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Abstract – Wavelets widely applied in filtering the data and 

help to forecast in many separate fields. In this study, Daube-

chies Wavelet was used to study hourly solar radiation in 

Baku city, Azerbaijan. The results demonstrated that timing 

of global radiation changes have a periodical and non-linear 

nature. Apparently, the level 5 is sufficient enough, despite 

the fact that wavelet was extended to level 12 originally. 

Analysis presented that original series interval is 4 and series 

stayed unchanged. Also, it was indicated that the original 

signal is restored on the basis of wavelet factor d1-d5, trends 

should first be removed from the original series  
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I. INTRODUCTION 
 

Wavelet analysis is one of the most advanced data anal-

ysis technologies and its tools find use in various fields of 

intellectual activity.  Wavelets are widely used in image 

recognition, processing and synthesis of various signals, 

for investigation of properties of turbulent fields [1], im-

age analysis [2], convolution (packaging) of significant 

amounts of information [3], and many other occasions [4].  

The term of wavelet (literal translation - a small wave) 

first appeared in the mid-80s.   It was introduced by 

Grossman and Morlet in association with analysis of prop-

erties of seismic and acoustic signals [1]. 

The most prominent works are by I. Daubechies [5, 6], 

К.Chui [7], W.  Sweldens [8, 9], A. Louis et al. [10]. All 

of these works provide a detailed insight on wavelet analy-

sis.  

Many works have focused on using wavelets for filter-

ing of compared prognostic and actual fields for the pur-

poses of removing noises in the process of verification of 

prediction results. It has been noted that the use of wave-

lets allows to clear the compared fields of noises and im-

prove the quality of forecasts. However, a more efficient 

application of wavelets demands for development of new 

quality criteria, which are different to standard metric and 

quadratic similarity measures, such as standard deviation 

or coefficient of anomaly correlation.  

 

II. SETTING OBJECTIVES 
 

Wavelet analysis is a special type of linear conversion of 

information signals and signal-reflected physical data 

about processes and physical properties of natural envi-

ronments and objects.  It allows to not only identify the 

typical frequencies of a signal but obtain information 

about certain local coordinates in which these frequencies 

occur [1]. 

The classic fast-Fourier-transform algorithm does not 

provide an opportunity to analyze frequency-response data 

at an arbitrary point of time. Unlike the Fourier-transform 

algorithm where basic functions are harmonic functions, 

wavelet transformation is based on expansion in functions 

of varying frequency and time-constrained.  

It should be reminded that Fourier-transform algorithm 

only allows processing signals in either time or frequency 

domain.   

When analyzing non-stationary signals, Fourier-

transform does not allow to analyze the signal features as 

these are smeared in the frequency domain through the 

entire frequency range of the spectrum (discontinuities, 

steps, peaks, etc).  New high-frequency components 

emerge although these are absent in the original signal 

which already bears steps and discontinuities.  This hap-

pens because  "harmonic basic expansion functions is not 

capable of reflecting the signal differential with infinite 

slopes like square pulses because this requires for an infi-

nitude of the terms of the series.  When the number of the 

terms of the Fourier series is infinite in the neighborhood 

of steps, discontinuities, etc., the regenerated signal dis-

plays a special conduct known as Gibbs phenomenon. 

The classic Fourier-transform algorithm cannot be used 

for non-stationary signals to get a frequency-time image 

due to the lack of information on which frequencies are 

present in the signal at a given moment of time. For statio-

nary signals this information is not required because fre-

quency components of signal and their amplitude are iden-

tical at any time interval. 

Fourier-transform reflects general information on fre-

quencies of the investigated signal and does not provide 

details on signal's local properties during rapid stopgap 

amendments in its frequency content. For instance, Fouri-

er-transform does not make a difference between signals 

with a sum of two sinusoids (stationary signals) and sig-

nals with two consecutive sinusoids of identical frequen-

cies (non-stationary signal) because spectrum factor are 

computed by means of integration of the entire signal set 

point interval. 

