DESCRI PTI ON UNSTEADY SI GNAL ANALYZER AND RECORDI NG MEDI UM STORI NG UNSTEADY
SI GNAL ANALYZI NG PROGRAM Technical Field 5 The present invention
relates to a unsteady signal anatyzer for analyzing an unsteady signal
generated by a nonitored object, such as a nechanical system a process or
the like and, nore specifically, to an unsteady signal analyzer for
anal yzi ng anwoestie#dy si gnal generated by an 10 el evat or, PCRIBI743229
recordi ng medi um storing an anal ysi s progrlam for anal yzi ng an unst eady
signal generated by a nonitored object using of a conputer.
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Background Art There have been proposed various diagnostic systens 15

whi ch neasure a signal generated by a nonitored object, such as a

mechani cal system a process or the like, by a neasuring instrument,

anal yze data represented by a neasured signal to detect a defect in the
nonitored object, and, if any defect is detected, warn the operator or the
20 user ofwoalddfect. Cenerally, nost _of these known diPEFABY¥BEIsyst ens
convert the data represented by the si gnal-2 generated by the nonitored
object into a spectrum by Fourier transform and nonitor the spectrum or
estimate a characteristic nodel by

BRI OREINAEST—5%x (t) 75L&, FERODT— ) &
TR (1)

FUw)=f.ﬂ094Wm (1)
Ko TEREZNS, ChicLTY -7y MERIIR. TR (2)

wit(a,b) = f :—\/|1=aT¢(£:a—b)x(t)dt (2)

k> TERENE, ST ¢ () HYF—z—Tby b EFTREEH
DB DEEBELTS 5.

7— Y TEHIE, Pz —T Ly MY A ERINES (1) =e b,
b=0. a=w ' LABESICHNL, TOREBMIIN2 aicRLAL I ICE
BRDBED 5 RRIHOABBITH B0 LictinTy 7—1 TEHIC L > TR
oRFcZART bR, BIZHER2 bR UL S BB A 0 1 KRk
RO BHT—5 O EOES Ol &\ > R AHTIT &0,

LT 2—F Ly MERTI, AR (3)

G(t) = e ¢/ gt (3)



25 a systemidentification nethod on the basis of data given to and
provided by the nonitored object. However, it has been inpossible to obtain
a spectrumthrough the Fourier transform of an unsteady signal representing
data measured while the nmonitored object is in an unsteady state in which
30 t he operating state of the nonitored object varies sharply or to
determ ne a RAPHAEYri stic nodel through sgst emidentificat i"g'ﬁ.‘“'?g
anal ytical method which uses wavel et trans

el et
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2 formhas attracted attention as a nethod of detecting a defect in a

noni tor ed obj ect through the analysis of an unsteady signal. The wavel et
anal ytical method will be explained hereinafter. 5 Fourier transform
of a signal x(t) provided by a nonitored object is expressed by: [err]
Wavel et transform of the same signal x(t) is expressed 10 by: [err] where
[err] is a W@PSIBIICti on cal |l ed not her vvaivel et for PCT/IP97/03229
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transform Fourier transformis equivalent to wavel et transformin which
the basiss function [err](t) = e[err], b = 0 and 15 a =[err], and the
basis function is a function of tinme continuous froma past point of
infinity to a future point of infinity as shown in Fig. 2a. Therefore, a
spect rum obt ai ned t hrough Fourier transformis a function of_ogne variable,
i.e., frequenW@IBAITZhown in Fig. 2b by way of 20 exanple pEP03220

i npossible to deternmine tine dependence of & he spectrum i.e., the feature
of whi ch part of observed data is represented by the spectrum In this
article, wavelet transformuses a Gabor function expressed by:
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25 ‘ [err] (3) as a basis function, which is
| ocalized with respect to tine as shown in Fig. 3a. Thus, the spectrum
obt ai ned by wavelet transformis a function of two variables, i.e., 3
frequency and time. The tine-dependence of the frequency conponents of the
signal can be determ ned on the basis of a function of two variabl es as
shown in Fi wo®n1419 way of exanpl e. 6 PCT/IP97/03229
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5 As nentioned above, wavelet transformis able to extract the
spectral: distribution of observed data at every nonent. Therefore, wavel et
transformis considered to be as an effective neans for anal yzing an
unsteady signal representing the operating condition of a nonitored object
10 varying with tinme. The foregoi ng conventional diagnostic ste
however, ~si np¥Q%¥M8l%ct s the unsteady signal generated by t & H%HVP

obj ect to wavel et transform and hence theTresult of analysis indicates '
only the time-dependence of the 15 frequency spectrum Therefore, the
conventional diagnostic systemis an inperfect analytical technique for
di agnosi ng

wt(a,b) = J:_ )‘/—¢(t(z b)) (2D —— di(z )d

k> TR Y = =7V vy b ARY P T — 5 ORRBELFEREER L 12 AR
I IVTF—F BT ELER/MET 5,

FREC L ZEERFEERIF 7075 L20H LB, FE LR, i
SRR RE B, IRV = — 7L vy AR PVF - 2 EREIC
SEL. B EHREEORBR L OBFREEL 7 — 57— T ABWIIRRE
REBZT(LAICE SV T, Al hiF— 7 HRERINCE~EX, &8T5
A2 MRV IR BT 3 C Lic &k » T BUEELTRCREDRERORE
BICIET R U AR Y T -7 2H BT 5 L ERMET 5,

Z LT, RBHAR LA, ERNROKFEORBRICHN T 5 FEBOE(LDK
M, EBIBERERD 5 Z LN TEZ0T. BENRORHIKEE MR- 2T

B EMTES,

| I i 1 B8

1. ASRAOE | RATUMBIC & 5 ERESRITER OB LR L Mk
RTh 5.

B2 aid7— 1) IEROEERMAER LI /5 7THYD, M2 by — Y =&
BICK BT ART PVERLILS T T TH B,

H3alvz—7ly MERORERBERLEYS7THY, B3 b=
Ty MERICEBT 2 =T Ly MTRRY MERLEYS 7TH B,
413, FRUEOE L EEHECLTAI 51 5 RERETFROBEBERL
1 MR TS 5o

BI5 ik, AREOR | SEHEOE | SHAIORINETS 5L L<— 5O



the state of the nonitored object. For exanple, it is inpossible to
understand how the result of analysis nmade by the conventional diagnostic
20 _ system as shown in Fig. 3b, is related with the variation of the
state of the nonitored object. Wth these problens in mnd, therefore, it
I's the object of the present invention to provide an unsteady signal

anal yzer whiwbes/aarrdi agnose an unsteady state of a noni- 25PCT/IP8Te2%Db| ect
accurately by analyzing an unsteady signaB generated by the nonitored
object. Disclosure of the Invention An unsteady signal analyzer according
to a first aspect
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of the present invention for analyzing an unsteady signal 30 gener ated by
a nonitored object conprises: wavel et trans- formcal cul ati ng neans for
produci ng a wavel et spectrum data through a wavel et transform of the
unsteady signal; state variation function setting neans for setting a state
variation function representing a variation of a specific 35 state

vari abl e of tWeHMt ored object with tine; and time coordi EEtEPAUNPhear
transformati on neans for transform ng 49
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a tinme coordinate of the wavel et spectrumdata nonlinearly into a
coordinate of the specific state variable by using an inverse function of
the state variation function set by the state variation function setting
nmeans. 5 An unsteady signal analyzer according to a second aspect of
t he present invention for analyzing an unsteady signal representing an
accel erati orW@98/H4ab of an el evator as a nonitored object REIMPPTOI22Y.
wavel et transformcalcu- |ating means fod ®roduci ng a wavel et spectrum dat a
t hrough 10 a wavel et transform of the unsteady signal representing a
measured accel eration of the cab; state variation function setting neans
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representing a variation of vertical position or vertical speed as a state
vari able of the cab with tinme; and tine 15 coordi nate nonl i near
transformati on neans for transformng a tinme coordinate of the wavel et
spectrum data nonlinearly into a coordinate of the vertical position or the
vertical speed by using an inverse function of the state variation function
PGT/IP97/93229

set by the st@&MMY ation function setti ng neans. 20
unst eady signal analyzer according to thet dirst or the second aspect of the

present invention, the tine coordinate nonlinear transformation nmeans
transforns the tine coordinate of the wavel et spectrumdata nonlinearly
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25 the follow ng expression: [err] which is expressing an extended
wavel-et transform In any one of the foregoing unsteady signal analyzers
according to the present invention, the tine coordinate 30 nonl i near
transfornmation nmeans divides the wavel et spectrumdata with respect to tine
i nto data segnents, rearranges the data segnents in order of magnitude of
the state vaW@8¥d1%n the basis of a datzfztabl e show ng t hdGTOPRVIZS
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5 between tinme and the state variable, or the state variation function, and
estimates internedi ate values of the data segnents by interpolation and
snmoot hi ng techni ques, so as to transformthe tine 5 coordi nate of the
wavel et spectrumdata nonlinearly into the coordinate of the specific state
vari abl e. Any one of the foregoing unsteady signal analyzers according to
present i nvenWOd¥¥AFt her conprises a resaogse dat a nmeasur i nBCHEANES2E
measuring the unsteady signal. 10 I ny one of the foregoing

unst eady signal analyzers according to the present invention, the state
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function setting neans may estinmate the state variation function on the
basi s of- neasured data on a state variable of the nonitored object other
than the specific state 15 variable. The neasured data on the state
vari abl e of the noni- tored object other than the specific state variable
may be neasured data on the unsteady signal. In any one of the foregoing
unst eady si WAPIHMT| yzers 20 according to the present i nRETUPHIN322%he
state variation function setting rmeans npy estinate the state variation
function through an estimation of a variation of the specific state
variable with tinme on the basis of the
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measured data on the state variable of the nonitored 25 object other
than'the specific state variable by using a state observer system based on
a dypam c characteristic nodel of the nonitored object or a Kalman filter.
In any one of the foregoing unsteady signal analyzers according to the
present invention, the state variation 30 function setting_neans na
deternine t he"O%B{1M1ari ation function on the basis of neasuPEHITHYn ¢ he
specific state variable. In any one of the Toregoing unsteady signal
anal yzers according to the present invention, the state variation 35
function used by the state variation function setting nmeans
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I s determ ned beforehand. Any one of the foregoing unsteady signal

anal yzers 6 according to the present invention may further conprise a

di splay neans for displaying the results of analysis nmade by the tine
coordi nate nonlinear transformation means on a coordinate system indicating
at |l east coordinates of the 5 specific state variable and the fr guency.
Any one of WS¥Id¢dgoi ng unst eady si gnal fréal yzers PCTIIF97103
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according to the present invention may further conprise a defect detecting
nmeans for detecting a defect in the nonitored object on the basis of the
resujts of analysis 10 made by the time coordi nate nonli near -
transformati on neans. The unsteady signal analyzer according to the present

I nvention may further conprise a region specifying neans for specifying a
specific regi¥®% M4 he spectrumobtained as a result of anal ’W%’ne

ti me coordinate nonlinear 15 transformat Loh neans and di spl ayed on the

di spl ay neans, and a data extracting neans for extracting data on a portion
of the wavel et spectrum in the specific region specified by the region
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extracted data on the portion of the wavelet spectrumto 20 a defect
detecti ng neans. The unsteady signal analyzer according to the present

i nvention may display a result of detection nade by the defect detecting
means on the display nmeans. The unsteady signal analyzer according to the
present 25 i nvention may further conprise a defect display nmeans for

di spl ayi ng awoe8/ua41? of det ecti on made by the defect detect i PCFIPOHNR2Y A
recordi ng medi um according to a third aspdd of the present invention
stores an unsteady signal analyzing 30 program defining a procedure for
anal yzi ng an unst eady
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signal generated by a nonitored object, to be carried out by a computer,

sai d 'unst eady signal anal yzing program nmakes the conputer exercise: a

wave| et transform cal cul ati ng function of producing a wavel et spectrum data
through a 35 wavelet transform of the unsteady signal, a state variation
function setting function of setting a state variation function
representing WOUBIMLET | on of a specific st ajg 7 variable RCHIAPB t or ed
object with tine, and a tine
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coordi nate nonlinear transformation function of transform ing a tine
coordi nate of the wavel et spectrumdata nonlinearly into a coordi nate of
the specific state 5 vari abl e by using an inverse function of the state
varia- tion function. In the recording nediumaccording to the third aspect
of the present invention storing the unsteady signal analyzing program the
nmoni t ored oWW@118F an el evator, the 10 unst eady si gnal PCTHR7/03229

accel eration signal representing the neas@red accel eration of a cab
included in the elevator, and the specific state variable is verti cal
position or vertical speed of the cab.
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In the recording nedium according to the third aspect 15 of the present
I nvention storing the unsteady signal analyzing program the tine
coordi nate nonlinear transfor- mation function carries out the nonlinear
transformati on of the tine coordinate of the wavel et spectrum data by using
foll ow ng expression: 20 [err] which is expressing an extended
wavel et transWO®HI4Lh the recordi ng nedi ugn,according to the &Fﬁ’%"’%ﬁect of
the present invention storing the unst ea@lsi gnal analyzing program the
time coordinate nonlinear transfor- 25 mati on function divides the
wavel et spectrumdata with
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respect to tine into data segnents, rearranges the data segnents in order
of magnitude of the state variable on the basis of a data table show ng the
rel ation between tine and the state variable, or the state variation
function, and 30 estimates internedi ate val ues of the data segnents by

I nterpol ati on and snoot hi ng techniques, so as to transformthe tine

coordi nat e ovo9si4avel et spectrum data nonlinearly into tRETORYHAIRI2t € Of
the specific state 8 22
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vari abl.e. , The present invention can di agnose an unsteady state of the

moni t'or ed obj ect accurately by getting the correla- tion and the causal

rel ati onship between the specific state 5 vari abl e of the nonitored

obj ect and the frequency changes. Brief Explanation of The Drawings Fig. 1
I's a block diagramof an unsteady signal analyzer in a preferred first
enbodi nent acwWoy98itld7t o t he present invention; 10 Fi gsPCOIPIZRE2D) are
graphs of a basis function for Fourier trad@8ormand a power spectrum
produced through Fourier transform respectively;
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Figs. 3a and 3b are graphs of a basis function for wavelet transformand a
wavel'et power spectrum produced 15 t hrough wavel et transform
respectively; Fig. 4 is a block diagramof an unsteady signal analyzer in a

nodi fication of the unsteady signal analyzer of Fig. 1; Fig. 5is a
di agrammatic view of an elevator to which 20 the unsteady si gnal anal yzer

enbodyi ng thwops/HgENMt i nven- tion is to be applied; Fig. 6 HX/IR97A03229
di agrammatic view of the elevator of Fig. 54prOV|ded wi th the unsteady

si gnal anal yzer enbodyi ng the present invention;
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25 . Fig. 7is a flowchart of a diagnostic algorithmfor diagnosing
defects in an el evator, based on extended wavel et transformto be executed
by the unsteady signal analyzer enmbodying the present invention; Figs. 8a,
8b and 8c are graphs showing the variation 30 wth tinme of the out put
torque of a notor included in the elevator of Fig. 5, the speed of a cab

i ncluded in tWOIM¥Rtor of Fig. 5, and th§ £05i tion of the HIWPIVEec-
tively, when the output shaft of the notor<i$ eccentric; Figs. 9a, 9b and
9c are graphs showi ng the variation 35 of the acceleration of the cab of

the elevator of Fig. 5
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9 with tinme, the variation of the output torque of the notor with time and
the resul't of Fourier transformof the acceleration of the cab,
respectively, when the output shaft of the notor is eccentric; 5

