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Abstract. With the increasing level of automation in manufacturing processes, the demand
for accurate validation of industrial robot motion continues to grow. This paper focuses on the
application of the Leica AT403 laser tracker for monitoring the basic trajectory of the IRB 120
robotic arm. The aim was to verify the accuracy and repeatability of the robot's motion during
predefined tasks in real time.

For measurement, a 0.5" retroreflective spherical target (RRR) was mounted on the IRB 120
robot arm, and its motion was tracked using the AT403 laser tracker within the production
facilities of ELAP. The measurement was conducted in dynamic mode using the Continuous
Distance function, and the data were analyzed using PolyWorks Inspector software. The robot
performed a series of predefined trajectories — a straight line, a rectangular path, and a spatial
curve.

The measured data demonstrated that the robot's trajectories could be recorded with

deviations not exceeding 1 mm. High repeatability of motion was confirmed, although minor
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geometric deviations were observed at the end points of more complex trajectories. The results
confirmed the potential of the system for accurate motion validation without the need for
external calibration. The combination of laser measurement and robotic motion proves to be an
effective tool for industrial metrology, diagnostics, and trajectory validation. This approach
may be utilized to ensure production quality, support predictive maintenance, optimize
manufacturing cycles, and assist in the training and calibration of robotic systems without
disrupting operations.

The key advantage of the proposed method lies in the integration of high-precision, non-
contact measurement technology with dynamic testing of robotic trajectories in real time. This
enables not only verification but also prediction of robot performance under changing
conditions. In the future, the system could be extended by integrating Al for autonomous
deviation assessment or connected to a digital twin (a virtual model of the physical system) for

simulation and optimization of production processes in real time.

Keywords: laser tracking, industrial metrology, trajectory measurement, accuracy and

repeatability, dynamic measurement, robotic arm, motion validation

1. Introduction

In recent decades, industrial automation has undergone significant development, leading to
increased demands for the accuracy, reliability, and repeatability of industrial robot motion [9].
These requirements become critical particularly in applications involving low geometric
tolerances, such as assembly, machining, or the precise handling of components.

Veritying the trajectory of an industrial robot is a fundamental task during its integration
into the production process [7]. Traditional methods of calibration or motion verification often
require specialized equipment, predefined test cycles, or are time-consuming [8]. In this context,
non-contact 3D measurement systems—particularly laser trackers—offer an effective solution,
enabling high-precision real-time tracking of motion.

This paper focuses on evaluating the trajectory accuracy of the ABB IRB 120 industrial robot
using the Leica Absolute Tracker AT403 (Fig. 1). The objective is to determine how accurately
the robot’s motion can be captured during predefined trajectory executions, and to assess the
level of motion repeatability under industrial condition [16]. The experiment also analyzes how
the type of trajectory affects the resulting motion precision of the robot.

The results have the potential to contribute to the effective use of laser-based measurement

for trajectory validation, optimization of robotic motion, and diagnostics of system deviations—
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without the need for external robot calibration [24]. This method can be applied not only in

development and production environments but also in the maintenance and calibration of

robotic workstations.

Fig. 1. Measurement Setup

2. Methods for Measuring Robot Motion Accuracy

Over the years, various methods have been developed to monitor the accuracy of robotic
motion, ranging from traditional contact-based systems to advanced non-contact technologies.
Classical approaches include calibration standards, linear and rotary incremental encoders,
optical cameras, and 3D vision systems related to photogrammetry [25], [26], [27]. However,
these methods are often limited by the need for direct contact, restricted fields of view, or
sensitivity to environmental conditions. Most importantly, they typically do not provide high-
accuracy measurements in real time when tracking moving targets [4].

Laser trackers have become a standard tool for non-contact, high-precision 3D tracking of
industrial robots. For instance, the study by Khanesar et al. (2023) [1] demonstrates that using
a Leica AT960-MR laser tracker in combination with optimization algorithms (PSO, DE, ABC,
GSA) enables the calibration of a robot's kinematic model with an average absolute error below
60 um. This method allows for the elimination of geometric uncertainties, thereby significantly
enhancing the accuracy of robotic manipulation. Similarly, Juretzko and Hennes (2008) [5]
employed synchronized measurements using the Leica LTD500 to monitor the TCP (Tool

Center Point) motion of a robot. Their experiments confirmed that laser trackers are capable of
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detecting even subtle deformations or irregularities in robot behavior under real operating

conditions [2].

