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Abstract; vision systems are commonly used in robotics. The most often, they are applied

as sensory systems, but they can also be used for experimental determination of a manipulator
end-effector’s pose. In this paper, application of an exemplary low-cost vision system for position
measurement was tested. The considered vision system was composed of a pair of CMOS
cameras. The applied experiment procedure consisted in recording of a set of pictures captured
after consequent approaches of a robot end-effector (grasping a cube with markers on it) to the
command pose repeatedly from the same direction. Processing of the pictures led to determination
of position of the markers. Analysis of position measurement precision contained: determination

of spatial distribution of consequently captured positions, assessment of quality of the captured
pictures according to a set of 4 indicators, and comparison of measurement techniques employing
the considered vision system and a professional measurement system (for this purpose the
experiment was repeated with use of a laser tracker and a local estimate of the unidirectional
positioning repeatability RP was determined). The reported investigation indicated that low-cost
stereovision systems might be successfully applied for a robotic manipulator position measurement
with accuracy of approximately 0.1 mm, which is often satisfactory in the engineering practice.
Surprisingly, analysis of the achieved experimental results led to reasonable estimation of the RP
value (approx. 0.02 mm according to the robot’s manufacturer).
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1. Introduction

Satisfactory precision of industrial manipulating robots is
a condition for achieving the expected quality of the robots’
operation. Parameters that characterize robot precision are
defined by the standard [7]. Assessment of the robotic mani-
pulators’ precision bases on their end-effector pose measure-
ment. That is why the appropriate pose measurement system
is necessary to make the assessment possible.

Currently, two types of such the measurement systems are used
in engineering practice [1]. These are either laser trackers or vision
systems. Originally, the laser trackers performed only the incre-
mental measurement based on application of an interferometer
and leading to determination of variation of the distance between

Autor korespondujacy:
Wojciech Lisowski, lisowski@agh.edu.p

Artykut recenzowany
nadestany 13.01.2017 r,, przyjety do druku 06.03.2017 r

Zezwala sie na korzystanie z artykutu na
BY licencji Creative Commons Uznanie autor

the sensor and the end-effector. Later, the indirect distance deter-
mination method basing on measurement of the ‘time of flight” of
the light beam or on analysis of phase of a set of the single-frequ-
ency components of the reflected light beam traveling between the
sensor and the end-effector, there and back, were introduced. In
case of the vision systems a set of linear cameras, of pre-calibra-
ted mutual locations, proved to be the most effective in this kind
of measurements. The accuracy of the considered measurement
varies between 0.01 mm and 0.05 mm per 1 m of the distance
between the measuring device and the robot end effector. The
precision of the measurement is limited mainly by tolerances of
manufacturing and assembly of mechanical parts of the measu-
ring devices, as well as by the achievable time of buildup of the
response signal of optical sensors used in case of the measurement
carried out during motion of a manipulator.

The measurement of the end-effector pose is directly used by
robots’ manufacturers in manufacturing quality control proce-
dures. The robots’ users the most often carry out the measure-
ment of position to determine the positioning repeatability [7]
of the robot or to perform the external calibration of the robots
[1]. The positioning repeatability is the most important preci-
sion type parameter of the manipulating robots. The external
calibration is conducted with respect to the Cartesian reference
coordinate frame and it aims at improvement of the manipula-
ting robots’ positioning accuracy.

It should be noted that the advanced pose measurement
services as well as a purchase of the position measuring devi-
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ces generally are costly. For many robot owners, the use a low
cost measuring system can be a reasonable alternative. In
such the case application of the stereovision system might be
considered [13].

Additionally, more and more often, the autocalibration (or
on-line calibration) techniques are used to improve positioning
accuracy of robots and/or enable cooperation of multiple posi-
tioning devices [4]. It requires continuous presence of a position
measurement system in a robotic cell, what indicates applica-
tions of low cost measuring systems.

Vast applicability of vision systems in mechatronic systems
and own experience in that matter [8, 9] as well as the above
mentioned reasons have motivated the authors to carry out
their own investigation on applicability of a low-cost stereovi-
sion system to an end-effector position measurement.