Fourier-transform gives a general idea of which fre-

quencies are present within the signal range but does not 

provide information on lifetime of spectral components of 

a signal. Time-domain localization of spectral components 

demands for designing frequency-time image of the signal. 

This task can be resolved by means of the so-called Fouri-

er's window transform although wavelet transform is a 

better solution. Wavelets appear to be an acceptable tool 

for processing signals and conduct local properties of non-

stationary signals.  

Thus, Fourier expansion and wavelet expansion shall be 

considered as supplementary to each other. 
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III. THEORETICAL ANALYSIS 
 

The use of wavelet expansion in simulation of solar rad-

iation transport is caused by the fact that the graph of 

global radiation behavior has a periodic and non-linear 

nature. Wavelet expansion enables for representation of 

the local features of actinometrical data, such as steps and 

discontinuities. On the other hand, well-designed tools of 

harmonic analysis are optimal for the use with the deter-

mined portion of time series of solar radiation which are 

close to stationary.   Thus, wavelet analysis is not very 

useful for strongly determined components. We shall now 

take a closer look at application of wavelet analysis for 

investigation of alterations in solar radiation. 

Any non-stationary signal s(t) can be represented as a 

sum of basic functions (mother wavelets), multiplied by 

the factors Ск [3]: 


k

kk tCts )()( 

                                  

(1) 

Basic functions of wavelets should have zero average 

value throughout the entire interval and subside at infinity. 

This property sometimes results in names like "short 

waves". As wavelet activities are limited they should be 

capable of shifting through the entire space. It also has a 

scaling feature which is similar to alteration of harmonic 

frequency of Fourier-transform. These two features pro-

vide for the key advantage over sinusoids which is about 

more exact representation of local peculiarities of signals 

with potential steps and discontinuities.  

A typical example of the basic wavelet family is pro-

vided in the formula  t   
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Where  

 - is some a certain decreasing function (for instance 
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 tCt ) with a certain degree of smooth-

ness and providing for 0)(  t  .   

As the analysis performed on the basis of (2) is invariant 

in respect to integral shifts along the time axis and in re-

spect to expansions that are multiple to 2. Solar radiation 

is represented as a function of a single argument (time). If 

so, then a definable function and wavelet functions will 

provide for performance of the algorithm of quick wavelet 

transform. The family of basic functions determined with 

the use of shifts and dimensional scaling will look as fol-

lows: 
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Here,   

h  and h  are scale factor coefficients of the refinable 

and wavelet functions.  

The key results in construction of basis were achieved 

by Ingrid Daubechies. The methods of construction and 

analysis of properties of several families of orthonorma-

lized Daubechies wavelets ,j k  are provided in [5].  Haar 

wavelet (db1) was proposed earlier in time and is based on 

the step-function:  

    (3) 

This function does not comply with the above-

mentioned smoothness requirements but offers a number 

of conveniences. Much smoother constructions were found 

only in the 1980s, particularly by Meyer (dmey wavelets) 

who associated outbursts with the theory of approxima-

tion.  Daubechies proposed orthogonal wavelets which are 

focused on the finite interval of time. These wavelets have 

a well localized spectrum in the frequency domain. The 

domain of definition of orthonormalized Daubechies 

wavelets is wider than in Haar wavelets and they provide 

for a greater amount of expansion coefficients, yet main-

taining the information value of input data.  

It should be noted that just like Fourier series expansion, 

expansion in wavelet series makes a sequence of coeffi-

cients compliant with the continuous function. In our case, 

the expansion is determined by the following transforms: 
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Here  t=0,1,2,…,M-1; j=0,1,2,…,J-1;k=0,1,2,….,2
j-1

. 

The factors described by formulas (4) and (5) are the 

approximation and detailing factors correspondingly. Ap-

proximation factors of the largest scale are input data for 

subsequent computations,  

)(),( tfnJW   

where J is the largest scale. 

 

IV. COMPUTER EXPERIMENT 
 

We will now move further to formulation of the method 

of discrete wavelet expansion using the example of global 

hourly solar output in the Baku city in 2012.  

