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Closed Loop Controller
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Robot = Sensors + Actuators



Closed Loop Controller
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Signal Conditioning



Closed Loop Controller
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DIY sensors VS. Off-the-shelf sensor
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Sensor VS. Sensor module

Example: 
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Sensor VS. Sensor module

Example: 
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Sensor VS. Sensor module

Example: 
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Analog to Digital Converters (ADC)
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1. Resolution

• Number of bits (12-bit → 4096 levels)

• Effective number of bits (ENOB)

• Inversely proportional to sampling rate

2. Sampling rate

• Nyquist: fs = 2 x fN



Signal Range
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Signals are usually encoded as voltage:

• All the voltages are referenced to a common potential 

(usually denoted as ground, GND)

• Commonly used 5V, 3.3V, 1.8V systems

https://learn.sparkfun.com/tutorials/logic-

levels/arduino-logic-levels



Amplifiers

11

Reddit, r/EngineeringStudents



FSR

12https://cdn2.hubspot.net/hubfs/3899023/Interlinkelectronics%20November2017/Docs/

Datasheet_FSR.pdf



Voltage divider
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Wheatstone Bridge
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• Measures small resistance changes as differential 

voltage → cancels noise and drift.

• Reduces effects of supply variation.

• High sensitivity when bridge is near balance.

At balance (VG = 0):



Relative measurement & Absolute measurement
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Challenges with absolute measure:
• Requires high calibration accuracy

• Requires stable references
• Sensitive to drift, noise, and environmental variations

• Achieving long-term stability is expensive and complex

Linear system vs Non-linear system

Rotary Encoder Force Sensitive Resistor



Potential Setup
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USB/UART



Why use a µC board?
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• GPIO: analog and digital

• I2C, SPI

• UART

• PWM

• Voltage Supply & Ground

Additional modules:

• SD card

• BLE

• Sensors
• ...



Arduino-style embedded programming
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Boards

Arduino
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STM32Teensy



I2C
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2 wire serial bus

Unique address for each device

https://www.analog.com/en/resources/technical-articles/i2c-primer-what-is-i2c-part-

1.html



UART

21https://academy.nordicsemi.com/courses/nrf-connect-sdk-

fundamentals/lessons/lesson-4-serial-communication-uart/topic/uart-protocol/

Data streaming set by baud rate : 9600, 57600, 115200, 921600



Example by Binghao Huang

22Poster, 3D-ViTac: Learning Fine-Grained Manipulation with Visuo-Tactile Sensing, 

Binghao Huang, Yixuan Wang, Xinyi Yang, Yiyue Luo, Yunzhu Li



Finite number of channels
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• Limited number of ADC channels

• Communication bottleneck

• Cross talk

Typical solutions:

• Multiplexing

• Bus sharing

• Multithreading

• System partitioning



PCB design Tutorial - Kicad

Step 1: Schematic

24https://www.raypcb.com/kicad-schematic-to-pcb/



PCB design Tutorial - Kicad

Step 2: Layout

25https://en.wikipedia.org/wiki/KiCad

https://www.kicad.org/

https://en.wikipedia.org/wiki/KiCad


PCB design Tutorial - Kicad

Step 3: generate Gerber files (equivalent to .stl in CAD)

26https://www.ourpcb.com/gerber-files.html



PCB design Tutorial - Kicad

Step 4: Order PCB from manufacturer

27https://jlcpcb.com/



Time to build !
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