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©  Article  counting  systems. 

©  There  is  described  an  article  counting  system  in 
^|the  form  of  an  apparatus  and  a  method  of  utilising 
^ t h e   apparatus  which  counts  accurately  a  number  of 
^discrete  articles  decanted  from  one  container  into 
©  another.  The  system  is  based  on  the  articles  impact- 
®ing  a  sensor  to  produce  a  proportionate  electrical 
00  signal.  The  apparatus  includes  detector  means  to 
§2  detect  said  proportionate  electrical  signal  and  pro- 

duce  a  second  signal  when  the  magnitude  of  said 
O   proportionate  electrical  signal  lies  within  a  predeter- 
rt  mined  magnitude  range.  The  system  has  the  capa- 
UJ  bility  of  differentiating  between  the  impact  caused  by 

more  than  one  article  impacting  the  sensor  simulta- 
neously.  The  system  has  particular  application  in  the 

12 counting  of  fish. 
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Article  Counting  Systems 

tuations  serves  to  identify  respective  ranges  of 
increasing  magnitudes. 

Said  apparatus  preferably  includes  means  for 
conjointly  or  independently  varying  the  lower  and 

5  upper  limits  of  the  or  each  said  range  of  magnitude 
to  allow  selective  variation  of  the  predetermination 
of  the  range  or  ranges  of  magnitude.  Thereby  the 
counting  system  can  be  adjusted  to  discriminate 
between  the  impact  of  a  single  article,  and  the 

w  respective  simultaneous  impacts  of  two  articles, 
three  articles,  etc. 

According  to  a  second  aspect  of  the  invention 
there  is  provided  an  article  counting  system  com- 
prising  a  sensor  functioning  in  use  to  transduce 

75  impact  to  a  proportionate  electrical  signal,  and  arti- 
cle  counting  apparatus  according  to  the  first  aspect 
of  the  invention  having  its  sensor  signal  input  coup- 
led  to  receive  said  signals  from  said  sensor  and 
including  a  counter  actuator  circuit  as  aforesaid, 

20  said  system  further  including  an  incrementing 
counter  coupled  to  said  counter  actuator  circuit  to 
be  actuated  thereby,  said  sensor  being  arranged  to 
produce  transient  response  to  the  passage  of  an 
article  whereby  said  counter  is  incremented  upon 

25  each  such  passage.  The  sensor  is  preferably  either 
arranged  to  be  directly  impacted  by  a  cascade  or 
stream  of  the  articles  or  alternatively  the  sensor  is 
coupled  or  connected  to  a  surface  which  is  directly 
impacted  by  a  cascade  or  stream  of  the  articles. 

30  The  sensor  may  be  mechanically,  acoustically,  op- 
tically  or  otherwise  coupled  to  the  surface  which 
may  be  rigidly  or  non-rigidly  mounted.  In  all  cases, 
the  impact  of  one  or  more  articles  results  in  a 
proportionate  electrical  signal.  If  the  articles  are 

35  identical  or  not  excessively  dissimilar  in  mass,  the 
impact  of  a  single  article  will  produce  a  signal  lying 
within  a  certain  relatively  narrow  range  of  mag- 
nitudes.  Conversely,  the  simultaneous  impact  of 
two  articles  will  produce  a  signal  lying  within  a 

40  range  of  magnitudes  which  is  significantly  higher 
than  the  range  of  magnitudes  for  the  impact  of  a 
single  article.  Similarly,  the  simultaneous  impact  of 
three  articles  produces  a  signal  whose  magnitude 
is  higher  again  than  the  signal  for  two  articles.  On 

45  the  other  hand,  if  an  article  bounces  and  re-impacts 
on  the  sensor  or  the  surface  to  which  the  sensor  is 
connected,  the  result  will  be  a  signal  whose  mag- 
nitude  is  significantly  lower  than  the  magnitude  of 
the  signal  produced  by  the  first  impact  of  a  single 

so  article. 
Thus,  the  detector  means  preferably  operates 

to  respond  only  to  sensor  signals  above  a  thresh- 
old  below  which  the  low  magnitude  of  sensor  signal 
can  reasonably  be  ascribed  to  bounce  rather  than  a 
direct  impact.  Above  this  threshold  the  detector 

This  invention  relates  to  article  counting  sys- 
tems,  and  more  particularly  but  not  exclusively  to 
the  counting  of  articles  which  are  moving  in  a 
stream  or  cascade. 

