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Editorial

These Special Issues of the Transact,ions of Fluid-Flou Machi,nerg, Nos. 113
and 114 contain selected papers from the International Conference on Turb,ines
of Larqe Output devoted ło co--errrorate 100ih Birthday Anniversary of Prof.
Robert Szewalski. The conference was held in Gdańsk, Poland on September
22-24,2003.

The Conference is a continuation of previous conferences held at the Insti-
: lte of Fluid-Flow Machinery PAS in former years dedicated to technology of
sieam turbines. Series of conferences bearing the same name took place in the
-,,ears 1962, 1965, 1968, 1993. In 1997 organised has been a conference on steam
:irbines and related topics, but with a slightiy amended title - Problems of Fluźd,
:łow Mach,inery, At present at the Institute of Fluid Flow Machinery there are
_-onduced research of fundamental character encompassing both the issues related
:,: steam turbines and fundamentals of power engineering.

Organisers of the present conference have returned to the traditional name)
_.e. Conference on Turbi,nes of Large Output to mark the respect to the memoTy
.: Professor Robert Szewalski (1903-1993), the founder and a director of the In-
::_:ute of Fluid-Flow Machinery for several years, and initiator of the conference
series devoted to the problems of steam turbines.

The Editors ale very grateful to the referees of the papers presented in this
_ssue of the Transactźons of Flui,d-Flow Machi,nery: J, Badur, W. Batko, E. S.
Blrrka, J.T, Cieśliński, P. Doerffer, A. Gardzilewicz, B, Grochal, J. Kiciński, G.
Iiosnan, T. Król, J.Krzyżanowski, J, Mikielewicz, A. Neyman, W. Ostachowicz,
R. Puzyrewski, R Rządkowski, J. Swirydczuk, M. Trela, T. Uhl andZ. Walczyk,

We appreciate cordially the manifested authors interest in our conference.
Special thanks are conveyed to Ms 'Maya' Bagińska, for her fruitful editorial help
:=]ated to directing the papers to reviewers and correspondence with the authors
: _ _,lrtributions.

Prof. Jarosław M,iki,elewtcz
Editor-in-Chief

Dr Ed,warcl Śltwl"lrl
Managing Editor
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GRZEGORZ Ł. AUGUSTYN, WOJCIECH BATKO and JACEK WIERZBICKI-

Context filtering in diagnostics

AGH University of Science and Technology Department of Mecha.nics and
Vibroacoustics, Mickiewicz Av. 30, 30-059 Kraków, Po]and,

Abstract
The PaPer presents a new method for filtering signals with use of the Modified Recursive

]:-<crete Fourier Tbansform. The basic idea of the method is the application of user defined
:':etext to the recursive form of the DFT and filtration of data or signals. The context is
:','rsidered as a Pre-defined pattern in frequency domain, like frequency envelope of phenomena,
r:ich is being searched for. The method works as tool with scanning amplitude-time-frequency
:=:resentation in the context of such pattern. In this paper authors present mathematical
l; i=ulas, examPle of processing noisy signal with predefined patterns and idea of an intelligent
^girithm scheme for intelligent context filtering of signals and data. As the example autńors
i.:er bY the chosen context a genuine diagnostic signal from a large power turbine, where
::rtext is aPPlied as a flIter for extraction of certain properties of a diagnostic signal, to obtain
t*rn'ledge about damages or phenomenas caused by machine dynamics. Future research and
:,:xsib]e applications in other fields of research are also discussed.

lieywords: Digital signal processing; Digital filters; Discrete Fourier transform

Introduction
Context filtering is the method which uses Discrete Fourier tansform in

:li :liginal form, TYansforming of DFT into the certain formula plovides the
ł/łF:.thm enabling observation of a signal spectrum changes at every moment,
,lor::T rling of such information, modifying and preparing of maps of signal changes
ryg1r:]ing to a pattern such as for example spectrum envelope predefined by user.
]rrs ą-ork describes context filtering with utilization of ADFT (Adaptive Discrete
iilirołl,ner Tbansform) and its most simple algorithm.

