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Description 

This  invention  relates  to  sensory  games  and 
more  particularly  to  the  detection  of  the  presence  of 
playing  pieces  on  a  game  board. 

Most  electronic  games  with  'presence  sen- 
sor'  systems,  for  example  chess,  use  reed  switches 
and  magnets  to  tract  the  moves  of  playing  pieces  on 
the  game  board.  These  games  usually  have  one  reed 
switch  placed  under  each  playing  square  and  a  mag- 
net  placed  in  the  base  of  each  playing  piece.  When  a 
piece  is  placed  on  a  square,  the  reed  switch  is  acti- 
vated  and  remains  closed  until  the  piece  is  removed. 
Thus,  the  progress  of  the  pieces  on  the  game  board 
may  be  tracked  by  electronics  if  the  pieces  start  from 
pre-defined  positions,  e.g.  a  new  game  or  a  set-up 
position. 

In  another  arrangement  described  in  U.K.  Patent 
No.  2  103  943  each  playing  piece  contains  a  resonant 
circuit  tuned  to  a  particular  frequency.  A  transmit  coil 
under  the  board  emits  a  pulse  of  energy  to  set  the  va- 
rious  resonant  circuits  into  oscillation  and  thereafter 
a  receive  coil  under  each  playing  area  picks  up  the 
signal  emitted  from  the  resonant  coil  of  a  playing 
piece  on  that  playing  area. 

The  present  invention  uses  the  phenomenon  of 
inductance  between  wires.  When  an  alternating  cur- 
rent  is  passed  along  one  wire  or  coil,  a  voltage  is  in- 
duced  in  a  neighbouring  wire  or  coil  due  to  the  mutual 
coupling  that  occurs.  This  coupling  is  affected  by  the 
presence  of  material  near  to  the  area  of  overlap  of  the 
two  wires.  If  a  disc  of  highly  conductive  metal  partly 
covers  this  area,  the  induced  voltage  is  altered.  The 
change  is  significant  if  the  disc  is  parallel  to  the  plane 
of  and  close  to  the  coils  and  also  covers  an  appreci- 
able  fraction  of  the  overlapping  area. 

Specification  No.  WO-A-89/00066  describes  an 
arrangement  for  detecting  the  presence  of  a  tennis 
ball  by  monitoring  the  change  in  coupling  between 
the  transmit  and  receive  coils  buried  under  the  play- 
ing  surface  when  a  tennis  ball  containing  particles  of 
a  highly  permeable  material  like  ferrite  is  nearby.  The 
presence  of  the  highly  permeable  material  will  cause 
a  small  flux  increase  in  the  coupling  but  any  change 
will  be  relatively  small. 

According  to  the  invention  there  is  provided  elec- 
tronic  game  apparatus  comprising  a  board  having  dis- 
crete  playing  areas,  a  number  of  playing  pieces  capa- 
ble  of  being  placed  on  discrete  playing  areas,  transmit 
and  receive  coil  means  arranged  beneath  the  playing 
surface  of  the  board  for  each  discrete  playing  area, 
the  playing  pieces  being  provided  in  their  bases  with 
an  element  which  affects  the  coupling  of  the  transmit 
and  receive  coil  means,  supply  means  for  supplying 
an  oscillating  signal  to  the  transmit  coil  means  to  in- 
duce  a  corresponding  signal  in  the  respective  receive 
coil  means  which  depends  upon  the  mutual  inductive 
coupling  of  the  two  coil  means  and  so  in  turn  upon  the 

presence  or  absence  ofthe  element  of  a  playing  piece 
on  the  respective  playing  area,  and  comparison 
means  for  comparing  this  output  with  a  reference  to 
determine  the  presence  or  absence  of  a  piece  on  the 

5  respective  playing  area,  characterised  in  that  at  least 
some  ofthe  playing  pieces  have  an  element  which  is 
of  highly  conductive  material  so  that  the  presence  of 
a  piece  on  a  playing  area  reduces  the  coupling  be- 
tween  the  respective  transmit  and  receive  coil  means. 

10  The  sensing  range  is  proportional  to  the  size  of 
the  overlap  area  between  the  two  coils.  The  overlap 
should  not  be  too  great  since  the  base  of  a  playing 
piece  would  then  only  cover  a  small  fraction  of  the 
overlap  area. 

15  The  proximity  of  the  base  of  a  playing  piece  to  the 
coils  affects  the  degree  of  mutual  coupling  between 
the  coils  and  hence  affects  the  induced  voltage. 

In  one  embodiment  of  the  invention  the  voltage 
induced  in  each  receive  coil  is  compared  to  a  refer- 

20  ence  to  determine  the  level  of  change  in  voltage  and 
hence  the  presence  of  a  playing  piece  on  each  indi- 
vidual  square.  The  reference  is  conveniently  the  vol- 
tage  measured  in  the  absence  of  any  pieces  on  the 
board.  This  means  that  the  effects  of  other  metal 

25  close  to  the  playing  surface  (e.g.  the  batteries)  can  be 
compensated  for  and  that  production  tolerances  may 
be  relaxed. 

