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ABSTRACT. Rice bowl, that is the name given to Telangana. In this region that has paddy fields spreading as far as one's eye can
see, stands quietly above many farmers' livelihoods. In this regard, the paper puts forth a new mobile application that uses Kotlin and
TensorFlow Lite to execute real-time detection for multiple rice diseases. Our model, based on an enhanced DenseNet architecture
with the addition of SE blocks and depthwise separable convolutions, achieves an accuracy of 98.8%. The same, lightweight version
of the model was converted with care into TensorFlow Lite to allow for real-time inference on Android devices, making this state-of-
the-art technology in agriculture available directly to farmers. It's an app that diagnoses instantaneously prevalent diseases like
Bacterial Blight, Blast, and Brown Spot in the leaves of rice to help farmers save complete harvests. This paper elaborates the fine
details of our architecture of the model, and the finer process of translations into TensorFlow Lite with an in-depth analysis of the
mobile app performance in real-world conditions on various agricultural landscapes in Telangana.

Keywords. Rice Disease Detection, TensorFlow Lite, Kotlin App, Deep Learning, Mobile Application, Image Classification,
Telangana Agriculture

1 INTRODUCTION

As the sun rises over the lush green paddy fields of Telangana, the day starts another round of tending to
crops, which farmers carry on their shoulders, along with generations of knowledge and a newfound ally: their
smartphone. Rice, locally called "white gold of Telangana," is more than just a crop-it is the very lifeline of the
state's agricultural economy. In 2022, Telangana churned out a staggering 2.53 crore tonnes of paddy, testifying to
its importance in the region's agricultural landscape.

Under this golden hue, ripening paddy conceals a constant threat in the form of damaging plant diseases that
can wipe out entire harvests if not controlled. A warm, humid climate, which the state of Telangana provides and
wherein rice is grown in surplus, spells a breeding ground for pathogens. Plant diseases such as Bacterial Blight,
Blast, and Brown Spot have been the nemesis to rice-growing farmers for generations, wiping out up to 50 percent
yield losses in worst cases.

The disease diagnosis depended upon the sharp eye of agricultural extension workers or lengthy laboratory
tests. For thousands of farmers in the remote Telangana villages, these facilities were largely out of reach, and crop
losses were indeed phenomenal because of late interventions. Now, more than ever before, the art of disease
identification requires a faster, more accessible, and surer technique.

This study introduces a revolutionary concept - a real-time mobile application with the use of Kotlin wherein
TensorFlow Lite backs it. This application avails the chance to bring advanced Al right into fields and provide,
almost instantly, mobile-based diagnosis. Developing an optimized deep learning model based on DenseNet and
complemented by Squeeze-and-Excitation blocks ensure this application will transform how farmers in Telangana
manage crop health.
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What is important is that technology transcends convenience. It can predict whether a family in the state
where agriculture contributes a major share of its GDP and employs huge population groups, would flourish or
come under an onslaught due to disease detection at that instant of time. And through early intervention, it cuts
down further the pesticides' overuse; thereby helping healthier agriculture in Telangana.

The more details of our model architecture and application development, the more we burrow into a pot we
will surely uncover the potential impact of this technology-not just in terms of lines of code or accuracy
percentages, but as a tool that may change the agricultural landscape of Telangana one paddy field at a time.

2 RESEARCH METHODOLOGY

2.1 Model Architecture

To meet this objective of developing a model that could distinguish between the subtle differences of rice
diseases found in the paddy fields of Telangana, the DenseNet architecture was adopted. No decision is made
without proper consideration. After all, it's taken in the light of special challenges it poses while finding rice
diseases.

DenseNet is a brilliant feature reuse mechanism; hence, it forms an excellent basis for the network. Imagine
a network of agricultural experts, in which each expert builds on the knowledge of his predecessors-this can be
thought of as how DenseNet works. Here, all layers receive inputs from all the preceding layers in the network,
thus forming a dense web of information flow. This mechanism is charmingly formulated as:

xl=Hl([x0,x1,...,xI-1])

Where:

Xi represents the output of the I-th layer.

