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1. INTRODUCTION

Abstract:  Socio-physics reveals that non-physical things of
society can be understood and explained by the laws of physics.
Health of people is one of the main parameters that decide the
development of a country. Vegetables are the main and clean
source of nutrition to nurture the human body and mind.
Vegetables provide multivitamins and minerals that are essential
for the health of human beings and have manifold health benefits.
Wavelet transforms is a powerful and computational efficient tool
which has wide applications in field of data analysis and signal
processing. We have taken health and vegetable data of India from
Jan. 2013 to Aug. 2021 as raw data. Wavelet transforms of this
data is performed by software dyadwaves using Haar wavelet,
decomposition level-5. In first level of decomposition, the data is
decomposed into approximation and wavelet coefficients. The
approximation represents average behaviour and detail represents
differential behaviour of the data. Approximation is the slowest
part of data which describes trend of the data. In each further level
of decomposition, the approximation is further decomposed into
next level approximation and detail. It has been found that wavelet
analytical results are strongly consistent with statistical analytical
results.
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Health is described as a state of complete harmony of the body and mind. On the other hand, health is comprised
of physical as well as mental well-beings. It is a state of body in which there is no physical disability and mental
distraction exist [12]. Vegetables are the main source of nutrition for nurturing the body and mind. Vegetables are
one of the highest plant-based protein sources and fulfil the requirement of amino acid to build strength and
muscle mass [3]. Vegetables provide a cleaner food than animal-based proteins. Vegetables also provide
multivitamins like A, C, K and folate with minerals including sulphur, potassium, calcium, iron, etc. Vegetables

in form of salad serves as rich source of dietary fibres which helps to increase the digestion and healthy bowel
movements. Green leafy vegetables are one of the best sources of omega3 fatty acids (Alpha Linoleic Acid) and
are essential for the brain and its neurological activities and also helps to reduce inflammation in various body
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parts. The chlorophyll of green leafy vegetables has very similar structure to the human body cells, hence helpful
to enhance oxygen transportation and red blood cells production [4]. Green vegetables’ juice helps to nourish and
cleans the blood, purify the lever and the lymphatic system of the body. Vegetables are very useful to remove or
neutralize poisonous substances produced by radiations and other pollutants in the body. Vegetables are most
effective to provide protection against cognitive decline. Vitamin K enhances brain activity and improve
psychomotor behaviour, relaxes and overall cognition. The folic acid is useful to maintain haemoglobin level of
the body and helps to decrease the depression and anxiety. Vitamin B9 improves concentration as well as memory
power of a person. Green vegetables help to make the blood more alkaline for improving the calcium absorption
process of our bones. Presence of rich amount of folate in vegetables helps in ovulation and prevention of heredity
effects. Green vegetables are the good source of antioxidant, vitamin A and collagen boosting vita that cause to
fight against aging effect, reduces the wrinkles and fine lines on the skin and helps to keep skin looking as healthy
and glowing. Therefore, health benefits of vegetables are not just limited but are actually manifold [5].

Fourier transform provides frequency information of a stationary signal having finite energy, but it is not suitable
to analyse non-stationary or transient signal. For obtaining time localization characteristics of a signal, window
fourier transform (WFT) is introduced in 1946 and also called short time fourier transform (STFT). In window
fourier transform, a window function is multiplied to the signal and its fourier transform is performed to obtain
the spectral information of any signal. Heisenberg uncertainty principle states that the time and frequency
resolution of a signal cannot be performed accurately and simultaneously. To overcome the discrepancies of
window fourier transform, the wavelet transform is introduced which captures the time frequency information of
a signal. It is a new, powerful and computational efficient tool for numeric and spectral analysis of a signal, so
that has wide applications in signal processing, data analysis, image processing, speech and face recognition, and
computer graphics [6].

1.1 Basics of wavelet transforms

The wavelet refers to a small wave which can be dilated and translated. The wavelet functions are oscillatory in
nature and exist for a short time interval. Any continuous wavelet function for two real numbers a and b can be

expressed as follows:
=i

- l,[)a,bl'r'tJ - -.-LE W [:T) - TbDal,l}

where a is called dilation parameter and b is translation parameter. By putting a =27/ and _?=k, a discrete wavelet
can

a be obtained and expressed as follows: -

Wi.(6) =2 (Ut k)

Here (t) is real-valued function and o,(t) is called mother wavelet [7]. The continuous wavelet transforms of

any function (t) is defined as follows: -
-k

Was= IOV () e

While, the discrete wavelet transforms are defined as follows: -

Wik=[ ()2 it — k) dt

Multiresolution analysis (MRA) is a discrete wavelet transforms having resolutions adapted with the signal. In
MRA any vector space is decomposed into subspaces satistfying the following properties [8-11]: -
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2 NjezVj={0}, Ujez = L(R)
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4) If a function (t) € Vo, then {(t — k): k € Z} is orthonormal basis of V.

The function (t) is called scaling function of given MRA and implies dilation equations as follows: -
Pt} = Eyez e V2 (2t = k) Where A is called low pass filter and defined as

follows: -

he~(5) (7,8 ©¢ 2t K) 4,

The space Vo can be decomposed into following manner:

Vo=V1@® W

where W be the orthogonal compliment of V1 in Vo . If ¢ € W1 be any wavelet function then (t) is expressed as:

Y(t) = Thez g V22t — k) where gi=(—1)%"" hi—xis called high pass filter. In general, we can write,
Vi=Vi1 @ Wijx

So that, Vj+1 =Vj @ Wi

Therefore,

Vi=Wi+1 @ W;+2 @ V;+2

Vi-Wi+t1® W;i+2@ Wi+3D............ Witp @ Vj+p

By MRA, the orthogonal decomposition of pth level of space V; is expressed as follows [12]: -

V; = Visn® Zpz1 Wis, where p is any desired number which represents the order of

level of decomposition.

