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3
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3. ﬁgmi/%”uﬁaumiwam (METHODOLOGY)
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Arduino Uno R4 .

Power Bank

Breadboard
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(RESULTS AND DISCUSSION)
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Abstract

Small-scale hydroponic lettuce farmers in Thailand face
nutrient deficiencies, diseases, and high costs from traditional
methods. This research developed Dr.VeggieBot Al System using
AloT with Edge Computing to analyze lettuce health from leaf
images and automatically manage nutrients. The system
integrates Al camera, ESP32 microcontroller, solenoid valves,
and solar power.Testing showed 95% accuracy for nitrogen
deficiency, 92% phosphorus, 89% potassium, 85% diseases, and
91% pest damage detection. The system achieved 98%
reliability with +2 seconds precision and under 10-minute
response. Dr.VeggieBot solves major problems through
automated monitoring and precise nutrient management.
Operating every 4 hours using solar energy, it suits 1.5-10 meter
farms and can expand to other leafy vegetables for sustainable
smart agriculture.

Keywords: Al, 0T, Smart Agriculture, Dr.VeggieBot

1. Introduction

The vegetables market in Thailand is valued at USS$8.14
billion (approximately 285 billion baht) in 2024, projected to
grow annually by 4.70% (CAGR 2024-2029) [1], but more than
70% of small-scale farmers rely on traditional methods, facing
nutrient deficiencies, plant diseases, pest infestations, and high
costs [2]. These problems cause reduced yields and economic
losses.

Previous smart farming systems for small-scale farmers [3] are
either general-purpose, not lettuce-specific, or too complex and
expensive for small farmers [4]. Some loT systems monitor
environment but lack comprehensive plant health analysis from
leaf images and advanced nutrient management [5]. Without
addressing these gaps, Thai lettuce farmers will continue
struggling with inefficient methods.

Therefore, this research develops the Dr.VeggieBot Al System
using AloT with Edge Computing [6] to analyze plant health from
leaf colors, automatically manage nutrients with real-time
monitoring, and prevent pests using bio-fertilizer and herbal
extracts, providing an affordable solution for small-scale lettuce
cultivation.

2.1 LITERATURE REVIEW

Analyzing lettuce health from leaf images is based on the
principle that nutrient deficiencies manifest as specific color
changes in plant leaves [7]. The Al classification model uses
machine learning algorithms to identify patterns:
Classification Function: f(RGB) — Deficiency Type
Where RGB represents color values extracted from leaf
images, mapping to specific nutrient deficiency categories
(nitrogen, phosphorus, potassium) or disease conditions.
Where RGB represents color values extracted from leaf images,
mapping to specific nutrient deficiency categories (nitrogen,
phosphorus, potassium) or disease conditions.
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The Dr.VeggieBot system employs hybrid Edge-Cloud computing
architecture where Al image analysis is performed locally on
ESP32 microcontroller, ensuring 99% operational uptime even
with intermittent internet connectivity. The AloT integration
combines artificial intelligence with Internet of Things
connectivity, creating an intelligent network for automated
plant care while maintaining cloud connectivity only for critical
data logging.

2.2 Related Research Work

Previous studies have demonstrated the effectiveness of
artificial intelligence in plant disease detection and nutrient
deficiency identification. Research on advanced deep learning
models for plant disease detection has shown high accuracy in
identifying various plant diseases from images [8].

Studies on lettuce nutrient deficiency detection showed
that machine vision methods can identify trace-element
deficiencies in lettuce with high accuracy. Using ShuffleNet,
researchers achieved accuracy rates exceeding 99.5% [7], and
Random Forest algorithms with color features achieved 97.6%
accuracy [7]

Research on small-scale farmers under Thailand's Smart
Farming System revealed that small farms have an average size
of 4.04 hectares (25.3 rai), with 26.5% of farm households having
less than 1.6 hectares (10 rai) [3]. This represents the key target
group for developing accessible agricultural technologies.

Studies on PND-Net for plant nutrition deficiency and disease
classification using Graph Convolutional Networks have
demonstrated the potential of advanced deep learning
approaches for plant health monitoring [9].

3. METHODOLOGY

The experimental methodology was designed to address
the problems of small-scale lettuce farmers through
systematic development and testing of the Dr.VeggieBot Al
system. The approach consists of four main phases: system
design, hardware integration, software development, and
prototype testing.

