www.ijcrt.org

© 2026 IJCRT | Volume 14, Issue 4 April 2026 | ISSN: 2320-2882

IJCRT.ORG

ISSN : 2320-2882

dh

INTERNATIONAL JOURNAL OF CREATIVE
RESEARCH THOUGHTS (1JCRT)

@a% An International Open Access, Peer-reviewed, Refereed Journal

Hand Held Sugarcane Maturity Prediction
System

Dinesh Kumar P1, Anusha S 2,Haripriya S3, Janashri S$*

1Assistant Professor, Department of Computer Science and Engineering, Vivekanandha College of Engineering
for Women, 234Students, Department of Computer Science and Engineering, Vivekanandha College of
Engineering for Women, Namakkal(dt), Tamil nadu

Abstract

Accurate sugarcane maturity assessment is essential for
optimizing harvest timing and improving yield. Traditional
methods are labor-intensive and unsuitable for real-time use.
This study presents a portable handheld system for rapid, non-
destructive maturity prediction. The device uses optical sensors
and embedded processing to estimate parameters such as Brix
value and moisture content, with data analyzed using machine
learning algorithms. It provides instant results to support field
decisions. Experimental results show high accuracy compared
to laboratory methods. The system is compact, cost-effective,
and suitable for rural applications, helping improve
productivity and reduce losses in the sugarcane industry.
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1. INTRODUCTION

Sugarcane is one of the most important commercial crops used
for sugar production and plays a vital role in the agricultural
economy. Determining the correct stage of maturity is crucial
for maximizing sugar yield and ensuring high-quality produce.
Harvesting too early or too late can significantly affect sucrose
content, leading to economic losses for farmers and
industries.Traditional methods for assessing sugarcane
maturity, such as laboratory analysis of Brix value and moisture
content, are time-consuming, labor-intensive, and not suitable
for real-time field conditions. These limitations create a need
for a rapid, reliable, and non-destructive solution that can be
used directly in agricultural fields.With advancements in
sensor technology and embedded systems, portable devices
have become increasingly feasible for on-site analysis. In this
project, a handheld sugarcane maturity prediction system is
developed using optical sensing and machine learning
techniques. The system is designed to provide quick and
accurate predictions of maturity parameters, enabling farmers
to make informed harvesting decisions.This approach not only
reduces dependency on laboratory testing but also improves
efficiency, minimizes losses, and supports precision agriculture
practices.

2. EXISTING SYSTEM

Sugarcane maturity is traditionally determined through
visual inspection and Brix measurement using a
refractometer. These methods are either subjective or require
destructive sampling of the cane. Laboratory analysis
provides accurate results but is time-consuming, costly, and
not suitable for field use. Advanced methods like remote
sensing are available but require expensive equipment and
technical expertise. Overall, existing systems lack real-time,
non-destructive, and portable solutions.

Disadvantages:

e Laboratory analysis and manual testing make the
process time-consuming.

e The system is labor-intensive as it requires manual
sampling and skilled personnel.

e It involves destructive testing, as sugarcane must be
cut for analysis.

e It cannot provide real-time results in field conditions.

e The overall cost is high due to expensive equipment
and laboratory setup.

e Visual methods have low accuracy due to dependence
on human judgment.

3.PROPOSED SYSTEM

The proposed system is a handheld sugarcane maturity
prediction device designed for real-time and non-destructive
analysis in field conditions. It uses optical sensors to capture
data related to key parameters such as Brix value and moisture
content. The collected data is processed using embedded
systems and machine learning algorithms to accurately predict
the maturity level of sugarcane.The device provides instant
results through a simple user interface, enabling farmers to
make quick and informed harvesting decisions. It is portable,
cost-effective, and easy to operate, making it suitable for rural
and on-field applications. This system reduces the need for
laboratory testing, minimizes crop damage, and improves
overall efficiency and productivity.
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4.SYSTEM ARCHITECTURE

