T 0 MAY 2006 DESCRI PTI ON *166166* CHAOLOG C BRAI N FUNCTI ON DI A Iﬁ 06
APPARATUS TECHNI CAL FI ELD The present invention relates to an. ﬁf&g
for analyzing a .tine. series signal, such as. a voice, a pulse wave,

sw nging of gravity center, or nystagnmus (ocular novenent), emtted by a
person, and. thereby .making a diagnosis to deternine whet-her a di sease is
present in the brain of the person, and judge the Ss sjtuation and
the state of the disease. The ..pESTREPTIMENti on bel mh@ WW field of
t he nedi cal diagnosis technique . BACKGROUND ART I |ona
brain diagnosis, X-ray inmaging and brain wave neasurenerntsikave been ‘
conducted as inspections that can. be executed with relative ease. From

the. 1980.1s onCHAOLD&JCORRA INOIFWYNtAIONNOIAGIEIsd etbp ARRTORt I On in an
apparatus of a larger scale, using a positron em ssion tonography (PET)
apparatus. ~or, a single photon em ssion CT (SPECT) apparatus capable of
measuring and i magi ng, the dynamcs of a cerebral blood flow tracer

adm ni st eredENDCRARe Frmaipr  or the netabolismof glucose in the brain with a
gama 1 0 MAY 2006 camera or a dedicated scanner has al so spread,

The present 1nventlon relates to an. apparatus

for analy21ng a tlme,serles SLgnal, such as a voice, a
pulse wave, swingihg of ‘gravity cehter, or nystagmus
(ocular movement), emitted'lnr.a person, and. thereby
making a diagnosis to determine whether a disease is
presént -in the brain of the..person, and judge the
'-progress ‘situation and the state of the disease, The
.ﬁppesenteinvention belongs to the field of the medieel-

diagnosis technique.

BACKGROUND ART
In the conventlonal braln diagnosis, x—rey
" imaging ahd brain wavehmeasurement have been conducted
as inspections thatlcan_be executed with relative ease.
| From the 1980's on, a diegnosis for obtaining
detailed-informatien.in-an apparatus of a larger scele,
'uSing.a positron emission tomogtaphy (PET) apparatus
or a single photon emission .CT (SPECT) apperatus
capable of measﬁring and imaging.hhe dynamics of a
cerebral blood flew tracer administered in the brain.

or the metabolism of glucose in the brain with a gamma

LT
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al though the diagnosis needs a considerably large- .scale apparatyg. vay 2006
another method, there is also an optical topography apparatus for
|fraduat|ng the head with a weak infrared l.i ght under the present
conditions, and neasuring the reflection intensity to neasure and inage

t he activity state of the cerebral cortex |ocated inside_of the skull, and

t her eby neasure _the act|V| %’Sltﬁaalon I n the brain. E t he case ﬁhere an
easy net hot®M€EBh KT X- fay I§FEGRhG0r S5F2RMhay dafeasdt 8Rent®PT82%sed i n

the conventional brain diagnosis, it is_possible tq _ observe an |esion
such as ce?%BPSPQQﬁé%Qﬁl(ﬂi%ﬁn%ﬁlfud%?Edﬁr BbsePREidedahbis k1u¥e-of a

di sease, such_. as the Al zheiner's disease, the Parkinson's disease or the
new var i anBCBLEURAPPATREk ob di sease conmonly called bovine spongiform
encephal opat hy (mad cow ' di sease % In this case, however, it is not,
possible to obsée AARIRGE prBgFROLiy e theEEasd S n 34RO | AR | APt ifale
before subjective synptons occur. Wien, synptons have appeared, nedi cal
measures arBPIEFERRY | ARPLARE gPrethFEﬂéfLﬁ‘td-lnfqlEBPt hepdmMitdhsas. As

- for sone of the above-described di seases, nedical techniques for

prevent i ngWeRE pribgFesedallichy eRist. N ePFeseds cepdils ioasionapHat siich

a disease is found in a 2 1 0 MAY 2006 situation of such a degree as not to
interfere WpRFuring the reflection intensity to measure and

imege the activity state of the cerebral cortex
located inside of the skull, and thereby measure the
activity situation in the brain. |
| In the case where an easy method, such as X-ray
imaging or brain wave measurement, is used in the
conventional brain diagnosis, it is possible to
observe an lesion such as cerebral infarction or a
tumor, or observe a serious state of a disease, such
as the Alzheimer'’'s disease, the Parkinson's disease or
the new variant-.CfeutzfeldtQJakob disease commonlf
called bovine_ spongiform encephalopathy (mad cow
.disease). In this case, however; it is not possible
to observe such a progreesiQe disease in‘its initial
state before_subjective_symptoms occur. When symptoms
* have appeared, medical measures are already impossible
or extremely difficult in many cases. As for some of
- the above-described diseases; medical techniques for
preventing the-progress already exist. Nonetheless,

it is seldom that such a disease is found in a




the daily life. In the existing circunstances, therefore, eventually the
- patient nust continue to have a serious disturbance throughout thd 0 iMA%. 2006
| f thé PET, SPECT, optical topography apparatus, or the like is used, the
above-described di sease can be found before revel ation of the synptons of
which the patient is conscious. However, these apparatuses are extrenely

| ar ge- scal ed, and. expensi ve nd onseguent |y they cannot | ntroduced

[ ntg a nedF&&luaq:elxoalﬁi I??[ [ 8HC§UCEP'I gl?gfe&nﬁﬁet%oﬁeéocaf‘ngﬁé%em a¥t gleneral
i nspecti on, . Nowaga in.situatiops where brajn diseases such as the nad

cowpdi seasghﬁoseéjéﬁggl eﬁﬂ;’:f‘?t has Beeﬁ%er eUHHF L L9t n&AL RS ERRAEPng of a

di sease ocguyrrin in the brain.is extrenely inportant to the welfare of
manki nd. | Ieér“r’et?ﬁ’é‘?'r one&Fnﬁ"iagféﬁ’ni d{}@ aﬁ@éﬁn%pd&‘}%?usc?ﬁ’ﬁlfmﬁdi &§ t he
initial-stﬁte of the above- descri-bed di seases, which cannot be found by
using a sty hrétfotPYdcAlisuxbanrs FHyidigReub, bhe "dF& . neasurenent,
w t hout requiring a conplicated |arge- scal e apparatus such as the PET,
SPECT, or the op%%thet dFoyr aSpRYChppaPAirat stopAgEdphderABPaThAtUSrresent
i nvention has been achieved in order to solve the above-described

probl ems. B% dbpectlidie dfe piedenthevahevendesanihrdyidds ensappanat us

that 3 1 0 MAY 2006 eval uates and di agnoses the initial state and the
- be found before revelation of the symptoms of which

the patient is conscious. However, these apparatuses
are  extremely = large-scaled and  expensive, and
consequently they cannof be introduced into a medicél
‘examination such as a complete medical checkup as
géneral inspection. |

Nowadays, in situations- where. brain diseases
such as the mad cow disease pose problems, it has been
recognized that eafly finding of a disease ‘occurring
in the brain is extremely important to the Qelfare of
mankind. :.Implementation of a techniqué and anl
apparatus for finding the initial state of the above-
described diseases, which cannot be found by using a
simple method such as X-ray imaging or brain  wave
measurement, without requiring a complicated large-
scale apparatus such as the PET, SPECT, or the optical
topography apparatus is wanted keenly.

The pfesent invention has been achieved in order
to solve the above-described problems. An object of

the present invention is to provide an apparatus that



progress state of a brain disease relatively easily and w thout applying
unreasonabl e 1 oad on a human body. DI SCLOSURE OF THE | NVENTI ON Thé OpmMa 06
i nventlor s nade a study eagerly in order to achieve the object and achi eved
the followng inventions. In accordance. with a first aspect of the
invention, there is provided an apparatus for diagnosing a brain function

f bj | f

the  subj Z%{'a%%tg "anfulfaRddlE e AL R B RETREN Y

subj ect as_an electrl S| anal yzing the_e tric.signal,.the

appar at us PREAEA TR iafe%tf’ﬁg TR EE AR R YEEETHATS. L ERL g
| and t

e e SR R D e BRI o MfrerapRan1E e i, & s phaTue s uch

as Lyapunov exponents according to a chaos theoretical technique,
detecting changes in the chaos theoretical indexes wth passage of tineg,
and. coIIectlveIé eval uat | % and dlagn05|ng the brain function. In

‘accor danceP i RO URE: Hd etVVBHNTLR invention in addition to the

configuration according to the first aspect, the appar at us i ncl udes:
voice 4 1 0 MAY J00% BirGantpr d@éé%n%rﬂedr%iﬁ oR dfhdiyngeagenial cénsi gnal ,
which is input froma voice neasuring instrunment to

order to achieve the object and achieved the following

inoentions.

In accordance with a first aspect of the
invention, there is provided an apparatus for
diagnosing a bfaiﬁ function of a subject by giving a
load fo a functional site of a living organism of the
subject, receiving a reactioh emitted from the liVLng
organism of the subject' as an electric signal, and
analyzing the electric signal, the apparatus including
selecting at least two from among a voice signal, an
.antagmus signal, a pulee'wave signal and a gravity
center swinging .signal as - fhe electric signal,
caiculating chaos theoretical indexee such as Lyapunov
exponents according to a chaos theoretical technique,
detecting changes in ﬁhe chaos theoretical indexes
with_passage of time, and collectively evaluating and
diagnosing the brain function.

In accordance with a second aspect of the
invention, in addition to the configuration according

to the first aspect, the apparatus includes: voice




the chaos theoretical brain function diagnosis apparatus and converted to
a digital signal, into processing units, .renoving data other thang MAY 2006
speaki)ng voice data of a human being, and extracting voice data of a

si ngl e person, when the voice signal is voice data of a plurality of
persons; chaos theoretical index calculation neans for anal yzing speaking

vVoi ce.signa

N T T T T T R

chaos theoret,igal , index, and storing g result of .the c¢al cul ation of the
gﬁ a g

| 18ndtRPRY ahf8Faldia

chaos t heo

PdFeanBearYgidd s INFEFMRRRE &4 chaos

theoretical index change state detection nmeans for detecting a change
state. of 4R cIARCE hedtePESEiCRdex PBRidbnpfunatione cdiagnasiien
result of the chaos theoretical index with a chaos theoretical index of
the voi ce $SPRFHa®Est handanconyerddif atta & f iddrkitali neigbpdr phakicously
stored in the evaluation and di agnosis database. In accordance with a
third aspePFrosiessend fehtFon, TERCHdAG | dAtAo ohBexonthgor aspPeakdagor di ng
‘to the first aspect, the apparatus includes: nystagnmus signal processing
means for QAR rdgatheodyst dgman biegmd, awd cextrachimg freohva dpdtaagmus

measuring 5 1 0 MAY 2006 instrument to the chaos theoretical

brain function

di agnosi s &fpakateinghe cpeveerned vben dilyet atoigignalignal is voice

data of 'a plurality of persons; chaos theoretical

index calculation means for analyzing speaking voice

data- of the single person, which is extracted in the

voice signal processing means, by using

chaos

theoretical technique, calculating a chaos theoretical

index, and'storing a result of the calculation of the

chaos theoretical index in an evaluation and diagnosis

database; and chaos theoretical index change

'state

detection means for detecting a change state of the

chaos theoretical ihdex_by comparing. the calculation

result of the chaos theoretical index with a chaos

theoretical index of the voice signal of the same

person at a different time point previously stored in

the evaluation and diagnosis database.

In accordance with a third aspect

of the

invention, in addition to the configuration according

to the first aspect, the'apparatus includes: nystagmus

signal procesSing means for dividing the nystagmus

- signal, which is input from a nystagmus measuring



I'nto processing units, and renoving data other than nystagnus daﬁ&; &pgﬂg
t heoretical index calculation nmeans for anal yzi ng nystagnus data 'N ata
other) than the vibration data renmoved in the nystagmus signal processing
means, by using a chaos theoretical technique, cal culating a chaos
theoretical index, and storing a. result of the calculation of the chaos

t heoretical index. in an ezg{uation and. di aghosi s . dat abase; _and. ¢chaos

t heor et i catPFhIEREMHande® stthe Y2RE: i bReREskI S &tR i ngUACERRge
state of the chaos theoretical index b% conparing the calculation_ result
of the cha®32gRE§ct i2BPArAGSE A1t GOBNEEEEd Hedrdt Adgi ket gpatne
nystagnus signal of the same person at_a different tine point previously
stored in i1RRe REPEEEISINANYNditiynodns JEERRYNEE T | A3t oPERfe FPER a
fourth aspect of the jinvention, in addi'tion to the configuration according
to the firBYsiggams wdrtappHF22as i hBeogesicadl sdndexwe S Emalagiedessi ng
means for dividing the pulse wave signal, which is [ngut froma pul se wave
measur i ng MASNSUNERE t aNEAY Gigs nyorgnisal datai nwitiincdpéa dP&§essi s
apparatus and converted to a digital signal, into processing units, and
renovi ng thaa otther thibbrptlica walatalatwemoheds timeortdte caby$taghulAY 2006
I ndex cal cul ati on neans for analyzing pul se wave data w th data other than
the pul se sageadatproessedthd nmeans, by using a chaos theoretical

technique, calculating a chaos theoretical index, and

storing a result of the calculation of the chaos

theoretical index. in an evaluation and diagnosis

database; and chaos theoretical index change state

detection means for detecting a change state of the

chaos theoretical 'index by comparing the calculation

result of the chaos theoretical index with a chaos

theoretical index of the nystagmus signal of the same

‘person at a different time point previously stored . in

the evaluation and diagnosis database.

