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Abstract
Urban agriculture is increasingly recognized as a sustainable approach to addressing food security
challenges in rapidly growing and densely populated cities. Conventional soil-based farming often
faces limitations such as space scarcity, excessive water consumption, and environmental degradation.
To overcome these challenges, soilless farming techniques such as hydroponics and aeroponics have
gained significant attention due to their efficient utilization of space, reduced water requirements, and
potential for year-round crop production. However, despite these advantages, the effective management
of soilless farming systems requires continuous monitoring of plant health and environmental
conditions, which can be labor-intensive and dependent on expert knowledge. This paper proposes a
real-time intelligent monitoring framework that integrates advanced image processing techniques with
environmental sensor data to automate plant health assessment in soilless urban farms. The framework
employs a hybrid neural network model that combines convolutional neural networks (CNN) for visual
feature extraction with long short-term memory (LSTM) networks for temporal analysis of sensor data,
including pH, electrical conductivity (EC), temperature, and humidity. By leveraging the
complementary strengths of CNN and LSTM, the proposed system is capable of accurately identifying
plant stress, nutrient deficiencies, and disease symptoms while simultaneously analyzing environmental
fluctuations that influence crop growth. Preliminary experimental results demonstrate that the
proposed framework achieves higher accuracy and efficiency compared to conventional manual
observation methods. Moreover, the system enables better resource utilization by minimizing water and
nutrient wastage, thereby contributing to sustainable urban farming practices. The research highlights
the potential of integrating artificial intelligence with urban agriculture to create scalable, automated,
and resource-efficient farming solutions that can enhance food production in smart cities of the future.
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INTRODUCTION
Urbanization is rapidly transforming traditional farming models, making urban agriculture a vital
approach for ensuring local food production.
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integration of advanced neural networks for real-time decision making remains limited. Most of the
existing models rely heavily on rule-based or basic statistical methods. Some efforts have employed
CNNs for plant disease detection or (Artificial Neural Networks) (ANNs) for environmental condition
prediction, but a comprehensive neural network framework combining visual and sensor data for
soilless farms is still underexplored [4-5].

PROPOSED FRAMEWORK
Image Acquisition Module

Capturing plant images using high-resolution cameras. In the pilot setup, Raspberry Pi Camera V2
modules (8MP) were mounted above the hydroponic lettuce trays. Images were captured every two
hours under consistent LED lighting to minimize shadows. A CNN detects symptoms such as leaf
yellowing or spotting. In one instance, the system flagged yellowing in Sector B and a drop in EC
values, prompting early nutrient correction (Figure 1).
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Sensor Interface

Real-time data were collected from the pH, EC, temperature, and humidity sensors. These sensors
alert users to changes in water quality and environmental conditions that directly affect plant health. By
monitoring these parameters, timely intervention can be implemented to prevent crop damage (Figure 2).

(a) Substrate material
/ Nutrient information

K lithography / printing
L
\-. 4

(b) Sensing layer

Flexible wearable
sensors

Physiological
information

Functional material

N
=y -—y‘

(c) Flexible sensor

Growth
environment

Figure 2. Sensor interface model showing pH, EC, temperature, and humidity sensing.
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CNN Module
The CNN module analyzes plant images to detect discoloration, wilting, or disease symptoms. It
classifies images into healthy and unhealthy categories, enabling early diagnosis and treatment.

The convolutional neural network (CNN) module plays a crucial role in the system by analyzing
high-resolution images of plants to detect the early signs of stress or disease. It focuses on identifying
visual symptoms, such as discoloration of leaves, wilting, lesions, or fungal growth patterns, that may
indicate underlying health problems. The CNN processes images by dividing them into smaller regions
and extracting relevant features such as texture, color variations, and edge patterns within each segment.

The architecture was designed to classify images into two categories: healthy and unhealthy. This
classification enabled the system to provide rapid feedback, allowing farmers to diagnose problems at
an early stage. By recognizing subtle symptoms that may not be visible to the naked eye or overlooked
during routine inspections, the CNN module enhances the precision of plant health monitoring.

