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Food Security
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Traditional Farming
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Labor Shortage and Farmer Aging
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Smart Agriculture

Information and communication technology, 10T, big data, smart machine
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What is a Microcontroller (MCU)?

® Programmable small computer

® In the form of an integrated circuit (IC)
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MCU in loT of
Smart Agriculture

Microcontroller
(MCU)
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Source: https://link.springer.com/chapter/10.1007/978-3-030-41110-7_3



Microcontroller in l1oT
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Microcontroller in Local Control

Electromagnetic

; : Industrial Control
directional valve

Machine

— -

DC/DC converters
Actuator (elevon)

Microcontroller and LPF Angle sensors e

Receiver Display Screen
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Future Agriculture
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MCU Producers and Markets
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Global Participants of MCU Manufacture
A
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MCU Market Size
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Major MCU Suppliers
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Where Can We Find MCUSs?
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Source: https://www.linkedin.com/pulse/omegatech-devices-curtis-carter/
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MCU on Cars
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: Electric Windows
Climate

Augmented Realit Wireless _
Headg-Up-Display(H{JD) e Charging Electric Sunroof
Infotainment / Automatic Trunk

Electric Mirrors

Battery
Wi
Management Sy;&engs Fuel Pump
Water Pump

Electronic
Parking Brake
: Electronic
Al Rump Seat Control
Headlights Electronic Power
Steering (EPS)
Start-Stop Engine Management
Transmission
Integrated

Starter-Alternator Braking (ABS, ESP)

LiDAR Cooling Fan

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

Cloud Server

3G/ GPRS

802.15.4 (2.4 GHz)

Source: https://lwww.hars.com.tr/en/what-are-the-main-parts-and-functions-of-the-tractor
Yan-Fu qu _ _ _ https:/iwww.assemblymag.com/ext/resources/White _Papers/Sep16/Introduction-to-Machine-Vision.pdf 18
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Difference between MCU, MPU, and PLC

Programmable

Microcontroller Microprocessor logic controller
(MCU) (MPU)

(PLC)

STieees
o

LNy | Yan-Fu Kuo Source: https://www.amsmart.com.tw/products/fx3u-32mres
QYT ¥ Dept. of Biomechatronics Engineering 19




MCU vs. MPU

Microprocessor

ccPPwm

VO Ports
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Physical Size of a MCU

R | van-Fu Kuo Source: https://makersportal.com/shop/atmega328p-u-with-arduino-bootloaderhttps://hackaday.com/wp-
/ c% Dept. of Biomechatronics Engineering content/uploads/2019/05/maker-faire-ATmega328-decapped.jpg 21
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Inside a MCU
|

Oscillator
0 - 20MHz

Internal

Oscillator Serial
ommunication

Program
Memory 8K

CPU

A/D CCP1, CCP2
Converter PWM

(35 instructions)

EEPROM (256)

Vref Interrupts WDT

CCP/PWM
modules

PN

RESET
I/O Ports (25mA) Power Supply,
Port A 4} 2 -5.5V e
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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)

) ! Yan-Fu Kuo
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Number of I/O Pins

Small but powerful

% 6-pins
0.5KB Flash

A B Yan-Fu Kuo
QY Dept. of Biomechatronics Engineering

144-pins
512KB Flash

High throughput 32-bit
microcontroller - made easy

Xtreme performance 8-bit

Almost any combination
of peripherals

USB, Ethernet,
CAN, ADC, DAC

25



Bits and Me
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Clock Frequency

Value Line Bluetooth Mainstream High Performance

CPU

288MHz 288MHz

240MHz 240MHz

150MHz 150MHz

4032KB
1024K8 | 1024K8 1024KB
i 512K8 § 512K8
256KB 256KB 256KB | 256KB | 256K8 § 256Kk8 | 256KB
128K8 128KB | 128K8 |
64KB

HSV14

8/16KB

16/32/64KB

96/224K8B 96/224K8

384/512K8 384/512K8 $
&

Yan-Fu Kuo
Dept. of Biomechatronics Engineering ~ Source: hitps://en.prnasia.com/releases/apac/artery-at32-mcu-drives-the-new-future-of-aiot-372583.shtml 27




Analog-to-Digital Converter (ADC)
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Considerations:

Resolution

Sampling freq.

