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Description 

The  invention  relates  to  an  imaging  system.  The  in- 
vention  relates  particularly,  but  not  exclusively,  to  the  im- 
aging  and  analysis  of  electric  arcs  formed  during  the  op- 
eration  of  a  miniature  circuit  breaker. 

Miniature  circuit  breakers  (MCB's)  are  in  wide- 
spread  use  for  overload  and  short  circuit  protection  in 
domestic,  commercial  and  industrial  installations.  When 
a  miniature  circuit  breaker  is  activated  under  short  circuit 
conditions  an  electric  arc  is  drawn  between  the  contacts. 
Modern  miniature  circuit  breaker  design  relies  on  the 
control  of  the  arc  to  limit  fault  currents  thus  reducing 
damage  to  both  the  circuit  breaker  and  the  installation 
which  it  is  protecting.  To  achieve  a  better  understanding 
of  the  arc  behaviour  leading  to  more  efficient  and  eco- 
nomical  circuit  breaker  design  more  detailed  information 
on  arc  motion  and  the  factors  that  influence  it  is  required. 

The  small  enclosed  construction  of  these  devices, 
the  hostile  environment  in  the  arc  chamber  and  the  ra- 
pidity  of  the  circuit  breaking  event,  have  made  it  difficult 
to  obtain  detailed  information  on  the  behaviour  of  the 
arc.  The  very  high  intensity  of  the  light  emission  from 
the  arc  make  direct  visualisation  methods  (e.g.  high 
speed  photography)  of  limited  use.  Several  recent  ap- 
proaches  have  employed  electronic  means  to  detect  the 
arc  position  by  virtue  of  its  magnetic  properties  (see  M. 
Mercier  et.  al.,  "Study  of  the  Movement  of  an  Electric 
Breaking  Arc  at  Low  Voltage",  Journal  of  Physics  D:  Ap- 
plied  Physics,  Vol.  24,  pages  681  -684  (1  991  ))  while  re- 
cent  advances  in  optical  fibre  technology  have  opened 
up  new  possibilities  for  studying  the  light  emission  of  the 
arc  by  positioning  an  array  of  optical  fibres  in  the  arc 
chamber  (M.  Delaplace,  "Observations  sur  ecran  video 
du  comportement  de  Tare  dans  unde  chambre  de  cou- 
pure"  Revue  Generale  de  I'Electricite,  No.  1,  January 
1987,  pages  26-32  (1987);  J.  Wassermann  et.  al.,  " 
Quantitative  Recording  of  Arc  Motion  and  Structure 
through  Opaque  Walls  Employing  Optoelectronic  Sen- 
sors",  Journal  of  Physics.  E:  Scientific  Instruments,  Vol. 
21  pages  155-158  (1988);  J  Leemans  et.  al.,  "Fiberop- 
tic  Sensor  Applied  in  Circuit  Breaker  Design",  Australa- 
sian  Instrumentation  and  Measurement  Conference, 
Adelaide  1989,  pages  293-295  (1989);  and  FR-A- 
2,571  ,888).  The  advantages  of  such  techniques  include 
rapid  response  times  of  the  order  of  microseconds,  im- 
mediate  access  to  data  in  electronic  form  for  storage 
and  analysis  by  computer  and  the  fact  that  electronic 
equipment  is  electrically  isolated  from  and  physically  re- 
moved  from  the  vicinity  of  the  arc  and  the  breaking  cir- 
cuit,  thus  reducing  the  possibilities  of  electromagnetic 
interference  or  physical  damage. 

There  is  known  from  "Observation  stir  ecran  video 
du  comportement  de  Tare  dans  une  chambre  de  cou- 
pure"  an  imaging  system  for  two-dimensional  imaging 
of  an  event,  the  imaging  system  comprising  an  array  of 
sensors  for  sampling  event  parameters  at  an  array  of 
event  locations,  each  sensor  being  responsive  to  an 

event  parameter  at  a  respective  event  location,  the  sys- 
tem  comprising  memory  means  for  recording  sampled 
event  parameters. 

Furthermore,  a  group  of  event  locations  is  identified 
5  at  which  the  sampled  event  parameter  exceeds  a  pre- 

determined  threshold  value. 
However,  the  prior  techniques  have  only  provided 

simple  representations  of  the  arc  movement  which  do 
not  faithfully  represent  the  complexities  of  the  circuit 

10  breaking  event.  The  difficulties  which  have  been  en- 
countered  result  from  the  high  sampling  frequencies 
which  are  needed,  as  a  result  of  which  only  poor  reso- 
lution  images  can  be  generated  based  on  a  relatively 
small  number  of  samples  (or  pixels)  per  image,  corn- 

's  pared  to  conventional  high  definition  imaging  tech- 
niques. 

The  object  of  the  invention  is  to  provide  an  imaging 
system  which  is  able  to  provide  improved  imaging  of 
events  even  when  the  imaging  is  based  on  a  relatively 

20  small  number  of  image  samples  taken  at  very  high  sam- 
pling  rates. 

In  accordance  with  a  first  aspect  of  the  invention  we 
provide  an  imaging  system  for  two  dimensional  imaging 
of  an  event,  the  imaging  system  comprising  a  array  of 

25  sensors  for  sampling  event  parameters  at  an  array  of 
event  locations,  each  sensor  being  responsive  to  an 
event  parameter  at  a  respective  event  location,  the  sys- 
tem  further  comprising  memory  means  for  recording 
sampled  event  parameters,  and  first  means  responsive 

30  to  the  recorded  event  parameter  values  for  identifying  a 
collection  of  groups  of  event  locations,  each  event  loca- 
tion  within  the  thus  identified  groups  having  an  event 
parameter  value  exceeding  a  predetermined  event  pa- 
rameter  threshold  value,  characterised  by  the  provision 

35  of 

a)  second  means  for  identifying,  for  each  group  of 
event  locations,  event  locations  at  the  boundary  of 
an  area  encompassing  the  group,  and 

40  b)  third  means  responsive  to  the  identified  boundary 
event  locations  to  plot,  for  each  group,  at  a  distance 
from  points  indicative  of  the  centres  of  the  identified 
event  locations  lying  on  the  edge  of  the  area,  a  line 
around  the  area  of  the  identified  locations  repre- 

ss  senting  a  contour  dividing  the  identified  event  loca- 
tions  with  an  associated  event  parameter  value  ex- 
ceeding  the  threshold  value  from  event  locations 
with  an  associated  event  parameter  value  smaller 
than  the  threshold  value. 

50 
An  imaging  system  in  accordance  with  the  invention 

enables  a  plurality  of  ranges  of  sensed  event  parameter 
values  to  be  imaged  in  a  reliable  and  effective  manner 
even  for  a  low  resolution  imaging  system  where  conven- 

es  tional  image  processing  techniques  (e.g.  interpolation 
techniques)  could  not  be  employed  to  reliably  represent 
the  sensed  event  parameters.  Such  low  resolution  sys- 
tems  are  of  particular  use  where  very  high  sampling 

2 
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rates  are  required,  for  example  where  the  event  is  of 
short  duration,  so  that  bandwidth  requirements  prevent 
the  use  of  high  sampling  resolutions.  The  improved  im- 
age  enables  more  effective  analysis  of  imaged  events. 

Where  each  sensor  is  responsive  to  the  value  of  the 
event  parameter  over  a  predetermined  field  centred  on 
an  event  location,  the  third  means  preferably  plots  a 
contour  line  at  a  distance  from  the  event  location  indic- 
ative  of  the  field  to  which  the  sensor  responds.  This  en- 
ables  the  contours  to  reflect  the  line  of  constant  event 
parameter  value  as  sensed  by  the  sensors. 

Preferably,  also,  the  third  means  plots  contour  lines 
at  distances  from  the  event  location  which  reduce  for 
groups  representative  of  higher  threshold  values.  This 
enables  nesting  of  the  threshold  levels  to  be  achieved 
which  provides  for  easier  analysis  of  the  images.  The 
images  are  preferably  displayed  on  a  display  with  area- 
filling  between  contour  lines  with  respective  colours  and/ 
or  textures.  In  order  to  indicate  the  relationship  of  the 
event  to  the  environment  in  which  it  takes  place,  the  con- 
tour  lines  are  preferably  superimposed  on  a  represen- 
tation  of  the  environment,  including  the  event  locations. 

Where  the  event  parameter  is  a  luminance  value, 
each  sensor  comprises  a  photosensitive  element  and  a 
polymer  optical  fibre  for  guiding  light  from  an  event  lo- 
cation  to  the  photosensitive  element. 

The  use  of  polymer  optical  fibres  enable  the  photo- 
sensitive  elements  to  be  located  away  from  the  event  to 
be  sampled  in  a  flexible  and  cost  effective  manner.  In 
particular,  by  means  of  a  positioning  block  defining  an 
array  of  holes  with  each  hole  aligned,  in  use,  with  a  re- 
spective  event  location,  and  with  each  polymer  optical 
fibre  located  in  a  respective  hole,  the  polymer  optical 
fibres  can  be  arranged  to  form  a  friction  fit  within  the 
holes  so  that  the  position  of  the  optical  fibres  is  slidably 
adjustable  along  the  holes.  This  enables  the  polymer 
optical  fibres  to  be  located  to  give  a  desired  response 
to  a  desired  field  surrounding  the  event  location. 

Preferably,  the  photosensitive  element  comprises  a 
photodiode  operated  in  a  reverse  bias  configuration 
whereby  a  current  through  the  photodiode  proportional 
to  the  light  intensity  generates  a  voltage  across  a  load 
resistor.  By  adjusting  the  value  of  the  load  resistor  the 
optical  sensitivity  can  be  adjusted  without  significantly 
altering  the  time  required  to  sample  a  current  luminance 
value. 

In  a  preferred  embodiment  of  the  invention,  each 
sensor  comprises  an  amplifier  for  amplifying  the  sensed 
luminance  signal  and  the  system  comprises  multiplexer 
means  for  multiplexing  the  signals  from  a  plurality  of 
sensors,  flash  analogue  to  digital  converter  means  con- 
nected  to  the  multiplexer  means  for  converting  succes- 
sive  signals  from  the  multiplexer  means  into  digital  val- 
ues,  successive  digital  values  output  from  the  analogue 
to  digital  converter  being  written  to  respective  locations 
in  the  memory  means.  High  sample  rates  can  be 
achieved  by  controlling  the  multiplexer  means,  the  an- 
alogue  to  digital  converter  means  and  write  operations 

for  the  memory  means  by  a  common  system  clock  with 
one  event  parameter  sample  value  being  stored  in  the 
memory  means  per  clock  cycle. 