Vo

Figure 1: Orthogonal decomposition of vector space

In vector space Vj, a finite function (t) in terms of wavelet series can be is defined as follows: -
f(t) = Ykez ajop e pyrma () + Lper Zez iy e hjop e (t)

Here, the sum Y kez ajp, @j+pk(t) is the orthogonal projection of function on the space Vj+p and
Zit1 Beez divp hjip i (t) is orthogonal projection on the space Wiip [13].
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2. RESEARCH METHODOLOGY
Any discrete signal or data [n] can be described in space of square summable sequences £*(Z) as follows [14-15]:

A = 75 Zeali +p.klbopx (0] + 5250 Zedl + p kI ]

Here the discrete functions [n], ¢j+p.k[n] and Pj+pk[n] are defined in interval [0, M — 1], totally M points. Here
the sets {¢jp,[n]}kez and {Pjpr[n]} kezpezt are orthogonal to each other. The scaling and wavelet coefficients
can be obtained by taking the inner product as follows: -

U+ Pkl = =T fn] e [n]

dU Pkl = 5 Ea Sl i [n]

where a[j + p, k] and d[j + p, k] are called approximation and detail coefficients respectively. With help of low
pass and high pass filters any data or signal is decomposed into approximation and detail coefficients respectively

(Figure 2).
hin| —'@—‘ Approximation Coefficients
gin| —-@— Detail Coefficients

Figure 2: Data decomposition into approximation and detail coefficients
Proceeding with the same manner, approximation is again decomposed into approximation and detail coefficients

xn|

of the next level (Figure 3).

—[in)
x[n]— —-@—» Level 2 Coefficients

gln|

gln| @-—»Level 1 Coefficients

Figure 3: Data decomposition up to level 2

For the first level of decomposition, the data (function f) is expressed as follows: -
(1)=A1+ D,

For the second level of decomposition,

(2)=A>+ D>+ Dy

Similarly,

(3)=A3+ D3+ D>+ D

(4)=As+ Ds+ D3+ Do+ D1 f(5)=As+ Ds+ Ds+ D3+ Do+ Dy
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3. RESULTS AND DISCUSSION

The health and vegetables index of India from January 2013 to August 2021 are taken as raw data or original
signal, imported from website data.gov.in. The wavelet transforms of this data is performed up to decomposition
level-5 using Haar wavelet by software dyadwaves (Figure 4 and 5) for detailed investigation.
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Figure 4: Health index of India from Jan. 2013 to Aug. 2021 and its wavelet decomposition
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Figure 5: Vegetable index of India from Jan. 2013 to Aug. 2021 and its wavelet decomposition

By discrete wavelet transforms, any original signal is decomposed into approximation and detail coefficients.
Approximation represents average behaviour or trend of the signal, which represents the slowest part of a signal.
In wavelet analysis term, it corresponds to the greatest scale value. As the scale increases, resolution decreases,
producing a better estimate of unknown data. The detail represents the differential behaviour of the signal. The
approximation of health data reveals the continuous growth of health in India from 2013 to 2021, while the
approximation of vegetables data reveals overall growth with decreasing trend in the recent years. The differential
behaviour of health and vegetable for the same tenure reveals the fluctuations in time to time.

Table 1: Statistical parameters of health and vegetables index

S. No. Parameter Health Vegetable
1 Skewness 0.32060 0.78632

2 Kurtosis -1.04168 1.328746
3 Standard Deviation 17.83161 24.99682

©2024 Noland Journals
6



Noland International Journal of Physics, Chemistry and Biology, Volume 12(4), 2024| ISSN: 2997-1454

Original Article

4 Correlation 0.541187

Skewness is a measure of symmetry or more accurately the lack of symmetry of any data, while Kurtosis is a
measure of flatness of data relative to a normal distribution [16]. Positive value of skewness indicates that the
given data is skewed to the right, means its right tail is longer than left tail. Negative value of kurtosis indicates
that the outlier character of given data is less extreme that expected from a normal distribution. Positive value of
kurtosis indicates that the outlier character of given data is more extreme than expected from a normal distribution.
Zero value of kurtosis indicates that the outlier character of given data is similar to what is expected from a normal
distribution. Standard deviation indicates that how much the data points are spread out over a wider range of
values. High value of standard deviation indicates highly spreading data from mean value. Correlation represents
the degree of linear relationship between two data, functions, or signals. The positive value of correlation means
they are linearly related with positive slope and medium value means that they are moderately related.
4. CONCLUSION
Non-linear social reality can be analysed by the laws and concepts of sociophysics. In present analyses, we found
that the approximation of health index of India from Jan. 2013 to Nov. 2021 shows continuous increasing trend,
while vegetable index shows overall growth with decreasing trend in recent years. The details of health and
vegetable for the same tenure reveals the fluctuations in time to time. Data of health and vegetables both show
weak intermittency. The health and vegetable index are positively and linearly related. The wavelet analytical
results provide strong consistency with the statistical analytical results. By virtue of these results, we can say that
sociophysics of health and vegetables provides a simple and accurate framework to investigate the development
of India.
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