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Abstract

Currently, quality inspection and nutrients estimation of rice grains is very important for evaluating the grade of the food grains.
Artificial Intelligence and image processing algorithms play an extensive role in agriculture for assessing the nutrients present in
three types of rice grains. The three types of rice varieties include Brown Rice (BR), White Rice (WR) and Enriched White Rice
(EWR). One among them is the analysis of the quality and nutrients present in the rice grains. The main difficulty in trading rice
grains based on quality and nutrients is presently done by a human inspector. In this paper, a strategy is presented to estimate the
quality of rice grains based on the nutrients content in it. The major nutrients for assessing the quality of the rice grains include
Manganese, Niacin, Thiamine, Selenium and Magnesium. The proposed method is an application of image processing with
Artificial Neural Networks (ANN) trained with Back Propagation Algorithm (BPA) to offer a cost effective solution using
Artificially Intelligent (Al) Sensor to assess quality, rating and nutrient based categorization of rice grains based on the colour of
the rice grains.

Keywords: Rice grains, nutrients, Artificially intelligent sensor, Back Propagation Algorithm (BPA), Pre-
processing and Feature Extraction

1. INTRODUCTION

Rice is the staple food consumed by majority population in South India. Country like India focuses on
agriculture as a prime source of income to improve the Indian economy. The yield of rice grains is an important
guideline to farmers while the paddy crops remain in agricultural lands, but when the processed rice grains reach
the market, quality and nutrients become a key component which determines the profit in the agriculture business.
The trading of quality rice grains depend on its nutrient content. Rice grain handling is carried out in several stages
before it reaches the market for sale. Machine vision techniques can be used for grain quality assessment which
relies on visual inspection. Since manual sorting is tedious and time consuming and also subjected to errors, an
automated scheme for nutrient based quality determination is advised [1]-[4].

Present scenario states that there is no efficient method available to categorize the nutrients present in the
rice grains to increase the marketability of quality grains. Consequently, it turned out to be a critical problem at the
consumer end. Manual sorting leads to loss in income to the farmers. Hence, there arises a need for technology to
enable automated nutrient identification. Though the manual method of sorting is simple and cheap, the major
disadvantage includes lowered efficiency. In case of manual method, the accuracy of quality checking is also a
challenging task. Unsorted rice grains may contain many impurities like stones, weeds, seeds, straw and spoiled
seeds. The level of automation in testing the quality of rice grains is low and requires manpower for executing the
job[5]-[9].

The qualities of rice grains play a vital role because rice is the staple food of the people in our country.
The colour, shape and size of the rice grains determine the quality of the rice grains. In India the population is
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exponentially increasing and hence it is challenging to handle and process rice grains maintaining the food grade
quality and safety standards. The use of chemical based pesticides is nowadays creating very harmful effects to the
human race and hence there arises a need for quality and nutrient check in the various types of rice grains. On the
other hand the machine vision method is considered to be a very quick and non-destructive method. As the
technology is growing wider people are adopting the new technologies [10]-[19].

Grain yield, nutrients contents and quality in different rice grains is evaluated to develop a high yield and
good quality rice grains. Agro ecological zones are used in the estimation of examining macro nutrients
concentrations. The Parameters like milling, cooking nutrition and quality f rice grain plays an important role in
the success of rice breeding [20-22]. The production of rice grains and their nutrient content is affected greatly by
environmental conditions. Meteorological measurements and aerial vehicle remote sensing are used to relate rice
grain nutrient content and environmental conditions. A study conducted in the analysis of presence of nutrient
content in rice grain shows significant variation of Protein and amino acid content. The nutritional quality of rice
grain is being affected in great manner by the toxic mineral elements accumulation [23-25).