An  embodiment  of  the  invention  is  therefore  partic- 
5  ularly  suitable  for  imaging  an  event  for  which  the  event 

parameter  values  change  with  time,  wherein  event  pa- 
rameter  values  for  the  plurality  of  event  locations  are 
sampled  at  successive  event  timings,  a  set  of  event  pa- 
rameter  samples  being  recorded  for  each  the  event  tim- 

10  ing.  An  embodiment  of  the  invention  enables  very  high 
sample  rates  to  be  achieved.  Indeed,  embodiments  of 
the  invention  have  been  able  to  sample  images  at  a 
sample  rate  of  1  million  images  per  second. 

As  a  result  of  the  very  high  sample  rates,  an  em- 
's  bodiment  of  the  invention  is  ideally  suited  for  applica- 

tions  where  the  event  is  the  motion  of  an  electric  arc  in 
an  electric  component,  the  array  of  event  locations  be- 
ing  an  array  of  positions  in  an  arcing  chamber. 

A  particular  embodiment  of  the  invention  to  be  de- 
20  scribed  hereinafter  is  particularly  adapted  to  image  the 

motion  of  an  electric  arc  in  a  miniature  circuit  breaker. 
In  this  embodiment,  in  order  that  the  electric  arc  can  be 
viewed  within  a  closed  housing,  a  transparent  window 
is  provided  for  viewing  the  motion  of  the  electric  arc. 

25  In  accordance  with  a  second  aspect  of  the  invention 
there  is  provided  a  method  of  two-dimensional  imaging 
of  an  event  comprising  sampling  event  parameters  at 
an  array  of  event  locations  using  an  array  of  sensors 
each  sensor  being  associated  with  a  respective  event 

30  location,  recording  a  set  of  sampled  event  parameter 
values  associated  with  each  event  timing  in  real  time  in 
memory  means  and  subsequently  imaging  the  set  of  re- 
corded  event  parameter  values,  the  method  comprising 
the  steps  of 

35 
a)  identifying  a  group  of  event  locations  at  which  the 
event  parameter  sample  value  exceeds  a  predeter- 
mined  threshold  value; 
b)  identifying  event  locations  at  the  boundary  of  an 

40  area  encompassing  the  group; 
c)  responding  to  the  identified  boundary  event  loca- 
tions  to  plot,  at  a  distance  from  points  indicative  of 
the  centres  of  the  identified  event  locations  lying  on 
the  edge  of  the  area,  a  line  around  the  area  of  iden- 

45  tified  event  locations,  the  line  representing  a  con- 
tour  dividing  the  identified  event  locations  with  an 
associated  event  parameter  value  exceeding  the 
threshold  value  from  event  locations  with  an  asso- 
ciated  event  parameter  value  smaller  than  the 

so  threshold  value;  and 
d)  increasing  the  predetermined  threshold  and  re- 
peating  steps  (a),  (b)  and  (c)  for  the  increased 
threshold  until  a  predetermined  plurality  of  contour 
lines  for  respective  event  parameter  threshold  val- 

55  ues  have  been  generated. 

An  embodiment  of  the  invention  is  described  by  way 
of  example  hereinafter  with  reference  to  the  accompa- 

3 
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nying  drawings  in  which: 

Figure  1  is  a  schematic  block  diagram  of  the  imag- 
ing  system  in  accordance  with  the  invention; 
Figure  2  is  a  perspective  view  of  the  mounting  of  a  s 
plurality  of  optical  fibres; 
Figure  3  is  a  cross  section  illustrating  the  mounting 
of  an  optical  fibre; 
Figure  4  is  a  schematic  diagram  illustrating  the  po- 
sitioning  of  a  set  of  optical  fibres  in  a  MCB;  10 
Figure  5  illustrates  a  circuit  forming  an  optical  sen- 
sor  for  the  system  of  Figure  1  ; 
Figure  6  is  a  timing  diagram  for  explaining  the  op- 
eration  of  part  of  the  optical  sensor; 
Figure  7  is  a  schematic  block  diagram  of  part  of  the  15 
system  of  Figure  1  ; 
Figure  8  illustrates  timing  circuitry  for  the  system  of 
Figure  1  ; 
Figure  9  illustrates  a  data  buffer  between  a  RAM 
and  a  computer  forming  part  of  the  system  of  Figure  20 
1; 
Figure  1  0  is  a  flow  diagram  of  an  imaging  process; 
Figures  11  to  16  are  illustrations  for  explaining  the 
operation  of  the  imaging  process; 
Figure  17  illustrates  an  example  of  a  current  re-  25 
sponse  of  a  short  circuit  and  a  miniature  circuit 
breaker;  and 
Figures  1  8A  and  1  8B  are  representations  of  images 
produced  at  two  timings  during  an  event. 

30 
Figure  1  is  a  schematic  block  diagram  of  an  embod- 

iment  of  the  invention.  In  this  embodiment  an  array  of 
up  to  45  optical  fibres  12  is  positioned  with  optical  ac- 
cess  to  the  arc  chamber  of  a  circuit  breaker  10.  Optical 
detector  circuitry  14  comprises  photosensors  for  con-  35 
verting  the  light  from  each  fibre  into  an  analogue  signal. 
A  multiplexer  16  switches  the  output  from  respective 
photosensor  channels  to  produce  a  sequence  of  voltage 
levels  each  corresponding  to  the  signal  for  a  particular 
fibre.  This  permits  use  of  a  single  A-D  converter  1  8  and  40 
digital  data  path  per  group  of  fibres,  thereby  significantly 
reducing  cost  and  circuit  complexity.  Only  one  A-D  con- 
verter  for  a  group  of  eight  fibres  is  shown  for  ease  of 
illustration.  In  practice  one  A-D  converter  for  each  group 
of  eight  fibres  would  be  provided.  The  A-D  converter  1  8  45 
converts  analogue  voltage  levels  to  6-bit  binary  num- 
bers  which  are  then  stored  at  sequential  locations  in  a 
random  access  memory  (RAM)  20  in  real  time  during 
the  operation  of  the  circuit  breaker.  Sampling  and  writing 
are  synchronised  with  the  multiplexer  switching  so  that  so 
sequences  of  8  digital  numbers  are  written  to  succes- 
sive  RAM  locations  so  that  the  RAM  location  for  a  par- 
ticular  channel  at  a  particular  time  is  well  defined.  After 
the  experiment  the  data  are  transferred  from  the  RAM 
20  to  a  computer  22  via  a  digital  I/O  card  24  for  perma-  55 
nent  storage  and  analysis. 

The  optical  fibres  12  are  each  about  1  metre  long 
polymer  optical  fibres  with  a  1mm  core  diameter.  Poly- 

mer  fibres  have  been  used  under  the  arduous  conditions 
encountered  in  EHV  (70  kA  at  420  kV)  circuit  breakers 
operating  at  high  power.  There  is  apparently  no  degra- 
dation  of  the  fibres  under  these  conditions.  Attenuation 
in  polymer  fibre  is  higher  than  in  glass  -  typically  200  dB 
km-1  at  665nm,  but  over  relatively  short  transmission 
distances  required  for  an  embodiment  of  the  invention, 
attenuation  or  dispersion  do  not  impose  serious  limita- 
tions.  The  main  advantages  of  polymer  fibres  lie  in  the 
ease  of  manipulation  and  an  aperture  comparable  with 
the  resolution  required.  Polymer  fibres  are  robust  and 
inexpensive  and  their  use  greatly  simplifies  construction 
of  the  optical  fibre  array,  and  requires  no  specialised 
equipment. 

Figure  2  illustrates  the  mounting  of  the  optical  fibres 
12.  The  optical  fibres  are  mounted  in  an  array  of  holes 
1  1  within  a  fibre  positioning  block  1  3  with  the  fibres  with- 
drawn  someway  into  the  holes  adjacent  a  perspex  win- 
dow  1  5  in  the  side  of  the  circuit  breaker  1  0.  The  optical 
fibres  12  form  a  friction  fit  within  the  holes  11  so  that  the 
position  of  the  fibres  can  be  slidably  adjusted  within  the 
holes  to  restrict  the  field  of  view  of  each  fibre  to  a  desired 
portion  of  the  test  volume  and  to  enable  a  desired  inten- 
sity  of  light  to  be  incident  on  the  fibre  end. 

Figure  3  illustrates  how  the  position  of  the  end  of 
the  fibre  within  the  hole  determines  the  field  of  view  of 
the  fibre.  The  radius  view  of  each  fibre  at  the  rear  of  the 
arc  chamber  is  calculated  by: 

r  =  t  (0.5  +  d/a) 

where  t  is  the  fibre  diameter  (1  mm),  d  is  the  depth  of  the 
arc  chamber  (typically  15mm),  a  is  the  distance  of  the 
end  of  the  fibre  from  the  window  and  r  the  radius  of  view 
at  the  rear  of  the  arc  chamber.  The  optimum  fibre  recess 
distance  for  the  present  embodiment  was  found  to  be 
25mm  giving  an  estimated  radius  of  view  of  1.1mm, 
slightly  smaller  than  the  spacing  of  the  fibres  (4mm  in 
the  contact  region).  This  gave  a  reasonable  definition  of 
the  fibre  viewing  area  and  light  levels  acceptable  to  the 
electronic  detectors. 

The  possible  fibre  positions  relative  to  the  interior 
components  of  the  circuit  breaker  are  shown  in  Figure 
4.  In  Figure  4,  24  represents  the  moving  contact  of  the 
circuit  breaker,  26  is  the  fixed  contact  of  the  circuit 
breaker,  28  is  the  arc  runner  and  30  is  the  arc  splitter 
stack.  The  small  circles  such  as  25  represent  the  event 
locations,  which  are  to  be  sampled,  that  is  the  position- 
ing  of  the  ends  of  the  optical  fibres. 

Figure  5  is  a  circuit  diagram  for  an  optical  sensor 
for  sensing  the  light  transmitted  along  an  optical  fibre 
from  an  event  location.  A  photodiode  'PD'  is  used  to  con- 
vert  the  light  transmitted  through  the  optical  fibre  into  an 
electronic  signal.  The  photodiode  'PD'  is  operated  in  a 
reverse  bias  (photoconductive)  configuration  whereby 
the  current  through  the  photodiode  (proportional  to  the 
incident  light  intensity)  generates  a  voltage  across  a 

4 
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load  resistor  Rb. 
A  lower  resistance  Rb  gives  a  reduced  voltage  and 

a  faster  response  time.  However  as  long  as  the  re- 
sponse  time  is  not  longer  than  that  of  the  amplifier  stage 
(=2.5u.s)  there  is  nothing  to  be  gained  by  changing  the 
value  of  Rb  to  improve  response  time.  The  value  of  Rb 
can  therefore  be  optimised  to  give  signals  that,  after  am- 
plification,  provide  a  suitable  level  for  the  A-D  converter 
18.  A  high  resistance  (e.g.  100kQ)  would  therefore  give 
detailed  information  at  low  light  levels  but  would  produce 
overload  throughout  much  of  the  circuit  breaking  event 
while  a  low  value  (e.g.  1  kQ)  would  only  register  the  very 
highest  intensity  light  emission  and  much  of  the  detail 
of  the  arc  motion  would  be  lost.  A  value  of  10kQ  has 
been  found  to  give  good  definition  of  arc  motion  through- 
out  the  circuit  breaking  event  in  the  particular  embodi- 
ment  and  at  the  short  circuit  current  levels  employed 
(3kA). 

