1 CLASSI FI CATI ON APPARATUS AND PROGRAM BACKGROUND 1. Technical Field The
prese invention relates to a classification apparatus and a program 2.
Rel ated Art In a nonitoring systemdi sclosed in Patent Document 1
(JP- A-2011-237865), a sound sensor device is provided inside a house (a
living space). A nUerocantroller of thelsound sensor device processes a
sound signal of the sound sensor, and thereby generating a sinplified
spectrogramin both diglec$SIENSADION IAPPARIITUS adIEPRYGRMEMSpect rogram i s
transmitted to a nonitoring server via a network froma honme gateway. in
the nonitoring server, multiple filters are applied Wi th respect to the

sinplified spectrogram a score v Epg to the result is
cal cul ated, and the living space an or an object sin afion arelis
recogni zed fromthe score val ue of each frlter That is, the system

represents a Irvrng sound as the spectrogramin consideration of personal
prrvacy characteristic anounts (the score values) are
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anounts are conp aracteristic a scene
(situation), which are extracted in advance, and thereby a scene which is
represe tﬁg Qévhge living sound is specified. in Non-Patent Docunent |M
Sabati e fat "U trasonic Methods for Human Motion Detection", The

Uni versity of 1M, $8dr3@kiRRkyst@lUclosdd BYBAEMDseutienc! prea- 2@1'1@373’@)65 E‘&ﬂﬁs
whet her or not there is a person from spectrogram characteristics of

sound preswudeviaands phwidadeimside gr bonse Harlodngespast). c s\ oficracemimidr D6 i srund
shift. sensor device processes a sound signal of the sound sensor, and thereby generating a
simplified spectrogram in both directions of time and frequency. The spectrogram is
transmitted to a monitoring server via a network from a home gateway. In the monitoring
server, multiple filters are applied with respect to the simplified spectrogram, a score value
according to the result is calculated, and the living space and/or an object situation are/is
recognized from the score value of each filter.

That is, the system represents a living sound as the spectrogram in consideration of
personal privacy. Then, some characteristic amounts (the score values) are calculated from
the spectrogram by a filter process. The characteristic amounts are compared with the
characteristic amounts of each scene (situation), which are extracted in advance, and thereby a
scene which is represented by the living sound is specified.

In Non-Patent Document 1 (James M. Sabatier, et al., “Ultrasonic Methods for
Human Motion Detection”, The University of Mississippi, 2006), a system is disclosed which
determines whether or not there is a person from spectrogram characteristics of a sound
pressure and the spectrogram characteristics of a sound Doppler shift.

Both the Patent Document 1 and the Non-Patent Document are configured to obtain
the characteristic amounts from the spectrogram, and to determine the situation on the basis of
the characteristic amounts.

In Patent Document 2 (JP-T-2003-501755), there is disclosed that a sequence of
binary data “0” and “1” is treated as an image, and an optical correlation between images
which multiple items of different data display is established to determine whether or not the
items of the data match each other.

In Patent Document 3 (JP-A-2007-240552), a musical instrument sound recognizing



Both the Patent Docunent 1 and the Non-Patent Document are configured to
obtain the characteristic anounts fromthe spectrogram arid to determ ne
the situation on the basis of the characteristic anounts. I n Pat ent
Docunment 2 (JP-T-2003-501755), there is disclosed that a sequence of binary
data "0" and "1" is treated as an inmage? and an optical correlation between
i mages which nultiple itens of different data display is established to
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a certain point of timg _t. Accordingly target instrunent is "
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- frequency f plane, it is the instrogram in Patent Docunent 3, there is
di scl oseepredeatedibydhe fregienciend tlstsrlgpnahes represemtedsorigne ar egesney fiblane ibly an
i mage siym |l arity deter natj on sys and. t her whet her. .or .not both
cont gurt Bk IR niS PRIERC PR ERfeh burs s dise REF ey SRGRIoTof iPBbeRBitn, o
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time variation signal of a classification object to be classified into a

cor r espohapihytlhperiaveaiions e mygical issteuments argisuuilaite erchatearns detpratingdhat in a
case where a characteristic amount of a spectrogramis used. [11
According to an aspect of the invention, a classification apparatus
includes: a tinplate inmage nenorizing unit that stores an inmage of a

t wo- di nensi onal Fourier transformof a spectrogramof a tinme variation
signal detected in relation to a phgﬁﬁﬂﬂﬁgﬁ: as a tenplate imge, with
regard to each of one or nore phenonena; a spectrogram generation unit that
generates the spectrogramof the tinme variation signal of a classification
obj ect by pro@dessbjegt of the present invention is to enable a time variation signal of a