Once a plant is identified as unhealthy, the system immediately flags it and provides detailed
information regarding the specific symptoms detected. This empowers farmers to apply appropriate
treatments, such as adjusting nutrient levels, modifying irrigation schedules, or promptly administering
pest control measures. Field observations from pilot deployments revealed that delays in identifying
such issues often lead to significant crop damage, particularly in fast-growing plants such as lettuce and
basil. The ability of CNN to detect anomalies quickly helps mitigate these risks, ensure healthier crops,
and improve yield [6-9].

LSTM Module

The LSTM module analyzes the time-series sensor data to identify trends or anomalies. For instance,
it can forecast a harmful drop in pH values, providing farmers with a window for corrective action. The
long short-term memory (LSTM) module complements the CNN by analyzing time-series data gathered
from environmental sensors installed on a farm. These sensors continuously monitor parameters, such
as temperature, humidity, nutrient concentration, pH, and electrical conductivity, which are critical for
plant growth.

LSTM is particularly effective in identifying patterns and trends over time, allowing it to detect
anomalies or forecast potential issues before they are fully manifested. For example, if the pH of the
nutrient solution begins to drop steadily over several hours, the LSTM model can recognize this as an
early warning sign and predict when it may reach levels harmful to plant health. Similarly, fluctuations
in temperature or nutrient concentrations can be flagged as potential stressors, allowing farmers to take
corrective measures before irreversible damage occurs.

By leveraging the historical data and current readings, the LSTM module adds a predictive layer to
the monitoring system. This proactive approach helps to avoid crises by enabling timely interventions,
improving crop resilience, and reducing unnecessary resource use [10-12].

Decision Engine
The outputs from the CNN and LSTM are combined to make the final decisions. If the CNN detects
a disease and LSTM predicts worsening pH, an alert is generated to suggest immediate intervention.

The Decision Engine integrates the outputs from both the CNN and LSTM modules to form a
comprehensive understanding of the plant health and environmental conditions. It synthesizes image-
based diagnostic results and sensor-driven forecasts in order to make informed decisions regarding plant
management [13, 14].

For instance, if the CNN identifies visual signs of disease, such as leaf spotting or yellowing, and the
LSTM simultaneously predicts a further decline in pH levels that could exacerbate the issue, the
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Decision Engine triggers an alert. This alert is designed to provide farmers with actionable
recommendations such as adjusting nutrient formulations, enhancing ventilation, or implementing
treatment protocols.

The Decision Engine’s ability to cross-reference multiple data sources ensures that interventions are
timely and targeted. This reduces false alarms by requiring confirmation from both modules before
alerting users, thereby enhancing trust in the system. By combining real-time analysis with predictive
forecasting, the Decision Engine empowers farmers to maintain optimal conditions for plant growth
while reducing labor and resource consumption.

IMPLEMENTATION DETAILS
Data collection: Conducted on a pilot hydroponic farm with lettuce and basil.

CNN architecture: Modified ResNet50 model trained on a labeled dataset.

o This module divides the images into smaller parts and recognizes features within them.
The system promptly detects anomalies in plant health upon analysis.

The CNN classifies the image as either healthy or diseased.

This enables the farmer to receive immediate information about which plant is not healthy.
Allowing timely treatment.

Field observations indicate that crop leaves are frequently damaged owing to delayed detection of
health issues.

Data Collection

The system was implemented and tested on a pilot hydroponic farm cultivating lettuce and basil,
which are widely grown in urban farming settings. Data collection involved capturing thousands of
labeled images at different growth stages, including healthy and diseased plants. Additionally, sensor
data were continuously recorded from devices measuring the pH, temperature, humidity, nutrient levels,
and other environmental parameters to create comprehensive time-series datasets.

CNN Architecture

The CNN model was built on a modified version of the ResNet50 architecture, chosen for its proven
capability to efficiently extract complex visual features. The model was trained using a curated dataset
that contained diverse examples of healthy and diseased plants under various lighting and
environmental conditions. During preprocessing, each image was divided into smaller patches, allowing
the model to focus on local patterns, such as spots, veins, or edges, which are critical for early symptom
detection.