If  a  large  number  of  similar  discrete  articles  are 
decanted  from  a  container  over  a  period  of  time,  it 
may  be  difficult  or  impossible  to  ensure  that  the 
articles  are  decanted  singly.  Thus,  a  conventional 
counting  system  sensor  downstream  of  the  con- 
tainer  and  which  switches  state  in  dependence  on 
the  presence  or  absence  of  an  article  is  liable  to 
cause  a  mis-count  by  responding  only  once  if  two 
or  more  articles  pass  together  or  in  very  close 
succession.  Such  a  conventional  sensor  is  also 
liable  to  cause  a  mis-count  by  responding  at  least 
twice  if  a  single  article  bounces  on  the  sensor. 

It  is  therefore  an  object  of  the  invention  to 
provide  an  article  counting  system  comprising  ap- 
paratus,  and  a  method  of  utilising  the  apparatus, 
which  obviates  or  mitigates  the  above-described 
disadvantage  of  conventional  counting  systems. 

According  to  a  first  aspect  of  the  present  in- 
vention  there  is  provided  article  counting  apparatus 
having  a  sensor  signal  input  connected  in  use  to  a 
sensor  which  transduces  impact  to  a  proportionate 
electrical  signal,  said  apparatus  further  including 
detector  means  connected  to  said  input  to  detect 
said  proportionate  electrical  signal  in  use  and  to 
produce  a  characteristic  output  signal  when  the 
magnitude  of  said  proportionate  electrical  signal 
lies  within  a  predetermined  magnitude  range. 

Said  apparatus  preferably  includes  a  counter 
actuator  circuit  coupled  to  receive  the  output  sig- 
nals  of  the  detector  means,  said  counter  actuator 
circuit  functioning  in  use  to  produce  successively 
incrementing  counter  actuations  when  an  output 
signal  is  received. 

Said  detector  means  may  be  a  level  detector 
circuit  such  as  to  produce  a  respective  characteris- 
tic  output  signal  when  the  magnitude  of  said  pro- 
portionate  electrical  signal  lies  within  one  of  a  plu- 
rality  of  predetermined  ranges  of  magnitudes,  said 
respective  characteristic  output  signals  being  mutu- 
ally  distinct  whereby  to  identify  the  respective 
range.  Said  plurality  of  ranges  are  preferably  con- 
tiguous  and  increase  in  magnitude  from  a  minimum 
threshold  magnitude  (which  threshold  may  be  zero 
or  non-zero)  up  to  a  peak  magnitude  (which  peak 
may  be  determinate  or  indeterminate).  Preferably 
also,  the  counter  actuator  circuit  coupled  to  receive 
the  output  signals  of  the  detector  means  in  use 
produces  successively  incrementing  counter  ac- 
tuations  as  the  proportionate  electrical  signal  tra- 
verses  ranges  of  successive  increasing  magni- 
tudes,  such  that  the  incrementation  of  counter  ac- 
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ing  system  to  the  next  according  to  whether  the 
respective  counting  system  is  to  deal  with  small 
fish  or  large  fish).  The  invention  would  also  be 
applicable  to  count  fish  in  fishing  vessels,  fish 

5  markets,  and  fish  processing  factories. 
This  invention  is  also  applicable  to  counting 

quite  different  articles  in  quite  different  contexts;  for 
example  the  invention  may  be  applied  to  counting 
harvested  fruits  and  vegetables,  and  to  counting 

70  mass-produced  components  in  industry. 
Embodiments  of  the  invention  will  now  be  de- 

scribed,  by  way  of  example,  with  reference  to  the 
accompanying  drawings,  in  which:- 

Fig.  1  is  a  schematic  diagram  of  a  basic 
75  physical  arrangement  of  an  article  counting  system; 

Fig.  2  is  a  block  circuit  diagram  of  an  article 
counting  system; 

Fig.  3  is  a  block  diagram  circuit  of  an  alter- 
native  article  counting  system;  and 

20  Fig.  4  is  a  schematic  diagram  of  a  physical 
arrangement  for  simultaneous  counting  of  several 
different  sizes  of  size-graded  articles. 