The wavelet function which used was Daubechies func-

tion of the 12th degree.  The function's degree is dictated 

by the value of a vector of approximation factors. 

Picture 2 shows schedules of factors produced with the 

use of Daubechies wavelet (dbwavelet) up to 12 levels - a 

two dimensional image has values of measurements for 

the analyzed time series horizontally, which can be taken 

for hours (from zero to 8760), and the so-called scale ex-

pressed in global radiation and showing which interval of 

time has certain features, vertically (in our case periodici-

ty). The scale for each wavelet is clearly associated with the 

period of series under analysis. This is the key distinction and 

advantage of wavelet analysis compared to Fourier transform. 

As a result, we get a confirmation that the analyzed series has 

a spectrum in the shape of a single frequency and information 

about the moments of time (along x axis) where function  
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Image  Daubechies wavelet expansion to the 12th level 

 

features (time series) such as maximums and minimums are 

observed. The analyzed sequence of data is shown in the top 

part of the image (colored red).  The maximum radiation val-

ue has been registered along the horizontal lines between 

points 4000 and 6000 (which corresponds to the period be-

tween mid-Julys to September). Subsequent schedules (co-

lored in yellow) show factor expansion by levels. Factor alte-

ration domain d1d5 is [-500,+500],d6:[-200,+200],d7d8 and 

factor d12: [-100,+100], the remaining factors are distributed 

in the interval of [-50,+50]. The wider the range of changes, 

the greater is the factor's contribution to expansion. As seen 

on the picture, the first 5 factors have high frequency 

changes. However, d1 and d3  are more regular (with almost 

permanent amplitudes) than factors  d4 and d5. All of these 

factors have smaller amplitudes in the beginning, compared 

to the middle section. We can see that the structure of d1d5 

factor schedules clearly demonstrates a sinusoidal component 

of the signal even in the area of very insignificant factor val-

ues and allows for identification of the oscillation period. The 

image of skeleton lines shows the consistency of signal up to 

its actual disappearance and initial increase with subsequent 

decrease of the amplitude with time. Statistical features of the  

 

 
Image2  Statistical features of wavelet expansion factor in the initial series of solar radiation in Baku in 2012. 
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signal expansion (image 2) shows that zero (almost 50%) and 

non-zero signals make an almost identical contribution in 

generation of the original signal. Histograms show that sig-

nals with the amplitude of up to 400 has higher weight (ap-

proximately 40%) than signals with the amplitude of 400 to 

800 (approximately 10%), while signals with the amplitude 

of over 800 could be ignored. This means that zero radiation 

during the investigated period totaled approximately 4380 

hours, and radiation with the amplitude ranging from 400 to 

800 mJ/hour totaled 3504 hours. Average hourly radiation per 

annum (including zero values) totaled 141.2 mJ/hour.  

Based on the analysis results, further research is per-

formed using 5-level wavelet expansion. (image 3)  As  

seen on image 3, d1–d4 factors have high alternating fre-

quencies. If certain constants are deducted (the value of 

these constants are shown in dotted lines), we arrive at 

even higher frequency changes, which allows for detailed 

research of in-row peculiarities. On the left side we can 

see spectral expansion of restored and original factors. As 

we can see, they are almost identical.  To get a clearer 

image for researching the properties of wavelet transform 

factors, we need to identify various intervals of factor con-

sistency (image 4.) As seen from image 4, the consistency 

interval is wide between the values of 2800 to 7100 which 

corresponds to   

 

 
Image 3. Daubechies wavelet expansion of 5 level with the restored series (top left side with red lines) 

 

 
Image 4. Expansion of Daubechies factors in consistency 

interval. 

 

April - September. Indeed, Baku constantly has high 

temperature and clear skies during this period.     

A multi resolution analysis of function expansion by or-

thonormalized basis of outbursts is provided on image 5. 

