness)  is  the  most  common  optical  refractive 
error.  In  recent  years  this  condition  has  been  cor- 
rected  through  procedures  such  as  radial 
keratotomy  (RK).  In  this  surgery,  a  series  of  radial 
incisions  of  precise  depth  are  placed  in  the  cornea, 
effecting  a  change  in  its  curvature  and  hence  its 
refractive  power.  The  length  and  number  of  inci- 
sions  required  in  an  RK  operation  varies  according 
to  the  degree  of  optical  correction  desired,  and  the 
depth  of  the  incision  is  critical  to  the  satisfactory 
outcome  of  the  surgery.  Inadequate  depth  will  re- 
sult  in  under-correction,  whereas  excessive  depth 
will  result  in  over-correction  or  perforation  of  the 
cornea  and  potentially  serious  harm  to  the  eye. 
Accurate  measurement  of  the  corneal  thickness  is 
therefore  essential  to  the  safe  and  successful  per- 
formance  of  RK  surgery. 

Instruments  that  measure  corneal  thickness  are 
referred  to  as  pachymeters.  Early  pachymeters 
were  purely  optical  devices  and  have  been  shown 
to  be  imprecise.  Ultrasonic  technology  is  now  rou- 
tinely  used  to  measure  corneal  thickness.  All  cur- 
rent  instruments  employ  an  ultrasonic  probe  that 
contacts  the  eye  and  which  is  attached  via  a  cable 
to  a  desk  unit  which  is  about  the  size  of  an  oscil- 
loscope.  Some  units  have  a  small  oscilloscope 
screen  that  displays  the  transducer  tracings  and 
other  more  recent  units  simply  display  a  digital 
readout  of  the  corneal  thickness  on  the  device.  The 
speed  at  which  the  echoes  are  sampled  deter- 
mines  the  accuracy  with  which  the  thickness  mea- 
surement  can  be  made.  CMOS  digital  devices  can- 
not  reliably  run  an  11  -bit  synchronous  counter  sys- 
tem  at  40  MHz  using  current  semiconductor  tech- 
nology.  It  would  therefore  be  useful  to  devise  a 
CMOS  based  system  that  sampled  ultrasonic  ech- 
oes  at  frequencies  in  the  40  MHz  range  in  order  to 
achieve  greater  sensitivity,  resolution  and  accuracy 
of  measurement. 

The  most  commonly  performed  operation  in 
ophthalmology  is  cataract  surgery.  A  cataract  is  an 
opacification  of  the  biological  lens  inside  the  eye. 
In  cataract  extraction,  one  of  several  techniques  is 
used  to  remove  the  opacified  lens  material.  Once 
removed,  it  is  possible  to  implant  an  artificial  lens 
in  order  to  restore  optical  integrity  to  the  eye, 
eliminating  the  need  for  thick  cataract  glasses  or 
contact  lenses. 

When  cataract  surgery  is  performed,  several 
measurements  are  necessary  in  order  to  calculate 
the  precise  power  of  the  intraocular  lens  (IOL)  to  be 
implanted.  The  important  variables  are  corneal  cur- 
vature  (keratometry),  size  of  the  eye  (axial  length), 
and  knowledge  of  where  inside  the  eye  the  IOL  is 
to  be  implanted  (anterior  or  posterior  chamber). 

Measurement  of  axial  length  is  performed  ultra- 
sonically  by  a  device  referred  to  as  a  biometric 
ruler.  Through  such  an  instrument,  the  major  inter- 
nal  structures  of  the  eye  can  be  imaged  and  their 

5  dimensions  measured.  Of  importance  in  the  mea- 
surement  of  true  axial  length  is  the  distance  from 
the  cornea  to  the  retina  along  the  visual  axis  of  the 
eye.  The  early  biometric  rulers  employed  a  piezo- 
electric  transducer,  in  a  hand-held  probe  attached 

io  via  a  cable  to  an  oscilloscope.  It  was  necessary  for 
the  individual  performing  the  examination  to  visu- 
ally  assess  the  oscilloscope  signals  and  identify  an 
axial  scan.  Second  generation  instruments  still  re- 
quire  the  examiner  to  detect  the  pattern  consistent 

75  with  an  axial  scan.  Then,  electronics  are  used  to 
calculate  and  display  the  desired  measurement  in 
millimetres.  It  would  be  desirable  to  have  a  porta- 
ble,  digital,  ultrasonic  biometer  ruler  for  displaying 
the  axial  length  of  the  eye,  using  microprocessor 

20  technology  to  assess  the  echo  wave-forms  and 
displaying  digitally  a  readout  representing  as  ac- 
curately  as  possible  the  true  axial  length  of  the 
eye. 

IBM  Technical  Disclosure  Bulletin  Vol.16,  No  7, 
25  December  1973  discloses  an  apparatus  for  timing 

asynchronous  time  intervals  using  multiple  phase- 
shifted  clock  signals. 

According  to  the  present  invention  there  is 
provided  an  apparatus  for  asynchronously  latching 

30  the  count  of  a  clock-controlled  counter  means,  the 
apparatus  comprising: 

sample  pulse  means  adapted  to  receive  asyn- 
chronous  signals  and  generate  therefrom  a  plurality 
of  sample  pulses; 

35  counter  means  adapted  to  count  in  a  continu- 
ous  manner; 

grey  code  counter  means  adapted  to  count  in 
a  continuous  manner  timing  signals  generated  by  a 
clock  and  further  adapted  to  clock  said  counter 

40  means; 
latch  means  comprising  first,  second,  third  and 

fourth  latches  wherein  inputs  of  said  latch  means 
are  connected  to  said  sample  pulse  means,  said 
first  and  second  latches  are  connected  to  said  grey 

45  code  counter  means,  said  third  and  fourth  latches 
are  connected  to  said  counter  means  and  said 
sample  pulses  are  adapted  to  cause  said  first  and 
second  latches  to  latch  data  from  said  grey  code 
counter  means  and  said  third  and  fourth  latches  to 

50  latch  data  from  said  counter  means;  and 
control  means  responsive  to  data  from  said 

first  and  second  latches  and  adapted  to  determine 
therefrom  whether  the  data  in  said  third  and  fourth 
latches  was  latched  when  said  counter  means  were 

