Automated Watering system with |oT:

Implementation of precision irrigation with microcontroller

group 6



Overview

Objective

Develop an automated loT-based small-scale watering system
that monitors soil humidity and controls irrigation.

Inspiration

Inspired by modern smart agriculture trends and the
microcomputer lecture labs.

Applications

Smart farming and gardening systems and automated
greenhouse operations.
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Background Research and literature review




Research - arXiv:2409.11200

Title: LoRa Communication for Agriculture 4.0:

Opportunities, Challenges, and Future Directions (2024)

* Long Range (LoRa) technologies is key B b iy e S feetetts
enabler for agriculture 10T system.

Application
Servers & Control Center

- Established a smart agriculture network with

UAV . sensor and monitor . data server

* Challenge and future direction for LoRa- éat;l;av;
based loT in smart agriculture. (]) LoRa @])

- Localization and Positioning Techniques.

- Data compression and optimization.

- Sustainable energy solution and energy efficiency.

https://arxiv.org/abs/2409.11200



https://arxiv.org/abs/2409.11200

Research — IEEE 2169-3536

Title: Artificial Intelligence and Internet of Things for

Sustainable Farming and Smart Agriculture (2023)
. . . — . —
Al qnd loT have _revolqt!onlzed agriculture and .
assist company in positive way. -m.,.c — o

- More productive.

- Reducing the amount of waste.

- Satisfying the need for food.

* Smart farming has become an important
component of sustainable agriculture.

- Harvesting and recycling.
- Management of nutrient in crop.

- Control of peStS and diseases httDs://ieeeprore.ieee.orq/document/lOl%OGZG



https://ieeexplore.ieee.org/document/10190626

Research — BIO Web of Conferences 137, 01014

Title: Implementation of an loT-Based Automated Watering System

for Melon Cultivation (2024)

* Solving agriculture task for some

» ESP 32

Relay

water-shortage region u

- Developing precision irrigation system.

- Derive smart agriculture and resource management.

Power Supply
12V

* Promoting the widespread adoption of l10T- ensf

»  XH-M203 |

Solenoid Valve

based smart agriculture.

Relay

: AC220v

- Make research cost efficiently .

- More feasibility 10T agriculture .

I

https://www.bio-conferences.org/articles/bioconf/abs/2024/56/

bioconf icbcd2024 01014/bioconf icbcd2024 01014.html



https://www.bio-conferences.org/articles/bioconf/abs/2024/56/bioconf_icbcd2024_01014/bioconf_icbcd2024_01014.html
https://www.bio-conferences.org/articles/bioconf/abs/2024/56/bioconf_icbcd2024_01014/bioconf_icbcd2024_01014.html

System Architecture




System architecture - experimental equipment

Arduino ESP8266

- Read the data from moisture sensor - Provides Wi -Fi connectivity for Arduino

- control the operation of motor



System architecture - experimental equipment

pump Raspberry Pi
Control by Arduino. - Serves as a server of system
Performing watering operation - Record data

Provides web interface
10



System architecture - experimental equipment

- Measure moisture content in the soll

Input voltage : 3.3 ~ 3.5 (V)

output voltage : 0 ~ 2.3 (V)

soil moisture sensor
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System architecture - experimental equipment

Relay
(High level trigger)

-Because Arduino can’t provide enough
voltage to the pump, so we need to
install batteries and use a relay to
control the pump’s operation.

-When receliving the signal “1”, it will
turn on the pump.

12



System architecture - system diagram

loT Architecture for Automated Irrigation and Remote Monitoring
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System architecture - system diagram

System function — Edge Devices | Edwbevices

(Sensors and Actuators)

e Detect soil humidity and upload it to |

| ESP8266 i

server. | : ;

: OG data | |control i

e Make watering decisions based on | ARDUING i
| rduino | i

detected data and settings. b :

i auctgswt?éolz-zd decision - i

e Connect to the network, automatically :
: i i Water Moisture :

reconnect after disconnection. : Pump Sensor |

|
O



System architecture - system diagram

System function - Cloud Platforms

e Build connection with edge devices.
e Save detected data.

e Forward and process data as a Gateway.

...................................................

