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CalCom++ is made for correction parameter evaluation 
for CMMs and for thorough analysis of sources of 
geometric errors in general. The CalCom++ concept 
requires measurements of calibrated L-shaped ball 
plates, hole plates or optical dot plates. 
 

The plates are like reference scales for checking 
differences between the indicated and the “real” 
positions along the axes. According to the CalCom++ 
scheme of positions, the measurements are performed 
with the plates parallel to the different coordinate 
planes at different distances from the machine’s own 
scales, displacing the plates and using different probe 
stylus lengths. This allows extraction of all errors of 
position, straightness, and rotation. 
 

The idea of a ball plate based error analysis is at least 
as old as 30 years and has been realized before in 
different forms: CalCom++ has been developed 
completely from scratch and incorporates many years 
of experience with all kinds of artefact based error 
analysis’. It combines in a new form the benefits of 
using 2D- and 1D artefacts and takes into account the 
needs of small optical CMMs as well as of medium to 
large size CMMs (up to 3 m axis length).   
 

 

 

 

 

 

 
 
 

 

 

Above, an L-shaped hole plate is shown (1.6 m x 
1.4 m). The photograph was taken during 
measurements on a large horizontal arm machine 
(source: EU-project MESTRAL). Plates of this size 
are still easy to handle. Even larger plates have 
been used in some cases.  
 

In the following we see a photograph with a Carbon 
Fibre Composite ball plate being measured on a 
high accuracy portal type CMM (source: ISM3D) 
and a Zerodur dot plate being measured on a multi-
sensor CMM (source: OGP).  
 

Measurement times for a complete correction 
parameter analysis range from 1.5 hours on small 
optical CMMs to 5 hours on a large machine of 5 m 
x 2 m x 1.5 m. The benefits of CalCom++ become 
most obvious when using it for small and mid-sized 
machines, particularly for optical and multi-sensor 
CMMs.

 

 
 
 

 



 
 

Here the measurement of a dot plate (0.4 m x 0.4 m) 
for the compensation parameter analysis on a Video 
CMM is shown. As on Video CMMs the 
measurement of one dot-position takes only 2-3 
seconds, the measurements are not only extremely 
fast, but one may as well sample the correction data 
in form of a very narrow grid, typically 10 mm point 
spacing. The latter contributes to accuracy once by 
allowing to closely reproduce the “real” error curves; 
it allows as well to filter/average over random 
influences from the CMM and from the plate 
calibration.  
 

The accuracy of CalCom++ results is mostly 
determined by the calibration accuracy of the ball 
plates and by the repeatability of the CMM which is 
analyzed. The final spatial correction uncertainty is 
typically between 1 and 2 micrometers, depending 
from the CMM and the plate calibration (on large 
CMMs with limited repeatability and stability, of 
course larger uncertainty values may result).  

In case of machines with substantial non-rigid-body 
errors, as horizontal arm CMMs, a pre-correction of 
these errors is required before a CalCom++ analysis 
is made.  

The CalCom ++ measurement strategy has been 
designed to eliminate propagation of random errors 
and of backlash of the positioning behaviour of the 
CMM into it’s measured geometry errors, and as well 
designed to separate the geometry errors almost 
ideally from each other. This separation has caused 
problems in the past with several geometry 
correction measurement methods.  

The reduction of the measurement of the plates to 
just one row and one column of balls, holes or dots 
reduces the measurement time and thus as well 
improves repeatability.  
 

 
 

Seven measurements must be performed with 
the plate in five different positions.  
 

The software CalCom++ gives support in form of 
screens like the following in order to help with the 
plate placement and probe stylus choice. Different 
CMM kinematics are supported (bridge type and 
horizontal arm type CMMs). The following graphs 
show examples of CalCom++ screens. 
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The following graph shows geometry errors of the 
CMM as they were calculated by CalCom++ based 
of ball plate measurements. 

 
CalCom++ allows to simulate the correction of the 
measurements performed on ball plates and thus to 
estimate the improvements due to a compensation 
with the so-calculated correction parameters. 
CalCom++ allows the joining of several plate 
measurements, as if a bigger plate would have been 
used. The following graph shows the rules. Important 
is that not each time the entire plate has to be 
measured but only the row or column of balls. 
 

 
 
 

 
 

 
Temperature correction: Enable this option if it is 
desired to perform a correction of temperature 
expansion within CalCom++.  
 

Formats in  CalCom++  for the measured input data 
are simple text files with one xyz coordinate triplet 
per row with spaces or tabs between x and y and y 
and z. CMM softwares output text formats which 
easily can be converted to this CalCom++ format. 
The coming version of CalCom++ will have a user-
configurable import filter to import directly all 
common text file formats of CMM softwares. Here an 
example of the format: 
 

0.0001  0.0005  0.0000 
9.9997 -0.0003  0.0000 
19.9967  0.0001  0.0000 
29.9963 -0.0003  0.0000 
39.9978 -0.0007  0.0000 
49.9949 -0.0002  0.0000 
   … and so forth … 
 
 

The result format is the so called *.exc format of 
PTB, supported by a number of CMM manufacturers 
and machine tool controller manufacturers. In the 
following we see an example of this format. Here the 
error of position of X and a straightness error of X 
are reported; coordinates in mm are followed by the 
error in mm (or in radians for rotational errors): 
 
 

 
 

 [XTX] 
U_LINEAR = 0.000000000 
GRIDPOINTS = { 
0.0 0.000000 
10.0 -0.000300 
20.0 0.001350 
30.0 0.002650 
40.0 0.004050 
50.0 0.003250 
} 
 

[XTY] 
U_LINEAR = 0.000000000 
GRIDPOINTS = { 
.0 0.000000 
10.0 -0.000071 
20.0 0.001607 
30.0 0.001286 
40.0 0.001315 
50.0 0.001644 
} 
  … and so forth … 
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Arrows indicate positive directions. 
Probe tips must lie on the dashed 
lines which intersect in one point, 
the "probe reference point". Increa-
sing spread means better error se-
paration. Probe vectors in one axis 
may point in the same direction, but
must then differ in length. P21 and 
P23 must be identical but P21 and 
P23 must be different from P22.

During all measurements the "probe reference point" 

must be always inside the to-be-calibrated volume.
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element only for alignment
during measurement,
V-column not needed
in positions joined in 
U-direction

element only for alignment 
during measurement,
U-row not needed
in positions  joined
in V-direction 
 

master-position
e.g. 111

positions joined in U
e.g. 211 and 311 
 

position
joined
in V 
e.g. 411 
 joining sequence:

first in rising order all in U,
then continue numbering 
in rising order all in V

maximum 5 positions in total 

recommended overlap 
accuracy: 20% of ball spacing

recommeded  overlap zone:
> 30% of plate dimension

sequence for position 131...:
131/132, 231/232, 331/332, ...