Fig. 10 is a graph showing the result of analysis of the acceleration of
the cab of the el evator when the output shaft of the notor @Jﬁ %ri c by
a conventi omaps/dyvel et transform net hod; zFé gs. 1lla and 116P gﬁ?" S
showi ng the result of
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10 ext ended wavel et transform of the acceleration of the cab of the

el evdator- with respect to the speed of the cab when the output shaft of the

notor is eccentric; Fig. 12 is a graph showing the result of extended

wavel et transform of the acceleration of the cab of the 15 el evator with
ition of the cab when the output shaft of the notor is

respect to th S
eccentric; Fi 9%8’1':?&? 13b and 13c are grapgsgshovm' ng the var T IE8HO3%4 h
h

time of the output torque of the notor of el evator, the speed of the
cab of the elevator and the 20 position of the cab of the elevator,
respectively, when a guide rail included in the elevator is in a defective
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conditi.on; Figs. 14a and 14b are graphs showi ng the accel eration of the cab
of tHe elevator and the result of Fourier 25 transformof the

acce)l eration of the cab of the elevator, respectively, when the guide rail
is in a defective state; Fig. 15 is a graph showing the result of extended
wavel et transform of the acceleration of the cab of the el evator Wen the
gui de rail iwWOpsilidtdef ective state; 30 Fig. 16 is 2OIBeI038%agr am
of the unsteady signal analyzer embodying & he present invention as applied
toarailroad car; Fig. 17 is a schematic side view of a railroad car
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provided with the unsteady signal anal yzer enbodying the 35 pr esent

I nvention; Fig. 18 is a perspective view of the unsteady signal analyzer
enbodyi ng the present invention; 10 Fig. 19 is a bl ock diagram of an
i nternal device included in the unsteady signal anal yzer enbodying the

present i nve%(')%}iuf?' g. 20 is a pictorial view show ng, by Wzﬁbm%ﬁ”pl e,
29
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5 data di splayed on a display unit included in the unsteady signal

anal yzer- enbodyi ng the present invention; Fig. 21 is a block diagramof the
unst eady signal anal yzer enbodying the present invention; Fig. 22 is a
perspective view of a conmputer system 10 which is used to read the

unst eady signal analyzing programstored in the recording nediumin a
preferred sO¥@MMU&hodi nent according to the present inventBCIAPIARRIF g. 23
is a block diagram of the conputer systethhich is used to read the

unst eady sinal anal yzing program 15 stored in the recording nediumin the
second enbodi nent. Best Mdde for Carrying Qut the Invention
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First Enbodi ment An unsteady signal anal yzer in a preferred first
enbwl'“lll“'ﬂ"“l;\ﬂl'l‘ﬂl“ the present invention will be 20 described with
ref er a, 3b. Referring to Fig. 1, the unsteady signal
anal yzér nbbdy d tHe present invention has a response data measuring

means 1 conpri Si a sensor, an A/ D converter and noise filters. An
unst eady si gnypgf’?l‘)‘? i.e., atime series 25  response dBYTIPITORRY | e

by the response data neasuring neans 1 is grven to a wavel et transform
cal cul ating neans 2 which carries out cal culation by using, for exanple,
t he foregoing Expression (2) representing wavel et transform

ok o @ OH
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[err] .30

In Expression (2), ais the reciprocal of frequency [err],

and b

IS td nﬁm transform cal cul ating nmeans 2 carries out t he
wavel o | ARFHNFEIN

e unsteady cab accel eration signal x(t) by using
Expresstorf (2) ™o provide a wavel et spectrum (wavel et transform dat a)
wt(a,b) shown in Fig. 3b. Then, the wavel et transformcal cul ati ng neans 2
gi ves the Swoesaiyet spectrumwt(a,b) to a tine coordi nat BCHEMFPRENr

32
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conversion neans 3. The tinme coordi nate nonlinear transfor- nation neans 3

t ransf ory rmnmnﬁlmﬂml nate of the wavel et spectrumw (a, b) by nonli near
coor di naH“l“ on with respect to a specific state variable
(physi cal *10° ‘val®uef of a nonitored object. If the unsteady signal
measured by the response data measuring neans 1 represents acceleration,
the specific %’Pé?’é"g'éri able is, for exanple, speed or positi% # will
be described in detail later in connectio3dith the 15 application of the
unst eady signal analyzer to an elevator and a railroad car. The unsteady
signal analyzer has a tinme-state conver-
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sion table 4 tabulating state variation function data {z(t[err]),

z(t[erullllllmlulunﬂl'llmml])} representing the relation between 20 time and
t he.sp abl e. The tinme-state conversion table 4 and

foll owi ng State "stsindti ng neans 6 constitute a state variation function
setting neans for setting a state variation function representing the
variation ofWQ%¥H&¥ fic state variable ok jhe nonitored 25 P c’é’é’?‘&@?’%th
respect to tine. There are several nethods avail able for obtaining the
state variation function data {z(t[err], z(t[err]), ..., z(t[err])}. The
- unsteady signal analyzer in this enbodi mrent has an i nput neans 5 for
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30 variation function data {z(t[err], z(t[err]), ...., z(t[err])} to the
time-'state conversion table 4. The state variation function data {z(t[err],
z(tferr]), ..., z(t[err])} can be directly obtained by directly neasuring a
specific state variable z, such as speed, varying with tine 35 or by’
estimating the variation of the specific state variable z, such as speed,
with time on wh@smil s of 12 neasured data of a state varPGRHPE70RP:h as
accel erati on, '
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other than the specific state variable z, such as speed. The latter nethod
of estimating the variation of the specific state variable z with tinme on
t he. basis of the 5 nmeasured data on a state variable other than the
specific state variable is carried out by the state estinmating neans 6
shown in Fig. 1, which wll be described |ater

I n connection with the
description OVORHA fication of the unsteady signal

anal yziICTOPOT3829 1. 10
The tinme coordi nate nonlinear transformati on neans 3 reads the state

variation function data {z(t[err], z(t[err]), z(t[err])} fromthe

time-state conversion table 4, and trans- forns the tine coordinate b of
the wavel et spectrum wt (a, b)
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into the coordinate of the state variable z. 15 More specifically,
the time coordinate nonlinear transformati on neans 3 produces the inverse
function t(z) of a function z(t) (state variation function), i.e., a
function of t representing the specific state variable z, and executes the
variation of variables on the basis of the 20 i nverse function %&é& to
change tinme tWOOMH#T ession (2), i.e., wavel et transform exHSLEIUR2% or
the specific state variable z to obtain Expression (4). [err] Transform

expressed by Expression (4) will be referred 25 to as extended wavel et
transform for convenience. An

g 7 27

Tx~TVly FEBOEERYE (FFX-IVEAKDOEHS)

Q5
o

-05

-4 1 1 I | 1 1 i 1 1 1

-t00 -80 -60 -40 -20 O 20 40 60 80 100
BE —>

FIG. 3a

V=7V bERICEBZI—T L w hANRT L

= 6000,
& 50004
= 4000+
- 30004
2
- 2000+
N 10004
< 0
X 30"
o
%




extended wavel et spectrumwt (a,z) indicating the variation of frequency
relative to the specific state variable z can be obtained by changing the
time, coordinate b of the wavel et spectrumw (a,b) for the coordinate of the
specific 30 state variable z by using Expression (4) for extended wavel et

transform In the follow ng description, the aforesaid wavel et 13
spectrum wt (V8P W4T be expressed by w([err], b), wt(a[err]EgyIEI73229
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with using [err]=a[err], in order to clarify the point that the spectrumis
a functi-on of a frequency [err]. Moreover, the conventional wavel et
spectrumw || be expressed by w([err],t), 5 and the extended wavel et
spectrumw || be expressed by wt([err],z) for discrimnation between the
conventional wavel et spectrum and the extended wavel et spectrum The

ext ended waveWO9BRH&Et rum wt ([err], z) obtained by changing tTSETEHERH nat e
for state variable coordinate can 10 be obtained also by dividing a

wavel et spectrumwt ([err],t) obtained by conventional wavel et transform
into data segnments {wt([err],t[err]), [err]t([err],t[err]) -
wt([err],t[err])} for tinmes {t[err], t[err], ..., t[lerr]}, rearranging the

data segments {wt([err],t[err]), 5 ~ 27
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w([err],t[err]) ..., wt([err],t[err])} in order of magnitude of the state
15 vardiable z, and estimating internedi ate val ues between the data
segnents by interpolation. The tinme coordinate nonlinear transformation
means 3 sends the extended wavel et spectrumwt(a,z) to a display neans 7.
The di splay nmeans 7 displays a function wt([err],z) 20 of two variables,
i.e., frequerW@9estl = a[err] (or the recipro- cal a of a[RCHIPIEMA2Kt at e
variable z, i.e., an extended wavel et spectrum (wavel et anal ytical data) on
the basis of the extended wavel et spectrumw (a, z). Mre specifically, for
exanple, {[err], z, |wt([err]),z)|) or {[err], z, (WM([err]),z)} is 25

di splayed in a three-di nensi onal graph on a displ ay.
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notatien,. [err] designates the absolute value of a, and a notation, [err]
desi gnat-es the phase angle of a. The unsteady signal analyzer has a defect
detecting nmeans 8 for autonatically detecting defects in the noni- 30
tored object fromthe extended wavel et spectrum provi ded by the tine

coordi nate nopnlinear transformati on neans 3. The defect det ' ans 8
deci des autonﬂﬂ’ﬂ’éﬁl@ whet her or not the nonitored object igp#gm.’ y a

predet er mi ned defect diagnosi ng system I f the defect detecting neans 35
8 decides that a defect exists in the nonitored object, the
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14 defect. detecting neans 8 sends an alarm signal or a defective node
signdl to the display neans 7 to warn the operator of the defect. The
predet erm ned defect diagnosing systemuses a 5 t hreshol d net hod of
di agnosi ng defects by using a power spectrum of a specific portion of the

ext ended wavel et spectrumm ([err],z), i.e., [err] ..., [err] and a
threshol d coM@ M MMexpressed by: If [err], then defective FCTAFI7332910
or a conposite means. The result of detection by the
g 7 27
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defect - detecting neans 8 may be displayed on a defect information display
means 9 specially for displaying information on a defect in addition to

di spl-ayi ng the sanme on the display neans 7. 15 A desired regi on may
be specified in the extended wavel et spectrum i.e., the result of analysis
made by the tine coordi nate nonlinear transformation neans 3, displayed by
the di spl ay m¥¥A%#4Yy t he operator by means of a pointing deCTERIMI229he

i ke, only the extended wavel et 20 spectrum corresponding to the
specified region my be given to the defect detecting neans 8, and the
defect detecting neans 8 nmay detect a defect in the nonitored object by
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using enly the extended wavel et spectrum given thereto. Thus, a direct
anal yti cal operation can be achi eved 25 w t hout being affected by noise,
di sturbance and ot her adverse factors included in regions other than the
speci- fied region and the accuracy of defect detection can be inproved by
anal yzing only a characteristic defect included in the extended wavel et
spectrum di spVv@y¥t4th the display 30 neans 7 and extracte 229
operator. As is apparent fromthe foregoi ng description, the unsteady
signal anal yzer enbodying the present invention produces the wavel et
spectrum t hrough the wavel et transform of the unsteady signal representing
the state of the

70 7 27
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35 noni t ored obj ect,
spectruminto the coordinate of the specific state
correlation and the causal relationship between the

Therefore, the

and transforns the tine coordi nate of the wavel et
15 vari abl e.

specific state variable, such as position, speed or acceleration in a

mechani cal system and the frequency spectrum can be easily dﬁ&&ﬁ@k
well as 5 WeIBaMITati on of the frequency spectrumw th ti RIS

if any defect is found in the nonitored
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object, the defect can be analyzed and the result of analysis easily
under st andabl e from the vi ewpoi nt of physical |aws can be displayed, and

t he. position of the 10 defect in the nonitored object can be easily

| ocat ed. Furthernore, the unsteady signal analyzer enbodying the present
invention is capable of analyzing varying spectral distribution under an
unst eady st atOPIMK ch the operating condition and the int FTEIPIUEAR i on
of the nonitored 15 obj ect change frequently. Thus, the unsteady signal

can be very effectively analyzed and, consequently, small, fragnmentary data
can be effectively analyzed. Modification

72 S 2y
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~ Fig. 4-shows an unsteady signal analyzer in a nodifica- 20 tion of the

f oregoi ng unsteady signal anal yzer enbodyi ng the present invention. The
unst eady signal analyzer in the nodification produces state variation
function data {z(t[err]), z(t[err]), ..., z(t[err])} to be witten to the
time-state conver- sion table 4 through estimation by the st Lmatin
25 neans 6 WAMEMIhasis of rreasuredgdata on a statg vari ab&é&g’?ﬂ@p% hang
the specific state variable z. This method of producing the state variation
function data is very effective under a condition where the direct
measurenent of the specific state variable z is inpossible. 30 In
this nodification, the state estinatiyq;:rre/ams},
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estimates the variation of the specific state variable z wth respect to
time fromneasured data in a real-tine node on the basis of the dynamc
characteristic nodel of the nonitored object to produce the state variation
function 35 data {z(t[err]), z(t[err]), ..., z(t[err])}. Referring to
Fig. 4, this %ﬁ;timting means 6 is 16 able to estimate in a real
tine node a SS"té’l MYstate variable z(t) which cannot be di r BEFFRIVARBL ur ed
by succes-
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sively-correcting an estimated state variable in an output signal
estimati'-ng nodel 11 by an estimated state correcting 5 nmeans 12 on the
basis of an estinmated error signal e(t), i.e., the difference between an
output estimated value y hat (t) provided by the output signal estinmating
nodel 11 when an input signal u(t) to the nonitored object 10_j ,ﬂ."\pn to

t he out put si‘ﬁﬂam’ég"ti mati ng nodel 11, and an 10  act ual OLH(BJ{]'?”S Hal
y(t). If a Kalman filter or a state observer systemis enployed as the
state estimating neans 6, the output signal estimating nodel is represented
by Expressions (6) and (7), and the estinmated state correcting neans 12 is

r epr esent ed 15 27
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15 by Expression (8). [err] where A, B and C are coefficient matrices
relating to the 20 dynami ¢ characteristic nodel of the nonitored object,
and-K is Kalman gain (or the gain of the state observer system. An
internal state variable vector z(k[err]k) of the nonitored object can be
estimated froma series of observa- 25 tion data of the input signal u(k)
to the nonitV@8¥BP¥}%ect and the output signal y(k) by the sd@?%gﬂ?ék?9

cal cul ation. Sone el enents of the thus estimated state variable vector are

extracted as the specific state variable z d
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time-state conversion table 4 is produced fromthe tinme 30 series
{z(t[err]), z(t[err]), ..., z(t[err])} of the specific state 17
variable z. The state variable may be estimated beforehand in an off-Iine
processi ng node or may be estimated in a real-tinme node during the

observation of the data. 5 As is apparent fromthe foregoi n’fc,;¥
descri ption, WR%MI47 npdification, the relation between the %‘5&8 Wt ate
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vari ablle z and the observed data spectrum can be estinmated by the state
estimating neans 6 even if the specific state variable z cannot be directly
nmeasured. An anal ytical 10 met hod can be easily conbined with the wavel et
anal ytical nethod. Exanple 1 An unsteady signal analyzer enbodying the
present invention in Exanple 1 applied to an elevator, i.e., _a 15

nmechani cal syWOS81142 a nonitored object, will be described ReFEHAIRYL,
with reference to Figs. 5 to 15. An unsteady signal to be analyzed by the
unst eady signal analyzer in Exanple 1 is an accel eration signal
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representing the nmeasured accel eration of a cab included 20 in the

el evator, and the specific state variable to be enployed in nonlinear
transformation is the vertical position or the vertical speed of the cab.
Referring to Fig. 5, the elevator, i.e., the nonitored object, conprises a
nmot or 51, sheaves 52a, 52b, 52c and 25 52d, a cab frame 53, a cab 54,

gui de rol |l er sSWOIHET de rails 56 and a counterwei ght 57. As BERAR7P332% g.
6, the unsteady signal analyzer is provided with an accel eration sensor 20
di sposed in the cab 54. An acceleration signal representing a
measured 30 accel eration and provi ded by thﬁéﬁsgeéﬁ{ation sensor 20 is
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the A/D converter 21 converts the

accel eration signal into a corresponding digital signal and gives the
digital signal to an anal yzi ng- and-di spl ayi ng device 22, such as a personal
conputer. The acceleration 35 sensor 20 and the A/ D converter 21
constitute the response data neasuring neans 1 shown in Fig._ 1. 18 The

anal yzi ng- and¥@P¥HAY i ng device 22 carries out the procedur FTHBIHRY Fig.