55  in  a  state  of  transition. 
The  present  invention  is  particularly  useful  in  a 

completely  portable  digital  ultrasonic  instrument  for 
measuring  corneal  thickness  (pachymeter)  or  axial 
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length  (biometer  ruler)  of  the  eye.  For  the  pachy- 
meter,  corneal  thickness  is  displayed  digitally  on  a 
liquid  crystal  display  (LCD).  The  pachymeter  incor- 
porates  a  20  MHz  solid  phase  piezoelectric  trans- 
ducer,  a  microprocessor,  a  gate  array,  a  hybrid 
analog  receiver,  a  liquid  crystal  display  and  four 
batteries.  For  the  biometric  ruler,  axial  length  is 
measured  using  a  10  MHz  transducer  and  the 
software  in  the  microprocessor  is  modified.  A  small 
pinjack  connector  is  available  to  link  the  unit  to 
other  electronic  devices  such  as  a  microcomputer, 
personal  computer  or  printer.  The  ultrasonic  ech- 
oes  generated  by  the  transducer  and  various  inter- 
faces  in  the  eye  are  sampled  at  the  rate  of  40  MHz 
which  results  in  equal  or  greater  sensitivity,  resolu- 
tion  and  accuracy  as  compared  to  other  ultrasonic 
units  currently  available.  The  40  MHz  sample  rate 
achieves  a  resolution  of  25  ns.  Since  it  is  not 
possible  to  reliably  run  an  11  -bit  synchronous 
counter  at  40  MHz  using  current  CMOS  technol- 
ogy,  a  2-bit  grey  code  counter  running  at  40  MHz 
is  used  to  clock  a  9-bit  synchronous  counter.  After 
an  echo  is  detected,  three  successive  measure- 
ment  times  are  generated.  A  grey  code  counter  is 
sampled  during  the  first  two  sample  periods  and 
the  9-bit  synchronous  counter  is  sampled  during 
the  first  and  third  sample  periods.  By  comparing 
the  values  of  the  two  grey  code  samples,  the 
appropriate  9-bit  sample  can  be  selected  for  com- 
parison  to  subsequent  samples  which  occur  as  a 
result  of  subsequently  detected  ultrasonic  echoes. 
Using  this  technique  insures  that  the  selected  9-bit 
sample  does  not  occur  when  the  9-bit  synchronous 
counter  is  in  a  state  of  transition.  The  apparatus 
allows  for  high  speed,  high  accuracy  measurement 
of  the  time  between  asynchronous  ultrasonic  ech- 
oes  which  translates  into  highly  accurate  thickness 
measurements  necessary  in  the  field  of  ophthal- 
mology. 

If  a  10  MHz  solid  phased  piezoelectric  trans- 
ducer  is  substituted  for  the  20  MHz  transducer,  and 
the  microprocessor  program  is  changed,  then  the 
instrument  can  be  operated  as  a  biometric  ruler  for 
measurement  of  the  dimensions  of  the  major  inter- 
nal  structures  of  the  eye  as  well  as  measurement 
of  the  true  axial  length  which  is  the  distance  from 
the  cornea  to  the  retina  along  the  visual  axis  of  the 
eye.  In  this  mode,  a  pinjack  connector  also  allows 
the  biometric  ruler  unit  to  be  attached  to  an  oscil- 
loscope  which  in  turn  displays  the  ultrasonic  ech- 
oes  as  they  occur. 

It  is  therefore  an  aim  of  the  present  invention  to 
accomplish  high  speed,  high  accuracy  measure- 
ment  of  the  time  between  two  asynchronous 
events. 

It  is  a  further  aim  of  the  present  invention  to 
ensure  that  the  high  speed  sampling  of  a  counter, 
after  an  asynchronous  event  has  occurred,  is  ac- 

curate  to  within  25  ns  when  compared  with  a 
subsequent  asynchronous  event. 

The  present  invention  will  be  further  described 
hereinafter  with  reference  to  the  following  descrip- 

5  tion  of  an  exemplary  embodiment  and  the  accom- 
panying  drawings,  in  which: 

Figure  1A  is  a  perspective  view  of  the  instru- 
ment  as  a  pachymeter  with  a  20  MHz  trans- 
ducer  and  Figure  1B  shows  the  biometric  ruler 

io  with  a  10  MHz  transducer. 
Figure  2A  shows  a  digital  display  for  use  with  a 
20  MHz  transducer  and  Figure  2B  shows  a 
digital  display  for  use  with  a  10  MHz  transducer. 
Figure  3  shows  a  top  view  of  the  pachymeter 

is  with  the  top  cover  removed. 
Figure  4  is  a  side  view  of  the  pachymeter  show- 
ing  the  various  locations  of  the  component  parts. 
Figure  5  shows  a  detailed  block  diagram  of  the 
present  system. 

20  Figure  6  shows  a  block  diagram  of  the  appara- 
tus  for  accurately  measuring  the  time  between 
asynchronous  events. 
Figure  7  is  a  timing  diagram  illustrating  the 
desired  operation  of  the  block  diagram  of  Figure 

25  6. 
Figure  8A  is  a  table  showing  the  grey  code  bit 
sequence  and  the  corresponding  binary  outputs 
and  Figure  8B  shows  the  relation  of  the  binary 
state  of  Figure  8A  with  9-bit  counter  functions. 

30  Figure  9  shows  a  table  listing  the  binary  states 
of  the  grey  code  counter  at  various  P1  and  P2 
sample  periods. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
35  EMBODIMENT 

Referring  to  Figure  1A,  the  instruments  com- 
prises  a  housing  20  which  is  contoured  such  that  it 
can  be  easily  grasped  in  the  manner  of  a  writing 

40  pen.  The  tip  of  the  instrument  is  a  piezoelectric 
ultrasonic  transducer  element  22  mounted  to  a 
swan  neck  connector  24.  The  other  functioning 
components  of  the  instrument  include  an  activation 
button  26,  located  on  the  anterior  dorsal  surface  in 

45  close  approximation  to  the  index  fingertip  of  the 
user,  a  liquid  crystal  display  28  (LCD),  a  reset 
button  (not  shown),  a  removable  battery  cover  30, 
and  a  pinjack  connector  32  (Figure  4). 

The  20  MHz  transducer  22  comprises  a  plastic 
50  ultrasonically  transparent,  contact  head  34,  and  a 

recessed  piezoelectric  ultrasonic  transducer  22. 
This  cone  shaped  contact  head  34  is  attached  to 
the  transducer  22  which  is  attached  to  the  swan 
neck  connector  24  which  connects  to  the  housing 

55  20  of  the  pachymeter  36.  The  backing  of  the  trans- 
ducer  22  is  a  .005  inch  piece  of  tungsten-loaded 
epoxy  which  is  an  acoustically  inert  material.  The 
piezoelectric  transducer  element  has  a  frequency 
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of  20  MHz.  It  is  activated  by  means  of  a  hybrid 
transceiver,  which  is  connected  to  a  microproces- 
sor  via  a  gate  array.  One  to  three  pulses  of  current 
are  delivered  to  the  transducer  from  the  hybrid 
transceiver.  A  first  echo  corresponds  to  the  front 
corneal  surface  and  a  second  echo  corresponds  to 
the  back  corneal  surface.  The  time  between  the 
two  corneal  echoes  is  proportional  to  the  corneal 
thickness.  Because  sound  is  estimated  to  travel  at 
a  rate  of  1640  meters/sec  through  corneal  tissue, 
the  time  between  the  emitted  signal  and  the  re- 
flected  echoes  can  be  converted  to  millimeters, 
using  standard  formulae. 