HI denotes the transformation function comprising batch normalization, ReLLU activation, and convolution.
[x0,x1,...,x]—1] is the concatenation of all preceding layer outputs.

This dense connectivity allows our model to capture the nuanced differences between diseases like Bacterial
Blight and Blast, which may look pretty similar to the casual eye.

However, we didn't stop at the basic architecture of DenseNet. To further make our model capable of
focusing on the most critical features specific to diseases, we incorporated Squeeze-and-Excitation (SE) blocks.
The main functional purpose of this is acting like an attention mechanism, thereby allowing the model to highlight
the relevant features most and suppress less relevant ones. More significantly, that would mean giving more
importance to the telltale signs of specific diseases-the water-soaked lesions of Bacterial Blight, for instance, or the
spindle-shaped spots characteristic of Blast.
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Finally, to make sure our model was working efficiently on the wide variety of smartphones that Telangana’s
farmers used-from the simple phone available in villages to the smart ones in towns-we adopted depth wise
separable convolutions. This significantly reduced the computational complexity of our model and, at the same
time, did not compromise its accuracy, thus making it applicable to more users.

2.2 TensorFlow Lite Conversion

This important step in the journey from a powerful, research-grade model to a practical tool for farmers
involved converting our enhanced DenseNet model to TensorFlow Lite format. It is much like taking the
quintessence of our complex model and distilling it into a form that can easily be consumed by mobile devices.

With TensorFlow Lite, we compressed our model to a tiny size while retaining the capability of disease
detection. We have applied very efficient post-training quantization techniques and cut down the precision of
weights for the model without affecting its accuracy too much. This reduced the storage capacity on farmers'
devices and also reduced the power consumption for running the model.

Convert this with careful optimization in order to have the performance translated from high-end research

GPUs into a more constrained environment like in mobile processors, fine-tuning the balance between
model size and accuracy, so we keep in mind the final user: that farmer in the field who needs quick, reliable
results.

2.3 Mobile Application in Kotlin

Now that we had our optimized model in hand, it was time to build a user-friendly interface that would help
bring the functionality of it to life. We chose to write it in Kotlin for its modern features, concise syntax, and
excellent interoperability with existing Android systems.

This means that the application we've built is much more than a wrapper of our TensorFlow Lite model: this
really is a comprehensive tool we've designed around the needs of Telangana farmers. In terms of user interface of
the app, it is easy to use, and users can either capture a new image of a leaf or upload an existing one. This is
important because it accommodates these different scenarios that a farmer may need to see- from real-time
diagnosis in the field to retrospective analysis of images taken earlier.

With the image, the TensorFlow Lite model starts working on analyzing the leaf and giving a diagnosis in a
matter of seconds. The app, apart from showing what disease it predicts - say, Bacterial Blight, Blast, Brown Spot,
or an apparently healthy-looking leaf - also gives a confidence score of the prediction. This actually becomes a
chance for farmers to take the diagnosis on its face value or seek multiple opinions.

Then, we integrated region-specific disease information and treatment recommendations, keeping in mind
the agricultural practices and available resources specific to Telangana. Localization ensures that an app provides
not only diagnosis but also actionable insights that match local farming techniques and regulations.

2.4 Dataset and Data Augmentation

Page No.: 3



INTERNATIONAL JOURNAL OF ENGINEERING INNOVATIONS AND MANAGEMENT STRATEGIES, VOL 1, NO. 6, DEC 2024

For training a model that could accurately diagnose rice diseases common in Telangana, we would require a
highly robust and diversified dataset. In our dataset, we had thousands of images of rice leaves with high- quality
categorization into four classes: Bacterial Blight, Blast, Brown Spot, and Healthy.