1.1. Related Work

Jagdeep Singh Aulakh D.R. V.K. Banga [1] purposed Flat Bed Scanning (FBS) method to grade the rice
grains using image processing techniques. The external factors like fatigue can be eliminated or reduced by using
this technique to identify the broken grains. The images of the rice grains are captured by a digital camera with
high resolution. Background extraction is carried out using the image subtraction technique followed by contrast
stretching to adjust the contrast of the images. So by this experimentation method the grading of rice grains was
done but the efficiency was low and the nutrients present in various types of rice grains were not identified[14]-
[16]. Kaur and Verma in their research work have used computer vision methods to sort the rice grains using
kernels of full, medium or half sized. Images of optimal resolution are captured using a high resolution camera.
The camera is placed perpendicular to the plane in which the paddy fields are located. Images captured under
varied illumination with variability in background are tested using image processing algorithms. The quality of the
image may be affected due to poor illumination effects and need to be removed so that the image is converted to a
binary image followed by erosion and dilation operations. The area of the rice grains were found out by counting
the area of each connected portion of the image. Morphological operations were performed to grade the rice
grains[13].

Naiquin Zhang proposed a method to identify the protein content in wheat grains using [3] a real time
image processing algorithms. This method’s output was based on the colour, cleanliness, and size of the rice
grains. Mandeep Saini et al, in his work have proposed an image based scheme to increase the production of wheat
as the chief food crop for humans instead of maize. Quality finding of the wheat is a very cumbersome process.
Expert judge will determine the quality of wheat in manual mode and is also time consuming Process. The
challenge is to distinguish between the similar color and shape of the rice grains. As a solution to this problem,
Image processing algorithms are used to classify wheat[4].

S.V. More et al, [5] in their paper throws light of how to detect the carbohydrates, protein, fiber,
vitamins, minerals and antioxidants. Based on these values of constituents, the quality of the rice grains is graded.

Yosuke Yoshioka et al., [6] have indicated a method to evaluate the effectiveness of the image scanner to
detect and measure the chalkiness of the rice grains and grade them based on the chalkiness using visual
assessment methods. Nearly, 246 types were taken for analysis.

2. METHOD

Three different rice varieties are taken for nutrient estimation. This includes Brown Rice (BR), White
Rice (WR) and Enriched White Rice (EWR). The various nutrients to be estimated are Manganese, Niacin,
Thiamin, Selenium and Magnesium. First a look up table is formed in consultation with the agriculturalists and
dietician to identify the presence of the nutrients in the above mentioned three varieties of rice grains. The images
of the rice grains pertaining to the three varieties is depicted in Figure 1. The nutrients content in various rice
varieties are presented in Table 1. The procedure for using image processing algorithms in nutrient identification
in rice grains is illustrated in Figure 2.

| Brown rice (BR) | White rice (WR) | Enriched white rice (EWR) |
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Figure 1. Images of Rice grains
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Table 1. Nutrients content in various Rice Varieties

Nutrients Brown rice(BR)  White Rice(WR) Enriched White Rice(EWR)
Manganese 42% DV 16% DV 16% DV
Niacin 16% DV 3% DV 9% DV
Thiamine 15% DV 2% DV 14% DV
Selenium 11% DV - 14% DV
Magnesium 9% DV 2% DV 2% DV
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Figure 2. Schematic for Image processing in nutrient identification in rice grains
The features are extracted from the three varieties of rice images. These features are then used to train the

Feed Forward Neural Network (FFNN) using Back Propagation Algorithm (BPA), whose architecture is,
described Figure 3.

Eur. Chem. Bull. 2023, 12(Special Issue 8),3380-3386 3382



Nutrients Estimation in Rice Grains using Artificially Intelligent (Al) Sensors

Output layer

Hidden layer

Figure 3. ANN architecture with BPA

3. RESULTS AND DISCUSSION
Studies related to real scenario state that all solutions related to nutrient identification from rice images do
not have expected accuracy level. Hence to increase the detection efficiency this image based scheme plays a vital
role. However, all the applications are only provide knowledge about some limited information. Therefore, it is
needful to develop an indigenous nutrients detection system which directly predicts the nutrients and quality of
rice with online images. The framework for nutrients detection is shown in Figure 4.

3.1. Image Acquisition
Acquiring the images of the rice is the major part in implementing image based schemes which gives an
idea to the buyers about the nutrient value present in the rice images. Apart from this step, the method includes
preprocessing the rice images and the great challenge in image acquisition is that the testing and selection of an
appropriate gadget like high resolution cameras.

