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Design of Low-cost Al-Applied Embedded System on ESP32-CAM

for Leaf Fungal Disease Analysis: A Case Study of Bell Pepper
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Abstract

This article presents the design and development of a low-
cost embedded system for detecting fungal diseases on leaves
by applying Artificial Intelligence (Al) technology on the ESP32-
CAM device, which has built-in image processing capabilities.
The system is trained with a Convolutional Neural Network
(CNN) model to analyze 64x64 pixel bell pepper leaf images in
Greyscale format, classifying them into two types: normal leaves
and leaves with fungal infections. The model is developed using
Python and converted to TensorFlow Lite format for use on
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ESP32-CAM with the EloquentTinyML library, enabling the
system to work offline without relying on the Internet (Edge-Al).
The experimental results show that the system can classify
diseases with an average accuracy of 92.5% and takes an
average processing time of about 3 seconds per image. In
addition, the system can control a relay for automatic fungicide
spraying and alert the user when an infection is detected. The
proposed system is a low-power system that can work
continuously in the field with a backup battery. The total
system assembly cost, excluding the spray pump, is
approximately 1,800.- baht, suitable for small farmers or areas
with limited internet connectivity and budget.

Keywords: Artificial Intelligence, Plant Disease Detection, ESP32-
CAM, Machine Learning, Fungal Disease, Bell Pepper, Smart
Agriculture
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1. Collecting and preparing the bell pepper
leaf image data for training the model, with 2
sets of images:

1.1. Normal bell pepper leaves

1.2. Bell pepper leaves with fungal disease
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2. Use Python to train a Convolutional Neural
Network (CNN) model with 64 X 64 pixel

images.

3. Convert the trained model to TensorFlow
Lite (TFLite) format for use on ESP32-CAM.

U

4. Developing embedded programs with
Arduino IDE using EloguentTinyML library
to run models in ESP32-CAM.

g

5. Installing the actual system and connecting
to the relay to simulate automatic spray
control and alerting when diseased leaves are
found. The entire system is designed to work
offline (Offline Inference), does not need to
rely on the Internet, and can work with low
power consumption. It can be used in remote
agricultural areas.
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