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Method  for  determining  positional  errors  and  for  compensating  for  such  errors,  and  apparatus  for  carrying  out  the  method. 
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@  A  method  for  determining  and  correcting  positional  errors 
or  deviations  which  occur  when  measuring  the  position  of  a 
point  in  space,  or  when  positioning  to  a  point  which  has  a 
specific  position  in  space,  where  the  position  refers  to  a 
specific  coordinate  system,  such  as  a  rectangular  coordinate 
system.  The  method  comprises  making  a  comparison  between 
a  multiple  of  measured  values  and  at  least  one  reference,  and 
determining  a  correction  on  the  basis  of  this  comparison, 
wherewith  a  positionable  member,  such  as  a  contact  probe,  a 
tool  holder  or  corresponding  device  (1,  13)  is  moved  to  a  given 
position  in  space  during  the  measuring  or  positioning  process. 

The  method  is  particularly  characterized  in  that  the  reference 
consists  of  a  geometry  of  known  kind,  and  in  that  the  measured 
values  are  correlated  to  a  geometry  of  known  kind,  this 
correlation  being  used  to  calculate  corrections  for  the  coordi- 
nate  axes  of  the  system. 

The  invention  also  relates  to  apparatus  for  carrying  out  the 
method. 
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Description 

Method  for  determining  positional  errors  and  for  compensating  for  such  errors,  and  apparatus  for  carrying  out  the 
method 

The  present  invention  relates  to  a  method  for 
determining  and  for  compensating  for  positional 
errors  which  occur  when  measuring  the  position  of  a 
point  in  space,  or  when  positioning  to  a  point  which 
has  a  specific  location  or  position  in  space,  where 
said  position  refers  to  a  specific  coordinate  system, 
such  as  a  rectangular  coordinate  system,  said 
method  comprising  comparing  a  plurality  of 
measured  values  with  at  least  one  reference  and 
determining  a  correction  on  the  basis  of  the 
comparison. 

The  invention  also  relates  to  apparatus  for 
carrying  out  the  method. 

When  using  technical  auxiliary  devices,  such  as 
production  machines,  measuring  systems  and  like 
auxiliaries,  it  is  often  necessary  to  position  a  point  in 
space,  or  to  determine  the  position  of  a  point  in 
space,  with  great  accuracy. 

By  "space"  is  meant  here  a  three-dimensional 
position  or  location  and  the  term  can  be  said  here  to 
relate  to  the  content  of  a  volume,  which  normally,  but 
not  necessarily,  is  related  to  three  coordinate  axes 
which  form  angles  with  one  another.  Furthermore, 
the  word  error  as  used  here  is  also  meant  to  include 
deviation. 

The  position  of  a  point  in  space  can  therefore  be 
described  either  in  respect  of  mutually  perpendicu- 
lar  coordinates  (x,  y,  z)  in  relation  to  a  reference 
point  (origo),  or  in  respect  of  polar  coordinates  or 
some  other  transformation.  The  following  descrip- 
tion  will  be  given  with  reference  almost  solely  to 
systems  with  mutually  perpendicular  coordinates, 
although  it  will  be  understood  that  the  invention  can 
be  applied  in  a  readily  understood  manner  with  other 
types  of  coordinate  systems,  for  instance  systems 
where  polar  coordinates  are  used  in  one  or  more 
axes. 

When  determining  or  measuring  the  position  of  a 
point  in  space,  or  positioning  to  a  given  point  in 
space,  in  addition  to  requiring  a  high  degree  of 
precision  in  the  longitudinal  direction  or  the  coordi- 
nate  axes  it  is  also  necessary  for  the  various  axes  to 
be  located  at  exactly  90°  to  one  another,  so  that 
determination  of  said  position  is  truly  effected  in  a 
rectangular  coordinate  system.  Deviations  from  90° 
will  give  rise  to  trignometrical  errors  in  the  coordi- 
nate  readings  or  notations.  In  addition  to  purely 
angular  errors,  other  types  of  errors  can  also  occur, 
such  as  rotational  errors  in  the  longitudinal  direc- 
tions  of  the  coordinate  axes. 