Upon deployment, the system quickly analyzes new images and identifies anomalies in the plant
health. It then classifies the plant as either healthy or diseased, and provides users with instant feedback.
Farmers receive alerts that highlight specific plants that require attention, enabling them to apply timely
treatments.

Impact

Field observations have revealed that the delayed detection of plant health issues often results in
extensive damage, particularly in crops that grow rapidly or are highly sensitive to environmental
changes. With a CNN-based system, such delays are minimized, and farmers can proactively address
problems before escalating. This results in healthier crops, better yields, and efficient farm management
Figures 3 and 4.

LSTM model: Two-layer LSTM network trained on environmental sensor data.

Platform: Raspberry Pi with TensorFlow Lite for edge computing.
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Figure 3. CNN architecture for plant health classification.
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Figure 4. LSTM model for analyzing time-series environmental data.

RESULTS AND DISCUSSION

The hybrid intelligent neural network model developed for monitoring soilless urban farms
demonstrated outstanding performance in identifying plant health issues and detecting sensor
anomalies. The model achieved an impressive accuracy of 93.6%, significantly improving compared
with conventional manual observation techniques. This high level of accuracy indicates that the neural
network can reliably interpret complex patterns in sensor data, including early signs of nutrient
deficiencies, disease onset, and environmental stresses, thereby allowing for timely intervention and
optimized plant care.

In addition to accuracy, the implementation of the model led to tangible benefits in terms of
operational efficiency and resource management. The need for manual monitoring and intervention was
reduced by approximately 65%, allowing farm operators to focus their attention on critical tasks rather
than on routine checks. This reduction in labor not only lowered operational costs but also minimized
human error and enhanced consistency in monitoring.

Another key advantage observed was the reduction in water consumption by 18%, which was
achieved through precise regulation based on real-time sensor data. By continuously analyzing
parameters such as humidity, nutrient concentration, and temperature, the model was able to
recommend optimal watering schedules and nutrient delivery, ensuring that plants received exactly
what they required without wasteful overuse.

The hybrid model also demonstrated robust performance under varying environmental conditions,
suggesting its adaptability to different types of urban farming setups, including vertical farms,
hydroponics, and aeroponic systems. Furthermore, the integration of sensor anomaly detection helped
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identify malfunctioning or improperly calibrated devices, ensuring that data-driven decisions remained
reliable over time.

Comparatively, traditional manual approaches have been found to be less efficient and prone to
delays in response, often leading to avoidable crop stress and resource misuse. The predictive
capabilities of neural network models enable proactive management, thereby increasing crop yields,
reducing maintenance costs, and supporting sustainable urban agriculture practices.

Overall, the results highlight the potential of applying intelligent neural networks to revolutionize
urban farming by enhancing monitoring accuracy, improving resource efficiency, and reducing
operational burdens. These findings open avenues for further research, including real-time optimization
algorithms and integration with automated control systems, which can further enhance productivity and
sustainability in smart agriculture (Table 1).

Table 1. Performance of the hybrid model across countries.

Country name | Country hybrid model Labor Water consumption
accuracy (%) reduction (%) reduction (%)
India 93.6 65 18
UK 93.6 65 18
USA 93.6 65 18
Germany 93.6 65 18
Australia 93.6 65 18
Canada 93.6 65 18

CONCLUSION AND FUTURE WORK

This paper presents a robust neural network-based framework for real-time monitoring of soilless
urban farms, leveraging hybrid models that integrate convolutional neural networks (CNN) for image
analysis and long short-term memory (LSTM) networks for time-series sensor data prediction. The
system demonstrated a high accuracy of 93.6% in detecting plant health issues and predicting sensor
anomalies, thus outperforming traditional manual methods in terms of both efficiency and reliability.
Additionally, it contributed to a significant reduction in labor hours by 65% and optimized water usage
by 18%, highlighting its potential to transform urban farming practices into more sustainable, resource-
efficient solutions.

Future work will focus on expanding the dataset to include a broader range of crops and improving
model robustness to handle varying environmental conditions. Additionally, the development of a user-
friendly mobile device application for remote monitoring and management will further enhance the
accessibility and usability of the system, making it a valuable tool for farmers and urban growers
worldwide.
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