Referring  first  to  Fig.  1,  a  feed  pipe  10  has  its 
inlet  end  12  fed  from  a  tank  or  hopper  containing 

25  the  articles  to  be  counted.  The  feed  pipe  10  is 
generally  down-sloping  such  that  the  articles  (not 
shown)  roll,  slide,  or  tumble  down  to  cascade  out  of 
the  lower  outlet  end  14  of  the  feed  pipe  10  more  or 
less  individually.  Generally,  one  article  at  a  time 

30  will  leave  the  outlet  14,  but  sometimes  two,  or  even 
three  articles  will  come  out  together. 

A  sloping  plate  16  forms  the  top  plate  of  a 
closed  box  17  which  floats  in  a  receiving  tank  19. 
The  box  17  is  arranged  to  float  in  the  tank  19  a 

35  short  distance  below  and  just  beyond  the  feed  pipe 
outlet  14.  A  sensor  18  in  the  form  of  a  microphone 
is  fastened  to  the  underside  of  the  sloping  top  plate 
16  to  respond  to  the  impact  of  articles  falling  onto 
the  plate  16  from  the  outlet  14.  The  output  of  the 

40  sensor  18  is  a  transient  oscillatory  electric  signal 
whose  peak  amplitude  is  proportional  to  the  mag- 
nitude  of  the  impact  caused  by  the  falling  article  or 
articles,  and  hence  to  the  mass  of  the  article  or 
articles  since  they  fall  through  a  nominally  constant 

45  height. 
The  slope  of  the  plate  16  causes  the  articles  to 

fall  off  the  plate  16  without  delay,  leaving  the  plate 
16  unobstructed  to  impact  by  subsequently  falling 
articles. 

so  The  sensor  18  may  alternatively  be  fastened  to 
the  bottom  of  the  box  17  or  may  be  otherwise 
positioned  within  the  box  17  to  maximise  detection 
of  the  impact.  In  another  embodiment  (not  shown) 
the  sloping  plate  16  may  be  a  free  plate,  not 

55  forming  part  of  any  other  structure  and  non  rigidly 
mounted  a  short  distance  below  and  just  beyond 
the  feed  pipe  outlet  14. 

The  electrical  output  signal  from  the  sensor  18 

means  is  preferably  arranged  to  discriminate  be- 
tween  signals  representing  the  simultaneous  im- 
pact  of  one,  two,  three  (and  possibly  more)  articles 
with  the  counter  actuation  circuit  respectively  caus- 
ing  the  counter  to  increment  by  one,  two,  three, 
etc.  Thereby  the  counting  system  is  relatively  im- 
mune  to  mis-counts  caused  by  bouncing  and  by 
simultaneous  multiple  impacts. 

According  to  a  third  aspect  of  the  invention, 
there  is  provided  a  method  of  counting  articles, 
said  method  utilising  the  article  counting  system  of 
the  second  aspect  of  the  invention,  said  method 
comprising  the  steps  of  decanting  or,  discharging 
the  articles  from  a  container  or  a  transport  device 
to  drop  or  otherwise  impact  upon  the  sensor  or  the 
surface  to  which  the  sensor  is  coupled  or  con- 
nected,  the  rate  of  decanting  or  discharging  being 
passively  or  actively  controlled  to  limit  the  short- 
term  frequency  of  impacts  to  a  relatively  small 
value  (preferably  such  that  impacts  are  usually  of 
single  articles,  and  rarely,  if  ever,  of  more  than  two 
or  three  articles  simultaneously),  and  operating  the 
apparatus  to  count  the  number  of  impacts  such 
that  the  count  is  a  substantially  accurate  count  of 
the  total  number  of  articles  decanted  or  dis- 
charged. 

