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Secondary ion mass spectrometry (IMS7f auto 
by Cameca) was employed to investigate any 
changes of the test structure caused by stress.
The systematic error for signal detection if re-
peated under same measurement conditions on
a homogenous sample is less than 2%.

Fig. 3. Intensity of molybdenum, silicon, and alumi-
num detected via SIMS in ct/s over time in s.

A thin gold film (38 nm) was applied to avoid 
charging during SIMS analysis. Because of arte-
facts and the time required to reach the sputter 
equilibrium, the recorded element profiles of the
first ~12 s do not reflect the actual depth profiles
and are therefore not shown in the following data
graphs.

Results
Fig. 3 shows the measured SIMS profiles of the
MoSi2 layer before (reference) and after stress. 
The Mo profile of the stressed layer is broadened
and decreased in intensity at the surface com-
pared to the one of the reference sample, point-
ing to a change in the contribution of Mo and
hence, the Mo/Si ratio in the surface near region
due to stress. In the recorded Al profiles, it can
be seen, that after stress application the pene-
tration depth of Al in the MoSi2 is increased while 
its signal intensity at the surface itself remains
unchanged, hinting to an accumulation of Al in 
the MoSi2 layer during stress due to electromi-
gration from the Al contact pads.

Possible falsifications of the SIMS profiles could
be caused by inhomogeneities in the chemical
composition of the MoSi2 layers that could arise 
during their production process or by the small
diameter (20 µm) of the lines that could lead to
SIMS measurements including areas outside of
the line of interest. The chosen raster size, aper-
tures as well as egating for the SIMS measure-
ments make the occurance of the later men-
tioned error source unlikely.
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Summary
Over the past decade, the popularity of cobots (collaborative robots) has grown, largely due to their 
operator-friendly usage. When selecting a cobot or robot for a specific application, it is essential to 
consider which model best aligns with the desired process. The objective of this work is to introduce a 
method for evaluating the three-dimensional position performance of a given process to identify the 
optimal technical solution. 
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Introduction
The evaluation of robot performance must be 
conducted according to the ISO 9283:1998
standard [1]. Two essential parameters are 
absolute accuracy and repeatability, both in 
terms of pose and path. Absolute accuracy will 
be required when using offline programs or 
when programming a path. For assembly tasks, 
repeatability is more important to reliably move 
to any required process position.

There are ongoing efforts to optimize the evalu-
ation of repeatability of pose (RP) especially for
cobots according to their kinematic structure as 
outlined in [2]. The definition of ISO 9283 allows
flexibility in performing repeatability measure-
ments. The aim of this study is to focus on the 
issue of 3D-pose repeatability using a basic and 
inexpensive setup of high-precision standard 
industrial sensors.

Method and system setup
To compare RP, measurements were per-
formed on a 6-DoF cobot (Fanuc CRX10iA) and 
a 6-DoF robot (KUKA KR16). Unlike [3], both 
robots were programmed to move from the 
upper ISO position to the centre of the robot's 
working range. This reflects our application of 
picking parts in a defined position while precise 
positioning. In [4], challenges were found in the 
precision of pose repeatability measurements. 
This setup was adapted accordingly. The sen-
sor system was expanded by adding a 1D-laser 
sensor (OD2000) that measures the Y-
coordinate in addition to the laser triangulation 
sensor (ECCO75.100) measuring X- and Z-

coordinates for the purpose of ascertaining the 
third dimension. The setup is shown in Fig. 1.

Fig. 1. Robot with sphere assembled at the flange 
and two laser sensors to detect the 3D-position of the 
sphere

The measured position of the sphere’s centre 
was utilised for the robot position calculation. In 
order to facilitate a comparison of the meas-
urement data, the speed and trajectory of the 
cobot and robot were unified, as required in [1]. 
The calculation of RP was performed in ac-
cordance with [1], utilizing as the 3D mean 
position and S as the standard deviation.

OD2000

ECCO75.100

Sphere

(1)

DOI 10.5162/SMSI2025/P19



SMSI 2025 Conference – Sensor and Measurement Science International 270

Results 
In the data sheet, the repeatability of the indus-
trial robot is specified as ±0.05 mm. The re-
peatability achieved with our system was 
0.027 mm (S ±0.006 mm). In comparison to the 
reported repeatability of the cobot, which was 
found to be ±0.04 mm, we were able to deter-
mine a value of 0.037 mm (S ±0.008 mm).  

Fig. 2 shows 30 measurements of the respec-
tive axes. The setup was aligned with the axes 
of the robot's base coordinate system to avoid 
possible error propagation that might occur 
during a required coordinate transformation. 

Fig. 2. Distance to sensors over 30 measurements 
shown in X-, Y- and Z-coordinates in mm. The upper 
boxplots show the values of the industrial robot and 
the lower boxplots those of the cobot. 

Discussion 
In our work, an easy to integrate process for 
evaluating the 3D position performance for our 
application has been demonstrated. Both robots 
are suitable for this application as they achieve 
the minimum tolerance. Although the test re-
vealed that the industrial robot was more pre-
cise, we chose the cobot for our application 
based on the necessity to collaborate with hu-
mans. 

The supposedly better repeatability of the 
cobots [5] was refuted in our test setup. This 
might indicate more restrictive requirements for 
purely industrial applications.  

It is noticeable that the measured values of the 
Z-axis of the industrial robot show a significantly
lower scatter. This could be due to the control
structure of the robot’s axes. Looking at the
measured values of the Y-axis, there are clear
outliers for the cobot. The reflective sphere’s
surface could also be a possible cause in addi-
tion. The potential impact of external factors,
e.g. surface reflections, sphere smoothness,
and varying loads at the robot flange, should be
considered.

It is well known that accuracy critical processes 
like fitting are easier to realize with a robot. 
Therefore, additional values to determine the 
absolute accuracy and repeatability are im-
portant depending on the process in question. 
Table 1 provides an overview of the most im-
portant criteria of ISO 9283, which should be 
focused in further studies.   
Tab. 1: Criteria of ISO 9283 as far as absolute ac-
curacy and repeatability are concerned 

Absolute 
accuracy 

Repeatability 

Pose x x 

Path x x 

Distance x x 

Multidirectional x 

Exchangeability x 

Drift of pose x x 
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