Input range

# of channels
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Pulse width modulation (PWM)

Voltage

Time

Xy ) Yan-Fu Kuo
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Duty Cycle: 05
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Wired Communications — 12C, SPI, and UART

oSN < _
W2 OI§2 Dept. of Biomechatronics Engineering Source: https://www.mbtechworks.com/hardware/raspberry-pi-UART-SPI-12C.html
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SCLK — SCLK SCLK
SP] ﬂgi: g MOSI MOSI
1 > MISO MISO
Cs2 cs3
cs2

CS3 Additional configuration required for more than 2 C5 lines

Rx

™x Device
GND

UART

MBTechWorks.com
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Timer

Elapsed time 10 ms Get input 128

times per second
y

.

F — a
/\
| Mar
Current time
Current date
N v - _J

Yan-Fu Kuo
Dept. of Biomechatronics Engineering ~ Source: https://www.renesas.com/us/en/support/engineer-school/mcu-programming-peripherals-02-timer 31




What We Teach about MCU at NTU?
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Oscillator
0 - 20MHz

Internal
Oscillator

A/D
Converter

Vref

il CCP1, CCP2

CCP/PWM
modules

(35 instructions)

Interrupts WDT

Program
Memory 8K

EEPROM (256)

Clk Timing

5 Bit Bus

M

ROM

3I Instruction

Control

ROM buff

o

RESET

P Suppl
S e @

A 4
2 |1

prc K

Acc <—_
4
N
1 4 <
ALU
4 4
AV 4
. 4
K Alu buff Zero flag
1
4
——)| outport
4
\r In port
L)

Source: https://www.icrfg.net/electronic-components-suppliers-in-malaysia/




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 | Teach in the MCU Course at NTU?

Ay Yan-Fu Kuo
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Line Tracking and Maze Running
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Field Robot Competition
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What Will You Learn in the AloTE FF 12

® Arduino UNO - an integrated microcontroller s

® Using Microchip ATmega328p
ARDUINO

= Blink | Arduino 1.0
File Edit Sketch Tools Help

Blink

*

Blink

Turns on an LED on for one second, then off for one second, repesat)

ee :
b
y , 5 This example code is in the public domain,
TR % "'""" ‘Q ’

: RXWS" ARDUINO

7 - _qum)
(00) (me)@r-p) (um) CE0H)

void setup() {
4 initialize the digital pin as an output.
4 Pin 13 hag an LED connected on most Arduino boards:
pinMode (13, OUTPUT):

1

void loop() {
digitalwrite (13, HIGH}; // set the LED on
delay (108a) /4 walt for a second
digitalWrite (13, LOW); s/ set the LED off
delay(1008); ## wait for a second

f.l " fem

maximum)

Arduing M

) &) Yan-Fu Kuo
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Why Arduino?

Google

arduino

All Images Videos News Maps More Settings

About 135,000,000 results (0.47 seconds)

22 1 EZUCHEEArduino [FghHEE i | Arduino =& B s iR EEE T
www.taiwansensor.com.tw/ ¥ 06 222 1898
GETREREFEGRHEArduin R E IR EHE - KREFFELRE - FRE/NTEE -
Arduino [E2ERF 247 - Arduino Shield THEEITE BN

il

(=

Tools

® Open source
® Low-cost — less than $30 USD

® Easy to use — less hardware logic

® Friendly programming environment

® Dominating the market

Xy ) Yan-Fu Kuo
WY IG5 Dept. of Biomechatronics Engineering

ARDUINO
OPEN-SOURCE
COMMUNITY

40



Arduino UNO

Intel 80286 (1982)