1 to cal cul ate an extended wavel et

given to an A/D converter 21

29 -~ 27

2 2

FIG.




spectrum and di splays the cal cul ated extended wavel et spectrum on a screen
i ncl uded therein. The result of 5 anal ysis or defect diagnosis is sent

t hrough MODEMs 23 and a public data network to a renpote nonitor station.
The result is displayed on a central nonitoring termnal of the nonitor
station and, if any defect is found, an alarmsignal is generated. 10
Referring to WP8MRILhowi ng a procedure to be carried out byPGIHES?03229

anal yzi ng- and- di spl ayi ng device 22, the acceler- ation sensor 20 provides a
cab accel eration signal x(t) representing the nmeasured accel eration of the
cab 54 in step 1, and a wavel et spectrumwt(a,b) is calculated on the

27 - 27
N~
B
B
©_| B i t M8
l'p] N = i
7 o g
o T I
o 8
) <
—a 0
( o
~ AN
& - +
_VN i ’ r{ L
© ; S
4 w® @
n £ -R* oo——
n N’
<
{ LL.
0
w0
{4 V)
M
o0~ - D
0

R
T




15 basis of the cab acceleration signal x(t) by using Expres- sions (2)
anRd (3) in step 2. Then, the wavel et spectrumw (a,b) or wt([err],b), where
[err]=a[err] is the frequency of the wavel et spectrum is dis- played on a
display in a graph having a tinme axis and a 20 frequency axis in step 3.
In step 4, the operator selects the speed or the position of the cab 54 as
a specific state variable. In step 4, both fteps for the speed of the cab
54 and those for the.position of the cab 54" may be automat- ically

sel ected. 25 I f the position Q6Eé§§& 4 is selected as the
specific state variable in step 4, the cab dacceleration :

UNSTEADY SIGNAL ANALYZER AND RECORDING MEDIUM STORING
UNSTEADY SIGNAL ANALYZING PROGRAM

Tedhnical.Field

5 The present invention relates to a unsteady signal
analyzer for analyzing an unsteady signal generated by a
monitored object, such as a mechanical system, a process
or the like and, more specifically, to an unsteady signal
analyzer for analyzing an unsteédy signal generated by an

10 elevator, and a recording medium storing an analysis
program for analyzing an unsteady signal generated by a
monitored object using of a computer.

Background Art

There have "been proposed various diagnostic systems
15 which measure a signal generated by a monitored object,
such as a mechanical system, a process or the like, by a
measuring instrument, analyze data represented by a
measured signal to detect a defect in the monitored object,
and, if any defect is detected, warn the operator or the
20 user of the defect.

Generally, most of these known diagnostic systems
convert the data represented by the signal generated by the
monitored object into a spectrum by Fourier transform and
monitor the spectrum or estimate a characteristic model by

25 a system identification method on the basis of data given
to and provided by the monitored object. However, it'has
" been impossible to obtain a spectrum through the Fourier
transform of an unsteady signal representing data measured
while the monitored object is in an unsteady state in which

30 the operating state of the monitored object varies sharply
or to determine a characteristic model through system
identification. '

A wavelet analytical method which uses wavelet trans-



signal x(t) is integrated twice with respect tot in step 5 to produce a
cab position signal p(t). A function table showing the relation between
time t and position p is 30 produced in step 6 on the basis of cab
position data {p(t[err]), p(t[err]), ..., p(t[err])} represented by the cab
position signal p(t). Then, the tinme coordinate of the wavel et spectrum
calculated in step 2 is transfornmed into the coordinate of 35 cab
position p on the basis of the function tabl e produced in step 6 to produce

an extended “ﬁ%gkﬁtﬁ§§“§{é¥gé%ééeé£%eﬁ%ion as a method of detectiﬁg a .
defect in a monitored object through the analysis of an
unsteady signal. The wavelet analytical method will be
explained hereinafter. _

5 Fourier transform of a signal x(t) provided by a
monitored object is expressed by:

F(jo) =f_: x(z‘)e"_j“"dt (1

Wavelet transform of the same signal x(f) is expressed
10 by: ' '

Wf(a,b)=£:\/%|¢(ﬂt;b)x(t)dt | (2)

where ¢$( * ) is a basis funqtion called mother wavelet for

transform. Fourier transform is equivalent to wavelet
transform in which the basis function ¢(t) = e, b = 0 and

15 a = 0!, and the basis function is a function of time
continuous from a past point of infinity to a future point
of infiﬁity as shown in Fig.-Za. Therefore, a spectrum
obtained.through Fourier transform is a function of one
variable, i.e., frequency, as shown in Fig. 2b by way of

20 example and it is impossible to determine time dependence
of the spectrum, i.e., the feature of which part of
observed data is represented by the spectrum. In this
article, wavelet transform uses a Gabor function expresséd

by:
2 O(t) = e ¢/ gt (3)

as a basis function, which is localized with respect to
time as shown in Fig. 3a. Thus, the spectrum obtained by
wavelet transform is a function of two variables, i.e.,



19 in step 7. In step 8, the extended wavel et spectrumwt ([err],p), i.e.,
the result of analysis, is displayed on a display. In step 9, the rate of
variation of the power spectrum5 wth the cab position p is cal cul ated
by using the extended wavel et spectrumw ([err],p) and Expression (9) shown
bel ow. The rate of change is exam ned to see whether or not the rate of
change is higher than a threshold, and a decision is nade as to whether or
not the power spectrum has 10 suddenly changed with the cab position p.

frequency and time. The time-dependence of the frequency
components of the signal can be determined on the basis of
a function of two variables as shown in Fig. 3b by way of
example. '

5 . _”As mentioned above, wavelet transform is able to
extract the spectial distribution of observed data at every
moment. Therefore, wavelet transform is considered to be
as an effective meané for analyzing an unsteady signal
representing the operating condition df a monitored object

10 varying with time.

The foregoing conventional diagnostic system, however,
simply subjects the unsteady signal generated by the
monitored object to wavelet transform, and hence the result
of analysis indicates only the time-dependence of the

15 frequency spectrum. Therefore, the conventional diagnostic
system is an imperfect analytical technique for diagnosing
the state of the monitofed object.

For example, it is impossible to understand how the

result of analysis made by the conventional diagnostic

20 system, as shown in Fig. 3b, is related with the variation
of the state of the monitored object.

With these problems in mind, therefore, it is the object
of the present invention to provide an unsteady signal
analyzer which can diagnose an unsteady state of a moni-

25 . tored object accurately by analyzing an unsteady signal
generated by the monitored object.

Disclosﬁre of the Invention

An unsteady signai analyzer according to a first aspect

of the present invention for analyzing an unsteady signal

30 generated by a monitored object comprises: wavelet trans-
form calculating means for producing a wavelet spectrum
data through a wavelet transform of the unsteady signal;.
state variation function setting means for setting a state
variation function representing a variation of a specific

35 state variable of the monitored object with time; and time

coordinate nonlinear transformation means for transforming



[err] If it is decided in step 9 that the power spectrum has suddenly
changed, a cab posi.tion p(t[.err]) where the power spectrum has suddenly
changed is detected and a warning 15 indicating a defect in the rails 56
or the rope of the elevator is displayed on the display in step 10. If it
is decided in step 9 that the power spectrum has not suddenly changed, a
message "Normal " is displayed on the displ in step 11 and the diagnostic
operation is ended or the 20 unsteady signal analyzer renmains standing by

until the next suirdmeadpostgnateanal ¥gé ngaverd € sgdctaaln SReRInbR13Bkact¢d as
the state Varlabw%|51é%3¥%1nate of the specific state variable by using
an inverse function of the state variation function set by
the state variation function setting means.

5 An unsteady signal analyzer according to a second
aspect of the present invention for analyzing an unsteady
eignal representing an acceleration of a cab of an elevator
as a monitored object comprises: wavelet transform calcu-
lating means for producing a wavelet spectrum data through

10 a wavelet transform of the unsteady signal representing a
‘measured acceleration of the cab; state variation function
setting means for setting a state wvariation function
representing a variation of vertical position or vertical
speed as a state variable of the cab with time; and time

15 coordinate nonlinear transformation means for transforming
a time coordinate of the wavelet spectrum data nonlinearly
into a coordinate of the vertical position or the vertical
speed by using an inverse function of the state variation
function set by the state variation function setting means.

20 In the unsteady signal analyzer according to the first
or the second aspect of the present invention, the time
coordinate nonlinear transformation means transforms the
time coordinate of the wavelet spectrum data nonlinearly
into the coordinate of the specific state variable by using

25 the following expression:

a’t(z) .

wian)= [ Y e b)> (OR

which is expressing an extended wavelet transform.
In any one of the foregoing unsteady signal analyzers
according to the present invention, the time coordinate
30 nonlinear transformation means divides the wavelet spectrum
data with respect to time into data segments, rearranges
the data segments in order of magnitude of the state

variable on the basis of a data table showing the relation



4, a cab speed signal v(t) is produced by integrating the cab accel eration
sikgnal x(t) once in step 12.. A function 25 tabl e show ng the relation
between tine t and speed'v is produced in step 13 on the basis of cab speed
data {v(t[err]), v(t[err]), ..., v(t[err])} represented by the cab speed
signal v(t). Then, the tine coordinate of the wavel et spectrumdata 30
calculated in step 2 is transforned into the coordi nate of cab speed v on
the basis of the function table produced i step 13 to produce an extended

ﬁxg: g{ spect r yaieh Wikkehhl He IdtatlfRatdable! oGk Lratd1¢a2Ahe26Rd
function, and estimates intermediate wvalues of the data

segments by interpoclation

and smoothing techniques, so as to transform the time
5 coordinate of the wavelet spectrum data nonlinearly into

the coordinate of the specific state variable.

Any one of the foregoing unsteady signal analyzers
according to present invention further comprises a response
data measuring means for measuring the unsteady signal.

10 In any one of the foregoing unsteady signal analyzers
according to the present invention, the state variation
function setting means may estimate the state wvariation
function on the basis of measured data on a state variable
of the monitored object other than the specific state

15 variable.

The measured data on the state variable of the moni-
tored object other than the specific state variable may be
measured data on the unsteady signal.

In any one of the foregoing unsteady signal analyzers

20 according to the present invention, the state variation
function setting means may estimate the state wvariation
function through an estimation of a variation of the
specific state wvariable with time on the basis of the
measured data on the state wvariable of the monitored

25 object other than the specific state wvariable by using a
state observer system based on a dynamic characteristic
model of the monitored object or a Kalman filter.

In any one of the foregoing unsteady signal analyzers
according to the present invention, the state wvariation

30 function setting means may determine the state wvariation
function on the basis of measured data on the specific
state variable.

In any one of the foregoing unsteady signal analyzers
according to the'present-invention, the state wvariation

35 function used by the state variation function setting means
is determined beforehand.

Any one of the foregoing unsteady signal analyzers



20 spéctrun1data w([err],v), i.e., the result of analysis, is displayed on
a-display. The spectrumdata [err] is conpared with a thresh- old by using:

5 [err] to select the data of a portion having a power spectrum
exceeding the threshold (peak spectrum) { w([err],v[err]), w([err],

vierr]), ..., wt([err],v[err] )} Supposing that the relation between
frequency [err] and _ 6

according to the present invention may further comprise a

display means for displaying the results of analysis made

by the time coordinate nonlinear transformation means on

a coordinate system indicating at least coordinates of the
5 specific state variable and the frequency.

Any one of the foregoing unsteady signal analyzers
according to the preseht invention may further comprise a
defect detecting means for detecting a defect in the
monitored object on the basis of the results of analysis

10 made by the time coordinate nonlinear transformation means.

The unsteady signal analyzer according to the present
invention may further comprise a region specifying means
for specifying a specific region in the spectrum obtained
as a result of analysis by the time coordinate nonlinear

15 transformation means and displayed on the display means,
and a data extracting means for extracting data on a
portion of the wavelet spectrum, in the specific region
specified by the region specifying means, and sending the
extracted data on the portion of the wavelet spectrum to

20 a defect detecting means.

The unsteady signal analyzer according to the present
invention may display a resulf of detection made by the
defect detecting means on the display means.

The unsteady signal analyzer according to the present

25 invention may further comprise a defect display means for
displaying a result of detection made by the defect
detecting means. |

A recording medium according to a third. aspect of the
present invention stores an unsteady signal analyzing

30 program defining a procedure for analyzing an unsteady
signal generated by a monitored object, to be carried out
by a computer, said unsteady signal analyzing program makes
the computer exercise: a wavelet transform calculating
function of producing a wavelet spectrum data through a

35 wavelet transform of the unsteady signal, a state variation
function setting function of setting a state wvariation

function representing a variation of a specific state



10 cab speed v can be expressed by Proportional expression (11): [err]
the follow ng | east square solution of coefficient r which nakes the sum of

squares of errors e[err], i.e., [err], a mninum15 is determned. [err]
(12) If adiscrimnant: [err] for a variance at a distance d froma
straight line 20 expressed by Expression (11), i.e., the

proporti-onal 7

variable of the monitored object with time, and a time

- coordinate nonlinear transformation function of transform-

ing a time coordinate of the wavelet spectrum data

nonlinearly into a coordinate of the specific state

5 variable by using an inverse function of the state varia-
‘tion function.

In the recording medium according to the third aspect
of the present invention storing the unsteady signal
analyzing program, the monitored object is an elevator, the

10 unsteady signal is an acceleration signal representing the
measured acceleration of a cab included in the elevator,
and the specific state wvariable is vertical position or
vertical speed of the cab.

In the recording medium according to the third aspect

15 - of the present invention storing the unsteady signal
analyzing program, the time coordinate nonlinear transfor-
mation function carries out the nonlinear transformation
of the time coordinate of the wavelet spectrum data by

using following expression:

aﬁ(z)

" wi(a,p)= [ J_¢<’(Z (1)

which is expressing an exténded wavelet transform.

In the recording medium according to the third aspect
of the present invention storing the unsteady signal
analyzing program, the time coordinate nonlinear transfor-

25 mation function divides the wavelet spectrum data with
respect to time into data segments, rearranges the data
segments in order of magnitude of the state variable on the
basis of a data table showing the relation between time and
the state variable, or the state variation function, and

30 estimates intermediate values of the data segments by
interpolation and smoothing techniques, so as to tranéform
the time coordinate of the wavelet spectrum data

nonlinearly into the coordinate of the specific state



expression, expressing data points {([err],v[err]), ([err],v[err]), ...,
([serr],v[err])) is satisfied, it is decided in step 16 that speed v and
frequency [err] are strongly correlated; that is, it is decided that speed
v and frequency [err] are in proportional 25 rel ation. 21 In such a
case, it is decided that there is a defect in sone of the rotary nenbers,
such as the notor 51, the sheaves 52a, 52b8 52c¢ and 52d bearings and the.
gui de -

variable.