Phase 1: System Design and Planning
Analyzing lettuce health from leaf images is an effective

method for detecting problems before obvious symptoms
appear, as lettuce shows symptoms through leaf color changes
such as:

e Yellow/pale leaves from nitrogen deficiency

®  Purple/red leaves from phosphorus deficiency

e |eaf edge burn from potassium deficiency

®  Black spots from plant diseases
Therefore, a simulated vegetable plot was designed for this
experiment, as shown in Figure 1.
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[ ]
Front and back side of simulated vegetable plot .
Figure 1. Simulated vegetable plot for testing the Dr.VeggieBot
Al Intelligent Lettuce System with Al and loT °
[ ]

Phase 2: Hardware Integration

The Dr.VeggieBot system comprises integrate components as
shown in Figure 2: Al Husky Lens camera (2MP), 5 solenoid
valves for N-P-K nutrients and extracts, pressure misting pump
(40 PSI), water circulation system with Float Switch sensors,
solar power system with energy storage, ESP32 control board

Electrical Engineering Academic Association (Thailand)

Brain 2: Nutrient Pharmacist (Automatic Nutrient Management)

ESP32 processes data from Al camera and controls Relay
to operate solenoid valves for releasing deficient nutrients to
the vegetable plot:

Relay 1-3: Control N-P-K nutrients according to
lettuce-specific formula

Precise measurement system through valve opening-
closing time control

Automated solenoid valve control based on
detected deficiencies

Sequential delivery system preventing simultaneous
valve operation

The nutrient management workflow is illustrated in Figure 4.

Activates _ Turn
5z on/off

=

2t ’
with WiFi, and multi-channel relay system. g —> A
ESP32 Relay Solenoids
Processing Control Solenoids releases nutrient

(@) Al Camera HukyLehs (b) Solenoids Valves

() Voltage Inverter  (g) ESP32

Figure 2. Simulated vegetable plot for Dr.VeggieBot Hardware

Figure 4. Nutrient Pharmacist (Automatic Nutrient Management)

(c) Misting Pump Brain 3: Security Guard (Organic diseases & Pest
PP Control)
3 R\ »

Relay 4: Controls bio-fertilizer spraying for disease
prevention.

Relay 5: Controls herbal extract spraying for pest
deterrence.

Pressure misting pump for fine spraying using
dedicated solar panels.

Monitor results after 6-12 hours

The pest control system operation is detailed in Figure 5.

Activates Turn u

Integration.
Relay m  on/off
: )

Phase 3: Software Development and Al Training v

Three main intelligent components were developed: ESP32 Relay Solenoids

Brain 1: Leaf Doctor (Leaf Analysis System) ) ) )

; Processing Control Solenoids  releases nutrient

Al Husky Lens camera captures leaf images every 4 hours
during 06:00-18:00 and uses Health Classification model for Adiust wat
analysis, sending data to ESP32 Microcontroller for processing: Just water

®  Yellow/pale leaves (nitrogen deficiency)
® Purple/red leaves (phosphorus deficiency)
® | eaf edge burn (potassium deficiency)

®  Black spots (diseased leaves)

® Holes/tears (pest damage)
The system architecture is shown in Figure 3.

pressure
g M|st|ng “

'h
1’

Figure 5. Secunty Guard (Organic Pest Control)

Phase 4: Support Systems Implementation

Two support systems were integrated:

Al HuskylLens camera captures ESP32 Support System 1: Water Circulation Level Control

and analyzes images Processing Automatic water quality and circulation control as shown in

Figure 3. Leaf Doctor (Leaf Analysis System)
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Figure 6:
® 2 Float Switches: Measure upper and lower water
levels
® Relay controls pump operation
®  Mini Pump 12V 300mA: Pumps water when level is
high, stops when lowé-layer water filtration system:
®  6-layer water filtration system: large gravel, small

gravel, charcoal, coarse sand, fine sand, cotton.

Turn
on/off
—>‘
[e——
Control
Mini pump

Mini pump pumps

L Send Signal

Float Switch detects
water level

water to tank
84> =
'EEE
Release water back to the

Vegetable plot
Water filtering

Figure 6. Water Circulation System (Water Circulation Level Control)
Support System 2: Solar Power & Energy Management

100% clean energy system with intelligent power

management detailed in Figure 7:
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TPANSA 2 Lithium Li-ion 18650

MT3608
Step-up

Soll Module

Figure 7 Set2 Solar Power & Energy for solenoid power

System Control Flow:

The operational procedures of the 3 intelligent brains follow a
comprehensive control flow as shown in Figure 8a-8d. The system
starts by initializing solar power and loT devices, then begins
continuous monitoring with the Al camera scanning every 4 hours for
plant health analysis. The control flow demonstrates how each
subsystem coordinates to provide automated plant care through the
integrated decision-making process, ensuring seamless operation from

detection to treatment delivery.
START
Dr.VeggieBot

Initialize Solar
Power& loT
devices

I

Start water
circulation
system

1

Ai camera

Main Components:

e 2 sets of 12V solar panels (Set 1 for main system and
misting pump, Set 2 for solenoid power)

e 12V 7.2AH battery

e  Solar charge controller (Set 1): 3.3V — 5V voltage

conversion for ESP32, HuskyLens, Relay and Pumps,

scans every
4 hours

Leaf
Health
analysis Result

plus 12V for misting pump

e TP4056 Solar charge controller (Set 2): Voltage
conversion and charging management for Li-ion
batteries, prevents overcharging and overcurrent

e 2 Lithium LiHon 18650 batteries (9000mAh) for energy storage

e MT3608 Step-up Module: Voltage conversion from Li-

jon batteries — 12V for Solenoids.