The  sensor,  or  the  surface  to  which  the  sensor 
is  coupled,  is  preferably  arranged  such  that  articles 
leave  the  sensor  or  the  surface  substantially  imme- 
diately  after  first  impact  thereon,  thereby  to  obviate 
obstruction  of  impacts  of  subsequent  articles.  This 
may  be  simply  achieved  by  arranging  that  the 
sensor  or  surface  upon  which  the  articles  impact 
has  a  substantial  slope  such  that  the  articles  prom- 
ptly  fall  off  or  roll  off  under  gravity. 

If  the  articles  have  individual  masses  in  a  rela- 
tively  wide  range  prior  to  the  counting  operation, 
the  method  preferably  further  includes  a  prelimi- 
nary  step  of  sorting  the  articles  into  groups  wherein 
the  masses  of  articles  in  each  group  lie  within  a 
relatively  narrow  range.  This  preliminary  step  will 
minimise  potential  difficulties  of  discrimination  be- 
tween  a  single  heavy  article  and  two  light  articles. 

The  present  invention  is  particularly  but  not 
exclusively  intended  for  use  in  a  fish  farm  to  count 
fish  as  they  are  decanted  from  a  tank  (for  example 
in  the  course  of  transfer  to  another  tank,  to  open 
water,  or  into  a  purchaser's  container).  The  inven- 
tion  may  also  be  applied  to  counting  live  or  dead 
fish  transported  by  conveyor  belt,  and  is  particu- 
larly  applicable  to  counting  live  fish  removed  from 
a  breeding  tank  onto  a  conveyor  system  of  the 
type  which  discharges  the  fish  at  different  outlets 
according  to  their  size;  a  counting  system  pre- 
adjusted  to  cope  with  the  expected  narrow  range  of 
fish  sizes  will  be  installed  under  each  conveyor 
outlet  to  produce  a  count  of  fish  of  a  given  size 
(the  range  settings  will  be  different  from  one  count- 
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length  of  the  pulse  is  determined  by  the  size  of  the 
fish  or  article  being  counted.  In  practice,  the  length 
of  the  pulse  must  be  sufficiently  long  to  obviate 
double  counting,  but  must  be  short  enough  to 

5  minimise  the  dead  time  of  the  instrument. 
The  dead  time  is  the  duration  of  the  pulse 

length  since  during  this  time  no  further  pulses  may 
be  counted.  The  output  pulses  from  the  multi- 
vibrator  54  are  passed  to  a  counter  58  through  the 

w  counter  firing  circuit  56. 
Referring  now  to  Fig.  4,  this  schematically  illus- 

trates  system  for  grading  and  counting  cultured 
fish.  A  conveyor  belt  system  30  is  fed  at  its  leading 
end  32  with  artificially  cultured  live  fish  which  are 

75  of  a  single  species  but  have  grown  to  a  range  of 
sizes.  A  known  arrangement  grades  the  fish  into 
several  narrow  ranges  of  size  as  they  pass  along 
the  conveyor  system  30.  Fish  in  predetermined 
size  ranges  are  discharged  from  the  conveyor  sys- 

20  tern  30  at  various  points  34A,  34B,  34C,  34D,  etc, 
each  particular  discharge  point  being  for  one  of  the 
size  ranges.  Beneath  each  discharge  point  34A, 
etc,  is  a  respective  non-rigidly  mounted  sloping 
plate  or  box  36A,  36B,  36C,  36D,  etc.  Each  of 

25  these  plates  has  a  respective  impact  sensor  38A, 
38B,  38C,  38D,  etc,  attached  thereto  or  within  the 
box.  The  Fig.  4  system  so  far  described  is  there- 
fore  functionally  equivalent  to  Fig.  1  system  repli- 
cated  as  many  times  as  there  are  fish  size  ranges. 

30  Each  of  the  sensors  38A,  etc  in  Fig.  4  is 
connected  to  a  respective  counting  circuit  arrange- 
ment  as  shown  in  Fig.  2  or  Fig.  3,  or  more  prefer- 
ably  to  a  modification  thereof  in  which  the  multiple 
counting  circuits  function  under  the  control  of  a 

35  single  supervisory  microprocessor  control  system. 
The  system  of  Fig.  4  can  be  employed,  for  exam- 
ple,  to  audit  the  products  of  a  fish  breeding  tank 
when  the  tank  is  emptied  after  initial  breeding  and 
prior  to  sale  or  continued  cultivation  of  the  fish. 