Cloud Devices & Platforms

mndc

NGINX Node.js

Backend Server

< hosted on ' RPi

Serverless
Frontend Hosting

hns-'.tmﬁw Render

React Next.js

DNS

provided by
Cloudflare



System architecture - system diagram

e — — — — — — — — — —— — —— —— — o —

SyStem funCtion - App"C&tiOh E User Devices &

Applications

e Enable user to review the historical and
real-time data.

Users

e Allow users to manipulate edge devices |
settings according to their own demand. ? .

! Live Demo: i
| https://cch137.link/view/CO3006 |




System architecture - system diagram

Data trend — humidity percentage
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System architecture - system diagram

Data trend - Decision parameter setting
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System architecture - system diagram

Data trend — Website & Historical data

Server [F---- > User




Methodology




ula-}:(:p:'ﬂm = :_.a ffsets U) % 100

M: Soil moisture percentage (0~100%)
Vraw: Return value of the sensor (0~1023)

Voffset;: Offset of V, we use it to correct the value.

Thaoa AdAafarlilt vvaliia ic REN0 (N~~1 022D\
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M: Soil moisture percentage (0~100%)

L: The lower limit of soil moisture percentage (0~100%)

U: The upper limit of soil moisture percentage (0~100%)

[: The time Iinterval of transmitting data. The unit is milliseconds.

Operation logic:

1.When M<L, start watering.
2.When M>U and watering, stop watering.
3.Return M to the server per I milliseconds.

Voffset, L, U, I can be changed by user.
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Arduino

Program

Operation

ESP8266 Program Operation

Arduino Ad(simulated
TX CP2102 RX RX)

Arduino A3(simulated
RX CP2102 TX TX)
EN Arduino 13
3.3V Breadboard 3.3V Breadboard 3.3V
GND Breadboard GND Breadboard GND

Triggered before Triggered before

RST programing operation
GPIOO Breadboard GND
GPIO2

3.3V
5V

GND
RST

13
A3

A4
A5

No wiring is allowed
during programing

No wiring is allowed
during programing

Breadboard 3.3V
Breadboard 5V

Breadboard GND
Arduino 7

Relay IN

Arduino RST
ESP8266 EN
ESP8266 RX

ESP8266 TX
Sensor AO
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Arduino 5

VCC Breadboard 5V
GND Breadboard GND
Others Motor

Sensor

AO Arduino A5

VCC Breadboard 5V
GND Breadboard GND

Breadboard

Breadboard GND

Breadboard 3.3V

Breadboard 5V

Arduino GND
ESP8266 GND
Sensor GND
Relay GND

Arduino 3.3V
ESP8266 3.3V

Arduino 5V
Relay VCC
Sensor VCC
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1. Reduced Bandwidth Usage: Custom packets are more efficient
than JSON and XML, making them particularly suitable for IoT
scenarios.

2. 1-Byte Header: Each header is 1 byte, with a value range of 0 to
255.

3. Opcode: The header value serves as an opcode, and devices
execute actions based on the opcode.

4. Flexible Payload: Each packet can have a different payload
design depending on the requirements.

25



Opcode (uint8) Description Packet length (byte)

General
0 Invalid opcode, initial value of packet header 0
Server — ESPB266 (TCP)
101 FING 1
102 PONG 1
112 Set variables (restore the last setting at startup 1+4+4+4+4
or triggered by the user updating the value)
Payload:
[unt32 x 4]V _offset, L, U, |
113 Request Arduino vanable configuration 1
ESP8266 — Server (TCP)
101 FING 1
102 FONG 1
110 Submit soil moisture percentage (forwarded from . 1+1
Payload:
[uint8]H
111 Submit the current edge configuration (forwarded 1+4+4+4+4
Fayload:

[unt32 x 4]V offset L U, |
114 Request the vanable configuration of the server (f 1 26



ESP8266 — Arduino (UART)

112 Set vanables (forwarded from server)
Fayload:
[uint32 x 4]V offset, L, U, |

113 Request the vanables of the edge device (forwarc

Transfer text messages to Arduino’s Senal
Fayload:
[string] s message string (ending with 'n)

Arduino — ESP8266 (UART)

110 Submit soil moisture percentage
Fayload:
[uint&]H

111 Submit the current edge varniable configuration
Fayload:

[uint32 = 4]V offset, L, U, |
114 Request the vanable configuration of the server

1+4+4+4+4+1

1+1
1+len(s)+1

1+1+1

1+4+4+4+4+1

1+1

27



_Methodology-UART

% data

ARDUINO

Edge Devices
(Sensors and Actuators)

ESP8266

'y

control

automated
control

Arduino |

UNO

decision

data

Water
Pump

Moisture
Sensor

UART (Universal Asynchronous Receliver-Transmitter)

-We use UART to build bidirectional communication
between Arduino and ESP8266.