The  signal  across  the  load  resistor  Rb  is  detected 
by  an  amplifier  stage  'A'  based  around  an  LF351  J-F.E. 
T  operational  amplifier  which  provides  a  high  input  im- 
pedance  and  fast  response  at  a  low  cost.  This  is  used 
in  a  non-inverting  configuration  with  a  gain  of  2.  The  gain 
prevents  instability  caused  by  rapid  changes  in  load 
from  switching  in  the  multiplexer  stage. 

A  4.7v  Zener  diode  'ZD'  is  placed  across  the  ampli- 
fier  output  to  limit  the  voltage  to  less  than  5v  which  is 
the  limit  for  the  operation  of  subsequent  stages. 

The  amplifier  'A'  responds  to  a  step  input  signal  with 
a  rise  time  of  2.5u.s  as  illustrated  in  Figure  6. 

Figure  7  illustrates  the  interconnection  of  the  multi- 
plexer  1  6,  the  A/D  converter  1  8  and  the  RAM  20  in  more 
detail.  As  illustrated  in  Figure  7,  sets  of  8  analogue  in- 
puts  from  respective  sensors  (Figure  5)  are  each  fed 
through  an  analogue  multiplexer  16  which  switches  the 
output  between  successive  analogue  channels  (0-7)  on 
the  rising  edge  of  a  clock  signal  CLK  in  response  to  the 
count  output  of  a  counter  32.  A  single  clock  signal  CLK 
and  its  inverse  are  used  to  control  the  entire  digital  re- 
cording  process. 

At  the  switching  speeds  used  here  (8MHz),  residual 
charge  on  the  switching  capacitance  could  disturb  the 
operation  of  the  amplifier  circuit  and  cause  crossover  of 
the  signal  from  one  channel  onto  the  next.  Accordingly, 
a  220Q  resistor  is  placed  between  the  multiplexer  output 
and  ground  to  rapidly  discharge  the  switching  capaci- 
tance  between  channels.  Some  reduction  in  signal  lev- 
els  and  some  nonlinearity  in  the  signal  is  an  acceptable 
consequence  of  this  measure  which,  along  with  a  stable 
amplifier  configuration  and  limiting  the  signals  to  less 
than  5v,  reduces  crosstalk  between  channels  to  an  ac- 
ceptable  level  of  about  1  least  significant  bit  of  the  A-D 
conversion. 

The  analogue  signal  is  digitised  by  a  6-bit  flash  A- 
D  converter  18  on  the  falling  edge  of  the  inverted  clock 
signal.  The  6-bit  (plus  one  overflow  bit)  digital  number 
is  presented  at  the  output  of  the  A-D  converter  1  8  on  the 
next  rising  edge  of  the  inverted  clock  signal.  The  over- 

flow  bit  is  designed  for  use  in  cascading  converters  to 
obtain  a  higher  bit  resolution.  It  is  not  essential  for  the 
present  application  although  it  is  included  in  the  binary 
number  written  to  the  32k*8bit  RAM  20.  The  RAM  mem- 

5  ory  location  is  defined  by  a  1  5  bit  address  generated  by 
four  4-bit  synchronous  counters  (not  shown).  The  count 
is  increased  by  one  on  the  rising  edge  of  the  inverted 
clock  signal.  The  RAM  address  uses  only  15  bits.  The 
1  6th  bit  is  used  as  a  STOP  signal  so  that  when  all  RAM 

10  locations  have  been  written  to  the  recording  can  be  halt- 
ed. 

The  timing  of  the  multiplexer  switching,  a-d  conver- 
sion  and  RAM  write  operations  are  synchronised  so  that 
one  sample  can  be  made  every  clock  cycle.  The  rising 

is  edge  of  the  clock  signal  CLK  initiates  switching  of  the 
analogue  sensor  channel  (from  say  channel  2  to  3).  The 
sampling  aperture  time  is  25ns  -  significantly  less  than 
the  time  taken  for  the  multiplexer  output  to  change  so 
that  the  channel  2  can  be  sampled  on  the  same  rising 

20  edge  of  the  clock  signal  before  the  analogue  signal 
starts  to  change.  During  this  high  phase  of  the  clock  sig- 
nal  channel  1  is  being  written  to  the  RAM  20.  On  the 
falling  edge  of  the  clock  signal  the  write  pulse  to  the  RAM 
20  is  removed  and,  after  a  short  delay  (20ns),  converted 

25  data  for  channel  2  are  presented  to  the  RAM  data  ports 
(but  not  written).  The  RAM  address  counters  are  also 
clocked  on  this  edge.  By  the  next  rising  clock  edge  the 
analogue  signal  for  channel  3,  the  digital  data  for  chan- 
nel  2  and  the  RAM  address  signals  have  had  sufficient 

30  time  to  stabilise  in  order  to  repeat  the  cycle  for  the  next 
channel. 

The  critical  time  is  the  write  pulse  for  the  RAM  20 
which  must  be  at  least  70ns,  giving  a  minimum  clock 
period  of  140ns  and  therefore  a  theoretical  maximum 

35  clocking  frequency  of  nearly  8MHz.  This  provided  a  re- 
cording  time  of  4.096ms  which  is  usually  sufficient  to 
record  the  entire  circuit  breaking  operation. 

The  circuit  shown  in  Figure  8,  including  a  buffer  36, 
produces  the  control  signals  for  operation  of  the 

40  counters,  A-D  conversion  and  writing  to  RAM.  The  data 
acquisition  system  is  organised  around  pairs  of  RAMs 
each  sharing  common  RAM  location  counters,  multi- 
plexer  counters  and  clock  signals.  This  pairing  greatly 
reduces  the  circuit  complexity  and  size  thereby  reducing 

45  the  cost  and  construction  time. 
The  elements  of  the  imaging  system  described 

above  permit  the  real-time  sampling  and  storage  in  the 
RAM(s)  20  of  the  light  intensities  experienced  during  a 
circuit  breaking  event,  the  light  intensities  forming  event 

so  parameters  representative  of  that  event. 
Once  the  event  has  been  sampled,  and  recorded  in 

the  RAM  20,  the  recorded  results  can  then  be  trans- 
ferred  to  a  computer  to  complete  the  imaging  process 
off-line. 

55  For  transfer  of  data  to  the  computer,  each  RAM  20 
is  addressed  separately  by  a  4-bit  address.  When  GO 
is  low  the  output  buffers  of  the  A-D  converter  are  disa- 
bled.  The  address  decoding  circuitry  can  then  produce 

5 
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a  low  output  enable  signal  to  the  relevant  RAM  and  buff- 
er  when  the  correct  address  is  presented.  This  allows 
transfer  of  the  data  to  the  computer  by  re-counting 
through  the  memory  locations  using  a  computer  gener- 
ated  clock  signal  CLK. 

The  independent  clock  signal  and  interface  to  the 
computer  are  shown  schematically  in  Figure  9.  The  in- 
dependent  clock  CLK  is  generated  by  a  clock  integrated 
circuit  40  which  is  programmable  by  a  3-bit  number  of 
8MHz  down  to  62.5kHz  in  factors  of  2.  This  number  is 
held  by  a  latch  41  until  the  clock  is  addressed  whereup- 
on  the  address  decode  circuitry  42  opens  the  latch  41 
allowing  the  3-bit  number  to  be  read  from  the  lowest  3 
bits  of  the  data  line.  When  the  address  is  changed  the 
latch  41  holds  the  3  bit  clock  speed  number  even  if  the 
data  lines  change.  At  the  start  of  the  run  all  counters 
have  been  re-set  so  the  STOP  signal  (bit  1  6  of  the  RAM 
location  counters)  is  low.  When  GO  becomes  high  the 
independent  clock  signal  is  transmitted  by  the  three-in- 
put  NAND.  If  CCLK  is  held  low  the  independent  clock 
signal  CLK  is  admitted  to  the  data  acquisition  cards  24 
via  the  2  input  NAND.  Data  acquisition  then  proceeds 
automatically  and  stops  automatically  when  all  RAM  lo- 
cations  have  been  written  to.  The  GO  signal  is  also  buff- 
ered  to  an  external  connector  for  use  in  triggering  exter- 
nal  equipment  such  as  a  digital  storage  oscilloscope  and 
the  capacitor  discharge  used  to  test  the  MCB,  thus  al- 
lowing  accurate  synchronisation  of  different  recording 
instruments. 

The  direction  of  the  tri-state  data  buffers  48,  50  is 
controlled  by  the  READ  signal  with  a  high  on  this  line 
allowing  data  transfer  to  the  computer  (for  reading  RAM 
data)  and  a  low  allowing  transfer  from  the  computer  (for 
setting  clock  speed).  (Data  buffers  44  and  46  are  fixed 
and  unidirectional).  All  other  signals  are  simply  buffered 
and  are  therefore  directly  under  computer  control. 

The  computer  end  of  the  interface  between  the 
RAM  20  and  the  computer  22  is  a  24  channel  program- 
mable  digital  I/O  card  24.  This  allows  configuration  of 
the  24  channels  as  inputs  or  outputs  and  transfer  of  data 
to/from  imaging  software  via  the  card.  The  data  from 
each  RAM  20  are  read  into  the  computer  in  the  order  in 
which  they  were  recorded  by  addressing  the  RAM  20 
then,  with  GO  held  low  and  READ  held  high,  re-counted 
under  computer  control.  The  data  are  then  stored  on  a 
disc  or  other  mass  storage  device. 

There  now  follows  a  description  of  image  construc- 
tion  which,  in  the  present  invention,  is  performed  by 
computer  software  running  on  a  general  purpose  com- 
puter  22  of  conventional  construction. 

The  image  construction  software  was  developed  to 
analyse  the  large  quantity  of  optical  fibre  data  and  to 
present  these  data  as  an  image  of  the  arc  alongside  oth- 
er  important  information  such  as  voltage,  current  and 
estimated  contact  position. 

In  this  example  of  the  invention  the  image  of  the  arc 
is  presented  as  a  plot  of  5  light  intensity  contours  al- 
though  it  will  be  appreciated  that  the  number  of  intensity 

contours  can  be  adapted  to  the  particular  imaging  re- 
quirements  of  a  specific  application.  It  is  a  relatively 
straightforward  process  in  conventional  image  process- 
ing  to  form  contour  plots  for  a  continuous  function  by 

5  joining  points  of  constant  intensity  to  form  a  line.  Also, 
with  a  conventional,  high  resolution  image,  it  is  possible 
to  simply  plot  the  points  and  a  line  will  be  built  up.  How- 
ever,  such  conventional  approaches  are  not  possible  in 
the  present  case  because  the  available  sample  points 

10  are  so  few  so  that  at  a  given  time  the  number  of  points 
within  any  narrow  intensity  band  would  probably  be 
close  to  zero.  In  the  present  situation  the  contour  line 
needs  to  be  explicitly  drawn  because  of  the  low  resolu- 
tion. 

is  Each  contour  line  is  associated  with  a  different  in- 
tensity  threshold.  All  the  sensor  channels  giving  an  in- 
tensity  greater  than  or  equal  to  a  threshold  level  are  con- 
sidered  to  lie  inside  the  contour  and  are  marked  "in";  all 
those  giving  values  lower  than  the  threshold  are  consid- 

20  ered  to  lie  outside  the  contour  and  are  marked  "out".  In 
general  the  "in"  channels  will  form  2-D  areas  where  light 
from  the  arc  is  above  the  intensity  threshold. 