The  active  transducer  element  is  opaque  and  is 
centered  at  the  posterior  edge  of  the  cone  shaped 
contact  head  34.  The  contact  head  is  made  of  a 
clear  acrylic  material  that  allows  the  instrument  tip 
to  be  better  visualized  under  an  operating  micro- 
scope.  The  small  size  of  the  transducer  22  and  the 
contact  head  34  minimizes  the  area  of  the  corneal 
surface  which  is  obscured  by  the  transducer  22.  In 
addition,  the  swan  neck  connector  24  is  designed 
such  that  it  is  rather  easy  for  the  user  to  place  the 
contact  head  34  into  contact  with  the  corneal  sur- 
face  perpendicularly  while  viewing  the  eye  under 
an  operating  microscope.  In  essence,  the  com- 
bined  clear  acrylic  contact  head  34  and  the  swan 
neck  connector  24  both  facilitate  perpendicular 
alignment  of  the  transducer  22  to  the  corneal  sur- 
face.  The  transducer  must  be  aligned  perpendicu- 
lar  to  the  corneal  surface  in  order  to  obtain  detect- 
able  echoes  from  the  inner  corneal  surface  adja- 
cent  to  the  aqueous  humor.  In  addition,  the  shortest 
echographic  distance  corresponds  to  the  actual 
corneal  thickness.  Being  slightly  off  perpendicular 
to  the  visual  axis  would  result  in  spurious  readings 
being  obtained. 

To  calibrate  the  pachymeter  with  a  20  MHz 
transducer,  an  acrylic  multistepped  calibration 
block,  which  simulates  the  corneal  interfaces,  is 
placed  on  a  flat  surface.  The  pachymeter  36  is 
then  held  perpendicularly  to  the  surface  of  the 
block  and  the  activation  switch  26  is  pressed  once 
and  then  released.  A  beeper  and  miniature  speaker 
provide  a  series  of  clicks  followed  by  a  beep.  The 
pachymeter  reading  from  the  surface  will  be  dis- 
played  on  the  LCD  display  28.  This  output  should 
be  within  .01  mm  of  the  calibration  block  measure- 
ment  printed  on  its  surface. 

When  the  instrument  is  used  as  a  biometric 
ruler,  the  same  housing  20  is  used.  The  tip  of  the 
instrument  is  a  10  MHz  piezoelectric  ultrasonic 
transducer  element  (not  shown)  mounted  within  a 
standoff  38  as  shown  in  Figure  1B.  A  special 
acoustically  mismatched  damping  material  is  uti- 
lized  to  prevent  "ringing"  of  the  ultrasonic  trans- 
ducer  which  might  preclude  interpretation  or  detec- 
tion  of  early  echoes.  Other  functional  components 

of  the  instrument  include  an  activation  button  26 
located  on  the  anterior  dorsal  surface  in  the  close 
approximation  to  the  index  fingertip  of  the  user,  a 
liquid  crystal  display  28,  a  reset  button  (not  shown) 

5  and  a  removable  battery  cover  30.  The  transducer 
head  42  is  a  focusing  element  with  a  focal  length  of 
24  millimeters,  corresponding  to  an  area  near  the 
retina  of  the  eye.  The  diameter  of  the  focusing 
element  is  0.3  inch.  In  the  center  of  the  focusing 

io  element  is  a  light-emitting  diode  40.  The  patient  is 
asked  to  look  at  the  light-emitting  diode  40,  which 
has  been  activated,  as  the  probe  is  placed  in 
contact  with  the  corneal  surface.  This  allows  the 
patient  to  center  the  eye  on  the  transducer,  facili- 

15  tating  axial  measurements. 
In  the  biometric  ruler,  damping  of  the  trans- 

ducer  "ring"  is  provided  by  .005  inch  acoustically 
mismatched  material  (not  shown)  such  as  tungsten- 
loaded  epoxy.  The  transducer  element  has  a  fre- 

20  quency  of  10  MHz.  It  is  activated  by  means  of  a 
hybrid  transceiver  which  connects  to  a  micropro- 
cessor  via  a  gate  array.  The  average  speed  of 
sound  through  the  eye  is  approximately  at  1560 
meters  per  second.  The  time  between  the  emitted 

25  signal,  corresponding  to  the  corneal  surface,  and 
reflected  echoes  are  then  converted  into  millime- 
ters  using  standard  formulae.  One  to  three  pulses 
of  current  are  delivered  to  activate  the  transducer. 
After  sending  out  the  ultrasonic  signal,  the  trans- 

30  ducer  is  switched  to  a  detection  mode.  The  first 
echo  corresponds  to  the  transducer-corneal  inter- 
face.  All  subsequent  echoes  are  measured  relative 
to  this.  The  second  echo,  found  within  a  "window" 
of  1.5  to  5  millimeters  from  the  corneal  surface, 

35  corresponds  to  the  anterior  lenticular  surface.  The 
third  echo,  falling  into  a  window  of  1.5  to  6.5 
millimeters  behind  the  anterior  lenticular  echo,  cor- 
responds  to  the  posterior  lenticular  surface.  The 
fourth  echo,  located  18.5  to  29.0  millimeters  behind 

40  the  corneal  surface  echo,  corresponds  to  the  retinal 
surface.  The  fifth  echo,  0.29  to  2.5  millimeter  be- 
hind  the  retina,  corresponds  to  the  scleral  surface. 
Echoes  which  occur  outside  the  given  windows  will 
be  ignored. 

45  The  10  MHz  transducer  is  calibrated  by  use  of 
an  acrylic  block  with  multiple  interfaces  which  sim- 
ulates  a  standardized  eye.  This  is  placed  on  a  flat 
surface  and  the  transducer  head  42  is  then  held 
perpendicular  to  the  surface  of  the  block  and  the 

50  activation  switch  26  is  pressed  once  and  then  re- 
leased.  A  series  of  clicks  will  sound,  following 
which  there  will  be  a  beep.  The  biometric  ruler 
reading  from  this  source  will  be  demonstrated  on 
the  display  28.  This  output  should  be  within  0.1 

55  millimeters  of  the  calibration  block  measurement 
printed  on  its  surface. 

Figure  2A  shows  typical  information  that  is 
displayed  on  the  digital  readout  28  when  the  20 
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MHz  transducer  is  used  and  Figure  2B  shows 
typical  information  displayed  when  the  10  MHz 
transducer  is  substituted  for  the  20  MHz  transducer 
of  Figure  1A. 

