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Simulation of a Drawing Robot

Centered on Robots with Adjustable Brush Orientation and Tilt
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This study explores the expressive effects

Abstract

of lines by leveraging the structural characteristics of robots,

based on the concept of drawing in contemporary art. It engages with fundamental discussions on agency
in creative acts mediated by the Other in traditional art, and suggests a model of human-machine
collaboration that goes beyond mere convenience or efficiency by balancing the artist’s intention with the
machine’s automaticity. The research defines the minimum degrees of freedom required for robotic drawing
and conducts inverse kinematics analysis and simulation. An algorithm was implemented to calculate the
joint angles corresponding to the brush position, pressure, direction, and tilt. Furthermore, considering the
flexible properties of the brush, the study derives allowable pressure ranges based on changes in brush tilt
and verifies the conditions under which variations in line thickness and stroke expression become possible.
In conclusion, this research evaluates the robot not as mere tool for imitating human artworks but as a

collaborative agent in the creative process.
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Kinematic Analysis and Simulation of a Drawing Robot: Centered on Robots with Adjustable Brush Orientation and Tilt

7k9| OIOIE|0IE HistA|7|= H|QIZh @4500] d= oIEgs =0I%,. ez = A9 Alg
glojds EHZ 2RS A0 MASHe A ofH, 2 dgd xo HEn B 2
SlsfoF 2 AOICt. =S O] APOAN CHEX| g2 RECQ| £Eot BEE

of B3| #eIE Eolz AO|Ch.

References

[1] J. Kim, “The role of drawing in contemporary art as seen through its conceptual shift”, Journal of Korea
Society of Design Forum, vol. 29, November 2010, pp. 103-114, doi: 10.21326/ksdt.2010..29.009.

[2] J. Woo, “Sol LeWitt’s Wall Drawings and the Originality of Conceptual Art”, Art History, vol. 28, August
2014, pp. 453-483, doi: 10.14769/jkaahe.2014.08.28.453.

[3] H. Jin, M. Lian, S. Qiu, X. Han, X. Zhao, L. Yang, Z. Zhang, H. Xie, K. Konno, S. Hu, “A
Semi-Automatic Oriental Ink Painting Framework for Robotic Drawing From 3D Models”, IEEE Robotics
and Automation Letters, vol. 8, no. 10, September 2023, pp. 6560-6567, doi: 10.1109/LRA.2023.3311364.

[4] Z. Wang, L. Li, T. Zhang, T. Liu, M. Li, Z. Wang, Z. Li, “Emulating Artistic Expressions in Robot
Painting: A Stroke-Based Approach”, Applied Sciences, vol. 14, no. 12, June 2024, pp. 1-10, doi:
10.3390/app14125265.

[S] P. Schaldenbrand, J. McCann, J. Oh, “FRIDA: A collaborative robot painter with a differentiable,
real2sim2real planning environment”, IEEE International Conference on Robotics and Automation (ICRA),
May 29-June 2, 2023, London, UK, pp. 11712-11718, doi: 10.1109/ICRA48891.2023.10160702.

[6] J. M. Giilzow, L. Grayver, O. Deussen, “Self-Improving Robotic Brushstroke Replication”, Arts, vol. 7, no.
4, November 2018, pp. 1-28, doi: 10.3390/arts7040084.

[7] P. Tresset, F. F. Leymarie, “Portrait drawing by Paul the robot”, Computers & Graphics, vol. 37, no. 3,
January 2013, pp. 348-363, doi: 10.1016/j.cag.2013.01.012.

[8] M. Santos, G. Notomista, S. Mayya, M. Egerstedt, “Interactive Multi-Robot Painting Through Colored
Motion  Trails”, Frontiers in Robotics and Al vol. 7, October 2020, pp. 1-15, doi:
10.3389/frobt.2020.580415.

[9] D. J. Bakkum, P. M. Gamblen, G. Ben-Ary, Z. C. Chao, S. M. Potter, “MEART: The semi-living artist”,
Frontiers in Neurorobotics, vol. 1, November 2007, pp. 1-10, doi: 10.3389/neuro.12.005.2007.

[10] L. Moura, “Robot Art: An Interview with Leonel Moura”, Arts, vol. 7, no. 3, July 2018, pp. 1-5, doi:
10.3390/arts7030028.

[11] Derivative, “Touchdesigner”, derivative.ca, https://derivative.ca, (accessed July 10, 2025).
[12] J. Craig, Introduction to Robotics (Korean Edition), Textbooks, 2021.
[13] Y. Chung, K. Jeong, Introduction to Robotics, Gs Intervision, 2017.

[14] W. Kim, “A Study on the Shapes by Brush Strokes and Lines with Analysis of Painting Space in Modern
Art: focusing on my work “The flow of the mind’s eye” series”, Doctoral Dissertation, Department of Fine
Art, Graduate School of Hongik University, Republic of Korea, 2015. [Online]. Available:
http://dcoll.hongik.ac.kr/jsp/common/DcLoOrgPer.jsp?sltemld=000000019436.

560