40  Analogous  uses  of  the  article  counting  systems 
of  the  invention  may  be  made  in  any  context  in- 
volving  articles  (whether  animate  or  inanimate) 
which  are  capable  of  being  manipulated  (whether 
by  being  dropped  or  otherwise)  to  impact  upon  a 

45  sensor  (or  a  surface  to  which  a  sensor  is  attached) 
to  produce  a  characteristic  signal. 

The  various  article  counting  apparatus,  meth- 
ods,  and  systems  described  above  may  be  sub- 
jected  to  other  modifications  and  variations  without 

so  departing  from  the  scope  of  the  invention. 

is  fed  to  the  circuit  arrangements  of  Fig.  2  or  Fig.  3 
which  will  now  be  described  in  detail. 

In  the  Fig.  2  arrangement,  the  electrical  output 
signal  from  the  sensor  18  is  fed  into  a  level  detec- 
tor  circuit  20.  The  circuit  20  detects  which  one  of 
several  contiguous  magnitude  ranges  the  peak  sen- 
sor  signal  falls  into,  and  produces  a  characteristic 
output  signal  accordingly.  These  magnitude  ranges 
are  predetermined  by  a  calibration  and  level  control 
circuit  22  connected  to  the  level  detector  circuit  20. 
Controls  forming  part  of  the  circuit  22  provide 
switchable  settings  for  overall  input  from  the  sensor 
18,  and  adjustable  settings  to  increase  or  decrease 
the  levels  defining  the  magnitude  ranges  over 
which  the  detector  circuit  20  operates. 

The  resultant  characteristic  output  signals  from 
the  level  detector  circuit  20  operate  a  counter  ac- 
tuator  circuit  24  to  produce  a  requisite  number  of 
counter  actuation  signals  ultimately  dependent  on 
the  number  of  articles  sensed  by  the  sensor  18  in 
conjunction  with  the  level  detector  circuit  20. 

Control  inputs  26  connected  to  the  counter 
actuator  circuit  24  include  an  on/off  control,  a  re-set 
control,  a  count  inhibit  control,  a  count  start/stop 
control,  a  print  control  for  printing  unit  (not  shown), 
a  battery  back-up  monitor,  and  an  on/off  control  for 
a  totalisator. 

The  output  from  the  counter  actuation  circuit 
24  operates  a  conventional  up/down  event  counter 
28.  Each  single  counter  actuation  signal  from  the 
circuit  24  increments  the  count  in  the  counter  28 
by  one.  The  detection  of  two  or  more  articles 
simultaneously  hitting  the  plate  16  will  result  in  a 
corresponding  number  of  suitably  spaced  counter 
actuation  signals  from  the  circuit  24  to  increment 
the  counter  28  by  the  requisite  number.  Alter- 
natively,  the  counter  28  can  be  employed  to  count 
down  (ie  to  increment  negatively)  from  a  pre-set 
total  such  that  the  reaching  of  zero  indicates  com- 
pletion  of  delivery  of  a  batch  of  pre-selected  size. 

As  an  alternative  to  the  controls  26  and  the 
counter  28  being  in  the  form  of  hardware,  they 
could  be  replaced  by  a  suitable  microprocessor- 
based  system  for  sophisticated  monitoring  and 
control.  The  controls  26  would  then  be  functionally 
replaced  by  a  keyboard,  while  the  article  count 
would  be  displayed  on  an  VDU  along  with  other 
system  parameters. 

