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ABSTRACT—

There are more than 250,000 documented species of flowering plants grouped within 350 families. Additionally, accurate flower classification forms the basis for
horticultural practices, plant taxonomy, nursery management, and the systematic guidelines of botanical science, all of which rely heavily on effective classification,
including image-based retrieval systems. Flower identification also finds widespread application in various fields. Manual categorization, however, is laborious and
time-consuming, especially when image backgrounds are complex or when the number of images is vast, leading to misclassification in some floral categories.
Robust techniques for flower segmentation, detection, and classification are thus extremely important. This research proposes innovative strategies to ensure reliable
and ongoing classification during the model training phase. We validate our approach on three well-known flower datasets. Our method outperforms previous
benchmarks for these datasets, achieving accuracy levels above 98 percent. The paper introduces a new two-stage deep learning classification approach for
identifying flowers across diverse biological taxa. Initially, the floral area is segmented to locate the bounding box, facilitating more precise identification. This
methodology is demonstrated using a fully convolutional network as a dual classifier. Furthermore, to distinguish among different flower types, we build a robust
convolutional neural network classification system..
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Introduction

Deep learning is a term that has evolved through several distinct phases over time. Both machine learning (ML) and artificial intelligence (Al) have
advanced rapidly, especially in the context of deep learning. ML and Al are now integral in pharmaceutical design, image analysis, image transformation,
registration, segmentation, and restoration. Their evolution includes systematic algorithms like Convolutional Neural Networks (CNN), Recurrent Neural
Networks (RNN), and Long Short-Term Memory (LSTM) models. CNNs have demonstrated exceptional performance in numerous domains, such as
fruit recognition, object detection, facial recognition, robotics, video analysis, segmentation, pattern recognition, language processing, spam detection,
and content filtering, often achieving human-level accuracy. CNN design is inspired by the visual cortex of mammals.

Traditional flower classification methods utilize a combination of visual features extracted from images, including color, texture, shape, and other
observable traits. These features are crucial for differentiating between species. Some methods also consider relationships among samples to further boost
classification performance, with support vector machines (SVMs) serving as common classifiers. Many existing flower classification strategies depend
on segmenting the floral region for higher accuracy. Handcrafted features like histograms of oriented gradients (HOG), Scale-Invariant Feature Transform
(SIFT), and Speeded-Up Robust Features (SURF) are often not scalable for complex flower groups. Moreover, the robustness of these classification
methods on one dataset does not guarantee their effectiveness on another, largely due to their reliance on hand-engineered features, which are sensitive
to variations in lighting, pose, or occlusion. The recent surge in deep learning—especially CNNs—is driven by their superior accuracy and the ability to
learn data-driven features. Additionally, advancements in hardware, notably GPUs, have dramatically accelerated training of deep models. In this work,
we show how recent progress in deep learning, including the availability of detailed floral datasets, can be leveraged through CNNs. Our automated
workflow isolates the region surrounding each flower and passes cropped images to a CNN classifier for species identification. The process involves
bounding-box-based localization and segmentation within a fully convolutional network (FCN), handled as a dual classification task. We evaluate our
approach across multiple benchmark flower datasets, consistently achieving 97 percent classification accuracy.
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LITERATURE REVIEW

Qi Xianbiao et al. (2014) In computer vision, the design of foundational descriptors is a fundamental challenge. Achieving a balanced tradeoff between
bias and efficiency is difficult. Prior research shows spatial co-occurrence features can be discriminative, but are often disrupted by geometric and
photometric variations. This study introduces Pairwise Rotation Invariant Co-occurrence Local Binary Pattern (PRICoLBP), which offers rotation
invariance and improved spatial co-occurrence encoding over previous LBP methods. PRICOLBP is evaluated on criteria such as descriptiveness, speed,
scale, invariance, and coding technique, outperforming nine LBP variants on five datasets and showing effective application across texture, content, plant,
leaf, food, and scene recognition tasks.

Weiming Hu et al. (2014) The authors present a multiscale nonlinear filtering approach for saliency-based image analysis, designed to enhance relevant
structures while suppressing background clutter. The method preserves important boundaries and features at each scale and fuses multi-scale data to
organize images according to mid-scale, final, and original representations. This approach effectively identifies salient foregrounds, crucial for
classification. Evaluation on Oxford 102, Oxford 17, and PASCAL 2005 datasets confirms high classification rates, demonstrating the method’s utility
for complex multi-scale image analysis.