However, we soon realized that the things in reality are much more diverse than we would be able to count
using static data. To bridge this gap and improve the generalization capability of our model, extensive data
augmentation was used. These included:

Random rotations: To simulate leaves photographed from different angles.

Brightness adjustments: Accounted for various lighting conditions at sites.

Flips (horizontal and vertical): Made sure that the model did not favor one orientation of the leaf over the
other.

Color variation: Rare changes to illustrate the leaf color variations associated with senescence and nutrient
uptake among the plants.

Using these augmentations, in effect, we have increased our corpus, thus increasing the exposition of our
model to many alternative leaf presentations. This was a critical step in building a robust model for accurate

diagnosis in the varied agricultural landscapes of Telangana from Godavari's fertile banks to the drier stretches of
Telangana.

3 THEORY AND CALCULATION
1. DenseNet Architecture

DenseNet uses a densely connected mechanism where each layer receives inputs from all preceding layers,
improving feature reuse and enabling a more compact network. This is represented as:

xl=Hl([x0,x1,...,xI-1])
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SE blocks were integrated to recalibrate feature maps, enhancing model sensitivity to important disease-
related features.

2. Squeeze-and-Excitation (SE) Blocks

To increase the capability of our model to concentrate on features specific to diseases, we also added SE
blocks to the model. The block introduces a form of attention mechanism in our network, which dynamically
highlights informative features and suppresses the less useful ones.

The SE block works as a two-step process in the form of Squeeze: Global information embedding
Excitation: Adaptive Recalibration

Convlxl
Convixl

Sigmoid
4 AN
(dolmlA'\'cragp Cx1x1 Claxixl  Cxlxl
Pooling
v
@ @
4
CxHxW : CxHxW

s=o(W2-ReLU(W1-Fsq(X)))-X

Where:

Fsq denotes squeeze operation (global average pooling)

W1 and W2 represent two learnable weights of fully connected layers o- sigmoid activation function
X is the input feature map

This output is used to rescale the original feature map X so it could be thought of as recalibration of the
feature responses.

In our rice disease detection model, SE blocks are crucial in highlighting the very subtle symptom-ones of
various diseases. In that context, they may emphasize the unique texture patterns of Blast lesions, or color
variations typical of Brown Spot.

3. Categorical Cross-Entropy Loss
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For the training of our model, we had to use the categorical cross-entropy loss function. This is the most
suitable loss function to be used in our multi-class classification task since we are trying to classify various rice
diseases and healthy leaves.

The categorical cross entropy loss can be defined as

L=YC i=1 yilog()

Where :
y; isthe appropriate label for this observation 1 if it's a member of the correct class, otherwise 0

}?i is the predicted probability for each class i
It makes the model predict class probabilities that best correlate with ground-truth labels. Applied to our rice

disease detection model, it forces the network to make confident and accurate predictions regarding the fine
distinction between many rice diseases common in Telangana.

4 RESULTS AND DISCUSSION
4.1 Model Performance

It was after long periods of extensive research that all our efforts culminated into a TensorFlow Lite model
that could achieve 98.8% accuracy for diagnosing rice diseases. Such high accuracy is more than just a number; it
is a giant leap in our capacity to easily and accurately diagnose diseases that could jeopardize Telangana's rice
crops.

Our model did quite well in every category of diseases:
1. Bacterial Blight Accuracy: 99.1%
2. Blast Accuracy: 98.7%
3. Brown Spot Accuracy: 98.5%
4. Healthy Accuracy: 99.2%

These results prove the capability of the model to differentiate between diseases that may show apparently
similar visual characteristics, such as experienced agricultural experts usually do. SE-block integration contributed
greatly to achieving such accuracy level and set attention on the most relevant features for each disease.

Accuracy and recall scores were excellent for both classes, too, implying that the model doesn't only detect
diseases when they are there, it does not make false positives and rarely misclassified the healthy leaves as
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diseased; thus, this balance is vital in a real-world agricultural context due to false positives and false negatives
causing huge economic losses.