2. Problem formulation

The aim of the reported research was to estimate the precision
of determination of position of an end-effector of a manipulating
robot with use of an exemplary low-cost stereovision system.

The main obstacle to accomplish that aim was that the
authors had no possibility to use a positioning system of suf-
ficiently high accuracy (about 0.001 mm) to verify directly,
by the concurrent measurement, the measurement precision
achieved by the tested system. That was why it was decided
to assess precision of the position measurement in an indirect
way, basing on recording of a set of pictures captured after
consequent approaches of a robot end-effector (grasping a cube
with markers on it) to the command pose repeatedly from the
same direction.

It should be noted that positions recorded in the above
described procedure were appropriate for local estimation of
the unidirectional positioning repeatability [7] understood
as a measure of dispersion of the attained poses in a series
of repeated approaches to the command position from the
same direction.

The assumed experimental data analysis procedure consi-
sted of:

— preliminary analysis of spatial distribution of measured posi-
tions,

— analysis of precision of position measurement based on pro-
perties of the captured pictures,

— analysis of precision of position measurement basing on
determination of the local estimate of RP and its compa-
rison with the value specified for the tested robot type by
its manufacturer.

The additional measurement was carried out for the purpose
of comparison of functionality of a low cost measurement sys-
tem and of a professional one. For data recorded with use of
a laser tracker the RP value was estimated as well.

3. Procedure of testing

The following assumptions concerning the procedure of testing

were made:

— measurement in 3 non-collinear measuring points

— for each measuring point 3 partial tests conducted — appro-
aches from the 3 mutually perpendicular directions

— 30 repetitions for each approach direction and all the measu-
ring points

— position measurement executed after completing the appro-
ach — in stand-still

— for each approach 2 pictures taken to lower the odds of insuf-
ficient picture quality for analysis
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Fig. 1. The overview of the test stand
Rys. 1. Widok stanowiska badawczego

Robot —
RV-2AJ

Cube
with markers

Distance to the
object: 1200 mm

Focal length: 69 mm

Baseline: 1319 mm

Two 21Mpixel Canon EOS 5D Mark Il cameras
with Canon lens 24-70mm F/2L

Fig. 2. The specification of the set-up of the test stand
Rys. 2. Schemat stanowiska badawczego

@ Calibration Results

%= 0,00000 mm %= 904,46453 mm
y= 0,00000 mm y= -960,77738 mm
z= 0,00000 mm z= 0,07754 mm

Roll= 0,000 degrees Roll= 0,340 degrees
Pitch = 0,000 degrees PFitch = 0,270 degrees

Yaw= 0,000 degrees Yaw= 85048 degrees

Baseline = 1319,52615 mm
RMS Parallax = 0,00537 mm

Fig. 3. External camera parameters determined as a result of relative
camera orientation procedure

Rys. 3. Zewnetrzne parametry kamery otrzymane w wyniku procedury
kalibracji ,wzglednej orientacji kamery”

— 30 pictures taken with the aim of the assessment of quality
of the measurement for the first approach to every measu-
ring point.

The examination was carried out by means of the developed
stereo-vision system composed of two DSLR Canon cameras
equipped with Canon lenses, a lighting system and TEMA
Automotive motion analysis software (Fig. 1) [14]. TEMA
Automotive is a professional motion analysis software used
for crash and sled tests, measurements of deformations, airbag
volume etc. Using the TEMA Automotive program, photo/
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Fig. 4. Quadrant symmetry adjustment
Rys. 4. Ustawienia modutu $ledzenia ,quadrant symmetry”

video material can be analyzed to obtain the trajectories, velo-

cities and accelerations of analyzed markers. The software is

equipped with broad set of tools to track markers and advan-
ced post-processing tools.

The developed vision system was calibrated (internally and
externally) in compliance with procedures of TEMA software
[14]. After system calibration, the next step of the software
usage is composed of image sequences reading, image mar-
kers tracking employing “quadrant symmetry” method and
resulting objects trajectories analysis using TEMA post-pro-
cessing tools.

