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Abstract. In work periodicity of impact of various external and internal factors on function of
changing average work amounts and extent of various factors influence on the process of
monolithic construction are defined by wavelet transform. Basic data are data on daily amount
of the concreted structures (CBM) in 4.5 months. Using the continuous wavelet transform
wavelet spectrum was constructed, which showed the periods of impact of external and internal
factors on the construction process. Using the discrete wavelet transform the algorithm of an
exception of critical deviations from a function of changing average work amounts was
developed. This algorithm allows to plan future works taking into account the revealed factors.

1 Introduction

Many scientific papers are dedicated to the analysis of various phenomena and processes using
wavelet transforms [1-14]. For example, in the field of research of social processes [6], in the study of
patterns of signals in radio electronics [7, 8] in the context of manufacturing processes for prediction
of injuries [9], in the prediction of climate and weather conditions, studies of seismic effects [4, 10,
12], to predict the technological characteristics of industrial production [11], and also in the medical
field to detect various abnormalities occurring in the human body, for the processing of digital images,
in the fields of physics, chemistry, etc. However, in the field of analysis and prediction of different
characteristics of the construction process, the wavelet transform is not widely used.
In a general view the formula of the wavelet transform:
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where y,,(1) — wavelet, defined for the set parameters a and b, generated by a maternal initial
wavelet y(1);

b — shift parameter in time;

a — parameter of time scale change (levels of detail);

1/a™1/2— the multiplier providing independence of norm of functions from the value a.
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Small values of a correspond to small scale wab(?) or at higher frequencies where w~I/a. Large
values of parameter a correspond to large scale wab(?) and low frequencies. Due to the change of
scale, wavelets are able to identify the difference in characteristics at different frequencies. By shifting
wavelets are able to analyze the properties of the signal at different points throughout the studied
interval. Therefore in the analysis of the signals created by a number of data, the wavelet transform is
a significant advantage over Fourier transform. The Fourier transform gives a global information
about the frequencies of the analyzed signal when used at system of functions defined on infinite
intervals.

2 Data description and methology

The analysis of data on daily average amounts of work performed in the construction of monolithic
house was carried out. Basic data are data on daily amount of the concreted structures (CBM) in 4.5
months (October, November, December, January, February).

Average daily amounts are calculated by the formula:
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where Viyerqge: 18 the average amount of work performed in the i-th day, CBM;

V,; — the volume of the concrete designs (walls, columns), etc. in the i-th day, cubic meters, CBM;

V — the volume of concrete section of slab for the period of time ¢;

N,— number of the working days in the period of time z.

Time period t is the number of days between the concreting sections of floor slabs. The function of
changing average work amounts was made using the calculated values of the average daily amount of
work performed in each day of the reporting period (4.5 months).

The function of change in average amounts was investigated using continuous wavelet transform
and discrete wavelet transform.

Continuous wavelet transform may be direct and reverse. Direct continuous wavelet transform is
defined by a formula (3), reverse continuous wavelet transform is defined by a formula (4).
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where Cy — the normalizing coefficient:
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where (-,-) — scalar product of the corresponding factors,

¥Y(w) — Fourier transform of a wavelet y(?).

The wavelet spectrum Ws(a,b) or scale-time spectrum is a function of two arguments — parameter
of time scale change a and shift parameter in time b. Spectrum Ws(a,b) is a surface in three-
dimensional space. However, as a rule, instead of the image of a surface spectrum represents it’s
projection to the ab plane. It is also possible to analyze pictures of lines of local extrema (maxima) of
these surfaces, so-called skeleton which helps to reveal structures of the analyzed initial signal [15].

It is necessary to perform many computing operations for calculation of a wavelet spectrum at
continuous change of parameters a and b. Many functions w,(¢) are redundant. It is necessary to
conduct the discretization of these parameters at preservation of possibility of restoration of a signal
from its transformation. Discretization is usually carried out for constructions of number two in degree
[17-19].

Let a = 2m, b = k-2m, then the expression (1) takes the following form:
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where m u k — integers.
Thus earlier considered ab plane turns into the corresponding grid of m, k. Direct and reverse
wavelet transform will be determined by formulas:
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Drawing an analogy with the Fourier transform, the coefficients c,; can be determined using
continuous wavelet transform Ws(a,b) [15]:
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Thus, from the formula (8) shows that the basic signal f{#) can be represented as the sum of «wavelet
waves» with defined coefficients c,,.

3 The results of wavelet analysis

To study the function of changes in average amounts of work discrete approximation of Meyer
wavelet ("dmey") was used, and 14-th approximation of the studied function [16]. In Figure 1 some
schedules are submitted:

a) 14-th approximation of function of changes in average amounts of work;

b) the wavelet spectrum W(a,b)coefficients as projections on the ab plane (parameter of time scale
change, shift parameter in time). In any point of the plane it is possible to determine the frequency
corresponding to a certain value of coefficients a and b. Color shows the value of the spectrum W(a,b)
on the module. Light areas correspond to great values coefficients, dark tone fixes transitions of a
signal through zero. In our case average value of a signal is accepted to zero. Shades of gray-brown
flowers in each area allocated ranges of transitional values of the wavelet spectrum W(a,b);

¢) for example values of the wavelet spectrum W(a,b) which correspond to scale a=32 are shown;

d) shows the wavelet spectrum W(a,b) with well-defined lines of local maxima, passing
approximately in the middle of light areas of the plane ab graphics b).

The larger the scale of the wavelet, the wider area of the signal will affect the result [9]. Each area
of the wavelet spectrum W(a,b) is formed as a result of impact on function of changing average work
amounts of these or those factors.

