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Annotation. Excel add-in (XLA) has been developed. Add-in can be used for spectral analysis
of time series, data visualization, exponential smoothing, non-linear Box-Cox transformation
and smoothing the data using digital filtering algorithms.
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Formulation of the problem

The prevalence and convenience of the Ms Excel spreadsheet has made it one of
the most popular software products for performing versatile calculations. Another
important advantage is possibility of various programmatic modules to connect to MS
Excel as add-in [1]. The Excel add-in (xla), which will allow to execute graphic
presentation of data and signal spectral density, also the output of data processing
results by the method of digital filtering on the worksheet - compensates for the lack of

functions for performing spectral analysis in a table processor.

Formulating the purpose of the article

The purpose of this work was to create an add-in, modules of which allow
performing of the time series smoothing, its transformation by the Box-Cox method
and smoothing by digital filter with finite impulse response (FIR) and time series
analysis.

The object of the research is time series, which is processed in the projected add-
in.

The subject of the research is methods of data smoothing, which are used in the

developed add-in.
Main part

The new add-in provides additional functionality for processing of time series in
the MS Excel New add-in provides additional functional possibilities of treatment of
sentinel rows in the processor of MS Excel [2] and uses functions that are in the

library dll-file. The following features are implemented in the functions: viewing of
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the time series data; non-linear Box-Cox transformation (Box - Cox Transformation);,
smoothing by a digital filter with finite impulse response (FIR).

Functions are implemented in C ++ language in C ++ Builder environment.
Standard dll files are created by C ++ Builder compilers [3] and and use the internal
programming language VBA (Visual Basic for Applications) in the project. Functions

of the standard dll can not be induced directly from the worksheet, or from MS Excel
macros sheet [1]. Special interface functions are built for this purpose/

The diagram of components, which leads to the structure of building on of Excel,
is given on Figure 1.

The diagram of components, which proves structure of Excel add-in, is shown on
Figure 1.
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Figure 1. - Diagram of components for Excel add-in

Exponential smoothing of the signal in the module of add-in is carried out
according to the recurrence formula:

St) = o x(t)+(1 -a) - S(t-1) (1)
where o - is a smoothing parameter; S(t) - smoothed time series value
X ={xl,x2,x3 .xt}.

The value of the smoothing parameter a is within 0 < a < 1, It is recommended to
select the value a from 0.35 to 1.
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Nonlinear transformation of signal by the Box-Cox method

Smoothing of time series X={ x1, x2, x3 .. xT} is carried out under a formula:

X' -1
S(t) = — - A=#0 2)
Ln(X(1)) - 1=0

where S(t) - smoothed value, A - parameter.
Maximization of the likelihood function logarithm (maximum log-likelihood
function) is one of the methods for determining the optimum value of the lambda

parameter:

f(x,A)= —?ln >

i=0

N=1(x.(1) — x(1))? N-1
N { by (4) = x(A) } HA-1) Tinx) 3)
N i=0
where N - number of observations ;

X - time series observation;

0 - average value time series observations

_ 1 N-1
x(A) =— 2 x;(4) 4
N =0

That is, it is necessary to choose such lambda parameter value, at which this
function takes a maximum value.

In the developed smoothing add-on by linearly filtering of output data with
digital filter with finite impulse response is implemented in several ways: averaging
over n points (n=3-15); method of parabola through a few equidistant values of signal,
with the further use in quality of the smoothed out size of value of parabola in a
middle point (n=15, 7, 9, 11, 13); av of Spenser for 15 and 21 points [4].

Smoothing of the signal by three points was carried out according to the formula:

Y(n)=X(n-2)+ X(n - 1) + X(n) + X(n+1) + X(n+2))/3 (5)

Smoothing by the Spencer method on the 21st point was carried out according to
the formula:

X; = ﬁ(—?&xiq —6x;_¢ —5x;_5+3x;_4 +21x;_5 +46x;_5 +67x;_; +74x; ©)
+07x;,1 +46x;,5 +21x;,3+3X;,4 =5X;,5 —6x;,6 —3%;,7)

Spectral analysis of the signal is intended for the estimation of frequency
composition of discrete signal [5]. Nonparametric methods are based on the
calculation of estimates of the spectral power density (SPD) immediately after
counting the initial sequence, determines their main advantages - possibility of
applying to a wide class of stationary signals and noise and high computational

efficiency due to the application of Fast Fourier Transform (FFT) algorithms.