The present invention can diagnose an unsteady state
of the monitored object accurately by getting the correla-
tion and the causal relationship between the specific state

5 variable of the monitored object and the frequency changes.

Brief Explanation of The Drawings

Fig. 1 is a block diagram of an unsteady signal
analyzer in a preferred first embodiment according to the
present invention; '

10 Figs. 2a and 2b are graphs of a basis function for
Fourier transform and a power spectrum produced through
Fourier transform, respectively:

Figs. 3a and 3b are graphs of a basis function for
wavelet transform and a wavelet power spectrum produced

15 through wavelet transform, respectively:;

Fig. 4 1is a block diagram of an unsteady sigﬁal
analyzer in a modification of the unsteady signal analyzer
of Fig. 1;

Fig. 5 is a diagrammatic view of an elevator to which

20 the unsteady signal analyzer embodying the present inven-
tion is to be applied;

Fig. 6 is a diagrammatic view of the elevator of Fig.
5 provided with the unsteady signal analyzer embodying the
present invention;

25 Fig. 7 is a flow chart of a diagnostic algorithm for
diagnosing defects in an elevator, based on extended
wavelet transform to be executed by the unsteady signal
analyzer embodying the present invention:;

Figs. 8a, 8b and 8c are graphs showing the wvariation

30 with time of the output torque of a motor included in the
elevator of Fig. 5, the speed of a cab included in the
elevator of Fig. 5, and the position of the cab, respec-
tivély, when the output shaft of the motor is eccentric;

Figs. 9a, 9b and 9c¢c are graphs showing the variation

35 of the acceleration of the cab of the elevator of Fig. 5



rollers 55, because the frequency of variation of the 5 torque due to the
eccentricity of the rotary nenber is proportional to the rotating speed of
the rotary nmenber, and the cab speed is proportional to the rotating speed.
The defective rotating nmenber is found out fromthe coefficient r and

i nformation is displayed on the display 10 to that effect in step 17.

For exanple, if r/2[err] is equal to the radius of the sheave, it is

deci ded that the cause of the defect is th® variation of the torque

LU SELe Qe SRl RN LS RLARE 20 e 20
with time and the result of Fourier transform of the
acceleration of the cab, respectively, when the output
shaft of the motor is eccentric;

5 Fig. 10 is a graph showing the result of analysis of
the acceleration of the cab of the elevator when the output
shaft of the ﬁotor is eccentric by a conventional wavelet
transform method; _

Figs. 1lla and 1l1b are graphs showing the result of

10 extended wavelet transform of the acceleration of the cab
of the elevator with respect to the speed of the cab when
the output shaft of the motor is eccentric:; _

Fig. 12 is a graph showing the result of extended
wavelet transform of the acdeleration of the cab of the

15 elevator with respect to the position of the cab when the
output shaft of the motor is eccentric;

Figs. 13a, 13b and 13c are graphs showing the variation
with +time of the output torque of the motor of the
elevator, the speed of the cab of the elevator and the

20 position of the cab of the elevator, respectively, when a
guide rail included in the elevator is in a defective
condition;

Figs. l4a and 14b are graphs showing the acceleration
of the cab of the elevator and the result of Fourier

25 transform of the acceleration of the éab of the elevator,
respectively, when the guide rail is in a defective state;

Fig. 15 is a graph showing the result of extended
wavelet transform of the acceleration of the cab of the
elevator When the guide rail is in a defective state;

30 Fig. 16 is a block diagram of the unsteady signal.
7analyzer embodying the present invention as applied to a
railroad car;

Fig. 17 is a schematic side view of a railroad car
provided with the unsteady signal analyzer embodying the

35 present invéntion; '

Fig. 18 is a perspective view of the unsteady signal

analyzer embodying the. present invention;



(14) If it is decided in step 16 that speed v and frequency [err] are not
correlated, a nessage, "Normal" is displayed on the display in step 11, and
t he di agnostic operation is 20 ended or the unsteady signal analyzer
remai ns standing by until the next unsteady signal analyzing cycle. Step 6
for executing a procedure to be carried out by the tine coordinate
nonl i near transformation neans 3 or a coordinate transfornmation procedure
to be executed in step 25 13 will. be ded@ribed hereinafter. In the

R i B et
included in the unsteady signal analyzer embodying the
present invention;

Fig. 20 is a pictorial view showing, by way of example,
5 data displayed on a display unit included in the ﬁnsteady
signal analyzer embodying the present invention;
Fig. 21 is a block diagram of the unsteady signal
analyzer embodying the present invention; _
Fig. 22 is a perspective view of a computer system
10 which is used to read the unsteady signal analyzing program
stored in the recording medium in a preferred second
embodiment according to the present invention; and
Fig. 23 is a block diagram of the computer system
which is used to read the unsteady sinal analyzing program
15 stored in the recording medium in the second embodiment.

Best Mode for Carrging Out the Invention

First Embodiment

An unsteady signal analyzer in a preferred first
embodiment according to the present invention will be

20 described with reference to Figs. 1, 3a, 3b. Referring to
Fig. 1, the unsteady signal analyzer embodying the present
invention has a response data measuring means 1 comprising

.a sensor, an A/D converter and noise filters. |

An unsteady signal =x(t), i.e., a time series of

25 response'data,'received by the response data measuring
means 1 is given to a wavelet transform calculating means

2 which carries out calculation by using, for example, the

foregoing Expression (2) representing wavelet transform.

wi(a, b) = f':\/%Iq)(t ;b w(Hd: @

30 In Expression (2), a is the reciprocal of frequency @, and
b is time t. -

The wavelet transform calculating means 2 carries out



signal v(t), and it is supposed that a function table, i.e., the tine-state
canversion table 4, showing a data 30 string {z(t[err]), z(t[err]), ...,
z(t[err])} is produced beforehand. Data obtai ned through ordi nary wavel et
transformis expressed by: w(a,b) = [err] 22 Substituting the relation,
[err] = a[err] into Expression (15) to obtain data represented by:

11

the wavelet transform of the unsteady cab acceleration
signal x(t) by using Expression (2) to provide a wavelet
spectrum (wavelet transform data) wt(a,b) shown in Fig. 3b.
Then, the wavelet transform calculating means 2 gives the
5 wavelet spectrum wt(a,b) to a time coordinate nonlinear
conversion means 3. The time coordinate nonlinear transfor-
mation means 3 tfanéforms the time coordinate of the
wavelet spectrum wt(a,b) by nonlinear coordinate transfor-
mation with respect to a specific state variable (physical
10 value) of a monitored object.
| If the unsteady signal measured by the response data
measuring means 1 represents acceleration, the specific
state wvariable is, for example, speed or position, which
will be described in detail later in connection with the
15 application of the unsteady signal analyzer to an elevator
and a railroad car.

The unsteady signal analyzer has a time-state conver-
sion table 4 tabulating state wvariation funcfion. data
{z(t,), z(t;), ..., z(%t,))} representing the relation between

20 time and the specific state wvariable. The time-~state
conversion table 4 and foliowing state estimating means 6
constitute a state Variation function setting means for
setting a state wvariation function representing the
variation of a specific state variable of the monitored

25 object with respect to time.

There are several methods available for obtaining the
state variation function data {z(t,, z(t,;), ..;, z(ty)}-
The unsteady signal analyzer in this embodiment has an
input means 5 for writing previously determined state

30 variation function data {z(t,, z(t;), ..., z(ty)} to the

time-state conversion table 4.
The state variation function data {z(t,, z(t;), ...,
z(ty)} can be directly obtained by directly measuring a

specific state variable z, such as speed, varying with time
35 or by estimating the wvariation of the specific state

variable z, such as speed, with time on the basis of



[err] (16) 5 Then, corresponding state variable z(b[err]) is
obt ai ned by choosing t[err] neeting: t[err] [err] b[err] [err] t[err]

(17) from{t[err], t[err], ..,t[err]} for the tine coordinate of data

el enents, and carrying out an operation by using Expression 10 (18) for
linear interpolation to obtain an extended wavel et spectrumrepresented by
Expression (19). [err] (19) 15 Anot her nethod estimtes the function
z(t) fromthe 12

measured data of a state variable, such as acceleration,

other than the specific state wvariable z, such as speed.
The latter method of estimating the variation of the

specific state wvariable z with time on the basis of the

5 measured data on a state variable other than the specific
state variable is carried out by the state estimating means
6 shown in Fig. 1, which will be described later in
connection with the description of a modification of the
unsteady signal analyzer of Fig. 1.

10 The time coordinate nonlinear transformation means 3
reads the state variation function data {z(t,, z(t,), ...,
z(ty)} from thé time-state conversion table 4, and trans-
forms the time coordinate b of the wavelet spectrum wt(a,b)
into the coordinate of the state variable z. _

15 More specifically, the time coordinate nonlinear
transformation means 3 produces the inverse function t(z)

of a function z(t) (state variation function), i.e., a

function of t representing the specific state variable z,

and executes the variation of variables on the basis‘of the

20 inverse function t(z) to change time t of Expression (2),
i.e., wavelet transform expression, for the specific state

variable z to obtain Expression (4).

() t(z—b) dz‘(z) (4)
> \/—¢( QRPN

wi(a,b) = f

(

Transform expressed by Expression (4) will be referred

25 to as extended wavelet transform for convenience. An

extended wavelét spectrum wt(a,z) indicating the variation

of frequency relative to the specific state variable z can

be obtained 'by changing the time coordinate b of the

wavelet apectrum wt(a,b) for the coordinate of the specific

30 state variable z by using Expression (4) for extended
" wavelet transform.

In the following'description, the aforesaid wavelet



tine-étate conversion table 4. For exanple, a polynomnal: [err] is
supposed, and the coefficients z[err], z[err], ..., and z[err] are
estimated fromdata {z(t[err]), z(t[err]), ..., z(t[err])} by a least 20

squar e met hod,

and then the inverse function t(z) of Expression (20) is

obtained. Finally, calculation by using Expression (21) for nunerical
I ntegration is carried out for the neasure93data 23

10
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spectrum wt(a,b) will be expressed by wt(we,b), wt(a?,b)
with using w=a™l, in order to clarify the point that the
spectrum is a function of a frequency ©. Moreover, the
conventional wavelet spectrum will be expressed by wt(o,t),
and the extended wavelet spectrum will be expressed by
wt(m,z) for discrimination between the conventional wavelet
épectrum and the extended wavelet spectrum.

The extended wavelet spectrum wt(®,z) obtained by
changing time coordinate for state variable coordinate can
be obtained also by dividing a wavelet spectrum wt(w,t)

obtained by conventional wavelet +transform into data
segments {wt(e,t,), wt(w,t;) ..., wt(e,t,)} for times (t,,
t,, ..., t,}, rearranging the 'data segments {wt(e,t,),
wt(e,t,) ..., wt(w,t,)} in order of magnitude of the state

variable z, and estimating intermediate values between the
data segments by interpolation.

The time coordinate nonlinear transformation means 3
sends the extended wavelet spectrum wt(a,z) to a display

means 7. The display means 7 displays a function wt(w,z)
of two variables, i.e., frequency ® = a! (or the recipro-

cal a of al),and state variable z, i.e., an extended
wavelet spectrum (anelet analytical data) on the basis of
the extended wavelet spectrum wt(a,z). More specifically,
for example, {0, =z, |wt(e,z)|} or {0, z, (wt(e,z)} is
displayed in a three~dimensional graph on a display. A
notation, |a| designates the absolute value of a, and a -

notation, Za designates the phase angle of a.

The unsteady signal analyzer has a defect detecting
means 8 for automatically detecting defects in the moni-
fored object from the extended wavelet spectrum provided
by the time coordinate nonlinear transformation means 3.
The defect detecting means 8 decides automatically whether
or not the monitored object is normal by a predetermined
defect diagnosing system. If the defect detecting means
8 decides that a defect exists in the monitored object, the



represented by a cab acceleration signal x(t) to obtain an extended wavel et
spectrum [err] Figs. 8a to 15 show the results of analysis of an 5

accel eration signal provided by the accel eration sensor 20 di sposed on the
cab 54 of the elevator carried out by the unsteady signal analyzer of the
present invention. Figs. 8a-to 12 show data representing a case where the
cab 54 generated vibrations due to irregular torque 10 attributable to
the eccentricity of the output shaft of th 4hotor 51 of the el evator. A
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’ ' defective mode signal to the display means 7 to warn the
operator of the defect.

The predetefmined defect diagnosing system uses a

5 threshold method of diagnosing defects by using a power
spectrum of a specific portion of the extended wavelet
spectrum wt(®,z), i.e., {|wt(w,,z,)], ..., |wt(e,, z,)|}, and
a threshold condition expressed by:

If (|wt(w,,z,)| > &), then defective i (5)

10 or a composite means. The result of detection by the
defect detecting means 8 may be displayed on a defect
information display means 9 specially for displaying
information on a defect in addition to displaying the same
on the display means 7.

15 A desired region méy be specified in the extended
wavelet spectrum, i.e., the result of analysis made by the
time coordinate nonlinear transformation means 3, displayed
by the display means 7'by the operator by means of a
pointing device or the 1like, only the extended wavelet

20 spectrum corresponding to the specified region may be given
to the defect detecting means 8, and the defect detecting
means 8 may detect a defect in the monitored object by
using only the extended wavelet spectrum given thereto.

Thus, a direct analytical operation can be achieved

25 without being affected bj noise, disturbance and other
adverse factors included in régions other than the speci-
fied region and the accuracy of defect detection can be
improved by analyzing only a characteristic defect included
in the extended wavelet speétrum displayed on the display

30 means 7 and extracted by the operator.

As is apparent from the foregoing description, the
unsteady signal analyzer embodying the present invention
produces the wavelet spectrum through the wavelet transform
of the unsteady signal representing the state of the

35 monitored object, and transforms the time coordinate of the
wavelet spectrum into the coordinate of the specific state



8b shows a cab speed signal v(t) estimated by integrating a cab

accel eration signal x(t), and Fig. 8c shows a cab 15 position signal p(t)
estimated by integrating the cab acceleration signal x(t) tw ce. As shown
in Fig. 9a, the cab acceleration signal x(t) provided by the accel eration
sensor 20 disposed on the cab 54 is an unsteady signal in which frequency
characteristic 20 varies wth speed, bec&gse the frequency of the
irregular torque due to the eccentricity of“the output shaft of the notor

51 varies in propoy % Lo, t%l#é?ef@éésr)eﬁ% A% L | lQ)l'l:I ginc}?_b thT%erceJlfgael

only a whol e distribution a power spectrumas s In
obt ai ned and th@e%ﬁﬁkﬁﬁﬁhkﬂgbetween the specific state varlable such as

position, speed or acceleration in a mechanical system, and
the frequency spectrum can be easily determined as well as
5 the variation of the frequency spectrum with time.
Accordingly, if any defect is found in the monitored
object, the defect can be analyzed and the result of
analysis easily understandable from the viewpoint of
physical laws can be displayed, and the position of the
10 defect in the monitored object can be easily located.
Furthermore, the unsteady signal analyzer embodying the
present invention is capable of analyzing varying spectral
distribution under an unsteady state in which the operating
condition and the internal condition of the monitored
15 object change frequently. Thus, the unsteady signai can
be very effectively analyzed and, consequently, small,
fragmentary data can be effectively analyzed.
Modification

Fig. 4 shows an unsteady signal analyzer in a modifica-

20 tion of the foregoing unsteady signal analyzer embodying

the present invention. The unsteady signal analyzer in the

Imodification produces state variation function data {z(t,),

z(t;), ..., z(ty)} to be written to the time-state conver-

sion table 4 through estimation by the state estimating

25 means 6 on the basis of measured data on a state variable
other than the specific state variable =.

This method of producing the state variation function

data is very effective under a condition where the direct

measurement of the specific state vériable z is impossible.