The overview of the used test stand is presented in Fig. 1.

The test stand was composed of the following elements:

— a Mitsubishi RV2AJ robot,

—2 digital SLR cameras: Canon EOS 5D Mark II, 21.1
Megapixel, equipped with Canon EF 24-70 mm {/2.8L II
USM lenses,

— 2 halogen lamp (500 W each),

—an analyzed object: a cube with stuck markers.

Figure 2 presents the mutual position and orientation of the
components of the test stand.

In order to make the processing of the captured pictures
possible it was necessary to start with determination of selec-
ted internal and external camera parameters estimation [6,
15]. Estimation of the internal camera’s parameters with len-
ses’” distortion was carried out by means of a flat calibration
plate with square patterns [16]. External camera calibration
was performed using relative camera orientation procedure
implemented in TEMA software [14]. An example result of
external camera parameters’ estimation is depicted in Fig. 3.
An important measure of the quality of the resulting external
camera solution is indicated by parallax error, which in this
case amounted to a very low value (0.00537 mm).

After calibration, the actual measurement consisting in cap-
turing the images started.

The next step of the data processing consisted in tracking
the points indicated by the markers on the captured images.
It was executed employing the quadrant symmetry tracker
method [14]. Example of the tracer setting is shown in Fig. 4.

The 3D positions of markers detected on the captured pictu-
res were determined with use of the TEMA software package.
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4. Results of testing

The experiment consisting in acquisition of series of pictu-
res of the robot end-effector grasping the cube with markers
was carried out in the course of the Bachelor thesis activity
[10]. Geometrical data (3D positons of markers) obtained in
the result of picture analysis were the base for analysis of the
achieved experimental results.

In order to assess the properties of the recorded experimen-
tal data the analysis of spatial distribution of the positions
recorded during the experiment was carried out. The exem-
plary locations of the identified positions for the measurement
point No. 2 (approach in z direction) are presented in Fig. 5.A.

The total (for all measuring points and approach directions)
dispersion of positions of the measuring points corresponding
to the consequent pictures taken during the first approach
(denoted by ‘+’ on the picture) was 36%-98% of the dispersion
of positions (denoted by ‘0’) corresponding to the consequent
30 approaches to the command position.

Figure 5.B. presents the exemplary sequence of estimates of
the command position evaluated basing on the consequent pic-
tures taken after the first approach to the command position
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Fig. 5. Distribution of recorded positions (point 2, approach direction
z): A. (+) 30 pictures taken during the 1st approach, (o) the first

picture for each of the 30 approaches, B. consequent positions
corresponding to 30 pictures of the 1st approach joined with

a straight line segments

Rys. 5. Rozktad przestrzenny zarejestrowanych potozen (punkt nr 2,
kierunek zblizenia z) na podstawie: A. (+) 30 zdjeé¢ wykonanych kolejno

w trakcie pierwszego dojscia, (0) pierwszego zdjecia dla 30 dojs¢ do pozycji
zadanej, B. kolejne potozenia odpowiadajgce 30 zdjeciom wykonanym
kolejno w trakcie pierwszego dojscia potgczone odcinkami linii prostej
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Fig. 6. Normal probability plot of: A. measured positions,

B. measurement noise, (point 2, approach direction z)

Rys. 6. Wykresy normalnosci rozktadu prawdopodobieristwa A. pozycje
zarejestrowane, B. szum pomiarowy (punkt nr 2, kierunek zblizenia z)

(consequent positions are connected by a straight line segments
forming a broken line). Qualitative assessment of a shape of the
broken line from the Fig. 5.B led the authors to the conclusion
that the dispersion of the consequent estimates of the positions
is considerably irregular, what suggested the random type of the
distribution of the considered estimates of the command position.

The analysis showed that the dispersion of the estimates rela-
ted to the measurement noise was less than dispersion of the
estimates of the measured position, but they were of the same
order of magnitude of 0.01 mm. The dispersion characterizes the
tested measurement system spatial resolution.