Alex Krizhevsky et al. (2014) Sorting 1.2 million images in the LSVRC-2010 ImageNet Challenge into 1,000 categories, the researchers used a deep
convolutional neural network with 60 million parameters. Achieving top-1 and top-5 error rates of 37.5% and 17.0%, the architecture includes five
convolutional layers (some with max pooling), three fully connected layers, and a final softmax. Innovations include rectified linear units, GPU
acceleration, and dropout for regularization. Entering the ILSVRC 2012 competition, the model set a new benchmark with a 15.3% top-5 error rate,
outperforming all prior entries.

Karen Simonyan et al. (2015) This work systematically analyzes how increasing the depth of convolutional neural networks, using small 3x3 filters,
affects accuracy. Experiments show that increasing depth to 1619 layers leads to substantial improvements, underpinning their successful entry in the
2014 ImageNet Challenge, where their models placed first and second in classification and localization tasks. Their deep representations also performed
well across several additional datasets.

Evan Shelhamer et al. (2017) Proposing “fully convolutional networks” (FCN), this study demonstrates that pixel-wise convolutional architectures surpass
traditional semantic segmentation methods. They adapt leading models (AlexNet, VGG, GoogLeNet) for dense spatial prediction, combining shallow,
fine-grained features with deeper semantic information. The FCN structure achieves significant gains in segmentation accuracy on PASCAL VOC,
NYUDvV2, SIFT Flow, and PASCAL Context datasets.

Ross Girshick et al. (2014) Object detection research, especially on the PASCAL VOC dataset, has seen rapid progress. The authors introduce a
straightforward, adaptable localization method—R-CNN-—that delivers a mean average precision (mAP) of 53.3%, moare than 30% higher than the best
VOC 2012 result. The key is a two-stage process: supervised pre-training followed by fine-tuning with labeled data. R-CNN leverages region proposals
with CNNss for robust localization and classification, offering rich feature representations and details on practical implementation.

PROPOSED METHODOLOGY

Convolutional Neural Networks (CNNs) are advanced forms of multilayer perceptrons, modeled on biological vision systems, especially the arrangement
of cells in the visual cortex. Notable CNN models include LeNet-5, HMAX, and NeoCognitron, many inspired by neurobiology. While standard MLPs
overlook spatial relationships, CNNs exploit local connections through receptive fields—small image regions scanned by convolutional filters. These
filters capture spatial hierarchies, making CNNs highly effective for image-based tasks.

CNNs comprise two primary cell types: simple cells, which respond to specific patterns such as edges within their receptive field, and complex cells,
which are invariant to precise position and respond to larger regions. The shared weights of CNN filters greatly reduce the number of parameters needed,
increasing learning efficiency.
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Figure 1. Convolutional Neural Network
A. Convolutional Layer:

This layer applies multiple filters to the input image, generating feature maps that capture spatial patterns. By convolving across the image, it abstracts
away the precise position of features, allowing the network to recognize features anywhere in the visual field.

B. Pooling Layer:

Following convolution, pooling layers downsample feature maps, retaining essential information while reducing dimensionality. Max pooling is common,
summarizing the presence of features within local patches and reducing sensitivity to their exact location.

C. Activation Layer:

To model complex, non-linear relationships in real data, activation layers (such as ReLU or SoftMax) introduce non-linearity. SoftMax is especially used
at the output for classification, converting output scores into class probabilities.

D. Fully Connected Layer:

In the final stages, fully connected layers interpret the learned features and make the final classification (e.g., healthy/unhealthy). Training uses
backpropagation to minimize classification errors. Feature extraction often involves texture, color, and shape descriptors, with texture being particularly
informative for plant disease detection. The classifier is trained on labeled data and validated on unseen data, with deep learning models excelling in
handling large, complex datasets.

Overall, the CNN framework efficiently translates vast image data into actionable insights, supporting better agricultural management and disease
detection..
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Figure 2. Process Flow Diagram

In the last stages of the CNN architecture, the fully connected layers classify the input image into categories like healthy or unhealthy by interpreting the
features that the convolutional and pooling layers have retrieved. By using strategies like backpropagation to reduce the classification error during training,
these layers combine the learnt characteristics into a final prediction. The CNN's ability to identify minor patterns suggestive of plant illnesses is
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demonstrated by its ability to learn from an eight-texture feature vector, which includes contrast, correlation, energy, entropy, cluster shading, prominence,
skewness, and kurtosis.