Adisc  of  highly  conductive  metal,  for  example  alu- 
minium,  copper  brass  or  iron,  will  cause  the  mutual  in- 

30  ductance  between  the  coils  to  decrease.  The  eddy 
current  induced  in  the  aluminium  disc  causes  the  disc 
to  act  like  a  "shield"  to  the  magnetic  field,  so  reducing 
the  amount  of  coupling  between  the  coils.  On  the 
other  hand  a  disc  of  finely  divided  magnetic  material, 

35  for  example  ferrite,  will  cause  the  mutual  inductance 
between  the  coils  to  increase.  No  significant  eddy 
currents  are  induced  in  the  ferrite  disc,  the  field  is 
concentrated  and  hence  the  amount  of  coupling  be- 
tween  the  coils  is  increased.  Therefore  according  to 

40  one  preferred  embodiment  of  the  invention  two  dis- 
crete  sets  of  playing  pieces  are  provided,  the  element 
of  one  set  comprising  highly  conductive  material  and 
the  element  of  the  other  set  comprising  a  material  of 
low  conductivity  and  high  permeability,  whereby  the 

45  comparison  means  can  both  detect  the  presence  or 
absence  of  a  playing  piece  on  a  respective  playing 
area  and  determine  the  nature  ofthe  playing  piece. 

It  is  particularly  advantageous  to  be  able  to  dif- 
ferentiate  between  the  types  of  playing  piece  when 

so  the  game  involves  one  type  of  playing  piece  replacing 
another  on  a  playing  area,  for  example  in  the  game 
of  chess  when  a  playing  piece  of  one  type  takes  a 
playing  piece  of  another.  If  the  playing  pieces  of  each 
type  are  identical,  the  apparatus  may  not  sense  such 

55  a  move,  which  may  involve  a  playing  piece  of  one  type 
being  slid  across  a  playing  surface  to  push  a  playing 
piece  of  anothertype  off  a  playing  area.  If  the  sensing 
range  ofthe  apparatus  is  relatively  large,  the  system 
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may  continually  see  a  playing  piece  on  the  playing 
area,  even  though  a  piece  of  one  type  has  been  re- 
placed  by  a  piece  of  another  type.  Having  different 
materials  in  the  bases  of  different  types  of  pieces  will 
overcome  this  problem,  since  the  playing  piece  is 
seen  to  change,  for  example  from  black  to  white.  Ad- 
ditionally,  the  different  discs  have  opposite  effects  on 
the  magnetic  field,  and  therefore  may  cancel  each 
other  out  in  a  sliding  take. 

Alternatively,  in  order  to  detect  such  a  sliding 
move  without  distinguishing  between  piece  types, 
the  centre  portion  of  the  discs  in  each  playing  piece 
may  be  removed  to  provide  annular  rings  of  conduc- 
tive  material.  The  difference  in  sensing  range  be- 
tween  a  disc  and  a  ring  ofthe  same  diameter  is  mini- 
mal  as  the  flux  lines  affected  by  a  disc  and  a  ring  are 
similar  when  either  is  placed  generally  over  the  over- 
lap  area  between  the  two  coils  beneath  a  discrete 
playing  area.  However,  when  only  a  portion  of  a  ring 
is  above  the  overlap  area,  the  flux  lines  are  less  af- 
fected  compared  with  a  similarly  placed  piece  having 
a  disc  in  its  base.  Thus  a  change  in  the  flux  lines  is 
clearly  detected  when  two  playing  pieces  having 
rings  in  their  bases  are  placed  close  to  each  other  on 
a  discrete  playing  area. 

Preferably  the  coils  are  wound  so  that  each  ad- 
jacent  square  has  magnetic  flux  in  opposite  direc- 
tions.  This  results  in  both  low  electromagnetic  emis- 
sion  and  low  sensitivity  to  external  fields.  The  two 
sets  of  coils  are  typically  arranged  at  right  angles  to 
each  other,  the  overlap  ofthe  coils  being  symmetrical 
within  each  square. 

In  one  embodiment  of  game  apparatus  according 
to  the  invention  the  transmit  coil  means  comprise  a 
plurality  of  sets  of  coils,  with  the  coils  of  each  set 
formed  in  series,  and  the  receive  coil  means  com- 
prise  a  plurality  of  sets  of  coils,  with  the  coils  of  each 
set  formed  in  series,  one  coil  of  the  transmit  coil 
means  being  uniquely  associated  with  one  coil  ofthe 
receive  coil  means  at  each  discrete  playing  area,  the 
supply  means  comprising  an  oscillator  and  a  multi- 
plexer  to  select  the  particular  set  of  transmit  coils,  and 
the  comparison  means  including  a  multiplexer  to  se- 
lect  a  particular  set  of  receive  coils,  so  that  together 
the  coupling  between  the  transmit  and  receive  coil 
means  of  a  particular  playing  area  can  be  determined. 

The  electronics  required  to  provide  the  high  fre- 
quency  current  to  the  coils  preferably  comprises  a 
drive  oscillator,  an  automatic  level  control  (ALC)  to 
stabilise  the  amplitude  ofthe  oscillations  and  a  mul- 
tiplexer  to  select  the  transmit  coil  to  which  the  current 
is  to  be  supplied. 