Solar charge 12V 7.2 AH
controller battery

Voltage conversion

—> 12V for Misting
Pump

Solar cell

Rupaitiail
Relay Pumps

ESP32 HuskylLens

Figure 7 Setl Solar Power & Energy
for main system & misting pump
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operation?

End

Nutrient Disease Pest damage
deficiency detected detected
] { ]
Nutrient Disease Pest
No problem . . .
execution execution execution
detected protocol protocol protocol
Continue
Lo . Result from
'—monitoring until o
further notice monitoring

Figure 8a. Dr.VeggieBot operation according to Flow Chart
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Ai camera
captures
leaf

Al Health
Classification
leaf

analysis

Y

Yellow/Pale

deficiency

Purple/Red
leaf (N) (P)
deficiency

Burnt leaf
(K)
Deficiency

Dark spots
Plant
disease

Holes/Tear
Pest Damage

I

Sent data to
ESP32

[

ESP32
process and
decide

Figure 8b. Operation of the Leaf Doctor System (Leaf Analysis

System) according to Flow Chart

ESP32 gets info
from Ai Husky
lens

!

Check nutrient

deficiency
N deficiency P deficiency K deficiency
open Relay 1 open Relay 2 open Relay 3
valve N valve P valve K

l

|

l

Solenoid Valve 1

Solenoid Valve 2

Solenoid Valve 3

Release Release Release
Nitrogen Phosphorus Potassium
Nutrients

Go to 1

Vegetable plot

Figure 8c. Operation of the Nutrient Pharmacist System

(Automatic Nutrient Management) according to Flow Chart
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Esp32 gets info
from Ai husky
lens

Check Problem
Type Detected

w

Funeal disease

Open Relay 4 to
Open valve 4
(Fermented liquid)

d

valve 4 pumps
fermented liquid
out

w

Pest Detected

Open Relay 5 to
Open valve 5
(Bio-herb liquid)

i)

valve 5 pumps
Bio-herb out

Flows through
Mist pump

i

Mist pumps out

i

Check the result
after pumping

out

Is there any
problem?

Un-fixable

Pump it again

Pest Control)

fixable

Turns to its
normal state

!

Notes down the
solution

Figure 8d. Operation of the Security Guard System (Organic
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Testing the Dr.VeggieBot system in a prototype plot for 3
months showed results as presented in Table 1.

Table 1: Dr.VeggieBot System Test Results

System Condition Test Results
Leaf Analysis | Yellow/pale leaves (nitrogen 95% detection
deficiency) accuracy
Purple/red leaves 92% detection
(phosphorus deficiency) accuracy
Leaf edge burn (potassium 89% detection
deficiency) accuracy
Black spots (diseased leaves) | 85% detection
accuracy
Holes/tears (pest damage) 91% detection
accuracy
Nutrient Automatic N-P-K nutrient 98% function reliability
Management | release
Opening-closing time +2 seconds
accuracy
System response time < 10 minutes
Sequential control reliability | 98%
Pest and Herbal extract spraying Functions according to
Disease commands
Prevention Bio-fertilizer spraying Functions according to
commands
Misting system operation 98% function reliability
Response time to detected < 10 minutes
Water Water level sensor Accurately measures
Circulation high-low levels
Water pumping to filtration Functions according to
tank commands
Power 2 solar panel sets Operates continuously
System Sets Operates continuously System Functions for

Battery backup system 8-12 hours

4. RESULTS AND DISCUSSION

From the testing, the following results were obtained:

Plant Health Analysis: The system can effectively analyze
plant health from leaf colors and demonstrates high accuracy
in detecting black spots on diseased leaves. The system
successfully differentiates various leaf colors as designed.

Nutrient Management System: The system can release
nutrients according to image analysis commands with precise
valve opening-closing time control accuracy of +2 seconds.

Plant Disease Management and Pest Control System: The
system can spray organic bio-fertilizer for disease prevention
and herbal extracts for pest deterrence according to commands.

Water Circulation  System: The system operates
continuously with the water pump functioning according to
commands from water level sensors that accurately control
tank water levels.

Solar Power System: The use of solar panels enables
continuous system operation with stable performance.

5. Summary

The Dr.VeggieBot Al Intelligent Lettuce System using loT
can solve major problems of small-scale lettuce farmers
through Al-based plant health analysis from leaf images,
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automatic nutrient management, and pest prevention using
herbal extracts, plus disease prevention using bio-fertilizer.

The system operates automatically every 4 hours, can respond
to problems within 10 minutes, and uses 100% clean energy
from 2 solar panel sets. This system is suitable for small-scale
farmers with plots of 1.5-10 meters and can be expanded to
other leafy green vegetables in the future. Prototype testing
results demonstrate that the system can function according to
objectives.
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