In Fig. 6, the result of assessment of randomness of the posi-
tions recorded during the conducted experiments is presented.
The normal probability plots, which based on quantiles, were
used [12] for the assessment.

Qualitative analysis of the above pictures let the authors to
the conclusion that the normal plot showed in Fig. 6.A confir-
med that, apart from 2 outliers, the other measuring points fit-
ted well the random distribution. Figure 6.B showed that the
distribution of the measurement noise was random but it differed
a bit more from the normal distribution than distribution of the
measured positions.

Figure 7 presents histograms approximating probability den-
sity functions of the sets of measuring positions and positions
corresponding to measurement noise. Classification into 9 bins
was used.
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Fig. 7. Histogram of: A. measured positions, B. measurement noise,
(point 2, approach direction z)
Rys. 7. Histogram: A. zarejestrowanych potozen, B. Szumu pomiarowego
(punkt nr 2, kierunek zblizenia z)

The histogram showed in Fig. 7.A qualitatively well corre-
sponds to the normal probability distribution when the mentio-
ned 2 outliers are disregarded. The similarity of the histogram
presented in Fig. 7.B to the normal distribution function is
smaller, but the presented data may correspond to some ran-
dom distribution as well.

Basing on the above assessment the authors stated that the
spatial distribution of the positions recorded during the expe-
riment as well as the spatial distribution of the measurement
errors was of random type close to the normal distribution.

5. Analysis of position measurement
precision

The properties of the experimental data recorded with use of
the low cost stereovision system were analyzed with the aim
of characterization of the achieved position measurement pre-
cision. The analysis scope covered the following indicators:
— spatial resolution R,
— measurement resolution (including subpixel) R |
— average measurement noise N_,
— theoretical TEMA measurement accuracy T,.

The actual experiment was preceded by estimation of posi-
tion measurement precision of the considered stereovision
system.
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Initially, the a priori spatial resolution and the measurement
resolution were estimated basing on the stereovision system
settings [2]. The following settings were assumed for the ana-
lysis (see Fig. 2):

— baseline 1319 mm,
— focal length 69 mm,
—distance between the camera and the analyzed object:

1200 mm,

— subpixel measurement capability M = 0.1 pixel (the system’s
measurement resolution capability in a fraction of a pixel),

— field of view (FOV) 589 mm x 393 mm,

—image resolution R, 5616 x 3744 pixels.

The estimates of the first 2 indicators were obtained with
use of the following formulas:

g =£OV (1)
R;
R, =R-M 2)

The obtained values of R_and R, are listed in tab. 1.

Tab. 1. Estimates of precision of the measurement of position
Tab. 1. Estymaty precyzji pomiaru potozenia

Spatial resolution Subpixel measurement
R, [mm/px] resolution
R [mm]
plane (y-z) 0.12 0.012
plane (x-z) 0.11 0.011

Next, the third indicator, the measurement noise N, was
estimated. Standard deviations were calculated for 30 images
acquired by the stereo system. The supposed sources of the
noise were:

— fluctuation of illumination,
— cameras’ CMOS sensor artifacts,
—errors of the sub-pixel “quadrant symmetry” tracking algo-

rithm [14].

The assessment based on distribution of the position deter-
mined for consequent 30 pictures taken for the 1** approach
to each target position. The average measurement noise N
related to the applied vision system was calculated as an ave-
rage of the standard deviation of the recorded coordinates of

the measured positions, and it amounted to N = 0.009 mm.
Basing on the values of:
— the quadrant tracker uncertainty T = 0.1 mm,

qtu
— the cameras orientation angle: o = 87°, an estimate of the

last indicator, the theoretical TEMA measurement accuracy
T, was evaluated with use of the formula below [14]:

_ 15T,
sin ZV Mp (3)

The obtained value of the theoretical precision T, was
0.015 mm. The carried out partial analyses showed that the
resolution of the considered position measurement was approxi-
mately equal to 0.015 mm. That indicated that the considered
measurement system could be recommended to measurement
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of position with accuracy of 0.1 mm being one order of magni-
tude greater.