3.2. Image Pre-Processing
Image processing is a procedure to change the input rice image into a required form which can be
subsequently processed through various stages like colour conversion and RGB channel extraction [2, 3]. The
image pre-processing include filtering, color conversion and detail enhancement of image [12-16].As per the
recent researches that has been conducted over the related image pre-processing techniques carried out for
detecting the nutrients in various rice varieties as mentioned in Table 1.

Pre-Processing Segmentation
Rice Image - Filtering; color Thresholding; K-means
space conversion; Clustering; Fuzzy C
Channel Extraction means clustering
N7
Feature Selection Feature Extraction
Principal Component Analysis; Texture feature;
Optimization Techniques: GA, PCO; [ ;‘] Color feature;
Normalization Edge feature
Train the Classifier
S feature BPA Rice Quality and
Test the Image v] nutrients
detected

Figure 4. Framework for Nutrients Detection in Rice
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3.3. Segmentation
Image segmentation is way that is meant way for sectioning the rice images into its basic building blocks
called the pixels for nutrients identification a computerized image processing algorithm. Segmentation helps to
detect the region of interest by dividing the entire image into smaller parts, thereby enabling the researcher to
detect the region of interest. RGB image to grayscale image model is used here [7, 8].

3.4. Feature Extraction

Feature extraction technique is an important part prior to image classification. The features are the key
parameters that facilitate the rice image classification. They include color and shape extraction. Color extraction is
an important factor of distinctive classes. Digital image processing techniques produce color evaluation is
tremendously functional when researching the nutrient determination [5]. An image pixel typically addressed in
the RGB space, in which the color space at each pixel addressed as a combination of pixel values in RGB planes
respectively  [6]. Shape descriptors include Major Axis Length (MaAL) and Minor Axis Length (MiAL) as
twofold parts. The extracted features are used to train the ANN classifier [7].

3.5. Classification
The experimental results illustrate that the overall detection rate of rice nutrients dependent on foremost
segmentation step and selecting suitable ANN architecture parameters for training with BPA. The accuracy level is
95.92%, which is very superior to the other methods of conventional classification as shown in Figure 5.

Ll v . - v — ' .
¢ Setl
i * Set2
L * Set3 1
\ '0' \
|: * g ‘ "~
nes. |\, o)
Accuracy | - \
nw | W o | |
\ \ W' ‘e J
, |
" Set 1 \ o« S A
\ / P
.'. / o s l
A -
ne A
Set 2 ¥
Set 3 2
ViE e e aes i s (% T

Feature values

Figure 5. Results for nutrients detection in three varieties of Rice

4. CONCLUSION
This research work enlightens the researchers with the knowledge about three different types of rice and
the nutrients present in them. Also, this paper will enable the researchers to have an insight about pre-processing,
segmentation, feature extraction, and classification techniques. Various issues related to nutrients detection in rice
plants are discussed here so as to provide a common acceptable framework for quality detection and enhancement.
The performance of the proposed Al sensor with intelligent classifier was found to be satisfactory because the
accuracy value is 95.92%.

REFERENCES

[1]  Jagdeep Singh Aulakh , Dr. V.K. Banga, “Grading of rice grains by image processing”, International Journal of Engineering Research
and Technology (IJERT), vol. 1, no 4, June 2012.

[2] Yi Zhang, Da Li, Dingbo Zhang, Xiaoge Zhao, Xuemin Cao, Lingli Dong, Jinxing Liu,Kunling Chen, Huawei Zhang, Caixia Gao,
Daowen Wang, “Analysis of the functions of TaGW2 homoeologs in wheat grain weight and protein content traits”, The Plant Journal
for cell and Molecular Biology, vol. 94, no 5, June 2018.

[3] Mandeep Saini, Jagjit Singh, Neelam Roop Prakash , “Analysis of Wheat Grain Varieties Using Image Processing-A Review”,
International Journal of Science and Research (1JSR),vol 3, no 6, June 2014.

[4]  Prethusha S, Senthil Prakash K, “Rice Grain Quality Analysis using Image Processing Techniques”, International Journal of Scientific
Research in Engineering and Management (IJSREM), vol 6, no 5, May 2022.