Figure  3  shows  a  top  view  of  the  instrument 
with  the  top  cover  42  (Figure  1A)  removed.  The 
batteries  42  are  located  to  the  rear  of  the  instru- 
ment.  The  liquid  crystal  display  28  is  connected  to 
a  circuit  board  44  (Fig.  4)  and  is  located  adjacent 
to  the  microprocessor  46.  A  gate  array  48  is  lo- 
cated  on  the  same  circuit  board  44  between  the 
microprocessor  46  and  a  hybrid  transceiver  54. 
The  activation  switch  26  is  located  between  the 
hybrid  transceiver  54  and  the  connector  24.  The 
total  length  of  the  unit  is  approximately  7.25  inches 
and  it  weighs  approximately  2  ounces. 

Figure  4  shows  a  sectional  view  of  the  housing 
20  of  the  pachymeter  36  with  the  various  compo- 
nents  installed.  At  the  rear  end  of  the  housing  20  is 
located  a  reset  switch  50  and  a  Murata  micro- 
speaker  52  is  located  directly  beneath  the  micro- 
processor  46  on  the  opposite  side  of  circuit  board 
44.  There  is  a  pinjack  32  located  directly  below  the 
printed  circuit  board  44.  This  pinjack  32  is  for  an 
RS232  interface  and  is  used  to  send  data  such  as 
corneal  thickness  or  axial  length  from  the  pachy- 
meter  or  biometric  ruler  to  outside  instruments 
such  as  a  microcomputer,  a  personal  computer  or 
printer. 

All  elements  of  the  instrument  are  connected  to 
a  multilayered  circuit  board  44.  Mounted  off  the 
board  are  four  silver  oxide  batteries  41.  Mounted 
on  the  circuit  board  is  the  discrete  circuitry  related 
to  transducer  signal  processing.  Also  on  the  circuit 
board  are  connectors  to  the  display  28,  the  reset 
button  50,  and  the  RS232  pinjack  32. 

The  system  of  the  present  invention  allows  for 
the  accurate  recording  of  time  between  the  recep- 
tion  of  asynchronous  ultrasonic  echoes.  It  is  desir- 
able  to  sample  the  ultrasonic  echoes  at  high  fre- 
quency.  In  the  system  of  the  present  invention  a 
grey  code  counter  is  clocked  at  a  frequency  of  40 
MHz.  The  grey  code  counter  is  then  used  to  clock 
a  9-bit  counter.  After  an  echo  is  received,  three 
successive  measurement  periods,  25  ns  apart, 
sample  both  the  grey  code  counter  and  the  9-bit 
counter.  By  comparison  of  the  two  grey  code  sam- 
ples,  it  can  be  determined  which  of  the  9-bit  sam- 
ples  occur  when  the  9-bit  counter  is  stable  while 
still  allowing  for  an  accuracy  of  25  ns.  This  will  be 
explained  in  greater  detail  later. 

Figure  5  is  a  detailed  block  diagram  of  the 
present  system.  This  system  consists  of  a  hybrid 
transceiver  and  signal  processor  54,  a  gate  array 
48,  a  microprocessor  46,  and  a  display  28.  The 
hybrid  transceiver  54  utilizes  several  dozen  dis- 
crete,  but  miniaturized  components.  The  primary 
circuit  is  a  multistage  amplifier  with  provisions  for 

rectification  of  the  received  echoes.  Due  to  the 
speed  of  the  20  MHz  transducer,  the  gate  array  48, 
is  necessary  to  both  activate  the  transducer  and 
also  to  receive  the  signal  from  the  transducer.  The 

5  gate  array  48,  in  turn,  processes  and  sends  signals 
back  to  the  microprocessor  46  at  a  rate  appropriate 
to  that  device.  As  previously  stated,  one  to  three 
excitation  pulses  are  sent  to  the  transducer  22, 
afterwards  the  transducer  is  switched  to  "listen" 

io  mode.  This  cycle  of  excitation  and  reception  is 
performed  at  a  rate  of  approximately  100  Hz.  The 
initial  ultrasonic  wave  sent  through  the  cornea  must 
be  damped  electronically  to  prevent  interference 
with  the  echoes.  The  microprocessor  keeps  track 

is  of  the  leading  edges  of  the  received  echoes.  Once 
an  optimal  wave  has  been  identified,  then  a  search 
begins  for  the  minimum  distance  between  interior 
and  posterior  surfaces  of  the  cornea.  In  other 
words,  a  minimum  of  delay  between  the  time  of 

20  excitation  and  the  time  of  echo  reception  is  sought 
by  the  microprocessor  software.  As  long  as  new 
minimums  for  corneal  thickness  are  being 
achieved,  processing  continues.  A  barely  audible 
click  corresponds  to  achieving  a  new  minimum. 

25  Once  there  has  been  no  new  minimum  over  a 
period  of  2  to  3  seconds,  the  eight  lowest  values 
which  are  consecutive  are  averaged  statistically  in 
order  to  determine  the  corneal  thickness.  A  beep  is 
then  sounded  signifying  the  end  of  processing.  The 

30  result  is  displayed  on  the  liquid  crystal  display  28, 
and  the  measurement  number  is  also  sent  in  ASCII 
form  to  an  RS232  pinjack  32. 

When  the  instrument  is  used  as  a  biometric 
ruler,  a  10  MHz  transducer  is  used  and  the  initial 

35  ultrasonic  wave  sent  to  the  cornea  is  damped  both 
physically  and  electronically  in  order  to  prevent 
interference  with  echoes  off  the  anterior  corneal 
surface.  The  microprocessor,  which  uses  a  dif- 
ferent  program  in  this  mode,  keeps  track  of  the 

40  minimum  amplitudes  of  the  received  echoes.  If 
these  are  above  initial  threshold  level,  the  threshold 
is  progressively  increased  until  peaks  are  no  longer 
detected.  Sensitivity  is  then  increased  by  a  small 
amount  so  that  detection  occurs  at  the  peak  of  the 

45  signal  rather  than  at  the  leading  edge.  These  func- 
tions  are  the  same  as  when  the  20  MHz  transducer 
is  used.  The  initial  algorithm  is  to  search  for  four 
peaks  in  addition  to  the  anterior  corneal  spike  at 
the  level  of  the  transducer  head.  These  four  spikes, 

50  the  anterior  and  posterior  lenticular  echoes,  the 
retinal  echo,  and  the  scleral  echo,  constitute  an 
optimal  alignment.  If,  after  fifteen  seconds,  the  four 
peaks  have  not  been  detected,  then  an  alternate 
mode  is  initiated.  In  this  mode,  only  three  peaks 

