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Abstract_ In this yvork, _the results qf the comparative analys Where | = 0’1'___'29 , k = j+ >

of possibilities piecewise-polynomial local basesno three

parameters are shown: by quantity of indispensableperations, For example, binary pieces can serve as intervals

by efficiency of compression of the information andy error.
[0;1); [1/2;3/4], [3/8; 4/8]

Keywords— Algorithm, basis, Haar’s function, Harmut’s The length of a binary piece hpj equals
function, piecewise linear, piecewise quadratic, pcewise
parabolic. + -
‘h.‘: h.+h.:21_p;
. INTRODUCTION P P Pl

For construction of patterns of the signals reatifrem
actual objects, traditional harmonious functions aidely -
applied. It explains that many signals receivednfractual Where h "I h p  represent its left and right half
objects can be easily presented by a set of sin@w&ad respectively and also represent binary pieces:
cosine fluctuations for which the device of Foudealysis is
used. The result is the transition from time togérency  + i-1 2j-1] - |2j-1 |
functions. However, representation of time functsime and ha = ; \ ha —_, e} )
cosine functions is only one of many representatickny 2 2"
full system of orthogonal functions can be applfed the
decomposition in numbers which correspond to Fouri®he system of un-rationed Haar functions to thenfar defined

+

rL P

series. as:
Il. SYSTEM OF HAAR AND HARMUT FUNCTIONS +1 X [ h_p,-
Orthogonal system of basic functions which arecset .
valid axis, for which there also exist algorithm &fst h — —

o . . : SR ar, |X)=har_(x)=4-1 xOh, (3
transformation have received wide circulation ichtgical "( ) ”J( ) P 3)
appendices. They can be split into two classes: 0 X [ hpj

« Global basic functions - such whose values are not

equal to zero on one subinterval. Walsh Functidhs [
[2], numerical [1], [4], [5], _
- Allocative basic functions, nonzero values which ar It is necessary to note, thatar, (x) = 1

set on the enclosed segment. Examples are Haar ~ NumberP is the order of Haar’s function and it is knowrtth

_ functions [1], [2], [4] and Harmut's [2], [4], [6]. Haars series can provide as uniform (including timéform
Sp|lttlng of the valid axis is Usua”y double rata. Later we best)’ and mean_squa@proximaﬁon' All depends on the
shall consider the interval [0,1] or [0,1) and wille the method of calculating the factors.

concept of a binary piece, which is as a resuttigibion of a

given intervalRp equal partsK =1, 2...): *
i1 f(x)=> C, har,(x) @)
— — k=0
hk - hpj - op-1  op-1 (1) Haar and Harmut's bases draws the attention of rescper

two reasons:
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+ Reduction of the number of factors necessary fdmar(x) functions can be placed in an orderly manner §Wal

approximation (with a given accuracy) in relationthe
general number of binary pieces.
« Absence of "long" operations
Operations of addition, subtraction and shift asedu
only.
The study of methods for reducing the volume ofestof
coefficients, improvement of parameters of "srhoets"
by obvious means leads to systems of piecewisgnpoiial
basic functions of higher degree. Piecewise-linbasic
functions (Shauder’s function) are most easily &t result
of integration with a variable top limit of Haarsthogonal
piecewise-constant functions [5] [7]:

shd, (x) = prhark(r)dr (5)

It is necessary to consider also, thahd (X) =1

and Shd 0(X)= X .

Often in practical appendices, series of piecevissar
functions with the purpose of getting the amplitsidd all
basic functions that are equal to unit, are coremnito
operate with "normalized" systems:

shd,(x) = 2° Jx'hark(r)dr ©)
0
P=01,..; k=012,..

Figure h shows piecewise-constant bases of Haar, Fig.
shows Shauder bases and Fig. 1c piecewise-pardirsies
of Haar.

| a) b) o |
har, hain, haid,
1 1 1
o[ 05 T of 05 1 0 o5 1
-1 1 -1
har, hain, haid,
1 0,5 1 1
0 1! 0 7 0 O‘Q’—lk
1 1 0,5 al 05
har , hain, haid,
1 1 /\ 1
0 0,5 i Y 05 T 0 s "7 T
1t -1 -1
har, _] hain,, haid,,
1 1 1
0 U 5 15 Tt 0 o5 T 0 n
-1h ’ -1k -1} 0%
har g haing haid,
1 []os ‘ NEVAN ‘ 1l o025
0 1 0 ' 1 0
b U -t 05 -1} o5t
har ¢ hain, haid
n. L A . N
(]). OVSU T ?. O,'5 1 2 05U 075 '1
har , hain, haid,
L e s VAN o7s 1y
0 0.5 U 0 05 1 Y 1
-1 1t -1t

Figure 1 a) Piecewise-constant,
quadratic bases of Haar.

b) Piecewisedar and c) Piecewise-
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in expression (2).
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functions can analogically be arranged) in thregsva

e To arrange binary fractions k in the natural ordér
increment Adamarov’s ordering;

» Arrangek in ascending order of inverted code - dyadic
ordering;

e Groupingk in group with number of categories after a
comma 1,2,3, etc.,, and inside of each group to
arrange fractions in ascending order - classical
ordering;

Adamars ordering of Haar functions leads to theep&on

of the optimal FTH algorithms, but practical usespgctra in

adamars ordering is inconvenient ordering, sinch spectrum

does not provide uniform convergence of the padiahs for
continuous functions which are usually consideredignals.

In [11], it is shown that the approximation of tiomous

signals with partial sums of a spectrum providesfoum

convergence with classical ordering functions ofaHaAs
dyadic ordering differs from classical only by tagangement
of functions inside groups, it also has this propebyadic
arrangement of Haar functions provides greateroumiity of
approximation as rejection of members of some ccoot on
one hand, and in regular intervals on all rangeedifition.