In  principle,  a  so-called  coordinate  measuring 
machine,  for  instance,  will  comprise  a  measuring 
probe  which  can  be  brought  to  any  desired  position 
in  space  along  three  mutually  perpendicular  coordi- 
nates  x,  y,  z.  The  position  of  the  probe  can  be  given 
in  terms  of  the  x,  y,  z  coordinates  with  the  aid  of 
scales  or  graduation  provided  therealong.  In  the 
case  of  a  system  of  this  kind,  an  error  in  the  angular 
setting  of  one  of  the  axes  can  result  in  erroneous 
values  from  all  three  axes. 

In  practice,  errors  of  the  kind  referred  to  occur  in 
5  all  three  axes  in  three  geometric  planes  for  each 

axis,  simultaneously.  Consequently,  in  order  to 
minimize  error  contributions  from  such  errors,  the 
angular  positions  of  such  coordinate  axes  relative  to 
one  another  must  be  adjusted  to  a  very  high  degree 

10  of  accuracy.  The  work  involved  herewith  is  highly 
demanding  and  time  consuming  and  consequently  it 
is  desirable  to  eliminate  the  need  of  adjusting  the 
mutual  position  of  the  axes  mechanically  and  instead 
to  replace  this  mechanical  procedure  with  some 

15  form  of  calibrating  method. 
Attempts  have  been  made  to  achieve  this,  by 

measuring  each  individual  error  separately,  e.g. 
angle  errors  and  errors  in  the  positions  of  the  x-axis, 
the  y-axis  and  the  z-axis. 

20  This  measuring  method  will  provide  a  number  of 
correction  factors  which,  with  the  aid  of  a  suitably 
configured  data  program,  can  be  used  to  correct  the 
measuring  values  obtained.  This  method  is  essen- 
tially  totally  emperical  and  has  the  serious  disadvant- 

25  age  of  requiring  the  provision  of  qualified  measuring 
equipment,  in  the  form  of  angle  references,  laser 
measuring  equipment  or  the  like.  Since  such 
measurements  are  often  carried  out  at  the  place  of 
the  machine  user,  this  means  that  bulky,  sensitive 

30  and  expensive  measuring  equipment  must  be  trans- 
ported  to  and  from  the  site  in  question. 

Methods  which  utilize  references  are  known  to  the 
art,  in  which  known  reference  values  are  found  for 
each  separate  measuring  process  and  are  com- 

35  pared  with  the  measured  values.  In  this  case,  an 
individual  measuring  process  may  consist  of  a 
multiple  of  measuring  procedures,  such  as  when 
measuring  on  spherical  references  for  instance.  In 
this  instance,  the  reference  is  the  centre  of  the 

40  sphere,  the  position  of  which  centre  is  determined 
by  taking  a  number  of  measurements  from  the 
surface  of  the  reference  sphere  and  then  calculating 
the  position  of  said  centre  in  accordance  with  known 
mathematical  methods. 

45  Distinct  from  this  known  method,  the  present 
invention  relates  to  a  method  which  does  not  utilize 
the  reference  values  of  individual  measurement 
values  or  in  which  said  reference  values  are  not 
known.  Instead  there  is  used  a  known  geometrical 

50  relationship  of  the  reference.  When  the  measuring 
apparatus  is  totally  free  of  all  error,  the  collective 
multiple  of  measured  value  points  determined  on  the 
reference  will  describe  a  geometric  configuration 
precisely  indentical  to  that  of  the  reference.  When 

55  errors  or  deviations  occur  in  the  mutual  perpendicu- 
larity  of  one  or  more  of  the  axes,  this  geometry  will 
be  distorted  in  a  manner  contingent  on  the  size  of 
the  aforesaid  error  in  respective  coordinate  axes. 
Information  concerning  the  size  of  the  error  in 

