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[Abstract]

As mobile robot applications increase in real life, the need of low

niversity, Busan, Korea

cost autonomous driving are

gradually increasing. We propose a novel vision-based real-time lane detection and tracking system that

supports autonomous driving of mobile robots in constrained tracks which are designed considering

indoor driving conditions of mobile robots. Considering the processing of

lanes with various shapes and

the pre-adjustment of operation parameters, the system structure with multi-operation modes are

designed. In parameter tuning mode, thresholds of the color filter is dynamically adjusted based on the

geometric property of the lane thickness. And in the unstable input mode of curved tracks and the

stable input mode of straight tracks, lane feature pixels are adaptively extracted based on the geometric

and temporal characteristics of the lanes and the lane model is fitted u

sing the least-squared method.

The track centerline is calculated using lane models and the motion model is simplified and tracked by

a linear Kalman filter. In the driving experiments, it was confirmed that even in low-performance robot

configurations, real-time processing produces the accurate autonomous driving in the constrained track.

» Key words: Autonomous Driving, Lane Detection, Lane Tracking, Kal

man Filter, ROS
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II. Related Works
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III. Real-time Lane Detection and
Tracking for Mobile Robots

1. Vision-based Autonomous Driving System
for Mobile Robots
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Fig. 2. Vision—based Autonomous Driving System for
Mobile Robots
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5. Real-time Lane Detection
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6. Kalman Filter based Lane Tracking
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Table 1. Mechanical Spec. of Mobile Robot
Size(LxWxH) 138x178x192(mm)
Weight 1 kg
Max Linear Speed 0.22 m/sec

2.84 rad/sec

2’s Dynamixel XL430- W250 Servo
Motors

2 active wheels,

1 auxiliary wheel

Max Rotation Speed

Drive Motor

Wheel

Table 2. Specification of Main Control B/D

CPU Samsung Exynosb5422 Cortex™-A15 2GHz
& Cortex™-A7 Octa-core CPU

GPU Mali-T628 MP6

RAM 2Gbyte LPDDR3 RAM

Storage eMMC5.0 HS400 Flash Storage (64GB)

0S Ubuntu 18.04 ARM version
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V. Conclusion

;

JZollA et 239] 3-8o] sojutHA Au]&9]
It Rbg 98 7] chet a7t SoiEl R ik &
Al sHAoA 9] 28 78] of71S wtlst A|shel
7PdsiaL, ﬂOJ% EloA T ZHet 2R E A4
02 A}g S K¢k HIA 7)e A
AL 52 S,
A ot FEfe] AV 4=t At et
Sg nefslo] ths §4 REo| A|2E
B 7175 Al oefolg Fd LEoA
Ureicke TlstelEel 542 uigto

1as FaEske 29 ”JEH %
a

=
2 il
A

!

r
p
o rlo

|m
1

rr
of.
o
)
|::

>
Hi
=
2ol

=)

r

FA AAES

o v mo

r2 o

L.

>4 Pt1o rie
2 ofl
o o 12 MO gY
A
ox

fuorr 4 @
I
=

)
rx
m
2
El

o
5
ol o
Y,
=
>l\_‘,‘:
offl
42
L%
22
?i
ol
ol
8
_CL

o
[e]
J

=
)

2 B9} AP WA FE5HT HANFUS ol§stel A
H 932 279519tk o U Reois A4 9y
me]e) 7hol WA AR AP Rkt 91| Wbt A
CHe ARV S492 W93 73F 212 S Ahd TAae
Faoto] AR BYL 259t EE £ Zao] Be
3 B FUYNS 2A5] U5 SR 2HS Bashl
710 % ot WEIZ B Ao 2K A ZAl]
Sheol 7391 AR AR Exo] Ojg A
e ARt A A g U S AT 4

g wo} = WA AoP] s A8 Bl

B =2 Agte E2o] O] ol HA] Aok £713
5ol A& Abg o] AAZHYS WEAY|NA} oY
o} o2 I8) Aok YmelEel WaKo] Ho| BE
o, 5ol o5 Aok £710] s o] ojsy A
oﬂ?ﬂo]n:] ESH AAF }\1]}\19‘} /\o:] E]o][‘,—] }\1]}\12 %@-

v OO

AMulg Abe 598 7ol tieh Atk ¥ad ool

REFERENCES

[1] Y. Xing et al,
Algorithms, Integration, Assessment, and Perspectives on
ACP-Based Parallel Vision," in IEEE/CAA Journal of Automatica
Sinica, vol. 5, no. 3, pp. 645-661, May 2018. DOI:
10.1109/JAS.2018.7511063

[2] Zhang, H., Hernandez, D.E., Su, Z. and Su, B., “A Low Cost
Vision-Based Road-Following System for Mobile Robots,” MDPI
Applied Sciences, 1635, August 2018. DOI: 10.3390/app8091635

[3] Kuo, C Y et al. “On the Image Sensor Processing for Lane

"Advances in Vision-Based Lane Detection:

Detection and Control in Vehicle Lane Keeping Systems.” Sensors
(Basel, Switzerland), vol. 19,7 1665. Apr. 2019.
DOI:10.3390/s19071665

[4] Sun, T. Y., Tsai, S. J. and Chan, V., “HSI color model based
lane-marking detection,” Proceedings of the IEEE Conference on
Intelligent Transportation Systems, pp. 1168-1172, 2006.