classification object to be classified into a corresponding phenomenon using a smaller
calculation amount than that in a case where a characteristic amount of a spectrogram is used.
[1] According to an aspect of the invention, a classification apparatus includes: a
template image memorizing unit that stores an image of a two-dimensional Fourier transform
of a spectrogram of a time variation signal detected in relation to a phenomenon, as a template
image, with regard to each of one or more phenomena; a spectrogram generation unit that
generates the spectrogram of the time variation signal of a classification object by processing
the time variation signal of the classification object obtained by a sensor; a two-dimensional
Fourier transform calculation unit that calculates the two-dimensional Fourier transform of the
spectrogram generated by the spectrogram generation unit; a similarity calculation unit that
calculates a similarity between the template image and an image of the two-dimensional
Fourier transform obtained by the two-dimensional Fourier transform calculation unit, for each
template image corresponding to each phenomenon stored in the template image memorizing
unit; and a determination unit that determines whether the time variation signal of the
classification object conforms to any of one or more phenomena, on the basis of the similarity

calculated by the similarity calculation unit.



ariation signal of the classification object obtained by a sensor; a

t wo- di nensi onal Fourier transformcal culation unit that cal cul ates the

t wo- di nensi onal Fourier transform of the spectrogram generated by the
spectrogram generation unit; a simlarity calculation unit that cal cul ates
a simlarity between the tenplate i mage3and an i nage of the two-dinmensional
r transform obtai ned by the two-di nensional Fourier transformcal cul ation
unit, for eacht erml dl8sificRBA GppdrasPONI[NY Ay eathePNQBIRERNAN chArA¢t@esticn
the tenplate inmage nmenorizing unit; and a deternmination unit that .
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calculating the simtarity by the simlarity calculation unit, in a case
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char act g:ir%sti cs .det ect.ﬁd g}y ht he cParact eristic detection unit is specified
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[4]. According to another aspect of the invention, it is a program causing
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of the classification object conforms to any of one or more phenomena, on the basis of the

?I’ e a. .. .
imé variation signal

calculated similarity.
With the configuration of any one of [1] and [4], the time variation signal of the
classification object can be classified into the corresponding phenomenon using a smaller

calculation amount than that in a case where a characteristic amount of the spectrogram is used.



4 Wth the configuration of any one of [2] and [3], in a case where
the clear periodicity characteristics can be detected fromthe

t wo- di nensi onal Fourier transform a processing load is reduced. BRI EF
DESCRI PTI ON OF DRAW NGS Exenpl ary enbodi nent(s) of the present inventionbe
described in detail based on the followng figures, wherein Figs. Ato ID
are views illustrating exanples of spectrogramsed from audio signals

detected in vayipus @nﬁgﬁﬁa’u@ﬁ‘ 8f any one of [2] 8%d [ﬁﬁn%s@%h@f&hé! tR¥WSperiodicity
illustrating an exanple of a spectrogram and t wo- di nensi onal Fouri er

t r ansf orcharaétetistecs spe bt dotgrigdifrom the tWOFdlglengonasi Epuvicetiansiorgs erpaegeaging ioad

exanplelgﬁﬂu“ﬂ_pparatus configuration in an enbodi nent; and

BRIEF DESCRIPTION OF DRAWINGS

Exemplary embodiment(s) of the present invention will be described in detail
based on the following figures, wherein

Figs. 1A to 1D are views illustrating examples of spectrograms generated from audio
signals detected in various situations;

Figs. 2A and 2B are views illustrating an example of a spectrogram and a two-
dimensional Fourier transform of the spectrogram;

Fig. 3 is a view illustrating an example of an apparatus configuration in an
embodiment; and

Fig. 4 is a view illustrating an example of a processing sequence of an image base

classification unit.
DETAILED DESCRIPTION

A classification apparatus according to this exemplary embodiment inputs a signal
(hereinafter, referred to as a “time variation signal”) which varies on a time basis, analyzes the
input signal and thereby determines (that is, classifies the input signal as any one of
registration phenomena) whether or not the input signal conforms to any one of the
phenomena registered in advance.

The time variation signal of a classification object, for example, is a time-series signal
that a sensor outputs over a certain period of time. For example, an audio signal detected by
a microphone, an acceleration signal detected by an acceleration sensor, a speed signal
obtained by a speed sensor, a pressure signal detected by a pressure sensor and the like are
included in an example thereof.