60  respective  axes  can  be  obtained,  by  making  a 
comparison  with  a  known  geometry  or  geometric 
configuration.  Accordingly,  the  inventive  method  is 
characterized  in  that  a  comparison  with  a  known 
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geometry  is  made  instead  of  comparing  measured 
points  with  known  control  values;  in  that  it  is 
unnecessary  during  any  part  of  the  process  to  utilize 
comparison  of  individual  measurement  values  or 
part  quantities  of  meausurement  values  for  compari- 
son  with  predetermined  control  values;  and  in  that 
information  relating  to  errors  in  all  coordinate  axes  is 
obtained  directly  from  the  comparison  made. 

The  present  invention  eliminates  the  problems 
associated  with  the  known  techinique.  For  instance, 
it  is  not  necessary  to  transport  additional  equipment 
for  the  purpose,  since  the  measuring  or  positioning 
system  intrinsic  of  the  checked  system  is  used.  Only 
simple  and  relatively  non-bulky  reference  objects 
need  be  transported.  Since  the  measuring  proce- 
dure  is  fully  automatic,  subsequent  to  a  simple 
rigging  process  the  inventive  measuring  method  can 
also  be  carried  out  by  unqualified  personnel.  The 
time  taken  to  complete  the  measuring  process  is 
only  a  fraction  of  the  time  requried  to  carry  out  the 
known  parameter  based  measuring  process. 

The  present  invention  thus  relates  to  a  method  for 
determining  and  correcting  positional  errors  occur- 
ing  when  measuring  the  position  of  a  point  in  space, 
or  when  positioning  to  a  point  which  has  a  defined 
position  in  space,  where  said  position  is  referred  to  a 
specific  coordinate  system,  such  as  a  rectangular 
coordinate  system,  the  method  comprising  making  a 
comparison  between  a  multiple  of  measured  values 
and  at  least  one  reference,  and  determining  a 
correction  on  the  basis  of  said  comparison,  and  in 
which  method  a  positionable  member,  such  as 
contact  probe,  a  tool  holder  or  like  device  is  moved 
to  a  given  position  in  space  during  the  measuring  or 
positioning  process. 

The  method  is  particularly  characterized  in  that 
said  reference  is  a  known  geometric  configuration  or 
geometry,  in  that  the  measured  values  are  correlated 
to  a  known  geometry,  and  in  that  the  correlation  is 
utilized  to  calculate  corrections  for  the  coordinate 
axes  of  the  system. 

The  invention  also  relates  to  apparatus  for 
determining  and  correcting  positional  errors  which 
occur  when  measuring  the  position  of  a  point  in 
space  or  when  positioning  to  a  point  having  a 
specific  position  in  space,  where  said  position  refers 
to  a  specific  coordinate  system,  such  as  a  rectangu- 
lar  coordinate  system,  which  apparatus  includes 
means  for  moving  a  positioning  device,  such  as  a 
contact  probe,  a  tool  holder  or  the  like,  to  a  given 
position  in  space  during  said  measuring  or  position- 
ing  process,  and  means  for  comparing  a  multiple  of 
measured  values  with  at  least  one  reference  and  for 
determining  a  correction  on  the  basis  of  the 
comparison. 

The  inventive  apparatus  is  particularly  charac- 
terized  by  the  provision  of  position  establishing 
devices  for  establishing  positions  disposed  in 
accordance  with  a  geometry  of  known  kind  which 
constitutes  said  reference;  and  by  the  provision  of 
means  for  calculating  corrections  for  the  system 
coordinate  axes  on  the  basis  of  such  a  geometric 
correlation  to  said  measured  values. 