In  the  Fig.  3  arrangement,  the  electrical  output 
signal  from  the  sensor  18  is  passed  to  an  amplifier 
50  and  then  passed  to  a  level  detector  means  in 
the  form  of  a  Schmitt  trigger  52  which  produces  an 
output  pulse  when  the  output  voltage  received  from 
the  amplifier  50  is  above  a  certain  threshold.  The 
output  pulse  from  the  Schmitt  trigger  52  is  passed 
to  a  controllable  monostable  multivibrator  54.  The 
output  pulse  from  the  the  multivibrator  54  is  con- 
trollable  to  give  an  optimum  pulse  length.  The 

Claims 

55  1.  An  article  counting  apparatus  having  a  sen- 
sor  signal  input  connected  in  use  to  a  sensor  which 
transduces  impact  to  a  proportionate  electrical  sig- 
nal,  said  apparatus  further  including  detector 
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the  total  number  of  articles  decanted  or  dis- 
charged. 

10.  A  method  as  claimed  in  Claim  9  and  in- 
cluding  a  preliminary  step  of  sorting  the  articles 
into  groups  wherein  the  masses  of  articles  in  each 
group  lie  within  a  relatively  narrow  range. 

means  connected  to  said  input  to  detect  said  pro- 
portionate  electrical  signal  in  use  and  to  produce  a 
characteristic  output  signal  when  the  magnitude  of 
said  proportionate  electrical  signal  lies  within  a 
predetermined  magnitude  range.  5 

2.  An  article  counting  apparatus  as  claimed  in 
Claim  1  and  including  a  counter  actuator  circuit 
coupled  to  receive  the  output  signals  of  the  detec- 
tor  means,  said  counter  actuator  circuit  functioning 
in  use  to  produce  successively  incrementing  coun-  w 
ter  actuations  when  an  output  signal  is  received. 

3.  An  article  counting  apparatus  as  claimed  in 
either  Claim  1  or  Claim  2  wherein  said  detector 
means  is  a  level  detector  circuit  such  as  to  pro- 
duce  a  respective  characteristic  output  signal  when  75 
the  magnitude  of  said  proportionate  electrical  sig- 
nal  lies  within  one  of  a  plurality  of  predetermined 
ranges  of  magnitudes,  said  respective  characteris- 
tic  output  signals  being  mutually  distinct  whereby 
to  identify  the  respective  range.  20 

4.  An  article  counting  apparatus  as  claimed  in 
Claim  3  wherein  said  plurality  of  ranges  are  contig- 
uous  and  increase  in  magnitude  from  a  minimum 
threshold  magnitude  up  to  a  peak  magnitude. 

5.  An  article  counting  apparatus  as  claimed  in  25 
either  of  claims  3  or  4  wherein  the  counter  actuator 
circuit  coupled  to  receive  the  output  signals  of  the 
detector  means  in  use  produces  successively  in- 
crementing  counter  actuations  as  the  proportionate 
electrical  signal  traverses  ranges  of  successive  in-  30 
creasing  magnitudes,  such  that  the  incrementation 
of  counter  actuations  serves  to  identify  respective 
ranges  of  increasing  magnitudes. 

6.  An  article  counting  apparatus  as  claimed  in 
any  one  of  Claims  3  to  5  and  including  means  for  35 
conjointly  or  independently  varying  the  lower  and 
upper  limits  of  the  or  each  said  range  of  magnitude 
to  allow  selective  variation  of  the  predetermination 
of  the  range  or  ranges  of  magnitude  such  that  the 
counting  system  can  be  adjusted  to  discriminate  40 
between  the  impact  of  a  single  article,  and  the 
respective  simultaneous  impacts  of  more  than  one 
article. 

7.  An  article  counting  apparatus  as  claimed  in 
any  preceding  Claim  wherein  said  sensor  is  a  45 
microphone. 

8.  An  article  counting  apparatus  as  claimed  in 
any  preceding  Claim  wherein  the  sensor  is  coupled 
to  a  surface  which  is  impacted  by  a  cascade  or 
stream  of  the  articles.  so 

9.  A  method  of  counting  articles,  said  method 
utilising  the  article  counting  apparatus  as  claimed 
in  any  preceding  Claim,  said  method  comprising 
the  steps  of  discharging  the  articles  from  a  con- 
tainer  to  impact  upon  the  sensor  or  the  surface  to  55 
which  the  sensor  is  coupled,  and  operating  the 
apparatus  to  count  the  number  of  impacts  such 
that  the  count  is  a  substantially  accurate  count  of 

35 
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