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Abstract. In this paper, we propose an error decreasing tgabrusing ArUco
Marker, in a robot navigation system using SLAMn{Bitaneous Localization
and Mapping) in which errors occur due to packss land time delay. This tech-
nigue enables more accurate estimation of theipnsiind orientation between
the robot and ArUco Marker. Through camera calibratwe convert 3D input
values of a real object into undistorted 2D dathestablish corresponding rela-
tionships between dimensions. Additionally, we umemogeneous transfor-
mation matrices to estimate the current directiwh degree of rotation of a robot
using the marker. Most of robots can reach thestidation area through naviga-
tion with trial and errors with some time consuropti Therefore, we introduce
ArUco Marker to reduce such errors and designe@yation algorithm to enable
relatively precise driving with enough fast timén&ly, we compare the naviga-
tion accuracy using SLAM of the conventional schevita the proposed method
of twice modifications of the marker information ieh can reduce the navigation
error around actual destination and resulting icueaxcy improvement through
the position correction process using ArUco Maregognition.
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1 Introduction

As the increasing interests in the area of artéfititelligence the market with auton-
omous driving and camera technology in robots las/g in a recent decade. Addi-
tionally, robots use SLAM (Simultaneous Localizatiand Mapping) technology to
simultaneously estimate their location and createap to facilitate navigation. How-
ever, errors in location estimation and movemeruoadue to the robot's operating
state, environment, and communication errors. \&riattempts have been made to
address these issues including GPS technology. tHawihere are limitations to accu-
rate movement in poor communication environmentsNlbreover, robots have be-
come commonly used in everyday life, such as rebhotium cleaners, however, there
are some problems of decreased efficiency dugeated position correction and com-
munication, leading to a significant computatiobatden in the docking process at
charging terminals [2].
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Thus, we propose an algorithm that simplifies thevipus complex processes re-
lated to robot docking and charging, enabling tt®t to move more quickly and ac-
curately to its destination. Before the algoritteroperated, camera calibration is per-
formed in which the internal parameters, exterresbmeters, and distortion coeffi-
cients of the camera are estimated, establishaayraspondence relationship between
2D images and 3D dimensions [3].

The experimental results are presented in theskgion. When only conventional
navigation technology is used, the error distangethte destination is within
50cm~70cm. However, the error was decreased tothess 1cm using the ArUco
marker-based navigation error correction technignaposed in this paper, effectively
improving the accuracy of robot movement.

2 Experimental process

21 Movement to destination position using SLAM

To conduct the experiment, the SLAM algorithm wtikzed to estimate the current
indoor location of the robot and generate a mapgudata collected from a LIDAR
sensor and depth camera [4]. Subsequently, naoigatas performed based on the
generated map. The configuration of the navigadigstem is presented in Figure 1.
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Fig. 1. Navigation system configuration

In order for a robot to move towards a designatstidation, it repeats the process
of Fig. 1. to estimate its location and identifystdzles to set an optimal path.

2.2 Cameracalibration

To utilize ArUco markers or specific objects fornker recognition, camera calibra-
tion is necessary to address measurement erroseddly camera distortion such as
position, distance, and direction. In this paperamera calibration method is adopted
using a 7x10 checkerboard pattern [3]. We captueges of the board at various angles
using the camera and detect the corners of thedbd&e coordinate values of these
corners are recorded for subsequent camera cadibgaiocedures. By utilizing the size
data of the defined board and the detected codsliredues, distortion coefficients of
the camera's intrinsic and extrinsic parametersbeagstimated.