The  invention  will  now  be  desdribed  in  more  detail 
with  reference  to  exemplifying  embodiments  thereof 

and  with  reference  to  the  accompanying  drawings,  in 
which 

-  Figure  1  illustrates  schematically  a  coordi- 
nate  measuring  machine  seen  in  the  direction  of 

5  the  measuring  axis  of  the  y-coordinate; 
-  Figure  2  illustrates  schematically  a  first 

embodiment  of  a  position  establishing  device 
for  use  with  the  inventive  apparatus; 

-  Figure  3  illustrates  schematically  a  spherical 
10  surface  generated  with  apparatus  substantially 

in  accordance  with  Figure  2; 
-  Figure  4  is  a  view  of  the  surface  in  Figure  3 

as  seen  from  above  in  Figure  3; 
-  Figure  5  illustrates  schematically  a  second 

15  embodiment  of  a  position  establishing  device 
for  use  with  the  inventive  apparatus;  and 

-  Figure  6  is  a  schematic  illustration  showing 
measurement  against  an  end  part  of  the 
apparatus  illustrated  in  Figure  5. 

20  Figure  1  illustrates  schematically  a  coordinate 
measuring  machine  which  includes  a  contact  type 
measuring  probe  1  which  can  be  moved  to  a  desired 
position  and  which  is  mounted  at  the  free  end  2  of 
the  measuring  axis  3  of  the  z-coordinate,  said  axis 

25  being  carried  by  a  housing  4  which  is  displaceably 
mounted  on  a  rail  5  which  forms  the  measuring  axis  6 
of  the  x-coordinate.  The  rail  5  can  be  displaced 
perpendicularly  to  the  plane  of  the  paper,  to  form  a 
measuring  axis  7  for  the  y-coordinate.  The  coordi- 

30  nate  system  is  shown  separately  to  the  right  in 
Figure  1. 

Figure  1  shows  an  exaggerated  obligueness  a  of 
the  z-axis,  which  results  in  an  error  of  measurement 
in  both  the  x  and  the  y  directions. 

35  The  measuring  probe  can  thus  be  displaced  in 
space  and  is  intended  to  be  moved  towards  and  into 
contact  with  a  measurement  object,  the  location  or 
position  of  the  contact  point  in  terms  of  its 
coordinates  being  determined  and  registered. 

40  In  Figure  2,  the  reference  8  identifies  a  position 
establishing  device  which  is  effective  in  producing 
positions  commensurate  with  a  known  geometry  or 
geometric  configuration,  which  is  intended  to  func- 
tion  as  a  reference.  The  position  establishing 

45  device  8  consists  of  an  arm  9  which  by  means  of 
precision  ball  couplings  10,  11  is  movably  journalled 
at  a  fixed  location  on  the  table  12  of  the  machine  or 
the  like,  and  also  at  a  fixed  location  or  a  fixed  part  13 
connected  to  the  coordination  system  of  the 

50  machine  or  the  like,  said  fixed  part  in  this  case 
comprising  a  positionable  member.  Consequently 
the  measuring  machine  or  the  like  is  restricted  to 
taking  or  adopting  only  those  coordinate  positions 
which  are  permitted  by  the  length  of  the  arm  1, 

55  whereby  the  end  of  the  arm  that  coacts  with  the 
postionable  member  will  describe  a  perfect  spheri- 
cal  surface  in  space,  as  illustrated  schematically  in 
Figures  3  and  4.  Thus,  the  geometry  in  this  particular 
case  can  be  expressed  by  the  relationship: 

60  r2  =  x2  +  y2  +  z2 
where  r  is  the  radius  of  the  spherical  surface  and  x,  y 
and  z  are  coordinates. 

Figures  5  and  6  illustrate  another  embodiment  of  a 
position  establishing  device.  The  device  is  of  an 