The  electronics  required  to  detect  and  compare 
the  voltage  ofthe  receive  coils  with  the  reference  vol- 
tage  preferably  comprises  a  multiplexer  to  select  the 
receive  coil,  a  preamplifier,  a  synchronous  detector, 
an  integrator  and  a  comparator.  The  preamplifier  am- 
plifies  the  difference  between  the  selected  receive 

coil  voltage  and  the  reference  voltage.  Suitably  an  off- 
set  digital  to  analogue  converter  (D-A)  provides  an 
adjustable  fraction  ofthe  high  frequency  drive  signal 

5  to  the  receive  circuits,  to  act  as  a  reference.  As  noted 
above,  the  reference  is  normally  the  voltage  meas- 
ured  for  each  square  when  no  playing  pieces  are 
present  on  the  board,  but  alternatively  it  may  be  a 
fixed  voltage.  If  a  measured  reference  is  used,  the 

10  offset  D-A  setting  that  just  compensates  the  coupling 
factor,  is  found  and  saved  for  each  square,  by  using 
a  successive  approximation  algorithm  and  by  exam- 
ining  the  comparator  output.  In  use,  again  for  each  of 
the  squares  in  turn,  the  corresponding  offset  D-A  set- 

is  ting  saved  previously  is  applied  to  the  reference  input 
of  teh  preamplifier.  The  comparator  output  will  indi- 
cate  the  presence  or  absence  of  a  piece  and  also,  if 
different  materials  are  used  in  the  bases  of  different 
types  of  piece,  the  type  of  piece. 

20  It  is  desirable  to  provide  an  additional  offset  to  the 
measured  reference  voltage,  so  that  a  piece  is  only 
detected  once  the  induced  voltage  in  the  receive  coils 
exceeds  the  off-set  voltage  reference.  This  allows  for 
any  fluctuations  which  may  occur  within  the  system, 

25  when  a  piece  is  not  present  on  the  playing  square, 
and  reduces  the  possibility  of  false  detection  of  a 
piece.  This  additional  offset  to  the  value  applied  to  the 
offset  D-A  sets  the  sensing  range  ofthe  system. 

If  the  apparatus  is  to  distinguish  between  the 
30  pieces,  it  is  preferable  to  provide  two  offset  reference 

voltages,  preferably  one  above  and  one  below  the  ref- 
erence  voltage  measured  when  no  pieces  are  present 
on  the  board.  This  means  for  a  piece  of  one  type  to 
be  detected,  the  induced  voltage  has  to  rise  above 

35  the  higher  offset  reference  voltage,  and  for  a  piece  of 
a  different  type  to  be  detected,  the  induced  voltage 
has  to  fall  below  the  lower  off-set  reference  voltage. 

In  the  operation  ofthe  preferred  embodiment  of 
the  invention  the  oscillator  supplies  the  drive  current, 

40  via  a  multiplexer,  to  a  selected  transmit  coil.  One  of 
the  receive  coils,  selected  by  a  receive  multiplexer,  is 
connected  to  the  preamplifier  .  The  preamplifier  am- 
plifies  and  filters  the  difference  between  the  receive 
coil  voltage  and  a  variable  reference  provided  by  the 

45  offset  D-A,  and  the  signal  is  then  fed  to  the  synchron- 
ous  detector  where  it  is  multiplied  by  a  reference  sig- 
nal  from  the  oscillator.  An  imbalance  current  is  pro- 
duced  and  its  sign  is  determined  using  an  integrator 
and  comparator.  The  sign  of  the  imbalance  current 

so  will  depend  upon  the  material  in  the  base  ofthe  play- 
ing  piece.  For  example,  if  a  disc  of  aluminium  is  used, 
the  imbalance  current  will  be  of  one  sign  whereas  if 
a  ferrite  disc  is  used,  the  imbalance  current  will  be  of 
the  opposite  sign.  If  no  piece  is  present  no  significant 

55  imbalance  current  is  produced. 
Since  a  synchronous  detector  is  used,  the  sensi- 

tivity  bandwidth  ofthe  measuring  circuit  is  accurately 
centred  on  the  oscillator  frequency.  The  noise  band- 
width  is  determined  by  the  integration  time  ofthe  in- 
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tegrator.  The  effects  of  sensitivity  ofthe  synchronous 
detector  to  out  of  band  signals  (eg.  harmonics  of  the 
oscillator  frequency)  are  minimised  by  the  tuned  cir- 
cuit  in  the  preamplifier. 

In  order  to  increase  the  drive  current  supplied, 
without  significant  increase  in  the  power  consumed, 
each  transmit  coil  may  have  an  associated  tuned  cir- 
cuit  or  may  have  an  individual  transformer  in  order  to 
match  the  impedances  ofthe  drive  current  supply  cir- 
cuit  and  the  transmit  coil. 

The  drive  oscillator  may  comprise  a  number  of 
transformers  that  are  used  to  provide  a  large,  sine- 
wave  drive  current  to  the  transmit  coils.  Alternatively, 
discrete  transistors  or  an  integrated  circuit  may  be 
used  to  achieve  a  high  drive  current  whilst  keeping 
the  power  consumption  low.  This  latter  embodiment 
does  not  provide  a  continuous  sine-wave  drive,  but 
discrete  current  pulses  that  have  the  form  of  a  half- 
cycle  of  a  sine-wave.  This  is  acceptable  since  it  has 
adequate  power  at  the  frequencies  of  interest  but 
does  not  cause  excessive  radiation. 

If  a  pulsed  drive  current  is  used,  it  is  necessary 
to  offset  the  signal  from  the  receive  coils  by  a  variable 
signal  of  opposite  sign.  Such  a  signal  can  be  obtained 
by  differentiating  the  current  drive  pulse  and  has  the 
form  of  a  full  cycle  of  a  sine  wave.  Further,  this  may 
be  thresholded  and  used  as  a  signal  to  sample  the 
preamplifier  output  to  give  determination  of  the  pres- 
ence,  absence  or  type  of  piece.  Because  of  noise,  one 
sample  is  inadequate  for  reliable  sensing  and  an  aver- 
aged  result  is  needed.  This  can  be  achieved  simply  by 
counting  the  number  of  times  a  positive  result  is  ob- 
tained  against  the  number  of  negative  results  over  a 
sampling  period. 