3. Comparison of Measurement Methods

When comparing the available methods, incremental encoders provide direct motion
readings from the robot axes with an accuracy of approximately 50—-100 um; however, they do
not account for structural deformations [8]. Optical trackers offer flexibility and low acquisition
costs but are highly dependent on lighting conditions and marker visibility [12]. 3D camera
systems enable rapid visualization of trajectories, but their accuracy is typically around 1 mm
and is strongly influenced by surface properties and contrast. In contrast, laser trackers combine
high precision (typically <50 pm), mobility, and the capability to operate in industrial
environments [18]. Their main disadvantages include higher acquisition costs and the
requirement for an uninterrupted line of sight between the retroreflector and the tracker.
Nevertheless, laser trackers represent a well-balanced compromise between accuracy,

flexibility, and suitability for industrial deployment.

4. Methodology

The measurement principle using the laser tracker was based on the spatial polar method [9].
During the measurement, a Cartesian coordinate system was automatically generated, with its
origin defined at the intersection point of the horizontal and vertical axes of the telescope [19].
This origin could subsequently be relocated to any measured point or line. The coordinates of
the instrument station were neither individually determined nor calculated, and no underlying
geodetic data influenced the computation of the coordinates of the measured points. The
accuracy of point determination was affected by both the intrinsic precision of the device and
the prevailing environmental conditions.

Prior to the measurement, the Leica AT403 laser tracker was thermally stabilized to
eliminate temperature-related instabilities that could negatively impact the results [22]. The
device includes an integrated MeteoStation unit, which continuously recorded temperature,
atmospheric pressure, and relative humidity. Physical corrections were automatically applied
throughout the measurement process. The precision of complex industrial mechanisms depends
on various internal and external factors. Internal factors include, for example, the accuracy of
control systems or the mechanical design of individual robot components. External influences

may include load conditions, vibrations, and ambient temperature [14]. For robotic arms with
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predominantly rotational joints, geometric deviations tend to increase proportionally with the
extension length. Dynamic errors are primarily caused by external forces. A typical
manifestation would be increased backlash in gear systems and bearing assemblies, potentially

resulting in oscillations of the end effector.

Fig. 2. ABB IRB 120 Robot

The ABB IRB 120 robot (Fig. 2), used in the experiment, consists of six rotational axes. It
is a commonly used model of articulated manipulator with a relatively compact working
envelope [4]. Due to its specific industrial applications, it was essential for the robot to reach
predefined positions with high accuracy. When programming the motion, it was necessary to
account for the joint limits and minimize the risk of singularities—conditions under which
maintaining a stable Cartesian velocity becomes impossible [5]. In such cases, the robot may
exhibit mathematically unpredictable behavior, significantly impacting operational reliability.

For these reasons, an experimental setup was established to integrate the IRB 120 robot with
the Leica AT403 laser tracker. The objective was to validate the accuracy of the robot’s
executed trajectories [4]. A 0.5" RRR-type retroreflector (Fig. 3) was selected for the
measurement, mounted on a magnetic base and firmly attached to the center of the robot’s end
effector [10]. The following measurement tasks were designed to demonstrate the potential of
this technology and to evaluate the accuracy of the robotic arm during predefined motion

trajectories.

InZzynieria Mineralna Styczen - Czerwiec 2026 January - June Journal of the Polish Mineral Engineering Society



Fig. 3. RRR 0.5" Reflector

5. Trajectory Type

Linear Path: In this task, the robot's ability to repeatedly follow a straight-line trajectory with
consistent motion was evaluated. A specific challenge involved the definition of the endpoint,
which was not determined by a fixed coordinate but by a so-called tolerance sphere. If the robot
merely passed through this predefined tolerance zone, a signal indicating successful trajectory
completion was generated, even without reaching the exact target point. Additionally, the
system's capability to detect and track a moving object using the AT403 laser tracker during
repeated traversals was tested. The PolyWorks Inspector software was used to compare the
individual measured lines [23]. The task was performed with a working tolerance of £1.000

mm.
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Fig. 4. Setup Diagram for Linear Trajectory Task

The robot was programmed to perform a linear motion between the starting point BOD 0
with coordinates (0, 0, 0) and the endpoint BOD end 1, located 400 mm away. This defined the
so-called Line A (Fig. 4). The procedure was then repeated, with the robot moving back and
forth along the line at a velocity of 300 mm/s. Subsequently, the robot was instructed to perform
the same displacement but following its own, unconstrained trajectory. In the final phase of the
task, additional lines were generated to form a rectangular path, created by shifting 300 mm or
400 mm along the respective axes. In this case as well, the robot executed a continuous motion
along the edges of the geometric shape.