The division of the original series of solar radiation s(t) 

with the use of dyadic expansion by wavelets is represen-

tation of s(t) signal as a sum of low-frequency components 

( )s t   and the sum of scaled oscillating components wj: 
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or as a more generalized representation  
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The multitude of VJ, built along the slow components  

( )Js t  is known as the resolution space. The multitude of 

WJ, built along all wJ, is known as  detail space and is con-

sidered as s function expansion to consistent layers of ad-

justing scale, each of which is more detailed than a pre-

vious one. This is why it is more convenient to represent 

the sum as a binary along time shifts (k) and the scales (j). 

As we move towards lower levels of detail, image repre-

sentations reduce but opportunities for wavelet filtration of 

signal, noise reduction and efficient compression of sig-

nals emerge. Signal(s) in wavelet analysis is divided to 

approximate (A1) and detailed (D1). The approximate 

signal (A1) in its turn could be divided into two levels - 



 
 

 

Copyright © 2015 IJISM, All right reserved 

167 

International Journal of Innovation in Science and Mathematics 

Volume 3, Issue 3, ISSN (Online): 2347–9051 

 

approximate (A2) and detailed (D2). The same process is 

then repeated for the approximate portion (A3 and D3): 

s = A1+D1 = A2+D2+D1 = A3+D3+D2+D1. 

Output values of AJ (J=1,2…n) of a previous iteration 

are used at each new step of iteration as input data. DJ 

branches are remaining unused.  

As one can see from image 4, approximate factors (а1-

а5) contain zero amplitude up to level 5, which provides 

for harmonious changes of the wavelet factor d1-d5. Thus, 

if an original signal is restored on the basis of wavelet 

factor d1-d5, we shall begin with removing trends from the 

original series.  

 

 
Image 5. Histograms of changes, original - s synthesized, ss approximated - a and wavelet transformed - d. 

 

V. CONCLUSION 
 

To sum up the research above, the following conclu-

sions can be made: 

Discrete wavelet expansion has been researched using 

the example of global hourly solar radiation in Baku in 

2012. The research has revealed that schedules of global 

radiation changes have a periodical and non-linear nature. 

As a result, we first used Daubechies wavelet expansion to 

level 12 and then the research showed that expansion to 

level 5 was sufficient.  

Analysis of expansion factor changes (approximated and 

detailed) has shown that the original series has interval 4 

where the series is remaining unchanged. These conclu-

sions comply with air temperature changes in Baku. Be-

sides, it was demonstrated that where the original signal is 

restored on the basis of wavelet factor d1-d5, trends should 

first be removed from the original series.  

 

REFERENCES 
 
[1] V.P.Dyakonov.   From theory to practice. Wavelets. SOLON - 

2002. P.M. 202 p.. 
[2] А. Machnev, A. Selikhanovich. Algorithms of contour computa-

tion in half-tone pictures. - Digital processing of images. Collec-

tion of  scientific papers. Issue 4. Minsk 2000, pp. 53–58.   
[3] D. Galyagin, P. Frik. Adaptive wavelets (algorithm of spectrum 

analysis of signals with information gaps).  - Mathematical modeling 
of systems and processes. 1996, No. 6, p.10  

[4] S. Minami. Computer processing of experimental data.  - М.:  

Radio and Communication, 1999.  
[5] I.Daubechies Orthonormal Bases of Compactly Supported 

Wavelets. -Comm. Pure. Apl. Math., vol. 41  (1998), pp. 909–

996.  
[6] I.Daubechies. Recent Results in  Wavelet Applications. - Pro-

ceedings of SPIE Aerosense Symposium, 1998, pp. 23–31. 

[7] K.  Chui .  Introduction to wavelets.  —  М.:  Mir , 2001 

[8] W.Sweldens, R. Pissens. Wavele t Sampling Techniques. - Pro-

ceedings of the Statistical Computing Section,  American Statis-

tical Association,  pp. 20–29, 1993.  
[9] W. Sweldens, P. Schröder. Bu ilding your own Wavelets at 

Home (in Wavelets in Computer Graphics ). — ACM SIG-

GRAPH Course Notes, 1996, pp. 15–87 
[10] A.Louis, P. Maas, A. Reider. Wavelet Theory and Applications.- 

John  Wiley & Sons, 1997 

 