In accordance with a fourth aspect of the

invention, in addition to the configuration according

to the first aspect, the apparatus includes: pulse

wave signal proCessing'means for dividing the pulse

wave signal, which is input from a pulse wave

measuring instrument to the chaos theoretical brain

function diagnosis apparatus and converted to a

digital signal, into processing units, and removing

data other than pulse wave data; chaos theoretical



the pul se wave signal processing neans, by using a chaos theoretif@ﬂ AY 2006
techni que, calculating a chaos theoretical index, and storing a.result o
the dalculation of the chaos theoretical index in an evaluation and

di agnosi s dat abase; and chaos theoretical index change state detection
means for detecting a change state of the chaos theoretical index by
conpari ng t result of the chao theoretjcal index with a

hs calchat;%gf i _
chaos t heorBEEaIC3hgBt adiion fiepRss & MavRnalyfdnpiPRhESs AV Pefd5R at a
different tine point previously stored inthe eval uati onandd
i agno with'daba orkex ¢Han, fr DG R YR & AT Bh IR HA { FRMASIRAt 18F t he
i nvention, in addition to the configuration according to the first aspect,
the apparatfi€ iPRESFeWaygrad tgnadenP EPCSA HYNAg meyREr RHcESimg Reans
for dividin the gravity center sw nging signal, which is input froma
sWrmingr@§§R?n§ QLA FeRE } ot BN R ASTE s t Febl ebilat iBdi & CUheeson
di agnosi s a%faratus.and ~converted to a digital signal, into processing
units, an8hreeBAthgcoat aitdex (handr st ey ioeat & sRisglhg o dattah echaos
theoretical index calculation neans for analyzing gravity center sw nging
data with gatleceiiagyiomhamft Hehgr s\iagscarhep roak hgialy datdexennvedni n t he
7 1 0 MAY 2006 gravity center swi nging signal processing neans, Yy
evaluation and diagnosis database; and chaos
theoretical index change state detection means for
detecting a change state of the chaos theoretical
index by comparing the calculation result of the chaos
theoretical index with a chaos theoretical index of
_the'pulse wave signal of the same person at a
different time point_previously stored in the
evaluation and diagnosis database.
In accordance with a fifth aspect of the
invention, in addition to the configuration according
to the first aspect, the apparatus includes: gravity
center swinging signal processing means for dividing
" the gravity center swinging signal, which is input
from a swinging measuring instrument to the <chaos
theoretical brain function diagnoéis apparatus and
converted to a digital signal, into processing units,
and removing data other than gravity center swinging
data; chaos theoretical index calculation means for

analyzing gravity center swinging data with data other

than the gravity center swinging data removed in the



using a chaos theoretical technique, calculating a chaos theoreti1<:(p1IMA~,,2006
i ndex, and storing a result of the calculation of the chaos theoretical
index)in an evaluation and di agnosi s database; and chaos theoreti cal

i ndex change state detection neans for detecting a change state of the
chaos theoretical index by conparing the calculation result of the chaos
.theoretical index with a chaos theoretjcal _index of the gravity center.

swi ngi ng sPGAYLLY FRE S SHIHMDBINT ats k0RR ) f REPESEFABIpoRARNSrevbYuS| y
stored in the evaluation and diagnosi s database. According to the first to
fifth aspeBfdNg EheChaRfentitppTehéchilyi hgchngaam Sahaitatineh as the
speaking voice, pulse wave, gravity center sw nging and nystagnus,
converted £Bagsgithroygsgitd ol BHRE it AnEheé tehabRg t Reof@3REll afechhieque are
anal yzed and_the chaos theoretical indexes are calculated. Thereby, the
activity sFateudtipnprafn thesewaprd roehenseticale dindée chaosan
theoretical indexes. Therefore, exam nation data concerning the health
state of tA¥almediirran Badobt albegnosdm bodlatilases t handan dkaosasi |y
sanpl ed. Therefore, the present invention can. be used in a prelimnary
di agnosi s phecaditiigcpt ecirilen ehangeat st tenhidatewelisna meage- stake
device and a conplicated diagnosis technique, and a nmedical 8 10 MAY 2006
exam nat i ofetect imdli cal @iher@ap stateheolfi kéhe chaos theoretical
index by comparing the calculation result of the chaos
 theoretical index with a chaos theoretical index of
the gravity center swinging signal of the same person
at a different time pdint previously stored in the
evaluation and diagnosis database.

"According to the first to fifth aspects of the
invention, the living organism signals, sudh as the
speaking voice, pulse wave, gravity center swinging
and nystagmus, converted to digital data according to
the chaos theoretical technique -are analyzed and the
chaos theoretical indexes are calculated. Thereby,
the activity state of the brain is sensed from the
state of the chaos theoretical indexes. Therefore,
examination data concerning the health state of the
brain can be obtained from body signals that can be
easily sampled. Therefore, the present invention can
be used in a preliminary diagnosis preceding precision

examination, which needs a large-scale device and a

complicated diagnosis technique, and a medical



Furthernore, in accordance with the first aspect of the invention] 0aWAY 2006
| east, two signals can be selected fromanong the |iving organi smsignals
Qorreéponding to the second to . fifth. aspects, and the brain function
can be eval uated and di agnosed with a precision higher than that of the
conventional technique, by using: collectively chaos theoretical indexes of
them In accordance with a sixth aspect of the invention, in addition to

the confi RSP IBATICT0AR Ry MedLaRA} GREeCHuR X rERetlikesifth aspects, the
chaos theoretical brain function diagnosis apparatus 'includes a | oad
generation secti SNEHMRECENQERIorLD AREPEAANCIR Yl HBReLdtisdn aeREFEN
i ncludes at | east ,.one of an inmage di splay device_ for inposing a visual
| oad on t REstBEedmventieikedt oke2fbosiey skgnaldi £8ny hefE becthd
subj ect, -apd a sporting_ good, having a function of _swi nging the(g(avity
center, antFOPh@MRGor ect i¥ANhTTIRE 18N | Bhgnalfo FRASASDRPIINg
instrunments of a microphone, a voice neasuring _instrunent, an nystagnus
i nstrumenttoakbgy sagprd tReddfithgasRectsmemnd athel baaidy £ seatden a
~ pul se wave measuring instrunent, a gravity center swinging instrunent,
and a swi rgdAgbre®&Malwatpdsandhehiagpeseddivigth oat pireclisiadiigbart o t he
effects according to any one of the first to sixth aspects, an 9 1 0 MAY
2006 eval uabhren théta dfadrivei sufvend ipahd fuechimigaes by using -
collectivély chaos theoretical indexes of them.
In accordance with a sixth aspect of the
invention, in. addition to the configuration acdording'
to any one of-the first to fifth aspects, the chaos
theoretical brain function diagnosis apparatus
includes a 1load generation section and a sensor
section, the load generation section includes at least
one of an image display device for imposing a visual
load on the subject, a speaker for imposing ah
audifory load on the subject, and a sporting good
having a function of swinging the gravity center, and
the sensor section includes at least two measuring
instruments of a microphone, a voice measuring
instrument, an nystagmus instrument, an nystagmus
measuring instrument, a _pulse wave sensor, a pulse
wave measuring instrument, a gravity center swinging
instrument, and a swinging measuring instrument.

According to this, in addition to the effects

according to any one of the first to sixth aspects, an



conducted by conparing data in a brain function evaluation and dj agnosis
dat abase, which stores data for conducting an eval uation and a 3W%%2®6
of thg brain function, with calculation results of the chaos theoretical

i ndexes. As a result, an evaluation anda diagnosis w th high precision
based on basic data for evaluation and diagnosis can be perforned.
accordance W th an ei ghth aspect of the invention, in addition to. the
cmﬁlgurat?Hﬁ%ﬂ%%%@ﬂn@ndoaa@}ﬂﬁﬂp%#stm@fth%tbﬂé%mvéhnﬁﬁxqmcasethe
chaos theoretical brain function. diagnosis apparatus includes neasuring
|nﬂrumﬂnCﬁﬁ@u&ﬁﬁdmbmegﬁﬂpamlngmdmtmr@naaob¢$iaufgnmr3®mjby
the | oad generation section, and at |east one of display contents

di spl ayed QN&%uahﬁga(ﬁm¢ldia§nd$b$ datrab asent entisclyeatpatesd dythhe
speaker, and notion contents generated in the sporting good is adjusted on
the basisfofr atohdastt bmg @fn cevhiaxnttbhenr andad dideynosdkue HftEpeaki ng
voi ce data, a chaos theoretical index value of nystagnus data, a chaos

t heor et i cabraiindefuratdernf pithecsdliat fonandsulbeos s tdmworehbsal i ndex
value of gravity center swinging data, which are found by the chaos.

~ theor et i cakhierdext i cal c ihald:0as Means . aHEéeuMﬁlt£ﬁ ebags tient eahgak
analysis, it is 10 1 0O MAY 2006

dlagnQSlS with h;gh precms1on based on basic data for
evaluation_and diagnosis can be performed.

In accordance with . an eighth aspect of the

invention, in addition to. the configurétioh_according

- to any'bne of the'first to seventh aspects, the éhaos
theoretical brain function  diagnosis apparatus

- includes measuring instrument load control means for
controlling a load state generated by the 1load
generation section, and at ieast oné of"dispiay

contents displayed on an image display device, sound

conténts generated‘by the speaker, and motion contents
generated in the sporting good is adjusted on the

basis of at léast one of a chaos theoretical index

value of speaking Qoice data, a chaos theoretical
index value of nystagmus data, a chaos theoretical .

index value of pulse wave data, and a chaos
theoretical index value of gravity center swihging
data,.which are found by the chaos theoretical index

calculation means.

Here, in the chaos theoretical analysis, it is

10 .



sufficient if a signal such as the speaking voice can be sanpled as.

one-di mensional tine series data. Also in the case where a plural ity MHf 2006
data Qbtai ned by sinultaneously sanpling the same subject are used, it is
possible in principle to process the data individually, finally conbine
respective evaluation results, and obtain an evaluation result as a whole.
I n the apparatys according to,the_present inyention, g variafion of a
iving or QARELHCSSRE] LEgahet PBA by Y TbodFnd e | TRAEEA N SHEFeERT 5 al so
grasped as_an expression of a chaotic, behavior of the |iving organisnl and
processed B§ SANRL eHeadhRRE-HAEENE1eRR Lt G (BB 18F A3B3ul tAlgOoDre
synthetic _brain function diagnosis wth a higher. sensitivity is

i npl enent ed? ARBr FidFet FRRBE SeiYhPH WEspedit Of Ofhsld hreth BALN®Rebdhaos
theoretical brain function diagngsis -apparatus includes nmeasuring

i nst r ument SE8Ad-tRePEE L esdBPLdnd dit? oF Py Sh daEtstdie weRdratdd by
the |oad generation section, and at |east one of display contents

di spl ayed & aposade disspliay pevios ipduad t eomt eoise genetdted dytihe
speaker, and nmotion contents .generated in. the sporting good is adjusted
on the bagnsliofiduallege: drnsmally cmusinkcarespealtindervalalakion
speaki ng voi ce data, a chaos theoretical index value of nystagnus data, a
chaos t heoretidais 11ahd) dMP¥aiddDEn evaluation result as a whole.

In the apparatus according to +the present
invention, a variation of a ‘living organism signal
generated by imposing a load on the subject is also
grasped as an expression of a chaotic behavior of the
living organism, and processed by using the chaos
theoretical technique. As a result, a more synthetic
brain function diagnosis with a higher sensitivity is
implemented.