30 In this modification, the state estimating means 6
estimates the variation of the specific state variable =z

- with respect to time from measured data in a real-time mode
on the basis of the dynamic characteristic model of the
monitored object to produce the state variation function

35 data {z(t;), z(t;), ..., z(t))}.

Referring to Fig. 4, this state estimating means 6 is



25 on the speed signal cannot be known through the sinple Fourier
transformof the cab acceleration signal x(t). Fig. 10 is a graph show ng
the result of the conven- tional wavelet transformof the cab accel eration
signal x(t), Figs. 1l1a and 11b are graphs showing the result of 30 the

ext ended wavel et transform of the cab accel eration signal

x(t) on the basis

of the cab speed signal v(t), and Fig. 12 is a graph show ng the result of
the extended wavel et transform of the cab &Bcel eration signal x(t) on the

basis of the cafpROSLL! YLl PA'L real time mode a specific state
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variable z(t) which cannot be directly measured by succes-
sively correcting an estimated state variable in an output
signal estimating model 11 by an estimated state correcting
means 12 on the basis of an estimated errbr signal e(t),
i.e., the difference between an output estimated value y
hat (t) provided by the output signal estimating model 11
when an input signal u(t) to the monitored object 10 is
given to the output signal estimating model 11, and an
actual output signal y(t).

If a Kalman filter or a state observer system is
employed as the state estimating means 6, the output signal
estimating model is represented by Expressions (6) and (7),
and the estimated state correcting means 12 is represented
by Expression (8).

z(klk - 1) = Az(k - 1]k - 1) + Bu(k - 1) (8)

F(klk -1) = Cz(k]k - 1) | (7)

2(klk) = 2(klk -1) + Ic(y(}c) - $(klk - 1)) | (8)

where A, B and C are coefficient matrices relating to the
dyﬁamic characteristic model of the monitored object, and .
K is Kalman gain (or the gain of the state observer
system).

An internal state variable vector z(k|k) of the
monitored object can be estimated from a series of observa-
tion data of the input signal u(k) to the monitored object

and the output signal y(k) by the successive calculation.

Some elements of the thus estimated state variable vector

are extracted as the specific state variable z and the
time-state conversion table 4 is produced from the time

series {z(t;), =z(t;), ..., z(ty)} of the specific state



24 For exanple, it is known from wavel et spectra shown in Figs.

11a and 11b

t hat peaks of the spectra are on a |line representing the proportional
rel ati on between the cab speed signal v(t) and the frequency [err] =
alerr]. Thus, it is 5 decided that there is sone defective rotary nenber
the rotary menbers of the elevator, and it is decided fromthe proportional

rel ati on between speed and frequency that E?e out put shaft of the notor 51

is defective.

Figs. 13a to 15 show the resalts of analysis of the 10

unst eady S|gnmvaMEgbfémge is a defect in the guide rails
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The state variable may be estimated beforehand in an
off-line processing mode or may be estimated in a real-time
mode during the observation of the data.

As is apparent from the foregoing description, in this

modification, the relation between the specific state

variable z and the observed data spectrum can be estimated

by the state eStimating means 6 even if the specific state

variable z cannot be directly measured. An analytical
method can be easily combined with the wavelet analytical
method.

Example 1

An unsteady signal analyzer embodying the present
invention in Example 1 appliéd to an elevator, i.e., a
mechanical system, as a monitored object, will be described
hereinafter with reference to Figs. 5 to 15.

An unsteady signal +to be analyzed by the unsteady
signal analyzer in Example 1 is an acceleration signal
representing'the measured acceleration of a cab included
in the elevator, and the specific state wvariable to be
employed in nonlinear tfansformation is the vertical
position or the vertical speed of the cab.

Referring to Fig. 5, the elevator, i.e., the monitored
object, comprises a motor 51, sheaves 52a, 52b, 52c and
52d, a cab frame 53, a cab 54['guide rollers 55, guide
rails 56 and a counterweight 57. )

As shown in Fig. 6, the unsteady signal analyzer is
provided with an acceleration sensor 20 disposed in the cab
54. An acceleration signal representing a measured
acceleration and provided by the acceleration sensor 20 is
given to an A/D converter 21, the A/D converter 21 converts
the acceleration signal into a corresponding digital signal
and gives.the digital signal to an analyzing-and-displaying
device 22, such as a personal computer. The acceleration
sensor 20 and the A/D converter 21 constitute the response
data measuring means 1 shown in Fig. 1.



56 of the elevator. Figs. 13a, 13b and 13c show the output torque of the
nmotor 51, a cab speed signal v(t) and cab position signal p(t),
respectively. Figs. 14a and 14b show a cab accel eration signal x(t) and a
power spectrum 15 obtai ned by the Fourier transform of the cab
acceleration signal x(t), respectively. In this case, a step is existed in
the joint of the guide rail 56 at a height @f about 10.7 m and the cab 54
noving upward is caused to started vibrating by an inpul- 20 sive

external force applimtk bha1§29nBYahledskplaing@cdibdeF ahkrilis dit ithe
| mpossi bl = to knoc%eféé)rrgt %wrnesllflxl E“iOf. Jlfogri erlttrx arllge]; Oarnmesxrkoevr\?deldn wlgvg'le]i:llb
what applied tHF S g 0 .calc elet.

' spectrum, and displays the calculated extended wavelet
spectrum on a screen included therein. The result of

5 analysis or defect diagnosis is sent through MODEMs 23 and
a public'data network to a remote monitor station. The

- result ié displayed on a central monitorihg terminal of the
monitor station and, if any defect is found, an alarm
signal is generated. _

10 Referring to Fig. 7 showing a procedure to be carried

- out by the analyzing-and-displaying device 22, the acceler-
ation sensor 20 provides a cab acceleration signal x(t)
representing the measured acceleration of the cab 54 in
step 1, and a wavelet spectrum wt(a,b) is calculated on the

15 basis of the cab acceleration signal x(t) by using Expres-
sions (2) and (3) in step 2.

Then, the wavelet spectrum wt(a,b) or wt(w,b), where
w=a" is the frequency of the wavelet spectrum, is dis-
played on a display in a graph having a time axis and a

20 frequency axis in step 3. In step 4, the operator selects
the speed or the position of the cab 54 as a specific state
variable. In step 4, both steps for the speed of the cab
54 and those for the position of the cab 54 may be automat-
ically selected.

25 If the position of the cab 54 is selected as the
specific state variable in step 4, the cab acceleration
signal x(t) is integrated twice with respect to t in step
5 to produce a cab position signal p(t). A function table
showing the relation between time t and position p is

30 produced in step 6 on the basis of cab position data
{p(ty), p(t;), ..., p(ty)} represented by the cab position
signal p(t). |

Then, the time coordinate of the wavelet spectrum
calculated in step 2 is transformedlinto the coordinate of

35 cab position p on the basis of the function table produced

in step 6 to produce an extended wavelet spectrum wt(e,p)



-~

I mpul sive external force to the cab 54. Fig. 15 shows a wavel et power
spect rum obt ai ned t hrough 25 the extended wavel et transformof the cab
acceleration signal x(t) with respect to the cab position signal p(t). As
shown in Fig. 15, there is a sharp change in a portion of the spectrum
corresponding to p = 10.7 mon the cab position axis, and it is known that
a defect exists at a 30 position on the %uide rail 56 corresponding to
the position p = 10.7 mof the cab 54. As 18 apparent fromthe foregoing

Sl Gl UAARIE R T =L
wt(w,p), i.e., the result of analysis, is displayed on a
display.

In step 9, the rate of variation of the power spectrum

5 with the cab position p is calculated by using the extended
wavelet spectrum wt(m,p) and Expression (9) shown below.

The rate of change is examined to see whether or not fhe
rate of change is higher than a threshold, and a decision

is made as to whether or not the power spectrum has

10 suddenly changed with the cab position p.

| wt(w, thi))—wt(w. Pt | /1 P®—p) | >ep  (9)

If it is decided in step 9 that the power spectrum has

suddenly changed, a cab position p(t,) where the power

spectrum has suddenly changed is detected and a warning

15 indicating a defect in the rails 56 or the rope of the

elevator is displayed 6n the display in step 10. If it is

decided in step 9 that the power spectrum has not suddenly

changed, a message "Normal" is displayed on the display in

step 11 and the diagnostic operation is ended or the

20 unsteady signal analyzer remains standing by until the next
unsteady signal analyzing cycle.

If cab speed is selected as the state variable in step

4, a cab speed signal v(t) is produced by integrating the

cab acceleration signal x(t) once in stép 12. A function

25 table showing tﬁe relation between time t and speed v is
produced in step 13 on the basis of cab speed data {v(t,),
v(t;), ..., v(ty)} represented by the cab speed signal
v{t).

Then, the time coordinate of the wavelet spectrum data

30 calculated in step 2 is transformed into the coordinate of

cab speed v on the basis of the function table produced in
step 13 to produce an extended wavelet spectrum data
wt(w,v) in step 14. In step 15, the extended wavelet



35 is subjected to extended wavel et transformwi th respect to the cab
speed, the variation of the output torque of the 25 notor 51 can be
found fromthe proportional relation between.the frequencies of peaks in

t he extended wavel et spectrum and the cab speed, and the radius of the
defective rotary nenber can be presuned fromthe proportional 5 constant.
Simlarly, defects in the guide rails 56 aqd t he rope

dat

spectrum data wt(o,v), i.e., the result of analysisf is
displayed on a display. '

The spectrum data |wt(®,v)| is compared with a thresh-
old by using:

5 lwt(o;,v,)| > ev (10)

to select the data of a portion having a power spectrum
exceeding the threshold (peak spectrum) { wt(o,,v,), wt(ow,,
v,y), cee, wt(w,,v,)}. _

Supposing that the relation between frequency ® and

10 cab speed v can be expreSsed by Proportional expression
(11): '

V=ro;+e; (11)

the following least square solution of coefficient r which

makes the sum of squares of errors e;, i.e., Eeﬁ, a minimum

15 is determined.
m
. A=l '
r- (12)
w;

jel
If a discriminant:

<eEr . (13)

gih—mﬁ

m&  1l+r?

for a variance at a distance d from a straight line

20 expressed by Expression (11), i.e., the proportional
expression, expressing data points {(0,,v;), (mz,yz,), . e,
(0,,v,)} is satisfied, it is decided in step 16 that speed
v and frequency ® are strongly correlated; that is, it is

decided that speed v and frequency @ are in proportional
25 relation.



can be located fromthe variation of the extended wavel et spectrum obt ai ned
t hrough the extended wavel et transform of the cab acceleration signal with
respect to cab posi- 10 tion. Accordingly, the present invention inproves
the efficiency of operations for the nonitoring and the maintenance
of the elevator greatly. Accurate analysis and detection of defects can be
achieved even if the cab of the 15 elevator travels a short distance and
only a small quantity of neasured data is ai l abl e. When the present

i nvention is appliedfo noniforing an: ef eVALOlasyStiEt {he-&Yd &l ald Ak

bet ween the cab position
in some of the rotary members, such as the motor 51, the

sheaves 52a, 52b, 52c¢c and 52d bearings and the guide
rollers 55, because the frequency of wvariation of the
5 torque due to the eccentricity'of the rotary member is
proportional to the rotating speed of the rotéry member,

and the cab speed is proportional to the rotating speed.
The defective rotating member is found out from the
coefficient r and information is displayed on the display
10 to that effect in step 17. For example, if r/2n is equal
to the radius of the sheave, it is decided that the cause
of the defect is the variation of the torque'attributable

to the eccentricity of the sheave from Expression (14).

Cab Speed = 2n (Sheave Radius) x (Sheave Rotation
15 Frequency)
(14)

If it is decided in step 16 that speed v and frequency
® are not correlated, a message, "Normal” is displayed on
the display in'step 11, and the diagnostic operation is

20 ended or the unsteady signal analyzer remains standing by
until the next unsteédy signai analyzing cycle.

Step 6 for executing a procedure to be carried out by
the time coordinate nonlinear transformation means 3 or a
coordinate transformation procedure to be executed in step

25 13 will be described hereinafter. In the following
description, a state variable signal z(t) will be used
instead of the cab position signal p(t) or the cab speed
signal wv(t), and it is supposed that a function table,
i.e., the time-state conversion table 4, showing a data

30 string {z(t;), z(t;), ..., Z(tN)} is produced beforehand.
Data obtained through ordinary wavelet transform is
expressed by:

wt(a,b) = {wt(ay,by)| i=1,...,nl, j=1,...n2} (15)



| ocated fromthe vibration spectrumincluded in the cab 20 accel eration
si-gnal, and the cab speed can be clearly known, and the defects can be
easily |ocated. Exanple 2 An unsteady signal anal yzer enbodying the present
invention in Exanple 2 applied to a railroad car as a 25 nmoni t or ed '
object wll be described hereinafter wth reference to Fig.16 and 17.
Sonetinmes, the railroad car generates abnogga vi brations and noi se due to
the rotation of the abraded wheels or the tion of distorted. or warped

rails, which ceidl bt raunesl Aaniglald el il E3Fes SUH Y15y to
naklng passengers ~un sant, causi
obtain data represented by:

wt(e,b) = {wt(e,, b;)|e,=a,"', i=1,...,nl, j=1,...,n2)
' (16)

5 Then, corresponding state variable z(b;) is obtained

by choosing t, meeting:

te £ by <, (17)
from {t,, t,, ...,t,} for the time coordinate of data
elements, and carrying out an operation by using Expression

10 (18) for linear interpolation.to obtain an extended wavelet
spectrum represented by Expression (19).

Z(b) z(tk)+ (z(tkn) z(1,))

= 18
_ ®; -1, )2(te,1) + (b = b))2(2,)
Prar —fx

wt(m,z)={wt(wi,z(bj)) | ©,=4;,,i=1,...,nl,j=1,...,n2}
(19)

15 Another method estimates the function z(t) from the

time-state conversion table 4. For example, a polynominal:

z(t)=z°+zlt+...+zpt9 (20)
is supposed, and the coefficiehts Zo, 2y, ..., and z, are
estimated ffom data {z(t,), z(t;), ..., z(tN)}_by a least
20 square method, and then the inverse function t(z) of

Expression (20) is obtained.’
Finally, calculation by using Expression (21) for
numerical integration is carried out for the measured data



rail road accident. The unsteady signal analyzer included in a defect
detecting systemfor the railroad car will be described hereinafter. Fig.16
is a block diagram of the unsteady signal 35 anal yzer and Fig. 17 is a

vi ew of assistance .in explaining the disposition of the unsteady signal

anal yzer on the railroad car. - 26 Referring to Fig. 16, the unsteady
signal analyzer in ' 23 '

represented by a cab acceleration signal x(t) to obtaln an
extended wavelet spectrum.

@)

t(z—-b) dt(z)
- \[—¢< B2 20 x(1(2))

dz - (21)

wt(a,b) = f

(-

Figs. 8a to 15 show the results of analysis of an
5 acceleration signal provided by the acceleration sensor 20
disposed on the cab 54 of the elevator carried out by the
unsteady signal analyzef of the present invention.
Figs. 8a to 12 show data representing a case where the
cab 54 generated vibrations due to irregular- torgque
10 attributable to the eccentricity of the output shaft of the
motor 51 of the elevator. A curve shown in Fig. 8a
represents a required output torque of the motor 51,.Fig.
8b shows a cab speed signal v(t) estimated by integrating
a cab acceleration signal x(t), and Fig. 8c shows a cab
15 position signal p(t) estimated by . integrating the cab
acceleration signal x(t) twice.
As shown in Fig. 9a, the cab acceleration signal x(t)
provided by the acceleration sensor 20 disposed on the cab
54 is an unsteady signal in which frequency characteristic
20 varies with speed, because the frequency of the irregular .
torque due to the eccentricity of the output shaft of the
motor 51 varies in proportion to the cab speed as shown in
Fig. 9b. Therefore, only a whole distribution of a power
spectrum as shown in Fig. 9c is obtained and the dependence
25 on the speed signal cannot be known fhrough the simple
Fourier transform of the cab acceleration signal x(t).
Fig. 10 is a graph showing the result of the conven-
tional wavelet transform of the cab acceleration signal
x(t), Figs. 1lla and 11b are graphs showing the result of
30 the extended wavelet transform of the cab acceleration
' signal x(t) on the basis of the cab speed signal v(t), and
Fig. 12 is a graph showing the result of the extended
wavelet transform of the cab acceleration signal x(t) on
the basis of the cab position signal p(t).