55  are  necessary  in  order  to  make  a  reading.  These 
must  include  either  the  anterior  or  posterior  len- 
ticular  spike  and  the  retinal  spike.  The  scleral  spike 
becomes  optional  if  both  lenticular  peaks  are  iden- 

5 
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tified.  If  fewer  than  three  peaks  are  found,  no 
reading  is  made.  If  threshold  readings  are  available 
for  the  three  or  more  spikes,  then  an  algorithm 
searches  for  the  longest  average  distance  between 
the  cornea  and  the  posterior  pole.  This  corre- 
sponds  to  the  axial  length.  This  algorithm  is  re- 
quired  because  pressure  on  the  cornea  from  the 
transducer  head  can  artificially  shorten  the  axial 
length.  A  running  average  of  the  maximal  length  is 
kept  under  either  circumstance,  and  when  the  aver- 
age  is  stable,  a  reading  is  presented  to  the  liquid 
crystal  display  28  (as  shown  in  Figure  2B),  at  which 
time  a  beep  also  sounds.  During  the  reading  cycle, 
each  time  a  new  reading  with  a  longer  axis  length 
is  identified,  a  barely  audible  click  is  heard.  Once 
no  new  maxima  occur  over  a  period  of  two  to  three 
seconds,  the  lowest  consecutive  values  are  averag- 
ed  statistically  in  order  to  determine  axial  length, 
which  corresponds  to  the  beep  as  mentioned.  The 
reading  is  accomplished  by  annunciator  lights  56 
(Figure  2B),  indicating  whether  four  or  three  peaks 
were  used  to  determine  the  reading.  Each  of  the 
four  noncorneal  peaks  is  identified  as  a  separate 
annunciator  56.  Therefore,  the  actual  pattern  of  the 
waveform  used  to  identify  axial  length  is  available 
to  the  user. 

The  axial  length  is  not  only  available  as  a 
display  on  the  liquid  crystal  display,  it  is  also  sent 
in  ASCII  form  to  an  RS232  pinjack  32  (Figure  4). 
Alternatively,  the  actual  waveforms  can  be  transmit- 
ted  to  an  oscilloscope. 

In  the  case  of  aphakia,  the  anterior  and  pos- 
terior  lenticular  spikes  are  not  available.  Axial 
length  calculation  is  required  for  the  placement  of 
secondary  lens  implants  with  appropriate  power. 
Because  it  is  impossible  to  align  multiple  interfaces 
to  ensure  axial  scan,  the  reliability  of  such  mea- 
surements  is  less  than  could  be  expected  in 
aphakic  patients.  Therefore,  in  order  to  initiate  an 
aphakic  mode  measurement,  the  activation  button 
26  is  pressed  twice  in  rapid  succession.  The  pa- 
tient  is  then  asked  to  look  at  LED  emitter  40 
(Figure  1  B)  in  the  middle  of  the  transducer  head  42 
(Figure  1  B).  Once  the  retinal  and  scleral  spikes  are 
identified  using  the  thresholding  identification  al- 
gorithms,  the  maximum  length  is  sought  in  a  man- 
ner  analogous  to  the  evaluation  performed  in  the 
aphakic  examination.  The  results  are  displayed  on 
the  display  28,  sent  to  the  pinjack  32,  and  the 
annunciators  56  corresponding  to  the  retinal  and 
scleral  spikes  are  illuminated  on  the  LCD  28. 

Figure  6  is  a  partial  block  diagram  of  the  gate 
array  48.  The  clock  58  is  operating  at  a  frequency 
of  40  MHz.  The  grey  code  counter  64  is  clocked  at 
40  MHz  via  line  62.  The  clock  58  is  also  used  to 
clock  the  sample  pulse  generator  90  via  the  lead 
60.  The  clock  58  and  grey  code  counter  64,  as  well 
as  a  9-bit  counter  92,  run  continuously  and  in- 

dependently  of  any  ultrasonic  echoes  that  are  re- 
ceived.  When  an  ultrasonic  echo  is  received  on  a 
lead  86,  the  measurement  sequence  is  initiated. 
The  grey  code  counter  64  has  a  continuous  output 

5  corresponding  to  the  output  as  shown  in  Figure  8A, 
column  2.  As  shown  in  Figure  8A,  the  grey  code 
output  in  sequence  goes  from  00  to  01  to  11  to  10 
and  then  back  to  00  in  a  continuous  fashion.  This 
grey  code  output  is  converted  to  a  binary  output 

io  also  as  shown  in  Figure  8A,  column  3.  Thus,  the 
grey  code  output  00  corresponds  to  the  binary 
output  11  or  3.  It  is  important  to  note  that  upon  the 
transition  of  the  grey  code  output  from  00  to  01  ,  a 
transition  of  the  binary  output  is  from  11,  or  3,  to 

is  00  or  0.  When  this  transition  occurs,  a  9-bit  counter 
92  is  advanced  by  one  count.  The  9-bit  counter  92 
counts  continuously  from  0  to  511  in  binary.  When 
the  decimal  number  511  is  reached,  the  counter 
wraps  around  and  continues  to  count  from  0  to  51  1 

20  again,  independently  of  any  ultrasonic  echoes  that 
are  received.  An  ultrasonic  echo,  received  on  line 
86,  initiates  the  sampling  process.  The  sample 
pulse  generator  90  generates  three  sample  pulses 
P1,  P2  and  P3  which  are  present  on  the  leads  102, 

25  104  and  106,  respectively.  The  P1  sample  pulse 
occurs  100  ns  after  an  echo  is  received  on  lead  86. 
25  ns  later,  sample  pulse  P2  is  generated  and  25 
ns  after  that  sample  pulse  P3  is  generated.  When 
the  sample  pulse  P1  is  generated  by  sample  pulse 

30  generator  90,  a  sample  pulse  is  present  on  lead 
102  which  causes  latch  68  to  sample  the  output  of 
the  grey  code  counter.  Simultaneously  a  sample 
pulse  is  sent  to  latch  96  which  samples  and  holds 
the  current  counter  value  of  9-bit  counter  92.  When 

35  sample  pulse  P2  occurs,  a  sample  signal  is  sent 
via  lead  104  to  latch  72  which  takes  another  sam- 
ple  of  the  current  grey  code  count  in  the  grey  code 
counter  64.  When  the  sample  pulse  P3  occurs,  a 
sample  pulse  is  present  on  lead  106  which  causes 

40  the  latch  98  to  take  another  sample  of  the  9-bit 
counter  92.  At  this  point  the  necessary  data  has 
been  obtained  so  that  the  system  can  determine 
which  sampling  of  the  9-bit  counter  92  has  oc- 
curred  at  a  time  when  the  9-bit  counter  is  stable  as 

45  opposed  to  being  in  a  state  of  transition.  A  better 
understanding  of  this  operation  can  be  seen  by 
referring  to  Figure  7  showing  a  timing  diagram 
encompassing  the  previously  described  operation. 