6. Determination of local estimate
of unidirectional positioning
repeatability RP

For estimation of positioning repeatability RP the following
formulas were applied [7]. The coordinates of the measuring
points were denoted by z, y, and z,i= 1, .., n (n = 30).

First, the position of the centre of the cluster of recorded
positions was determined:

_ 1
T=—3u
n =1
_ n
y=—2Xy
n =1
I
Z=—3z
ni=1 4)

Next, the distances of each of the attained positions from
the centre of the cluster were estimated:

l; = \/(xz - 5)2 + (yi - 17)2 + (’zz - 2)2 (5)

The average distance from the centre of the cluster was cal-
culated as:

lill (6)

i=

3

The estimate of the standard deviation of the distance /. was
determined according to the following formula:

Finally, an estimate of the positioning repeatability was
calculated as:

RP =1 +38, (8)

The RP values were estimated for data acquired during 2
separate experiments with use of either the low-cost vision
system or the laser tracker.

6.1. Estimation of RP for results of measurement
with use of the vision system

Figure 8 presents exemplary measuring data — positions recor-

ded during 30 consequent approaches to the point No. 2 along

z direction.

The detected points are grouped in a regularly shaped clu-
ster, slightly elongated along y axis. The clusters determined
for the remaining points, as well as directions of approach,
proved to be qualitatively similar.
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Fig. 8. Positions recorded during the conducted experiment
determination for point No. 2 in z direction (o — measured positions,

* — indicates the centre position, radius of the circle is equal to RP)

Rys. 8. Potozenia zarejestrowane w czasie przeprowadzonego eksperymentu
w punkcie nr 2 w kierunku z (o — pozycja zmierzona, » — wskazuje pozycje
Srodkowa, promieri okregu odpowiada wartosci RP)

The estimated values of RP for all used measuring points
and approach directions are presented in tab. 2.

In Fig. 8 the radius of the presented circle corresponds to
RP. The value of RP proved to be visibly greater that the
maximum distance of the measured point from the centre of
the cluster. All the measured points were located within the
sphere of the centre being the centre of the cluster and the
radius equal to the estimated RP value.

The estimated values of RP listed in tab. 2 were compared
to the value corresponding to the tested robot type. The listed
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Tab. 2. Estimated values of the unidirectional positioning repeatability
RP [mm] based on the stereovision system measurement

Tab. 2. Wyestymowane wartosci jednokierunkowej powtarzalnosci
pozycjonowania RP [mm] wyznaczone na podstawie pomiaru systemem
stereowizyjnym

Approach directions X y Z
Point No. 1 0.016 0.020 0.028
Point No. 2 0.023 0.018 0.018
Point No. 3 0.017 0.023 0.014

determined estimates of the RP values vary in the range of
0.014-0.028 mm which contains a value of RP = 0.02 mm (the
greatest repeatability error in the whole workspace) reported
by the robot’s manufacturer. The repeatability depends on
position of the end effector in the workspace, so the presence
of variation of the RP estimates was in accordance with the
engineering practice. Surprisingly, despite the recommended
accuracy of measurement of the considered vision system equal
to 0.1 mm, the estimation of the RP value was considerably
good (mean: 0.02 mm, median: 0.018 mm, and variation 50%
of the mean). The upper bound of the range was greater than
the manufacturer’s estimate of RP, what might be a result of
insufficient accuracy of the used vision system, imperfection
of the applied experimental procedure, as well as of wear of
the manipulator’s mechanisms. The values of RP estimated
basing on the conducted experiment results and the RP esti-
mate provided by the robot manufacturer were of the same
order of magnitude and considerably close.

Next, the analysis of distribution of the attained positions
in space was enhanced. Figure 9 presents 3 sets of 3 spheres.
Centres of these spheres are the centre positions calculated for
positions recorded during multiple approaches to the command
position from each of the 3 perpendicular directions. Radii of
the spheres correspond to the RP estimates obtained for each
approach direction.