For  this  alternative  system,  many  ofthe  functions 
can  be  implemented  digitally,  even  the  provision  of  an 
off-setting  signal.  Avariable  dc  signal  may  be  used  as 
a  power  source  for  a  pulse  generator  circuit  that  syn- 
thesises  the  offset  signal  with  a  similar  waveshape  to 
that  ofthe  receive  signal,  but  of  amplitude  determined 
by  the  dc  voltage.  Such  an  adjustable  dc  voltage  may 
be  provided  by  conventional  means.  All  ofthe  digital 
functions  may  be  implemented  on  a  single  IC,  which 
may  result  in  a  less  expensive  apparatus. 

The  invention  will  now  be  described  further  by 
way  of  example  with  reference  to  the  accompanying 
drawings  in  which: 

Figure  1  is  a  perspective  partial  view  of  a  game 
embodying  the  invention; 
Figure  2  shows  detail  ofthe  winding  and  dimen- 
sions  ofthe  coils; 
Figure  3  shows  one  embodiment  of  a  winding 
frame; 
Figure  3A  is  a  section  on  the  line  A-Aof  Figure  3; 
Figure  4  shows  detail  ofthe  winding  frame  of  Fig- 
ure  3; 
Figure  5  shows  another  embodiment  of  a  winding 
frame; 

Figure  6  shows  detail  ofthe  winding  frame  of  Fig- 
ure  5; 
Figure  7  is  an  electronic  circuit  suitable  for  use 

5  with  the  invention. 
As  shown  in  Figure  1  a  sensory  game  has  a  play- 

ing  board  1,  the  surface  of  which  is  provided  with  a 
number  of  defined  playing  areas  2,  for  example  the 
squares  on  a  chess  or  draughts  board,  and  a  number 

10  of  playing  pieces  3,  the  bases  of  which  are  provided 
with  an  element  4.  All  the  playing  pieces  ofthe  appa- 
ratus  may  have  a  disc  of  the  same  type  of  material  in 
their  base,  for  example  aluminium,  or  playing  pieces 
of  different  types  may  have  different  materials  in  their 

15  bases,  for  example  in  the  game  of  Chess,  black 
pieces  may  be  provided  with  a  disc  of  aluminium 
whilst  the  white  pieces  have  a  disc  of  ferrite  in  their 
bases. 

A  matrix  of  coils  5,6  is  provided  close  to  the  sur- 
20  face  of  the  board  1  ,  the  coils  being  arranged  so  that 

each  adjacent  square  2  is  wound  in  opposite  direc- 
tions.  The  conductors  from  one  set  of  coils,  the  trans- 
mit  coils  5  should  not  run  alongside  the  conductors 
from  the  other  set  of  coils,  the  receive  coils  6. 

25  A  suitable  winding  pattern  for  the  coils  is  shown 
in  Figure  2.  The  optimum  area  of  overlap  A  of  a  trans- 
mit  coil  5  and  a  receive  coil  6  is  1/9  -  1/4  of  the  area 
of  a  playing  area  2.  In  the  case  of  a  square  playing 
area,  the  side  of  the  overlap  is  1/3  -  1/2  of  the  width 

30  ofthe  square. 
During  construction  ofthe  game  board  1  ,  it  is  nec- 

essary  to  hold  the  wires  in  their  correct  lateral  posi- 
tions  and  also  as  close  to  the  playing  surface  as  pos- 
sible.  Winding  ofthe  wire  can  be  done  either  by  hand 

35  or  machine. 
Figure  2  shows  one  embodiment  in  which  the 

coils  5,6  are  formed  by  winding  a  wire  7  around  the 
pins  of  a  jig.  The  wire  is  then  laminated  between  two 
adhesive  covered  sheets  (not  shown)  and  the  whole 

40  assembly  removed  from  the  pin  jig. 
This  method  achieves  both  lateral  position  preci- 

sion,  owing  to  the  pin  jig  and  vertical  precision  from 
the  laminating  process.  The  component  cost  is  low 
but  the  sheet  handling  and  laminating  is  difficult  to  au- 

45  tomate. 
An  alternative  method  is  to  mould  or  fabricate  a 

winding  frame  8  that  has  features  9  around  which  the 
wire  can  be  wound  (see  Figure  3).  After  it  is  wound, 
the  frame  8  can  be  incorporated  into  the  playing 

so  board  ofthe  game.  Awire  termination  i.e.  a  connector 
to  the  main  PCB,  may  be  made  as  part  ofthe  frame. 

A  cheaper  alternative  is  to  fabricate  a  winding 
frame  from  plastic  sheet,  for  example  300  micron 
polypropylene.  Referring  to  Figure  5  and  6  a  frame  10 

55  is  made  by  punching  a  pattern  of  tabs  11  in  a  sheet 
of  plastic  12.  The  tabs  are  then  formed,  using  either 
pressure  alone  or  together  with  heat,  to  bring  them 
out  of  the  plane  of  the  sheet  12.  Once  formed  the  tabs 
11  act  as  winding  features.  The  wire  13  is  laid  close 

4 
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to  the  surface  of  the  sheet  12  and  is  pulled  tightly 
around  each  tab  in  order  to  hold  the  wire  securely  in 
both  the  lateral  and  the  vertical  directions. 

Figure  7  shows  the  electronics  necessary  for  5 
analyzing  the  results  from  the  game  board  and  will 
now  be  described  further. 