Eur. Chem. Bull. 2023, 12(Special Issue 8),3380-3386 3384



Nutrients Estimation in Rice Grains using Artificially Intelligent (Al) Sensors

[5]
[6]
[7]
(8]
[
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]

[20]

[21]

[22]
[23]
[24]

[29]

Yosuke yoshika, Hiroyoshi Iwata, Minako Tabata, Seishi Ninomiya, Ryo Ohswawa, “Chalkiness in Rice: Potential for Evaluation with
Image Analysis”, Crop Science, vol 47, no 5, pp 2113- 2120, 2007.

Andres M. Tuates Jr. , Aileen R. Ligisan, “Development of a Computer Vision System for Brown Rice Quality Analysis”, Asian Journal
of Applied Sciences, vol 4, no 5, October 2016.

Bhavesh B. Prajapati, Sachin Patel, “Classifcation of Indian Basmati Rice Using Digital Image Processing as per Indian Export Rules”,
International Research Journal of computer Science Engineering and Applications, vol. 2, no 1, January 2013.

S. Kanchana, S. Lakshmi Bharati, M. llamran and K. Singaravadivel, “Physical Quality of Selected Rice Verities”, World Journal of
agriculture Sciences, pp. 468-472, January 2012.

Harpreet Kaur, Baljit Singh, “Classification and Grading Rice using Multi-Class SVM”, International Journal of Scientific and Research
Publications (1JSRP), vol. 3, no 4, April 2013.

Shilpa J. Bhonsle, “Grain Quality Evaluation and Organoleptic Analysis of Aromatic Rice Varieties of Goa, India”, Journal Agricultural
Science, pp. 99-107, vol. 2, no. 3, pp.99-107, September 2012.

J. Paliwal, N. S. Visen, D. S. Jayas, “Cereal Grain and Dockage Identifcation using Machine Vision”, Biosystems Engineering, vol 85,
no 1, pp.51-57, 2003.

S. Anamil, D. G. Savakar, “Improved Method for Identification and Classification of Foreign Bodies Mixed Food Grains Image
Samples”, ICGST-AIML Journal, vol 9, no 1, February 2009.

Aggarwal, Amit K. and Mohan, Ratan "Aspect Ratio Analysis Using Image Processing for Rice Grain Quality", International Journal of
Food Engineering, vol 6, no 5, 2010.

N. A. Kuchekar, "Rice Grain Quality Grading Using Digital Image Processing Techniques”, IOSR Journal of Electronics and
Communication Engineering (IOSR-JECE), vol 13, no 3, pp. 84-88, 2018

Siriluk Sansomboonsuk and Nitin Afzulpurkar, “The Appropriate Algorithms of Image analysis for Rice Kernel Quality Evalution”,20 th
Conference of Mechanical Engineering Network, Nakhon Ratchasima, Thailand, 2006.

Agustin, O.C., Byung-Joo Oh, “Automatic Milled Rice Quality Analysis”, IEEE Computer Society International Conference on Future
Generation Communication and Networking, Washington, DC, USA, vol.2, pp.112-115, 2008.

N.Toyofuku and R.P.Haff , “Computer vision technology in food and beverage Industry”, Wood head publishing ,2012, pp.181-205.
G.Demaurex and L.Salle, “Detection of Physical Hazards”, Food safety management ,2014.

Liu. F Zhao W,Liu G, Tang Z ,Dou Y, Y Ren, Non destructive quality control of rutin pharmaceuticals by near infrared reflectance
spectroscopy and artificial neural network, Huaxue Fenxi Jiliang, vol 12, no 3, 2003.

Madhubabu P, K. Suman , Ramya Rathod , R. Abdul Fiyaz , D. Sanjeeva Rao , P. Sudhakar , A. Krishna Satya , V. Ravindra Babu and
C. N. Neeraja, “Evaluation of Grain Yield, Quality and Nutrients Content in Four Rice (Oryza sativa L.) Genotypes”, Current Journal of
Applied Science and Technology, vol 22, no 1, 2017.

Tovohery Rakotoson , Kalimuthu Senthilkumar, Jean-Martial Johnson , Ali Ibrahim , Job Kihara, Andrew Sila , Kazuki Saito,
“Estimating nutrient concentrations and uptake in rice grain in sub-Saharan Africa using linear mixed-effects regression”, Field Crop
Research, Volume 299, 1 August 2023.