According to the eighth aspect of the invention,

- the ' chaos theorétical brain function. diagnosis
apparatus includes measuring instrument load control
means for controlling-a load state generated by the
load generation section, and at least one of display
contents displayed on an image display device, sound
contents generated by the speaker, and motion contents
.generated in the sporting good is adjusted on the
basis of at least one of a chaos theoretical ‘index
value of speaking voice data, a chaos theoretical

index value of nystagmus data, a chaos theoretical

11



i'ndex value of pul se wave data, and a chaos theoretical index vaIuE @%,st
gravity center swinging data, which are found by the chaos theoretbd

i ndex) cal cul ati on neans. By inposing a controlled load on .the brain as a
bi as, therefore, accurate nmeasurement can be perfornmed even for a slight
brai n di sease. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a graph show ng.

h f . brai bility | s i _the qbject finiti

and 3 body BBR of PRLBRuLrt Far b eh S Sccolihing 18 an EnboaiRERt of
t he presen# i nvention. Fl 2 is'f hardware_configuration diagram
accor di ng Bef’ﬁ&r%éﬂ?g]m TR X FI B 1YS) sOF 1 BRAVAEY bICSERF agﬁ'"g}ﬁ‘g%ﬂn ng a

' r esent

~brain function diagposis programjn. an apparatus ccording to the
i nvention A&ty YRESPIAF T ntoR rBYdF§EPd%9?8§.i Lts hﬁéﬁgding to

the enbodi ment. BEST MODE FOR CARRY] NG OJT THE | NVENTI.QN Her.eaffer, the
present i nGEﬁFi“d'r?%ﬂr‘?rP B&anfescr PHed BROF FBIp i §O8 raﬂg'q:%o& t°N FIG 1
is a graph show ng, changes of brain ability levels in the. object ' '
defini ti ontBRocRiEdiNadsh a100iaHd FNSFRLBRL r ACHUBRYLRNMeATAL20eNHi t h age
12 1 0 MAY 2006 according to an enbodi nent of the present invention. The
present i n¢ant es perfoeedi geeBdfpKaf isdight brain disease.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. is a graph showing. dhangés of brain
ability-lévels in the object definition eloéuent area
‘and a body control eloquent area with age according to
an embodiment of the present invention.

FIG. 2 1is a hardware . configuration diagram
according to the eﬁbodiment. |

FIG. 3 1is a function block diagram showing a
brain function diagnosis program in an apparatus
_acéqrding to the present invention mainly recorded in
a hard disk device in a computer according to the

embodiment.

_BEST MODE. FOR CARRYING OUT THE INVENTION
| .Hereafter, the present invention will be
described on the basis of.an embodiment.
.FIG. 1 is a graph showing changes of brain
:ability levelé in the object definition elbquent area

100 and a body control eloquent area 101 with age

12



order for a human being to take significant action it 1is necessary to
describe contents of the action by wusing |anguage of the human 'pgipg: 2006
Thereflore, the present inventors have decided to grasp the .brain
function as a conbination of a function of describing an object of a.

noti on of a body inclusive of speaking and a function of controlling

speaki ng or the .hody .. notion accqrding to_.th descri%e opj ect . .By the way,
the funct (ASCAEEIAD: TG oo SREpdanert (RS B3 TEPPARY RSN
speaking in the agove described brain function includes a funﬁtLon.of
managi ng st or age 0Rat PRGN ond BYELE Q& t LTy GOH5 14REERi bFRATt M obj ect .
ohject - inforpatign in which certain one object , caorresponds tqQ contents
descri bed ®59ehe LUt PORAS PeRRYr t0 P EReSdoRddiiAnEhachigm 1t
(hereafter referred to as "object definition function." In the case where
a site forlsnplesrssary thPs demEribe iGORERALSEd af Phgsiaarieni shence,
this function is referred to as object definition el oquent area 100.) is
sent to a usingtibanghagent pél | thg ahwhanalbeyngf. noflhereforqui rthe
i mpl enenting the described contents (hereafter referred to as "body
control fupcesent" hLnvendarse lwheee degitledf otoi ngirersgnt itte t thsail®3 10 MA
2006 function is handl ed as physical existence, this _

function as a combination of a function of describing

an object of a motion of a body inclusive of speaking

and a function of contrdlling speaking or the body

'motion according to the described object.

By the way, the function of describing the
.object'of the body motion inclusive of speaking in the
above described brain function includes a function of.
managing storage that functions as a dictionary for
_describing the object.

Object information in which certain one object
corresponds to contents described by the function of
describing the object of the brain (hereafter referred
to as "object definition function." In the case where
a site for implementing this function is handled as
physical existence, this function is referred to as
object definition eloquent area 100.) ie sent to a
function = of cdntrolling a plurality of motions
required implementing the described contents

(hereafter'referred to as "body control function."

In the case where a site for implementing this

13



function is referred to as body control eloquent area 101.), as a signal
|nclud|ng the object information. 1In the function of controlling MAY 2006

i ndi vijdual notions, a signal for controlling a nuscle to be controlled is
generated fromthe object information, and sent to a body organ to be
controll ed. Receptor organs formng five sensory organs feed back

|nfornat|oPu£8E g%nerféln%aggi g;s gg tp@%fghﬁgﬁornﬁ%%gkgh%% eIQ@Hent ar ea

100 by seerlng oF hearThg an Ject Subj on achlrﬁ b
receptor h ears re d n,the o Ject
defi IEI)I ti onEgﬁgagg‘ﬁ‘t J?eﬁg%%%rel% ﬂeaﬁr at?ogybgf)ﬁ&[ h«To%?ggtue % AFtRon f
el oquent a 00 and_t he, bod cont el oguent area . 1Q1 tain, energy for
mei nt ai ni n{ﬁ?n A S R AR PR Pugbsee Ré‘foar%m faste.
matters nerat ed by the net bollsE% E r.ease, %H its
functlonl Belthe SHEGE QP a@ gelifg nin BV& q%s@? a
recovering fromthe |owered function |evel rest of the braln S
necessary. SiE0gke FRFaRARELOdAING nat MIECke e tnBReCOMEFRG LS sifest

activity at a high function level in the brain becones possible again. 14
1.0 MAY 2096n¢ﬁét@£|frﬁmt Heh ¢ uRBIiESTE | BEPTHRLIRA pr gl aFEBL to a |

body organ to be controlled.

Receptor organs forming five sensory organs feed
back information for generating objects to the object
definition eloquent area 100 by seeing or hearing an
object subject. |

Information acquifed by a feceptor organ such.as
eyes or ears 1is stored and managed .in the object
definition eloquent area 100,

In the brain, both 'the object definition
elogquent area 100 and the body control eloqguent area
l101 obtéin energy for maintainiﬁg ‘the functions by
metabolizing. glucose. If metabolic waste matters
generated by the metabqlism increase, the brain lowers
its function level in order to avoid damage .in the
brain itself. |

For recovering from the lowered function level,
rest of the brain is necessary. If the metabolic
waste matters are removed during this rest, act1v1ty
at a high function level in the brain becomes pOSSlble

again.

14



occurs in the case where the capacity of the brain itself is decreased by
physi cal or chem cal damage. The fall in the function Ieygl of the) tmami 2006
al so Joccurs in the case where a disturbance has occurred in interna
secretion such as hornone required nmaintain the brain function. In the
case where the fall in the function |level of the brain is caused by

physi cal or chemical damage_ or the |like, recovery of the functionllevel S
consi dered to be Mrn%¥ei%ﬁé§mﬂﬂeibs shncddan levelhe fcades vibeaént ag sl |
in the function level of the brain is caused by disturbance in endocrine,
it is possibl @&D Fecaver thRe ®28LN Wherei orhé evelpayityl iod Naie\gbet in
conpensating the disturbance in endocrine with nmedical treatment, unless
the brain is ekt ed st odpRySacEd obychphysdlcadamage. chiemgvern, dhmage.
considered that the brain does not have a structure in which el oquent
areas taking @& g&adil r ddpedtieve funezttions beeeleparat€He dBEhANt ehY.sPuUt
the el oquent areas are highly redundant and conplenentary. In the case
‘where, even iPCOSWEH chh bheckemicatherenge dis natisglcet AR 0®MICrrby ip
slight, or in the case where, even if the physical range of damage extends
over the whol eibtgimnalk hesecalattior waiygdh fals O B6ra@@RRCI t_)_te[ﬁtilrcgcpf the
brain 15 1 0 MAY 2006 is small, it is not seldomthat the disturbance is
not maintain the brain function.

In the case where the fall in the function lével
ofithe brain is caused by physical or chemical'damage
or the .like, recovery of -the function level is
coﬂsidered to be almbst impossible as of today. In
the case where the fall.in the function level of the
‘brain is caused by disturbance in endocrine, it is
possible to recover the brain function level by
eliminating or compensating the disturbance _in'
endocrine with médical treatment, unless the brain is
subjected to physical dr chemical damage. |
~ However, it is considered that the brain does
not have a structure in which eloquent areas taking
charge 6f réépeétive functions afe separated
definitely, but the’ elogquent areas are highly
redundant and complementary. In the case where, even
if physical or chemical damage is caused, the damage
is slight, or in the case where, even if the physical
range of damage extends over the whole bréin, the

relative weight ratio or capacity ratio of the brain
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actualized in the daily. life because there is singularly |arge {ngﬁdgﬁﬁy
in the brain as conpared wth other body organs. If sone disease cur n
"such 3 brain and the disease. occurs in a part of the brain, a synptom
corresponding to the site appears as the di sease progresses. For exanple,
for dopam ne secretion disturbance such as the Parkinson's di sease, the
activity is lowered in the whole brain b% deficiency of dopanine. In '
si tuati onsisneralidne dthole PPA S9ldapi FRat fhen dbhbrRRRNGSotiE AL in the
Al zhei mer' s di sease or the mad cow di sease, disturbances occur because the
activity odctnali®@de biBi n tRe| oferidd by Life prbgragse i nthg&essamdSway, or
a discrepancy occurs in information exchange between. functional sites. No
matter whe® hBEULRE Ui al Ardiesce@@undansyal 1pr thgenbrain ads e @QRLEAl | of
the activity in the brain or a significant miscarriage in cooperation
bet ween fwhthi ohlilersinosly iargams brai n appears as function disturbance in
both m nd and body. In situations where function disturbance appearing in
m nd or body is Bdenscewmascdimsasé, oocwiseinedunh apothaipergoh thet he
daily life, the disease has already progressed in such a state that it 16 1
0 MAY 2006dtasasie becconpensiat ed byparte ol i &lhd | byraire, brai reymgton
‘corresponding to the site appears as the disease
progresses. For example, for dopamine secretion
disturbance such as the Parkinson's disease, the
activity is lowered in the whole brain by deficieﬁcy
of dopamine.
In situations where the whole brain is soiled
with abnormal protein as in the Alzheimer’s disease or
the mad cow disease, disturbances occur because the
activity of the whole brain is lowered by its progress-:
in the same way, or a discrepancy occurs in
finformation exchange between functional sites.
No matter whether the brain disease is local or
geﬁeral, an extreme fall of the activity in the brain
or a significant'ndﬁcarriage in cooperation between
functional sites in the brain appears as function
disturbance in both mind and body.
In situations where function disturbance
appearing in mind or body is been conscious of, or

observed by another person in the daily 1life, the

disease has already progressed in such a state that it
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I'n brain disturbances, it. is. in npst cases extrenely exceptionjl h@x
re-acquire the function once lost. Therefore, recovery fromthe & Ii@g%
di sturlbance is not achieved throughout the Iife. Therefore, it brings
about a marked advance in the nedical field to establish. a brain function
di agnosi s techni que having sensitivity capable of observing and detecting
the initial symptqmin the progress state . before self-cqonsciousness. In
the prior Fﬁ@éﬁﬁ:ﬁ?(ggﬁﬁﬁ€§€q@ﬂeﬁﬂ BPEI redihani bubyi && drabn has.

2001- 116408 and Japanese Patent Application Publication No. 2001-280105),

t he preseﬁpihﬁ%ﬁgoﬁéﬁﬁﬂﬁP?BﬁeFmﬂl?héﬂw%ﬁnmPﬁ&n?éﬁeéfe%ﬁ%@@&kyr can
be neasured by anal yzi ng a spoken voice. |In additiaon, however, the present
i nvent ors REFEH 1t hhP afesdCApidiagridhes EAngtEod n RSeaskostch as
the Al zheiper's disease,. the Parkinson's disease or the nmad cow disease
can be easFP¢ISHAESenE BHOFFLYNIFERM nEhet Rt zed ddefyizhrnaadis

anal yzing other |iving organismsignals as hereafter described. FIGS . 2
to 3 shom/BPGCQQN%ﬁﬂ%ﬂﬁﬁQﬁo%ﬂhoéﬁbghﬁnéﬁﬁGaccording to the present
invention. FIG 2 is. a block diagramshow ng a configuration exanple in
the case where a THABRLOrReorkt | PAILNGE AbPURCtR omadikafhosidy aqppair Atus 17 1