If the phenomenon, which is the classification destination, can be specified by
analyzing the time variation signal, any phenomenon may be used. For example, the audio
signal that the microphone of a smart phone to be carried with a person picks up is analyzed,

and thereby it is considered to analyze which situation the person is in at that time, such as a



Fig. 4is aviewillustrating an exanple of a processing sequence of an
i mge base classification unit. DETAILED DESCRI PTI ON A
classification apparatus according to this exenplary enbodi nent inputs a
signal (hereinafter, referred to as a "tine variation signal”) which varies
on a tinme basis, analyzes the input sighal and thereby deternmines (that is,
classifies the input signal as any one of registration phenonmena) whether
or not tsigatidhPMtwisitld ARl peesnf§ie iiBkihg, @ﬂﬁn?'fﬁ‘ leraihhﬁ apIanranenta seghstefidd i n
advance. The tinme variation signal fa classification object for
exanpl e onithe &ain, and s liks  NVagious sitirdions regarding theuabeue sxevples arccexepwiay of
peri od signal detected by a m crophone, an
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on the f %@&d agpl es
are exatr?% (la@mc())? Q?ﬁ%%ﬁur arl%%(ﬁth H@ﬁé’h% ass g&;gltn?ﬁ%t ﬁ:?a%\é‘?s s

For thisn aldambas‘elasatuemplate mageezop'eqmdmgembhnjphmnmenm t vibhedi mnsdm:g]ad the
Fourier .tran mof ect rogr am of an LN i.me varlatloE I%n{;\ | S
obt ai nedMagfh af aplarsy R FRivangE Yomparend isid %R0 JISREGTESHP GhamtTput signa
di stribud §i@R1aPto hlyCoSPECHhE Q&hﬁl‘ﬁle' 1%1&&6.{‘ 8f @flc%%heﬁ&n&ﬁ’tﬁl Rithathdardpask) h@hfchrfe
variation signal generated in the phenomenon is obtained i n advance wth
regard pbemouﬁhQMUWgnabwrvhmﬁmgmm% i mge which di spI ays die
frequency co nent d u ion of the q%gect r%gr am.of .th e iation
signal is prepafred W§ BEogT AN BPEFRS Waaas(l%r@ég%ecggma ?@@H’%ﬂeg

i mage C@Eﬁ&ﬁﬂ%nah NHe ttind, %dpﬁeﬁQWQﬁrlatmﬁébecﬁrﬁﬁlof rd3entagord. Nani goReRL L that
di spl ays the frequency conponent di stribution of the spectrogram of an

i nput  sipasaogian & repreagntebanm graphdinnge) iepresenting e signahefeenstr (asditnde) of a
phenomengn, .y d hi.g c&hgt Qgéﬁﬁﬁ%%rm&"&efﬁﬂn@ﬁl&%g;ﬁ%[g%%e@%r :ﬁ)‘l‘& 9&[&% Joint, by

repr esefits s dete e specC gra
I epr eseétfing) G téns ingRdriARee bxiy ind egtihg yhevitdguescydapereioadads tInehé presentand
is atime variation spectrum representatl on.. I n general, die spectrogramis
r epr esefigdigens the speetioRrEy sYbipEed &ﬂmW@wgﬁlgﬁ%hF%lﬁ%ﬁg@%@%hSpﬁ UBe)
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col or of each pol by setting the tinme in a horizontal axis and setting
the fr equencyFlge aA/er tl Dc dlustrxtie sexahipldshef ppemsegﬂanfsnﬁmadmnﬁrum ati laedio signal
spectro edtothet di mensional Fqurier, transfor sed in
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spectrogram of the audio signal in a situation where the person is waiting for a train at a
station platform. And, Fig. 1B is the spectrogram of the audio signal when the train comes
close to the platform where the person is waiting. In addition, Fig. 1C is the spectrogram of
the audio signal when the person is on the train which is running outdoors. And, Fig. 1D is the
spectrogram of the audio signal when the person is on the train which is running inside a
tunnel (or under the ground).

Fig. 2A illustrates the spectrogram generated from the audio signal obtained by the
microphone of the smart phone when the person is walking, and Fig. 2B illustrates the two-
dimensional Fourier transform of the spectrogram. In the embodiment, for example, the two-
dimensional Fourier transform of the spectrogram illustrated in Fig. 2B is stored in the

database as the template image, corresponding to a situation (phenomenon) such as “the