65  essentially  known  kind  and  includes  a  stand  14,  in 

3 
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the  form  of  a  post,  which  is  intended  to  be  placed  on 
a  measuring  machine  table  and  which  carries  an  arm 
15.  The  arm  is  pivotally  mounted  with  great  precision 
and  carries  at  one  end  a  bifurcate  part  16  which  is 
intended  to  coact  with,  for  instance,  a  measuring 
probe  equipped  with  a  ball,  as  illustrated  schemati- 
cally  in  the  Figures.  The  arm  15  is  arranged  to  be 
moved  by  means  of  the  probe  and  includes  a  contact 
device  1  7  against  which  the  ball  or  like  device  on  said 
probe  is  intended  to  be  moved  in  order  to  detect  a 
position.  This  position  establishing  device  will  also 
establish  positions  on  a  spherical  surface  and 
herewith  a  geometry  of  the  earlier  mentioned  kind, 
and  has  the  advantage  that  when  moving  between 
positions  which  are  to  be  measured,  the  measuring 
probe  or  the  like  need  not  be  moved  along  a 
spherical  surface,  but  can  be  displaced,  for  instance, 
rectilinearly,  said  movement  being  terminated  by 
bringing  the  measuring  probe  into  contact  with  the 
contact  device  17  on  the  arm  15. 

One  single  geometry  or  geometric  configuration  is 
sufficient  for  calculating  and  obtaining  the  correction 
values.  In  order  to  achieve  greater  precision  in  the 
foundation  for  correction,  there  are  used  position 
establishing  devices  for  producing  at  least  two 
mutually  different  geometries  or  geometric  configu- 
rations.  In  devices  of  this  kind,  illustrated  schemati- 
cally  in  Figures  2,  5  and  6,  this  means  that  several 
arms  are  used,  said  arms  being  of  mutually  different 
lengths  so  as  to  produce  spherical  surfaces  of 
differing  radii. 

Apparatus  in  the  form  of,  inter  alia,  computers  of 
appropriate  kinds  are  found,  according  to  one 
embodiment,  which  are  effective  in  registering  a 
plurality  of  measured  points  disposed  in  accordance 
with  a  known  geometry  or  known  geometric  configu- 
rations  and  in  calculating  corrections  for  resp  ective 
axes  with  the  aid  of  the  correlation  of  the  predeter- 
mined  values  to  the  measured  values. 

Such  apparatus,  computers,  will  preferably  in- 
clude  a  memory  unit  for  the  storage  of  calculated 
corrections. 

In  the  case  of  measuring  machines  and  the  like 
there  will  preferably  be  provided  a  registration  and 
calculation  unit  arranged  to  correct,  preferably 
automatically,  measuring  values  related  to  position 
based  on  calculated  correction  values. 

In  the  case  of  apparatus  where  positioning  to  a 
given  point  is  desired,  there  will  preferably  be 
provided  a  registering  and  calculating  unit  for 
correcting,  preferably  automatically,  positioning 
control  signal,  this  rectification  process  being 
effected  on  the  basis  of  calculated  correction  values. 

The  inventive  method  and  the  modus  operandi  of 
the  inventive  apparatus  will  be  understood  in  all 
essentials  from  the  aforegoing. 

When  carrying  out  measurements  with  respect, 
preferably,  to  a  multiple  of  positions  disposed  in 
accordance  with  said  known  geometry,  such  as  the 
aforesaid  spherical  geometry  or  geometries,  and 
then  through  mathematical  analysis  comparing  the 
geometry  produced  by  the  associated  measured 
quantity  of  coordinate  values  x',  y',  z',  with  a 
corresponding  mathematical  model,  geometry  of  a 
known  kind,  there  is  obtained  a  three-dimensional 

error  matrix  which  will  include  at  each  separate  point 
error  contributions  from  all  three  coordinate  axes, 
where  the  amount  of  coordinate  values  includes  a 
plurality  of  different  combinations  of  different  x,  y 

5  and  z  values  in  accordance  with  the  predetermined 
three-dimensional  relationship. 

The  requisite  correction  factors  can  be  calulated 
with  the  aid  of  appropriate  mathematical  methods. 
The  errors  can  thus  be  extracted  and  separated  to 

10  the  coordinate  system  references,  e.g.  the  x,  y  and  z 
coordinates,  for  each  measuring  point,  by  compari- 
son  with  said  geometry,  in  a  calculation  which 
incorporates  a  plurality  of  matrix  equations.  By 
storing  the  correction  values  in  the  memory  of  a 

15  computer,  the  correction  data  can  be  utilized  for 
correcting  automatically  the  measuring  values  or  the 
like  located  both  within  and  without  the  volume  of 
the  reference  object,  the  position  establishing 
devices. 