0 MAY 2006 ) . _
the medical field +to establish a brain function

diagnosis technique having senéitivity capable of
observing andl detecting the initial ‘symptom in the
progress state before self-consciousness.
| In the prior invention (Japanese Patent
Application Publication No; 2001~116408 and Japanese
Patent Application Publication No. 2001-280105), the
pfesent_inventors describe that the brain function of
a speaker can be measured by analyzing a spoken vdice,
In addition, however, the present inventors have found
thaﬁ én'early-diagnoéis of a brain disease such as the
Alzheimer'’s diseése,_ the Parkinson's disease or the
mad cow disease can be easily implemented by improving
the analysis technique and analyzing other living
organism signals as'heréafter'describéd.
.FIGSK 2 to 3 show block diagrams of an
embodiment acéording to the present invention.
FIG. 2 is° a block diagram showing a
configuration example in the ‘case where a qhaos

theoretical brain function diagnosis apparatus
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“dccording to the present invention (hereafter referred to as "agg?mﬂ§Uﬁm6
according to the present invention") is inplenented by using a conputer
In FIG 2, reference nuneral 1 denotes a conputer. The conputer 1 includes
a hard di sk device 4 on which a diagnosis program (hereafter referred to
as "brain function diagnosis program') PG for detecting and quantifying a
fall. in functiqn level of the object definition eloquent area 100 and the
body cont?%?oﬁa&ﬁﬁﬂﬂanEE Péfﬁ%ﬂ?eb%YﬁEH;OR drhrrenfEsde reffenyrd brai n
function dj agnosis program PG is stored on the hard disk device 4, and in
~addition tHR R& d'2RPIk2GEF RCACTHAERAIEL ahhey RLRAeRE ARYedtagoy) s
dat abase 46 described later (see FIG 3). As a nedium for recording the
program alfctBPdeRgnkad B sikingsa @ompukebl.e di sk, a CD-ROMor MO, which
can be used by various conputers, and its drive device may be used. A
chaos anal ysis pAdyr &R Es ihel wedf e neproogr ammeadad of tdhenbrtaes fanction
di agnosi s program PG This chaos analysis programis a program for
cal cul ati ngospadent hedlrei campuideret hypcdandiest anhard chhsk ardlYG&S on.
digital data. of a voice signal 40, an nystagnmus signal 50 representing an

eyebal | notion, whaidh ngedtiiagmms 58 paversingnghebQadittb® B Bvirids L erd er
sw ngi ng signal 70 indicating the novenent of the gravity center, which
are read bysthebhreain foncidodids BDawoddd® program") PG for
detecting and quantifying a fall in function level of
the dbject definition eloquent area 100 and the body
control eloquent area 101 is recorded. A program code
of the brain function diagnbsis program PG is stored
on the.hard disk device 4, and in.addition the hard:
disk device 4 includes an evaluation and diagnosis
database 46 described later (see FIG. 3). As a medium
for recording the program, a reco:ding medium such as
a flexible diék, a CD-ROM or Mo; which can belused by
.various comﬁﬁtérsi ahd its drive device may be used.
A.éhaos analysis program is included in érogram
codes. of the brain function diagnosis program PG.
This = chaos analysis program - is a program for
calculéting chaos theoretical indexes by conductihg a
chaos analysis on digital data of a voice signal 40,
an nystagmus-signal 50 representing an eyeball motion,
a fingertip pulse wave signal 60 and a gravity center

swinging signal 70 indicating the movement of the

gravity center, which are read by the brain function
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di agnosi s program PG Furthernore, a mcrophone 21 for inputting a voice
of a subject.20, a voice neasuring instrunent 31 for setting and &Ha¥gilffy
a sanpling period and a dynanic range (bit |ength) in sound vol une |evel
adj ustment and digital conversion to take this voice in the conputer 1, an
nystagnmus instrunment 22 for electrically detecting the vibration and
notion of gn_ _eyebhall of the bj ect 20, an nystagnus neasuring instrunent
32 for tak?ﬁagpéﬁ§5n§§?ﬁﬁﬁﬂg é#gnal in the conputer 1, a fingertip pul se
wave sensor 23 faqr. asuring the pulse wave at_the fingertip of the
b Vrﬁ Surf“‘ng{131 uEF,

subj ect 20, a pul‘st wWaVE"REE gMHEORRRR B Ot akt MR RIS DuPse vave
el ng t NeOLHR G 205 HIE S 21 nef KEPLES, MEA LBy BmIds o Ren rositon | oad
on the subject, and neasuring the npvenent of the gravity center, and a
swi ngi ng meQ&ur FRE L ANt rARRNtCRANIIATt aRi n§ B IHAViRGT 28Rt eANSW Agi ng
si.gnal in the conputer 1 are connected to the conputer 1. These neasuring
i nst r unent §YBeMdched ande cdhidct deéngthhe subj seungd. volkumeedleyelake
signals measured fromthe subject 20 in the conputer 1 in real tine.
Furt her nor ad jusdmampuead 1digitadescanvededond to take this voice
in the computer 1, .an nystagmus instrument 22 for
electrically detecting the vibration and motion of an
eyeball of the subject 20, an nystagmus measuring
instrument 32 for taking this antagmus signal in the
computer 1, a fingertip pulsé wave sensor 23 fér
measuring the pulse wave at the fingertip of the
subject 20, a pulse wave measuring instrument 33 for
taking_this pulse wave signal into the computer 1, a
gravity center swinging instrument 24 for making the
subject 20 walk on a walker 25, thereb& imposing a
motion load on the_subject;.and measuring the movement'.
of the gravity center, and a swinging measuring
instrument 34 for takihg the gravity center swinging
signal in the éomputer 1l are connected to the computér
1.

These measuring instruments attached and
connected to the subject 20 are used to také signals

measured from the subject 20 in the computer 1 in real

time.

Furthermore, the computer 1 includes a video
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1 0 MAY 2006 output device 5. A display device 9 for displaying control

order contents and measurement results in operation of the presqq}MAY

i.nventli on apparatus is connected to the video output device 5. . 2006

Furthernore, the conputer 1 includes an I/0O control device B. A Kkeyboard

10 and a nouse 11 respectively functioning as keying input neans and a

poi nting. devic gie connected _ t 'thi |/ O,control Vi ce Furt her nor e,
a5 &Sy |

d B

an i mage d?%pP L8€26° for A | ApESIAY ViEUEFS oAd t AdSadFERI 20 i s
connected to  a visual_ |oad generation. device 35 as a "l|load _generation
section. . "CORLEQL spEsl@F GORBENLSpodNFy MeARNEYRGNEoadesM it siject 20
is connected to an auditory load generation device 36.- The wal ker 25 of
" belt convedRPrafaen ncPlidi 1d1@ ol PER§eNE cobmeentdono RPRBLASHS| oalls
generation device 37. In addition, the visual |oad generation device 35,
t he audit of9nPBEFedych@r &hiconV HdeP cO WP Whdderacaotd on FBEGhgEMQZR i on
device 37 are connected to a data input-output interface 2 to control them
by the conpeercompwierhel daglusies hanwal ker contrp hedeyding i 8al ok seni -
cylindrical sporting good for balance the vibration state of which can be
control | edk@ybertrer il andt romoussy bk nespecA iRANIYE. fundtioRAMT s e
incorporated in the conputer 1 around a CPU 3 as storage neans for 20

keying input means and a pointing device are connected

to the I/0 control device 8.

Furthermore, an - image display device 26 for

imposing visual load on the subject 20 is connected to

a visual load generation device 35 as a "load

generation section." An ear speaker 27 for imposing

auditory load on the subject 20 is connected to an

auditory load generation device 36. The walker 25 of

belt convéyor type including rollers is connected to a

motion-load generation device 37. In addition, the

visual load generation device 35, the auditory load

generation device 36 and the motion load generation

device 37 are connected to a data ~ input-output

interface 2 to control them by the.computer 1. By the

way, as the walker 25, a hemispherical or semi-

c¢ylindrical sporting good for balance the vibra-tion

state of which can be controlled by external control

may be used.

A RAM 6 and a ROM 7 are incorporéted in the

computer 1 around a CPU 3 as storage means for
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1 0 MAY 2006 devel oping respective program codes and inplenmenting, 2006
functions. The data input-output interface 2 is also incorporatedin th
conputjer 1 to conduct interface processing, such as conversion to digital
data, which can be processed by the conputer 1, in the case where signals
measured by the voice nmeasuring instrument 31, the nystagnus neasuring
instrument 32, the pulse wave neasuring instrunment 33 and the sw ngi ng
measur i ngdevieskaRRat BASReEt 1X%al BEOgTEGHal SOAPA tRRAcABPHAEFR pr esent
invention apparatus is inplenented by such a conputer 1, the inage
di spl ay déungtenst he Theg dptakempyt-enEpufalitdrepfacene viguaL§Qad
generation device 35 the auditory |oad generation device 36 and the
nmot i on | odchcaperatiedn devithe 3zdmpwtar "l oke gepBddctoniBéerif@fe in the
present ‘enbodi ment. The m crophone 21, the nystagnus instrunent 22, the
fingerti ppndcessdang, sanshrad3,cameeysaent \cxetigitadi rdphy, i wrikaient 24,
the voice neasuring instrunent 31, the nystagnmus neasuring instrunment 32,
t he pul se csayebeepIdd ews ed Nblyr wreat c3fpartert he, simndibrg ceasumhare
instrument 34 forma "sensor section.” The CPU 3 conducts chaos analysis
on di gi t alg ipi @] Obmalarad-y biethat ard iwelt measuping nires € aAamedt 181,
accordance wth the chaos analysis program PG stored in the hard disk
devi ce 4. pnufykkeigss emeBaes it ol bk eamantdex2 cakeid apudse2ivave
measuring instrument 33 and the swinging measuring
instrument 34 are analog signals.

In the case where the present invention
apparatus is implemented by such a computer 1, the.
image display device 26, the ear speaker 27, the
walker 25, the visual load generation device 35, the
auditory load generation device 36 and the motion load
generation device 37 form a_ﬁload generation section"
in the present embodimenﬁ; The microphone 21, the
nystagmus instrument 22, the fingertip pulse wave
sensor 23, the gravity center swinging instrument 24,
the voice measuring instrument 31, the nystagmus
measuring instrument 32, the pulse wave measuring
instrument 33 and the swinging measuring instrument 34
form a "sensor section." The CPU 3 conducts chaos
analysis on digital data obtained by the data input-~
output interface 2 in accordance with the chaos

analysis program PG stored in the hard disk device 4.

Thus there are chaos theoretical index calculation
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1 0 MAY 2006 neans 44.for cal cul ati ng chaos t heor et i cal I ndex, and chaos
theoretical index change state detection neans 45 for detectingld Mﬁéﬂgﬁ
state)on the basis of a result of the calculation. In addition, the CPU 3
functions also as neans for dividing digital data obtained by the data
I nput-out put interface 2 into processing units, and functions al so as
nmeans for rennvbﬂg gortions having no signals. In additign, the hard disk
devi ce 4 PEASS IgrsSakcwkahd dochaofi hheome ekl AMdsK r e80At of
the chaos theoretical index. By the maz, it is also possible to use the
RAM 6 i nst 8B@CodF theogpatdieadk ingex cehangmighate saherhione Reansge
~neans. In the apparatus according to the present invention having the
confi gur at #8n Hescdeedcdbone, a tchhdgmwseitl tee wonhduk ephsb$ &8s ¢ r aa
heal thy person to have a daily talk while conducting a wal king notion on
.the belt temybr odal kBe A lruliat 4pso pdsri BHE itbionol | bvea Cd&ngde- i n
wal ki ng speed and to interpret and watch synbols and marks displayed on
the i mage fugpthondevhde @6asngmaedned Hetordel eydd.ndrdmgiicala dahbe, a
brain function exam nation procedure is started. In the exam nation
pr ocedur e, obttea subdedty 26 hies datestimpdé tcutpad almwtdrd aoepdsiinon
di splayed on the inmage display device 26 and conduct interpretation of
t he symbol prande sariksg bu ispeaki rgnd THailoaddreyeh12d as means for
| removing portions having no signals.
In addition, the hard disk device 4 functions
also as means for storing the calculation result of
the chaos theoretical index. By the way, it is also
possible to use the RAM 6 instead of the hard disk
device 4, which is nonvolatile storage means.
In the apparatus according to the present
invention having the configuration described above, it
is possible without problems for a healthy person to
have a daily talk while conducting a walking motion on
~ the belt conveyor walker 25. It is also possible to
follow a change in walking speed and to interpret and
watch symbols and marks displayed on the image display
device 26 installed before eyes. From such a state, a
brain function examination procedure is started.
In the examination procedure, the subject 20 is
first made to read aloud a composition displayed on
the image display device 26 and conduct interpretation

of the symbols and marks by speaking. The load level
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1 0 MAY 2006 of the brain relating to the speaking is measured, ;angay bR
wal king speed is adjusted. In a state in which a natural wal king notion is
possible as if the subject 20 strolls, swi nging of gravity center of the
subject 20 is neasured and the |oad | evel of the brain relating to the
control of the gravity center is neasured. O the |load |evel may be

nmeasur ed by conducting a sinple notion forned as a _gane, such as a

whack- a- moP€ &&fe Perip §§%@§ﬁ¢ﬁn§°a$h&aﬁm9Ef¥Qg ifsmeassedquand y, in
the exam nation procedure in the present invention apparatus, the speed of
t he \Mﬂketh25wa##thg|§H&ﬁd"h§a@dﬂﬂﬁﬁ%mbonIBe@nsﬂatE|snaﬂhl@hed and
‘the load level of the brain relating to the control of the gravity center
i s increasBatuidl ewakildingy mhsiombj et p2® cidrké nae tie whek sebjecrg to
t he speaklng In this way, the change of the load |evel of the brain
rel ating t80ssdarehlsi s svasgieg. oy gheviny, denttdre ofaslrensubjeot -t he
| oad | evel of the brain relating to speaking, the speed of the walker is-
control | ed280 ds t medsaysdkeand heehwadlobdvelegkelt hofor dilve r ebatiing to
the control *of the gravity center constant or increase the |oad |evel at
a const ant red@ydimed stat etha sooptdicdgnos s theocedhawesty |eehbes Wiy,
control of the speed of the wal ker corresponding to each of procedures set
for vari oumeadured. Or the 1load 1level may be measured by
conducting a simple motion formed as a game, such as a.
whack-a-mole game, or a game aiming at dancing to
music.
Subsequently, in the examination procedure in
the present invention apparatus, the speed of the
walker 25, which is the "load generation section," is
adjusted and the 1load level of the brain relating to
the control of the gravity center is increased, while
making the subject 20 continue the work relating to
the speaking. In this way, the change of the load
level of the brain relating to speaking is measured.
By the way, in the measurement of the load level
of the brain relating to speaking, the speed of the
walker is controlled so as to always keep the 1load
level of the brain relating to the control of the
gravity center constant or increase the load level at
a constant temporal state in some diagnosis procedures.