The  drive  oscillator  provides  a  maximum  low  dis- 
tortion  AC  drive  current  to  the  transmit  coils  by  using 
a  tuned  drive  where  the  major  power  loss  is  in  the  10 
multiplexer  resistance.  A  tuned  circuit  is  formed  from 
the  primary  of  transformer  T1  and  capacitors  C3  and 
C4.  The  circuit  through  capacitor  C3  is  completed  via 
the  multiplexer,  the  selected  transmit  coil  and  capac- 
itor  C1.  A  feedback  winding  transformer  on  T1  alter-  15 
nately  cuts  off  transistors  TR1  and  TR2,  causing  os- 
cillation.  These  transistors  are  a  differential  pair  with 
AC  emitter  coupling  to  guarantee  startup.  The  current 
through  the  transistors  is  determined  by  the  automat- 
ic  level  control  (ALC)  circuit  around  transistor  TR3  20 
which  stabilises  the  oscillation  amplitude. 

The  offset  A-A  has  a  series  of  CMOS  gates,  inte- 
grated  circuits  IC3,  which  have  a  small  AC  voltage  ap- 
plied  to  their  Vss  pin,  but  none  to  their  Vdd  pin.  Their 
outputs  connect  to  a  R-2R  ladder  so  that  as  they  25 
change,  not  only  is  there  a  corresponding  DC  voltage 
at  the  output  of  the  ladder,  but  also  an  AC  signal 
whose  amplitude  varies  accordingly.  The  ladder  out- 
put  is  added  to  a  fixed  proportion  ofthe  Vss  signal  to 
give  an  offset  signal  adjustable  by  about  +/-  20%  of  30 
nominal. 

If  the  apparatus  is  to  distinguish  between  playing 
pieces,  by  virtue  of  the  different  effect  of  different 
metals  in  the  bases  ofthe  playing  pieces,  two  offset 
signals  are  needed,  adjusted  by  about  +20%  or  -20%  35 
of  nominal  respectively.  This  range  compensates  for 
variations  in  the  coil  coupling  resulting  from  manufac- 
turing  tolerances  and  the  movement  of  batteries  un- 
der  the  playing  surface. 

The  input  transistor  TR4  of  the  preamplifier  is  40 
used  in  a  differential  mode,  amplifying  the  difference 
between  the  coil  signal  and  that  from  the  offset  D-A. 
Further  amplification  and  filtering  is  done  by  transis- 
tor  TR5  and  the  primary  of  transformer  T2  together 
with  capacitor  C10.  This  tuned  circuit  operates  a  mod-  45 
erate  Q  (about  20),  determined  by  the  input  impe- 
dance  of  transistor  TR8.  It  rejects  most  low  and  high 
frequency  noise. 

The  synchronous  detector  is  a  conventional  ar- 
rangement  using  a  commutating  emitter  coupled  pair  50 
to  divert  the  signal  current  from  transistor  TR8  into  al- 
ternate  load  resistors  R51  and  R53.  The  reference 
signal  comes  from  the  oscillator  so  the  output  corre- 
sponds  to  the  in-phase  component  of  the  received 
signal,  a  positive  or  negative  imbalance  current  being  55 
produced  depending  on  the  sign  ofthe  in-phase  com- 
ponent  of  the  input  signal.  The  detector  is  sensitive  to 
input  signals  at  the  harmonics  of  this  reference  sig- 
nal,  but  these  are  removed  by  the  tuned  circuit  in  the 

preamplifier. 
The  imbalance  current  from  the  detector  is  then 

applied  to  a  conventional  integrator.  After  the  AC  sig- 
nal  conditions  have  stabilised,  the  integrator  output 
ramps  according  to  the  sign  ofthe  imbalance  current. 
After  an  appropriate  delay  to  allow  for  averaging  of 
noise  signals,  the  sign  ofthe  integrator  outputs  shows 
the  comparison  of  the  induced  voltage  against  the 
offset  D-Asetting.  The  sign  will  depend  upon  the  ma- 
terial  present  in  the  base  ofthe  playing  pieces  and  the 
apparatus  can  therefore  be  used  either  merely  to  de- 
tect  the  presence  of  a  playing  piece  on  a  playing 
square  or,  as  described  previously,  distinguish  be- 
tween  types  of  playing  pieces  on  a  playing  square, 
one  type  of  playing  piece  producing  a  positive  output 
from  the  integrator  and  one  type  of  playing  piece  re- 
sulting  in  a  negative  output.  The  integrator  reference 
voltage  varies  with  the  voltage  at  R50,  so  it  is  neces- 
sary  to  apply  it  to  the  comparator  reference  as  well. 
A  reset  switch  K5  is  provided  for  t  he  comparator  to  re- 
move  the  capacitor  charge  resulting  from  the  previ- 
ous  measurement.  This  is  not  essential  but  does 
speed  up  the  measurement. 

The  game  is  operated  in  two  modes,  reference 
and  run.  In  the  reference  mode  each  of  the  chess 
squares  are  selected  in  turn  by  the  multiplexers.  For 
each  square,  using  a  successive  approximation  algo- 
rithm  and  by  examining  the  comparator  output,  the 
offset  D-A  setting  that  just  compensates  the  coupling 
factor  is  found  and  saved.  In  run  mode,  again  for  each 
ofthe  squares  in  turn,  the  corresponding  offset  D-A 
setting  measured  during  the  reference  mode,  togeth- 
er  with  an  additional  offset,  is  applied  to  the  pream- 
plifier.  The  comparator  output  thus  indicates  the  pres- 
ence  or  absence  of  a  piece,  and  the  type  of  playing 
piece  if  desired.  Reference  mode  can  optionally  be 
subsumed  by  factory  settings,  leaving  the  end  user 
with  run  mode  only. 