Figure  1  0  represents  the  process  of  generating  the 
contours. 

25  Firstly,  in  step  SO,  a  first  threshold  is  set  and  then, 
in  step  1  ,  the  sensor  channels  giving  an  intensity  value 
greater  than  or  equal  to  a  first  threshold  are  identified. 

Then,  in  step  S2  the  sensor  channels  that  lie  on  the 
edge  of  an  area  of  "in"  channels  are  identified.  These 

30  channels  constitute  what  will  be  referred  to  as  a  "bound- 
ary"  and  the  centre  points  of  the  optical  fibres  as  "bound- 
ary  points".  On  a  map  of  the  circuit  breaker  this  would 
produce  a  series  of  points  at  the  centre  of  the  optical 
fibre  positions  at  the  edge  of  a  region.  These  can  be 

35  joined  to  make  a  line,  represented  by  the  solid  line  in 
Figure  11.  However,  it  will  be  noted  that  for  a  spur  or  an 
area  encompassing  only  two  fibre  positions  no  area 
would  be  enclosed  by  a  line  joining  the  boundary  points. 
Accordingly,  the  image  would  not  faithfully  represent  the 

40  spatial  distribution  of  intensity. 
Accordingly,  in  step  S3  a  contour  line  is  drawn 

around  the  area  of  "in"  channels  at  a  distance  from  the 
centre  of  each  boundary  point  that  is  indicative  of  the 
area  over  which  the  optical  fibres  are  sensitive  or  rep- 

45  resentative.  This  line  will  be  referred  to  as  a  "contour" 
and  is  represented  by  the  dotted  line  in  Figure  11. 

If,  in  step  S4  it  is  determined  that  further  contours 
need  to  be  defined  for  further  thresholds,  then,  in  step 
S5,  the  next  threshold  is  taken  and  steps  S1  ,  S2  and  S3 

so  are  repeated  for  the  next  threshold.  This  process  re- 
peats  until  contours  for  all  the  thresholds  have  been  plot- 
ted  (in  the  present  example  5  thresholds  are  proc- 
essed). 

When  plotting  the  contours  in  step  S3,  it  has  been 
55  found  advantageous  to  slightly  reduce  the  distance  be- 

tween  the  boundary  point  and  the  contour  line  for  con- 
tours  of  increasing  intensity  thresholds  as  this  permits 
nesting  of  the  contours  to  given  an  easily  readable  rep- 

6 



11 EP0  656  146  B1 12 

resentation  of  the  contours. 
Step  S2  for  boundary  tracing  will  now  be  described 

in  more  detail.  The  boundary  is  traced  by  examining 
each  point  of  the  optical  fibre  array  in  turn.  For  this  pur- 
pose  the  fibre  identifications  are  held  in  an  array  that 
records  which  channels  are  adjacent  to  which,  but  does 
not  represent  the  actual  positions  of  the  optical  fibres  in 
the  arc  chamber.  Each  channel  is  checked  in  turn  start- 
ing  at  the  upper  left  corner  of  the  array  and  moving  from 
left  to  right.  If  a  particular  channel  is  marked  "in"  then  it 
may  be  a  new  boundary  point  unless  it  is  already  part 
of  a  previous  boundary  in  which  case  it  is  ignored  (for  a 
given  threshold  there  may  be  more  than  one  illuminated 
area  and  therefore  more  than  one  boundary).  When  a 
new  boundary  point  is  found  the  program  steps  clock- 
wise  around  adjacent  array  elements  until  the  next  "in" 
point  is  found.  This  is  achieved  in  the  following  way.  The 
optical  fibre  array  coordinates  (Row,  Column  in  Figure 
12)  for  the  next  point  to  be  checked  (R-,,  C-,)  are  calcu- 
lated  in  turn  by  adding  a  displacement  angle,  0,  of  jc/4 
to  the  array  vector  of  the  previously  checked  point  (R0, 
C0): 

R1  =  R0  Cos  6  +  C0  Sin  6 

C1  =  C0  Cos  6  -  R0  Sin  6 

where  R  and  C  are  rounded  to  the  nearest  integer.  In 
this  manner  all  adjacent  points  can  be  checked. 

When  an  adjacent  boundary  point  is  located,  the 
process  is  repeated  around  the  new  point  starting  at  a 
displacement  n/2  clockwise  from  the  line  (in  array 
space)  joining  the  new  point  to  the  previous  point.  This 
minimises  overlap  in  the  searches  of  adjacent  points 
whilst  ensuring  that  no  neighbours  are  left  unchecked. 
Each  new  boundary  point  is  added  to  an  array  contain- 
ing  identifiers  in  sequence  for  all  the  optical  fibre  chan- 
nels  on  the  boundary.  The  process  is  then  repeated.  In 
this  manner  the  program  "walks"  around  the  edge  of  the 
boundary  until  the  start  point  is  returned  to  at  which  point 
the  boundary  is  complete. 

The  program  is  prevented  from  analysing  points  in- 
side  a  boundary  by  a  flag  which  is  set  when  an  existing 
boundary  is  reached  and  not  re-set  until  an  "out"  point 
or  the  end  of  a  row  is  reached.  This  scheme  may  be 
upset  by  the  presence  of  a  "hole"  (see  Figure  13).  Figure 
1  3  is  a  schematic  illustration  of  different  types  of  bound- 
ary  configurations.  Figure  13a  represents  a  multiple 
boundary.  Figure  13b  represents  a  boundary  with  a 
"hole"  and  Figure  13c  represents  a  boundary  with  an 
"island". 

The  presence  of  a  "hole"  can  result  certain  difficul- 
ties.  A  spurious  boundary  can  start  inside  another 
boundary  and  breakthrough  to  the  exterior  so  that  it  nev- 
er  returns  to  its  starting  point.  This  can  be  overcome, 
however,  by  aborting  the  current  boundary  when  the 

number  of  points  in  it  exceeds  the  number  of  available 
channels.  A  spurious  interior  boundary  can  be  formed 
consisting  of  usually  four  interior  points.  This  can  be 
overcome  by  marking  this  as  a  boundary  but  eliminating 

5  it  in  the  contour  plotting  routine.  A  complex  hole  or  an 
island  can  be  recorded  as  a  boundary.  This  can  be  over- 
come  by  marking  and  eliminating  as  described  above. 
However,  even  if  it  were  to  be  recorded,  it  is  not  likely 
to  cause  serious  problems  and  may  even  be  useful. 

10  Thus  step  S2  enables  a  sequence  of  optical  fibre 
identifiers  that  form  the  boundary  of  a  region  of  "in" 
channels  to  be  identified.  It  is  now  necessary  to  draw  a 
contour  around  the  boundary  on  the  2-D  map  of  the  cir- 
cuit  breaker  arc  chamber. 

is  Initially  this  involves  drawing  a  line  parallel  to  and 
displaced  outwards  from  the  line  joining  the  centre 
points  of  two  adjacent  boundary  points.  The  centre  point 
co-ordinates  are  obtained  from  a  look-up  table  using  the 
optical  fibre  identifier  held  by  the  boundary  array. 

20  The  co-ordinate  system  used  for  calculating  the  pa- 
rameters  of  these  lines  is  shown  in  Figure  1  4.  To  calcu- 
late  the  parameters  of  the  contour  line,  the  angle  <D  of 
the  line  joining  the  two  centre  points  is  first  calculated 
from  their  co-ordinates.  The  end  points  of  the  contour 

25  line  lie  at  a  fixed  distance  along  a  line  at  right  angles  to 
line  joining  the  centre  points  of  the  boundary  i.e.  at  an 
angle  6: 

so  6  =  <I>  +  7i/2 

Using  +  7i/2  (-n/2  also  gives  a  line  at  right  angles)  always 
produces  a  contour  lying  outside  the  boundary  when 
plotting  in  a  clockwise  direction. 

35  Simple  lines  thus  constructed  will  fail  to  meet  on  out- 
ward  pointing  corners  and  will  intersect  on  inward  point- 
ing  corners.  These  two  cases  require  different  handling 
and  therefore  it  is  necessary  to  distinguish  between  in- 
ward  pointing  and  outward  pointing  corners  as  illustrat- 

40  ed  in  Figures  15Aand  15B,  respectively.  Intuitively,  out- 
ward  corners  have  an  angle  of  >  %  between  the  two 
boundary  (centre  point)  lines  that  form  the  corner  where- 
as  inward  corners  have  <  %.  However,  the  multi-valued 
nature  of  the  angular  co-ordinates  and  the  fact  that 

45  shapes  can  appear  in  any  orientation  relative  to  the  co- 
ordinate  system  means  that  the  criteria  have  to  be  de- 
fined  more  carefully. 

The  angular  displacement  of  the  line  from  the  pre- 
vious  centre  point  (-1)  to  the  current  centre  point  (0)  is 

50  cDj,  and  that  for  the  next  centre  point  in  the  boundary  is 
<D0  (Figure  1  6).  Both  angles  are  calculated  from  the  op- 
tical  fibre  position  co-ordinates.  For  an  outward  pointing 
corner 

55 0  <  <D|  -  <DQ  <  71 

or 

30 

55 
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-271  <  <D|  -  <DQ  <  -7C 

The  pairs  of  contour  lines  forming  inward  pointing  cor- 
ners  are  drawn  by  plotting  to  the  intersection  of  the  two  s 
contour  lines.  At  outward  pointing  corners  the  two  con- 
tour  lines  are  drawn  fully  then  joined  by  a  geometrical 
arc. 

By  taking  each  boundary  point  in  turn  a  continuous 
contour  is  plotted  around  the  outside  of  each  boundary.  10 
When  all  contours  are  complete  the  entire  process  is 
repeated  for  the  next  threshold  level.  The  contours  may 
be  plotted  as  lines  or  filled  with  colours  using  a  conven- 
tional  area-fill  technique  to  provide  a  more  "solid"  image. 