The Leica AT403 laser tracker performed measurements using the Continuous Distance
method. Initially, the start and end points of Line A were targeted, followed by the continuous
tracking of the probe along this line. The result consisted of two datasets: the first contained
100 measured points, and the second included 200 points (Fig. 5). Subsequently, the robot’s
trajectory during motion along its own, unconstrained path was also recorded (Fig. 6). In a
similar manner, the linear segments forming the sides of the rectangle—designated as Line P,

Line L, and Line S—were measured, including their respective start and end points (Fig. 9).
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Fig. 5. Continuously Measured Points Along Line A

Table 1 presents the measured and nominal coordinates of the start and end points of Line

A, including deviations along individual axes. It was determined that the actual length of the

line was 405.087 mm, which is 5.087 mm longer than the intended displacement [1]. However,

this deviation remained within the specified tolerance of £10.000 mm.
Table 1 Start and End Points of Line A
X AXIS (MM)

Y AXIS (MM)

Z AXIS (MM)

START POINT

AVERAGE OF MEASURED
COORDINATES

MAXIMUM
MINIMUM

MEAN VALUE

END POINT
AVERAGE OF MEASURED
COORDINATES

MAXIMUM
MINIMUM
MEAN VALUE

0,000
0,001

0,001
0,000
0,001

400,000
405, 087

5,088
5,086
5,087

0,000
0,000

0,002
-0,003
0,000

0,000
0,000

0,004
-0,004
0,000

0,000
0,000

0,000
-0,002
-0,001

0,000
0,001

0,003
0,000
0,001

InZzynieria Mineralna Styczen - Czerwiec 2026 January - June Journal of the Polish Mineral Engineering Society



71 polyline 1 1
Meas

Len 699,384 ¥
* BODO

Meas

X 0,000

y ¥ 0,000

i line z bodu (2) Z 0,000

Mom Meas Dev Test
Len 400,000 405,087 5,087

1 BOD Konec1

Mom Meas Dev Test
X | 400,000 405,087 5,087
¥ 0,000 0,000 0,000
Z 0,000 0,000 0,000

Fig. 6. Robot Trajectory During Free Movement
Table 2 lists the maximum and minimum deviations of individual points along Line A in the
Y and Z directions. Based on these data, directional vectors were derived (Fig. 7). These vectors
indicated the direction in which the robot would move if it were to generate its own trajectory.
The deviations from the nominal line never exceeded +£1.000 mm. A comprehensive overview
was also provided by a color-coded hypsometric map.

Table 2 Intermediate Points Along Line A

Y AXIS (MM) 7. AXIS (MM)

AVERAGE DEVIATION -0,418 0,559

MINIMUM DEVIATION - POINT 10 0,001 0,055

MAXIMUM DEVIATION IN Z AXIS — POINT -0,675 0,894
35

MAXIMUM DEVIATION IN Y AXIS — POINT 0,936 0,237
16

o 0,195 B

10,306 . ,35 0278 0,213 80,135 o

e Ont21 0,035
S N Qa0
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Fig. 7. Directional Vectors

A tolerance of +£10.000 mm was selected for comparing the actual and nominal path lengths.
During this analysis, it was observed that the measured length of the line exceeded the
programmed displacement. This discrepancy likely resulted from the method used to generate
the point cloud, as the robot was not required to reach the exact endpoint but only to pass
through a defined tolerance zone. Line 1 was constructed from 39 points, Linie _auto 1 from
100 points, and Linie_auto_2 from 200 points. The data indicated that as the number of sampled
points increased, the resulting line more closely approximated the nominal value [21]. Figure 8

illustrates the reason for the discrepancies in the lengths of the individual lines.

£ £/ line z bodu (2)

X
Meas
Len 405,087

-

Fig. 8. Difference Between Lines at the Endpoint
The analysis of the individual lines revealed that the robot did not reach the exact endpoints.
This was due to its configuration and the use of a continuous movement mode (displacement
without stopping). Additionally, it was necessary to consider the influence of motion speed,
which may have prevented the AT403 laser tracker from accurately capturing the endpoint

positions in all cases [6].
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Fig. 9. Points of the Constructed Lines

The results presented in Table 3 indicate that the greater the number of points used to
construct the line, the closer the resulting line length was to the nominal value. It was also
confirmed that, during free motion between points BOD0 and BOD end 1, the robot did not
perform a strictly linear movement. Instead, it generated a curved trajectory, the length of which
was measured as 699.384 mm (POLYLINE 1). This finding demonstrates that in the absence
of enforced linear motion, the trajectory length can increase significantly, which may have
important implications in applications requiring precise manipulation within confined spaces.