In case of the point No. 1 the spheres are closer to each other
than in the case of the points No. 2 and 3 where the sphe-
res corresponding to approach in x and z directions are most
distant one from the other.

The fourth picture presents the actual distribution of atta-
ined poses for the 2"¢ measuring point. The middle cluster
(positions denoted by circles) possessed an outlier on the top.
This outlier considerably increased RP represented by the cor-
responding sphere’s radius.

The dependence of the attained end-effector’s position on
the approach direction is common in practice. The measure
of dependence of the attained end-effector position on the
approach direction is assessed according to [7] by the multi-
-directional pose accuracy variation vAP, which is the maxi-
mum distance between the sphere centers’ pairs. The estimated
values of vAP are listed in tab. 3.

There was no reference value of vAP found for the tested
robot. The estimated values of vAP are approximately 2 times
greater than the reference RP value, what seems to be a reaso-
nable result.

Tab. 3. Multi-directional positioning accuracy variation vAP [mm]
Tab. 3. Wielokierunkowa zmiennos$¢ doktadnosci pozycjonowania VAP [mm]

Point No. 1 Point No. 2 Point No. 3

0.038 0.046 0.052
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Fig. 9. Distribution of the attained end-effector’s positions in terms of the approach direction for measuring points (A.) No. 1, (B.) No. 2,

(C.) No. 3, and (D.) No. 2

Rys. 9. Rozktad przestrzenny osiagnigtych pozycji chwytaka/narzgdzia w zaleznosci o kierunku zblizania do punktéw pomiarowych (A.) nr 1, (B.) nr 2,
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6.2. Estimation of RP for results of measurement
with use of the laser tracker

The carried out measurement was repeated with use of the laser

tracker (Leica AT 401), and RP was estimated once more. The

same robot program (command poses and sequences of appro-

aches) and RP value estimation procedure were used. The achie-

ved estimates of RP are listed in tab. 4.

The values of RP listed in tab. 4 were of the same order of
magnitude but approximately 50% greater than that evaluated
basing on measurement made with use of the low-cost stereovi-
sion system. The value of RP was overestimated (mean: 0.03 mm,
median: 0.031 mm, and variation 80% of the mean). Despite the
reported quantitative differences the considered RP estimates are
of the order of magnitude of the reference value of RP.

The laser tracker, which, depending on type and installed
software option, is approximately 3-10 times more expen-
sive than the developed vision system, is considerably easier
to be applied in conditions present in a robotic cell. It is
also much more efficient due to automated calibration and

Tab. 4. Estimated values of the unidirectional positioning repeatability
RP [mm] basing on the laser tracker measurement

Tab. 4. Wyestymowane wartosci jednokierunkowej powtarzalnosci
pozycjonowania RP [mm] wyznaczone na podstawie pomiaru trakerem
laserowym

Approach directions X y z
Point No. 1 0.026 0.031 0.016
Point No. 2 0.025 0.032 0.035
Point No. 3 0.030 0.034 0.040

position estimation procedures. Additionally, the tracker
provides possibility of measurement during motion with
tracking of the object, what is not available for the low-
-cost vision system.

n
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Regarding the achieved reasonable estimation of
RP = 0.02 mm with the measurement system of approxi-
mately 0.1 mm accuracy, the authors suppose that it was
a result of the random measurement noise and of the ran-
dom dispersion of the positions measured during the conse-
quent approaches to the command pose. In the procedure of
determination of RP the estimates of parameters (mean and
standard deviation) of random distribution of the measured
positions were used, not the actual distances between the
recorded positions, what could cause that the value of RP
corresponding to the resolution of the measuring system
was effectively estimated.

7. Summary

In the paper, the authors focused on application of the exem-

plary low-cost vision system to determination of the manipula-

tor end-effector’s position. The carried out analysis comprised:

— assessment of properties of spatial distribution of the measu-
rement results,

— theoretical calculation based assessment of position measu-
rement error,

—the experimental data based determination of the tested
manipulator end-effector’s local estimates of positioning
repeatability RP and multidirectional positioning accu-
racy vAP.