Claims 

1.  Electronic  game  apparatus  comprising  a  board 
(1)  having  discrete  playing  areas  (2),  a  number  of 
playing  pieces  (3)  capable  of  being  placed  on  dis- 
crete  playing  areas  (2),  transmit  and  receive  coil 
means  (5,6)  arranged  beneath  the  playing  sur- 
face  of  the  board  (1)  for  each  discrete  playing 
area  (2),  the  playing  pieces  (3)  being  provided  in 
their  bases  with  an  element  (4)  which  affects  the 
coupling  of  the  transmit  and  receive  coil  means, 
supply  means  for  supplying  an  oscillating  signal 
to  the  transmit  coil  means  (5)  to  induce  a  corre- 
sponding  signal  in  the  respective  receive  coil 
means  (6)  which  depends  upon  the  mutual  induc- 
tive  coupling  ofthe  two  coil  means  and  so  in  turn 
upon  the  presence  or  absence  ofthe  element  (4) 
of  a  playing  piece  (3)  on  the  respective  playing 
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area  (2),  and  comparison  means  for  comparing 
this  output  with  a  reference  to  determine  the 
presence  or  absence  of  a  piece  (3)  on  the  respec- 
tive  playing  area  (2),  characterised  in  that  at  least 
some  ofthe  playing  pieces  have  an  element  (4) 
which  is  of  highly  conductive  material  so  that  the 
presence  of  a  piece  (3)  on  a  playing  area  (2)  re- 
duces  the  coupling  between  the  respective  trans- 
mit  and  receive  coil  means  (5,6). 

2.  Apparatus  as  claimed  in  Claim  1  characterised  in 
that  the  highly  conductive  metal  is  aluminium. 

3.  Apparatus  as  claimed  in  Claim  1  or  Claim  2,  char- 
acterised  in  that  two  discrete  sets  of  playing 
pieces  (3)  are  provided,  the  element  (4)  of  one  set 
comprising  highly  conductive  material  and  the 
element  (4)  ofthe  other  set  comprising  a  material 
of  low  conductivity  and  high  permeability,  where- 
by  the  comparison  means  can  both  detect  the 
presence  or  absence  of  a  playing  piece  (3)  on  a 
respective  playing  area  (2)  and  determine  the  na- 
ture  ofthe  playing  piece  (3). 

4.  Apparatus  as  claimed  in  Claim  3  in  which  the  ma- 
terial  of  low  conductivity  and  high  permeability  is 
ferrite. 

5.  Apparatus  as  claimed  in  any  preceding  claim 
characterised  in  that  the  transmit  coil  means  (5) 
comprise  a  plurality  of  sets  of  coils,  with  the  coils 
of  each  set  formed  in  series,  and  the  receive  coil 
means  (6)  comprise  a  plurality  of  sets  of  coils, 
with  the  coils  of  each  set  formed  in  series,  one 
coil  ofthe  transmit  coil  means  being  uniquely  as- 
sociated  with  one  coil  ofthe  receive  coil  means 
at  each  discrete  playing  area,  the  supply  means 
comprising  an  oscillator  and  a  multiplexer  to  se- 
lectthe  particular  set  of  transmit  coils  (5),  and  the 
comparison  means  including  a  multiplexer  to  se- 
lect  a  particular  set  of  receive  coils  (6),  so  that  to- 
gether  the  coupling  between  the  transmit  and  re- 
ceive  coil  means  (5,6)  of  a  particular  playing  area 
(2)  can  be  determined. 

6.  Apparatus  as  claimed  in  Claim  5  characterised  in 
that  the  two  sets  of  coils  (5,6)  are  arranged  par- 
allel  to  the  surface  ofthe  board  (1)  and  perpen- 
dicular  to  each  other. 

7.  Apparatus  as  claimed  in  any  preceding  claim 
characterised  in  that  the  reference  is  the  voltage 
in  the  receive  coils  (6)  measured,  for  each  dis- 
crete  playing  area,  in  the  absence  of  a  playing 
piece. 

8.  Apparatus  as  claimed  in  any  preceding  claim 
characterised  in  that  an  offset  is  added  to  the  ref- 

erence  to  determine  the  sensing  range  ofthe  ap- 
paratus  and  to  avoid  spurious  detection  respons- 
es. 

Patentanspruche 

1.  Elektronisches  Spielgerat,  bestehend  aus  einem 
10  in  einzelne  Spielfelder  (2)  unterteilten  Spielbrett 

(1),  einer  Anzahl  von  Spielfiguren  (3),  die  auf  die 
einzelnen  Spielfelder  (2)  gesetztwerden  konnen, 
Sende-  und  Empfangsspuleneinrichtungen  (5,  6), 
die  fur  jedes  der  einzelnen  Spielfelder  (2)  unter 

15  der  Spielflache  des  Spielbretts  (1)  angeordnet 
sind,  wobei  die  Spielfiguren  (3)  in  ihrem  Unterteil 
jeweils  mit  einem  Element  (4)  ausgestattet  sind, 
welches  sich  auf  die  Kopplung  der  Sende-  und 
Empfangsspuleneinrichtungen  auswirkt,  einer 