ISSN 1562-9945 5



5(52) 2007 “CucteMHBIC TEXHOJIOTUN

For the estimation of he spectral power density, the periodogram method, is used
[6], which main point is in the calculation of estimation of SPD of eventual casual

sequence of length of N, wis called the periodogram.

T 2
X"
S(w) = T (7
a
where X (ej ot ) - spectral density of a finite sequence x (n).
joT Nl —jTn
X’ )= > x(n)e (8)

n=0
For diminishing of spectrum spreading effect at the calculation of periodogram

by means of discrete Fourier transform (DFT) and, as a result, smoothing of
periodogram, weigh functions (windows) are applied, and the modified periodogram,
called the modified periodogram, becomes:

s
fi
N-1
> [wn)|’

n=0
where w(n) - weight function (window) of length N;

. 2
X/

SW (w)= 9)

X, (ej ot ) - spectral density of multiplication of x(n)-w(n) :

N —jwTn
X, (/)= X x(nyw(n)e™ (10)
n=0
The window function of the FFT is used to suppress edge discontinuity effects of

the discontinuity of real functions by introducing weighting coefficients for fetching
data in the window, which provide a reduction in the amplitude of the edge points
(start and stop) and, as a result, improve the results of the FFT. Different types of
window functions (rectangular window, Hemminga, Hanninga, Blackmana-Harrisa)
give different results, both in accuracy, and in frequent resolution and apply for
various kinds of signals [7].

The Hamming window is applied in this work.

Let X={of xI, x2, x3 .. XN} - time series which is given, Y={of yl, y2, y3 ..
yN} - - time series (signal) after smoothing.
Convolution of the signal has the form:

;mo=§§m—mvmo=§vam—m) (11)

m=0
where m - delay of sequence, h(n) - impulsive description (IX).
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H(z) - z -Figure of IX of h(n) - calculated by a formula:

H(z)= %j:oh(n)z_” (12)
The transmission function of H(z) is :
_Y(2)
H(z) = X(2) (13)

where X(z), Y(z), - z - The image of the signal before and after processing.

Let H (ejé)) - Fourier - an image of IX of h(n), where is normalized frequency.

For the frequency description and the transfer function H (x), the following

relation is true:
H(ejw) = H(z)Z_e}.a:) (14)

In the created add-in, an analysis of the time series, reflecting the number of
citizens, who for the first time appealed to the treatment and prophylactic institutions
of Ukraine with complaints about the digestive system, is carried out. Output data -
monthly amount of patients, who applied for the period from January 2006 to
December 2015.
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Figure 2. - Time series showing the figures for the 10 years.

The graphic image of the time series under study is shown on Figure 2 and gives
the the initial idea of the changing statistics (number of patients) over the past 10
years. Visually on the chart, you can select:

- The long-term trend - The dashed line goes gradually downwards (Figure 2a);

- Cyclic changes which are usually related to the vibrations of physiology
activity of of the human body (Figure 2a);

- Seasonal fluctuations (Figure of 2b);

- Irregular fluctuations associated with unpredictable random events (Figure 2b).
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On the Figure 2-b the signal spectrum (smoothed by the Hamming window) is
represented, harmonics, which correspond to the values of the periods of 12, 6 and 4.
Based on the fact that the time series, which is analyzed, consists of monthly
indications Coming from that a sentinel row which is analysed consists of monthly
testimonies (I.e., has a discretization step in time Td = 1), ehe figures indicate that the
arrival of citizens in medical institutions has a certain pattern, has three different time
periods: : annual (12 months) semi-annual (6 months) and seasonal (winter, spring,
summer, autumn - 4 months).

Graphical representation of data series after processing by the method of
exponential smoothing (in the add-in) for different values of the parameter [ is given
in the Figure 3.

The results of smoothing of data series in the form of an Excel spreadsheet and

charts of residues are presented on Picrure 4.
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Figure 3. - Method of exponential smoothing
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Figure 4. - The results of exponential smoothing on Excel sheet
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Authenticity of any results is done by comparison. Similar processing of data in
relation to the appeal of to medical institutions was carried out in the application
ITSM2000 application [8].

