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Food Security
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Traditional Farming
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Labor Shortage and Farmer Aging

Source: 聯合報
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Source: Council of Agriculture, Executive Yuan. 2022.
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What is a Microcontroller (MCU)?

• Programmable small computer

• In the form of an integrated circuit (IC)
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Source: https://link.springer.com/chapter/10.1007/978-3-030-41110-7_3
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Source: https://www.theengineeringprojects.com/2021/11/components-of-internet-of-things.html

https://www.allaboutcircuits.com/news/st-packs-power-connectivity-strengths-stm32-into-wireless-mcu-module/

Microcontroller in IoT



Yan-Fu Kuo

Dept. of Biomechatronics Engineering 9

Smart Agriculture

Source: https://doi.org/10.3390/app10248904
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Source: https://spectrum.ieee.org/uavs-flex-their-artificial-muscles

https://www.mdpi.com/2077-0472/13/4/871

Microcontroller in Local Control
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Future Agriculture

Source: https://concaveagri.com/smart-farming/
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MCU Producers and Markets

Source: https://es.slideshare.net/Yole_Developpement/microcontroller-quarterly-market-monitor-q3-2021-sample
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Global Participants of MCU Manufacture

Source: https://es.slideshare.net/Yole_Developpement/microcontroller-quarterly-market-monitor-q3-2021-sample
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MCU Market Size
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Major MCU Suppliers

NXP
18.80%

Microchip
17.80%

Renesas
17.00%

ST
16.70%

Infineon
11.80%

Others
17.90%

Source: https://evertiq.com/news/52011
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Where Can We Find MCUs?

Source: https://www.linkedin.com/pulse/omegatech-devices-curtis-carter/
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MCU on Cars

Source: https://www.linkedin.com/pulse/microcontrollers-used-automotive-applications-field-amin-agina/
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MCU Used in Agriculture

Source: https://www.hars.com.tr/en/what-are-the-main-parts-and-functions-of-the-tractor

https://www.assemblymag.com/ext/resources/White_Papers/Sep16/Introduction-to-Machine-Vision.pdf 

https://medium.com/vsinghbisen/application-of-computer-vision-in-precision-agriculture-farming-79b0600d5a5d
18
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Difference between MCU, MPU, and PLC

Source: https://www.amsmart.com.tw/products/fx3u-32mres
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MCU vs. MPU
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Physical Size of a MCU

Source: https://makersportal.com/shop/atmega328p-u-with-arduino-bootloaderhttps://hackaday.com/wp-

content/uploads/2019/05/maker-faire-ATmega328-decapped.jpg
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Inside a MCU

Source: https://commons.wikimedia.org/wiki/File:Microchip_PIC16C74A_die.JPG
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Inside a MCU
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How to Choose a MCU?

• Number of I/O pins 

• Bits

• Memory (RAM and ROM)

• Clock frequency 

• Power consumption 

• Internal functions (ADC and PWM)
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Number of I/O Pins

USB, Ethernet,

CAN, ADC, DAC
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Bits and Memory
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Clock Frequency

Source: https://en.prnasia.com/releases/apac/artery-at32-mcu-drives-the-new-future-of-aiot-372583.shtml
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Analog-to-Digital Converter (ADC)

Considerations:

• Resolution

• Sampling freq.

• Input range

• # of channels  
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Pulse width modulation (PWM)
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Wired Communications – I2C, SPI, and UART

Source: https://www.mbtechworks.com/hardware/raspberry-pi-UART-SPI-I2C.html
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Timer

Source: https://www.renesas.com/us/en/support/engineer-school/mcu-programming-peripherals-02-timer
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What We Teach about MCU at NTU?

Source: https://www.icrfq.net/electronic-components-suppliers-in-malaysia/
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Computer Architecture

Source: https://www.101computing.net/8-bit-alu-using-logic-gates/

https://en.wikipedia.org/wiki/Computer_architecture
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MCU in the Mechatronics Concept Map
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MCU Applications at NTU
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What Do I Teach in the MCU Course at NTU?



Yan-Fu Kuo

Dept. of Biomechatronics Engineering 37

Line Tracking and Maze Running
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Field Robot Competition
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What Will You Learn in the AIoT農業先鋒班?

• Arduino UNO – an integrated microcontroller

• Using Microchip ATmega328p
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Why Arduino?

• Open source 

• Low-cost – less than $30 USD 

• Easy to use – less hardware logic 

• Friendly programming environment

• Dominating the market 
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Arduino UNO

=
Intel 80286 (1982)

Arduino Uno (2010)
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Programming Arduino

Source: http://www.mikroe.com/chapters/view/15/chapter-2-programming-microcontrollers/

• Using sketch – a language very 

similar to C language

• The essential functions of MCU are 

packaged as functions
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Motor 

controller

43

Arduino Shields
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Arduino Family

Entry

Level

Enhanced Features

IoT
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Arduino Nano 33 IoT

Source: https://www.pinterest.com/pin/ics-and-components-pinouts--802344489872655396/

• Embedded WiFi

and Bluetooth

• Low power 

consumption

• Integrated Arduino 

IoT cloud
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An Arduino IoT Project

Source: https://www.youtube.com/watch?v=pgGpuws7f9o
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My Teaching 
Videos

Source: https://www.youtube.com/c/yanfukuo
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AIoT?

Source: https://www.youtube.com/watch?v=IGHi4Vjg9SY

https://os.mbed.com/blog/entry/Mbed-and-Machine-Learning/

• Embeding AI on chips
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Reference Books

"Make: AVR Programming -
Learning to Write Software for 
Hardware" by E. Williams

"The AVR Microcontroller and Embedded 

Systems Using Assembly and C" by M. A. 

Mazidi, S. Naimi, and S. Naimi
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What Project You Would Like to Do in the AIoT Course?

Source: https://eng.libretexts.org/Bookshelves/Biological_Engineering/Introduction_to_Biosystems_Engineering_(Holden_et_al.)

1. Car?

2. Greenhouse?
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