Feature Extraction: Color, texture, and shape are among the features that are extracted from the segmented images. Histograms may be included in color
features, homogeneity or variance may be included in texture features, and measurements like area or roundness may be included in form features. Each
feature type makes a distinct contribution. Texture features are frequently given priority for plant disease identification because of how well they highlight
disease indications.

Lastly, the classification module distinguishes between healthy and unhealthy plants using the attributes that were extracted. In this step, a classifier is
trained on a labeled dataset (training set) and then its performance is evaluated on an unknown dataset (test set). Deep learning methods have shown
particular proficiency in this challenge because of their ability to handle large volumes of data and intricate feature relationships.All things considered,
the CNN architecture and related procedures are an effective tool for detecting plant diseases, turning enormous amounts of unprocessed data into useful
insights that can greatly support agricultural management and disease control.

RESULTS AND DISCUSSIONS

This work details a comprehensive learning framework for identifying, segmenting, and classifying floral images. The proposed system is versatile and
achieves high performance across multiple datasets, surpassing traditional hand-crafted feature approaches. The main advantages are: (1) CNNs
adaptively learn features better suited for classification, outpacing manual descriptors; (2) A two-stage approach with localization simplifies the
classification task; (3) Transfer learning (e.g., with VGG-16) further improves speed and precision; (4) Progressive learning and layer-wise fine-tuning
avoid local minima and optimize learning at all levels. Experimental results confirm the reliability of our approach, with only 168 misclassifications out
of over 10,000 images across all datasets.

* Data is collected from Database
‘o ifitai « Data are classified on the nature of Sample
Database

» Filtering and Segmentation is executed
+ Image is converted into sampled data.

*Development of Deep Learning Based Convolutional Neural Network
*Development of graphical user interface for easy execution of expert system.
+Plotting figure of merits.

*Result analysis and comparative assessment.

System

Figure 3: Comprehensive Approach to Implementation Mechanism

Table 1: Database Description

Database Name | Total Images | Number of Classes | Resolution

Database A 5000 50 256x256
Database B 10000 100 512x512
Database C 7500 75 128x128

Table 2: Classification Accuracy

Database Model Accuracy Before Transfer Learning | Accuracy After Transfer Learning
Database A | Basic CNN 85% 93%
Database B | Enhanced CNN | 88% 95%

Database C | Transfer Learn | 90% 97%
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Table 3: Model Comparison

Feature Basic CNN | Enhanced CNN | Transfer Learning CNN
Layers 5 8 10

Parameters M 2M 1.5M

Training Time 2hr 4 hr 3hr

Validation Loss | 0.15 0.10 0.08

Table 4: Learning Efficiency

Epoch | Training Accuracy (%) | Validation Accuracy (%0)

1 50 48

5 75 73

10 85 84

15 90 89

20 93 92

Table 5: Misclassification Analysis

Error Type Database A | Database B | Database C
Background Clutter 100 150 120
Overlapping Flowers | 80 70 50
Misdetected Region | 60 40 30
Total Errors 240 260 200

These tables present critical aspects of the CNN-based flower classification approach: dataset statistics, accuracy metrics, architectural comparison,
training dynamics, and error breakdown.

CONCLUSION

This research specifically investigates the effectiveness of a modern, deep learning-based approach for flower classification. The methodology
demonstrates considerable advantages over traditional methods by incorporating both qualitative and quantitative evaluation metrics. Subjective analysis
by human raters and objective metrics like precision, recall, and accuracy provide a comprehensive measure of system performance. The project has
achieved notable advancements in deep learning architectures and pre-processing methods for improved flower image analysis. Innovations include
advanced image augmentation, adoption of deeper neural network architectures, and seamless integration of a graphical user interface (GUI) to streamline
user interaction, image upload, real-time classification, and instant feedback. Looking forward, several enhancements are planned to further strengthen

the model:

e  Faster Real-Time Evaluation: Refining the model for faster classification to support practical, real-time applications.

e  Expansion of Indian Flower Databases: Extending the dataset with more species native to India to boost the system’s relevance for local

botanical research.

e  Adoption of Cutting-Edge Deep Learning Models: Upgrading with newer neural network architectures for improved learning and

efficiency.

e  Comparison with Self-Supervised Models: Benchmarking self-supervised and unsupervised models to determine the best fit for specific

flower datasets.

These future directions aim to keep the deep learning system at the forefront of Al advancements in flower classification, ensuring it remains effective,
accurate, and relevant as the technology evolves.
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