Exanple 2 is provided, as the response data neasuring neans 1, with an
accel eration sensor 30 and a sound sensor 31 disposed on a railroad car 32
as shown in Fig. 17. The 5 out put signals of the acceleration sensor 30
and the sound sensor 31 serving as the response data nmeasuring neans 1 are
given to the wavel et transform cal cul ating neans 2. The wavel et transform
cal cul ating neans 2 transforns the out put ghgnals of the accel eration
sensor 30 and the sound 10 sensor 31 int@ wavel et spectra. The railroad

car 32_i's provi ded ybd fp ol ! a0 18°R880n 2R hidPe FOE R da dboutidD) 11
Fig. 17. The posifﬁ%n seﬁg%?'3§ récogn?zgs ﬁ?@tance mar K's %é%set on the
Figs. 1lla and 11b that peaks of the spectra are on a line

representing the proportional relation between the cab

speed signal v(t) and the frequency ® = al. Thus, it is

5 decided that there is some defective rotary member the
rotary members of the elevator, and it is decided from the
proportional relation between speed and frequency that the
output shaft of thé motor 51 is defective.

Figs. 13a to 15 show the results of analysis of the

10 unsteady signal when there is a defect in the guide rails
56 of the elevator. Figs. 13a, 13b and 13c show the output
torque of tne motor 51, a cab speed signal v(t) and cab
position signal p(t), respectively. Figs. l4a and 14b show
a cab acceleration signal x(t) and a power spectrum

15 obtained by the Fourier transform of the cab acceleration
signal x(t), respectively.

In this case, a step is existed in the joint of the
guide rail 56 at a height of about 10.7 m, and the cab 54
moving upward is caused to started vibrating by an impul-

20 sive external force applied thereto by the step in the
guide rail 56. It is impossible to know from the result
of Fourier transform shown in Fig. 14b what applied the
impulsive external force to the cab 54.

Fig. 15 shows a wavelet power spectrum obtained through

25 the extended wavelet transform of the cab acceleration
signal x(t) with respect to the cab position signal p(t).
As shown in Fig. 15, there is a sharp change in a portion
of the spectrum corresponding to p = 10.7 m on the cab
position axis, and it is known that a defect exists at a

- 30 position on the guide rail 56 corresponding to the position .
p = 10.7 m of the cab 54.

As is apparent from the foregoing description, accord-
ing to the present invention, the cab acceleration signal
representing the acceleration of the cab 54 of the elevator

35 is subjected to extended wavelet transform with respect to

the cab speed, the variation of the output torque of the



track. The encoder 34 is connected wth the wheel of the 15 rail road car
32 to detect the rotating of the wheel. As shown in Fig. 16, the unsteady
signal analyzer is provided with a speed-and-position detecting neans 36
whi ch determ nes the traveling speed and the position, i.e., specific
properties, of the train on the basis of signals 20 provi ded by the
position-sensor 33 and the encoder 34, and_produces timne-position data or

ti me- speed dat a. The tinme-position datazgr the tine-speed data is stored

e navel o HEESE0 SR, P SotpalL LB g QREGLEUTAR LAY
coordi nat e between the frequencies of peaks in the extended wavelet
spectrum and the cab speed, and the radius of the defective
rotary member can be presumed from the proportional
5 constant. _

Similarly, defects in the guide rails 56 and the rope
can be located from the variation of the extended wavelet
spectrum obtained through the extended wavelet transform
of the cab acceleration signal with respect to cab posi-

10 tion. ' |
Accordingly, the present invention improves the
"efficiency of operations for the monitoring and the
- maintenance of the elevator greatly. Accurate analysis and
detection of defects can be achieved even if the cab of the
15 elevator travels a short distance and only a small quantity
of measured data is available. B '

When the present invention is applied to monitoring én;
elevator system, the correlation between the cab position"_
located from the wvibration spectrum included.in the cab

20 acceleration signal, and the cab speed can be clearly
known, and the defects can be easily located. '

Example 2

An unsteady signal analyzer embodying the present
invention in Example 2 applied to a railroad car as a

25 monitored object will be described hereinafter with
reference to Fig.16 and 17. Sometimes, the railroad car
generates abnormal vibrations and noise due to the rotation .
of the abraded wheels or the action of distorted or warped
rails, which could be causes of deteriorating a riding

30 comfort, making passengers unpleasant, and causing a
railroad accident. The unsteady signal analyzer included
in a defect detecting system for the railroad car will be
described hereinafter. _

Fig.1l6 is a block diagram of the unsteady signal

35 analyzer and Fig. 17 is a view of assistance in explaining
the disposition of the unsteady signal analyzer on the

railroad car.



nonl i near transformation neans 3. The time coordi nate nonlinear
transformation neans 3 transforns the tinme coordinate of the wavel et
spectruminto a position coordi- nate or a speed coordinate on the basis of
t he 30 time-position data or the tine-speed data to produce an extended
wavel et spectrum The result of transformation made by the time coordi-
nate nonlinear transformati on neans 3 is g&gen to the defect detecting
nmeans 8. The defect detectlng means 8 35 exam nes the result of

transformation to ‘Qﬁg%e% Q. ARt thgr %nsste%@ %&gﬁ%t EBaHE}QeG:aELH oad

car 32. \Wen detern1n|n con tion‘of the railroda
Example 2 1s prov1ded as the response data measuring means

1, with an acceleration sensor 30 and a sound sensor 31

disposed on a railroad car 32 as shown in Fig. 17. The
5 output signals of the acceleration sensor 30 and the sound

sensor 31 serving as the response data measuring means 1

are given to the wavelet transform calculating means 2.

The wavelet transform calculating means 2 transforms the

output signels of the acceleration sensor 30 and the sound
10 sensor 31 into wavelet spectra.

The railroad car 32 is provided with a position
sensor 33 and an encoder 34, as shown in Fig. 17. The
position sensor 33 recognizes distance marks 35 set on the
track. The enceder 34 is connected with the wheel of the

15 railroad car 32 to detect the rotating of the wheel.

As shown in Fig. 16, the unsteady signal analyzer is
provided with a speed-and-position detecting means 36 which
determines the traveling speed and the position, i.e.,
specific properties, of the train on the basis of signals

20 provided by the position sensor 33 and the encoder 34, and
produces time-position data or timeespeed data. The
time-position data or the time-speed data is stored in the
time-~-state conversion table 4. |

The wavelet spectrum calculated by the wavelet trans-

25 form calculating means 2 is given to the time coordinate
nonlinear transformation means 3. The time coordinate
nonlinear transformation means 3 transforms the time
coordinate of the wavelet spectrum into a position coordi-
nate 'or a speed coordinate on the basis of the

30 time-position data or the time-speed data to produce an
extended wavelet spectrum. _

The result of transformation made by the time coordi-
nate nonlinear transformation means 3 is given to the
defeet detecting means 8. The defect detecting means 8

35 examines the result of transformation to decide whether or
not there is any defect in the railroad car 32.

When determining the condition of the railroad car 32



27 by one operating condition determ ning neans, the defect detecting neans
8 .conpares the extended wavel et spectrumw th respect to position and.
frequency with a reference extended wavel et spectrum obtai ned previously
under a 5 normal condition, decides that sonething is wong with the rai
If the difference between the extended wavel et spectrum and the reference
ext ended wavel et spectrumis not smaller tagn a threshold, and | ocates a
defect on the rail

by one operating condition determining means, the defect
detecting means 8 compares the extended wavelet sbectrum
with respect to position and frequency with a reference
extended wavelet spectrum obtained previously under a
S normal condition, decides that something is wrong with the
rail if the difference between the extended wavelet
spectrum and the reference extended wavelet spectrum is not
smaller than a threshold, and locates a defect on the rail.

When determining the condition of the railroad car 32

10 by another operating condition determining means, the
defect detecting means 8 examines the condition of the
railroad car 32 by comparing the extended wavelet spectrum
with respect to speed and frequency with a reference
extended wavelet spectrum obtained previously under a

15 normal condition, and decides that something is wrong with
the wheeis of the railroad car 32 if the difference between
the extended wavelet spectrum and the reference extended
wavelet spectrum is not smaller than é threshold, and finds
out a defective wheel.

20 The reference extended wavelet spectrum representing
a normal operating condition, employed as a criterion for
determining whether or not the operating condition of the
railroad train 32 is normal, is produced beforehand on the
basis of data representing the normal operating condition

25 of the railroad car 32.

The result of examination made by the defect detecting
means 8 is given to the defect information display means
9 (displaying and warning device). If anything wrong is
found in the railroad car 32, the defect information .

30 display means 9 gives a warning to the operator; Informé-'
tion about the result of examination made by the defect
detecting means 8 is transmitted by a cable or radio
communication means 37 to a receiving means 38 installed
in a train operation control center, and the information

35 is displayed on a display meané 7 installed in the train
operation control center.



When determ ning the condition of the railroad car 32 10 by anot her
operating condition determ ning neans, the defect detecting neans 8

exami nes the condition of the railroad car 32 by conparing the extended
wavel et spectrumw th respect to speed and frequency with a reference

ext ended wavel et spectrum obtai ned previously under a 15 nor mal

condition, and decides that sonething is m%ﬁng with the wheels of the
railroad car 32 if the difference between e extended wavel et spectrum and

the reference extendahoifyif!ttle NRALIHP st odd SRhLSert HAN & &..g;lasaol-@,,
and finds out a defective wheel. 20 e referénce extené@ wavel et
Spectrun]repregamﬁqﬂ?d to carry out its functions in a real-time mode,

the unsatisfactory signal analyzer may carry out its
function in an off-line mode.

.5 Although the unsteady signal analyzer in Example 2,
i.e.,-a defecf diagnosing system, is installed on the
railroad car, the unsteady signal analyzer may be installed
outside the railroad car, and the acceleration sensor 30
and the sound sensor 31 may be installed on the track.

10 Example 3

An unsteady signal analyzer embodying the present
invention in Example 3 used as a general-purpose defect
diagnosing system for analyzing defects in an unspecific
monitored object will be described hereinafter with

15 reference to Figs. 18 to 21. The unsteady signal analyzer
in Example 3 is a portable analyzer or a portable defect
diagnosing apparatus integrally provided with sensors,
arithmetic means and displaying means.

Fig. 18 is a perspective view of the unsteady éignal

20 analyzer 40, i.e., a general-purpose defect diagnosing
apparatus, in Example 3, and Fig. 19 is a block diagram
showing the internal configuration of the unsteady signal
analyzer 40. Referring to Figs.18 and 19, the unsteady
signal analyzer 40 has a display unit 41 for displaying an

25 extended Wavelet spectrum obtained through analysis. The
display unit 41 allows the operator to specify a specific
region on the screen thereof by a pointing device 42, suéh
as an electronic pen or a mouse.

The unsteady signal analyzer 40 is provided with an

30 internal acceleration sensor 43, i.e., a response data
measuring means, and an ekternal signal input terminal 44.

" an acceleration signal provided by the acceleration sensor
43 and an external signal received through the external
signal input terminal 44 are transferred to an internal

35 central processing unit (CPU) 45. Information provided by
sensors are stored in a storage device 46 connected to the

CPU 45. The CPU 45 carries out operations for extended.



a normal operating condition, enployed as a criterion for determi ning

whet her or

i s produced beforehand on the basis of data representing the nornal

operating condition 25 of the railroad car 32. The result of exam nati
made by the defect detecting neans 8 is given to the defect information
di spl ay neans 9 (displaying and warni ng de bce). | f anything wong is found

in the railroad car 32, the defect inform

warning to the QREEBLLr trahSEGHAB- tion about the result of exam nation
made by the defect detecting neans 8 is transmtted by a cable or radio

10

15

20

30

35

Fig. 20 shows, by way of example, an extended wavelet
spectrum displayed on the screen of the display unit 41,
in which the specific state variable, such as the position
or the speed of the monitored object, is measured on the
horizontal axis, frequency is measured on the vertical
axis, and the magnitude of power of the extended wavelet
spectrum is represented by contour lines. The magnitude
of power of the extended wavelet spectrum may be represent-
ed by colors. '

The operator operates the pointing device 42, such as
an electronic pen or a mouse, to demarcate a specific
region of an optional shape to be subjected to diagnosis
by lines on the screen. Then, data represented by the
demarcated region of the extended wavelet spectrum is
extracted and the extracted data is subjected to a defect
detecting proceduré. The defect detecting process may be
carried out on an assumption that the wvalues of portions
of the extended wavelet spectrum in regions on the screen
other than the demarcatéd region are zero.

The defect detecting procedure to be carried out after
the demarcation of the region will be explaihed with
reference to Fig. 21, in which indicated at 47 is a region
specifying means including the pointing device 42, and at
48 is a data extracting means for extracting the data
representing the demarcated region of the exténded wavelet

not the operating condition of the railroad train 32 is nornal

on

on 30 " display neans 9 gives a

S——

spectrum or for setting portions of the extended wavelet .

spectrum in regions on the screen other than the demarcated

region to zero.

The thus prbcessed data is given to the defect

detecting means 8, and then the defect detecting means 8
carries out operations expressed by Expressions (12) and
(13) to decide whether or not there is any defect in the
monitored-object. The display means 7 displays the results
of decision made by the defect detecting means 8. The
display unit 41 may be used as the display means 7.

Since a portion of the extended wavelet spectrum



communi cation neans 37 to a receiving neans 38 installed in a train
operation control center, and the information 35 'is displayed on a
display neans 7 installed in the train operation control center. 28

Al t hough the unsteady signal analyzer in Exanple 2 is intended to carry out
its functions in a real-tinme node, the unsatisfactory signal analyzer may
carry out its function in an off-Iline m)de30

displayed by the display unit 41 can be specified and
extracted by the region specifying meané 47 and the data
extracting means 48, the operator is able to specify a
portion of the extended wavelet spectrum displayed by the
5 display unit 41, having features distinct from those of a
normal condition to analyze only the specified portion by
the defect detecting means 8. Accofdingly, defect detection
can be achieved in an improved accuracy without being
affected by noise, disturbances and other factors included
10 in regions other than the specified region.

As is. apparent from the foregoihg description, the
unsteady signal analyzer according to the present invention
is capable of éurly detecting defects in the monitored
object through the determination of the dependence of the

5 variation of frequency on the specific state variable of
the monitored object, and the correlation between the
specific state variable and the variation of the frequency.

Second Embodiment

A recording medium storing an unsteady signal analyz-
10 ing program in a preferred second embodiment according to
the present invention will be described with reference to

Figs. 22 and 23.

The recording medium storing an unsteady signal
analyzing program in the second embodiment is a computer

15 readable recording medium.

The unsteady signal analyzing program makes the
computer exercise the functions of the wavelet transform
calculating means 2, the time coordinate nonlinear trans-
formation means 3, and the state variation function setting

20 means, namely the time-state conversion table 4 and the
state estimating means 6.

The unsteady signal analyzing program can include an
additional program which make the computer exercise the
function of the defect detecting means 8.