20  A  first  step  is  that  of  compiling  correction  factors 
which  relate  to  linear  errors,  such  as  angular  errors, 
between  the  various  coordinate  axes.  Non-linear 
errors  will  also  occur,  however,  for  instance  as  a 
result  of  crookedness  or  curvature  in  axis  guides. 

25  These  non-linear  errors  can  also  be  calibrated  out 
by,  e.  g.,  making  a  plurality  of  measurements  where 
the  reference  object,  the  setting  point  of  the  position 
establishing  devices,  is  moved  between  the  different 
measuring  processes. 

30  It  will  be  understood  from  the  aforegoing  that  the 
present  invention  affords  important  advantages  in 
comparison  with  known  techniques.  Correction 
factors  can  thus  be  compiled  with  the  aid  of  the 
fundamental  measuring  and/or  positioning  system 

35  of  the  checked  or  controlled  system,  both  easily  and 
quickly.  A  relatively  limited  number  of  measurements 
are  made  and  the  calculations  can  be  carried  out  in  a 
relatively  short  period  of  time,  in  the  present  case  by 
the  computer  equipment  of  the  system  itself. 

40  The  invention  has  been  described  in  the  afore- 
going  with  reference  to  an  exemplifying  embodiment 
thereof.  It  will  be  understood,  however,  that  other 
embodiments  and  minor  modifications  are  conceiv- 
able  within  the  scope  of  the  inventive  concept. 

45  When  said  positions  are  disposed  in  accordance 
with  a  geometry  of  known  kind  or  configuration,  it  will 
be  evident  that  many  other  geometries  other  than 
spherical  geometries  are  conceivable.  Neither  need 
the  geometries  be  known  explicitly,  although  knowl- 

50  edge  of  the  type  of  geometry  is  necessary. 
When  two  or  more  separate  coordinate  systems 

are  to  be  used  as  parts  of  a  larger,  common  system, 
it  is  necessary  to  coordinate  accurately  the  ingoing 
part-systems.  In  this  respect,  the  invention  is 

55  applicable  when  desiring  to  learn  of  the  orientation 
of  the  various  coordinate  systems  in  relations  to  a 
reference  system.  In  this  case,  the  measuring 
process  can  be  effected  against  the  same  position 
establishing  device  with  the  various  coordinate 

60  systems.  An  example  of  use  is  one  in  which  two  or 
more  coordinate  measuring  machines  are  con- 
nected  together  to  form  a  larger  common  measuring 
volume,  or  a  number  of  milling  machines  which  are 
intended  to  machine  a  large  component  together 

65  and  at  the  same  time. 
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The  intrinsic  system  of  the  measuring  machine  or 
the  like  is  used  for  displacing  the  positionable 
member,  such  as  the  measuring  probe,  to  appropri- 
ate  locations  in  order  to  obtain  measured  values  or 
to  establish  suitable  positions.  In  this  respect  a 
pre-programmed  movement  pattern  can  be  ob- 
tained,  therewith  rendering  the  measuring  process 
fully  automatic.  The  density  of  the  measuring  points 
therebetween  can  also  be  readily  adapted  to  the 
requirement  dictated  by  the  calculations.  It  has  been 
found  that  in  the  case  of  spherical  relationships 
where  several  spherical  surfaces  of  different  radius 
are  used,  it  is  suitable  to  use  substantially  the  same 
measuring  point  density  irrespective  of  the  sphere 
radius. 

It  is  also  conceivable,  and  in  many  cases  prefer- 
able,  to  divide  the  volume  of  the  measuring  machine 
or  the  like  into  smaller  volume  blocks  and  to 
determine  the  correction  for  each  block,  with  each 
block  being  observed  separately.  This  applies 
irrespective  of  the  machine  or  the  like  to  which  the 
block  belongs,  in  those  instances  when  several 
machines  or  the  like  are  used  in  unison. 