2

< Yan-Fu Kuo
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Arduino Uno (2010)

41



Programming Arduino =

TRISE = 0; // Rll port B pins are configured as
// outputs
PORTB = 0b01010101; // Logic state on port B pins

}

® Using sketch — a language very

; ADDRESS OFCODE ASM

Slmllar to C Ianguage 50000 $2804 GOTO  main
50004 & _main:
fTest.c,1 :: veoid main() {

- - sTest.c,3 :: TRISB = 0; // All pert B pins
® The essential functions of MCU are Gons T TENRS T ser uaies, o
50005 $1683 BSF STATUS, RFO
50006 50186 CLRF TRISE, 1
. ;Test.c,4 :: PORTE = (0b01010101; // Logic state

50007 $3055 MOVLW 85

packaged as functions SO - -l N
$0009 50086 MOVWF FPORTE
sTest.c,5 21 }
s000A S5280R GOTO &

Compiled Program

:100000000428FF3FFF3FFF3F03138316860155304F
:10001000831286000228FF3FFF3FFF3FFF3FFF3F5D
:04400E00F22FFFFF8F

:00000001FF

Executable Code of the program (HEX code)

o~

<>y [B) Yan-Fu Kuo : : : :
j ;;Q Dept. of Biomechatronics Engineering Source: http://www.mikroe.com/chapters/view/15/chapter-2-programming-microcontrollers/ 4o



Arduino Shields

A ! Yan-Fu Kuo
gte) Dept. of Biomechatronics Engineeriny

controller

SD card
logger
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Arduino Family

STARTER KIT

ARDUINO
B
MR ARDUINO
5 W STARTER KIT

ARDUINO UNO ARDUINO NANO

ARDUINO NANO EVERY

ARDUINO NANO 33 ToT

loT

Es8 o

* ! ARDUINO MKR WAN 1310 e MKR GSM 1400

- DNINGHY -

{3
=
m
Y

ARDUINO NANO RP2040 CONNECT

ARDUINO MKR1000

Yan-Fu Ku
Dept. of Biomechatronics Engineering

Enhanced Features

O s s L MKR PROTO SHIELD

ARDUINO ZERO
ey
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Arduino Nano 33 loT

®* Embedded WIFi

and Bluetooth

® Low power

consumption

® Integrated Arduino

CooN <
2 QP

loT cloud

Yan-Fu Kuo
Dept. of Biomechatronics Engineering

Power LED(Green)

Micro USB Port
R e

I;]r
= —RST
, L LR 8 R
r q

low power ARM MCU

SAMD21 Cortex®-M0+ 32bit

4

Nina W102 uBlox module
(WiFi + Bluetooth)

ARDUINO.CC "f‘f‘l‘

5 -
tiT:_ x

2
N
5
-
-
-
-
-
=
N
 J

Arduino Nano
33 loT

ATECC608A
Crypto IC

Programmable
LED(Orange)

LSM6DS3 - IMU
(Accelerometer, Gyro,
Magnetometer)

Source: https://www.pinterest.com/pin/ics-and-components-pinouts--802344489872655396/
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An Arduino loT Project

1
o .<7
e aNants
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Yan-Fu Kuo
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Source: https://'www.youtube.com/watch?v=pgGpuws7f90
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My Teaching
Videos

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

2

&)  Yan-Fu Kuo

(2 3§7 Dept. of Biomechatronics Engineering

Search Q

\

$8ZH Yan-Fu Kuo's Channel !
Professor @NTU BME, -
Lab of Machine Learning and Machine Vision
HRPTARBRRARNEE oka TRAREE
Ya nfU Kuo Customize channel Manage videos
@YanfuKuo 14.2K subscribers 428 videos
BAEHRIPEBENHBRERAFIBE. The teaching and research channel ... >
HOME VIDEOS SHORTS LIVE PLAYLISTS COMMUNITY CHANNELS ABOUT . ¢