25 The analyzing steps performed by the program of this
eﬁbodiment are the same as the steps of the aforesaid first

embodiment and its modification, and the aforesaid examples,



5 Al t hough the unsteady signal analyzer in Exanple 2, i.e., a defect
di-agnosi ng system is installed on the railroad car, the unsteady signal
anal yzer may be installed outside the railroad car, and the accel eration
sensor 30 and the sound sensor 31 nay be installed on the track. 10
Exanpl e 3 An unsteady signal anal yzer enbodying the present invention in
Exanpl e 3 used as a general - purpose defect diagnosing systemfor analyzing
defects in an unspecific nonitored object ® 1| be described hereinafter

WD IS o TS SRR ARFl L0 Shoginyreiendy ot anal analyzer i
Fig. 22 is a perspective view of a computer system
which is used to read the unsteady signal analyzing program
stored in the recording medium in the second embodiment
5 according to the present invention. The program stored in
the recording medium of this embodiment is read by record-
ing medium drive means incorporated in the computer system
50 as shown in Fig. 22 to be used for analyzing an unsteady
signal. “ ‘ _

10 | -As shown in Fig. 22, the computer system 50 comprises
a computer body 51 accommodated in a casing, such as a
minitower or the 1like, display means 52, such as a CRT
(Cathode Ray Tube), a plasma display, LCD (Liquid Crystal
Display) or the like, a printer 53 as record output means,

15 -a keyboard 54a and a mouse 54b as input means, flexible

" disk drive means 56 and a CD-ROM drive means 57. .
Fig. 23 is a block diagram of the computer system
which is used to read the unsteady'sinal analyzing program
stored in the recording medium in the second embodiment.

20 The casing accommodating the computer body 51 further
accommodates an internal memory 55, such as a RAM (Random
Access Memory) or the like, and an external memory, such
as a hard disk drive unit 58 or the like.

As shown in Fig. 22, the flexible disk 61 recording

25 the analyzing program is inserted 'into a slot of the
flexible disk drive means 56 and is read based on a proper
application program. The recording medium is not limited
to the flexible disk 61 and may be a CD-ROM (Read Only
Memory) 62. The recording medium may be a MO (Magneto

30 Optical) disk, an optical disk, a DVD (bigital Versatile
Disk), card memory, magnetic tape or others which are not

shown.

- Industrial Applicability

. The unsteady signal analyzér and the recording medium
35 storing unsteady signal analyzing program according to the

present inventions are widely applicable to analyze an



di agnosi ng apparatus integrally provided with sensors, arithnetic neans and
di-splayi'ng neans. Fig. 18 is a perspective view of the unsteady signal 20
anal yzer 40, i.e., a general-purpose defect diagnosing apparatus, in
Exanple 3, and Fig. 19 is a block diagram showi ng the internal
configuration of the unsteady signal analyzer 40. Referring to Figs.18 and
19, the unsteady signal analyzer 40 has a display unit 41 for displaying an

25 ext ended wavel et spectrum obt ai ned th?%ugh anal ysis. The display unit
41 all ows t he operat

LaLar %% 3pe%if% ao§p§pifico eqgion Qn hhe sckegge%g E%Of
by a pointing e CE X2 58 En gs aft 8t nggnl J%g "oP '8 nols
or a railroad car, by getting the correlation and the
causal relationship between the specific state variable of

the monitored object and the frequency changes.



The unsteady Si

accel er epl®ed |  e., a response data neasuring neans, and an
external term nal 44. An .accel eration signal prOV|ded by t he

nal

accel er

signal input tern1na| 44 are transferred to an intern THS

naI anal yzer 40 is prdvided with an 30 I nt er nal

and an external signal receive

S

processing unit (CPU) 45. Information provided by sengsors ﬁf&hﬂﬂﬂ}ed I 1

st orage - devi ce
operations for

46 connected to the CPU 45.33The CPU 457 carries out
ext ended CLATMS

1. An unsteady signal analyzer for analyzing an
unsteady signal generated by a monitored object, compris-
ing: '

wavelet transform palculatihg means for producing a
wavelet spectrum data through aHWavelet transform of the
unsteady signal; -

state variation function setting means for setting a
state wvariation function representing ai%ariation of a
specific state variable of the monitored object with time;
and '

time coordinate nonlinear transformation means for
transforming a time coordinate of'the wavelet spectrum data
nonlinearly into a coordinate of the specific state
variable by using an inverse function of the state varia-
tion function set by the state variation function setting
means. '

2. An unsteady signal analyzer for analyzing an
unsteady signal representing an acceleration of a cab
included in an elevator as a monitored object, comprising:

wavelet transform calculating means for producing a
wavelet spectrum data through a wavelet transform of the
unsteady signal representing a measured acceleration of the
cab; ' |

state variation function setting means for setting a

state wvariation function representing a variation of

 vertical position or vertical speed as a state variable of -

the cab with time; and

time coordinate nonlinear transformation means .for
transforming a time coordinate of the wavelet spectrum data
nonlinearly into a coordinate of the vertical position or
the vertical speed by using an inverse function of the

state wvariation function set by the state wvariation

function setting mears.

I

3. The unsteady signal analyzer according to claim 1
or 2, wherein the time coordinate nonlinear transformation
means transforms the time coordinate of the wavelet

/i

A
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29 mavelet transforn1 Fig. 20 shows, by way of exanple, an extended wavel et

spect r untid t screen of the display unit 41, in which the
specific such as the position 5 or gHhe—speed—of—the
noni t or ed sured on the horizontal axis, IHEhgﬁﬂE&HASlﬂiﬂsured

on the vertical axis, and the nagnitude of power of the extREfIAGERvavel gt
spectrumis represented by contour |ines. ghe magni tu O POWET —Of ™1
ext ended wavel et spectrum rmay be represent= ed by colors. The operator

operates the p@ﬂgd'ﬂ%npe&h%g YonPU8aPfPy into the coordinate of ‘the

specific state variable by using following expression:

t(z— b) dt(z)
wi(@,b)= [ J_¢( x(t(2) =~ ds

which is expressing an extended wavelet transform.

- 4. The -unsteady signal analyzers according to claim
1 or 2, wherein the time coordinate nonlinear transforma-
tion means divides the wavelet spectrum data with reépect
to time into data segments, rearranges the data segments
in order of magnitude of the state variable on the basis
of a data table showing the relation between time and the
state wvariable, or the state variation function, and
estimates intermediate values 6f the data segments by
interpolation and smoothing techniques, so as to transform
the time coordinate of the wavelet spectrum data
nonlinearly into the coordinate of the specific state
variable. |

5. The unsteady signal analyzer according to any one
of claims 1 to 4 further comprising a response data
measuring means for measuring the unsteady signal.

6. The unsteady signal analyzers according to any one
of claims 1 to 5, wherein the state wvariation function
setting means estimates the state variation function on the
basis of measured data on a state variable of the monitored
object other than the specific state variable.

7. The unsteadf signal analyzer according to claim 6,
wherein the measured data on the state wvariable of the
monitored object other than the specific state variable is
measured data on the unsteady signal.

8. The unsteady signal analyzer according to claim 6
or 7, wherein the state variation function setting means
estimates the state variation function through an estima-
tion of a variation of the specific state variable with
time on the basis of the measured data on the state
variable of the monitored object other than the specific
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an electronic pen or a rmuse to demarcate a specific region of an optional
shape Ths pheet dlagn05|s by lines on the screen. Then, data
represe ﬁ dermar cat ed regi on of the ext 2 . frum
is extr xtracted data is subjected to

procedure. The defect detecting process nmay be carri tion
that the values of portions of the extended wavel et emTTIT T €gl ONS on
t he screen 20 ot her t han the demarcated Pégi on are zero. The defect
detecting proce ried aft e ti gt re

wi || be explaine ‘ﬁa kgj?ec'enﬂf‘, ?%EI&-?Q.L glif?%lgno\/\,%g%(lgé 3g’gggendtb %e%%

regi on a dynamlc characteristic model of the monitored object or

a Kalman filter.

9. The unsteady signal analyzer according to any one
of claims 1 to 5, wherein the stéte variation function
setting means determines the state variation function on
the basis of measured data on the specific state variable.

10. The unsteady signal analyzer according to any one
of claims 1 to 5, wherein the state variation function used
by the state variation fuﬁction setting means is determined
beforehand. _

11. The unsteady signal analyzer according to any one
of claims 1 to 10 further comprising a display means for
displaying the results of analysis made by the time
coordinate nonlinear transformation means on a coordinate
system indicating at least coordinates of the specific
state variable and the frequency.

12. The unsteady signal analyzer according to claim
11 further comprising a defect detecting means for detect-
ing a defect in the monitored object on the basis of the
results of analysis made by the time coordinate nonlinear
transformation means.

" 13. The unsteady signal ahaiyzer according to claim
12 further compfising:

a region specifying means for specifying a specific
region in the wavelet Spectrum obtained as a result of
analysis by the time coordinate nonlinear transformation
means and displayed on the display means, and

a data extracting means for extracting data on a
portion of the spectrum, in the specific region specified
by the region specifying means, and sending the extracted i
data on the portion of the spectrum to the defect detecting
means.

14. The unsteady signal analyzer according to claim
12 or 13, wherein a result of detection made by the defect
detecting means is displayed on the display means.

15. The unsteady signal analyzer according to any one

\
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SpeCi}ylﬂ}gsﬂg&@Qngeﬁlﬁ igng the pointing device 42, and at 25 48 is a data

extracti tracting the data representing the demarcated region
of the egmﬂﬁﬂl I spectrumor for setting portions _of the extended
30

wavel et ions on the screen other than t:iq* GHEE R on
to zero. The thus processed data is given 't _tlﬂg ﬂ@Egﬂ‘HED BEEN
detecting neans 8, and then the defect det§§ting nmeans

operations expressed by Expressions (12) and (13) to decide whether or nbt
there is any deffectlaimg he2neai tiof edupbhest cohbeidingl &y d&LESt7adspRbyys

the results 35 mea%fs dtec%.L Sclizc.)gp afri:e.ngy at hreesdue]]ctecctafd%te%%tch:g.gnnemaa%e 81')y Ipxee

defect detecting means. .

16. A recording medium storing an unsteady signal
analyzing program defining a procedure for analyzing an
unsteady signal generated by a monitored object, to be
carried out by a computer, the unsteady signal aﬁalyzing
program makes the computer exercise:

a wavelet transform calculating function of producing
a wavelet spectrum data through a wavelet transform of the
unsteady signal; |

a state variation function setting function of setting
a state variation function representing a variation of a
specific state variable of the monitored object with time;
and | _ .

a time coordinate nonlinear transformation function of
transforming a time coordinaté of the wavelet spectrum data
nonlinearly into a coordinate of the specific state
variable by using an inverse function of the state varia-.
tion function.

17. The recording medium storing the unsteady signal
analyzing program, according to claim 16, wherein the
monitored object is an elevator, the unsteady signal is an
acceleration signal representing the measured acceleration
of a cab included in the elevator, and the specific state
variable is vertical position or vertical speed of the cab.

18. The recording medium storing the unsteady signal
analyzing program, according to claim 16 or 17, wherein the
time coordinate nonlinear transformation function carries
out the nonlinear transformation of the time coordinate of

the wavelet spectrum data by using following expression:

2(0) ]

- | wt(a,b) = f - \/H ¢(t(z — b))x(t(z)) de(z) ,

dz

( a dz

which is expressing .an extended wavelet transform.

19. The recording medium storing the unsteady signal

.




di sptay—umrt—41 may bé used as the dispiay means 7. Since a portion of t he
It 41 can be

ext en ,% pavel el SRRGkE UM 30 displayed by the display
speci f ed by the region specifying means 47
extract Eﬂﬂ uthe operator is able to specify a paor
ext endel trum di spl ayed by the 5 di spl ay unt ]
features distinct fromthose of a nornal cggdition to analyze only the——
specified portion by

analyzing program, according to claim 16 or 17, wherein the

—
o
m
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time coordinate nonlinear transformation function divides
the wavelet spectrum data with respect to time into data
segments, rearranges the data segments in order of magni-
tude of the state variable on the basis of a data table
showing the relation between time and the state variable,
or the state variation function, and estimates intermediate
values of the data segments by interpolation and smoothing
techniques, so as to transform the time coordinate of the
wavelet spectrum data nonlinearly into the coordinate of

the specific state variable.
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the defect detecting neans 8. Accordingly, defect detection can be achieved
i n an i nproved accuracy w thout being affected by noise, disturbances and
ot her factors included 10 in regions other than the specified region. As
I s apparent fromthe foregoing description, the unsteady signal analyzer
according to the present invention is capable of surly detecting defects in
t he nonitored object through the deternina&ion of the dependence of the 5
vari ation of frequency on the specific sta é,variable of the nonitored
object, and the correl ati on between thegﬁ@%ﬁhbbc state variable and the
variation of the frequency. Second Enbodi nent

An unsteady signal analyzer for detecting a defect in

a monitored object through the analysis of an unsteady
signal generated by the monitored object has a wavelet

5 transform calculating means for producing a wavelet
spectrum data through a wavelet transform of the unsteady
signal, a state wvariation function setting means for
setting a state variation function representing a varia-
tion of a specific state variable of the monitored object

10 with time, and a time coordinate nonlinear transformation
means for transforming a time coordinate of ‘the wavelet
spectrum data nonlinearly into a coordinate of the specific
state variable by using an inverse function of the state

variation function.



A recording nediumstoring an unsteady signal analyz- 10 ing programin
"a preferred second enbodi nent according to the present invention wll be
described with reference to Figs. 22 and 23. The recordi ng nedi um storing
an unsteady signal analyzing programin the second enbodi ment is a conputer
15 readabl e recordi ng nedium The unsteady signal anal yzing program
makes t he conputer exercise the fun L%pgﬁ of the wavel et transform

cal cul ating neans 2, the tine coordf rat fonlinear trans- formation nmeans
3, and the state variation-function setting 20 means, nanely the-

ti me-state conversion table 4 and the MEASURED

STATE VARIABLE

I-{ RESPONSE DATA MEASURING MEANS

RESPONSE DATA TIME

SERIES x (1) ' 5
\ v /9
5 WAVELET TRANSFORM| | STATE ESTIMATING
| CALCULATING MEANS MEANS |
_ sw ESTIMATED
WAVELET SPECTRUM wt (a,b) T Jo STATE VAR
OR wt(w,t) (w=a ,t=b) o
TIME COORDINATE ]
NONLINEAR " TIME—-STATE
3 — TRANSFORMATION MEANS [ | CONVERSION. TABLE
! - | INPUT
EXTENDED WAVELET SPECTRUM STATE
wt(a,z) OR wt(w,z)(w=a"") VARIABLE
Y 8
¢
DEFECT 5~C_)
DETECTING MEANS (=)
INPUT MEANS
ALARM INFORMATION,
DEFECT MODE |
INFORMATION
/
DISPLAY MEANS .| DEFECT DISPLAY MEANS
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state estimating neans 6. The unsteady signal anal yzing program can include
an additional programwhich nake the conputer exercise the function of the

defect detecting neans 8. 25 ~ The anal yzing steps perfornmed by the
program of this enbodi ment are the sane as the steps of the aforesaid first
enbodi ment and its nodification, and the aforesaid exanples 31 1.to 3 of

the first enbodi nment.