-On hardware, we connect the TX and RX of Arduino
to the RX and TX of ESP8266 respectively.

-On software, we use serial to send and recelve data,
choosing 9600 Baud rate.
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Methodology — Auto-restart mechanism (AR)

Sometimes, we may encounter unexpected connection failures ......

* We intentionally turned off the Wi-Fi hotspot to
test its reconnection mechanism.

Monitor Mod= SRR View Mod= [ Fort [ Possible reasons of failures
D Start Monitoring = #a Q B &8
18:90:41:804 -> M=44

18:00:46:817_-> M=da * Connection Interruptions
18:00:50:532 -> [ESP8266]: Wi-Fi connection failed

18:00:50:544 -> [ESP8266]: TCP ping

18:8©:51:827 -> M=44 11

15.00.26.840 3 Hodd * Insufficient memory
18:81:81:849 -> M=44

18:01:02:754 -> [ESP8266]: Wi-Fi connection failed

18:01:02:776 -> |ESP8266|: TCP ping ° UnStable SlgnaIS

18:91:02:787 -> [ESP8266]: TCP closed

1-01-A8-RE 5 M-—AA

[ESP8266]: Wi-Fi connected, SSID: Galaxy A21s5CF7

[ESP8266]: IP address: 192.168.43.169 ¢ Data. paCkEt errors

[ESP8266]: TCP connecting... . .
[ESP8266]: TCP connected (parsn’]g fa”ure)
[ESP8266]: TCP ping

[ESP8266]: TCP closed

18:01:08:394 -> [ESP8266]: TCP connecting...

18:01:08:410 -> [ESP8266]: TCP connected

18:01:08:427 -> [ESP8266]: TCP ping

18:81:11:871 -> M=44 29

>
>
>
>
>
>
>
>

18:01:08:215 -
18:901:08:250 -
18:01:8:275 -
18:01:08:300 -
18:901:08:308 -
18:01:©8:369 -

WOW W W WV WYY YWY




Methodology — Auto-restart mechanism (AR)

Therefore, we designed an auto-restart mechanism in the code.

* Success In connected

Arduino
UNO (EN)

ESP8266

My Soil Moisture Control Center

68C63ACTF88C * Restart the system when an anomaly is detected.
lorgec o * Control the EN pin of the ESP8266 to trigger a reset
Monitor Mode Serial N View Mode Text  Port COM4 - Arduino Uno (COM4) o

Lineending None | D Start Monitoring = #a o e ©

16:20:31:865 -> waiting for server initialization... ESPB:ZEE
16:20:34:872 -> waiting for server initialization...

16:20:35:772 -> [ESP8266]: Wi-Fi connected, SSID: Galaxy A21s5CF7
16:20:35:809 -> [ESP8266]: IP address: 192.168.43.169
16:20:35:833 -> [ESP8266]: TCP connecting...

16:28:35:854 -> [ESP8266]: TCP connected
16:20:35:871 -> [ESP8266]: setup done

16:20:35:887 -> [ESP8266]: TCP ping * |If the Wi-Fi or WebSocket disconnected......
16:20:35:903 -> machine initialized: V_offset=36@, L=50, U=75, I=1000 . .
16:20:35:911 -> M=2 * System will attempt to restore the connection

16:20:36:907 -> M=1

to ensure stable functionality -




Methodology — TCP or WEBSOCKET

Dormitory network ?

140.115.X.X

ESP8ZGGT [ - ] or [ WebSocket]. Backend Server

hosted on ? RPi




Methodology — TCP v.s WEBSOCKET (assumption)

Dormitory network

ESPSZGGT

ESP8266

Success in connected when we change Websocket into TCP

140.115.X.X

Backend Server

hosted on 3 RPi

140.115.X.X

Backend Server

hosted on ﬁ RPi

X

Connection failed

v

Connected successfully
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Methodology — TCP v.s WEBSOCKET (assumption)

Dormitory network

ESP826('ST

ESP8266

Success in connected when we change Websocket into TCP

Firewall 1111

140.115.X.X

Backend Server

hosted on 3 RPi

140.115.X.X

Backend Server

hosted on ﬁ RPi

X

Connection failed

v

Connected successfully
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Methodology — TCP v.s WEBSOCKET (assumption)

n __Human-computer interaction layer, where - HTTP N We bSOCket

applications can access the network services . .

