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Abstract: Adulteration in food supplies to reduce the cost and
thereby compromising in itsquality isan ever-growing problemin
the food industry. In the past, adulteration estimation was done
using chemicalsand infrared spectroscopy methods. I n this paper,
adulteration estimation of chili powder contaminated with brick
powder is done by means of Structural Similarity (SSIM) Index
and the performance for various levels of contamination is
evaluated. SSIM provides a measure of structural similarity
between two imagesi.e. test image and referenceimage. Thiswork
has been carried out to identify contamination in a given sample
of chili powder and estimate the approximate level of
contamination. Experimental results show that SSIM measure
provides an accurate estimate of the degree of contamination.

Keywords: : Computerized Adulteration, Luminance
masking, Pseudo Noise Ratio, Structural Similarity.

. INTRODUCTION

Food is essentia for sustaining life. Additional substances
which when added to food that can degrade its quality is
termed as adulteration. Contamination in food may occur due
to the greed of some producers who compromise with the
hygiene of uninformed consumers. This ultimately results in
the consumer being a victim of food malpractices.
Contaminated food also poses a serious threat to the health of
consumers. Since the adulteration in food occurs in the most
primitive form, consumers are unabl e to verify its authenticity
by visual inspection or odour. Adulteration may either involve
mislabeling the products or introducing a cheaper item to an
expensive item having similar color and texture.
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It is in the interest of the consumers that we detect the
contamination in food and look for ways to estimate the
degree of contamination.

For long, detection in adulteration has been done using
chemicals. Using chemicals for adulteration detection has its
own risks. With the emergence of better image capturing
devices and image processing algorithms, we can replace
these conventional methods with amuch less harmful method.
Analysis of texturesis a subdomain in image processing that
has seen great development in the past recent years.
Difference in the surface textures is an important criterion for
detecting the adulteration. We use this criterion to test for
adulteration in chili powder. SSIM (Structural Similarity
Index) is a metric which helps to capture the perceptual
difference between two reference images.

II. PRIORWORKS

Earlier works involved the use of chemicals and infrared
spectroscopy to test adulteration in the food products. As
certain adulterants could go undetected while using chemicals
it cannot be considered as an efficient way for detection. Most
works involve detecting the contaminants when in liquid form.
Infrared spectroscopy performs well for liquid foods but
doesn’t perform the same way solid foods like spices. Infrared
spectroscopic methods @ have not proven effective for the
detection of adulterated spices since common packaging
materials have shown various signatures in frequency range.
Hence it would prove difficult to differentiate between the
packaging material and that of the adulterants. Moreover, this
method does not give us any estimate on the degree of
contamination.
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Fig. 1. Results of spectroscopic analysis of turmeric
sample adulterated with chalk powder. ™

Detection of adulterants using simple color based chemical
reactions' have been in use for along time.
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These are performed with available chemical reagents. Major
drawback of these techniques lies in the fact that these are
valid only for particular concentrations and not sufficiently
precise.

Fig. 2. Chemical means of adulteration detection for
turmeric powder [

1. PROPOSED SYSTEM

The experimental setup consists of two powdered samples
which is analyzed using MATLAB to compute the Structural
Similarity Index ' (a method for determining the perceived
quality of digitalized images which help us to have a further
understanding regarding its textural properties) and Peak
Signal-to-Noise Ratio values "

3.1 Requisites

Chili powder is one of the most important ingredients
required while food preparation. Brick powder, having
similar color and texture as chili powder has been used as a
contaminant. Consumption of such adulterated chili powder
may lead to nausea, vomiting and could even cause cancer due
to long time consumption. Conventional methods such as
checking for grittiness are based on human sense of touch are
not always accurate. Furthermore, these methods do not give
us the degree of contamination. Hence, we use the Structural
Similarity Index which is an image processing metric that
considers image degradation as a change in structura
information while also incorporating perceptual phenomena,
including both luminance masking and contrast masking
terms. SSIM [ offers an advantage over traditional methods
such as PSNR and mean squared.” This provides a
cumulative comparison of two images based on attributes
such asaverage, variance and covariance among others. % [t
Structural information works on the idea that pixels having
strong inter-dependencies are close.

3.2 Methodology

Samples of pure chili powder are mixed with varied levels of
brick powder (10% - 90%). These samples are now captured
using a camera (12 Megapixels). The image is converted to
grayscale before using it for further processing. Initialy, we
compare the SSIM index between pure chili powder and pure
brick powder and observe the degree of difference. Now we
introduce computerized adulteration into the pure chili
powder samples. The important point to be noted is that for
using SSIM we need two images of equal dimensions.
Random pixels from pure brick powder image are taken and
“mixed” with the pure chili powder image. Let pure chili
powder image be referred to as |; and pure brick powder
image be referred to as I,. For example, in the case of 10%
contamination, when the size of I, is 8840, we randomly
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choose 10% of pixelsi.e. 884 pixelsfrom |, and scatter these
pixels across I; and hence referring to this new image as | .
Thisprocessisrepeated for other percentages (20-90) and we
assign names to these new images. We now get the input
sample say image |; from the user. We calculate the pairwise
SSIM for image |; and images generated through
computerized adulteration. This is implemented using
MATLAB (imread, randperm, rgh2gray, ssim).