Harmut [13] [14] examined a system of piecewise-
constant orthogonal basic functional occupying fuesition
between Walsh and Haar systems. The most simple are
functions of systemHarm, (x)}, obtained from Haar functions
by double accession precisely same under the fouinpn an
adjacent binary piece on the right, and one of tf@ns with a
4 sign, and another with a "-" sign. As a resultsystem of
evens and odds relative to the middle of the binatgrval
functions, whose integration leads to a system ietqwise-
linear functions and also even and odds:

hin,(x)= 2"’J5 hrm(r)dr
0

Charts of functions of systentm, (x)} are shown in
Figure 2a and in Figure 2b charts of systehn{ (x)} are
shown. It can be seen that they are related tdiechcategory.
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a) b £) « approximation error.
Requirements for algorithms of fast spednahsformation

hrm hin hid consist first of all, of a minimality of quantityf operations,
; 1 , 1 simplicity of each operation and a minimality oétdemanded

3 0,5 1 2 0,5 1 g X volume of operative memory.

) ; i If we compare algorithms of fast transformatof Walsh
hm 2 __ hin hid (FTW) and fast transformation of Haar (FTH) by reed
M . 1 . 1 quantity of operations of addition and subtractitimen the

3 1 ?‘ /! 3 X following can be deduced. If in algorithms FTW fspectral

processing of an an array from N=Zlues of an initial signal,

i
I — 1
2
1
hmm s hin 5 hid nx2" operations of addition and subtraction in algoni¢hof
| [ ™1 | FTH, the required number of operations is redugedou2(N-
0 J T 0 7 OUAWQW 1). For fast Harmut transformation this parametes the value
-1 — It -1t b 3N-4.
hm ¢ hin .. hid In Figures 3 and 4, resglts o_f the compaeaa'_malysis on
“T1 -y =y Q effect of compression of a signal in the form of thagram are
0 11' 0 \/ 11 0! Tx shown. Here for research purpose, Haar's piecelivisar
< -1 4t - bases (PLB), piecewise-constant basis (PCB) ancepise-
hrm pi hid guadratic bases (PQB) were taken. For processinthexfe
vy F |‘ ww? y W{“']‘ s bases, functions consisting of the combination lementary
f I AA—+ functions (CEF), a signal received as a result edpdysical
3 J - ! 3 ! 3 rx researches (GR), and also a file received as dt refsbench
) , tests of car components (RBCC) are taken. The cmatipa
hrm ~ hin . hid analysis of all Haar and Harmut's piecewise basesvs that
1 |_ ; 1 /\ | 1, / 5‘ with transition from basis of the lowest degreeshigher
g _1 g \/1 3 1x degrees, the improvement of effect of compressomaHaar
o and Harmut's bases is observed.
hm - hin 7 hid » For Haar bases, the effect of compressiorPfoB makes
1 |— |_ : 1 /\/\ 1 from 1.8% up to 2.7%, for PLB makes from 3.2% upytb%,
0 J 7 0 1 0 Y x and for PQB this parameter makes from 5.5% up t8 %@ In
-1 = I -1t other words the effect of compression constanthywgt

For Harmut bases, the effect of compression FCB
. . , . - . . makes from 4.8% up to 12.3%, for PLB makes fron¥/u to
Z'ug;gfaﬁc?,)aFS"e?g!VSaerﬁ]‘f,’f‘a”t' P) Plecewisedar and c) Plecewise 59 3 %, and for PQB this parameter makes from 17up%o
56.2%. The effect of compression including this ecas
e<]:onstantly grows.
The comparative analysis of Haar and Harmbses
shows, that from the point of view of effect of qumassion of a
signal, Harmut's bases gives best result.

In many practical appendices connected with regov:
of functions between readouts, the possibilitiesaftinuous
piecewise-linear bases are not enough. This caxplained
by two basic reasons:

. Because of low speed of convergence of the
approximations caused by comparatively big erifor o
piecewise-linear interpolation which often leads to
significant loss on factors;

- Because of non smoothness of approximation (tlsé fir
derivative of disruptive functions of basis) — thes
the absence of the concept of curvature which cause
essential restrictions. For example, it is possiblskip
the maxima and minima of functions.

[ll. RESULTS OF THE COMPARATIVE ANALYSIS

In this work, results of the comparative gsa of
possibilities of piecewise -constant, piecewisaedir and
piecewise -quadratic local bases are shown. Asrimit of
comparison the factors were taken into considaratie:

« quantity of necessary operations;
- effect of signal compression;
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Figure 3. Results of comparison of opportunities dfaar’s local bases.
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Figure 4. Results of comparison of opportunities oHarmut’'s local
bases.

For an estimation of approximation error,shall

consider the corresponding expressions:
- For piecewise-constant bases:

PO f<omaki o @

« For piecewise-linear bases:

P(x) = f(x) sémaﬁf"(xﬂhz; 9)

- For piecewise-quadratic bases:

IP(x) - f(x)|< gmw{f '"(x)\hf‘; (10)

In these formulad?(X) represents local Haar and Harmut's
bases,f (x) is approximated function '(x), f'(x) and " (x),
respectively, are derivatives of the first, secantd third

degree from approximated function, afiis the step of
approximation.

IV. CONCLUSIONS

Thus, transition to Haar and Harmut's piesawi
polynomial bases allows us to learn the high eftécsignal
compression. Harmut’s basis gives greater effect of
compression in comparison with Haar’s basis. Taig fjives
way to an increase in accuracy of approximation alsb
allows for the achievement high-efficiency compgtin
structures on their basis.
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