The theoretical analysis led to determination of the reso-
lution of the measurement system of order of magnitude of
0.01 mm. The obtained results indicated that the tested measu-
rement system could be recommended to position measurement
with the demanded accuracy of 0.1 mm.

Surprisingly, the experimental analysis led to estimation of
RP value, which was very close to the robot manufacturer’s
reference value (0.02 mm).

The main benefit of use of the considered low-cost system is
obviously the cost saving. Additionally, the open structure of
the system’s hardware and software makes possibility of easy
introduction of required modifications.

The main drawback of the considered system is the testing
complexity and time-consuming preparation of measurement
as well as of experimental data analysis. One of the most time-
-consuming steps is the calibration of cameras, though there
are reported the trials to speed-up this procedure by automa-
tion [5]. The measurement in various, distant parts of a robot
workspace requires manual rearrangement of the measurement
set-up, what is also time consuming. On the other hand it is
possible to assemble the cameras to the dedicated fixture. This
would provide no need of repeating calibration after redirecting
the vision system to another object.

Some steps of the procedure are considerably operator
dependent (e.g. selection of parameters of processing) who
must have sufficient knowledge to make the proper choice.

Additional disadvantages like necessity of placement of mar-
kers on the tested structure (e.g. a manipulator), which during
removal may damage the surface of the structure or may leave
stains of glue after removal should be also considered.

Taking into account the mentioned above benefits and disa-
dvantages, the considered low-cost vision system is recommen-
ded rather for occasional application by experienced users or
for auto calibration, than for standard services or usage as
a portable measuring system.

Regarding the future investigation, the authors think that
it would be interesting to assess how much determination of
orientation together with position would influence complexity
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of the experimental procedure, and if it would improve effec-
tiveness of the considered system when compared with more
sophisticated and costly measurement systems.
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Wojciech Lisowski, Piotr Kohut

Niskokosztowy system wizyjny do wyznaczenia pozycji chwytaka
robota

Streszczenie: Systemy wizyjne sg powszechnie stosowane w robotyce. Najczesciej petnig role
uktadow sensorycznych, chociaz moga byc tez uzyte do pomiaru pozycji chwytaka/narzedzia robota.
W artykule przestawiono przyktad zastosowania niskokosztowego systemu wizyjnego do pomiaru
potozenia chwytaka. Wykorzystany system wizyjny sktadat sie z pary aparatéw z matrycg CMOS.
Przeprowadzony eksperyment polegat na rejestracji serii statycznych obrazéw po dojsciu chwytaka
robota (przenoszgcego szescian wzorcowy z zestawem markeréw) do pozycji zadanej, powtarzalnie
z tego samego kierunku. Analiza precyzji wyznaczania pozycji szescianu wzorcowego obejmowata:
wyznaczenie rozktadu przestrzennego kolejnych pozycji szescianu, oceny jakosci zarejestrowanych
obrazéw za pomocg 4 kryteriow oraz poréwnania techniki pomiarowej wykorzystujgcej rozwazany
uktad wizyjny i profesjonalny system pomiarowy (w tym celu powtérzono pomiar z wykorzystaniem
trakera laserowego i lokalnie wyestymowano jednokierunkowg powtarzalnos¢ pozycjonowania — RP).
Analiza wynikow przeprowadzonych badan pokazata, ze niskokosztowy system stereowizyjny moze
by¢ pomysinie zastosowany do pomiaru potozenia chwytaka robota z doktadnoscig okoto 0,1 mm.
Taka dokftadnos¢ jest czesto wystarczajgca w warunkach przemystowych. Dodatkowo, wyniki pomiaru
pozwolity dobrze oszacowac powtarzalnosc¢ pozycjonowania robota RP, ktdra dla typu wykorzystanego
robota wynosi 0,02 m.

Stowa kluczowe: roboty manipulacyjne, systemy wizyjne, pomiar pozycji chwytaka/narzedzia, powtarzalnos¢ pozycjonowania
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