The  present  invention  should  not  therefore  be 
considered  to  be  restricted  to  the  aforedescribed 
embodiments,  since  modifications  can  be  made 
thereto  within  the  scope  of  the  invention  defined  in 
the  claims. 

Claims 

1  .  A  method  for  determining  and  correcting 
positional  errors  which  occur  when  measuring 
the  position  of  a  point  in  space  or  when 
positioning  to  a  point  which  has  a  specific 
position  in  space,  where  said  position  refers  to 
a  specific  coordinate  system,  such  as  a  rectan- 
gular  coordinate  system,  said  method  compris- 
ing  comparing  a  multiple  of  measured  values 
with  at  least  one  reference  and  determining  a 
correction  on  the  basis  of  the  comparison,  and 
moving  a  positionable  member,  such  as  a 
contact  probe,  a  tool  holder  or  corresponding 
device,  to  a  given  position  in  space  during  said 
measuring  or  defining  process,  characterized  in 
that  said  reference  is  a  geometry  of  known  kind, 
and  in  that  the  correlation  is  used  to  calculate 
corrections  for  the  coordinate  axes  (3,  6,  7)  of 
the  system. 

2.  A  method  according  to  claim  1,  charac- 
terized  in  that  said  correction  is  effected  in 
respect  of  linear  errors  or  deviations,  such  as 
angular  errors  or  deviations  between  the  differ- 
ent  coordinate  axes. 

3.  A  method  according  to  claim  1  or  2, 
characterized  in  that  linear  errors  and  non-li- 
near  errors  are  made  on  the  basis  of  said 
correction,  where  for  the  purpose  of  determin- 
ing  corrections  with  respect  to  non-linear  errors 
or  deviations  several  geometries  are  used,  the 
differences  between  said  different  geometries 
being  such  as  to  enable  detection  of  the 
influence  of  non-linear  errors  or  deviations  on 
the  measured  values. 
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4.  A  method  according  to  claim  1,  2  or  3, 
characterized  in  that  at  least  two  different 
geometries  are  used. 

5.  A  method  according  to  claim  1  ,  2,  3  or  4 
characterized  in  that  said  geometry  is  that  of  a 
spherical  surface. 

6.  A  method  according  to  claim  1  ,  2,  3,  4  or  5, 
characterized  in  that  said  geometry  is  obtained 
with  the  aid  of  position  establishing  devices  (8, 
14,  15)  against  which  measurements  are  de- 
temined  and  which  are  caused  to  adopt  several 
positions. 

7.  A  method  according  to  claim  1  ,  2,  2,  3,  5  or 
6,  characterized  in  that  calculated  corrections 
are  stored  in  a  memory  unit. 

8.  A  method  according  to  claim  1,2,3,  4,  5,  6 
or  7,  characterized  in  that  positional  measure- 
ment  values  are  corrected,  preferably  automati- 
cally,  on  the  basis  of  calculated  corrections. 

9.  A  method  according  to  claim  1,  2,  3,  4,  5, 
6,  7  or  8,  characterized  in  that  when  positioning 
to  a  given  point  in  space,  control  signals  are 
corrected,  preferably  automatically,  on  the 
basis  of  calculated  corrections. 

10.  A  method  according  to  claim  1  ,  2,  3,  4,  5,  6, 
7,  8  or  9,  characterized  in  that  two  or  more 
separate  coordinate  systems  intended  for  use 
as  parts  of  a  larger,  common  system  are 
mutually  adapted  by  using  the  same  geometry 
for  said  different  coordinate  systems. 