The Hand-Held Sugarcane Maturity Prediction System is
designed as a real-time embedded system for monitoring soil
and environmental parameters. The architecture follows a
layered approach consisting of input, processing, and output
stages to ensure efficient data flow and reliable prediction.At
the core of the system is the ESP32 microcontroller, which acts
as the central control unit. It collects data from multiple sensors,
processes the data, and controls output devices. The system
uses a pH sensor, soil moisture sensor, and DHT11 sensor to
measure soil acidity, moisture content, temperature, and
humidity, which are key factors affecting sugarcane
maturity. The data acquisition process involves collecting
analog and digital signals from sensors. Analog signals are
converted into digital values using the ESP32’s ADC, while
digital sensors directly transmit data. The acquired data is
filtered and processed to remove noise and improve
accuracy.The processed data is compared with predefined
threshold values to determine the maturity level. A multi-
parameter decision-making approach is used, where all sensor
values are evaluated together to improve prediction
accuracy.The output layer consists of an LCD display and alert
system (buzzer and LED). The display shows real-time sensor
readings and maturity status, while alerts notify users when
threshold conditions are met. The system is powered by a
battery or regulated DC supply, ensuring portability.The
architecture is compact, modular, and scalable, allowing easy
maintenance and future upgrades. Its real-time operation and
multi-sensor integration make it suitable for practical
agricultural applications.

Algorithm:

A.Data Acquisition Algorithm

The data acquisition algorithm is responsible for collecting
real-time information from the field using sensors.Initially, the
system powers on and initializes the ESP32 microcontroller
along with all connected sensors. The pH sensor and soil
moisture sensor generate analog signals based on soil
conditions, while the DHT11 sensor provides digital values for
temperature and humidity. The ESP32 reads the analog signals
through its built-in  Analog-to-Digital Converter (ADC),
converting them into digital values. At the same time, it directly
receives digital data from the DHT11 sensor. These values are
then stored temporarily for further processing.This stage
ensures continuous and real-time collection of environmental
and soil parameters.

B. Data Processing Algorithm

The data processing algorithm ensures that the collected sensor
data is accurate and reliable.Raw sensor values may contain
noise or fluctuations due to environmental variations.
Therefore, filtering techniques such as averaging or smoothing
are applied to stabilize the readings. After filtering, the data
may be calibrated or normalized to match standard
measurement units.The processed data is then checked to
ensure it falls within acceptable ranges. Any abnormal or
invalid readings can be ignored or corrected. The refined data
is stored and passed to the decision-making stage.This step
improves the overall accuracy and consistency of the system.
C. Decision-Making Algorithm

The decision-making algorithm determines the maturity level
of sugarcane based on processed sensor data.Instead of relying
on a single parameter, the system uses a multi-parameter
approach. It compares the values of pH, soil moisture,
temperature, and humidity with predefined threshold ranges
derived from agricultural knowledge.Logical conditions are
applied to evaluate the combined effect of these parameters.
Based on this evaluation, the system classifies the crop into

different maturity stages such as immature, semi-mature, or
mature. This approach increases prediction reliability and
reduces errors caused by considering only one factor.

D. Output and Alert Algorithm

The output algorithm is responsible for communicating the
results to the user.The ESP32 sends the processed data and
predicted maturity status to the LCD display, where it is shown
in real time. This allows users to easily monitor current field
conditions.Additionally, the system includes an alert
mechanism. If certain conditions are met, such as reaching
maturity or exceeding threshold limits, the ESP32 activates a
buzzer and LED. The buzzer provides an audible alert, while
the LED offers a visual indication.If no critical condition is
detected, the system continues normal operation without
triggering alerts.

E. Overall Working Principle

All algorithms operate in a continuous loop. The system
repeatedly collects data, processes it, evaluates conditions, and
updates outputs in real time. This ensures that farmers receive
immediate and accurate information about sugarcane maturity
and environmental conditions.
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RESULT AND DISCUSSION
A . Sensor Performance Analysis

The performance of individual sensors was evaluated under
different field conditions. The pH sensor produced consistent
readings across various soil samples, effectively identifying
variations in soil acidity. Similarly, the soil moisture sensor
accurately detected changes in irrigation levels, showing higher
values in wet soil and lower values in dry conditions.The
DHT11 sensor provided stable and reliable measurements of
temperature and humidity, reflecting actual environmental
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conditions.