An  example  of  the  use  of  the  present  invention  for  15 
testing  a  miniature  circuit  breaker  will  now  be  described. 
Short  circuit  currents  of  up  to  1  0kA  have  been  generated 
by  the  discharge  of  a  bank  of  capacitors  charged  from 
a  rectified  mains  source  to  a  maximum  D.C.  voltage  of 
380  volts.  The  discharge  was  initiated  electronically  by  20 
the  triggering  of  an  silicon  controlled  rectifier  (SCR).  A 
four  channel  digital  storage  oscilloscope  was  operated 
at  a  sample  rate  of  IMs/s  (giving  a  duration  of  10ms)  to 
record  the  arc  current  and  voltage.  The  SCR  and  the 
oscilloscope  were  both  triggered  by  the  GO  signal  from  25 
the  imaging  system  described  above.  A  typical  short  cir- 
cuit  current  pulse  with  a  peak  of  3.4kA  and  duration  of 
6.3ms  is  shown  in  Figure  17.  Atypical  current  recording 
for  discharge  through  a  miniature  circuit  breaker  is  also 
shown  in  Figure  17.  30 

Two  images  for  respective  timings  during  a  circuit 
breaker  event  are  illustrated  in  Figures  18A  and  18B, 
respectively.  Figure  18A  represents  an  image  generat- 
ed  1  430  u.s  into  a  specific  circuit  breaker  event  when  the 
moving  contact  24  has  just  opened.  At  the  time  a  current  35 
of  2888  Amps  at  32  volts  was  recorded.  The  arc  is  rep- 
resented  by  4  concentric  arc  contours  C1,  C2,  C3  and 
C4.  The  dashed  lines  represent  the  internal  components 
of  the  circuit  breaker  24,  26,  28  and  30  (compare  Figure 
4)  and  the  dashed  circles  represent  the  fibre  positions  40 
25.  Figure  1  8B  represents  a  later  stage  1  980  us  into  the 
event  when  the  moving  contact  24  is  more  fully  open. 
At  this  time  a  current  of  3240  Amps  at  116  Volts  was 
recorded.  At  this  stage  the  arc  is  represented  by  five 
contours  C1  ,  C2,  C3,  C4  and  C5.  45 

Each  series  of  contours  in  the  order  C1  to  C4  and 
C1  to  C5  represents  thresholds  of  increasing  bright- 
ness.  In  a  real  image  the  contours  would  be  displayed 
in  colour  and  the  spaces  inside  the  contours  would  pref- 
erably  be  filled-in  with  a  colour  or  pattern  by  convention-  50 
al  area-fill  software  to  aid  evaluation  of  the  image.  The 
effect  of  nesting  the  contours  by  reducing  the  distance 
from  the  centres  of  the  event  locations  (i.e.  the  fibre  cen- 
tres)  in  accordance  with  the  increasing  threshold  values 
can  clearly  be  seen.  55 

There  has  been  described  an  embodiment  of  an  im- 
aging  system  for  imaging  an  event  which  occurs  at  high 
speed  with  a  very  high  sample  rate.  A  specific  embodi- 

ment  of  the  invention  permits  the  study  the  motion  of  the 
electric  arc  formed  during  the  breaking  operation  of  a 
miniature  circuit  breaker  under  short  circuit  conditions. 
Over  4000  images  can  be  captured  at  a  rate  of  1  image 
peru.s.  A  computer  program  uses  the  optical  information 
to  display  an  image  of  the  arc  on  the  screen.  Although 
a  specific  example  of  the  invention  has  been  described, 
it  will  be  appreciated  that  the  invention  is  not  limited  in 
thereto  and  that  many  modifications  and/or  additions 
are  possible  within  the  scope  of  the  amended  claims.  In 
particular,  the  invention  is  not  limited  to  the  imaging  of 
circuit  breaking  events  in  circuit  breakers,  but  is  of  ap- 
plication  to  imaging  events  in  general.  The  invention  is 
of  particular  application  to  the  imaging  of  high  speed 
events  which  are  sampled  at  a  low  resolution.  Also,  al- 
though  in  the  present  embodiment  the  imaging  of  the 
event  is  performed  by  software,  it  is  apparent  that  one 
or  more  of  the  logical  operations  performed  during  the 
construction  of  the  image  can  be  implemented  by 
means  of  special  purpose  hardware  logic. 

Claims 

1.  An  imaging  system  for  two  dimensional  imaging  of 
an  event,  the  imaging  system  comprising  a  array  of 
sensors  (PD)  for  sampling  event  parameters  at  an 
array  of  event  locations  (25),  each  sensor  (PD)  be- 
ing  responsive  to  an  event  parameter  at  a  respec- 
tive  event  location,  the  system  further  comprising 
memory  means  (20)  for  recording  sampled  event 
parameters,  and  first  means  (S1  )  responsive  to  the 
recorded  event  parameter  values  for  identifying  a 
collection  of  groups  of  event  locations,  each  event 
location  within  the  thus  identified  groups  having  an 
event  parameter  value  exceeding  a  predetermined 
event  parameter  threshold  value,  characterised  by 
the  provision  of 

a)  second  means  (S2)  for  identifying,  for  each 
group  of  event  locations  (25),  event  locations 
at  the  boundary  of  an  area  encompassing  the 
group,  and 
b)  third  means  (S3)  responsive  to  the  identified 
boundary  event  locations  to  plot,  for  each 
group,  at  a  distance  from  points  indicative  of  the 
centres  of  the  identified  event  locations  lying  on 
the  edge  of  the  area,  a  line  around  the  area  of 
the  identified  locations  representing  a  contour 
dividing  the  identified  event  locations  with  an 
associated  event  parameter  value  exceeding 
the  threshold  value  from  event  locations  with 
an  associated  event  parameter  value  smaller 
than  the  threshold  value. 

2.  A  system  as  claimed  in  Claim  1  wherein  the  third 
means  (S3)  plots  contour  lines  (C1  to  C5)  at  a  dis- 
tance  from  the  event  location  (25)  which  reduces 

8 
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for  groups  representative  of  higher  threshold  values 
to  provide  nesting  of  contours. 

3.  A  system  as  claimed  in  any  one  of  the  preceding 
claims  comprising  display  means  for  displaying  im-  s 
age(s)  of  the  event  including  the  contour  lines  (C1 
to  C5)  for  respective  event  parameter  th  reshold  val- 
ues. 

4.  A  system  as  claimed  in  Claim  3  comprising  means  10 
for  area-filling  between  contour  lines  with  respec- 
tive  colours  and/or  textures. 

5.  A  system  as  claimed  in  Claim  3  or  Claim  4  compris- 
ing  means  for  superimposing  the  contour  lines  on  a  15 
representation  of  the  environment,  including  the 
event  locations,  in  which  the  event  takes  place. 

6.  A  system  as  claimed  in  any  one  of  the  preceding 
claims  wherein  the  event  parameter  is  a  luminance  20 
value  and  wherein  each  sensor  comprises  a  photo- 
sensitive  element  (PD)  and  a  polymer  optical  fibre 
(12)  for  guiding  light  from  an  event  location  to  the 
photosensitive  element. 

25 
7.  A  system  as  claimed  in  Claim  6  comprising  a  posi- 

tioning  block  (1  3)  defining  an  array  of  holes  (1  1  )  with 
each  hole  aligned,  in  use,  with  a  respective  event 
location,  and  with  each  polymer  optical  fibre  (12)  lo- 
cated  in  a  respective  hole,  the  polymer  optical  fibres  30 
forming  a  friction  fit  within  the  holes  so  that  the  po- 
sition  of  the  optical  fibres  is  slidably  adjustable 
along  the  holes  (11). 

8.  A  system  as  claimed  in  Claim  6  or  Claim  7  wherein  35 
the  photosensitive  element  comprises  a  photodiode 
(PD)  operated  in  a  reverse  bias  configuration 
whereby  a  current  through  the  photodiode  propor- 
tional  to  the  light  intensity  generates  a  voltage 
across  a  load  resistor  (Rb).  40 

9.  A  system  as  claimed  in  any  one  of  Claims  6,  7  or  8 
wherein  each  sensor  (PD)  comprises  an  amplifier 
(A)  for  amplifying  the  sensed  luminance  signal  and 
wherein  the  system  comprises  multiplexer  means  45 
(16)  for  multiplexing  the  signals  from  a  plurality  of 
sensors,  flash  analogue  to  digital  converter  means 
(A/D)  connected  to  the  multiplexer  means  for  con- 
verting  successive  signals  from  the  multiplexer 
means  into  digital  values,  successive  digital  values  so 
output  from  the  analogue  to  digital  converter  means 
being  written  to  respective  locations  in  the  memory 
means  (20). 

10.  A  system  as  claimed  in  Claim  9  wherein  the  multi-  55 
plexer  means,  the  analogue  to  digital  converter 
means  and  write  operations  for  the  memory  means 
are  controlled  by  a  common  system  clock  (32)  with 

one  event  parameter  sample  value  being  stored  in 
the  memory  means  (20)  per  clock  cycle. 

11.  A  system  as  claimed  in  any  one  of  the  preceding 
claims  for  an  event  for  which  the  event  parameter 
values  change  with  time,  wherein  event  parameter 
values  for  the  plurality  of  event  locations  are  sam- 
pled  at  successive  event  timings,  a  set  of  event  pa- 
rameter  samples  being  recorded  for  each  event  tim- 
ing. 

12.  A  system  as  claimed  in  any  one  of  the  preceding 
claims  wherein  the  event  is  the  motion  of  an  electric 
arc  in  an  electric  component,  the  array  of  event  lo- 
cations  (25)  being  an  array  of  positions  in  an  arcing 
chamber. 

1  3.  A  system  as  claimed  in  Claim  1  2  wherein  the  elec- 
tric  component  is  a  miniature  circuit  breaker  (10). 

14.  A  system  as  claimed  in  Claim  12  or  Claim  13  where- 
in  the  electric  component  is  provided  with  a  trans- 
parent  window  (15)  for  viewing  the  motion  of  the 
electric  arc. 

15.  A  method  of  two-dimensional  imaging  of  an  event 
comprising  sampling  event  parameters  at  an  array 
of  event  locations  (25)  using  an  array  of  sensors 
(PD)  each  sensor  being  associated  with  a  respec- 
tive  event  location,  recording  a  set  of  sampled  event 
parameter  values  associated  with  each  event  tim- 
ing  in  real  time  in  memory  means  and  subsequently 
imaging  the  set  of  recorded  event  parameter  val- 
ues,  the  method  comprising  the  steps  of 

a)  identifying  a  group  of  event  locations  (25)  at 
which  the  event  parameter  sample  value  ex- 
ceeds  a  predetermined  threshold  value; 
b)  identifying  event  locations  at  the  boundary 
of  an  area  encompassing  the  group; 
c)  responding  to  the  identified  boundary  event 
locations  to  plot,  at  a  distance  from  points  in- 
dicative  of  the  centres  of  the  identified  event  lo- 
cations  lying  on  the  edge  of  the  area,  a  line  (C1 
to  C5)  around  the  area  of  identified  event  loca- 
tions,  the  line  representing  a  contour  dividing 
the  identified  event  locations  with  an  associat- 
ed  event  parameter  value  exceeding  the 
threshold  value  from  event  locations  with  an  as- 
sociated  event  parameter  value  smaller  than 
the  threshold  value;  and 
d)  increasing  the  predetermined  threshold  and 
repeating  steps  (a),  (b)and  (c)  for  the  increased 
threshold  until  a  predetermined  plurality  of  con- 
tour  lines  for  respective  event  parameter 
threshold  values  have  been  generated. 