Figure 5 shows the screen types of ITSM2000 applications and add-ins for Excel
algorithm of nonlinear Box-Cox transformation. The results are alike in the graphical
form. Comparative analysis of the Figures is qualitative.
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Figure 5. - Non-linear Box-Cox transformation, a) - in ITSM 2000, 6) - in add-in

Figure 6 shows the periodogram that was made in ITSM 2000 program. Peak at
the area of a certain frequency ®0 indicates that corresponding harmonious component
is present in in the spectral decomposition of the autocorrelation function. The higher
and sharper the peak is allocated, the bigger part of the power is concentrated near the
frequency ®0 and the more important role this frequency plays in the description of the

corresponding random process [9].
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Figure 6. - Periodogram in ITSM 2000
When considering time series per unit of time, one month is taken (one
observation per month). On periodogram (Figure 6) on the X-axis argument
corresponds to the following values: 0.25 - 3 months, 0.5 - 6 months, 1.0 - 12 months.
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The presence of peaks in the range of =0.33, 0.5, and 1.0 indicates that there are three
cycles in the investigated series:

- - 4 months (0.33 * 12 months = 4 months);

- half-year cycle (0,5 - 12 months = 6 months);

- annual cycle (1,0 - 12 months = 12 months).

The signal spectrum, obtained after processing the time series in the add-in
(Figure 7), Shows the presence of three clearly expressed cycles with periods of 4, 6
and 12 months. So, the spectral analysis in the add-in and in the ITSM 2000 program
is identical.
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Figure 7. - The signal spectrum in the "add-in"
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Quantitative analysis of the comparison of the smoothing results, implemented in

the created add-in algorithms, is presented on Figure 8.
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118 | 74188 | 73001,18 |73001,19( 0,00 14652 24| 14652 24 | 0,00EHIO
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Figure 8. Results of comparative analysis of the functions of the add-in and the package ITSM
2000
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Conclusions

The development of the add-on, which can be used to process time series in MS
Excel spreadsheets, has been done. The add-in allows to perform a smoothing of the
time series and perform a spectral analysis of the data. Output of results on the MS
Excel sheet is provided.

Confirmation of the functionality of add-in, which was, created in Excel, was
carried out by comparing the results, obtained with a similar processing of the
investigated series in the ITSM 2000 program.

The time series of the number of patients with digestive disorders has been
studied. Spectral analysis revealed the presence of cyclicity in the investigated series,
that is proved with numbers:

- Period = 4Td indicates a presense of four-month cycle;

- Period= 6Td indicates a presense of six-month cycle;

- Period=12Td indicates that the nature of the curve, which reflects the annual
number of citizens, who applied to health facilities, is identical for all ten intervals.

The obtained results are confirmed by expert evaluations.
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ABSTRACTS
YK 681.3.06

Hopom H. JI., Tletpeuyk JI.M., ®enenko T.M. JlochimKeHHS YaCOBOTO PSIAY
crienianizoBanoi iHdopMaiii / CuctemHl TexHoorii. PerionaapbHui MI>XBY31BCHKHIMA
301pHHMK HAyKOBUX Tpailk. — Bumyck ? (??). — {ninpo, 2017. — C. ?7?-77.

[IpencraBneHi pe3yiabTaTH AOCHIIKEHHS YacOBOTO psy CHEIliani30BaHOI
iHpopmanii y cTtBOopeHid HaaOymoBi MS Excel, sika 103BoJis€ BHUKOHATH MOTO
crieKTpalibHMi aHami3. HamxOyaoBa MICTUTh MOAYJ MEpEeryisiAy JaHWX Yy 4YacoBId Ta
4acTOTHIM o0nacTsax. [IpoBeeHO MOPIBHSUIBHUHN aHaAII3 OTPUMaHUX PE3yJIbTaTiB.
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[IpencraBmenst  of  pe3ynmbTarhl  WCCIAENOBAHUS  BPEMEHHOTO  psija
CrienUanIM3upoBaHHON MH(pOpManuK in co3aaHHoi HaacTpoiike of MS Excel, koTopas
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The of results of time series specialized information research are submitted in of

MS Excel add - in that allows you to perform its spectral analysis. Add - ins include
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viewing data in the time and frequency domains. An of comparative analysis of the
results has been conducted.
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