2 -~ 27
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Fig. 22 is a perspective view of a conputer systemwhich is used to read

t he unsteady signal analyzing programstored in the recording nediumin the
second enbodi nent 5 according to the present invention. The program
stored in the recording nmediumof this enbodinent is read by record- ing
medi um drive neans incorporated in the conputer- system 50 as shown in Fig.
22 to be used for analyzing an unsteady signal. 10 As shown in Fig.
22, the conputer system 50 conprises a conputer body 51 accommobdated in a
casing, such as a mnitower - or the like, display nmeans 52, such as a.- CRT

(Cat hode Ray Tube), a plasnma di spkanyCB (}_i quid Crystal

BASIS FUNCTION FOR WAVELET TRANSFORM (GABOR FUNCTION)

05
o

-05

-1 [ 1 J 1 1 1 1 1 1
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TIME —

FIG. 3a

WAVELET SPECTRUM OBTAINED BY WAVELET TRANSFORM
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1000
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Display) or the like, a printer 53 as record output neans, 15  a keyboard
54a and a nmouse 54b as input neans, flexible disk drive neans 56 and a
CD-ROM drive nmeans 57. Fig. 23 is a block diagramof the conputer system
which is used to read the unsteady sinal analyzing programstored in the
recording mediumin the second enbodi neny. J The casing accommodating
the conmputer body 51 further accomobdates”an I nternal nenory 55, 'such as a
RAM (Random Access Menory) or the like, and an external nmenory, such as a
hard disk drive unit 58 or the Iike. As shown in Fig. 22, the flexible disk
61 recording 25 the anal yzing programis inserted into a slot of the

10
INPUT SIGNAL 1 (b N\ OUTPUT SIGNAL y (1)
MONITORED OBJECT >

\

+

11 ~. . /
OUTPUT SIGNAL .
6— ESTIMATING MODEL | ESTIMATED OUTPUT SIGNAL § (%)

/

ESTIMATED STATE

CORRECTING - MEANS ESTIMATED ERROR SIGNAL e (1)

127

'ESTIMATED STATE VARIABLE z(t)

\/

TIME STATE VARIABLE

T z1 (t1 )-——-- z, (1)
4| T2 z2 (t2) zp (t2)

tn zn (EN)D z, (tn)

TIME—-STATE CONVERSION TABLE
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flexible disk drive neans 56 and is read based on a proper application
limted to the flexible disk 61 and
may be a CD-ROM (Read Only Menory) 62. The recordi ng nedium may be a MO

program The recordi ng nmediumis not

(Magneto 30 Optical) .disk, an optical

di sk, a DVD (Digital

Versatil e

Di sk), card nenory, nmagnetic tape or others which are not shown. I|ndustrial
anal yzer and the recordi ng nedi um 35
storing unsteady signal anal yzing program according to the present
inventions are widely applicable to anal yze an

Applicability The unsteady signal

53
54

56—

5 7 27
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32 unsteady state of a nonitored object, such as an elevator or a railroad
car, by getting the correlation and the causal relationship between the
specific state variable -of the nonitored object and the frequency changes.
33 CLAI M5
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1. An unsteady signal analyzer
generated by a nonitored object, conprising wavel et transform

cal culating neans (2) for producing a wavel et spectrum data through a
wavel et transform of the unsteady signal; state variation function setting
means for setting a state variation function representing a variation of a
specific state variable of the nonitored object with tinme; and tine

coordi nate nonlinear transformation neaa;dyﬁzj(n transformng a tine
coordi nate of the wavel et spectrum data’ndnl4rearly into a coordinate

of the
START
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specific state variable by using an inverse function of the state variation
function set by the state variation function setting neans. 2. An
unsteady signal analyzer for analyzing an unsteady signal representing
an accel eration of a cab included in an el evator as a nonitored object,
conprising: wavel et transform cal cul ating means (2) for producing
a wavel et spectrumdata through a wavel et transform of the unsteady signa
representing a nmeasured accel era é?\ﬁg,o lge cab; state variation function
setting neans for setting a stat a?l n function representing a -
~variation of
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FI1G. 8a
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P
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vertical position or vertical speed as a state variable of the cab with
time; and tinme coordinate nonlinear transformation neans (3) for
transforming a tine coordinate of the wavel et spectrumdata nonlinearly
into a coordinate of the vertical position or the verti cal 34 speed by
using an inverse function of the state variation function set by the state
variation functlon setting neans.
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3. The unsteady signal analyzer according to claim1l or 2, wherein the
time coordi nate nonlinear transformati on neans-(3) transforns the tine
coordi nate of the wavel et spectrumdata nonlinearly into the coordi nate of
the specific state variable by using follow ng expression: [err] which is
expressi ng an extended wavel et transform 4. The unsteady signal

anal yzers according to claiml or 2, wherein the tinme coordi nate nonli near
transformati on neans (3) divides the wavel et spectrumdata with respect to
time into data segnents, rearranges the data segnents in order of magnitude
of the state variable on the basis of a data

0 7 27




tabl e showing the relation between tine and the state variable, or the
state variation function, and estimates internedi ate values of the data
segnents by interpolation and snoot hi ng techni ques, so as to transformthe
time coordinate of the wavel et spectrumdata nonlinearly into the

.coordi nate of the specific state variable. 5. The unsteady signal

anal yzer according to any one of clains 1 to 4 further conprising a
response data neasuring nmeans (1) for nmeasuring the unsteady signal. 6.
The unsteady signal analyzers according to any one ’
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35 of claims 1 to 5, wherein the state variation function setting neans
estimates the state variation function on the basis of neasured data on.a
state variable of the nonitored object other than the specific state
variable. 7. The unsteady signal analyzer according to claim®6, wherein
t he measured data on the state variable of the nonitored object other than
the specific state variable is neasured data on the unsteady signal. 8.
The unsteady signal analyzer according to claim6 or 7, wherein the
state variation function. setting neans :

72 27
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estimates the state variation function through an estimation of a variation
of the specific state variable with tine on the basis of the neasured data
on the state variable of the nonitored object other than the specific state
vari abl e by using a state observer system based on a dynamc
characteristic nodel of the nonitored object or a Kalman filter. 9. The .
unst eady signal anal yzer according to any one of clains 1 to 5, wherein the
state variation function setting neans determ nes the state variation
function on the basis of nmeasured data on the specific state variabte. 10.
The unsteady signal anal yzef Zccefdihg to any one of
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claims 1 to 5 wherein the state variation function used by the state
variation function setting neans is determ ned beforehand. 11. The unsteady
signal anal yzer according to any one of clains 1 to 10 further conprising a
di splay nmeans (7) for 36 displaying the results of analysis nade by the
time coordinate nonlinear transformati on neans (3) on a coordinate system
indicating at | east coordinates of the specific state variable '
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and the frequency. 12. The unsteady signal analyzer according to claim1l
further conprising a defect detecting neans (8) for detecting a defect in

t he nonitored object on the basis of the results of anal ysi s made by
the tinme coordinate nonl i near transformation neans (3). 13. The
unst eady signal analyzer according to claim12 further conprising: a region
speci fying neans (47) for specifying a specific region in the wavel et
spectrum obtained as a result of analysis by the tinme coordinate nonllnear
transformati on neans (3) and dl?ggax/d‘?n t he dlsplay
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means (7), and a data extracting neans (48) for extracting data on a
portion of the spectrum in the specific region specified by the region
speci fying nmeans (47), and sending the extracted data on the portion of the
spectrumto the defect detecting nmeans. 14. The unsteady signal analyzer
according to claim12 or 13, wherein a result of detection nade by the
defect detecting neans (8) is displayed/ gh #N2 Hisplay nmeans (7). 15. The
unst eady signal analyzer according to any one of clains 12 to 14 further
conprising a defect display nmeans (9) for displaying a result of -
detection nade by the defect . _
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detecting neans (8. I C L M S * 37 16. A recording nediumstoring
an unsteady signal analyzing programdefining a procedure for anal yzing an
unst eady signal generated by a nonitored object, to be carried out by a
conputer, the unsteady signal analyzing program makes the conputer
exercise: a wavel et transform calcu I n function of
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produci ng a wavel et spectrum data through a wavel et transform of the

unst eady signal; a state variation function setting function of setting a
state variation function representing a variation of a specific state
vari abl e of the nonitored object with time; and a tine coordi nate nonlinear
transformation function of transformng a tine coordinate of the wavel et
spectrum data nonlinearly into a coordi gte % the specific state variable
by using an inverse function of the stal{] ﬁ dtion function. 17. The
recordi ng nmedi um storing the unsteady signal :
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anal yzing program according to claim 16, wherein the nonitored
object is an elevator, the unsteady signal is an accel eration signal
representing the nmeasured accel eration of a cab included in the el evator,
and the specific state variable is vertical position or vertical speed of
the cab. 18. The recordi ng nedium storing the unsteady signal analyzing
program according to claim16 or 17, wherein the tine coordi nate nonli near
transformation function carries out the no Qg.eaz;ransformation of the
time coordinate of the wavel et spectrum data by using follow ng expression:
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38 [err] which is expressing an extended wavel et transform 19. The
recordi ng nmedi um storing the unsteady signal analyzing program according
to claim16 or 17, wherein the tinme coordinate nonlinear transformation
function divides the wavel et spectrumdata with respect to tine into data
segnents, rearranges the data segnents in order of magnitude of the state
vari able on the basis of a data table showing the relation between tinme and
the state variable, or the stateggiagron2ynction, and estimates

i nternmedi ate val ues of the
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dat a séfgrrentS by interpolation and snoot hing techni ques, so as to transform
the time coordinate of the wavel et spectrumdata nonlinearly into the
(ioordi nate of the specific state variable.
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33
CLAIMS
1. An unsteady signal analyzer for analyzing an

unsteady signal generated by a monitored object, comprising

wavelet transform calculating means (2) for
producing a wavelet spectrum data through a wavelet
transform of the unsteady signal;

state variation function setting means for setting a
state wvariation function representing a variation of a
specific state variable of the monitored object with
time; and

time' coordinate nonlinear transformation means (3)
for transforming a time coordinate of the wavelet
spectrum data nonlinearly into a coordinate -of the
specific state variable by using an inverse function of
the state variation function set by the state wvariation

function setting means.

2. An unsteady signal analyzer for analyzing an
unsteady signal representing an acceleration of a cab included
in an elevator as a monitored object, comprising:

wavelet transform calculating means (2) for
producing a wavelet spectrum data through a wavelet
transform of the unsteady signal representing a measured
acceleration of the cab;

state variation function setting means for setting a
state variation function representing a variation of
vertical position or vertical speed as a state variable
of the cab with time; and time coordinate nonlinear
transformation means (3) for transforming a time
coordinate of the wavelet spectrum data nonlinearly into

a coordinate of the vertical position or the vertical
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speed by using an inverse function of the state
variation. function set by the state variation function

setting means.

3. The unsteady signal analyzer according to claim 1 or
2, wherein the time coordinate nonlinear transformation means
(3) transforms the time coordinate of the wavelet spectrum
data nonlinearly into the coordinate of the specific state

variable by using following expression:

wi(a, )= [ L vl 6y T

which is expressing an extended wavelet transform.

4. The unsteady signal analyzers according to claim 1
or 2, wherein the time coordinate nonlinear transﬁormation
means (3) divides the wavelet spectrum data with respect to
time into data segments, rearranges the data segments in order
of magnitude of the state variable on the basis of a data
table showing the relation between time and the state
variable, or the state variation function, and estimates
intermediate values of the data segments by interpolation and
smoothing techniques, so as to transform the time coordinate
of the wavelet spectrum data nonlinearly into the coordinate

of the specific state variable.

5. The unsteady signal analyzer according to any one of
claims 1 to 4 further comprising a response data measuring
means (1) for measuring the unsteady signal.

I

6. The unsteady signal analyzers according to any one
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of claims 1 to 5, wherein the state variation function setting
means estimates the state wvariation function on the basis of
measured data on a state variable of the monitored object

other than the specific state wvariable.

7. The ﬁnsteady signal analyzer according to claim 6,
wherein the measured data on the state wvariable of the
monitored object other than the specific state variable is

measured data on the unsteady signal.

8. The unsteady signal analyzer according to claim 6 or
7, wherein the state variation function setting means
estimates the state variation function through an estimation
of a variation of the specific state variable with time on the
basis of the measured data on the state wvariable of the
monitored object other than the specific state wvariable by
using a state observer system based on a dynamic
characteristic model of the monitored object or a Kalman

filter.

9. The unsteady signal analyzer according to any one of
claims 1 to 5, wherein the state variation function setting
means determines the state wvariation function on the basis of

measured data on the specific state variable.

10. The unsteady signal analyzer according to any one of
claims 1 to 5, wherein the state variation function used by
the state wvariation function setting means 1is determined

beforehand.

11. The unsteady signal analyzer according to any one of

claims 1 to 10 further comprising a display means (7) for
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displaying the results of analysis made by the time coordinate
nonlinear transformation means (3) on a coordinate system
indicating at least coordinates of the specific state variable

and the frequency.

12. The unsteady signal analyzer according to claim 11
further comprising a defect detecting means (8) for detecting
a defect in the monitored'object on the basis of the results
of analysis made by the time coordinate nonlinear

transformation means (3).

13. The unsteady signal analyzer according to claim 12
further comprising:

a region specifying means (47) for specifying a
specific region in the wavelet spectrum obtained as a
result of analysis by the time coordinate nonlinear
transformation means (3) and displayed on the display
means (7), and

a data extracting means (48) for extracting data on
a portion of the spectrum, in the specific region
specified by the region specifying means (47), and
sending the extracted data on the portion of the spectrum

to the defect detecting means.

14. The unsteady signal analyzer according to claim 12
or 13, wherein a result of detection made by the defect

detecting means (8) is displayed on the display means (7).

15. The unsteady signal analyzer according to any one of
claims 12 to 14 further comprising a defect display means (9)

for displaying a result of detection made by the defect

' detecting means (8).
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16. A recording medium storing an unsteady' signal
analyzing program defining a procedure for analyzing an
unsteady signal generated by a monitored object, to be carried
out by a computer, the unsteady signal analyzing program makes
the computer exercise:

a wavelet transform calculating function of
producing a wavelet spectrum data through a wavelet
transform of the unsteady signal;

a state variation function setting function of
setting a state variation function representing a
variation of a specific state wvariable of the monitored
object with time; and

a time coordinate nonlinear transformation function
of transforming a time coordinate of the wavelet 'spectrum
data nonlinearly into a coordinate of the specific state
variable by using an inverse function of the state

variation function.

17. The recording medium storing the unsteady signal
analyzing program, according to c¢laim 16, wherein the
monitored object is an elevator, the unsteady signal is an
acceleration signal representing the measured acceleration of
a cab included in the elevator, and the specific state

variable is vertical position or vertical speed of the cab.

18. The recording medium storing the unsteady signal
analyzing program, according  to claim 16 or 17, wherein the
time coordinate nonlinear transformation function carries out
the nonlinear transformation of the time coordinate of the

wavelet spectrum data by using following expression:
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¢
t

dt(z)

wt(a,b) =

() t(z-b)

t
J;_w\ﬂ-qu( )x(t(2))
which is expressing an extended wavelet transform.

19. The recording medium storing the unsteady signal
analyzing program, according to claim 16 or 17, wherein the
time coordinate nonlinear transformation function divides the
wavelet spectrum data with respect to time into data segments,
rearranges the data segments in order of magnitude of the
state variable on the basis of a data table showing the
relation between time and the state variable, or the state
variation function, and estimates intermediate values of the
data segments by interpolation and smoothing techniques, so as
to transform the time coordinate of the wavelet spectrum data
nonlinearly into the coordinate of the specific state

variable.
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A device for analyzing unsteady signals generated from a monitored object (10), comprising a wavelet conversion/calculation means
(2) for preparing wavelet spectral data by subjecting unsteady signals to 2 wavelet conversion, means (4, 6) for setting a function of a change
of state quantity representing a change with time in a particular state quantity in the monitored object (10), and means (3) for nonlinearly
transforming time coordinates of wavelet spectral data into coordinates of a particular state quantity relying on an inverse function of the

function of a change of state quantity.
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