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Drawing with Serial Robot Arm



• Our objective is to program a serial chain robot (UR5) to draw an 
object in task space by getting the waypoints from an arbitrary image.

• Tasks involve Computing Kinematics, Image Processing and 
Trajectory generation.

• Simulation of UR5 robot in MATLAB demonstrating drawing complex 
shapes with three time scaling techniques.

• Implementation in real hardware demonstrating drawing of simple 
polygons (Pentagons, Star and Octagon).

Introduction 



• Motivation:

• Negative perception of AI image 

generation

• No physical drawing process

• Improve perception through physical 

drawing process with robot manipulator

Motivation



• UR-5 serial robot arm (6-DoF)

• Compliant pen holder

• Maintains pen contact without 

force control

Physical Setup



• Pen always point downward

• joint 5 = π/2, joint 6 = 0

• 6-DoF --> 4-DoF

• RDA with variable end effector size

• Unique analytical solution in elbow-up 

configuration

• Link length measured from CAD files

Kinematics

UR-5 schematics [2]



• MATLAB's Robotic System Toolbox

• Provided inverse kinematics solver 

leads to infeasible IK solutions for the 

physical robot.

• Integrated our RDA for the UR5 with 

the model.

Simulation in MATLAB

https://in.mathworks.com/products/robotics.html


Trajectory Generation and Motion Planning

• Time scaling

• Linear (given time)

• 3rd order polynomial (given time)

• Trapezoidal (given vmax, a)

• Path

• Arbitrary polygon

• Arch

• Bézier curve

Pentagon path

Bezier curve



SVG Path Conversion

• Investigate vector image for 

generate more complex trajectory

• Parse SVG path format

• Discretize path description for 

trajectory generation

• Validate the trajectory in MATLAB 

simulation



Results – Simulation

Polynomial time scaling - pentagon Linear time scaling - pentagon



Results – Simulation

Trapezoidal time scaling – pentagon Trapezoidal time scaling – curve



• Implement the MATLAB codes in 

python

• Communicate with physical robot 

through ROS and UR Driver

• Performed regular polygon drawing 

under linear and polynomial time 

scaling

Results – Physical Robot



• Trajectory transfer between 
simulation and physical can be 
challenging

• Failed simulation with ROS 
Gazebo

• Complicated art is difficult to 
process using CV technique

• Testing the trajectory on the 
physical robot earlier rather than 
later

Conclusion



Demo Video



Appendix: RDA Derivation

UR-5 schematics [2]

for theta_2, 3 and 4 calculation



Appendix: RDA Derivation
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