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Current road map to ball balancer bot:

• DOF of rigid body
• DOF of a bot
• Rigid body motions
• Forward kinematics
• PID controls
• Velocity kinematics and statistics
• Inverse kinematics

• PCB soldering
• 2D graphic design and laser cutting
• 3D CAD design and 3D printing
• CNC machining
System integration:
• Making joints and links
• Motor control (motion planning)
• Sensory link
• Sensor feedback control (calibration)
• Coding
• Simulation

In theory: Hands-on:



DOF of a bot?
DOF of a free moving rigid body in 3D: 6



DOF of a bot?
DOF of a free moving rigid body in 3D: 6



Grübler’s Formula

DOF= 3x(4-1)-(2+2+2+2)=1
Also:



Grübler’s Formula

DOF= ?
Also:



Grübler’s Formula is working 
when it’s working

Actual DOF = 3
Redundant links don’t count!