Figs. IAto IDillustrate exanples of spectrogranms drawn from an audio
signal obtained througb a m crophone of a smart phone carried with a
person. Fig. 1A is the spectrogramof the audio signal in a situation where
the person is waiting for a train at a station platform And, Fig. 113 is
t he spectrogram of the audio signal wheé the train cones close to the

pl atform where the person is waiting, in addition, Fig. ICis the

spect r ogeabh @ whikgg2udi 0 si gnal when the person is on the train which is
runni ng outdoors. And, Fig. IDis the spectrogramof the audio signal when
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comparison with the templaté image.
Fig. 3 illustrates an example of a function configuration of a classification apparatus
according to the present embodiment.
In the example of Fig. 3, in the template image DB (database) 30, for each
phenomenon desired to be classified (for example, a situation of a place where a user with the

smart phone stays), the image which is obtained through the two-dimensional Fourier-



In the exanple of Fig. 3, in the tenplate image D (database) 30, for each
phenonmenon desired to be classified (for exanple, a situation of a place
where a user with the smart phone stays), the image which is obtained

t hrough the two-di nensional Fourier- transform of the spectrogram of the
time val which isby the sensor wwth regard to the phenonenon is registered
as the tenplate image, corresponding to identification information on the
phenomengRsfoliaf theSspedito @3RSt the el variRgsd SEARAVHIEh AALARER! byethe RBSOF with
detection signal is collected with regard to various phenongna, the

t enpl at ecgand éethephgporsenanaid régistaretitne thotenmpdate dmegey satrgspanding e idgahBeatioad
tenplate image is regisstered in.the.tenplate inmage 30, . The. reqgistered
tonpl at ariciRgLn & BETRREPREhe, " JOPR i ARG Belst SmeBRaraln sivant o htiry
Prepr ocigfecfiéh Winal ¥¢ Nectad twith deg@a Sio0RaliousOphdrinehh 2l @niplate Nintagd2is( or
a device having the sane function as this) which are included in the

cl assi f igengrpis Eppdhacobeddd giggal, 3nd the generatad deblateoimagenisarepigterasding they

charact Sl 4 AP A RSN ShRaP R e

regard feen@atioh tuhie 1Rhe papesvessind uitinil ¢ ant hetvaedinedsiohdlyF cifief aehsFoins thieS2ar e
shown in the tenplate I mage. For exanple, the periodicity characteristics
are fouer Bydeyits Davying thesameniyngien asdhis) orhighdre prdwdnde b the eapatiedtionhen
the te el 30 is constructed, if the periodicity characteristics
are shg\%}%@%?ﬁ%y?&e registered in the periodicity characteristic DB 34.
For exanpl e, &s addienp)infd periodicilyi gsaracistio dB B4, theepdrividédityadhabretatirtics dhe
white points ich are present. at. an.equ I intery%k n the hori.zontal axis
passi ng "EEFEEE IFORPORERELP Bt IqcRRiFatio) Iatosmatiery el { ug’.en%lsn% vBifercexdiipl e

t her eof hnfYAike BReréhRAoR Ty WARNRAE hONMLEYCHARRIARHE! dré Shiiwn idl e (¥thBlafdRgge. | OF

each phenonen a pixel value distriBution on the horizontal axis passing

t hr ough Fohexapapi¢.ghe périadiaty @npdcatrsticnag downt yespdyrdigipe tonplhe iphgnohecbn i s
obtained, the white points are extracted b inarizing th i xel val.ue

G st 11 bEDFRST RFRATEY RENenatiy EREAn PGS bk G HES il B Ry

adj acenthiractedgits QW HowAMRY nidjebeerehisReddER t%?&&&&tﬂhaﬁ{cwﬂﬁﬁc #B°34.  For
respectively obtained. Then, in a case where the obtained intervals are

equal t exaaplh, @t dxemphificdiim Fagsp? Adet ethithe thtervaldwétean e vdriterpomefe whiltheare
tenpl ate_i i s determ ned to,have the.periodigcit Then, a.statistical
r opr coeRTSETV ped Fiebrd 30 e rat il BhaRbflrbtn gpe her e hentprded

i nt er valifades(FiL BSik ®he dxarfiplt figres) hﬁﬂib@idsyd & vhe petieditisy Litardderdficas Ihheis
periodicity characteristics of the phenomenon. I n addition, whether to

f ocus omaschéorpach phenomepops a phel wpve disidbuiion aiy thadgedowal ahe pawsigAbraugh
axi s of 4t h j . i . i rvaks .bet wee ch
ahi te phienfatd R B elBRA% e LREDARIing 2o MRS phlfrl bR BRy. HERRY
exanpl epoitsrmthadactd detieairizigy theepipervahel distriputibidbad tiey liksd, iagd thdr@nervals
obtaining the characteristics registered in the periodicity characteristic
DB 34 i 8etvgen dhgwhie ppmst adjacsat iheashptheroamensg the xiagted ayhitnoantgrpRs: 3ten

unit 26 1. bed e ' i i i i
B e
appar at usthac e prafietegminedFillpwaBle &orr ergayphe fenfidate dmaps iadttepenedth haw the

application,. . L. .
PP periodicity. Then, a statistical representative value (for example, an average value) of the

plural intervals is registered in the periodicity characteristic DB 34 as the periodicity
characteristics of the phenomenon. In addition, whether to focus on the periodicity of the
white points arranged on the horizontal axis of the template image or whether to use the
intervals between such white points as the periodicity characteristics is no more than one
example. A method of detecting the periodicity characteristics when obtaining the
characteristics registered in the periodicity characteristic DB 34 is the same as that used in a
periodicity characteristic detection unit 26 to be described later.