3.3 Complexity

The SSIM formula 2 is based on three differentiability
criteria between the input image and the reference image
which are luminance, contrast and structure. It then calculates
a weighted average of these comparative attributes. The
computerized adulteration provides us a standard to compare
our samples. On computing the SSIM difference between two
levels of contamination, for instance between 10% and 30%
we get the approximate degree to which the sample may be
contaminated. For example, when a sample gives a large
SSIM value on comparison with alevel, it isthen compared to
the levels after it to determine how far it is contaminated. The
important property of SSIM is ordering of pixels doesn’t
matter, which ensures that irrespective the way the pixels are
scattered we obtain approximately the same results on
multiple iterations.

(z.um.lun + Cl) (20’.11“ + CZ)

SSIM(m,n) =
(m,m) (Mm + pa? + c1)(om? + 022 + ¢2)

Where, unistheaverage of m, u,isthe averageof n, o, isthe
variance of m, o,2 isthe variance of n, o, isthe covariance of
m and n and

Cq1 = (I{]_L)z Cz = (kzL)z

where L isthe dynamic range of pixel values and k; and k,
are constants with values 0.01 and 0.03 by default.

V. RESULTSAND DISCUSSION

Various test samples are taken to test the performance of the
code. The test samples are compared with pure brick powder
(let the SSIM value be denoted by T;) and the simulated
samples (let the SSIM value be denoted by T,). We obtain the
difference between T, and T,. Greater the difference in SSIM
between two percentages, indicates the test sample belongs
closer to the lower interval range.

Fig 3. Image of pure chili sample
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Fig 4. Image of pure brick sample

On finding the difference between SSIM of most
contaminated mixture with brick powder and that with the
simulated sample (10%) we obtain 0.0898, 0.0808 (second
most), 0.094 for third most and 0.1202 for least contaminated
sample.

Fig 5. Most contaminated sample
On further finding the difference between the respective
percentages we obtain 0.0676, 0.097, 0.097, 0.106, which

Fig 7. Contaminated mixtures vs Per centage wise samples
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indicatesthat the most contaminated sampleindeed lies closer
to the 20% mark whereas the rest lie around various levels of
10% contamination level.

Fig 6. Contaminated mixturesvs pure samples

Pure Pure
Sample brick chili
Most Contaminated Mixture 0.4232 0.4538
Second most contaminated
mixture 0.4522 0.5106
Third most contaminated mixture 0.499 0.5611
L east contaminated mixture 0.5215 0.5585

It was found that the most contaminated mixture was found to
have a SSIM index of 0.4232 relative to pure brick and an
index of 0.4538 relative to pure chili. The least contaminated
mixture is seen to have a SSIM index of 0.5214 on
comparison with pure brick and relatively higher index of
0.5585 on comparison with pure chili. These results provide
us with a clear understanding over the various degrees of
contamination. Greater the similarity with pure chili as
compared to pure brick indicates lower levels of
contamination.

V. CONCLUSION

We can conclude from the above results that SSIM provesto
be an accurate measure when it comes to detecting
adulteration in chili powder. We aso get an approximate
information regarding the degree of contamination. One
important feature which could be added is storing the results
obtained after each analysis and using multi-class Support
Vector Machines for classification to make further
predictions.

Permutation percentage 10% 20% 30% 40% 0% 60% T0% 30% Q0%
Comparison with Most 0.3334 | 02658 | 02041 | 0.158 0.1383 | 01262 | 0.1199 | 0.10333 0.0978
Contaminated mixture

Comparison with Second 0.3714 | 02819 | 0.209 0.168 0.15534 | 01244 [ 01101 | 0.1087 0.0978
most contaminated mixture

Comparison with Third 0.4049 | 02989 | 02232 | 01737 | 0.1398 | 0.135 01123 | 0.1102 00971
most contaminated mixture

Comparison with Least 04012 | 0.3042 | 02257 | 01735 | 0.1617 | 0.137 01187 | 0.1118 0.1008
most contaminated mixture

REFERENCES

1. Kathirvel Nallappan, Jyotirmayee Dash, Shaumik Ray and Bala Pesala,
“Identification of Adulterants in Turmeric Powder using Terahertz
Spectroscopy”,2013 38" International Conference on Infrared,
Millimeter and Terahertz Waves, Nov. 2013.

2. L. Zhang, L. Zhang, X. Mou, D. Zhang, "FSIM: A feature similarity
index for image quality assessment”, IEEE Trans. Image Process., vol.
20, no. 8, pp. 2378-2386, Aug. 2011.