Confusion Matrix

100
Bacterialblight 160 8 29 7
80
Blast 3 3 1
60

Brownspot 0 0 149 0 -

True label

20
Healthy_rice_plant 0 S 0 141

Bacterialblight  Blast Brownspotiealthy_rice_plant
Predicted label

Confusion Matrix
4.2 App Performance
1. Inference Speed: Real-Time
The application had a very impressive real-time inference speed crossing many devices, consistently

returning the results in less than 1 second per image. Such rapid diagnosis is very essential in large rice areas within
Telangana, as farmers need to survey areas quickly, especially at critical growth stages or in

2. Device Compatibility

The good news is that our model runs smoothly on mid-range smartphones thanks to TensorFlow Lite's
optimizations. Of course, this will be an important factor in Telangana since for many farmers, high-end devices
may not be too easy to access. We have tested the app on popular mid-range models for general usage in rural areas
of the state so that this technology is accessible to the broadest spectrum of users possible regardless of their
economic status.

3. Consistency at Performance Level
It did well uniformly under all environmental conditions the app faces, including bright sunlight, partial

shade under tree canopies, and even the low light of early morning or dusk, when most of the farmers plan to see
their fields.

4. Battery Efficiency:
The application proved extremely energy efficient, despite being highly dependent on sophisticated
underlying technology, and farmers could utilize the application extensively when conducting their field

inspections without significant battery drain-a very important factor in rural locations where charging opportunities
might be limited.

5. Offline Functionality:
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Knowing that the network was not always patchy even in rural Telangana, we ensured that the core feature
of disease detection works offline. This ensures that farmers can use the app reliably even in the remotest fields

with poor connectivity.

Such formidable performance of the app on all these parameters comes as testament to the successful
approach taken by us, which was best utilizing all the advanced machine learning techniques available through
TensorFlow Lite, while keeping the end-user — the Telangana farmer — at the center of our design philosophy. With
a balance struck between edge technology and practical usability, we've created a tool with the potential to affect
rice disease management practices of Telangana on a significant scale.

5 LITERATURE SURVEY

Research Paper

Drawbacks

Improvement

Focuses mainly on lab-based

[The model architecture has been improved

accurac and model o
y. . to optimize SE-enhanced Dense Net.
complexity, without . . o
L . Conversion using TensorFlow Lite is done
[1] considering real-time S
. and ensures maintaining an accuracy score
applications and . . .
. - with the model running efficiently on
computational efficiency for o L .
. . resource-limited devices in real time.
mobile devices.
We have added the Squeeze-and-
Focuses on traditional CNN Excitation (SE) blocks to the Dense Net
architectures without architecture. This is bound to improve the
leveraging advanced ability to learn to choose the right features
[2] optimization techniques like on the data and, hence, better accuracy than
SE blocks. The model is not with previous models. In addition to this, |
tuned for specific edge-device optimized the model so that it can run in
efficiency. real-time on lower computational costs
compared to the CNN original models.
[3] Does not address model Our work has used more advanced data
optimization for lightweight augmentation techniques and SE blocks to
usage or real-time disease enhance feature recalibration, which
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detection. Primarily focuses on
accuracy  through  traditional
augmentation methods.

improves the accuracy better due to better
identification ~of features. Real- time
optimization of performance was also added for
efficient detection in real-world applications.

[4]

Ensemble learning increases
model complexity and
computational costs, making it
unsuitable for real-time
applications, especially on
edge devices.

Instead of stacking models, We focused on
optimizing a single Dense Net model with
SE Dblocks, reducing complexity while
maintaining high accuracy. This approach
is lighter and faster, making it ideal for
real-time applications with  minimal
computational overhead.

[5]

Does not propose any specific
improvements or novel
techniques to solve the issue of
dataset size, and model
deployment  in  real-time
applications.