The time variation signal of a classification object is input to a signal input unit 10 of



installed in the smart phone transmts audio signal data that the

m crophone of the smart phone has picked up during the constant period, to
the classification apparatus according to the present enbodi nent via the
intemet, and the signal input unit 10 receives the data. The
spectrogram generation unit 12 generate8 the spectrogramof the tine
variation signal received by the signal input unit 10. in generating the
spectr Ogﬁéﬁbpzﬁatﬁ?ta@&f}dhﬁ?% Fig. Bherbeledhiffle2tdr dRY RBstdSeeriol) @nARpaEaload
spectrogramcan be treated as a type of 1nage. ~ The generated

spect r ognsiatcdgn ithepumart phankdrapsrejps awsks signgl datd thatithe aricrophepraddesgeat plomet he
t wo- di nensi onal, Foyri.er transform .The, prepr,ocessi.ng unit 14 ingludes a
band pade iGRed P AUTIAE Wi PO RSEiAdeiob I BT UaT ARBATAS, 45550t ool Cun ¢
20.  presed@nttAndeRassthbiihicAlet, hd ﬁi%ts‘i%fall spat e detRENena’ dafaequency band
portion out fromthe input spectrogram (for exanple, the horizontal axis
represents thdheispectraghan \generaden uaikilg gespnatesdhe spachregfaneqlithedyme vatytionj s a
process of renpvi neani ngl ess..f.requenc an not hi ng but nei se). from
Phe spectrab RSB dh et SRt IR AR ER ok dBieoRthanminAt 5 ge
extract gkt fBitedft MagBetussdr Ned dapandispect@frinh archatraté®id Stybe 6f Phagehe
signal and the like that the classification apparatus desires to classify.
The nonl i near Thegeneraicd spetiograng ipapriderise Brepesessieamib b pnd pieptocessediarh
espect ) it (it -] rtd ] ty . t ram
o the i-Qt Rt igt Sandub . b EbLAGhE Rt hUBES L SREE ARE
corr ect il6ha whdmehnenveBpa wiitdi3adndiasbiflariatiay anlit 26, strength is i ncreased by

anplifying signal components with a | ow strength (low brightpess), an
thereby a si g%é‘F begd ResJBter 4P ieytrpads Pm@ﬁtfémeg frrgueny kapd gortion out frovhgle

bi nari zat | ' j L& ng: P it b .
out put - o Eptktersn MBCLLATE, e hRloh BNisCHQRERRs i Bl EARE Serled) A
spect r ogeraencatsethe nfpdrpsineyd Byist Bea lproxass pétrernoving hee nmanhpgtesofiretjhency band

bi nari z tiﬁ.n nit 20 .bri'ﬁ’in ut to the two-di nensional FOU{ier Eﬂia sformunit
22, nothipg O d10Kieptiolt BiFaIPeRERRT B Va5 hAR AGTRTIHERE 2981YSisy 1 THRE K nown
two- di mpRsd QR ediiefddGhay B@Pl,%ﬁetre_fﬁﬂﬁ‘ea *de%&ﬁlﬁf‘gcén 1R @BrabRBYfhcsUragE Ligaslien
result (that is, a binarization inage obtained by preprocessing the

spect r ogiredmkedhatithe clasgplitation gppdrytus Aesies teelassify. an i nage di spl ayi ng a

di stribution t he.frequency co ents of the,.binarization i e of .the
spect r ogr am i "GP Comyyeston gaR 18 BReOpps amoplisap Amplilisryn IR GRS 9o 4
cl assi f af dutpid (MaP &EaSIdbort) Bktkackdt out from thd Rectlogsemh)f dCAEI AN PaSCHARS 1D
unit 14 determ nes whether or not the tine variation signal of the

cl assi f ilbstip epnsdiretto keghe same ag & gamnagnaceion Wherpthe Avaghsigna ds displpeal, pn
t he

strength is increased by amplifying signal components with a low strength (low brightness),
and thereby a signal to noise ratio is intended to be improved.