20  Versorgungseinrichtung  zur  Bereitstellung  eines 
oszillierenden  Signals  fur  die  Sendespulenein- 
richtung  (5)  zur  Induktion  eines  entsprechenden 
Signals  in  der  zugehorigen  Empfangsspulenein- 
richtung  (6),  das  sich  nach  der  wechselseitigen 

25  induktiven  Kopplung  der  beiden  Spuleneinrich- 
tungen  richtet  -  und  somit  danach,  ob  sich  auf  je- 
weiligen  Spielfeld  (2)  ein  Element  (4)  einer  Spiel- 
f  igur  (3)  bef  indet  oder  nicht,  sowie  aus  einer  Ver- 
gleichseinrichtung  zum  Vergleichen  dieses  indu- 

30  zierten  Signals  mit  einer  Bezugsgrolie,  wodurch 
ermittelt  werden  kann,  ob  sich  auf  dem  jeweiligen 
Spielfeld  (2)  eine  Spielfigur  (3)  befindet  oder 
nicht,  dadurch  gekennzeichnet,  dali  zumindest 
einige  der  Spielfiguren  (3)  mit  einem  Element  (4) 

35  aus  einem  gut  leitenden  Material  ausgestattet 
sind,  so  dali  sich  bei  Vorhandensein  einer  Spiel- 
figur  (3)  auf  einem  Spielfeld  (2)  die  Kopplung  zwi- 
schen  den  jeweiligen  Sende-  und  Empfangsspu- 
leneinrichtungen  (5,  6)  verringert. 

40 
2.  Gerat  nach  Anspruch  1,  dadurch  gekennzeich- 

net,  dali  es  sich  bei  dem  gut  leitenden  Metall  urn 
Aluminium  handelt. 

45  3.  Gerat  nach  Anspruch  1  oder  2,  dadurch  gekenn- 
zeichnet,  dali  zwei  unterschiedliche  Satze  von 
Spielfiguren  (3)  bereitgestellt  werden,  wobei  bei 
einem  Satz  das  Element  (4)  aus  einem  gut  leiten- 
den  Material  und  bei  dem  anderen  Satz  das  Ele- 

50  ment  (4)  aus  einem  Material  mit  niedriger  Leitfa- 
higkeit  und  hoher  Permeabilitat  besteht,  wodurch 
die  Vergleichseinrichtung  sowohl  feststellen 
kann,  ob  sich  auf  einem  Spielfeld  (2)  eine  Spiel- 
figur  (3)  befindet  oder  nicht,  als  auch  in  der  Lage 

55  ist  festzustellen,  zu  welchem  Satz  die  jeweilige 
Spielfigur  (3)  gehort. 

4.  Gerat  nach  Anspruch  3,  dadurch  gekennzeich- 
net,  dali  es  sich  bei  dem  Material  mit  niedriger 
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Leitfahigkeit  und  hoher  Permeabilitat  um  Ferrit 
handelt. 

5.  Gerat  nach  samtlichen  vorstehenden  Anspru- 
chen,  dadurch  gekennzeichnet,  dali  die  Sende- 
spuleneinrichtung  (5)  aus  einer  Vielzahl  von  Spu- 
lensatzen  besteht,  bei  denen  die  Spulen  jedes 
Satzes  in  Reihe  geschaltet  sind,  dali  die  Emp- 
fangsspuleneinrichtung  (6)  aus  einer  Vielzahl  von 
Spulensatzen  besteht,  bei  denen  die  Spulen  je- 
des  Satzes  in  Reihe  geschaltet  sind,  wobei  fur  je- 
des  einzelne  Spielfeld  (2)  jeweils  eine  Spule  der 
Sendespuleneinrichtung  (5)  genau  einer  Spule 
der  Empfangsspuleneinrichtung  (6)  zugeordnet 
ist,  dali  die  Versorgungseinrichtung  einen  Oszil- 
latorund  einen  Multiplexer  zur  selektiven  Bestim- 
mung  des  jeweiligen  Satzes  von  Sendespulen  (5) 
enthalt,  und  dali  die  Vergleichseinrichtung  einen 
Multiplexer  zur  selektiven  Bestimmung  des  jewei- 
ligen  Satzes  von  Empfangsspulen  (6)  enthalt,  so 
dali  diese  beiden  Einrichtungen  zusammen  in  der 
Lage  sind,  die  Kopplung  zwischen  der  Sende- 
und  Empfangsspuleneinrichtung  (5,  6)  furein  be- 
stimmtes  Spielfeld  (2)  zu  erfassen. 

6.  Gerat  nach  Anspruch  5,  dadurch  gekennzeich- 
net,  dali  die  beiden  Spulensatze  (5,  6)  parallel  zur 
Oberf  lache  des  Spiel  bretts  (1)  und  zueinander  im 
rechten  Winkel  angeordnet  sind. 

7.  Gerat  nach  samtlichen  vorstehenden  Anspru- 
chen,  dadurch  gekennzeichnet,  dali  als  Bezugs- 
grolie  fur  jedes  der  einzelnen  Spielfelder  (2)  die 
in  den  Empfangsspulen  (6)  gemessene  Span- 
nung  gewahlt  wird,  wenn  sich  keine  Spielfigur  auf 
dem  Spielfeld  (2)  befindet. 

d'emission  (5)  de  facon  a  induire  un  signal  corres- 
pondent  dans  le  moyen  a  bobine  respectif  de  re- 
ception  (6)  fonction  du  couplage  inductif  recipro- 

5  que  des  deux  moyens  a  bobine  et  par  consequent 
fonction  de  la  presence  ou  de  I'absence  de  I'ele- 
ment  (4)  d'une  piece  de  jeu  (3)  dans  la  zone  res- 
pective  de  jeu  (2),  et  un  moyen  de  comparaison 
permettant  de  comparer  cette  sortie  avec  une  re- 

10  ference  pour  def  inir  la  presence  ou  I'absence  de 
piece  (3)  en  zone  respective  de  jeu  (2),  caracte- 
rise  en  ce  que  certaines  pieces  de  jeu  au  mini- 
mum  comptent  un  element(4)  de  matiere  a  haute 
conductibilite  de  telle  facon  que  la  presence 

15  d'une  piece  (3)  dans  une  zone  de  jeu  (2)  reduit  le 
couplage  entre  les  moyens  respectifs  d'emission 
et  de  reception  (5,6). 