Table 3 Comparison of Line A Parameters

NAME NOMINAL MEASURED VALUE  DEVIATION (MM)
VALUE (MM) (MM)
LINE 1 | 400,000 391,885 8,115
LINIE_AUTO _1 | 400,000 393,465 -6,535
LINIE_AUTO 2 | 400,000 395,257 -4,743
LINE FROM POINTS | 400,000 405,087 5,087
CURVE
POLYLINE 1 | 699,384

Table 4 provides a comparison of lengths and angles for the individual lines. A line
constructed from a set of measured points (designated as Linie L) was compared to a line
defined by its two endpoints (Linie L 1). In terms of length, it was observed that the lines
created from endpoints more closely approximated the nominal values. The angular data were
used to determine whether the lines were parallel or orthogonal to each other. The results
generally showed agreement with the nominal plane, with the exception of Line P, where
deviations in the Y-axis angle were recorded. Line P was also positioned closest to the robot’s

body, which may have contributed to the inaccuracy. The limited working space and proximity
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to the robot’s joint axes likely prevented ideal trajectory execution with the required precision.

These deviations may also have been caused by the averaging of multiple points during line

construction. Figure 11 illustrates the results of the individual lines using directional vectors.

Table 4 Comparison of Geometric Figure Lines

LINIE L LINIE L 1 LINIE P LINIE P 1 LINIE S LINIE S 1

NOMINAL
LENGTH (MM)
LENGTH (MM)

X ANGLE (v
Y ANGLE (v
Z. ANGLE ()

300,000 300,000 300,000 300,000 400,000 400,000

258,183 299,555 289,363 298,413 385,500 399,111
89,650 89,645 90,792 91,985 0,259 0,262
87,782 87,791 87,905 89,123 90,073 90,078
177,755 177,765 177,766 177,829 90,248 90,250

Plane Z Plane P

Z4
7 A
P
X
Z3 O/
Plane 2 Plane 3
L9 4
L
S

Z2

Fig. 10. Setup Diagram for Planar Trajectory Task

Plane: The objective of this task was to verify the accuracy with which the robot was able to

generate two rectangular planes (Fig. 10) that were intended to be parallel to each other, and to

assess how precisely the robot reached the corner points of these planes. The geometry of the

shapes was defined through relative displacements along the respective axes, with corners not

explicitly specified by coordinates. Therefore, a tolerance of +£10.00 mm was set for evaluating

positional deviations. Two different measurement methods were used: Continuous Distance

and Continuous Time, aiming to compare their effectiveness in capturing a moving reflector

under varying motion speeds and temporal resolution.
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In the preceding task, line segments had been generated to form the perimeter of a
rectangular shape with dimensions of 400 x 300 mm. For this task, the robot was instructed to
continuously traverse along the sides of the rectangle to generate a plane. Then, a displacement
of 150 mm along the Y-axis was applied, and the same motion was repeated to create a second,
parallel plane. During the measurement, the robot repeatedly returned to the start and end points
of the previously generated lines, forming a nominal reference plane for comparison. At each
corner of both planes, the robot paused for a sufficient duration to allow the laser tracker to
accurately capture the point under optimal conditions. All displacements were executed in
increments of 300 or 400 mm, depending on the orientation of the relevant axis.

The Leica AT403 laser tracker recorded a total of 200 points along the perimeter of each
plane using the Continuous Distance method. These data were used to assess the parallelism of
the planes. Subsequently, the corner points of both planes were measured using the Continuous
Time method with a sampling interval of 500 ms. This allowed a direct comparison of the
measurement accuracy between the two methods under real operating conditions [8].