The binarization unit 20 performs a binarizing process with respect to an output of the
nonlinear conversion unit 18. The characteristics of the spectrogram are emphasized by the
binarization. The output of the binarization unit 20 is input to the two-dimensional Fourier
transform unit 22.

The two-dimensional Fourier transform unit 22 performs the known two-dimensional
Fourier transform with respect to an input binarization result (that is, a binarization image
obtained by preprocessing the spectrogram of the input signal). As a result, an image
displaying a distribution of the frequency components of the binarization image of the
spectrogram is obtained. The image (the binarization result) is input to a classification
processing unit 24.

The classification processing unit 24 determines whether or not the time variation

signal of the classification object conforms to any one of the phenomena registered in the



9 databases (the tenplate inmage DB 30 and periodicity characteristic DB
34), by using the inmage of the input two-dinensional Fourier transform
iesult. The classification processing unit 24 includes a periodicity
characteristic detection unit 26, an inmage base classification unit 28 and
a characteristic base classification unft 32. The periodicity
characteristic detection unit 26 detects the periodicity characteristics
from t helaibegs @fc tcAglit8AHag WB BonBRE bélﬁkﬂilClBDUﬁdr%teﬁd'tﬁnEBoBW wswlﬁg thkhe
detection nethod nay be the sanme as the nmethod which obtains the
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characteristic base classification unit 32. That is, the characteristic
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The pr ogRssfition &iteGiERdni &F B eﬁhzftibh £ae of ien eEBARAtioandstil@iohemal at e
i mage corresponding to this) registered in the tenplate image DB 30. In the
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conj ugation i rocess i s perfor 0 obtain a’conp Sex conj ugati on
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tenpl ate i nage can be obtained. Here, in a case where the conjugation

t enpl at Eharpriefestics iy degfpaniapdas et ﬂaSSJsC@B@@ deginafan.t ek differeniggamp, 3l of 51 O
IS unnecessary. Next, the image resulted fromthe two-di nensi onal Fourier
transform i nput fron1the t wo- di nensi onal Fourier transformunit 22 is
mul tiplied by the conjugation tenplate i mge (S12). Next, an inverse
Fourier transformis performed with respect to the nultiplication result
(S14). The inverse Fourier transformmay be the sanme cal cul ation as the



In the exanple of Fie. 4, all of the phenonena having the correlation
coefficient equal to or nore than the threshold value are determ ned to be
the classification destination, but alternatively, only the phenonenon
havi ng the maxi mum correl ati on coefficient anong the 11 phenonmena havi ng
the correlation coefficient equal to orlOnore than the threshold val ue may
be determned to be the classification destination. As descri bed
above, tfigh glups sblt)ké?’aﬁehgﬂlcﬁ RRAradtbhSstRS GRY itdithifdd dsRe BlhQSENRtiof ABARLIBRN!
conpares the two-di nensional Fourier transfoimof the spectrogram of the
time variati orfWhkéngthe pefodidity chaa@cm:matlcatar@wdet@b]eécby wiet herigrlcitynshathgiemsticonal
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threshold value (S16). As the comparison result, if the correlation coefficient is equal to or

more than the threshold value (that is, the correlation is strong enough), the classification
object is determined to conform to the phenomenon corresponding to the template image (that
is, the phenomenon is determined to be the classification destination) (S18). If the
correlation coefficient is less than the threshold value, the classification object is determined to
not conform to the phenomenon corresponding to the template image (that is, the phenomenon
is not the classification destination) (S20).

In the example of Fig. 4, all of the phenomena having the correlation coefficient equal
to or more than the threshold value are determined to be the classification destination, but

alternatively, only the phenomenon having the maximum correlation coefficient among the



nonvol atil e recordi ng nmedi um of various standards, such as a flash nenory,
may be connected with respect to the bus via the I/Ointerface for exanple.
The programin which processing content for each functional nodul e
exenplified above is described is saved in a fixed storage device such as
the hard disk drive via the recording niddi um such as -the CD or the DVD, or
via comruni cati on neans such as the network, and installed on the conputer.