1  1  .  Apparatus  for  determining  and  correcting 
positional  errors  or  deviations  which  occur 
when  measuring  the  position  of  a  point  in  space 
or  when  positioning  to  a  point  which  has  a 
specific  position  in  space,  where  said  position 
refers  to  a  given  coordinate  system,  such  as  a 
rectangular  coordinate  system,  and  which  ap- 
paratus  includes  means  for  moving  a  position- 
ing  device,  such  as  a  contact  probe,  a  tool 
holder  or  corresponding  device,  to  a  given 
position  in  space  during  a  measuring  or  posi- 
tioning  process,  and  also  includes  means  for 
comparing  a  multiple  of  measured  values  with  at 
least  one  reference  and  for  determining  correc- 
tions  on  the  basis  of  said  comparison,  charac- 
terized  in  that  position  establishing  devices  (8, 
14,  15)  are  provided  for  establishing  positions 
disposed  in  accordance  with  a  geometry  of 
known  kind,  which  constitutes  said  reference, 
and  in  that  means  are  provided  for  calculating 
corrections  for  the  coordinate  axes  (3,  6,  7)  of 
the  system  with  the  aid  of  the  correlation  of  said 
geometry  to  said  measured  values. 

12.  Apparatus  according  to  claim  11,  charac- 
terized  in  that  said  correction  is  intended  to  be 
based  on  linear  errors  or  deviations,  such  as 
angular  errors  or  deviations  between  the  differ- 
ent  coordinate  axes  (3,  6,  7). 

13.  Apparatus  according  to  claim  11  or  12, 
characterized  in  that  said  correction  is  intended 
to  be  based  on  linear  errors  or  deviations  and 
non-linear  errors  or  deviations,  wherewith  cor- 
rections  relating  to  non-linear  errors  or  devia- 
tions  are  determined  with  the  use  of  serveral 
geometries,  the  differences  between  said  serv- 
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eral  geometries  being  such  as  to  enable  the 
influence  of  a  non-linear  error  or  deviation  on 
said  measured  values  to  be  detected. 

14.  Apparatus  according  to  claim  11,  12  or  13, 
characterized  by  position  establishing  devices  5 
(8,  14,  15)  which  are  effective  in  engendering  at 
least  two  mutually  different  geometries. 

15.  Apparatus  according  to  claim  11,  12,  13  or 
14,  characterized  in  that  said  geometries  corre- 
spond  to  a  spherical  surface.  10 

16.  Apparatus  according  to  claim  11,  12,  13,  14 
or  15,  characterized  in  that  the  position  estab- 
lishing  devices  (8,  14,  15)  include  a  measuring 
arm  (9,  15)  of  which  a  first  part  is  pivotally 
mounted  on  a  journal  which  during  a  measuring  15 
process  has  a  fixed  position  relative  to  a  table 
(12),  stand  or  corresponding  structure,  and  of 
which  a  second  part  (11,  17)  spaced  from  said 
first  part,  is  intended  to  coact  pivotally  with  a 
positionable  member  (1,  13)  for  establishing  20 
punctiform  positions  on  one  and  the  same 
spherical  surface. 

17.  Apparatus  according  to  claim  11,  12,  13, 
14,  15  or  16,  characterized  by  a  memory  unit  for 
the  storage  of  calculated  corrections. 

18.  Apparatus  according  to  claim  11,  12,  13, 
14,  15,  16  or  17,  characterized  by  means  for 
correcting  positional  measurement  values, 
preferably  automatically,  on  the  basis  of  calcu- 
lated  corrections. 

19.  Apparatus  according  to  claim  11,  12,  13, 
14,  15,  16,  17  or  18,  characterized  by  means  for 
correcting  control  signals,  preferably  automati- 
cally,  when  positioning  to  a  given  point,  said 
correction  being  effected  on  the  basis  of 
calculated  corrections. 
20.  Apparatus  according  to  claim  11,  12,  13, 

14,  15,  16,  17,  18  or  19,  characterized  in  that  two 
or  more  coordinate  systems  intended  and 
arranged  for  use  as  constituents  of  a  larger, 
common  system,  are  intended  to  be  adapted 
mutually  by  using  the  same  geometry  for  all 
coordinate  systems. 
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