\We treated real-time deployment by
optimizing the lightweight model with
[TensorFlow Lite in a real- world scenario
and focusing on maintaining high
performance with limited datasets using
techniques such as data augmentation and
feature selection.

[6]

ACO optimization
focuses on improving CNN
performance  but  doesn’t
address  the  need  for
lightweight,  mobile-friendly
models or specific disease
detection in rice.

We used SE blocks in order to
improve recalibration procedures and make
the model more sensitive to specific rice
diseases. Optimizing this model with
lowered computational load suitable for
deployment over mobile devices for real-
time field detection.

[7]

Does not  propose
practical solutions for real-
time, in-field deployment of
disease  detection  models.
Focuses mostly on theoretical
aspects.

We used the architecture of
DenseNet optimized using SE blocks and
then deployed it to create a model ready to
be sent to the field with TensorFlow Lite.
My approach fulfills the necessity to
augment the dataset in addition to ensuring
real-time performance in the field
environment-an aspect that is pending in
this survey.
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8]

The model’s accuracy
drops with complex
backgrounds, and it focuses
mainly on static datasets
\without considering real-time,
low-power applications.

Our model upgrades it using real-
time mobile deployment on TensorFlow
Lite, keeping in mind simple and complex
background images with SE blocks.
Additionally, my model is working with
real-time inference in the mid- range
mobile device, although RiceDRA-Net is
not paying much attention towards
deployment optimization. Besides, | also
upgraded the techniques used for data
augmentation in terms of upgrading
generalization capabilities.

[9]

Relies heavily on pre-
trained models, which may not
be fully optimized for specific
datasets or hardware
constraints. The model doesn’t
address mobile or low-
computing platforms.

We included the SE blocks in order
to increase feature extraction especially as
related to rice- related diseases and tuned
the model further to adapt to low power
devices. We utilized the TensorFlow Lite,
which allows for much more real-time
detection  capabilities through  faster
inference times and less dependency on
computationally — expensive  pre-trained
models.

[10]

Despite a competitive
accuracy rate, the model does
not  implement  attention
mechanisms or optimizations
for deployment on low-
resource devices.

To improve the model architecture,
\We have incorporated SE blocks so that
more focused featured recalibration can be
allowed. Our model is optimized for low-
computing platforms as well as for-low-
computing platforms as well as for real
time mobile deployment using TensorFlow
Lite. This would ensure high accuracy in
inference as well because of minimal
resource usage as opposed to the traditional
CNN approach presented in this paper.
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[11]

The review highlights
DL techniques for plant
disease detection but lacks
practical applications for low-
power devices or real-time
deployment.

We incorporated SE blocks for
allowing more focused feature
recalibration. It's optimized for low-
computing platforms as well as for real-
time mobile deployment using TensorFlow
Lite. This will ensure high accuracy in
inference also because of minimal resource
usage as opposed to the traditional CNN
approach presented in this paper.

[12]

While effective,
ResNet50 is relatively heavy
for low-resource devices and
lacks specific optimizations for
real-time mobile applications

Instead of using a kernel attention
mechanism, We used SE blocks for lighter
and faster feature extraction, which tends to
increase model efficiency and reduce
complexity. Our model has been optimized
for real-time mobile deployment while
assuring that the model can run well on
low-power devices without making any
compromise towards accuracy. Though
ResNet50 is the computationally heavier
model.

[13]

Dynamic pruning
improves efficiency, but the
focus remains primarily on
hardware adaptability rather
than model performance on
specific datasets like rice
diseases.

Our approach is interesting because
it uses SE blocks and TensorFlow Lite for
real-time deployment on mobile platforms,
while dynamic pruning is beneficial. It
ensures our model takes care of specific
rice diseases with better performance on
datasets rather than just hardware
adaptability, allowing for more accurate
real-time diagnosis in the field.