" l : r:esponding author. E-mail address: wierzbic@uci.agh,edu.pl
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2 Recursive discrete Fourier transaform

Discrete Fourier transform of the signal can be written in the form:

N
XI6):D"@ł a)e-i2rk(n+a)/N (1

n:7

for a selection of Iy' samples, taken from the sample a. If we make necessar
arithmetic operations on the above formula, we receive - for every a sample th
following formula:

N
Ą[k] : -x(a)Wko +' r(nła)Wk("+o) +r(/f +d)Wk(N+') ę

n:1

This formula is for calculation of discrete spectrum (ADFT) of a signaI, usin
information contained in previously calculated spectrum by means of recursiv
adaptive method. Now, we are going to present inverse transform for ADFT. T
achieve that we have to transform the above formula into the following form:

N
r(// + a)Wt'(N+a) : x"[k] + r(a)Wk" _Dr.n* a)Wk("+o) (3

n:I

which can be further cast as:

r(,n/ + *) : 
{x"tk] - xtk] + r(a)wko\w-r<**") (ł

which gives directly the inverse ADFT (Inverse Adaptive Discrete Fourier Tlens
form).

The advantage of the transform (IADFT) is maintaning all time-frequency.
amplitude dependencies and relations, which allows reconstruction of analyza
information, The benefits are: simple way to reconstruction and achieving c
original signal continuity after processing and modification of spectral nature o
the analyzed signal and - more - the ability to analyze highly non-stationaq
signals.

The kernel of the transform is given below as a part of MATLAB code:

%algoritbm of the context filtering
for a=1:2000,
for i=1:4,
Xsa( :, i)=ay( :, i) . *fft(X(a:N+a-l, : )) ;

ER(1, i)=sun(Xsa( :, i) ) ;

[].ev_i,nun_i] =nax (ER) ;

end
Xs( :, a)=[gą( :,nun_i) ;
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for k=1:128,
Xs (k, a+1) =X (a, 1) *exp ( j *2,t pił. (a+1) *k/N) +Xs (k, a) *exp (j ł,2l.pi*
(a+1 ) *k/N) +x (a+N, 1 ) *exp (-j *2*Pi* (N+a) *k/N) ;

end
erd

ADFT algorithm has also certain limitations. The main reason for these lim-
_:ations is the Heisenberg unceltainity rule. It is directly caused in the kernel
::l calculation of the initial spectrum for algorithm, which is the process with
::.e same constraints as in classical Fourier analysis methods. Initial conditions
:-: analysis such as sample length (chunk length for the analysis) and analyzing
--_ndow - if applied - are critical. These initial conditions depend on the pur-
: -se of the analysis. The issue is to find compromise between representation in
:{uency domain and information contained in the signal.

Context
Context allows the signal to be modified in different ways when context is

::,lerly shaped in frequency domain due to the application. Context is con-
łl i:led as a spectral pattern which is normalized in such a way that all of its
"-:es full into the range between 0 and 1. So, the signal is not analysed with the
ł -,.e range of harmonic functions in the analysis, but only with these functions
tl _; - certain weights, which are considered, because of the feature which is being
-ł -:ired.

According to this, the formula for discrete Fourier transform takes a form:

N
X[k]:Dr@) .A,fkl§"-izrkn/N (5)

n:7

lr; :arameter B allows for spectrum shaping by means ot A"|k) coefficients.
.'lfren the above formula is applied to ADFT, we have:

,' : - r (a) A*lte1?, r' *| r @+ a) A,[k)§ 1y ł (*+o) +, ( N+ a) A*[Ą9 We (N+CI)

n:I
(6)

il!. l,::n-€d i" [,..].
]iculated spectrum, adaptively, sample by sample, follows the changes in

il]n*,:;:lrl of the signal according to the applied context. Number and shape of
flln]'ł;[:,s chosen to analysis is optional. In this way it is possible to extract any
|fi]]lu[ L:: :om the noisy environment, filtrate any information, examine amplitude
]'nx ł:tE:§ and - as the result of inverse ADFT - to have time representation of a
[r,m,,li**j signal.
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Return to the time domain can be done by a simple modification of the inverse
ADFT transformation.

If we use several patterns at once, algorithm can estimate also several features
at once due to this complex context.

4 Context

Let's assume

filtering

that we have

:"'*{ż

the base of several contexts:

NN\
xik), Dxrll,],..., !łtłl | (7)

k:l a)
where:
ź - number of contexts,
rn number of the context with the best fitting.