The pr Ogihéﬂérﬁér&r}thiﬂgﬂhé b&rdlhtk@oe i@l qaa b 6 mose theR theltMreshdld RAME 3 be
executed by the m croprocessor such as the CPU, and thereby a functional

modul e dletuminedderpe ilfei dabsHisatien destinatin. zed. | n addition, one or nore anong

the -function dul es.confjguring the classificat.ion par at us be
conf1 gured as B SRR ARG hEFpssTeatiOF oFtats arGRPRT ARORF Pt FofRlirehne
exenpl arcynpaRedheBRbHidEnditiRil FoRsieN trahsTy@RtdfaRe RPsctpedin BTOYE dRke Wariatidae
purposes o-f illustration and description. It is not intended to be
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applications, thereby enabling others skilled in the art tg understand, the
i nvent i GYoPBHng tor sush® ombgwiakamt e Ay 2\iRtnWhers apYVEs pedadicity shaaHeriss are

sui ted %Qnﬁd?%ep@e"u%ié@’{rl]ﬁ‘e’éda Sthe Q%Idgqﬁﬁﬁﬁm’ixﬁ@'ﬁgllﬂieﬂ ﬁaﬂs%gﬁ{t}ﬁg? cfagk‘i‘ﬁca&i*&ﬁ Gafigre of

the invention be I y the f OW Nng al ns an r equi valents.
WHAT | Spciféihdd. 1In Additi@s sinf & cake ovheap phg abumus grpiodgitpgcharacteristicsa chierbpl at e

i mage nmenori zi upit that stores i.mage of a twq-dimensional, Fouri er
transf ordmeaﬁeéa}ﬂg%*@ﬁt% gramigpniond %Wﬁr_r apslermnst GrIaVAE188E depd FOPEFRe on
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phenonena; a spectrogram generation unit that generates the
spect r ogtaastfiodtionhie peifremedabasad ioorihs ipgriedicidy chare¢taggics,i aslt thoreby laj @bduldsipn

processing the ti variation signal the classification object , obtained
by o et i edicl. % Boxebfind B3R Hrost Per SR GhePET ertctrial 461 B U
that caldeHéifal FHidr WanstofR iSEaRAbnlgAEd & bdth AsEINsM@fion PRcdRAGKE REHRAM
generated by the spectrogram generation unjt, asimlarity

cal cul acpanatigantiandhe claadiGedtiondased e thel periodigit ohokaeleristing, andhpinsequepitnge

and an I Sﬁggs {telﬁrclgnﬁ%@ét?dnniggﬁ' qg&l Fourier transform obtained by the
t wo- di mensi on ourier transthrm-cal cul ation unit, for each tenplate inmage

cor r espondi ng Fop eg@fiplep BRMOARNGSIfisitneshparatid eart emgyat @hithage siesiyn ghig
uni t: ar;i(ztluation is represented by the time variation signal) around a device (for example, a smart
phone) on which a time variation signal generating sensor is mounted is relevant to any one of
the prescribed situations (phenomena). An application such as controlling the device
according to the analysis result, or improving a service to the device by analyzing a trend or
the like after accumulating the analysis result may be also considered.
The classification apparatus exemplified above, for example, may be realized by
executing a program representing a process of each functional module described above in a
general-purpose computer. Here, for example, the computer, as a hardware, includes a circuit
configuration in which a microprocessor such as a CPU, a memory (a first memory) such as a
random access memory (RAM) and a read only memory (ROM), a HDD controller for
controlling a HDD (a hard disk drive), several types of I/O (input and output) interfaces, and a
network interface or the like which performs a control for a network connection with a local
area network and the like are connected to each other via a bus. In addition, a disk drive for

reading and/or writing with respect to a portable disk recording medium such as a CD or a

DVD, a memory reader writer and the like for reading and/or writing with respect to a portable



a determnation unit that determ nes Wether the tinme variation signal of
the classification object conforns to any of one or nore phenonena, on the
basis of the simlarity calculated by the simlarity calculation unit. 2,
The el ;cation apparatus according to claim1, further conpri sing: a
characteristic nmenorizing unit that std2es periodicity characteristics

i ncluded in the two-di nensional Fourier transform of the spectrogram of the

time vambatélme s @Ddhe dRUAM BFlvaribus 8laalArds subh AL NRMENSRBAOMay 38 cntc@tdal at e
characteristics, with regard to each of one or nore phenonena; a
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speci fi @alic®Budhad the hatd 8RR Ckilve &% th@&e&irﬁﬁhgaﬁediﬁntshal _Q@fHeQdDQirttMe DVD, or
characteristics detected by the characteristic detection unit, from anong
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such as the CPU, and thereby a functional module group exemplified above is realized. In

addition, one or more among the functional modules configuring the classification apparatus
may be configured as a hardware circuit.