In  Figure  7,  waveform  108  is  a  representation 
50  of  the  signal  from  the  40  MHz  clock  58  of  Figure  6. 

The  waveform  110  represents  the  least  significant 
bit  out  of  grey  code  counter  64  and  the  waveform 
112  (G1)  represents  the  other  signal  (the  most 
significant  bit)  out  of  the  grey  code  counter  64. 

55  Waveform  1  1  4  represents  the  output  out  of  the  9- 
bit  counter  92.  Waveform  116  represents  an  ultra- 
sonic  echo  received  on  lead  86  into  sample  pulse 
generator  90.  The  waveforms  118,  120  and  122 

6 
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represent  the  sample  pulses  P1,  P2  and  P3  gen- 
erated  in  the  sample  pulse  generator  (shift  register) 
90.  It  should  be  noted  that  it  is  critical  that  the  grey 
code  counter  is  clocked  on  the  opposite  edge  of 
the  clock  58  (waveform  108)  from  the  sample  pulse 
generator  90  to  avoid  metastability  in  the  grey 
code  samples.  Dotted  line  130  of  Figure  9  shows 
that  the  waveform  110  goes  high.  This  transition 
causes  the  9-bit  counter,  waveform  114,  to  start  its 
transition  to  its  next  count.  Note  that  the  rising 
edge  of  waveform  116,  the  received  echo,  occurs, 
in  this  example,  during  a  transition  of  the  9-bit 
counter  92.  Since  there  is  a  built-in  delay  of  100  ns 
between  the  leading  edge  of  the  echo  68  and  the 
leading  edge  of  the  sample  pulse  P1,  118,  this 
delay  can  be  eliminated  because  it  is  present  for 
each  echo  that  is  sampled.  At  a  dotted  line  124, 
the  grey  code  counter  64  is  sampled  as  well  as  the 
9-bit  counter  92.  As  can  be  seen,  the  grey  code 
counter  has  a  value  of  01  and  the  9-bit  counter  92 
is  in  a  state  of  transition.  Therefore,  the  9-bit  coun- 
ter  number  stored  in  latch  96  has  been  recorded 
during  a  state  of  transition.  In  the  next  sample,  P2 
is  taken  as  shown  at  a  dotted  line  126,  and  the 
grey  code  is  in  the  1  1  state  which  is  equivalent  to  a 
binary  count  of  1  as  shown  in  Table  8A.  Therefore, 
the  grey  code  has  transitioned  between  a  count  of 
0  to  a  count  of  1  ,  Figure  8A,  column  1  .  Referring  to 
Figure  9,  this  indicates  that  the  valid  state  is  0  and 
that  the  9-bit  sample  taken  as  sample  pulse  P3, 
represented  by  dotted  line  128,  did  not  occur  dur- 
ing  a  transition  state  of  the  9-bit  counter  92.  Thus, 
the  measurement  taken  at  P3,  represented  by  the 
dotted  line  128,  is  the  valid  measurement  of  the 
sample  of  9-bit  counter  92. 

At  this  time,  it  should  be  noted  that  there  are 
only  certain  grey  code  counter  sequences  that  are 
possible  when  it  has  been  sampled  at  a  time 
period  P1  and  P2.  For  instance,  the  samples  at 
times  P1  and  P2  could  fall  at  a  time  when  the  grey 
code  counter  is  in  a  state  of  transition.  Under  these 
circumstances  three  things  can  happen;  the  suc- 
cessive  grey  code  samples  at  P1  and  P2  will  read 
00  and  00,  they  will  read  00  and  01  or,  for  in- 
stance,  00  and  11  wherein  the  01  count  has  been 
skipped.  Since  the  grey  code  counter  makes  a 
transition  every  25  ns  and  because  the  time  be- 
tween  the  samples  P1  and  P2  is  25  ns,  it  is  not 
possible  for  the  successive  P1  and  P2  readings  to 
skip  more  than  one  count  of  the  grey  code.  A 
further  explanation  of  this  operation  is  shown  in 
Figure  9.  The  output  state  of  the  grey  code  counter 
is  converted  to  a  binary  output  and  for  ease  of 
reference  we  will  use  the  decimal  number  relating 
to  that  binary  output.  As  shown  in  column  1  ,  if  the 
first  P1  sample  results  in  a  binary  output  of  3  and 
the  following  P2  sample  results  in  the  same  binary 
output  of  3,  then  the  first  sample  of  the  9-bit 

counter  is  valid.  Similarly,  if  the  first  P1  sample 
results  in  a  binary  output  of  3  and  the  P2  sample 
results  in  a  binary  output  of  0,  then  there  has  been 
one  transition  of  the  grey  code  counter  and  again 

5  the  P1  reading  of  the  9-bit  counter  is  valid.  How- 
ever,  if  the  two  successive  samplings  of  the  grey 
code  counter  reveals  that  a  count  of  the  grey  code 
counter  has  been  skipped,  such  as  a  P1  reading  of 
3  and  a  P2  reading  of  1,  then  the  valid  state  is  0. 

io  However,  when  the  valid  state  is  0,  there  has  been 
a  grey  code  counter  transition  which  has  clocked 
the  next  count  of  the  9-bit  counter.  Since  there  is  a 
state  of  transition  immediately  after  that  clock 
pulse,  then  the  P3  sample  of  the  9-bit  counter  92  is 

is  valid  as  opposed  to  the  P1  sample. 
Referring  to  Figure  8B,  waveform  132  shows  a 

transition  of  the  9-bit  counter  which  occurs  at  the  3 
to  0  transition  of  the  grey  code  counter  64  as 
shown  in  the  line  134.  Immediately  after  this  transi- 

20  tion,  the  output  of  the  9-bit  counter  92  is  in  a  state 
of  transition  as  represented  by  the  x's  of  the  line 
136.  Therefore,  as  shown  in  Figure  9,  anytime  the 
valid  state  of  the  grey  code  counter  is  0  or  1  ,  the 
9-bit  counter  92  has  a  valid  sample  during  the  P3 

25  sample,  and  anytime  the  valid  state  is  2  or  3,  then 
the  P1  sample  of  the  9-bit  counter  is  valid.  Also,  it 
should  be  noted  that  the  binary  output  of  the  grey 
code  counter  represents  the  two  least  significant 
bits  of  the  11  -bit  counter  which  corresponds  to  the 

30  9  bits  from  the  9-bit  counter  92  and  the  two  binary 
outputs  of  the  grey  code  counter  64  as  converted 
by  binary  converter  138  of  Figure  6.  Since  the  grey 
code  counter  64  clocks  the  9-bit  counter  on  the  3 
to  0  transition  of  the  grey  code  counter,  Figure  8B, 

35  the  first  two  bits  of  the  grey  code  converter  can  be 
used  as  part  of  the  11  -bit  counter  after  the  grey 
code  counter  output  has  been  converted  to  binary 
by  converter  1  38. 