16.  A  method  as  claimed  in  Claim  15  wherein,  in  step 

25 

9 
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(c),  a  contour  line  is  plotted  at  a  distance  from  the 
event  location  which  reduces  for  groups  represent- 
ative  of  higher  threshold  values  to  provide  nesting 
of  contours. 

5 
17.  A  method  as  claimed  in  any  one  of  Claims  15  or  16 

comprising  the  step  of  area-filling  between  contour 
lines  with  respective  colours  and/or  textures. 

18.  A  method  as  claimed  in  Claim  17  comprising  dis-  10 
playing  a  representation  of  the  environment,  includ- 
ing  the  event  locations,  in  which  the  event  takes 
place  and  superimposing  the  contour  lines  on  the 
representation. 

15 
1  9.  A  method  as  claimed  in  any  one  of  Claims  1  5  to  1  8 

wherein  the  event  parameter  is  a  luminance  value 
and  wherein  each  sensor  comprises  a  photosensi- 
tive  element  (PD)  and  a  polymer  optical  fibre  (12) 
for  guiding  light  from  an  event  location  (25)  to  the  20 
photosensitive  element:  the  method  comprising  the 
steps  of  locating  a  positioning  block  (13)  which  de- 
fines  an  array  of  holes  (11)  such  that  each  hole  is 
aligned  with  a  respective  event  location,  slidably  lo- 
cating  each  polymer  optical  fibre  (12)  along  a  re-  25 
spective  hole  to  give  a  desired  response  to  a  de- 
sired  area  surrounding  the  event  location. 

20.  A  method  as  claimed  in  Claim  1  9  comprising  ampli- 
fying  each  sensed  luminance  signal,  multiplexing  30 
signals  from  a  plurality  of  sensors  to  a  flash  ana- 
logue  to  digital  converter  for  converting  successive 
signals  into  digital  values,  and  writing  successive 
digital  values  output  from  the  analogue  to  digital 
converter  means  to  respective  locations  in  the  35 
memory  means. 

21.  A  method  as  claimed  in  Claim  20  comprising  con- 
trolling  the  multiplexer  means  (16),  the  analogue  to 
digital  converter  means  (A/D)  and  write  operations  40 
for  the  memory  means  (20)  by  a  common  system 
clock  (32)  such  that  one  event  parameter  sample  is 
recorded  in  the  memory  means  per  clock  cycle. 

22.  A  method  as  claimed  in  any  one  of  Claims  1  5  to  2  1  45 
wherein  the  event  is  the  motion  of  an  electric  arc  in 
an  electric  component. 

23.  A  method  as  claimed  in  Claim  22  wherein  the  elec- 
tric  component  is  a  miniature  circuit  breaker  (10).  so 

24.  A  method  as  claimed  in  Claim  22  or  Claim  23  com- 
prising  the  step  of  providing  the  electric  component 
with  a  transparent  window  (15)  for  viewing  the  mo- 
tion  of  the  electric  arc.  55 

Patentanspriiche 

1  .  Abbildungssystem  fur  die  zwei-dimensionale  Abbil- 
dung  eines  Ereignisses,  mit  einer  Anordnung  aus 

5  Sensoren  (PD)  zum  Abtasten  von  Ereignisparame- 
tern  bei  einer  Anordnung  von  Ereignispositionen 
(25),  wobei  jeder  Sensor  (PD)  bei  einer  bestimmten 
Ereignispositionen  auf  einen  Ereignisparameter 
anspricht,  und  mit  einer  Speichervorrichtung  (20) 

10  zum  Aufzeichnen  abgetasteter  Ereignisparameter 
und  einer  ersten  Vorrichtung  (S1),  welche  auf  die 
aufgezeichneten  Ereignisparameterwerte  an- 
spricht,  urn  eine  Sammlung  aus  Gruppen  aus  Er- 
eignispositionen  zu  identifizieren,  wobei  jede  Ereig- 

15  nisposition  innerhalb  der  so  identifizierten  Gruppen 
einen  Ereignisparameterwert  hat,  der  einen  vorge- 
gebenen  Ereignisparameter-Schwellwert  iiber- 
schreitet, 
gekennzeichnet  durch 

20 
a)  eine  zweite  Vorrichtung  (S2)  zum  Identifizie- 
ren  von  Ereignispositionen  fur  jede  Gruppe  aus 
Ereignispositionen  (25)  bei  der  Grenze  eines 
Bereiches,  der  diese  Gruppe  umschlieBt,  und 

25  b)  eine  dritte  Vorrichtung  (S3),  welche  auf  die 
identifizierten  Grenz-Ereignispositionen  an- 
spricht,  urn  fur  jede  Gruppe  mit  einem  Abstand 
zu  den  Punkten,  welche  die  Zentren  der  iden- 
tifizierten  Ereignispositionen  angeben,  die  auf 

30  dem  Rand  des  Bereiches  liegen,  eine  Linie  urn 
den  Bereich  der  identifizierten  Positionen  zu 
zeichnen,  die  einen  UmriB  darstellt,  der  die 
identifizierten  Ereignispositionen  mit  einem  zu- 
geordneten  Ereignisparameterwert,  der  den 

35  Schwellwert  uberschreitet,  von  Ereignispositio- 
nen  mit  einem  zugeordneten  Ereignisparame- 
terwert,  der  kleiner  ist  als  der  Schwellwert, 
trennt. 

40  2.  System  nach  Anspruch  1  ,  bei  dem  die  dritte  Vorrich- 
tung  (S3)  UmriBlinien  (C1  bis  C5)  mit  einem  Ab- 
stand  zu  der  Ereignisposition  (25)  zeichnet,  welche 
sich  fur  Gruppen  verringert,  die  hoheren  Schwell- 
werten  entsprechen,  urn  eine  Schachtelung  der 

45  Umrisse  vorzusehen. 

3.  System  nach  einem  der  vorangehenden  Anspru- 
che,  mit  eine  Anzeigevorrichtung  zum  Anzeigen  ei- 
nes  Bildes  (mehrere  Bilder)  des  Ereignisses  mit  den 

so  UmriBlinien  (C1  bis  C5)  fur  entsprechende  Ereig- 
nisparameter-Schwellwerte. 

4.  System  nach  Anspruch  3,  mit  einer  Vorrichtung  zum 
Ausfullen  eines  Bereiches  zwischen  den  UmriBlini- 

55  en  mit  entsprechenden  Farben  und/oder  Struktu- 
ren. 

5.  System  nach  Anspruch  3  oder  4  mit  einer  Vorrich- 
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tung  zum  Uberlagern  der  UmriBlinien  auf  eine  Dar- 
stellung  der  Umgebung,  welche  die  Ereignispositio- 
nen,  bei  dem  das  Ereignis  stattfindet,  enthalt. 

6.  System  nach  einem  der  vorangehenden  Anspru-  s 
che,  bei  dem  der  Ereignisparameter  ein  Luminanz- 
wert  ist,  und  bei  dem  der  Sensor  ein  Photoelement 
(PD)  und  eine  Polymer-Lichtfaser  (12)  zum  Leiten 
des  Lichtes  von  einer  Ereignisposition  zu  dem  Pho- 
toelement  aufweist.  10 

7.  System  nach  Anspruch  6,  mit  einem  Positionier- 
block  (1  3),  der  eine  Ancrdnung  aus  Lochern  (1  1  )  de- 
finiert,  wobei  jedes  Loch  in  Gebrauch  zu  einer  ent- 
sprechenden  Ereignisposition  ausgerichtet  ist  und  is 
jeweils  ein  Polymer-Lichtfaser  (12)  in  einem  zuge- 
horigem  Loch  liegt,  wobei  die  Polymer-Lichtfasern 
reibschlussig  in  den  Lochern  sitzen,  so  dal3  die  Po- 
sitionen  der  Lichtfasern  verschiebbar  entlang  der 
Locher  (1  1  )  einstellbar  ist.  20 

8.  System  nach  Anspruch  6  oder  7,  bei  dem  das  Pho- 
toelement  eine  Photodiode  (PD)  aufweist,  die  in 
Sperrichtung  vorgespannt  arbeitet,  wobei  ein  Strom 
durch  die  Photodiode,  der  proportional  zur  Lichtin-  25 
tensitat  ist,  eine  Spannung  iiber  einem  Lastwider- 
stand  (Rb)  erzeugt. 

9.  System  nach  einen  der  Anspruche  6,  7  oder  8,  bei 
dem  jeder  Sensor  (PD)  einen  Verstarker  (A)  zum  30 
Verstarken  des  erfaBten  Luminanzsignals  aufweist, 
und  wobei  das  System  ein  Multiplexvorrichtung  (16) 
zum  Multiplexen  der  Signale  von  mehreren  Senso- 
ren  und  einer  Hochgeschwindigkeits-Analog-Digi- 
tal-Wandler-Vorrichtung  (A/D)  aufweist,  die  mit  der  35 
Multiplexvorrichtung  verbunden  ist,  urn  aufeinan- 
derfolgende  Signale  von  der  Multiplexvorrichtung  in 
digitale  Werte  umzuwandeln,  wobei  die  von  der  An- 
log-Digtal-Wandler-Vorrichtung  ausgegebenen 
aufeinanderfolgenden  digitalen  Werte  in  entspre-  40 
chende  Positionen  in  der  Speichervorrichtung  (20) 
geschrieben  werden. 

10.  System  nach  Anspruch  9,  bei  dem  die  Multiplexvor- 
richtung,  die  Analog-Digital-Wandler-Vorrichtung  45 
und  Schreiboperationen  der  Speichervorrichtung 
von  einem  gemeinsamen  Systemtakt  (32)  gesteu- 
ert  werden,  wobei  ein  Ereignisparameter-Abtast- 
wert  pro  Taktzyklus  in  der  Speichervorrichtung  (20) 
gespeichert  wird.  so 

11.  System  nach  einen  der  vorhergehenden  Anspruche 
fur  ein  Ereignis,  bei  dem  sich  die  Ereignsiparame- 
terwerte  mit  der  Zeit  andern,  wobei  Ereignispara- 
meterwertefurdie  mehreren  Ereignispositionen  bei  ss 
aufeinanderfolgenden  Ereigniszeitpunkten  abgeta- 
stet  werden  und  eine  Gruppe  aus  Ereignisparame- 
ter-Abtastwerten  f  ur  jeden  Ereigniszeitpunkt  aufge- 
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zeichnet  wird. 