In this way, control of the speed of the walker

corresponding to each of procedures set for various
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1 0 MAY 2006 di agnosis purposes is conducted. By the way, as for the "Iogd
generation section" in the apparatus according to the present i N0 ey 8N
t he conbi nation of devices formng the | oad generation section can be
arbitrarily set. In the case where the diagnosis purpose can be
sufficiently achieved by naking the subject 20 read al oud newspaper or the
like as the_load, the device such as the | ker 25 for inposing the
noti on | oa léﬁﬁ°§é%%ﬁﬂﬁ&ﬂﬁ??oﬁ?tﬁ@nagé%q%ﬁhaiion, A processing flow of a
signal neasured hy the "sensor section” will now be described on the basis
of FIG 3. FIG BYi%hg FéXotidh BPEckPG aghefn naPRPY2 tditihi $RCERLBRAI n
function diagnosis program PG in an__ apparatus according to the present
i nventi on tBcdrifed 2ERAXRME RaAFIRER1IBEYiEQ Ehen PReSeBRputRY¥eRtigngnal s
nmeasured in the "sepsor ;section’ are the vojce sjgnal 40, the nystagnus
si gnal 50, thRe combertiprp @k Agriees feamigrs ahhet Aoagh Agr§ratirsy
swi ngi ng signal 70. These signals are input to and processed by voice
si gnal proéé@§ﬁﬁyrﬁ%Msb¢8ﬁé%%%rag&ﬁ§ sigghal ,Iprobessiase miagse58hepul se
wave signal processing nmeans 68 and gravity center sw nging signal
processi ngdkegmes7iss rewpposieveloan Thee ea$w ££ iciemdde sigriaisvade pyocessed
by the chaos theoretical 24 ' .
making the subject 20 read aloud newspaper or the like
as the load, the device such as the walker 25 for
imposing the motion load can be removed from the

configuration.

A processing flow of a signal measured by the
"sensqr.section" will now be described on the basis of
FIG. 3.

FIG. 3 is -a'.function block diégram mainly
showing a brain function diagnosis program PG in an
apparatus according to the present inveﬁtion récorded
on the hard disk device 4 in the.computer 1.

Signals.measured in the "sensor section" are the
voice signal 40, the nystagmus signal 50, the
fingertip pulse wave signal 60 and the gravity center
swinging signal 70. These signals are input to.and
processed by voice signal processing means 48,
nyStagmus - signal processing means 58, pulse wave
signal.processing means 68 and gravity center swinging

-signal procéssing means 78, réspectively. Thereafter,

these signals are processed by the chaos theoretical
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1 0 MAY 2006 index cal cul ati on neans 44 and the chaos theoretical10.gggqm6
change state detection neans 45. The voice signal processing neans 4
includes the data input- output interface 2, voice time series data
detection nmeans 41, non-speaking silence portion renoval neans 42 and
speaki ng voi ce signal detection neans 43. The nystagnus signal processing
means 58 includes the data input-output interface 2, nystagnus time series
data det edids¥ neadswlat hon- maanm pdrtand rdreovahameanshesfeaddal

nyst agnmus signal detection neans 53. The pul se wave signal processing
means 68 irgldeies almndat astatput detitgottiomt endzace 245 pul sehwaveotiice
series data detection neans 61, disturbance signal renoval nmeans 62 and
pul se wave ssigprml getacessingeansafs. dhe imgrlavdéy adid edatw ndnpatsi gnal
processing nmeans 78 includes the data input-output interface 2, gravity

center sw mgitpnt i dntsarf@sedat,a dotieet ioimeeansrifds daerr SaeBeERI RO ti on
renmoval nmeans 72 and gravity .center sw nging' signal .detection neans 73.
First, themeeses widre hbe-e¢@ietk Sh@nalihds porrdics rledvidut maalls now be
descri bed. Voice of the subject 20 is taken in the apparatus according to
the present42 rvedt spredlyingi rgiddies fyaaophnaeddion madd kes. | f ohke voi ce

signal 40 taken in is an analog signal, digital conversion is conducted

by the dat ayistmgmest pulgnal esfeces2 iaRd mdans 58 includes the data
input-output interface 2, antagmds time series data
detection means 51, non-mc;tion portion removal means
52 and nystagmus signal detection means 53. The'éulse
wave signal processing ‘means 68 includes the data
input-output iﬁterface 2, pulée wave time series data
detection means 61, disturbance signal removal means
62 and pulse wave signél detectidn means 63. The
gravity center swinging signal processing means 78
~ includes the data input-output interface 2, gravity
center .swi.nging time series data detection means. 71,
non-swinging portion removal means 72 and gravity

center swinging signal detectioh-means 73.
First, .th-e case where the voice signal 40 is

used as the input will now be described.

Voice of +the subject 20 'is taken in the
apparatus according to the présent invention by using
the microphone 21 or the like. if the voice signal 40
taken in is an analog signal, digital conversion is

conducted by the data input-output interface 2 and
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1 0 MAY 2006 resultant ‘digital voice data is input to the voice H{gﬁqgﬁ&ges
data detection neans 41 to divide continuous digital voice dat 4.9 iMA
proce§sing units required in subsequent processing. Subsequently, as
preprocessing of analysis using the chaos theoretical technique,
processing for renoving non-speaking voice sounds other than speaking
voi ces of a human being fromthe divided voice digital data obtained by
the voi ce FeRBléantesddstitafet A1%R dideths 81 AR Whdt e§hBy YRiCe
non-speaki ng silence portion-renpval nmeans 42. Specifically, the,
non- speaki h§M@oi ckeBHEAd td2ba rdeBeeHipPy a BANFsi dhl at f&nuatiBhdeound, a
collision reverberation sound, a double collision sound, a nultiple
col li si on senhdnupus ushi sbball, wicecadave Iwted predessliageceundhst he
basis of the center frequency, reverberation tine and bandw dth of the
ori gi nal svegdiredatiur & wWxseguentnprocessdnng ed and separation and renoval
of non-speaki ng voice sound are conducted. As a result of the
above-descri bed puresguegtlytheasli prdpdovasceing gpfaklnddiyes i thsing
non- speaki ng voi ce sound renoved becones divided voice digital data with
only the spheki nghaosce thepaednical thedhmiqubei ngprbetksing t hogase
wher e speaking voice signals of a plurality of persons are input,
separ ati onremb@ i2fy non-speaking voice sounds other than speaking
voices of a human being from the divided voice digital
data obtained by the voice time series data detection
means 41 1is conducted by the non-speaking silence
portion removal means 42.
Specifically, the non-speaking voice sound to be
removed is a collision attenuation sound, a collision

reverberation sound, a double collision sound, a
multiple collision sound, a crush sound, a fricative
sound, and silence. On the basis of the center
fréquency, reVerberatioh time and béndWidth of the
original sound, feature extraction is conducted and
separation and removal of non-speaking voice sound are
conducted.

"As a fesult of the above-described processing,
the divided voice digital data with non—épeaking voice
_sound removed becomes divided voice digital data with
only the speaking voice component of the human being
left. In the case where speaking voice signals of a

plurality of persons are input, separation into
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1 0 MAY 2006 i ndividual speaking voices is conducted in the speathﬂg xmgce
signal detection neans 43, because it is necessary to conduct thh

fol'l oyi ng anal ysis using chaos theoretical technique individually.
Specifically, on the basis of center frequencies, reverberation tinme and
bandw dt hs of all speakers feature extraction is previously conducted and

conparison.mﬁth.v i C measured in real time js condycted, In
addi ti on, éﬁf“d%ﬁs rgﬁbeqlﬁtnﬁnal‘ﬂ%i%e%m A¢ t FONANSIed hedret | ERE
technlque : nal characterlstlcs such as the dynam c range (such as
intensity éR g tYgdre pFighads Ratastirsquent)s dhr abesauwte cétand
time change rate), and an offset quantity are extracted fromthe voice
digital dat#, n@mﬁﬁﬁaﬁﬁsE@eFQﬂﬂ%ﬁﬁeéﬂﬂliﬁé19Mhﬂ9tﬁﬁé1§@ﬁ%5uéana
detection neans 41, by signal characteristics extraction nmeans 80. In
order to off&0CS &hﬁﬁﬁ%ﬁ%?ﬁédtepéa$qmﬁikﬂ@kﬁkﬁﬁélbﬂrpose and di agnosi s
precision, paraneters. such as data acquisition tinme and enbedded

di mensi on are déipee@ifbgaildgex el theabiasi s fineenterddiaqiénniasans 81.

Subsequently, in the chaos theoretical index calculation neans 44,

anal ysi s i sreyenhaeradion tameul and t bandhaiaklidear£t ikl |sphakacsord|ng

to the chaos theoretical technique by using the voice digital 27
fsature extraction is previously conducted and
comparison with voice signals measured in real time is
condccted.

In addition, as preprocessing for analysis using
the chaos theoretical : techaique, signal
Characteristics such as the ‘dynamic range (such as
intensity and amplitude), pitchl (such as. frequency
characteristics and time change.rate), and an offset
quantity are extracted from the voice digital 'data,
which has been obtained by the voiceltime series data
détection means - 41, by signall characteristics
extraction means. 80. in order to obtain predetermined
required diagnosis purpose and diagnosis precision,
parameters such as data acquisition time and embedded
dimensicn'are'derived by index calculation parameter
derivation means 81.

Subsequéntly, in the chaos theoretical index
calculation means 44, analysis is conducted to

calculate the chaos theoretical index according to the

chaos theoretical technique by using the voice digital
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1 0 MAY 2006 data output by the speaking voice signal detection ggapsy 486
and the paraneters derived by the index calculation paraneter derivation
means )81. Specifically, it is made clear that if a speaking voice of a
“human being is processed as a.tinme series signal, the fractal dinension of
the waveform is experinentally at nost six-dinmensional. Therefore, it is
decided to . ,form strange gttr ctors in at nost, six-di signal space, and

t

, i me
processi ngdRE L MEES g RAeFR2KINRTLSE BLEget (detaTUL AR on
processi ng, cal cul ation processing using the nethod _disclosed in Japanese
Pat ent AppPPEdt§ o LaR@pER e MBLARE LT Nodenbyer 3BY7 tat iin g x"
Fatigue and doze_sensing apparatus using voices and recording nediunt can
al so be us@@ 1 PHe} et e N P aok adtett® FendEraiivythoP @ t R adtmod 1 .
theoretical index calculated every noment in a time series and indicate
the state change SRR@RELEaLLYS y, 1En tife onade tideaxi cihaitndekf change
state detection neans 45, the value of the chaos theoretical index and the
change of &heakdiags voheer etfi galhumasx bardog tss changessanyeasrae tomed and
the tendency of the tinme series change is detected. As the method for
finding theerhasges ignddncythehefractala diptémwslioh fomdithg avaheragmeri stic
curve by using the running average, |east square approximtion, 28 '

is experimentally at most six~dimensional. Therefore,
it is decided to form strange attractors in at most
six-dimensional space, and processing is conducted to -
generate attractors. As for its calculation
procéssing," calculation processing using the method
disclosed in Japanese Patent Application Laid-Open
Publication No. 2000-113347, entitled “ Fatique and
doze sensing apparatus using voices and recording
medium” can also be used.