(7_ Application Layer)
n Ensures that data is in a usable format and is pp y
~ where data encryption occurs
ﬂ __Maintains connections and is responsible for
controlling ports and sessions

g 200 09290090 29— ) ’ ) o TCP S UCP

n _ ;rg:z?:]l;s_rdg;aaﬁznILthI;ansmussuon protocols e (4_ Transport Laye r)

et
ﬂ — Decides which physical path the data will take

ﬂ — Defines the format of data on the network e Firewalls are often COﬂfIgUI’Gd with
— rules to filter specific application-layer.
n — Transmits raw bit stream over the physical medium

OSI| Model

34



Methodology — TCP v.s WEBSOCKET (assumption)

Dormitory network

ESP826('ST

ESP8266

Success in connected when we change Websocket into TCP

Firewall 1111

140.115.X.X

Backend Server

hosted on 3 RPi

140.115.X.X

Backend Server

hosted on ﬁ RPi

X

Connection failed

v

Connected successfully
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Challenges and solutions

36



Challenges & Solutions

How to design the watering device?

water bottle in a high place @ a pumping @

37



Challenges & Solutions

Why not plants?

A: We are mainly designing a precision irrigation tool.

Automated Watering system with IoT:

Implementation of precision irrigation with microcontroller

Precision irrigation tool combined with automatic sensors and microcontroller implementation

38



Challenges & Solutions

Cost and commodification?

Edge device 1 | . _

) § TSl * Feasibility IoT agriculture
Fdoedevice2 ._________ > % Backendsener . Automate_d _watermg system
p \ === 2 3 e * Cost — efficiency

- ”
5 - - P d
Edge device 3 - PR | El
\ J -~ -
”
- s

Raspberry Pi :Persist data storage and act as a server

39



Relevance to course
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Project relevance to the course

Microcomputer Embedded system — microcontroller in 10T
(Raspberry Pi) (Arduino, ESP8266...)
~ =
N ~ - _ _ -~
N ~ -
. Automated watering
Wireless loT
~
/ ~ <
/ ~< -
il -

Network sockets

Wireless network
(OSI model, TCP, WSS, HTTPS...)

(LAN, wireless sensor...)
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Demo

42
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Demo — B R (IFEMINTTHIAREE

Monitor Mode Serial N View Mode Text

. . 1 user online
My SOII M OIStu re contro" Cente r 1 device online Port COMS3 - Standard Serial over Bluetooth link (COM3) ~ O Baudrate 115200

Line ending None [> Start Monitoring == 2| o & {‘B’
68C63ACT7F88C 17:52:27:327 -> M=88

. 17:52:27:631 -> M=88
Target Moisture 70% — 90% ’ 17:52:27:934 -> M=89

17:52:28:233 -> M=89

Recording Interval 0.3s 17:52:28:535 -> M=89
17:52:28:834 -> M=89
17:52:29:137 -> M=89

Advanced Settings 17:52:29:441 -> M=89
17:52:29:740 -> M=89
17:52:29:760 -> stop watering
17:52:30:043 -> M=90©

Query Range 17:52:30:345 -> M=90©
2024/12/17 17:51 - 2024/12/17 17:53 17:52:30:645 -> M=9©

17:52:30:948 -> M=9©
17:52:31:030 -> [ESP8266]: TCP ping
17:52:31:247 -> M=90©
17:52:31:550 -> M=9@©
17:52:31:853 -> M=9@©
17:52:32:152 -> M=89
17:52:32:455 -> M=90©
17:52:32:758 -> M=9@©
17:52:33:857 -> M=90©
17:52:33:360 -> M=90©
17:52:33:674 -> M=90©
17:52:33:962 -> M=90©
17:52:34:265 -> M=90©
1Lz Eras =5






http://www.youtube.com/watch?v=U4I8x0l3QrI

Demo now
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Thank you for listening
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