A  schematic  of  the  gate  array  48  is  attached 
40  hereto  as  Appendix  A.  While  we  believe  that  the 

block  diagram  of  Figure  6  and  this  specification 
adequately  describe  and  show  the  gate  array,  and 
that  no  further  drawing  is  necessary,  a  full  sche- 
matic  is  attached  so  that  no  question  of  complete- 

45  ness  exists. 
When  the  activation  switch  has  not  been  de- 

pressed  for  two  minutes,  the  microprocessor  46 
and  transducer  elements  are  automatically  turned 
off  in  order  to  reduce  power  consumption  and  the 

50  battery  life.  A  small  discrete  circuit  performs  this 
function  and  also  responds  to  depression  of  the 
activation  button  by  activating  the  electronic  ele- 
ments  and  the  transducer. 

Thus,  through  the  system  of  the  present  inven- 
55  tion,  a  high  speed  and  highly  accurate  apparatus 

for  correlating  asynchronous  echoes  to  a  high 
speed  sampling  circuit  has  been  achieved.  This 
allows  for  greater  sensitivity,  resolution,  accuracy 

7 



13 EP  0  222  476  B1 14 

and  range  when  compared  to  other  systems  of 
ophthalmic  pachymeters  currently  available. 

Claims 

1.  An  apparatus  for  asynchronously  latching  the 
count  of  a  clock-controlled  counter  means,  the 
apparatus  comprising: 

sample  pulse  means  (90)  adapted  to  re- 
ceive  asynchronous  signals  and  generate 
therefrom  a  plurality  of  sample  pulses; 

counter  means  (92)  adapted  to  count  in  a 
continuous  manner; 

grey  code  counter  means  (64)  adapted  to 
count  in  a  continuous  manner  timing  signals 
generated  by  a  clock  (58)  and  further  adapted 
to  clock  said  counter  means  (92); 

latch  means  (68,  72,  96,  98)  comprising 
first,  second,  third  and  fourth  latches  wherein 
inputs  of  said  latch  means  are  connected  to 
said  sample  pulse  means,  said  first  and  sec- 
ond  latches  (68,  72)  are  connected  to  said 
grey  code  counter  means,  said  third  and  fourth 
latches  (96,  98)  are  connected  to  said  counter 
means  and  said  sample  pulses  are  adapted  to 
cause  said  first  and  second  latches  to  latch 
data  from  said  grey  code  counter  means  and 
said  third  and  fourth  latches  to  latch  data  from 
said  counter  means;  and 

control  means  (46)  responsive  to  data  from 
said  first  and  second  latches  and  adapted  to 
determine  therefrom  whether  the  data  in  said 
third  and  fourth  latches  was  latched  when  said 
counter  means  were  in  a  state  of  transition. 

2.  An  apparatus  according  to  claim  1  adapted  for 
use  in  measuring  corneal  thickness,  wherein 
the  asynchronous  signals  are  produced  on  de- 
tection  of  ultrasonic  echoes,  said  apparatus 
further  including 

shift  register  means  (100)  connected  to 
said  third  and  fourth  latches  and  adapted  to 
store  data  transferred  from  said  third  and 
fourth  latches, 

microprocessor  means  connected  to  said 
shift  register  means  and  adapted  to  receive 
data  from  said  shift  register  means  and  to 
convert  said  data  from  said  shift  register 
means  to  thickness  data  representative  of  said 
corneal  thickness,  and 

display  means  (28),  connected  to  said 
microprocessor  means  and  adapted  to  digitally 
display  said  thickness  data. 

3.  An  apparatus  according  to  claim  2  including 
transducer  means  (36)  adapted  to  transmit 

pulses  and  to  receive  asynchronous  pulses 
and  convert  said  asynchronous  pulses  to  asyn- 

chronous  signals,  and 
transmitter/receiver  means  connected  to 

said  transducer  means  and  said  sample  pulse 
means  and  adapted  to  receive  and  process 

5  said  asynchronous  signals  from  said  trans- 
ducer  means  and  provide  said  asynchronous 
signals  to  said  sample  pulse  means. 

Patentanspruche 
10 

1.  Apparat  zur  asynchronen  Verriegelung  eines 
taktgebundenen  Zahlermittels,  wobei  der  Ap- 
parat  folgendes  enthalt: 
Abtastimpulsmittel  (90),  geeignet  zum  Emp- 

15  fang  von  Asynchronsignalen  und  zur  Erzeu- 
gung  einer  Vielzahl  von  Abtastimpulsen  aus 
denselben, 
Zahlermittel  (92),  geeignet  fur  kontinuierliches 
Zahlen,  Gray-Code-Zahlermittel  (64),  geeignet 

20  zur  kontinuierlichen  Zahlung  der  von  einem 
Taktgeber  (58)  erzeugten  Zeitgebersignale  und 
weiterhin  geeignet  zum  Takten  der  genannten 
Zahlermittel  (92), 
Verriegelungsmittel  (68,  72,  96,  98),  enthaltend 

25  erste,  zweite,  dritte  und  vierte  Verriegelungen, 
wobei  die  Eingange  der  genannten  Verriege- 
lungsmittel  mit  den  genannten  Abtastimpuls- 
mitteln  verbunden  sind,  wahrend  die  erste  und 
zweite  Verriegelung  (68,  72)  mit  dem  genann- 

30  ten  Gray-Code-Zahlermittel  und  die  genannten 
dritten  und  vierten  Verriegelungen  (96,  98)  mit 
den  genannten  Zahlermitteln  verbunden  sind 
und  die  genannten  Abtastimpulse  dazu  geeig- 
net  sind,  zu  bewirken,  dal3  die  genannten  er- 

35  sten  und  zweiten  Verriegelungen  Daten  vom 
genannten  Gray-Code-Zahlermittel  und  die  ge- 
nannten  dritten  und  vierten  Verriegelungen  Da- 
ten  vom  genannten  Zahlermittel  aufnehmen, 
und 

40  Steuerungsmittel  (46),  die  auf  Daten  von  den 
genannten  ersten  und  zweiten  Verriegelungen 
reagieren  und  geeignet  sind,  daraus  abzulei- 
ten,  ob  die  Daten  in  den  genannten  dritten  und 
vierten  Verriegelungen  aufgenommen  wurden, 

45  wahrend  sich  die  genannten  Zahlermittel  in 
einem  Ubergangszustand  befanden. 