Table 5 Comparison Results Between Constructed Planes

NOMINAL PLANE MEASURED PLANE DEVIATION

NAME Plane Z plane 2
CENTROID X 202,135 203,510 1,376
CENTROID Y 5,642 5,798 0,156
CENTROID Z -149,670 -150,467 -0,791
X ACUTE ANGLE 89,955 89,913 -0,042
Y ACUTE ANGLE 2,153 2,092 -0,061
7. ACUTE ANGLE 87,848 87,910 0,062

NAME Plane P plane 3
CENTROID X 201,403 201,363 -0,041
CENTROID Y -150,789 -150,855 -0,066
CENTROID Z -155,929 -155,304 0,625
X ACUTE ANGLE 89,942 89,940 -0,002
Y ACUTE ANGLE 2,269 2,315 0,042
Z. ACUTE ANGLE 87,732 87,690 -0,042

Table 5 compares the planes constructed from the corner points (designated as Plane Z and
Plane P) with those derived from points measured along the perimeter of the shape (designated
as plane 2 and plane 3) (Fig. 13). The Centroid parameter represented the central coordinates
of the planes, while the Acute Angle value indicated whether and how the planes were parallel
to each other and how they were oriented with respect to the global coordinate system. The
results show that plane 2, located closer to the robot arm, exhibited a larger deviation from the
reference Plane Z and exceeded the defined tolerance. A graphical representation of this

deviation is shown in Figure 11, where the tilt of plane 2 toward Plane P is visible. The
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measured deviation was 1.376 mm, corresponding to a similar displacement observed in the
previous task for Line A.

In contrast, plane 3—offset by 150 mm—showed smaller deviations, suggesting that the
greater the distance of the plane from the robot, the more accurate and stable its execution

becomes. This hypothesis was confirmed by subsequent measurements.
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Fig. 11. Directional Vectors of Planes

Table 6 contained detailed data from the corners of Plane Z, while Table 7 included the
corresponding data from the corners of Plane P (Fig. 12). Both tables provided a comparison
between the nominal and the actual measured coordinates, including the respective deviations
along each axis. The data indicate that, within the defined tolerance of £10.000 mm, the largest
deviations occurred along the Y-axis, particularly at the corners furthest from the robot’s initial
position, which also proved to be the most challenging to reach with high precision.

Table 6 Average Corner Coordinates of Plane Z

NOMINAL MEASURED DEVIATION

X Y Z X Y Z X Y Z
Z1 | 400,000 0,000 -300,000 400,906 11,017  -301,014 0,906 11,017  -1,017
72 0,000 0,000 -300,000 1,786 11,578  -299,266 1,786 11,578 0,734
Z3 | 400,000 0,000 0,000 405,089 0,003 0,043 5,089 0,003 0,043
74 \ 0,000 0,000 0,000 -0,055 0,026 0,06 -0,055 0,026 0,06

Table 7 Average Corner Coordinates of Plane P
NOMINAL MEASURED DEVIATION

X Y Z X Y Z X Y Z
P1 | 400,000 -150,000 -300,000 400,554 -138,702  -306,909 0,554 11,298 -6,909
P2 0,000 -150,000 -300,000 1,185 -138,212  -305,636 1,185 11,788 -5,636

P3 | 400,000 -150,000 0,000 403,763  -150,474 -6,409 3,763  -0,474 -6,409
P4 0,000 -150,000 0,000 -0,239  -150,213 -5,917 -0,239  -0,215 -5,917
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Fig. 13. Comparison of Nominal and Measured Planes

6. Repeatability

The repeatability task aimed to verify the robot’s ability to consistently return to a single
predefined point with high precision. The target point was defined by exact coordinates, and
the allowable deviation tolerance for the entire task was set to =0.100 mm [7].

The Leica AT403 laser tracker was employed to repeatedly capture the identical motion of

the robotic arm. The movement was defined by the coordinates of the starting point [0; 0; 0]
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and the endpoint [400.500; —138.600; —306.900], where the robot paused long enough to allow
accurate tracking. It then returned to the starting position. This cycle was repeated multiple
times to enable statistical evaluation of the robot’s repeatability.

The measurements were conducted using the Continuous Time method with a time interval
of 500 ms. The tracker was used to capture the robot’s position at both the start and end of each
cycle. Figure 14 illustrates the spatial locations of the starting and ending points during one of

the measurement cycles.

Plane Z Plane P

ST1
o

o

"sT2

[400,500; - 138,600, -306,900|

Fig. 14. Repeatability Task Setup Diagram
The results were recorded in Table 8, which presents a comparison of all measured positions
against their nominal values. Based on these data, it was confirmed that the robot was able to
meet the defined tolerance of +£0.100 mm in all cases. This demonstrates a high degree of
repeatability for the specified type of motion. Figure 15 shows a schematic representation of
the entire repeatability task, illustrating the spatial arrangement of the individual trajectories

and measurement points.