MATLAB#Z2 P Playall

BRERZRIEIFIZ MATLABI TI2MREMA FiEia:
https://sites.google.com/view/mlmv/teaching/matlab

MATLAB MATLAB MATLAB MATLAB MATLAB

NTREE WTERE WIREE NTRRE NTERS

MATLABHE - 012 B 58 MATLABE£ - 0252/ FEE MATLABE£ - 03(EEWIET  MATLABHE - 048 EE1ES MATLAB#£ - 05¥)fZ42E
Yanfu Kuo FEREIN SIS =l Yanfu Kuo
244K views * 7 years ago Yanfu Kuo Yanfu Kuo Yanfu Kuo 93K views * 7 years ago

247K views * 7 years ago 148K views * 7 years ago 81K views * 7 years ago

HIRHISEHE2 P Playall

BAERRA—WMERIE (SIS REEERER FEME
https://sites.google.com/view/mlmv/teaching/microcontroller

G E e T R T G E s T R € T R G o G R G E g PR

ishlzEng - FEBN 42854 -- 01Arduino - f,%(&%J S5742 -- 02Arduino -- f#l*ﬁ%]%%?ﬁl; -- 03Arduino -- ﬁﬁ%ﬂ%ﬂ@ -- 04Arduino --
Goriuiin ZENR FASER. SEMES. .. BRSNS BERESE  SWEHEER N
10K views * 4 years ago Yanfu Kuo Yanfu Kuo Yanfu Kuo Yanfu Kuo

33K views - 4 years ago 12K views - 4 years ago 24K views * 4 years ago 7.2K views - 4 years ago
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AloT?

® Embeding Al on chips

D%,

ctx.push(new Requantization_RangeOp(), {"¢
InputLayer  Hidden Layer 1 Hidden Layer2  Output Layer rin_pred®, “reg_out s
784 128 64 10
{softmax) y_pred

(relu) (relu)

g

S_TENSOR regnt_out = ctx.add(new RamTensor<

i i
dimension O S_TENSOR regnt_out_min = ctx.add(new RamTensor<

;\\ Loss Layer S_TENSOR regnt_out_max 3 ,add(new RamTensor<
,// “/)\\\\ (cross-entropy) % ctx.push(nes ans mat_pred”,

2
add_2 | b
H Variable_5 L4

:) ol ¥ S W . “iX.add{new™
0\-‘" = : i ~:..' ‘Z.DUSh("‘ Deqe

MatMul_2

x.add(new RamTensof<
%.push(new AddOp<

ctx.push(new ArgMaxOp<

Graph

Tensorflow Mbed
Source: https://www.youtube.com/watch?v=IGHi4Vjg9SY
Yan-Fu Kuo

Dept. of Biomechatronics Engineering

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

CooN <
&3 v; gl

Yan-Fu Kuo

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

!l Comyrighted Materal
Make:
e

Learning to Write Software for Hardware
Elliot Williams
Copyrishted Material

Dept. of Biomechatronics Engineering

"The AVR Microcontroller and Embedded

Systems Using Assembly and C" by M. A.

Mazidi, S. Naimi, and S. Naimi

THE AVR
MICROCONTROLLER AND
EMBEDDED SYSTEMS
USING ASSEMBLY AND C

SECOND EDITION: BASED ON
ATMEGA328 AND ARDUINO BOARDS

MUHAMMAD ALI MAZIDI,
SEPEHR NAIMI, AND
SARMAD NAIMI
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What Project You Would Like to Do in the AloT Course?

2. Greenhouse?

Greenhouse

7R @ Yan-Fukuo Source: https:/eng.libretexts.org/Bookshelves/Biological_Engineering/Introduction_to_Biosystems_Engineering_(Holden_et_al.)
/ O% Dept. of Biomechatronics Engineering 50
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