Thereafter, in order to temporarily hold the
chaos theoretical index calculated every momént iﬁ a
time series and indicate the state change
quantitatively, in the chaos theoretical index change
‘state detection means 45, +the value of the chaos
theoretical index and the change of the chaos
theoretical index and its change rahée are found and
the tendency of the time series change is detected.
As the method for finding the change tendency, there

is a method of finding a characteristic curve by using

the running average, least square approximation,
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1 0 MAY 2006 Kal man filter or the like. Furthernore, by conparing éﬂg 20
chaos theoretical index with a chaos theoretical index of the voik f qqm
same §ubject 20 at a different tine point previously stored in .the

eval uation. and di agnosi s database 46 provided in the hard disk device 4,
rel ati ve conparison with respect to part reference points is conducted. By
the way, in the evaluation and diagnosis _database 46, for exanple, the
chaos t heoKadmgd fihbBexeLiehBer ddiiR - t hBuLitRersioRer i ¥ cCCoHRBEREARY
checkup conducted once a year -are accunulated. In the .case of a subject
20 who keepbegoimgoso thepsetiarl indey tHdd: ehi cahapadddesorehiradous!y
measured every week or every day are accunul ated in the eval uation - and

di agnosi s &ad&Fase@ 6 thhusvoicepeedneshgossiapiee awbbH®SEr véOneditumar ange
and |l ong-range states of. the brain function change. It also becones

possi bl e t BLILSRARE corigeR i s@Pimth Previeugdyval agomed acdunul hieng dat a
of a plurality of subjects 20. Here, the average activity of the brain can
be . presusvaélfradnient eamdordiagnesdge databasfe r46 Lympuhded expondet
cal cul ated by processing the speaking voice -according to the chaos

t heor et i cahatrechdigke.ddtig¢s 4nowelbhdive f camphatissom whithh téepeenpor al
average of the first Lyapunov exponent value is conparatively high

conti nues tor patrt aastersewes apotians rsnuicariidiee®9

'By the way, in the evaluation and diagnosis
database 46, for example, the chaos theoretical
indexes measured at the time of periodic medicai
checkup conducted once a year are accumulated. In the
_casé of-a subject 20 who keeps going to a hospital,
chaps theoretical indexes continuously measured every
week or every day are accumulated in the eQaLuation
and diagnosis database 46. Thus, it becomes possible
to obserye medium-range and long-raﬁge states of the
brain function change. It also becomes.possible to
cbnduct .COmpérison : with an average valué ' by
accumulating data of a plurality of subjécts 20.

Here, the éverage activity of the'brain'can be
presumed from a temporal average of the first Lyapunov
ekponent calculated by processing the speaking voice
according to the chaos theoretical technique. It is
knowh that if a state in which the temporal average of
the first Lyapunov exponent value is comparatively

high continues for at least several tens minutes the
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1 0 MAY 2006 subject 20 is conscious of fatigue. By the way, it is also
possible to provide a brain function evaluation and di agnosi s dat 323 B
whi ch jpreviously stores basic data for making a diagnosis in a category of
desired disease, in the hard disk device 4 in the present invention
apparatus. It is also possible to construct the brain function evaluation
and di agnosi s ,databhase, in a repote place by wusing the Internet or the

sis, _
like. As fﬁl‘lgagf’i' i FPRSERRUBr Qifn fRFHEY®N eval uati on* and di agnosi s
dat abase, for exanple, an average chaos theoretical index in the. initial
state of a. brai PXi $8&seVay chdbs thedldtq cBosS ik it® spIPvdsisscirousness
of fatigue, and standard values of blood pressure, pulsation and wei ght
for hei ghPrad@ cditeevapre. sNasbiahieone e@awk whbagnpisds nplatabasgeis the.
nystagmus signal 50, the pul se wave signal 60 or the gravity center
swi ngi ng sWHAgh 7Rrevidoprdies Arresonbaissmeatayat hdogammalsingat ain t he
case of the voice signal 40. Specifically, the case where the input data
is the nydiagmesisi gial 80 ehtegoew befdederilred. dAnseaysabal linnmothen is
nmeasured by the nystagnus neasuring instrunment 32, and the nystagnus
signal 50 hsrdakiirsk ndevheeagpaimt theaprerstimy ionvehe ipresepparavestion. if
t he nystagnus neasuring instrument 32 has an anal og 30
' It is also possible to construct the brain function
evaluation and diagnosis database in a remote place by
using the Internet or the like. As for data stored in
thelbrain function evaluation and diagnosis database,
for eXample,.an average chaos theoreticai index in the
initial state of a brain disease, a chaos theoretical
index in self-consciousness of fatigue, and standard
values of blood pressure, pulsation and: weight for
height are conceivable.

Also in the case where the ihput data is the.
nystagmus signal 50, the pulse wave signal 60 or the
gravity center swinging signal 70, the processing flow
is nearly the same as that in the case of the voice
signal 40.

Specifically, the case where the input data is
the nystagmus signal 50 will now be described. An
eyeball motion is measured by the nystagmus measuring
instrument 32, and the nystagmus signal 50 is taken in

the apparatus according to the present invention. If

‘the nystagmus measuring instrument 32 has an analog-
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1 0 MAY 2006 digital conversion function, the nystagmus signal 50 is t%ﬁgn
in as digital data. If the nystagnus neasuring instrunent 32 has 1 QoMAY ¢
analog-digital' conversion function, the nystagmus signal 50 is taken. in
as analog data as it is. If the nystagnus signal 50 taken in is anal og
data, it is converted to digital data by the data input-output interface
2. Resultant digitized nystagnus data is divided into processing units
required i digitadqueohvenrecesisi fpnnt idwe, nitdteagnys t agmes serdiggsa daba
detection neans 51. Thereafter, data other than the nystagnus data are
renmoved byishetaden noihonapor digit€hovahtarans 5% e nysyagaysudata is
detected by the nystagnus signal detection neans 53. Furthernore, in the

same way afiehB@rciase oinyorGRentsi gral halsar acter tild cartiPogxdigeted from -
the divided nystagnus data obtained by the nystagnus tine series data

detection gearerslioRy fuletsiamal taarmedesgrtibC s 4 BCHI0ON rEaaked0.
. Paraneters to be used in the <chaos theoretical index cal culation are

derived byihhas idiierosadsthabkoRtparsanet er derivation neans 81
Subsequently, in the chaos theoretical index calculation means 44,

fo the chaos theo of Pl d B B e o T a8t by
the nystaggug 5} 9nal f8t dA0RIBEAS 3 dlgital data by the data
input-output interface 2. Resultant digitized
nystagmus data is dividea iﬁto processing units
fequired in'subsequent.processing by the nystagmus
_ltime series data detection means 51. Thereafter, data
other than the nystaémus data are removed by the non-
motion portion removal means 52. The nystagmus data
is detected by the nystagmus signal detection means 53.
Furthermore, in the same way as £he-case of voice,
signal characteristics are extracted from the divided
nystagmué data.obtained by the nystagmus time_series.
data detection means 51, by the signal characteristic
extracfion means .80. Parameters to be used in the
chaos thepretical index calculation are derived by the
index calculétion-parameter dérivation means 81.
Subsequently, in the cha§s theoretical index
calculation means 44, analysis is conducted to
calculate the ¢haos thebretical index according to the

chaos theoretical technique by using the nystagmus

data output by the nystagmus signal detection means 53
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1 0 MAY 2006 and the paraneters derived by the index cal cul ation paraneter
derivation neans 81. . Subsequent processing is the sane as in tﬂeM@hg@ﬁof
voi ce,} and consequently duplicated description will be omtted. Processing
in the case where the input data is the pul se wave signal 60 or the
gravity center swinging signal 70 is also the sane as the case of the

voi ce signal .40 or the nystagnus signal 50, and consequently duplicated
descri ptiodndi |Ithée paaneterserderivede pyl sthewnviadex prasdesskatbpnt he
chaos theoretical technique, a fall in the brain function caused by a
brai n di sepsrametehsederdvas i ankans the. fiSudisdgapnbopmxpessingand as
a change in another chaos theoretical index value such as KS entropy.
Furt her nor és ithed heamei ag nop otheheageavofy voderd erand tdonswysgtagaly i S
analyzed in the way of the chaos theory, a fall in the first Lyapunov
exponent duphiwiatdd deshaipttiskernwvaslt be wmitbedonepravcdgwlexg far a
fall in the brain function | evel caused by fatigue, and the fall in the
first Lyapthevcexpmonendrei the tinputscaheawilsh tivat pudkeyesivéd akegnag t he
unit beconmes an index for a fall in the brain function caused by a brain
di sease. Faothar muhe ghavhieyt ypenaerwadkingimgti®dgahla 7Humen hesodg, it

I's known that the novenent of the gravity center draws a locus simlar to
a sine wavehe3Zame as the case of the voice signal 40 or the
nystagmus. signal 50, and consequently duplicated
description will be omitted. | |
Here if the pulse wave is processed by the chaoé
theoreticél technique, a fail'in the brain function
caused by a_brain.disease is observed as a.fall in the
first Lyapunov exponent and as a change in another
chaos theoretical index value such as KS-entfopy.
Furthermore, if the swinging of the gravity
center or the nystagmus is analyzed'in the way of the
qhaos theory, a féll in the first Lyapunov exponent
with minute or hour taken as the unit becomes an index
for a fall in the brain function ‘level caused by
fatigue,_and the fall in the first Lyapunov exponent
in a time scale with month or year taken as the unit
becomes an index for a fall in the brain function
"caused by a brain disease.
Furthermore, in the typical walking motion of a

human being, it is known that the movement of the

gravity center draws a locus similar to a sine wave.
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1 0 MAY 2006 If the swnging of the gravity center at the tine of malkigﬂ
is nmeasured as a time series signal, a chaotic structure caused b&ﬂ MAY 2006
superposi tion of influences of fatigue of the subject on. the sine wave is
observed. By selecting two or nore fromanong cal culation results of chaos
t heoretical indexes for voice, nystagnmus, pulse wave and gravity center,
conbining a plurality of calculation results, and collectively evaluating
and di agnoBf n§hvee| 2w ing igithngés the chbavityharrtesalat ngbredine ¢§
possi bl e to conduct evaluation and diagnosis with a precision higher than
t he case o¥aikdngglie caeagnaeidorg eautimeTisessies o$ LgpRilve evahaation and
di agnosi s may be displayed. on the display device 9. In the apparatus
accor di ng sbruwt presendusied/dhyi emp e hpoaianyenofo f hé nifckdenews of t he
brain relating to speaking can be nmeasured by using the brain |oad

rel ating tbathgug avft Lhoensebjeortt roh, thehisineawalve chat pblsleatvedl ati vel y
easily by controlling the "l oad generation section" on the .apparatus

side, as the bi a®y Theletdrimg i twbeoamasor@oEsionl eamon§i nch ol &t Hodi sease,
whi ch has been difficult to find until it becones serious when relying

upon only dea@nesi S ¢8i NG HaWs SPEAHOIEVIEEE, indaiwsti Fdbefeseckhe
speaking activity is interfered wth. 33 o '
nystagmus, pulse wave and gravity center, combining a
plurality. of calculation_ results, land collectively
evaluating aﬁd diagnosiﬁg relative changes of chaos
theoretical indexes, it is ©possible to conduct
evaluation and diagnosis with a précision higher than
the case of a 'single calculation result. These
collective evaluation and diagnosis may be displayed.
on the display-device'91
In the apparatus according to thé present
invention, the change of the load level of the brain
relating to speaking can be measured by using the
brain load relating to the gravity center control,
which can be controlled relatively easily by
- controlling the "load generaltion section" on the
-apparatus side, as the bias. Therefore, it becomes
possible to find a brain diéease, which has been
difficult to find wuntil it becomes serious when
relying upon only diagnosis using the speaking voice,
a long time before the speaking activity is interfered

with.
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1 0 MAY 2006 Furthernore, by using devices for generating various;y may 2006
brain.loads in conbination with each other and controlling a | oad Pevel
[oadea on the brain as the bias, it is possible to quantitatively di agnose
the degree of progress even for a slight disease state, which has been
difficult to quantify in the conventional technique because it has been
masked by the redundancy the brain has. In neasuring instrument |oad
control nmeans 47 FifeherBersut sitde t4elhdr ddaviregevifar 4 9eneratiagm
function of monitoring and controlling the |oad state generated by the
"l oad geneVatilomssdexasn. 1oady sinpeebinattiomdyush elaeh cehbraandoaded
on the brain by adjusting display contents of the inmage display device 26
connect ed eeNUT® MGl a ohdagenkevielonoalded corssthred pand cont dihtes
generated in the ear speaker 27 connected to the auditory |oad generation
devi ce 36 hA@sadj 4stiihg tgrsswbker 26 cprancieativetllye dieignosé odde
generation device 37. As heretofore described, it is considered that the
di agnosi s degaxdw apfi dposegsresisecewesn pissi Bl eshyghtonfiiseawss ysmaasyri ng
the chaos of the living organism As described earlier, the brain has
r emar kabl ewhdandameys as bemrpar et ff tdudthertdbodyquangds, | i hetdrse of a
di agnosis using only a limted living organismsignal, therefore, it is 34
conventional technique because it has been masked by
the redundancy the brain has.
In measuring instrument load control means 47
- provided outside the hard disk device 4, there is a
function Qf.moﬁitoring and controlling the load state
generated by the "load generation section." It is
possible to adjust the load bias loaded on the brain
by adjusting display contents of the image display
device 26 connected to the visual load generation
device 35 and sound contents generated in the ear
speaker 27 connected to the auditory load generation.
device 36 and adjusting_the walker 25 connected to the
motion load generation device 37.
As heretofore described, it is considered that
the diagnosis of a brain disease becomes possiblé by
continuously measuring the chaos of the 1living
-organism. As described earlier, the brain has
remarkable redundancy ‘as compared with other body

organs., In the case of a diagnosis wusing only a

limited 1living orgahism signal, therefore, it is
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1 0 MAY 2006 difficult to inplement a sufficient sensitivity when the
brain disease state is slight, no natter which chaos is diagnoé@dMNf?mﬁ
Furthgrnmore, in the case of a diagnosis using only a limted living
organismsignal, a living organismsignal extending over a relatively |ong
time becones necessary in diagnosis of every tinme.. For exanple, in the
case where only the speaking voice is wused, it is necessary to acquire the
cont i nuous disigeiaku by v cémplemesey enal st Efsiciientt esensvei witen wihen
average brain fatigue is neasured, although it also. depends. upon the
fatigue st athes obrighia sdlijsexds €0.s tatheis,ist heldighgnosin® | martlercasgh.ioN SO in
the case where the gravity center swi nging or the nystagnus is used., it

i S necessahdas beaidiiagnesedarocess data over approximately several tens
m nutes in the same way. Although they are sinple diagnosis techniques as

conpared w th therugehedimcre Apaar atHe séigfeasof ha PEIaghoBAECTuslilnd S not
easy to inplenent a proper diagnosis for the aged having declined strength

or a persordiati gaed1findMe$ONEiTEAON AHgdMEshi M8 ighatine dhagnesiitg
Furthernore, in the conventional chaos diagnosis wusing the gravity center