The wavelet spectrum reveals not only the hierarchical structure of the analyzed time series, but
also carries information about the processes taking place during the period of construction, in
particular about influence of external and internal factors on the progress of construction. Using the
analysis of the wavelet spectrum it is possible to find global relationships between different
parameters and the influence of some parameters on others, in a certain period of time. Analyzing the
alternation of areas with different frequency and how function of changes in average amounts of work
is influenced by external and internal factors, it is possible to predict behavior of function. And most
importantly, the analysis allows to diagnose and predict unstable conditions and the moments of
approach of critical deviations of function.

In the analysis of the wavelet spectrum W(a,b) the lines of local maxima of surfaces presented on
graphics of d) Figure 1 were also analyzed.

In table 1 results of the analysis of the wavelet spectrum W(a,b) for the 14th approximation
function of changes in average amounts of work and for basic function are given in a period which
equals 4.5 months (128 days). Levels of detail a of wavelet -decomposition are specified in the second
column of the table, average values of the periods 7 are shown in the third column, average standard
errors of the periods o7 are given in the fourth column.
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By comparison of statistical data about construction of the monolithic house to the data presented
in table 1 the periods of emergence of various factors influencing the course of construction were
determined (table 2).
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Figure 1. Continuous wavelet transform 14th approximation function of changing average work amounts.

Table 1. Analysis of the wavelet spectrum W (a,b).

Neo a (levels of detail) T, days | oT, days
14th approximation function of changing average work amounts
1 7 4 +1.5
2 15 10 +3.5
3 25 19 +4.5
4 from 5 to 25 70 +5.5
Basic function of changing average work amounts
40 25 +4.5
6 61 45 +3

Table 2. The periods of impact of external and internal factors on the progress of construction.

No Factors T, days oT, days

1 Failures in work of construction crew 4 +1.5
The elimination of defects revealed in 10 35
the work

3 De-energization of a building site 19 +4.5

4 Delay§ in supply of construction 70 155
materials

5 Repair of cranes and mechanisms 25 +4.5

6 Non-working condition of cranes and

. 45 +3

mechanisms

In this work comparison of the latent features of function of changing average work amounts
Figure of works was carried out with factors data which were managed to be collected in 4.5 months
of construction of the monolithic house. However there could be more factors. Studying of their
hidden influences on the course of construction can become separate area for further studying.
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Figure 2 shows the discrete wavelet transformation of function of changing average work amounts
for one month of construction works. As the base functions in the decomposition it is used
Daubechie’s wavelet (db) of the 1st order. Figure 2 shows the graphic of the function of changing
average work amounts (s/ds) and a graphics of the components of the function, restored by the
approximating coefficient a, and to the detailing coefficients d;, d, d3, d,. The detailing coefficients
show dynamics details at the allocated levels. The coefficient d; is the closest approximation to basic
function, d, coefficient — the farthest approximation which shows details of the main trends of the
high-frequency component of the time series. The low-frequency filter a, reflects the main tendencies
of low-frequency components. The schedule a, shows that the function of changing average work
amounts at deep 5-level decomposition reveals two main trends. The first trend — the average amount
of completed work during the first 16 days of month equals 44 CBM a day. Further until the end of a
month of construction works the main trend performed amount was 40 CBM a day.

slds 4 -

= basic function of changing average work amounts;
s function of changing average work amounts after an exception of critical deviations.

Figure 2. Continuous wavelet transform 14th approximation function of changing average work amounts.

Thus the general regularity of change of the performed works for construction of the monolithic
house within one month was revealed. This regularity can't be revealed from basic function.

The algorithm of an exception from function of changing average work amounts critical deviations
developed. Deviations arise as a result of the impact on the function of various factors leading to
deviations of the function from the given trend. In our case, the given trend is the average value of the
daily executed amount of works (CBM of the concreted designs). Deviations from the trend should be
minimal, especially in the direction of decreasing values of the average amount of work performed.
The algorithm is given below.

1. Formation of a data number for basic function of changing average work amounts. For a start it
is necessary to define value of a number of data of function and the studied period (schedule s in
Figure 2).

2.Processing of data series functions. At this stage it is necessary to carry out the analysis of a
number of data of function by means of wavelet transforms, to reveal the maximum and minimum
deviations of values, to define the factors influencing function and the periods of emergence of
factors.

3.Decomposition of basic function of changing average work amounts. It is necessary to choose
wavelet, its order and number of levels of decomposition of function N.

4. Threshold processing. For each level from 1 to N it is necessary to choose thresholds (depending
on objectives). After that it is necessary to execute threshold processing of the detailing coefficients
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on those sites of function where it is necessary to minimize or at all to clean the critical deviations of
function at all from the set trend resulting from impact on function of various factors.

5.Reconstruction. At the fifth stage of algorithm it is necessary to carry out restoration of values of
function by means of the reverse wavelet transform after threshold processing. The result is a function
without critical deviations or with the minimum deviations (schedule ds in Figure 2).

6.Scheduling. After an exception or minimization of critical deviations we get a function of
changing average work amounts without impact on it of various factors. If we compare basic function
and the function after an exception of critical deviations it is possible to define extent of impact of this
or that factor on construction process at a specific point in time. If we know frequency and extent of
influence of factors on construction process it is possible to change number of workers in this or that
day, to correct the schedule of work of crews, to enter additional days of check and setup of machines
and mechanisms. These actions will allow to optimize control of daily amount of the performed works
and construction.

4 Conclusion

Thus frequency and extent of impact of various factors on function of changing average work amounts
and the general course of construction can be defined by using the wavelet transforms. The developed
algorithm allows to plan future works taking into account the revealed dependences.
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