Sharmin Sultana, Muhiuddin Faruque, Md Rafiqul Islam, “Rice grain quality parameters and determination tools: a review on the current
developments and future prospects”, International journal of food properties, vol 25, no 1, pp. 1063-1078, 2022.

Akira Hama ,Kei Tanaka , Atsushi Mochizuki , Yasuo Tsuruoka and Akihiko Kondoh, “Estimating the Protein Concentration in Rice
Grain Using UAV Imagery Together with Agroclimatic Data”, Agronomy,2020, doi:10.3390/agronomy10030431

S. Banerjee , G. Chandel , N. Mandal B. M. Meena and T. Saluja, “Assessment of Nutritive Value in Milled Rice Grain of some Indian
Rice Landraces and their Molecular Characterization”, Bangladesh journal of agricultural research, vol 36, no 3, September 2011.
Zi-Wen Ren, Peter M Kopittke, Fang-Jie Zhao, Peng Wang, “Nutrient accumulation and transcriptome patterns during grain
development in rice”, Journal of Experimental Botany, vol 74, no 3, pp. 909-930, February 2023.

BIOGRAPHIES OF AUTHORS

o %

E. Suneetha is working as Associate Professor, Electronics and Communication
Engineering, Nalla Narasimha Reddy educational societies group of institutions,
b b Telengana. She has Graduated M.Tech System and Signal Processing in the year 2011 and

| B.Tech Electronics and Communication Engineering in the year 1996. She has Twenty
one years of Academic Experience at under graduate and Post graduate level. Her
Research interests include Micro Electronics, Bio Sensors and Bio Medical

Instrumentation. She is presently doing PhD degree in Electronics and Communication

Engineering, Dr. M.G.R. Educational and Research Institute, University.

)./

Dr.V.Karthikeyan obtained his Doctoral Degree in Electronics and Communication
Engineering in July 2015. He is Presently working as Professor, Electrical and Electronics
Engineering, Dr. M.G.R. Educational and Research Institute, Chennai-95.His areas of
interest include Embedded systems, Medical Electronics, Image Processing. He has more
than Fifty International Publications in reputed journals. He Possesses Twenty Years of
academic experience at undergraduate and Post Graduate level. He is also a reviewer for
journals published by Springer and Elsevier publishers

Eur. Chem. Bull. 2023, 12(Special Issue 8),3380-3386 3385


https://www.sciencedirect.com/journal/field-crops-research/vol/299/suppl/C
https://www.tandfonline.com/author/Sultana%2C%2BSharmin
https://www.tandfonline.com/author/Sultana%2C%2BSharmin
https://www.tandfonline.com/author/Islam%2C%2BMd%2BRafiqul

Nutrients Estimation in Rice Grains using Artificially Intelligent (Al) Sensors

K. Sujatha is presently working as Professor in EEE, Department at Dr. M.G.R
Educational and Research Institute, Chennai, Tamil Nadu, India. She has 20 years of
teaching experience in various Engineering colleges. She completed her Ph. D in 2011
from Anna University. She has presented/published papers in National/International
conferences/journals and also published many books with Elsevier and Springer publisher.
She is also a reviewer for journals published by Springer and Elsevier publishers.
Presently doing her research in the area of Image Processing for Process Control. She has
also published 4 patents including one international patent with the Chinese University at
Huaiyin Institute of Technology, China.

Eur. Chem. Bull. 2023, 12(Special Issue 8),3380-3386 3386



	E. Suneetha1a,b, V. Kathikeyan2 and K. Sujatha3
	1aResearch Scholar, ECE Department, Dr. MGR Educational and Research Institute 1bAssociate Professor, ECE Department, Nalla Narasimha Reddy Education Societies Group of Institutions
	3 Professor, EEE/BME Department, Dr. MGR Educational and Research Institute

	Abstract
	1. INTRODUCTION
	1.1. Related Work
	2. METHOD
	3. RESULTS AND DISCUSSION
	3.1. Image Acquisition
	3.2. Image Pre-Processing
	3.3. Segmentation
	3.4. Feature Extraction
	3.5. Classification
	4. CONCLUSION
	REFERENCES
	BIOGRAPHIES OF AUTHORS