2.  Apparat  nach  Anspruch  1,  geeignet  fur  den 
Gebrauch  bei  der  Messung  der  Hornhautdicke, 

50  wobei  die  Asynchronsignale  bei  Erfassung  von 
Ultraschallechos  erzeugt  werden,  wahrend  der 
genannte  Apparat  weiterhin  folgendes  enthalt: 
Schieberegistermittel  (100),  die  an  die  genann- 
te  dritte  und  vierte  Verriegelung  angeschlossen 

55  und  zur  Speicherung  von  Daten  geeignet  sind, 
die  von  der  genannten  dritten  und  vierten  Ver- 
riegelung  ubertragen  wurden, 
Mikroprozessormittel,  die  an  die  genannten 

8 
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Schieberegistermittel  angeschlossen  und  ge- 
eignet  sind,  Daten  von  den  genannten  Schie- 
beregistermitteln  zu  empfangen  und  die  ge- 
nannten  Daten  von  den  genannten  Schiebere- 
gistermitteln  in  Dickendaten  umzuwandeln,  die 
reprasentativ  fur  die  genannte  Hornhautdicke 
sind,  und  Displaymittel  (28),  die  an  die  ge- 
nannten  Mikroprozessormittel  angeschlossen 
und  fur  die  Digitalanzeige  der  genannten  Dik- 
kendaten  geeignet  sind. 

3.  Apparat  nach  Anspruch  2,  enthaltend 
Schwingermittel  (36),  geeignet  zum  Senden 
von  Impulsen  und  zum  Empfangen  von  Asyn- 
chronimpulsen  und  zur  Umwandlung  der  ge- 
nannten  Asynchronimpulse  in  Asynchronsigna- 
le,  und 
Sende-/Empfangsmittel,  die  an  die  genannten 
Schwingermittel  und  die  genannten  Abtastim- 
pulsmittel  angeschlossen  und  geeignet  sind, 
die  genannten  Asynchronsignale  von  den  ge- 
nannten  Schwingermitteln  zu  empfangen  und 
zu  verarbeiten  und  die  genannten  Asynchronsi- 
gnale  den  genannten  Abtastimpulsmitteln  zu- 
zufuhren. 

Revendicatlons 

1.  Dispositif  pour  verrouiller  de  fagon  asynchrone 
le  comptage  d'un  moyen  formant  compteur 
commande  par  horloge,  le  dispositif  compre- 
nant  : 

un  moyen  a  impulsions  d'echantillonnage 
(90),  congu  pour  recevoir  des  signaux  asynch- 
rones  et  produire,  a  partir  de  ces  signaux,  une 
pluralite  d'impulsions  d'echantillonnage  ; 

un  moyen  formant  compteur  (92),  congu 
pour  compter  d'une  maniere  continue  ; 

un  moyen  formant  compteur  en  code  bi- 
naire  reflechi  (64),  congu  pour  compter  d'une 
maniere  continue  des  signaux  de  synchronisa- 
tion  produits  par  une  horloge  (58),  et  congu  en 
outre  pour  synchroniser  ledit  moyen  formant 
compteur  (92)  ; 

des  moyens  de  verrouillage  (68,  72,  96, 
98)  comprenant  un  premier,  un  deuxieme,  un 
troisieme  et  un  quatrieme  circuit  de  verrouilla- 
ge,  lesdits  premier  et  deuxieme  circuits  de 
verrouillage  (68,  72)  etant  relies  audit  moyen 
formant  compteur  en  code  binaire  reflechi,  les- 
dits  troisieme  et  quatrieme  circuits  de  verrouil- 
lage  (96,  98)  etant  relies  audit  moyen  formant 
compteur,  et  ledites  impulsions  d'echantillon- 
nage  etant  congues  pour  provoquer  le  verrouil- 
lage  de  donnees  en  provenance  dudit  moyen 
formant  compteur  en  code  binaire  reflechi  par 
lesdits  premier  et  deuxieme  circuits  de  ver- 
rouillage,  et  le  verrouillage  de  donnees  en  pro- 

venance  dudit  moyen  formant  compteur  par 
lesdits  troisieme  et  quatrieme  circuits  de  ver- 
rouillage  ;  et 

un  moyen  de  commande  (46),  reagissant 
5  aux  donnees  en  provenance  desdits  premier  et 

deuxieme  circuits  de  verrouillage  et  congu 
pour  determiner,  a  partir  de  ces  donnees,  si 
des  donnees  etaient  verrouillees  dans  lesdits 
troisieme  et  quatrieme  circuits  de  verrouillage 

io  lorsque  ledit  moyen  formant  compteur  etait 
dans  un  etat  de  transition. 

2.  Dispositif  selon  la  revendication  1,  congu  pour 
etre  utilise  afin  de  mesurer  I'epaisseur  de  la 

is  comee,  dans  lequel  les  signaux  asynchrones 
sont  produits  lors  de  la  detection  d'echos  ultra- 
sonores,  ledit  dispositif  comprenant  en  outre  : 

un  moyen  formant  registre  a  decalage 
(100),  relie  auxdits  troisieme  et  quatrieme  cir- 

20  cuits  de  verrouillage  et  congu  pour  memoriser 
des  donnees  transmises  par  lesdits  troisieme 
et  quatrieme  circuits  de  verrouillage, 

un  moyen  formant  microprocesseur,  relie 
audit  moyen  formant  registre  a  decalage  et 

25  congu  pour  recevoir  des  donnees  dudit  moyen 
formant  registre  a  decalage  et  pour  convertir 
lesdites  donnees  en  provenance  dudit  moyen 
formant  registre  a  decalage  en  donnees 
d'epaisseur  representatives  de  ladite  epaisseur 

30  de  la  comee,  et 
un  moyen  d'affichage  (28),  relie  audit 

moyen  formant  microprocesseur  et  congu  pour 
afficher  numeriquement  ledites  donnees 
d'epaisseur. 

35 
3.  Dispositif  selon  la  revendication  2,  comprenant 

un  moyen  formant  transducteur  (36), 
congu  pour  emettre  des  impulsions  et  pour 
recevoir  des  impulsions  asynchrones  et 

40  convertir  lesdites  impulsions  asynchrones  en 
signaux  asynchrones,  et 

un  moyen  emetteur/recepteur,  relie  audit 
moyen  formant  transducteur  et  audit  moyen  a 
impulsions  d'echantillonnage,  et  congu  pour 

45  recevoir  et  traiter  lesdits  signaux  asynchrones 
en  provenance  dudit  transducteur  et  pour  four- 
nir  lesdits  signaux  asynchrones  audit  moyen  a 
impulsions  d'echantillonnage. 

50 
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