Iranian Journal of Biosystem Engineering
Homepage: http://ijbse.ut.ac.ir

Application of fuzzy clustering algorithm and hyperspectral images for rice

Mabhsa Edris!

, Mahdi Ghasemi- Varnamkhasti® 2

authentication

, Sajad Kiani?
, Zahra Izadi®

Hassan
9
Yazdanpanah*&3

1. Mechanical Engineering of Biosystems Department, Faculty of Agriculture, Shahrekord University, Shahrekord, I.R.

Iran. E-mail: mahsa.edriis@gmail.com

2.Corresponding Author, Mechanical Engineering of Biosystems Department, Faculty of Agriculture, Shahrekord

University, Shahrekord, I.R. Iran. E-mail: ghasemymahdi@gmail.com

3. Biosystems Engineering Department, Faculty of Agriculture, Sari University of Agricultural Sciences and Natural

Resources, Sari, I.R. Iran. E-mail: s.kiani@sanru.ac.ir

4. Food Safety Research Center, Shahid Beheshti University of Medical Sciences, Tehran, I.R. IRAN
5. Toxicology and Pharmacology Dept., School of Pharmacy, Shahid Beheshti University of Medical Sciences, Tehran, I.R.

Iran, E-mail: yazdanpanah@sbmu.ac.ir

6. Mechanical Engineering of Biosystems Department, Faculty of Agriculture, Shahrekord University, Shahrekord, I.R.

Iran. E-mail: z.zahraizadi@gmail.com.

Article Info

ABSTRACT

Avrticle type: Research Article

Article history:

Received: Oct. 28, 2024
Revised: Jan. 6, 2025
Accepted: Jan. 19, 2025
Published online: Summer 2024

Keywords:

Adulteration,

Clustering,
Non-destructive methods,
Pre-processing

Rice is a vital and strategic product that is used as a major food source. The high demand for
purchasing and consuming rice leads to the adulteration of this product globally. Hence, a non-
destructive and rapid method is needed to verify the authenticity of rice. Hashemi rice, a high-
priced and high-quality rice in the market, is combined with rice such as Neda and Shiroudi,
which are very similar in shape but lower in quality and price than Hashemi rice. This study
used hyperspectral imaging (HSI) coupled with a fuzzy clustering algorithm to assess
adulteration in Hashemi rice samples. First, to reduce the data's dimensionality, the principal
component analysis method was applied to the preprocessed data using the multiplicative
dispersion correction and Savitzky-Golay methods. Then, the fuzzy unsupervised clustering
algorithm was applied using the whole spectrum wavelength (400-1000 nm). It was able to
separate the original sample from the adulterated samples well. Also, the fuzzy membership
diagram separated the original and self-adulterated samples, mixing 5% to 50%, confirming
the correctness and capability of the fuzzy method. Therefore, the HSI system with fuzzy
unsupervised algorithms can be used as a reliable and out-of-laboratory method for rapid rice
authenticity evaluation.
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EXTENDED ABSTRACT

Introduction

After wheat, rice is the second strategic crop in the world and is one of the main sources of dietary fiber,
fat, protein, and other rare nutrients. Starch, protein, and fat are the main components of rice grain. Due to the
high rice demand, this product is very vulnerable to adulteration at the global level. Considering the increasing
scale and nature of adulteration, using reliable and fast methods to deal with rice adulteration is necessary.
Fast, non-destructive, and non-contact hyperspectral imaging (HSI) method is a combination of imaging and
spectroscopic technologies. With this method, spatial and spectral information can be obtained simultaneously
for each point of the rice sample. This study aims to develop the HSI method and the clustering method to
investigate the ability of a fast and non-destructive method for authenticating and predicting the percentage of
Iranian rice adulteration.

Materials and methods

In this research, a model was developed to detect rice adulteration by HSI device along with the fuzzy
clustering method. HSI is a non-destructive and fast method and in the wavelength range of 400 to 1000 nm,
all original (Hashmi) and adulterated (Shiroudi and Neda) samples and combinations of fake rice with Hashemi
rice from 5 to 50% were scanned. Then they were pre-processed using MSC and SG algorithms and the best
wavelengths were selected and checked using evolutionary wavelength selection. Finally, using the FCM
method, a model was presented to detect adulteration in rice.

Results and discussion

The results showed that the clustering method (fuzzy) together with the HSI system (as a hon-destructive,
fast, and accurate system) for predicting adulteration in rice samples shows satisfactory results. PCA after
applying MSC + SG pre-processing, three samples of Hashemi, Shiroudi, Neda and are well separated from
each other and can be identified. PC1, PC2, and PC3 after MSC + SG pre-processing for Hashemi, Shiroudi,
and Neda cultivars were calculated as 60, 17 and 7%, respectively, with a total explained variance of 84%
which was distributed by three PC1, PC2, and PC3. Then, after PCA, the pre-processed spectra were used for
the C-means fuzzy clustering model. In the fuzzy clustering results, the original sample (in green color) and
the fake sample (in red color) can be seen, and the fuzzy membership chart was used to confirm the results and
further analysis. Two Hashmi rice samples (original) in green color and the Neda sample and its counterfeits
(counterfeit) in red color (100 pixels or the number of first samples) belong to original and counterfeit clusters
with high membership degree (almost complete). After the amount of 100 samples (100-400), two samples of
Hashemi and Neda are mixed, which proves the combination of these two samples (from 5% to 50%). Fuzzy
results in the full wavelength of its transparency over the selected wavelength.

Conclusion
Results proved that the HSI system coupled with the fuzzy clustering method can satisfactorily evaluate
the rice authenticity. The fuzzy membership graph can predict adulteration in rice samples well.
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