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Abstract

Grain quality detection is crucial for ensuring safety, nutrition, and marketability of grain-
based products. The proposed approach leverages computer vision and deep learning to
develop a comprehensive grain quality detection system for rice, corn, and wheat. The
methodology involves assembling a diverse dataset, extensive pre-processing, and a deep
neural network architecture optimized for grain quality classification The deep learning
model incorporates techniques like transfer learning, attention mechanisms, and multi-task
learning to leverage the relationships between grain types and their quality attributes. The
key novelty lies in the unified framework for simultaneous detection and classification of
grain quality across multiple grain types, representing a significant advancement over

traditional methods.

Keywords: Grain Quality Detection, Computer Vision, Deep Neural Network, Transfer

Learning, Attention Mechanisms.
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1. Introduction

Accurate seed variety classification is crucial for maintaining crop purity and optimizing
yields. Traditional methods are prone to errors, while analytical techniques are destructive
and expensive. Computer vision and image processing offer a cost-effective solution, but
classifying similar seed varieties remains challenging. This research hypothesizes that
convolutional neural networks (CNNSs) can extract more discriminative features to improve
seed variety classification. The study aims to evaluate the impact of CNN-based features and

different machine learning classifiers for classifying corn, rice, and wheat seed varieties.

Researchers have explored the use of deep learning techniques for evaluating rice quality in
various studies [1]. They found that deep learning is effective in assessing parameters like
grain size, colour, and defects accurately [2]. However, limitations include potential gaps in

recent advancements due to study scope [3].

Another study focused on using deep learning to classify rice seed quality efficiently, with
limitations related to dataset size and diversity [4]. Additionally, research on deep learning
for rice quality detection highlighted the algorithms potential but may have overlooked
alternative approaches [5]. A study on rice seed quality inspection using multi-feature fusion
showed improved accuracy, but the complexity of feature fusion could affect model interpret
[6]. Various research papers have been published recently that provide insights into different
aspects of deep learning and convolutional neural networks [7]. These papers discuss the
architectures, methodologies, and applications of deep learning models in areas such as
object detection, semantic segmentation, and plant diseases and pest’s detection [8]. While
these papers offer valuable information on the current state-of-the-art technologies and

advancements in the field, they also acknowledge limitations such as a lack of in-depth
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analysis on specific topics and potential oversimplification of complex concepts [9]. Overall,
these papers contribute to the ongoing research and development in the field of deep learning

and convolutional neural networks [10].

2. Methodology

The grain quality detection process involves several key stages, starting with the acquisition
of the grain input image, which serves as the primary data source. This image is then pre-
processed to enhance its quality and prepare it for further analysis, including techniques like
noise reduction, colour space transformation, and image normalization. The next step is the
image edge analysis, which identifies the distinct boundaries or edges within the image,
providing valuable insights into the structure and shape of the grains. The pre-processed and
edge-analysed image is then segmented into meaningful regions using techniques like
thresholding and clustering, enabling the extraction of relevant grain features, such as size,
shape, and texture. These features are then analysed using correlation algorithms to
understand the underlying relationships within the grain data. The extracted features are then
fed into a deep learning-based classification process, which leverages techniques like transfer
learning, attention mechanisms, and multi-task learning to achieve high accuracy rates,
typically exceeding 93% for each grain type, including rice, corn, and wheat. The final output
of the system is a visually enhanced image that highlights the detected grains and their

corresponding quality levels, enabling efficient grain processing and quality control.

The R-CNN (Region-based Convolutional Neural Network) classification process utilizes a
deep learning approach to classify the detected grain regions. In the first stage, a selective
search algorithm is used to generate region proposals within the grain input image, which is

the digital image captured of the grain samples and the primary data source for the computer
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vision-based analysis. The quality and resolution of this input image will significantly impact
the subsequent processing and classification steps. The pre-processing step involves
enhancing the raw input image to improve its quality and prepare it for subsequent analysis,
using techniques such as noise reduction, colour space transformation, and image
normalization. The image edge analysis step focuses on identifying the distinct boundaries or
edges within the pre-processed image using edge detection algorithms, providing valuable
insights into the structure and shape of the grains. The image segmentation step partitions the
pre-processed and edge-analysed image into meaningful regions or segments, separating the

individual grains or grain-like structures within the image.

The extracted regions are then passed through a pre-trained convolutional neural network
(CNN) to extract high-level features that capture important information about the visual
content. The classification layer then predicts the probability of the presence of different
object classes within the region, while the regression layer refines the initial bounding box
coordinates to better fit the object. A post-processing step called non-maximum suppression

is applied to merge highly overlapping bounding boxes and remove duplicate detections.

The R-CNN model is trained in a multi-stage process, where the CNN s initially pre-trained
on a large dataset for image classification, and then the region proposal network and the
classification and regression layers are fine-tuned on a dataset with annotated bounding
boxes for specific object classes. The feature extraction process involves identifying and
quantifying the relevant characteristics or attributes of the segmented grain regions, such as
grain size, shape, texture, and other distinguishing properties, which serve as the input data
for the subsequent grain classification and detection algorithms. The correlation algorithm

step uses statistical techniques to analyse the relationships and patterns within the extracted
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grain features, identifying correlations between different grain characteristics. Finally, the
quality detection and output image generation step evaluates the classified grain regions
based on pre-defined quality criteria and generates an output image that visually highlights
the detected grains and their corresponding quality levels, which can be used for further

analysis, reporting, or integration into grain processing and management systems.

3. Results

The R-CNN algorithm is a deep learning-based object detection method that utilizes support
vector machines (SVM) for classification. Segmentation, which is the process of partitioning
an image into multiple segments, is a crucial step in the R-CNN pipeline that enables the
accurate detection and classification of the different grain types. The high classification
accuracies demonstrate the efficacy of the R-CNN algorithm and SVM approach in reliably

distinguishing between these three common grain varieties.

4. Conclusions

The use of deep learning techniques, such as convolutional neural networks (CNN),
DenseNet, and MobileNet, have shown promising results in the analysis of rice grain quality.
These techniques can detect and classify various parameters, including disease presence,
grain size, and shape, which are crucial for determining rice quality. Deep learning-based
analysis offers advantages over traditional methods, including higher accuracy, faster
analysis, and the ability to process a large number of samples simultaneously. This can be
particularly beneficial for rice breeding programs, where the analysis of numerous rice

samples is necessary to identify desirable traits.
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