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Feedback control
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• Maintain speed prediction at different battery levels



PID control
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• Integrator wind-up
• Derivative low pass filter
• Derivative kick

• 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑑𝑑𝑠𝑠𝑑𝑑𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑑𝑑
𝑑𝑑𝑑𝑑

– 𝑑𝑑𝑚𝑚𝑑𝑑𝑚𝑚𝑠𝑠𝑚𝑚𝑚𝑚𝑑𝑑𝑚𝑚𝑑𝑑𝑠𝑠𝑑𝑑
𝑑𝑑𝑑𝑑

• When the setpoint is constant: 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= – 𝑑𝑑𝑚𝑚𝑑𝑑𝑚𝑚𝑠𝑠𝑚𝑚𝑚𝑚𝑑𝑑𝑚𝑚𝑑𝑑𝑠𝑠𝑑𝑑
𝑑𝑑𝑑𝑑

(not linear!)

+noise

https://tinyurl.com/y67glgzk
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– 𝑑𝑑𝑚𝑚𝑑𝑑𝑚𝑚𝑠𝑠𝑚𝑚𝑚𝑚𝑑𝑑𝑚𝑚𝑑𝑑𝑠𝑠𝑑𝑑
𝑑𝑑𝑑𝑑

• When the setpoint is constant: 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
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• Performance
• Rise time/Response

• Ex: 10% to 90% of final value 
• Peak time

• Time to reach first peak 
• Overshoot

• Amount in excess of final value 
• Settling time

• Ex: Time before output settles to 1% of final value
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PID control
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• Heuristic procedure #1: 
• Set Kp to small value, KD and KI to 0 
• Increase KD until oscillation, then decrease by factor of 2-4 
• Increase KP until oscillation or overshoot, decrease by factor of 2-4 
• Increase KI until oscillation or overshoot 
• Iterate 

• Heuristic procedure #2: 
• Set KD and KI to 0 
• Increase KP until oscillation, then decrease by factor of 2-4
• Increase KI until loss of stability, then back off
• Increase KD to increase performance in response to disturbance
• Iterate 



Discrete PID Control
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• Sampling time
• Control ~10 times faster than the system



Cascaded Control Loops
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Characterizing the RC Car
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• Robert
• Charles/Emma
• Kathleen
• Tim
• Jungshien
• Katie/Jade/Emily
• Caitlin
• Christopher
• Daniel
• Andrew
• Jason

• Dimensions
• Wheel diameter
• Weight
• Battery life time
• Battery charging time
• Max speed
• Max acceleration
• On-axis turns
• Max inclination
• Surfaces
• Tricks
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• Variable memory allocation depends on your processor and the compiler
• Char

• Char8bit : 8 bits
• Char32bit : 8 bits

• Int
• Int8bit : 16 bits
• Int32bit : 32 bits

• Long 
• Long32bit : 32bits
• Long64bit : 64 bits

• Two’s complement
• 0 b 0 0 0 0 0 1 0 1
• 0 b 0 0 0 0 0 1 0 1 > invert > 0 b 1 1 1 1 1 0 1 0 > add 1 > 0 b 1 1 1 1 1 0 1 1
• 0 b 1 1 1 1 1 1 1 1 ?
• Range of a signed char32bit: [-27 ; 27 -1] =  [-128 ; 127]

• Range of a signed int32bit: [-231 ; 231-1] 29ECE4960 Fast Robots

Data types

You can specify the length:
• int16_t
• uint32_t

Integer ALU



• Variable memory allocation depends on your processor and the compiler
• Float

• Float8bit : 32 bits
• Float32bit : 32 bits

• Double
• Double8bit : 64 bits
• Double32bit : 64 bits

• Long Double
• 8, 12, 16 bytes

• Single-precision floating point number (assuming IEEE 754 representation):
• Max value : (2 − 2−23) × 2127 ≈ 3.4028235 × 1038

• Decimal string “3.141593” => float => decimal string “3.141593”
• float pi = PI => decimal string “3.14159265” => float 

29ECE4960 Fast Robots

Data types

Float:

𝑣𝑣𝑣𝑣𝑣𝑣𝑢𝑢𝑣𝑣 = −1𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 � 2𝑑𝑑−127 � 1 + �
𝑠𝑠=1

23

𝑏𝑏23−𝑠𝑠2−𝑠𝑠
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Data types
https://cdn.sparkfun.com/assets/d/e/8/b/4/Apoll
o3_Blue_MCU_Data_Sheet_v0_12_1_rZ9Akgo.pdf

https://cdn.sparkfun.com/assets/d/e/8/b/4/Apollo3_Blue_MCU_Data_Sheet_v0_12_1_rZ9Akgo.pdf


• Variable storage depends on your processor and the compiler
• Float

• Float8bit : 32 bits
• Float32bit : 32 bits

• Double
• Double8bit : 64 bits
• Double32bit : 64 bits

• Long Double
• 8, 12, 16 bytes

• Single-precision floating point number (assuming IEEE 754 representation):
• Max value : (2 − 2−23) × 2127 ≈ 3.4028235 × 1038

• Decimal string “3.14159” => float => decimal string “3.14159”
• float pi = PI => decimal string “3.14159265” => float 

29ECE4960 Fast Robots

Data types

Floating 
point ALU



• What do you have in your system?
• Bluetooth: char
• Time of flight: unsigned int
• Serial.print: strings
• IMU: float
• PID: double
• millis(): unsigned long
• if-statements: bool

• Pay attention!
• https://www3.ntu.edu.sg/home/ehchua/programming/java/datarepresentation.html

29ECE4960 Fast Robots

Data types

https://www3.ntu.edu.sg/home/ehchua/programming/java/datarepresentation.html
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