SW nging, RYYAIME ANGH SBxt¥AWENd NoPerNd Eladifely SfohyViige
organismsignal is neasured with the subject 20 1n a relativery rest 35
becomes necessary in diagnosis of every time. For
example, iﬁ the case where onlj the speaking voice is
used, ip is necessary to acquire the continuous
speaking voice over several tens minutes even when the
average brain fatigue .is measured, although it also.
depends upon .the fatigue state of the subject 20.
Thus, the diagnosis is not easy. |
Also in .the case where the gravity center
swinging or the nystagmus is used, it is necessary to
acquire and process data over approximately several
tens minutes in the same way. Although they .afe
simple diagnosis techniques as compared with the use
of an apparatus such as the PET or SPECT; it is not
easy to implement a proper diagnosis for the aged
having declinéd strength or a. person fatigued frdm
some reason at the time of the diagnosis.
Furthermore, in the conventional chaos diagnosis
.usipg the gravity center swinging, nystagmus and pulse
wave, in principle, a desired 1living organism signal

is measured with the subject 20 in a relatively rest
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1 0 MAY 2006 state including the case where the subject 20 is sitting
~calmy or standing naturally. . This ainms at preventing the. subjeq MA0 2006
fron1)generating unnecessary noi se and thereby |owering the diagnosis
preci sion, because a change in living organismsignal generated by

i mposing a load on the subject 20 is grasped as random noise. It is
frequently said "a good, idea is thought of or a solution to a problemis
found not stadre a intkwhing thenkragest g dtha deeRIeFdt wifen t5he
person is strolling or conducting sonme relatively sinple work.” In the
brai n nodelititindepirbeneri Atandigg natiwraklywunderstood to be caused by a
fact that the operation work, which increases the |oad of the body control
el oquent area 100hikasaimissedtt hprgmentiiygofth@e svbjest del nifidh

el oquent area 100, which provides the body control eloquent area 101 with
control igenEmEting. uline@éesanynor @r assedcbereby ilowesing ttdhe shape
up ideas when thinking while speaking than when thinking silently" is also
under st ood liagyddeisanpneyisionbe dmaszusby a fachangat the rilseriofg
activity in the object definition eloquent area 100 and the rise of the

| oad | evelorduar fembadygsant rqdnet ageantbyar dampodingr @ i hoaydmpahhythet h each

other. In the brain nodel in the present invention, the 36

subject 20 is grasped as random noise. It is
frequently said "a good idea 1is thought of or  a
solution to a problem is-fdund_ﬁdt'when a person is

~thinking steadily at a desk, but when the person is
strolling or éonducting some relatively simple work."
In the brain model in the.present invention, this is
understood to be caused by a fact that the operation
work, which increases the load of the body control
eloquent area 101, has raised the activity of the
object defihition eloquent area 100, which provides
the body control eloquent aréa 101 with control
information.

The phenomenon expressed as "it is easier to
shape up ideas when thinking while speaking than when
thinking silently" is also understood in the same way
to be caused by a fact that the rise of activity in
the object definition eloquent area 100 and the rise
of the load level in the body control eloquent area

101 are in sympathy with each other.

In the brain model in the present invention, the
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1 0 MAY 2006 object definition eloquent area 100 is a part

~controlled by a

so-cal l ed operating systemin the conputer, and only one. is defli hedhyi 206
the pgrsonal brain. The body control eloquent area 101 is a so- called I/O
subsystemin the conputer,. and a plurality of themcan be defined for
respective organs, which constitute a body. In the apparatus according to
the present invention, sone of a plurality of body control el oquent areas

101, suchQQQQFspeaﬁﬁ%Phb#POnf¢¥9@uenﬁouﬁﬁﬁ¢|emﬁﬁfoﬂsmnﬂrOMQF@

physi cal
upon by,

of the

processing capacity in the object definition el oquent

notions of respective body organs, and a body control el oquent
area 101 rmtrojyled t hy regusakmailﬂdtrqperebahg f ayettiegn, kﬂe&@kﬂked
for exanple, giving a stinulus fromthe outside. The ' object
definiti omompoyeent anda ©0Qyi sovenpékl edefdngeheriat etivef opeatsiaoral
concerning the control of those body control eloquent areas 101. In other
wor ds, cordraihed |Tealsbardy gendratlededoguentbi ares. ¥B1a ircesal tgoa part

area 100 is

consuned coapliedorni/oy. subsys tieusinathe posgibtert o adet ezt pliutralai ty gher
sensitivity the fall of the brain function concerning the object

definitionf eltd@rentadr ebe 1L f ihedh ficr dirklipadtive argemisial iwteikbhin the
conventional single living organi smfunction evaluation. 37

constitute a body.

In the apparatus according to the present
invention, some of a plurality of body control
eloguent areas 101, such as a speaking motion field,
motion fields for controlling phyeicel motions of
respective body organs, and a body control eloqueht
area 101 relating. to the regulation of the visual
function, are worked upon by, for example, giving a
stimulus from the outside. The 'object definition
eloquent area 100 is compelled ﬁo generate information
cbncerning the control of those body control eloquent
areas 101. .In "other words, controlled 1loads are
generated as the biases. As a result, a part of the
proceSSLng capac1ty in the object definition eloquent
area 100 is consumed compulsorily. It is thus made

possible to detect with a higher sensitivity the fall

of the brain function concerning the object definition

eloquent area 100, which is difficult to be actualized
in the conventional sihgle living organism function

evaluation.
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1 0 MAY 2006 The.previdus_brain nodel will be described in a I|f|\?ﬁ,‘gﬂs
form It is supposed that the object definition eloquent area 10 G MA
brainjin the healthy state has a function capacity enough to be capable
of sinultaneously controlling the speaking notion and controlling the
notion of the hands. and feet. It is also supposed that sone disease
occurs in the brain and the capacity of the object definition eloquent
area 100 falls. TRPeRreVEoRgl IPLFin h’éOd@&péltJrJEJy be drsobjked datfiaition
el oquent area 100 progresses to such a degree that at |east one of the
contr ol oﬁ%mﬁlé§é§@|n§Qﬁﬂ1on d%d titfe compesedf that nisthieon adfjedie hands
and feet is interfered with, the disease that has occurred in the brain
cannot be defeirété@npy elipaiertn auest | bAOevalfuathen bgiadcn onilly  the
control of the speaklng notion or only the control of the notion of the
hands and eatthyn $hatereBedt ai framtbanappapacisy henevgh, to ile
possible to neasure the |oad concerning the control of the speaking
nmot i on f orcaprbigpaecift y sligfulfanehusdlyj econtafihingontkeoqepealaimga 100
by, for exanple, <controlling the generated |oad concerning the control of
the noti omafibandsndnddeetrodtdngpkihe iho@ibnasoff othéhehHbfiectand
definition eloquent area 100. In the apparatus according to the present
i nvent i on, feretli cal texam aibd ¢ 0Bufdios 2DNEKEA DI BOmeh@l i3ease occurs in
the brain and the capacity of the. object definition
eloquent area 100 falls.' Unless the fall of the
capacity of the object definition eloquent area 100
progresses to such a degree that at least one of the
confrol of the speaking motion and the control of the
motion of the hands and feet is interfered with, the
disease that has occurred in the brain cannot be
detected by the brain function evaluation using only
the'control of the speaking motion or only the control
of the motion of the hands and feet. 1In the'present
invention apparatus, however, it 1is possible to
measure the load concerning the control of ‘the
speaking motion for the capacity left in the object
definition eloquent area 100 by, for example,
controlling the generated load concerning the control
of the motion of hands and feet and making it a bias
for the object definition eloquent area 100.

In the apparatus according to the present

invention, medical examination data concerning the

38



1 0 MAY 2006 health state of the brain can be obtained froniliving

organi smsignals that can be easily nmeasured, such as signals chlsy Hpﬁ
t he speaki ng voice, pulse wave, gravity center sw nging and nystagnus.
Therefore, the apparatus according to the present invention can be used
in a prelimnary diagnosis preceding cl ose exam nation, mhich needs a

| ar ge-scal e device and a npl i cat ed di agnosi s techni and. a nedi cal
examiuuiohe?ﬂgﬁrﬁ%?EﬁlQQm%m%pr@#ﬂMFQPkée el RER rérQngigém% of
this evaluation and diagnosis can also be used for the investigation at
the tine oPrapmisdatsbanedis ahhahsGedhdee poRFdyLY Mg fBLRS e, SWGhcd®bi ni ng
the present invention apparatus wWith an apparatus such as the PET or
SPECT, itS#§&%é§uﬂ%u§@¢mhyuﬁhanéRﬁﬁkmﬂgtH@MQ%d Mulpe WRWPn of the
subject 20 in these apparatuses. The precision and reproducibility of a
di agnosi s ggiivg-thec e PE®rosWGREGCIM dr e ndnpixaiedged s -owlhgnaefane, ptoésent

I nvention, it becones possible to put the technique and apparatus capabl e
of eamIyapmﬂnﬁtuﬁgapcoa@in@SEas¢h@ practertl imyentlinst esanobet he
conventional brain checkup, which cannot be w dely executed because

enor nous tumedndn eapgnse laire imeeded,d 1 Ag s edent p irreveatiiong apas atels
makes possible inplenentation and spread of a brain dock of the next

gener at i onexhwel paedent, | whenrth oneddls a large-scale device and a

complicated diagnosis technique, and a medical
examination in a medical checkup or the like.

Furthefmore, the result of this evaluation and
diagnosis can also be used for the investigafion at
the time of application for an insurance'policy.

Furthermore, by combining the present invention
apparatus with an apparatus such as the PET or SPECT,
it is possible to monitor and control the load of the
brain of the subject 20 in these apparatuses. The
precisidﬁ and reproducibility of a diagnosis using the
PET or SPECT are implemented. |

Owing to the present invention, it becomes
possible to put the technique and apparatas capable of
easily inspecting a brain disease to practical use.
Instead of the conventional brain checkup, which
cannot be widely executed because enormous time and
expense are needed, the present invention .apparatus
makes possible implementation and spread of a brain

dock of the next generation. The present invention
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1 0 MAY 2006 has an extrenely inportant significance in daily brain health
managenent . | NDUSTRI AL APPLI CABI LI TY The present invention rel at es § A 2006
nmedi cgl diagnosis technique for analyzing a tine series signal, such as a
voi ce, a pul se wave, swinging of gravity center, or nystagnus (ocul ar
novenent), emtted by a person, and thereby nmaking a diagnosis to
determ ne . whether a disease is present in the brain of the person, and

j udge the pesgragssestremelon mporhantt stignicficancdi dwasaiBy hmaliyzi ng
the living organism signals, such as the speaking voice, pulse wave,
gravity ceheed tdwinspiagemadtayst agnus, converted to digital data according
to the chaos theoretical technique and calculating the chaos theoretical

i ndexes, the activity state of the brain is sensed fromthe state of the
chaos theoretical indexes. Therefore, exam nation data concerning the

heal th st atN®@USTRIAL APPDHICABIDGTAbt ai ned from body signals that can be
easily sanpled. Therefore, the present 1invention can be used in a
prelimnary. di agroisés pplegcatt nginlese iommrelae8s. W Chh nerdgiaal

| arge-scal e device and a conplicated diagnosis technique, and a nedical
exani nati od ilayrosiesli €abhehiepieipror bhallyizihg dhusmet heei@sest gnauent i on

is useful in the industry.. 40 1 0 MAY 2006 ,

: such as a voice, a pulse wave, swinging of gravity
center, or nystagmus (ocular movement), emitted by a
person, and thereby making a diagnosis to determine
whether a disease is p:esent in- the brain of the
person, and judge the progress situation and the state
of the disease. .By analyzing the 1living organism
‘signals, such as the speaking voice, éulse wave,
gravity center swinging and nystagmus, converted to
~digital data according to the chaos theoretical
technique and - calculating the <chaos theoretical
indexes, the activity state of the brain is sensed
from the state of the chaos theoretical indexes.
Therefore, examination data concerning the health
staté of the brain can be obtained from body signals
“that can bé éasiiy sampled.' Therefore, the présent
invention caﬁ be wused in a preliminary diagnosis

| preceding close examination, which needs a large-scale
device and a complicated diagnosis technique, and a
medical examination in a medical checkup or the. like.