2.3 ArUkoMarker Tracking and Position calibration

By utilizing camera calibration to estimate thetalison coefficients of external pa-
rameters, the real distance between the cameraaridr can be more accurately es-
timated. This process involves converting the aaatumage into a binary representa-
tion and extracting the marker coordinates usimgeker dictionary and its correspond-
ing parameters [5]. Once the marker is detectddyrimation such as the boundary re-
gion, data inside the dictionary and the positiod arientation vectors between the
ArUco marker and the camera can be obtained. $nghper, we propose an algorithm
for pathfinding by utilizing the position and ortation vectors. Firstly, a homogeneous
transformation matrix is constructed to calculhidistance and rotation direction be-
tween the marker and the camera to determine thetdin and position (distance) of
the robot (camera). The obtained position usinghttraogeneous transformation ma-
trix [6] can be expressed as follows.
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Using the obtained position, it is possible to eethe optimal path. The basic pro-
cess involves recognizing the marker, stoppingndéixhe position of camera to the
center of the marker, and then calculating theadist and rotation angle. The path can
be approached in various ways thereafter. One rdétivmlves moving straight to the
destination along the shortest path and then adgutite direction of the robot based
on the pre-calculated rotation angle. Another me:tiges a Manhattan distance-based
path. In this process, using trigonometry, the Yuegdistance moved forward after
exploration) and Y value (distance moved backwdier £0-degree rotation from X
movement) are calculated based on a triangle Wéldistance between the camera and
marker as the hypotenuse. This allows for more rateunovement in the desired di-
rection. Compared to the conventional method of ifjody the position after move-
ment, this method of calculating the path and apghing the destination in reverse
direction has the effective advantage of less josinodification and errors. Another
method involves using rotation vectors. The degfeetation is monitored in real time
to determine the direction in which the robot netxisnove. Figure 2 illustrates the
process of robot movement using the calculatedeaagtl distance based on straight
distance, Manhattan distance, and marker trackgmyithms to set the moving path.
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Fig. 2. Marker tracking and moving process.



3 Results and conclusions

The purpose of this study is to determine the ayeiror distance in destination
navigation using only markers and experimentallydede markers with high recogni-
tion rates at that distance. Each experiment wdenpeed 10 times, taking into account
the environment. Error was measured based on stendie between the center point of
the arrival point and the center point of the roafbér arrival. Performance evaluation
was conducted by comparing with the conventionah using only navigation. Ex-
periment 1 used straight distance, Experiment & trsgonometric functions and Man-
hattan distance, and Experiment 3 used curvatlcalaion based on the position and
direction of the markers. The average results afretistance measurement for each
group and the performance improvement rate evaluatecomparing with the control
method are shown in Table 1.

Table 1. Performance evaluation results (10 runs).

Test control method method 1 method 2 method 3
AVG Error [m] 0.674 0.0625 0.022 0.014
Improvement [%)] 0 978.4 2963.636 4714.286

As shown in Table 1, the proposed method demoesteaperformance improvement
of over 900% compared to that of conventional meéthRarticularly, method 2 shows
a performance enhancement of 2963%, and methoovgssh significant improvement
of 4714%, highlighting the advantages of the pregaspproaches.

Acknowledgements

This work was supported by the National ~Research unéation of Korea
(NRF) grant funded by the Korea government (MSN9.(2022H1D8A3038040).

Refer ences

1. D. Schleicher.: Real-Time Hierarchical Outdoor SLA&®sed on Stereovision and GPS Fu-
sion. IEEE Transactions on Intelligent Transpooratbystems 10(3), 440-452 (2009).

2. M. C. Silverman.: Staying alive: a docking stati@n &utonomous robot recharging, Pro-
ceedings 2002 I|EEE International Conference on Raoboand Automation (Cat.
No.02CH37292), 1050-1055 (2002)

3. Zhang, Z.: A Flexible New Technique for Camera Caliion. IEEE Transactions on Pattern
Analysis and Machine Intelligence 22(11), 1330-183300).

4. B. L. E. A Balasuriya.: Outdoor robot navigationngsiGmapping based SLAM algorithm,
MERCon, 403-408 (2016).

5. S. Garrido-Jurado.: Automatic Generation and Dateaif Highly Reliable Fiducial Mark-
ers Under Occlusion, Pattern Recognition 47(6), (2014).

6. Luca Carlone.: A Tutorial on SE (3) Transformatiardmeterizations and on-manifold Op-
timization, Journal of Mathematical Imaging andivis53(2), 167-190 (2015).