Table 8 Results of the Repeatability Measurement

X AXIS (MM) Y AXIS (MM) Z AXIS (MM)
START POINT 0,000 0,000 0,000
MAXIMUM 0,009 0,017 0,039
MINIMUM -0,002 -0,008 0,015
MEAN VALUE 0,004 -0,001 0,026
REPEAT POINT 400,500 -138,600 -306,900
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MAXIMUM 0,067 -0,067 0,006
MINIMUM 0,055 -0,037 -0,007
MEAN VALUE 0,061 -0,059 -0,002

Fig. 15. Repeatability Analysis Results

7. Evaluation of the Experiment

The experimental results demonstrated that the industrial robot ABB IRB 120 was capable
of executing predefined trajectories with a good level of accuracy and a high degree of
repeatability. In most cases, the measured deviations remained within the predefined tolerance
limits. However, slight exceedances were observed in certain points—particularly at the
extremities of trajectories or at higher speeds. These deviations reflect the realities of
operational conditions, including environmental influences, mechanical limitations of the robot,
and the configuration of measurement parameters [11].

Compared to results reported in the scientific literature, the observed deviations were
somewhat higher than those achieved by robots that had undergone precise kinematic
calibration. For example, Khanesar et al. [1] reported a calibration error below 60 pm when
using a laser tracker combined with optimization algorithms. Similarly, Nubiola and Bonev [6]
confirmed in their study that the absolute calibration of an ABB IRB 1600 robot led to minimal
trajectory deviation [15]. These findings highlight the critical importance of model-based and

geometric calibration using Denavit—Hartenberg parameters.
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The detected errors were caused by multiple factors. A significant contributor was
mechanical backlash in the robot’s joints and bearing assemblies, which, as noted by Loeser [4]
and Chen et al. [2], substantially affects the smoothness and stability of motion. The reflector
mounting configuration also played a role—using a magnetic base may have introduced
microscopic shifts in the reflector position.

During motion tracking using the AT403, it was observed that the system is highly sensitive
to both the robot’s speed and the sampling interval. At higher movement velocities, the system's
ability to accurately capture the terminal points of trajectories diminished. This finding aligns
with the study by Lau et al. [7], who as early as the 1980s described the limitations of laser
tracking systems in monitoring rapid motion. Similarly, Chen et al. [8] highlighted reduced
accuracy when measuring the spatial position of mechanical arms at various angular
orientations. Based on these observations, several recommendations can be made to improve
measurement accuracy. These include performing geometric calibration of the robot based on
the Denavit—Hartenberg model, as suggested by Chen et al. [2] and van der Velde [3], or
mechanically reinforcing the reflector mounting to prevent micro-displacement. Another
strategy involves optimizing the software settings of the tracker, such as adjusting the
Continuous Time mode, increasing the sampling frequency, or implementing predictive
algorithms for real-time noise filtering. A comprehensive review by Muralikrishnan et al. [9]
on laser systems in industrial metrology emphasizes these factors as critical for achieving sub-
millimeter accuracy in large-scale trajectory measurements.

Despite the aforementioned limitations, it can be concluded that even without full calibration,
the measurement system was capable of tracking the robot’s trajectory with acceptable accuracy,
while also identifying both systematic and random deviations [20]. This confirms the potential
of laser trackers not only for calibration purposes but also as diagnostic tools for trajectory
validation, motion control development, and software tuning of robotic systems in real

industrial environments.

8. Conclusion

The objective of this study was to experimentally verify the potential of using the Leica

AT403 laser tracker for monitoring and analyzing the trajectory of an ABB IRB 120 industrial
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robot without requiring prior geometric calibration. The measurements were conducted across
three tasks: linear trajectory, planar movement, and repeatability assessment [17]. The results
demonstrated that even with a straightforward deployment—without software or mechanical
optimization, the system was capable of achieving millimeter-level accuracy and excellent
motion repeatability [9]. The largest deviations were observed at the trajectory endpoints and
during rapid transitions, yet all remained within the defined tolerance limits. A comparison with
existing literature confirmed that measurement accuracy can be further improved through
Denavit—Hartenberg-based calibration, rigid reflector mounting, and optimization of
measurement methods [1].

The proposed measurement approach has proven to be practically applicable for the
diagnostics and optimization of robot motion paths in industrial environments [4]. Its
advantages include mobility, high precision, and the ability to be implemented without
modifying the robot’s structure [ 13]. These findings have the potential to contribute to improved

quality and reliability of robotic systems in manufacturing operations.
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