The simplest way of eva]uation of the fitting of a feature to the chosen context
is sumation and comparison of all values across the frequency axis. The spectra
with the most nearest value of the sum have the maximum probability, that they
are the best fitting context.
This algorithm is showed below as a part of MATLAB code:

7.context database creation
111=[AN1 AN2 AN3 AN4];
7.context database creation in frequency domain
ANTF=(abs(fft (AN(1 :N, : ) ) ) ) ;

for i=l:4,
ay( :,i)=(enlF(:,i) ./nax(ANTF( :,i))) . ^(1) 

;

end
(..,)
for a=1:2000,
for i=1:4,
Xsa( :, i)=ay( :, i) . *fft (X(a:N+a-1, : ) ) ;

EB(1, i)=sun(Xsa(: , i) ) ;

[1ev_i , num_i] =nax (ER) ;

end
Xs( :,a)=Xsa( :,num_i) ;

(...)

In effect we obtain the following formula:

Xłs|k) : -r(a)A,i*[k)OWk" + 
|,l,ł*yr1o 

, DFT{r(n* 
")}] 

1yk(n+a) a (8)

+z (/f + a) Ai.|k)B 1y k(N +a)

which provides ADFT algorithm with implemented context. Index "i" denotes
the number of the analyzing pattern. It gives a number of applied contextes.

:
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The disadvantage of this way of extraction of a feature is the necessity of having
context base given a priori. We can also apply the maximum likelihood estima-
:ion methods, correlation methods, coherence function or application of neural
r.etworks as a decision making systems for fitting evaluation.

In analogy to the IADFT, and using the IDFT, we have:

a' (N + 
") 

: 
{% tk] - y1k) + (I DFT {x*Ik]})wxa\ w-n@+a) (9)

a'here X"lk] means IFFT of spectrum calculated from the record of values from
e sarrple with "o" index, The rest of the algorithm remains the same.

7L

.3 Experiment

Algorithm was tested on real
;lating under different condition.
:i the turbine \ry,as used (Fig, 1).
xe observed the background.

diagnostic signal registered from bearings op-
For this process a pattern based,on the mode]
Signals from bearings and other disturbances
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Figure 1. Artificially generated context form from the model.
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Diagnostic signal

l l

łń ,ł1 J n ll,tl
|l|l,ł , , 1tlh, rł l_ ll

illb/ ,T 
tll | \lx il'|r I h1| tilT

T
Y Il|

oJ
15

Ę
o.
E
(§
E
o)
.Ę
(§
E
oz

o,E
=
E-
E
(§
Eo'
.H
(G

E
oz

1

0.5

0

-0.5

-1

0.4

0.

200 400 600 800
lime lsl

Diagnostic signal afier cOntext liltering

1 000 1 200

0

-0.2

-0.4

-0.6 200 400 600 800
time lsl

100t} 1200

Figure 2. Comparison of obtained results of context filtering in time domain.
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Fi8ule 3. Comparison of obtained results of context filtering in frequency domain (before
ysis on the left, and after ałralysis on the right).

Resolution of the analysis was lf - 256, and the length of analyzed
r€@rd -1000 values, sampling frequency is expressed as a rate of sampling
qlrcncy- Results from the experiment are presented in Fig. 2 and Fig. 3. F
F€§ent a comparision of signals before and after decomposition process,
ering usefut information.
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6 Summary

Described example shows that signal decomposition consid,ering noise and*-:"rl signal (information) took place. Distortions resu]t from the fact that rect_
'- i'llar analYzing window was used which has the *orrr |-i"rties as well as from-";= transitient nature of sPectrum change. This experi-u.rt'prorrus context filter_
'-; eficiencY in Presence of disturbances and permits to infer about possibilities

: i =rtraction of component information (mutu"lly i"J"p""a""r) even with partly;n'ę:-aPed sPectra, In certain situations parameter description of contexts bases : rssible as a manner of activity of decision stage or ,,i.t, system. Filtrationł ']n€ver only a tool possible to be implementeJwith classification system of:;r-:exts bases containing listed base of features. tnitiat untig}rtening of system ons'''=: feature research can also be significant for all diagnoji" *fi; 
.",.i.;il;

r ,; :efers to aperiodic phenomenorr-*ith,.rorr.tutiorru.y'u|p"alance. 
Property ofx:ri-:]€ extraction makes possible its further analysis.riere is no doubt but that tool is not yet in its final form. It is sufficient:J' :i: case of Problems of off-line transformation of information, however further:o,ę*:-{ations should go in the direction of improvem".rt unJ optimization of al-Pi;:'::-'l , other research on convertib]e transformations which would be able to bellułl': --stead of the Fourier transform. Nevertheles. 

"orrtot nltering d,etermines
't;:'Ę::r'e alternative for transformations of component information contained in,fi*r-* 

j'.Ilension 
signal.

:*r ": :j 5 \{ay 2003
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