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ABSTRACT: Fruit classification with Convolutional Neural Networks (CNNs) has gained popularity because of its
excellent accuracy in visual recognition applications. CNNs have proven extraordinary ability in differentiating
between distinct fruit types, making them ideal for use in agriculture, the food sector, and automated retail systems.
Despite its efficacy, the actual implementation of CNN-based fruit classification suffers from a number of restrictions
that prevent real-world application. Several factors influence the accuracy and efficiency of CNN-based fruit
classification. These include a reliance on high-quality datasets, difficulties differentiating visually identical fruits and
maturity phases, and overfitting owing to data scarcity. Environmental issues such as illumination fluctuations,
occlusions, and background clutter exacerbate model performance Furthermore, their scalability and application are
constrained by high computing needs, limited generalization to unknown data, and issues with real-time deployment on
edge devices.
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LINTRODUCTION

Fruit classification using Convolutional Neural Networks (CNNs) has transformed the agricultural and food sectors by
allowing for very accurate visual detection of distinct fruit types. CNNs have shown extraordinary efficacy in
identifying between various fruits, making them an indispensable tool for applications like as automated quality
evaluation, food sorting, and retail automation. As the demand for precision and efficiency grows, intelligent
classification algorithms provide a viable alternative for reducing human labour while increasing accuracy in fruit
recognition jobs. However, despite their potential, real-world deployment of CNN-based fruit classification systems
involves a number of problems that must be overcome in order to attain peak performance. One of the most
fundamental drawbacks of CNN-based classification is its reliance on high-quality data. Many available datasets are
restricted in size, diversity, and coverage, which impairs the model's capacity to generalize across contexts.

II.SCOPE OF THE PROJECT

DATASET AND PREPROCESSING

The success of CNN-based fruit categorization is greatly dependent on the quality of the training datasets. To improve
model performance, the research will concentrate on advanced data augmentation techniques such as geometric
transformations, color normalization, and super-resolution modelling. Additionally, adaptive data preparation methods
will be used to ensure that the model can recognize fruits under a variety of lighting situations, maturation stages, and
occlusion scenarios.

MODEL ARCHITECTURE AND OPTIMISATION

To achieve higher classification performance, this research will investigate alternative CNN designs, including Mobile
Net and Efficient Net, which are known for their lightweight and high-efficiency features. The addition of attention
techniques like as SE- Net and CBAM, as well as transformer-based architectures, would boost the model's capacity to
distinguish between visually similar fruits. Bayesian optimization will be used to automatically tune hyperparameters,

IJMRSET © 2025 |  AnISO 9001:2008 Certified Journal | 4639




©2025 IJMRSET | Volume 8, Issue 4, April 2025| DOI: 10.15680/IJMRSET.2025.0804083

INVINHP YRR | www.ijmrset.com | Impact Factor: 8.206] ESTD Year: 2018|

g 6“;??% International Journal of Multidisciplinary Research in
" : 5 ~ . . . - :
‘Lﬁb’ Science, Engineering and Technology (IJMRSET)
IIMHSE (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

. ___________________________________________________________________________________|
resulting in optimal performance.

OVERCOMING OVERFITTING AND GENERALIZATION ISSUES

To overcome overfitting and generalization issues in deep learning, the project will use regularization techniques like
dropout, batch normalization, and L2 regularization. Early stopping and reduced model architectures will also be used
to prevent excessive complexity. Class balancing strategies will include oversampling and class-weighted loss functions.
COMPUTING EFFICIENCY AND REAL-TIME DEPLOYMENT

A critical component of this research is ensuring that the fruit classification model can be deployed efficiently on edge
devices with minimal computational resources. Model quantization, pruning, and hardware-specific optimizations will
be used to achieve low latency execution. Furthermore, hardware acceleration approaches such as Tensor RT and Open
VINO will be investigated to allow for real-time fruit classification in super markets, farms, and automated processing
facilities.

III. METHODOLOGY

Our proposed methodology improves CNN-based fruit categorization by using a structured approach that addresses
significant problems in dataset quality, model optimization, and real-world deployment. To improve dataset quality, we
use advanced data augmentation techniques such geometric modifications, color jittering, and adversarial training to
increase variety. Super-resolution models improve feature extraction from low-quality pictures, while class imbalance
concerns are addressed by oversampling, class-weighted loss functions, and synthetic data creation with Convolutional
Neural Networks (CNNs). Additionally, adaptive data preparation is used to rectify illumination fluctuations and
reduce background clutter via semantic Segmentation approaches.

We use attention techniques such as Squeeze-and-Excitation Networks (SE-Net) and Convolutional Block Attention
Modules (CBAM) to assist the model focus on important visual areas. Transformer-based topologies improve feature
representations even more, allowing for more accurate distinction of comparable fruits and maturity stages. To reduce
overfitting, we use regularization approaches like dropout and L2 weight decay, as well as early halting and reduced
architectures, to balance model complexity.

To achieve computational economy and real-time optimization, we use lightweight CNN architectures like MobileNet
and Efficient Net, which retain good accuracy while decreasing computational costs. Dequantization and pruning
significantly reduce memory consumption, making the models appropriate for deployment on edge devices. Hardware-
specific optimizations, such as TensorRT for GPUs and NNAPI for mobile devices, enable real-time execution with
low latency, enabling consistent performance across several platforms.

For more difficult cases involving damaged fruits, occlusions, or mixed fruit categorization, we use segmentation-

based object identification algorithms such Mask R-CNN and YOLOVS. These strategies enable the model to focus on
individual fruit instances, which improves classification accuracy.
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IV.CONCLUSION

To summaries, the proposed integrated system considerably improves the area of fruit categorization by solving critical
problems associated with previous CNN-based methods. Our strategy improves dataset variety and representation by
using sophisticated techniques such as data augmentation, super-resolution models, and class balancing algorithms,
while also addressing difficulties with overfitting and data scarcity. These enhancements enable more powerful
distinction between visually identical fruits and different maturation stages, which is critical for practical applications
in agriculture and the food sector. The adoption of attention mechanisms and transformer-based architectures further
enriches the model's feature extraction capabilities, enhancing its ability to identify subtle differences between fruit
types. Regularization techniques and optimized model architectures ensure that the system remains efficient without
sacrificing accuracy. By addressing environmental factors such as illumination and occlusions through adaptive data
preparation and semantic segmentation, our approach demonstrates resilience in varied real-world conditions.
Computational efficiency is another critical focus of our work. Through the use of lightweight CNN architectures like
Mobile Net and Efficient Net, coupled with model quantization and hardware-specific optimizations, we enable real-
time processing capabilities suitable for deployment on edge devices. This scalability ensures that our system can be
integrated seamlessly into automated retail systems and portable agricultural tools, offering practical solutions without
demanding excessive computational resources.
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