[5] H. Cheng, B. Jeng, P. Tseng and K. Fan, "Lane Detection With
Moving Vehicles in the Traffic Scenes," IEEE Transactions on
Intelligent Transportation Systems, vol. 7, no. 4, pp. 571-582, Dec.
2006.

[6] J. Canny, "A Computational Approach to Edge Detection," IEEE
Transactions on Pattern Analysis and Machine Intelligence, vol.



Vision-based Real-time Lane Detection and Tracking for Mobile Robots in a Constrained Track Environment 39

PAMI-8, no. 6, pp. 679-698, Nov. 1986.

[7] Q. Lin, Y. Han and H. Hahn, "Real-Time Lane Departure Detection
Based on Extended Edge-Linking Algorithm," 2010 Second
International Conference on Computer Research and Development,
pp. 725-730, 2010.

[8] Y. Otsuka, S. Muramatsu, H. Takenaga, Y. Kobayashi and T. Monj,
"Multitype lane markers recognition using local edge direction,"
Intelligent Vehicle Symposium 2002. IEEE, vol. 2, pp. 604-609,
2002.

[9] J. W. Lee, and U. K. Yi, "A lane-departure identification based
on LBPE, Hough transform, and linear regression," Computer
Vision and Image Understanding, vol. 99, no. 3, pp. 359-383, 2005.

[10] Aly, M., “Real time detection of lane markers in urban streets,”
Proceedings of the IEEE Intelligent Vehicles Symposium, pp. 7~
12, June 2008.

[11] Deng, J. and Han, Y., “A real-time system of lane detection and
tracking based on optimized RANSAC B-spline (fitting,”
Proceedings of the ACM International Conference on Research
in Adaptive and Convergent Systems, pp. 157-164, October
2013.

[12] Tan, H. et al., “A novel curve lane detection based on improved
river flow and RANSAC,” Proceedings of the IEEE Conference
on Intelligent Transportation Systems, pp. 133—138, October
2014.

[13] Mammeri, A., Boukerche, A. and Lu, G., “Lane detection and

tracking system based on the MSER algorithm, hough transform

and kalman filter,” Proceedings of the ACM International

Conference on Modeling, Analysis and Simulation of Wireless

and Mobile Systems, pp. 2597266, September 2014.

Li, Y., Igbal, A, and Gans, N. R., “Multiple lane boundary

detection using a combination of low-level image features,”

Proceedings of the IEEE Conference on Intelligent Transportation

Systems, pp. 1682-1687, October 2014.

[15] M. B. de Paula and C. R. Jung, "Automatic Detection and
Classification of Road Lane Markings Using Onboard Vehicular
Cameras," IEEE Transactions on Intelligent Transportation
Systems, vol. 16, no. 6, pp. 3160-3169, Dec. 2015.

[16] Seo, Y.W. and Rajkumar, R., “Utilizing instantaneous driving
direction for enhancing lane-marking detection,” Proceedings of

[14

[}

the IEEE Intelligent Vehicles Symposium, pp. 170~175, June
2014.

[17] Nan, Z., Wei, P., Xu, L. and Zheng, N. “Efficient Lane Boundary
Detection with Spatial-Temporal Knowledge Filtering,” Sensors,
vol. 16, 1276, 2016.

[18] J. C. McCall and M. M. Trivedi, "Video-based lane estimation
and tracking for driver assistance: survey, system, and

evaluation," IEEE Transactions on Intelligent Transportation

Systems, vol. 7, no. 1, pp. 20-37, 2006.

[19] R. Danescu and S. Nedevschi, "Probabilistic Lane Tracking in

Difficult Road Scenarios Using Stereovision," IEEE Transactions
on Intelligent Transportation Systems, vol. 10, no. 2, pp. 272-282,
June 2009.

[20] Berriel, R.F., Aguiar, E.D., and Oliveirasantos, T. “A particle
filter-based lane marker tracking approach using a cubic spline
model,” Proceedings of the SIBGRAPI Conference on Graphics,
Patterns and Images, pp. 1497156, August 2015.

[21] Borkar, A., Hayes, M. and Smith, M.T., “Robust lane detection
and tracking with ransac and Kalman filter,” Proceedings of the
IEEE International Conference on Image Processing, pp. 3261~
3264, November 2009.

[22] Kenji Suzuki et al., “Linear-time connected-component labeling
based on sequential local operations,” Computer Vision and
Image Understanding, vol. 89, pp.1-23, 2003.

[23] ROS, http://www.ros.org.

[24] Robotis Turtlebot-3, http://emanual.robotis.com/docs/en/platform

/turtlebot3/specifications/#specifications.
[25] Hardkernel Odroid XU-4, https://wiki.odroid.com/odroid-xu4/odr
oid-xu4.

Authors

Young-Ju Kim received the B.S., M.S. and
| Ph.D. degrees
Busan University, Korea in 1988, 1990 and

in Computer Science from

1999, respectively. Dr. Kim joined the faculty

;o of the Division of Computer Information
]’ ¥ AT

Engineering at Silla University, Busan, Korea in 2000. He is
currently a professor in the Division of Computer Software
Engineering at Silla University. He is interested in embedding

computing, robot control and cloud computing.