The foregoing description of the exemplary embodiments of the present invention has
been provided for the purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise forms disclosed. Obviously, many
modifications and variations will be apparent to practitioners skilled in the art. The
embodiments were chosen and described in order to best explain the principles of the
invention and its practical applications, thereby enabling others skilled in the art to understand
the invention for various embodiments and with the various modifications as are suited to the
particular use contemplated. It is intended that the scope of the invention be defined by the

following claims and their equivalents.



classification object confornms to the phenonenon corresponding to the
tenpl ate characteristics specified by the specification unit, wthout
calculating the simlarity by the simlarity calculation unit, in a case
where the tenplate characteristics simlar to the periodicity
characteristics detected by the charactiéristic detection unit is specified
by the specification unit. 3. The classification apparatus according to
claim 2, wyhar & OLAIMED ISt he characteristic detection unit that obtains
front the image of the two-di nensional Fourier transform obtained by the
t wo- di mensi onal Fourier transformcalculation unit, a pixel value
di stribution q? a zontal axis asshﬁg t hrough a center of the inmage and
I

hord
extracting whi é%@gﬁ‘:@tl%@é’a%‘&?% i val ue distribution so as to

obt ai n i nt er val gmpRiy\BRAet HemYRLihe uRR ithdt StRel ﬁ?ﬁﬁﬁgﬁt(ﬁ‘ a8 iRkh8snal Foulter
program causi ng a conmputer to execute a process, the process conprising:

st ori ng tepnsfonngd acbeeragram @f adined wiaﬂtiommnaledet@qt@mmneﬁlﬁnn@f a ghewenoogrsam

of ati variation signal tected in relation to a phenonenon, as a
Cenp! at & PR R R Ehegf BB oo bbb S Enomena.

generating the spReesdro@r gnealioh it thae gyeited thenspet@ahmodf de alnds Fhifidtivat i on
obj ect by processing the tinme variation signal of the classification object
obt ai nedignpl af §e0r11@é&1,cat¢<a1 ebieett bxhgracesinavhedime yaridina sigenl rafdhe classifieaion of

t he gen%%fe%gglggigg(gbgg%m_ calculating a simlarity between the

tenpl at e n-Image of the Obtained two-dinensional Fourier
transform fomn eachihenpinat & dumieg eranfor@s palediatign t tnieakbdt siloulews pthenow@non;
and determ ni ng \ﬁ[net,her t he tiPE vari ati ont he cl asls)i fication object |
conf or méimensional Fourier transform of the spectrogram generated by the spectrogram generation
unit;
a similarity calculation unit that calculates a similarity between the template image
and an image of the two-dimensional Fourier transform obtained by the two-dimensional
Fourier transform calculation unit, for each template image corresponding to each
phenomenon stored in the template image memorizing unit; and
a determination unit that determines whether the time variation signal of the

classification object conforms to any of one or more phenomena, on the basis of the similarity

calculated by the similarity calculation unit.

2. The classification apparatus according to claim 1, further comprising:

a characteristic memorizing unit that stores periodicity characteristics included in the
two-dimensional Fourier transform of the spectrogram of the time variation signal detected in
relation to the phenomenon, as a template characteristics, with regard to each of one or more
phenomena;

a characteristic detection unit that detects the periodicity characteristics from an
image of the two-dimensional Fourier transform obtained by the two-dimensional Fourier
transform calculation unit; and

a specification unit that specifies one similar to the periodicity characteristics detected
by the characteristic detection unit, from among the template characteristics stored in the
characteristic memorizing unit,

wherein the determination unit determines that the time variation signal of the



any of one or nore phenonena, on the basis of the calculated simlarity.
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classification object conforms to the phenomenon corresponding to the template
characteristics specified by the specification unit, without calculating the similarity by the
similarity calculation unit, in a case where the template characteristics similar to the
periodicity characteristics detected by the characteristic detection unit is specified by the

specification unit.

3. The classification apparatus according to claim 2, wherein

the characteristic detection unit that obtains from the image of the two-dimensional
Fourier transform obtained by the two-dimensional Fourier transform calculation unit, a pixel
value distribution on a horizontal axis passing through a center of the image and extracting
white points based on the pixel value distribution so as to obtain intervals between the white

points adjacent to each other.

4. A program causing a computer to execute a process, the process comprising:

storing an image of a two-dimensional Fourier transform of a spectrogram of a time
variation signal detected in relation to a phenomenon, as a template image, with regard to each
of one or more phenomena;

generating the spectrogram of the time variation signal of a classification object by
processing the time variation signal of the classification object obtained by a sensor;

calculating the two-dimensional Fourier transform of the generated spectrogram;

calculating a similarity between the template image and an image of the obtained
two-dimensional Fourier transform, for each template image corresponding to each stored
phenomenon; and

determining whether the time variation signal of the classification object conforms to

any of one or more phenomena, on the basis of the calculated similarity.