12.  System  nach  einen  der  vorhergehenden  Anspru- 
che,  bei  dem  das  Ereignis  die  Bewegung  eines 
elektrischen  Bogens  in  einer  elektrischen  Kompo- 
nente  ist,  und  die  Anordnung  der  Ereignispositio- 
nen  (25)  eine  Anordnung  aus  Positionen  in  einer 
Lichtbogenkammer  ist. 

13.  System  nach  Anspruch  12,  bei  dem  die  elektrische 
Komponente  ein  Miniatur-Schaltungsunterbrecher 
(10)  ist. 

14.  System  nach  Anspruch  12  oder  13,  bei  dem  die 
elektrische  Komponente  ein  durchsichtiges  Fenster 
(15)  zum  Beobachten  des  Bewegung  des  elektri- 
schen  Bogens  aufweist. 

15.  Verfahren  zum  zwei-dimensionalen  Abbilden  eines 
Ereignisses,  bei  dem  Ereignisparameter  bei  einer 
Anordnung  aus  Ereignispositionen  (25)  mit  einer 
Anordnung  aus  Sensoren  (PD)  abgetastet  werden, 
wobei  jeder  Sensor  einer  entsprechenden  Ereignis- 
position  zugeordnet  ist,  eine  Gruppe  aus  abgeta- 
steten  Ereignisparameterwerten,  die  zu  jedem  Er- 
eigniszeitraum  gehoren,  in  einer  Speichervorrich- 
tung  in  Echtzeit  aufgezeichnet  werden  und  die 
Gruppe  aus  aufgezeichneten  Ereignisparameter- 
werten  nachfolgend  abgebildet  wird,  mit  folgenden 
Verfahrensschritten: 

a)  Identifizieren  einer  Gruppe  aus  Ereignispo- 
sitionen  (25),  beidenenderEreignisparameter- 
Abtastwert  einen  vorgegebenen  Schwellwert 
uberschreitet; 
b)  Identifizieren  von  Ereignispositionen  an  der 
Grenze  eines  Bereiches,  welcher  die  Gruppe 
umschlieBt; 
c)  Reagieren  auf  die  identifizierten  Grenzereig- 
nispositionen  durch  Zeichnen  einer  Linie  (C1 
bis  C5)  urn  den  Bereich  der  identifizierten  Er- 
eignispositionen  mit  einem  Abstand  zu  den 
Punkten,  welche  die  Zentren  der  identifizierten 
Ereignispositionen,  welche  auf  dem  Rand  des 
Bereiches  liegen,  angeben,  wobei  die  Linie  ei- 
nen  UmriB  darstellt,  der  die  identifizierten  Er- 
eignispositionen  mit  einem  zugeordneten  Er- 
eignisparameterwert,  der  den  Schwellwert 
uberschreitet,  von  Ereignispositionen  mit  einen 
zugeordneten  Ereignisparameterwert,  der  klei- 
ner  ist  als  der  Schwellwert,  trennt;  und 
d)  Erhohen  des  vorgegebenen  Schwellwertes 
und  Wiederholen  der  Schritte  (a),  (b)  und  (c)  fur 
den  erhohten  Schwellwert,  bis  eine  vorgegebe- 
ne  Mehrzahl  von  UmriBlinien  fur  entsprechen- 
de  Ereignisparameter-Schwellwert  erzeugt 
worden  ist. 
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16.  Verfahren  nach  Anspruch  15,  bei  dem  im  Schritt  (c) 
eine  UmriBlinie  mit  einem  Abstand  von  der  Ereig- 
nisposition  gezeichnet  wird,  der  sich  fur  Gruppen, 
die  hoheren  Schwellwerten  entsprechen,  vermin- 
dert,  urn  eine  Schachtellung  der  Umrisse  vorzuse-  s 
hen. 

17.  Verfahren  nach  einem  der  Anspruche  15  oder  16, 
bei  dem  ein  Bereich  zwischen  den  UmriBlinien  mit 
entsprechenden  Farben  und/oder  Strukturen  gefullt  10 
wird. 

18.  Verfahren  nach  Anspruch  17,  bei  dem  eine  Darstel- 
lung  der  Umgebung,  welche  die  Ereignisposition 
enthalt  und  in  der  das  Ereignis  stattfindet,  angezeigt  15 
wird,  und  die  UmriBlinien  der  Darstellung  uberlagert 
werden. 

19.  Verfahren  nach  einem  der  Anspruche  15  bis  18,  bei 
dem  der  Ereignisparameter  ein  Luminanzwert  ist  20 
und  bei  dem  jeder  Sensor  ein  Photoelement  (PD) 
und  eine  Polymer-Lichtfaser  (12)  zum  Leiten  des 
Lichtes  von  einer  Ereignisposition  (25)  zu  dem  Pho- 
toelement  aufweist,  mit  den  weiteren  Verfahrens- 
schritten:  Lokalisieren  eines  Positionierblocks  (13),  25 
der  eine  Anordnung  aus  Lochern  (11)  eingrenzt,  so 
dal3  jedes  Loch  zu  einer  entsprechenden  Ereignis- 
position  ausgerichtet  ist,  und  verschiebbares  Ein- 
bringen  jeder  Polymer-Lichtfaser  (12)  in  ein  ent- 
sprechendes  Loch,  urn  eine  gewunschte  Reaktion  30 
auf  einen  gewunschten  Bereich,  der  die  Ereignis- 
position  umgibt,  zu  erzeugen. 

20.  Verfahren  nach  Anspruch  19,  bei  dem  jedes 
erfaBtes  Luminanzsignal  verstarkt  wird,  Signale  35 
von  mehreren  Sensoren  im  Multiplexverfahren  an 
einen  Hochgeschwindigkeits-Analog-Digital- 
Wandler  weitergegeben  werden,  urn  aufeinand  er- 
folgende  Signale  in  digitale  Werte  umzuwandeln, 
und  die  von  dem  Analog-Digital-Wandler  ausgege-  40 
benen  aufeinanderfolgende  digitalen  Werte  in  ent- 
sprechende  Positionen  in  der  Speichervorrichtung 
geschrieben  werden. 

21.  Verfahren  nach  Anspruch  20,  bei  dem  die  Multiple-  45 
xevorrichtung  (16),  der  Analog-Digital-Wandler  (A/ 
D)  und  der  Schreibbetrieb  der  Speichervorrichtung 
(20)  von  einem  gemeinsamen  Systemtakt  (32)  ge- 
steuert  werden,  so  dal3  ein  Ereignisparameter-Abt- 
astwert  pro  Taktzyklus  in  der  Speichervorrichtung  so 
aufgezeichnet  wird. 

22.  Verfahren  nach  einem  der  Anspruche  1  5  bis  21  ,  bei 
dem  das  Ereignis  die  Bewegung  eines  elektrischen 
Bogens  in  einer  elektrischen  Komponente  ist.  55 

23.  Verfahren  nach  Anspruch  22,  bei  dem  die  elektri- 
sche  Komponente  ein  Miniatur-Schaltkreisunter- 

brecher  (10)  ist. 

24.  Verfahren  nach  Anspruch  22  oder  23,  bei  dem  die 
elektrische  Komponente  mit  einem  transparenten 
Fenster  (15)  versehen  wird,  urn  die  Bewegung  des 
elektrischen  Bogens  zu  beobachten. 

Revendications 

1  .  Systeme  d'imagerie  pour  la  mise  en  image  bidimen- 
sionnelle  d'un  evenement,  ledit  systeme  d'imagerie 
comprenant  un  reseau  de  detecteurs  (PD)  pour 
I'echantillonnage  des  parametres  d'un  evenement 
a  un  reseau  de  positions  de  I'evenement  (25),  cha- 
que  detecteur  (PD)  etant  sensible  a  un  parametre 
de  I'evenement  au  niveau  d'une  position  respective 
de  I'evenement,  le  systeme  comprenant  en  outre 
des  moyens  de  memorisation  (20)  pour  enregistrer 
les  parametres  echantillonnes  de  I'evenement  et 
des  premiers  moyens  (S1)  sensibles  aux  valeurs 
des  parametres  de  I'evenement  enregistre,  pour 
identifier  une  collection  de  groupes  de  positions  de 
I'evenement,  chaque  position  de  I'evenement  a  I'in- 
terieur  des  groupes  ainsi  identifies  ayant  une  valeur 
de  parametre  de  I'evenement  depassant  une  valeur 
de  parametre  de  I'evenement  depassant  une  valeur 
de  seuil  predeterminee  des  parametres  de  I'evene- 
ment,  caracterise  par  la  fourniture  de 

a)  des  second  moyens  (S2)  pour  I'identification, 
pour  chaque  groupe  de  positions  de  I'evene- 
ment  (25),  de  positions  de  I'evenement  a  la 
frontiere  d'une  zone  entourant  le  groupe,  et 
b)  des  troisieme  moyens  (S3)  sensibles  aux  po- 
sitions  identifies  de  I'evenement  de  la  frontiere 
a  tracer,  pour  chaque  groupe,  a  une  distance 
des  points  indicatifs  des  centres  des  positions 
identifies  de  I'evenement  se  trouvant  au  bord 
de  la  zone,  une  ligne  autour  de  la  zone  des  po- 
sitions  identifies  representant  un  contour  se- 
parant  les  positions  identifies  de  I'evenement 
avec  une  valeur  de  parametre  de  I'evenement 
associee  depassant  la  valeur  de  seuil  de  celles 
des  positions  de  I'evenement  avec  une  valeur 
de  parametre  de  I'evenement  associee  infe- 
rieure  a  la  valeur  de  seuil. 

2.  Systeme  tel  que  revendique  dans  la  revendication 
1,  dans  lequel  les  troisieme  moyens  (S3)  tracent 
des  lignes  de  contour  (C1  a  C5)  a  une  distance  de 
la  position  de  I'evenement  (25)  qui  se  reduit  pour 
des  groupes  representatifs  de  valeurs  superieures 
au  seuil  pour  fournir  une  imbrication  des  contours. 

3.  Systeme  tel  que  revendique  dans  I'une  quelconque 
des  revendications  precedentes,  comportant  des 
moyens  d'affichage  pour  visualiser  l'(les)image(s) 
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de  I'evenement  incluant  les  lignes  de  contour  (C1  a 
C5)  pour  des  valeurs  de  seuil  respectives  des  pa- 
rametres  de  I'evenement. 

4.  Systeme  tel  que  revendique  dans  la  revendication  s 
3,  comportant  des  moyens  de  remplissage  de  zone 
entre  des  lignes  de  contour  avec  des  couleurs  et/ 
ou  des  textures  respectives. 