B. Multi-Parameter Data Analysis

The integration of multiple sensors enabled a comprehensive
evaluation of factors affecting sugarcane growth. Unlike
single-parameter systems, the proposed system combines pH,
moisture, temperature, and humidity data to improve prediction
accuracy.This multi-parameter approach reduces uncertainty
and provides a more reliable assessment of crop conditions, as
it considers the combined influence of soil and environmental
factors.

C. Maturity Prediction Performance

The decision-making algorithm implemented in the ESP32
microcontroller successfully classified sugarcane into different
maturity stages based on predefined threshold values. The
system consistently identified whether the crop was immature,
semi-mature, or fully mature.Repeated testing under similar
conditions produced consistent outputs, confirming the
reliability and stability of the prediction model.

D. Real-Time Monitoring and Response

The system demonstrated fast response time, with minimal
delay between data acquisition and output generation. Sensor
readings were processed efficiently, allowing real-time
monitoring of field conditions.This capability is essential for
agricultural applications, where timely decisions are required
to respond to dynamic environmental changes.

E. Portability and Power Efficiency

The hand-held design allowed easy movement across different
field locations, enabling data collection from multiple points.
This improved the accuracy of crop condition
assessment.Additionally, the system consumed low power,
allowing extended operation using battery supply, which is
ideal for field applications.

F. Practical Implications in Agriculture

The proposed system reduces reliance on traditional manual
methods, which are often subjective and less accurate. By
providing objective, sensor-based measurements, it improves
decision-making  related to  harvesting and  crop
management.This leads to better crop quality, increased
productivity, and more efficient resource utilization.

G.Output and Alert System Performance

The LCD display provided clear and continuous visualization of
sensor readings and maturity status. Users were able to easily
interpret the data without technical difficulty.The alert system,
consisting of a buzzer and LED, effectively notified users when
critical conditions were met. This ensured timely awareness even
when the display was not actively monitored.

Figure -3 : Prototype of the Hand-Held Sugarcane Maturity
Prediction System with ESP32, sensors, LCD, and alert units.

5. CONCLUSION

The Hand-Held Sugarcane Maturity Prediction System
successfully demonstrates the application of embedded sensing
technology for real-time monitoring of soil and environmental
conditions. By integrating sensors for pH, soil moisture,
temperature, and humidity with an ESP32 microcontroller, the
system provides an efficient and reliable method for predicting
crop maturity.The multi-parameter approach improves
accuracy compared to traditional single-factor methods,
enabling better assessment of sugarcane growth conditions.
The system delivers real-time results through an LCD display
and alert mechanisms, ensuring timely decision-making for
farmers.The prototype proved to be portable, cost-effective,
and energy-efficient, making it suitable for field applications.
It also reduces dependence on manual and subjective methods,
enhancing the consistency and reliability of maturity
prediction.Overall, the proposed system offers a practical
solution for modern agriculture by improving productivity and
supporting  informed  harvesting  decisions.  Future
enhancements such as wireless communication and advanced
data analysis techniques can further increase its efficiency and
scalability.

FUTURE ENHANCEMENT

The proposed Hand-Held Sugarcane Maturity Prediction
System can be further improved by incorporating advanced
features to enhance its performance, scalability, and
usability.One major enhancement is the integration of wireless
communication technologies such as-Wi-Fi or Bluetooth,
enabling remote monitoring and data transmission to mobile
applications or cloud platforms. This would allow farmers to
access real-time data from anywhere and maintain historical
records for better analysis.The system can also be upgraded by
incorporating additional sensors, such as nutrient sensors
(NPK), light intensity sensors, or advanced soil analysis
sensors, to provide a more comprehensive evaluation of crop
health and maturity.Another important improvement is the
application of machine learning algorithms for predictive
analysis. By analyzing historical data, the system can provide
more accurate and intelligent predictions of crop maturity and
recommend optimal harvesting times.The inclusion of a mobile
or web-based interface can further improve user interaction,
allowing easy visualization of data through graphs and alerts.
This would make the system more user-friendly and accessible.
Power efficiency can be enhanced by integrating renewable
energy sources such as solar panels, making the system more
sustainable for long-term field use.Additionally, improving the
hardware design by developing a compact and rugged enclosure
will increase durability and reliability under harsh agricultural
conditions.Overall, these enhancements can transform the
system into a smart, connected, and intelligent agricultural
solution, aligning with modern precision farming practices.
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