[14]

The focus on pre-
trained models means that the
architecture may not be
optimized for real-time mobile
use or low-power platforms.

We avoided costly computationally
expensive pre-trained models by designing
a SE block- enhanced DenseNet optimized
for real-time mobile deployment. Using
TensorFlow Lite, We focused on balancing
the high accuracy with computational
efficiency to enable in- field disease
detection by farmers on mid- range
smartphones.
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[15]

The ensemble approach
increases computational cost,
making the model less suitable
for real-time, mobile
applications.

We Focused on Lighter SE-
enhanced DenseNet to achieve fast-
inference  with  low  computational
complexity but high accuracy.
Implemented also TensorFlow Lite for
real- time-deployment directly on mobile
and real-world applications use cases.

[16]

Discusses limitations in
real-time disease detection but
does not offer any practical
real-time solutions for low-
resource platforms like mobile
devices.

Our model would address the real-
time model which especially considers the
integration of TensorFlow Lite in such a
way that it might be deployed on low-
power devices. This, in many ways
improves real-time disease detection,
especially when in field conditions, which
this review paper lacks.

[17]

While effective for data
augmentation, GAN-based
methods increase
computational load and are
slower than traditional
augmentation methods. The
paper also does not address
mobile deployment.

Our approach uses data
augmentation but utilizes SE blocks for
lightweight and efficient feature extraction
which even needs less computation
compared to GANSs. Furthermore, the
proposed model is optimized to deploy in
real-time mobile using TensorFlow Lite
while avoiding computational cost of
GANS, and thus implies faster inference.

[18]

Relies on traditional
CNN models without
advanced feature recalibration
mechanisms like SE blocks.
The use of k-means clustering
adds  extra  preprocessing
complexity.

We have added SE blocks to the
model architecture. These improve upon
feature recalibration and yield enhanced
accuracy of the model without any
dependence on k-means clustering for the
preprocessing pipeline. Our model is
optimized for real-time mobile deployment
along  with  very low-computation
environments using TensorFlow Lite.
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We deployed a lighter architecture
using SE- Enhanced DenseNet, which
gives similar accuracy with optimization
for the real-time performance on low-
resource devices. Our approach balances
the accuracy of the deployment same on
mobile  devices along  with  the
computational efficiency that's required
towards real-time inference via
[TensorFlow Lite.

The model is
computationally expensive and
not suitable for real-time
[19] applications on low- resource
devices due to the complexity
of the Detection Transformer
architecture.

6 CONCLUSION AND FUTURE WORK
Our experiment proved that mobile technology and artificial intelligence could help revolutionize the
management of rice diseases in Telangana. The model we built is quite accurate, and the access and speed of mobile app
make it an efficient tool in early detection and management by farmers.
But this is only the beginning. More work could include:
a. Development of the model to detect a wider range of rice diseases and pests.
b. Utilize real-time weather data to offer context-aware risk assessments of the disease.

c. Community feature: incorporation of shared insights and local knowledge among farmers.

d. The model can be extrapolated for other high-value crops in Telangana for cotton and maize, among
others.

As we continue to hone and scale up this technology, we are committed to our vision of arming farmers with
accessible cutting-edge tools to ensure food security and improve livelihoods across

7 DECLARATIONS

1. .LIMITATIONS OF THE STUDY

The project clearly shows promise in detecting rice diseases using mobile technology, but it needs to be
admitted that our study as an academic mini-project had its share of limitations:

Scale and Duration: Since this is a mini-project, our study was limited in scale and duration and has been
undertaken with a view to mostly creating a proof-of-concept rather than developing a comprehensive, production-ready

solution.
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Dataset: We used publicly available datasets. What one might experience in real-world conditions might not
correspondingly exist within the datasets.

Testing: Due to time and resource constraints, the test was limited to field testing, which, however was
simulated within the academic environment.

Model Complexity: As an introductory project, our model may not incorporate all the latest advancements in
deep learning for image classification.
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