5.  Systeme  tel  que  revendique  dans  la  revendication  10 
3  ou  la  revendication  4,  comportant  des  moyens 
pour  la  superposition  des  lignes  de  contour  sur  une 
representation  de  I'environnement,  incluant  les  po- 
sitions  de  I'evenement,  dans  lequel  I'evenement  se 
passe.  15 

6.  Systeme  tel  que  revendique  dans  I'une  quelconque 
des  revendications  precedentes,  dans  lequel  le  pa- 
rametre  de  I'evenement  est  une  valeur  de  luminan- 
ce  et  dans  lequel  chaque  detecteur  comporte  un  20 
element  photosensible  (PD)  et  une  fibre  optique  po- 
lymere  (12)  pour  le  guidage  de  la  lumiere  depuis 
une  position  de  I'evenement  jusqu'a  I'element  pho- 
tosensible. 

25 
7.  Systeme  tel  que  revendique  dans  la  revendication 

6,  comportant  un  bloc  de  positionnement  (13)  defi- 
nissant  un  reseau  de  trous  (11)  avec  chaque  trou 
aligne,  en  fonctionnement,  avec  une  position  res- 
pective  de  I'evenement,  et  avec  chaque  fibre  opti-  30 
que  polymere  (12)  disposee  dans  un  trou  respectif, 
les  fibres  optiques  polymeres  formant  un  arrange- 
ment  a  friction  a  I'interieur  des  trous,  de  telle  sorte 
que  la  position  des  fibres  optiques  soit  ajustable  par 
glissement  le  long  des  trous  (11).  35 

8.  Systeme  tel  que  revendique  dans  la  revendication 
6  ou  la  revendication  7,  dans  lequel  I'element  pho- 
tosensible  comporte  une  photodiode  (PD)  action- 
nee  en  configuration  de  polarisation  inverse  par  la-  40 
quelle  un  courant  traversant  la  photodiode  propor- 
tionnellement  a  I'intensite  lumineuse  engendre  une 
tension  aux  bornes  d'une  resistance  de  charge 
(Rb). 

45 
9.  Systeme  tel  que  revendique  dans  I'une  quelconque 

des  revendications  6,  7  ou  8,  dans  lequel  chaque 
detecteur  (PD)  comporte  un  amplificateur  (A)  pour 
I'amplification  du  signal  de  luminance  detecte  et 
dans  lequel  le  systeme  comporte  des  moyens  de  so 
multiplexage  (16)  pour  multiplexer  les  signaux  en 
provenance  d'une  pluralite  de  detecteurs,  des 
moyens  de  conversion  analogique/numerique 
d'eclairs  (A/D)  relies  aux  moyens  de  multiplexage 
pour  la  conversion  de  signaux  successifs  en  prove-  55 
nance  des  moyens  de  multiplexage  en  valeurs  nu- 
meriques,  des  valeurs  numeriques  successives  de- 
livrees  en  sortie  des  moyens  de  conversion  analo- 

gique/numerique  etant  ecrites  en  des  positions  res- 
pectives  dans  les  moyens  de  memorisation  (20). 

10.  Systeme  tel  que  revendique  dans  la  revendication 
9,  dans  lequel  les  moyens  de  multiplexage,  les 
moyens  de  conversion  analogique/numerique  et 
les  operations  d'ecriture  pour  les  moyens  de  me- 
morisation  sont  commandes  par  un  systeme  com- 
mun  d'horloge  (32)  avec  une  valeur  d'echantillon  du 
parametre  de  I'evenement  qui  est  emmagasinee 
dans  les  moyens  de  memorisation  (20)  par  cycle  de 
I'horloge. 

11.  Systeme  tel  que  revendique  dans  I'une  quelconque 
des  revendications  precedentes,  pour  un  evene- 
ment  pour  lequel  les  valeurs  du  parametre  de  I'eve- 
nement  changent  avec  le  temps,  dans  lequel  les  va- 
leurs  du  parametre  de  I'evenement  pour  la  pluralite 
des  positions  de  I'evenement  sont  echantillonnees 
a  des  instants  successifs  de  I'evenement,  un  en- 
semble  d'echantillons  du  parametre  de  I'evenement 
etant  enregistre  pour  chaque  instant  de  I'evene- 
ment. 

12.  Systeme  tel  que  revendique  dans  I'une  quelconque 
des  revendications  precedentes,  dans  lequel  I'eve- 
nement  est  le  deplacement  d'un  arc  electrique  dans 
un  composant  electrique,  le  reseau  de  positions  de 
I'evenement  (25)  etant  un  reseau  de  positions  dans 
une  chambre  a  arc. 

13.  Systeme  tel  que  revendique  dans  la  revendication 
1  2,  dans  lequel  le  composant  electrique  est  un  cou- 
pe-circuit  miniature  (10). 

14.  Systeme  tel  que  revendique  dans  la  revendication 
1  2  ou  la  revendication  1  3,  dans  lequel  le  composant 
electrique  est  pourvu  d'une  fenetre  transparente 
(15)  pour  la  visee  du  deplacement  de  Tare  electri- 
que. 

15.  Procede  de  mise  en  image  bidimensionnelle  d'un 
evenement  comprenant  I'echantillonnage  de  para- 
metres  de  I'evenement  a  un  reseau  de  positions  de 
I'evenement  (25)  utilisant  un  reseau  de  detecteurs 
(PD),  chaque  detecteur  etant  associe  a  une  position 
respective  de  I'evenement,  I'enregistrement  d'un 
ensemble  de  valeurs  echantillonnees  de  parame- 
tres  de  I'evenement  associe  a  chaque  instant  de 
I'evenement  en  temps  reel  dans  des  moyens  de 
memorisation  et  ulterieurement  la  mise  en  image 
de  I'ensemble  des  valeurs  de  parametres  de  I'eve- 
nement  enregistrees,  ladite  methode  comprenant 
les  etapes  de 

a)  identification  d'un  groupe  de  positions  de 
I'evenement  (25)  pour  lequel  la  valeur  d'echan- 
tillonnage  de  parametres  de  I'evenement  de- 
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passe  une  valeur  de  seuil  predeterminee  ; 
b)  identification  des  positions  de  I'evenement 
au  niveau  de  la  frontiere  d'une  zone  entourant 
le  groupe  ; 
c)  reaction  a  I'encontre  des  positions  identifies  s 
de  I'evenement  de  frontiere  pour  tracer,  a  une 
distance  des  points  indicatifs  des  centres  des 
positions  identifies  de  I'evenement  se  trou- 
vant  sur  le  bord  de  la  zone,  une  ligne  (C1  a  C5) 
autour  de  la  zone  des  positions  identifies  de  10 
I'evenement,  ladite  ligne  representant  un  con- 
tour  separant  les  positions  identifies  de  I'eve- 
nement  avec  une  valeur  de  parametre  de  I'eve- 
nement  associee  depassant  la  valeur  de  seuil 
de  celles  des  positions  de  I'evenement  avec  is 
une  valeur  de  parametre  de  I'evenement  asso- 
ciee  inferieure  a  la  valeur  de  seuil  ;  et 
d)  accroissement  du  seuil  predetermine  et  re- 
petition  des  etapes  (a),  (b)  et  (c)  pour  le  seuil 
augmente  jusqu'a  ce  qu'une  pluralite  predeter-  20 
minee  de  lignes  de  contour  pour  les  valeurs  de 
seuil  de  parametre  de  I'evenement  respectives 
ait  ete  engendree. 

16.  Procede  tel  que  revendique  dans  la  revendication  25 
15,  dans  lequel,  dans  I'etape  (c),  une  ligne  de  con- 
tour  est  tracee  a  une  distance  de  la  position  de  I'eve- 
nement  qui  decroTt  pour  des  groupes  representatifs 
de  valeurs  superieures  au  seuil  pour  fournir  I'imbri- 
cation  des  contours.  30 

17.  Procede  tel  que  revendique  dans  les  revendica- 
tions  15  ou  16,  comportant  I'etape  de  remplissage 
de  zone  entre  des  lignes  de  contour  avec  des  cou- 
leurs  et/ou  des  textures  respectives.  35 

20.  Procede  tel  que  revendique  dans  la  revendication 
19,  comportant  ('amplification  de  chaque  signal  de 
luminance  detecte,  le  multiplexage  des  signaux  a 
partir  d'une  pluralite  de  detecteurs  jusqu'a  un  con- 
vertisseur  analogique/numerique  d'eclairs  en  vue 
de  la  conversion  des  signaux  successifs  en  valeurs 
numeriques,  et  I'ecriture  des  valeurs  numeriques 
successives  delivrees  depuis  les  moyens  de  con- 
version  analogique/numerique  jusqu'aux  positions 
respectives  dans  les  moyens  de  memorisation. 

21.  Procede  tel  que  revendique  dans  la  revendication 
20,  comportant  la  commande  des  moyens  de  mul- 
tiplexage  (16),  des  moyens  de  conversion  analogi- 
que/numerique  (A/D)  et  des  operations  d'ecriture 
pour  les  moyens  de  memorisation  (20)  par  un  sys- 
teme  commun  d'horloge  (32)  tel  qu'un  echantillon 
de  parametre  de  I'evenement  soit  emmagasine 
dans  les  moyens  de  memorisation  par  cycle  de 
I'horloge. 

22.  Procede  tel  que  revendique  dans  I'une  quelconque 
des  revendications  15  a  21,  dans  lequel  I'evene- 
ment  est  le  deplacement  d'un  arc  electrique  dans 
un  composant  electrique. 

23.  Procede  tel  que  revendique  dans  la  revendication 
22,  dans  lequel  le  composant  electrique  est  un  cou- 
pe-circuit  miniature  (10). 

24.  Procede  tel  que  revendique  dans  la  revendication 
22  ou  la  revendication  23,  comportant  I'etape  con- 
sistant  a  pourvoir  le  composant  electrique  d'une  fe- 
netre  transparente  (15)  pour  la  visee  du  deplace- 
ment  de  Tare  electrique. 

18.  Procede  tel  que  revendique  dans  la  revendication 
17,  comportant  I'affichage  d'une  representation  de 
I'environnement,  incluant  les  positions  de  I'evene- 
ment,  dans  lequel  I'evenement  se  passe  et  la  su-  40 
perposition  des  lignes  de  contour  sur  la  represen- 
tation. 

19.  Procede  tel  que  revendique  dans  I'une  quelconque 
des  revendications  1  5  a  1  8,  dans  lequel  le  parame-  45 
tre  de  I'evenement  est  une  valeur  de  luminance  et 
dans  lequel  chaque  detecteur  comporte  un  element 
photosensible  (PD)  et  une  fibre  optique  polymere 
(12)  pour  le  guidage  de  la  lumiere  depuis  une  posi- 
tion  de  I'evenement  (15)  jusqu'a  I'element  so 
photosensible  :  ledit  procede  comprenant  les  eta- 
pes  de  localisation  d'un  bloc  de  positionnement  (1  3) 
qui  definit  un  reseau  de  trous  (11)  tel  que  chaque 
trou  soit  aligne  avec  une  position  de  I'evenement 
respective,  localisant  par  glissement  chaque  fibre  ss 
optique  polymere  (12)  le  long  d'un  trou  respectif 
pour  donner  une  reponse  voulue  a  une  zone  voulue 
entourant  la  position  de  I'evenement. 
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