2.  Appareil  tel  que  revendique  a  la  revendication  1 
20  caracterise  en  ce  que  le  metal  de  haute  conduc- 

tibilite  est  I'aluminium. 

3.  Appareil  tel  que  revendique  a  la  revendication  1 
ou  a  la  revendication  2  caracterise  en  ce  que 

25  deux  jeux  discrets  de  pieces  de  jeu  (3)  sont  pre- 
vus,  I'element  (4)  d'un  jeu  comportant  une  matie- 
re  de  haute  conductibilite  et  I'element  (4)  de  I'au- 
tre  jeu  comportant  une  matiere  de  faible  conduc- 
tibilite  et  de  haute  permeabilite,  dont  les  moyens 

30  de  comparaison  permettent  a  la  fois  la  presence 
ou  I'absence  d'une  piece  de  jeu  (3)  dans  une 
zone  respective  de  jeu  (2)  et  def  inissent  la  nature 
de  la  piece  de  jeu  (3). 

35  4.  Appareil  tel  que  revendique  a  la  revendication  3 
dont  la  matiere  de  faible  conductivity  et  de  haute 
permeabilite  est  le  ferrite. 

8.  Gerat  nach  samtlichen  vorstehenden  Anspru- 
chen,  dadurch  gekennzeichnet,  dali  zusatzlich 
zur  Bezugsgrolie  noch  eine  Offsetspannung  ver- 
wendet  wird,  um  den  Erfassungsbereich  des  Ge- 
rats  festzulegen  und  falsche  Detektormeldungen 
zu  verhindern. 

Revendications 

1.  Appareil  de  jeu  electronique  comportant  un  ta- 
bleau  avec  une  serie  de  zones  discretes  de  jeu 
(2),  une  serie  de  pieces  de  jeu  (3)  susceptibles  de 
pose  dans  les  zones  discretes  de  jeu  (2),  des 
moyens  a  bobine  d'emission  et  de  reception  (5,6) 
disposes  sous  la  surface  de  jeu  du  tableau  (1) 
pour  chaque  zone  specif  ique  de  jeu  (2),  les  pie- 
ces  de  jeu  comportant  dans  leur  socle  un  element 
assurant  le  couplage  des  moyens  a  bobine 
d'emission  et  de  reception,  un  moyen  d'amenee 
amenant  un  signal  oscillatoire  au  moyen  a  bobine 

5.  Appareil  tel  que  revendique  en  I'une  ou  I'autre 
40  des  revendications  precedentes  caracterise  en 

ce  que  le  moyen  a  bobine  d'emission  (5)  compor- 
te  une  pluralite  de  jeux  de  bobines,  avec  les  bo- 
bines  de  chaque  jeu  formees  en  series,  et  le 
moyen  a  bobine  de  reception  (6)  comporte  une 

45  pluralite  de  jeux  de  bobines,  avec  les  bobines  de 
chaque  jeu  formees  en  series,  une  bobine  du 
moyen  de  bobine  d'emission  etant  associee  de 
maniere  unique  avec  une  bobine  du  moyen  a  bo- 
bine  de  reception  en  chaque  zone  specif  ique  de 

so  jeu,  les  moyens  d'amenee  comportant  un  oscilla- 
teur  et  un  multiplexeur  pour  selectionner  le  jeu 
particulier  de  bobines  d'emission  (5),  et  les 
moyens  de  comparaison  y  compris  un  multi- 
plexeur  pour  selectionner  un  jeu  particulier  a  bo- 

ss  bines  de  reception,  de  telle  facon  que  pris  ensem- 
ble  il  est  possible  de  def  inir  le  couplage  entre  les 
moyens  d'emission  et  de  reception  d'une  zone 
particuliere  de  jeu  (2). 

7 



13  EP  0  416  955  B1  14 

6.  Appareil  tel  que  revendique  a  la  revendication  5 
caracterise  en  ce  que  deux  jeux  de  bobines  (5,6) 
sont  disposes  paralleles  avec  la  surface  du  ta- 
bleau  (1)  et  perpendiculaires  I'un  par  rapport  a  5 
I'autre. 

7.  Appareil  tel  que  revendique  en  I'une  ou  I'autre 
des  revendications  precedentes  caracterise  en 
ce  que  la  reference  est  la  tension  de  bobines  de  10 
reception  (6)  mesuree  pour  chaque  zone  specif  i- 
que,  en  I'absence  d'une  piece  de  jeu. 

8.  Appareil  tel  que  revendique  en  I'une  ou  I'autre 
des  revendications  precedentes  caracterise  en  15 
ce  qu'un  decalage  est  ajoute  a  la  reference  de  fa- 
con  a  determiner  la  fourchette  de  captage  de  I'ap- 
pareil  et  afin  d'eviter  les  fausses  reponses  de 
captage. 
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