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EECS 367 & ROB 320 Lab

Pendularm support



Administrative
• Assignment #1: Path Planning


• Due Friday, February 4 


• Quiz #2: Next Monday, January 24th


• Through gradescope, available 12:00am-11:59pm


• Time limit of 30 minutes


• Covers material from assignment #1


• Don’t discuss quiz with other students; honor code



Administrative
• Pendularm Setpoint Competition!


• Goal: Who’s controller can reach the most set points in 60 seconds?


• Next Monday: Code release to visualize and test set point control


• Next Wednesday: During interactive session (only), students can 
collaborate on PID tuning to optimize their solutions



Lab Takeaways
1. Stencil review
2. Equation translation
3. Implementation advice
4. Big picture



Pendularm Overview

Features assigned to 
all sections

Features assigned to 
grad section only



Stencil Review
update_pendulum_state.js

Feature stencils

Default rotation



Acceleration Helper Function

update_pendulum_state.js
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Euler Equations
update_pendulum_state.js
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Verlet Equations
update_pendulum_state.js
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init_verlet_integrator!



Velocity Verlet Equations
update_pendulum_state.js
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PID Control
update_pendulum_state.js
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Tune PID parameters here

accumulated_error

pendulum.control

pendulum.servo.error



Lab Takeaways
1. Stencil review
2. Equation translation
3. Implementation advice
4. Big picture



Implementation Advice
Pay attention to time index within equations!

Previous time step: ݐ െ ݐ݀
Current time step: ݐ
Future time step: ݐ ൅ ݐ݀

Parameterized helper functions can help reduce code duplication
tĞ͛ǀĞ�ĚŽŶĞ�ƚŚŝƐ�ĨŽƌ�ǇŽƵ�ǁŝƚŚ�pendulum_acceleration(pendulum, gravity)

Unnecessary global variables can be difficult to debug!



Motivation of Assignment
Understand how error can be used as feedback in a closed-loop fashion 
to control a system

Practice: Implement a PID servo controller for a pendulum functioning 
under well defined rules (classical/Newtonian mechanics)



Motivation of Assignment
tŚǇ�ĂƌĞ�ǁĞ�ǁŽƌŬŝŶŐ�ǁŝƚŚ�EĞǁƚŽŶ Ɛ͛�ĞƋƵĂƚŝŽŶƐ�ŽĨ�ŵŽƚŝŽŶ�ĂŶĚ�ŶƵŵĞƌŝĐĂů�
integrators?
The real world operates under Newtonian mechanics, why not 
implement the pendulum and PID controller there?

Too expensive and too slow!

Instead, implement pendulum in simulation
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over time (model of the state dynamics)
With numerical integration techniques and an initial position, we can approximate 
ƚŚĞ�ƉĞŶĚƵůƵŵ Ɛ͛�ƉŽƐŝƚŝŽŶ�Ăƚ�ĂŶǇ�ƐƉĞĐŝĨŝĐ�ƚŝŵĞ



Motivation of Assignment
Understand how error can be used as feedback in a closed-loop fashion 
to control a system

Practice: Implement a PID servo controller for a pendulum functioning 
under well defined rules (classical/Newtonian mechanics)

Understand why simulations are relevant in robotics and how they can be 
implemented using differential equations

Practice: Build a digital simulation of the pendulum operating under the 
laws of classical mechanics