Thus, the present invention is useful in the industry.
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CLAIMS 1. A chaos theoretical brain function diagnosis apparatus ho AY 200
di agnosing a brain function of a subject by giving a load to a fL c@ionap
site pf a living organismof the subject, receiving a reaction emtted
fromthe living organismof the subject as. an electric signal, and

anal yzing the electric signal, wherein the apparatus is characterized by
functions of selecting at |east two fromanong a. voice signal, an

. nystagnus signal, a pulse wave signaLmImsa gravity center. swinging signal
as the electric signal; calculating chaos theoretical indexes such as
Lyapunov exponents according to a chaos theoretical technique; detecting
changes in the chaos theoretical indexes wth passage of tine; and

col l ectively evahuat chgoand t Hcesestal tHeabhal fuhbrGonondidgndiei €haos
t heoretical brain function diagnosis apparatus according to claiml,

conpri si NGppyPk§eusi T PLLGAGSING PapBaliar rdindtid® dhea RSt gnal,
which is input froma voice neasuring instrunent to the chaos theoretica

brain fungdy oryiidgnesi 3caRPakat us anghsenvahtiedst@ea diegid aly iS¢ ongl .
into processing units, renoving data other than speaking voice data of a

human bei ngygaRsls RXIJACEHBI shlb e Ot MAY. 206, i g VAl G4t foRf St fghe
person, when the voice signal
from the 1living organism of the subject as an electric
signal, and analyzing the electric signal,
wherein the apparatus 1is characterized by
functions of selecting at least two from among a voice
signal, an nystagmus éignal, a pulse wave signal and a
gravity center swinging_signal as the electric signal;
calculating chaos theoretical indexes such as Lyapunov
exponents according to a chaos theoretical technique;
detecﬁing- changes in the chaos theoretical indexes
with péssage of time; and colleétively evaluating and

diagnosing the brain function.

2. The chaos theoretical brain function diagnosis
apparatus according to claim 1, comprising:

voice sighal processing means for dividing the
voice signai, which is input from a voice measuring
instrument to the chaos theoretical brain function
diaghdsis apparatus and converted to a digital signal,
into processing units, removing data other than

speaking voice data of a human being, and extracting
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is voice data of a plurality of persons; chaos theoretical index

cal cul ation neans for anal yzing speaking voice data of the singﬂé’ﬁ@VSQWi
whi ch'jis extracted in the voice signal processing nmeans, by using a chaos
t heoretical technique, calculating a chaos theoretical index, and storing
a result of the. calculation of the chaos theoretical index in an

eval uati on and di agnosi s dat abase; and chaos theoretical index change state
det ecti on vaidass daka defect i Adnglehapgesostatwhef the chadse tshiepnali cal

i ndex by conparing the calculation result of the chaos theoretical index
with a chabs voheer diaitealofi rlexleral htyvoifcpesisgpma; of the same person at
a different time point previously stored in the evaluation and di agnosis
dat abase. 3. The cltmos thexvreeitdalabr dnddwnctilaomn datdoosiseaagpat@tus
according to claim11, conprising: nystagnus signal processing nmeans for
dividing ahalysiagnspesakghalg whick idatapotf fuloen saimysl@gpes sd®asuring
instrunment to the chaos theoretical brain function diagnosis apparatus and
convert ed. whiitah aisdiegk t zlacst gdalini ahe protessi 84 guH 1 sp riddle E&MDYHNY

data ot her than nystagnus data; chaos theoretical index cal cul ati on neans

for .42 10m¥aMh 2006 gnal yiing Byst has daidowdbidedid aidehid Pame | he
vibration data. renoved in the nystagnus signal

: calculating a chaos theoretical index, and storing a
result of the calculation of the chaos theoretical
index in an evaluation.and diagnosis database; and
chaos theofetical index change state detection
means for detecting a chahge_-state of the chaos
theoretical index by comparing_thevcalculation result
of the chaos theoretical index with a chaos
theoretical index of the voice signal of the same

person at a different time point previously stored in

the evaluation and diagnosis database.

3. The chaos theoretical brain fﬁnction diagnosis
apparatus according to claim 1, comprising:

nystagmus signal processing ﬁeans for dividing
the nystagmus signal, which is input from a nystagmus
measuring instrument to the chaos theoretical brain
function diagnosis apparatus and converted into a-
digital signal, into proceSsing units, and removing
data other than nystagmus data;

chaos theoretical index calculation means for
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processi ng neans, by using a chaos theoretical technique, calculatinqm®
chaos theoretical index, and storing a result of the cal cul ati drf 't
chaos) theoretical index in an evaluation and di agnosis database; and
chaos theoretical index change state detection neans for detecting a
change state of the chaos theoretical index by conparing the cal cul ation
result of the chaos theoretical. index with a chaos theoretical index of
t he nyst afRAL¥7 §Rdl BY stidgmesre daber seatht dadpf f etder t ithapoithe
previously stored in the evaluation and diagnosis database. 4. The chaos
t heoreti calilpratdohuncdaba dizgmo¥ed appar &thss aoystdignus o ciagml,
conprising: .pulse wave signal processing neans for dividing the pulse
wave signdLoeRsehnds | mpansfronP¥ pwsengwave neda@s ngthesmeadmeralto the
chaos theoretical brain function diagnosis apparatus and converted to a
digital sitgrinighuer pratedspldneiaschans reheorsdicdd aindhar tdmd pul se
wave data; chaos theoretical index calculation nmeans for analyzing pul se
wave dat a stiehingt aaot mesutlitan athe thpal ssalealetdaina odhowdrk | mHhdes pul se
wave signal 43 1 0 MAY 2006 processing neans, by using a chaos theoretical
t echni que,tivedratdialg aimdars timeoraii cavalnd@diorandandt odijagrvgesul t of
t he cal cul ati on of the chaos

database; and

chaos theoretical index change state detection

means for detecting a change state of the chaos

theoretical index by comparing the calculation result

of the chaos theoretical index -with a chaos

theoretical index of the nystagmus signal of the same

person at a different time point previously stored in

the evaluation and diagnosis database.

4. The chaos theoretical brain function diagnosis
'appara#ué according to claim 1, cbmprising{

pulse wave signal processing means for dividing
'the.pulse wave signél, which is input from a pulse
wave measuring instrument to +the chaos theoretical
brain function diagnosis apparatus and converted to a
digital signal, into processing units, and removing
data other than pulse wave data;

chaos theoretical index calculation means for
analyzing pulse wave data with data other than the

pulse wave data removed in the pulse wave signal
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theoretical index in an evaluation and di agnosis database; and chaos
theoretical index change state detection neans for detecting a dhlagé 2006
statejof the chaos theoretical index by conparing the cal culation result
of the chaos theoretical index wth a chaos theoretical index of the pul se
wave signal of the same person at a different tinme point previously stored
in the evaluation and di agnosis database. 5. The chaos theoretical brain
function dpbagresissinaippaesnss, ackHar di wging clai mehaesnptineagetjealtity
center swinging signal processing nmeans for dividing the gravity center

swi ngi ng stgrainigue chcailsulghing r emchans ngihep mdabcal ndg.ndest v uaedt to
the chaos theoretical brain function diagnosis apparatus and converted to
a digital stgmdlng i o mmockssiof uhet scadoalmgniove nge flatbhet hehablsan
gravity center sw nging data; chaos theoretical index cal culation neans
for anal yrthegrgtamdy céndex swimgi ag davadthionat aanidherdiddnostise
gravity center sw nging data renoved in the gravity center sw nging signa
processi ngdaeabasely #fd 10 MAY 2006 using a chaos theoretical technique,
calculating-a chaos theoretical index, and storing a result of the

cal cul ati on of them&baoxnéepeeicaal index idhangeevadsoki evddtdbagnosi s
dat abase; and.
means - for detecting a change state of the chaos
theoretical index by comparing the calculation result
of the <chaos theoretical index with a chaos
theoretical index of the pulse wave signal of the same

person at a different time point previously stored in

the evaluation and diagnosis database.

5. The chaos theoretical brain function diagnosis
apparatus according to claim 1, comprising:

gravity center swinging signal processiﬁg means
-fdr dividing the gravity center swiﬁging signal, which
is input from a.swinging measuring instrument to the
chaos theoretical brain function diagnosis apparatus
and converted to a digital signal, into processing
units, and removing data other than gravity center
swinging dataj;

chaos  theoretical index célcﬁlation means for
analyzing gravity center swingiﬁg data with data other
than the gravity center swinging data removed in the

gravity center swinging signal processing means, by
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cthaos theoretical index change state detection neans for detectinggauay 2006
change state of the chaos theoretical index by conparing the caIchation
resulﬁ of the chaos theoretical index with a chaos theoretical index of
the gravity center swinging signal of the sane person at a different tinme
point previously stored in the evaluation and di agnosis database. 6. The
chaos theoretical brain function diagnosis apparatus according to any one
of clains lstingconprilsang: Bheozetderdr atiearhsbgtepn eallcalsanisoy section,
t he | oad generation section conprises at |east one of an inmage display

devi ce for dhposi themnatsi@bl lioatk:on thel ssbpethg aa speakdre foF iyA®SI g
an auditory load on the subject, and a sporting good having a function of
SW ngi ng tlmlpwlatyoaentod , el tdifasensehesaadt a TOMPhHERS aln | egpt two
measuring instrunments of a mcrophone, a voice neasuring instrunent, an

nyst agnus. ewstuatbon, and dipginegnis deeshiasey aagtrument, a pul se wave
sensor, a 45 1 0 MAY 2006 pul se wave neasuring instrunent, a gravity center

SW ngi ng i nstruneshaoandtBedWetdicyl NBAIEAE NBhande I HEBRle  detdlq id1R0S

theoretical brain function diagnosis apparatus according to any. one of

claims 1 t@eans for detecting a change state of the chaos
theoretical index by comparing the calculation result
of the chaos theoretical index with a chaos
theoretical index of the gravity center swinging
signal of the same person at a different time point

previously stored in the evaluation and diagnosis

database.

6. The chaos.theoretical-brain function diagnosis
- apparatus according to any one of claims 1 to 5,
comprising:
a load generation'séction and a sensor section,
the load generation section comprises at least
one of an image display device for imposing a visual
load on the subject, a speaker for imposing an
auditory load on the subject, and a sporting good
having a function of Pwinging the gfavity center, and
the Sensor section comprises at least fwo
measuring .instruments of a microphone, a voice
measuring instrument, an nystagmus  instrument, an

nystagmus measuring instrument, a pulse wave sensor, a
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Wherein an evaluation and a diagnosis of the brain function are conducted
by conparing data in a brain function evaluation and di agnosis daf §a 3@5
whichy stores data for conducting an evaluation and a diagnosis of t
brain function, with calculation results of the chaos theoretical |ndexes.
8. The chaos theoretical brain function diagnosis apparatus according to
any one of clains 1 to 7, conprising: nmeasuring instrunent |oad control
neans for puodster olwavg ameeadriing e igesieramedthy tehe dimditgeneeatiean
section, and at |east one of display contents displayed on an inmage

di spl ay degwdmgisogind insktrententgeneratéd by t hewdpepey , . madsowtingn
contents generated in the sporting good is adjusted on the basis of at

| east one dhsarawesast i heoretical index value of speaking voice data, a
chaos theoretical index value of pulse wave data, and a chaos theoretical
I ndex value of gravity center swinging 46 1 0 MAY 2006 data, which are
found by the chaos theoretical index calculation neans. 47

7. - The chaos theoretical brain function diagnosis
apparatus according to any one of claims 1 to 6,
wherein an evaluation and a diagnosis of the brain
function are conducted by qomparing data in a brain
function evaluation and diagnosis database, which
stores data for conducting an evaluation and a
diagnosis of the brain function, with calculatioh

results of the chaos theoretical indexes.

8; Thé .chaos theoretical brain function diagnosis
apparatus according to any one of cléims 1. to 7,
comprising:

measuring instrument load control means for
~controlling a load state _generated by the 1load
generation section, and at 1east oﬂe of display
contents displayed on an image display device, sound
contents generated by the speakér,_and motion contents
generated in the sporting good - is adjusted on the
basis of at least one of a -chaos theoretical index
value of speaking voice data, a chaos theoretical
index value of pulse wave data, ‘and a chaos

theoretical index value of gravity center swinging
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10 MAY 2006

data, which are found by the chaos theoretical index

calculation means.
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