Retrieval Number: B7326129219/20190BEIESP
DOI: 10.35940/ijitee.B7326.129219
Journal Website: www.ijitee.org

2131

3. Zhanke Yan, Yibin Ying, Hongjian Zhang, Haiyan Yu, "Research
Progress ofterahertz wave technology in food inspection”, Proc. of SPTE
Vol. 6373 (2006).

4. Sonika Sharma, Nikita Goel, Pratibha Paliwal (Bhatele); Evaluation of
Adulterants in Food by Different Physico-Chemical Method;
International Journal for Scientific Research and Development| Val. 4,
Issue 11, 2017:0613-2321.

5. Sourish Sen, Partha Sarathi Mohanty and Suneetha V, “Detection of
Food Adulterants in Chilli, Turmeric and Coriander Powders by
Physical and Chemical Methods”; Research J. Pharm. and Tech, vol. 10,
no. 9, Sept. 2017

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication




Estimation of Percentage of Adulteration using Structural Similarity Index

6. Dominique Brunet, Edward R. Vrscay, Zhou Wang, “On the
Mathematical Properties of the Structural Similarity Index”, vol. 24, no.
4, pp. 1488 — 1499, April. 2012.

7. Z.Wang, A. C. Bovik, "A universal image quality index",
Process. Lett., vol. 9, no. 3, pp. 81-84, Mar. 2002.

8. D. M. Chandler, S. S. Hemami, "VSNR: A wavelet-based visual
signal-to-noise-ratio for natural images', |IEEE Trans. Image Process.,
vol. 16, no. 9, pp. 2284-2298, Sep. 2007.

|EEE Signal

9. Z.Wang, A. C. Bovik, H. R. Sheikh, E. P. Simoncdlli, "Image quality
assessment: From error visibility to structural similarity”, IEEE Trans.
Image Process., vol. 13, no. 4, pp. 600-612, Apr. 2004.

10. Z. Wang, E. P. Simoncelli, A. C. Bovik, "Multi-scale structural
similarity for image quality assessment", Proc. IEEE Asilomar Conf.
Signals Syst. Comput., pp. 1398-1402, 2003.

11. Z. Wang, Q. Li, "Information content weighting for perceptua image

quality assessment”, |IEEE Trans. Image Process., vol. 20, no. 5, pp.

1185-1198, May 2011.

D. Brunet, E. R. Vrscay, Z. Wang, "A class of image metrics based on

the structural similarity quality index", Proc. Int. Conf. Image Anal.

Recognit., vol. 6754, pp. 264-275, 2011.

12.

AUTHORSPROFILE

Bharath Surianarayanan is a Final year B.Tech
(Electronics and Communication Engineering)
student of Vellore Institute of Technology, Chennai.
He is interested in pursuing a Masters in Computer
Science. His areas of interest liein the field of Image
Processing, Computer Vision and Machine Learning.

Sridhar Pandian A isaFinal year B.Tech (Electronics
and Communication) student of Védlore Ingtitute of
Technology, Chennai. His areas of research are
Computer Vision, Image Processing and Machine
Learning. His areas of interest include Healthcare
Automation and Robotics using Machine Learning.

b

Sathiya Narayanan is currently working as an
Assistant Professor in Velore Institute of Technology,
Chennai. He has more than 8 years of academic
research experience. Hereceived his B.E. degree from
Anna University, Chennai - India, and his M.S. and
g Ph.D. degrees from Nanyang Technological
* University (NTU), Singapore His areas of expertise
“ ‘ are Image/Video Processing, Compressive Imaging
and Signal Processing for Communication. He was the recipient of the NTU
Research Student Scholarship 2011-2015 and NTU-EEE Outstanding
Teaching Assistant Award 2014. From October 2015 to April 2018, he
served as a Research Associate/Fellow in NTU.

Jani Anbarasi L received her B.E degree from
Manonmanium Sundaranar University in Computer
Science and Engineering in 2000, M.E Degree from
Anna University in 2005 and Ph.D degree from
AnnaUniversity in theyear 2015. She hasaround 10
years of experience in various ingtitutions and is
currently working as an Assistant Professor (Sr) in
School of Computing Science and Engineering, VIT
Chennai. Her area of expertiseincludes Cryptography, Image Processing and
Soft Computing Techniques. She has published around 24 technical
publications in various International Journals and Conferences. Her
Professional membership includes India Society for Technical Education
(Life Member) and ACM.

Retrieval Number: B7326129219/20190BEIESP
DOI: 10.35940/ijitee.B7326.129219
Journal Website: www.ijitee.org

2132

Benson Edwin Raj is currently working as an
Assistant Professor in Department of Computer
Information  Sciences, Higher Colleges of
Technology, Fujairah, United Arab Emirates (UAE).
He has more than 16 years of engineering teaching
experience in India, Oman and UAE. He has
published severa articles in reputed
National/International Conferences and Journals. His
areas of expertise include Web Security, Advanced Web Development, and
Ethical Hacking. He has delivered several invited talks on ‘Web/Cyber
Security’.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication




