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TECHNI CAL FI ELD The present invention relates to an apparatus als
atime series signal, such as a voice, a pul se wave, smﬁnginglM@mﬂﬂ@mﬂmyMW
center, or nystagmus (ocul ar novenent), emtted by a person, an '
maki ng a di agnosis to determ ne whether a disease is present in t&% ain
of the person, and judge the progress situation and the state of the

di sease. The present invention beEsaQBIPraownhe field of the nedical

di agnosi s techni que. BACKGROUND ART In the conventional brain diagnosis,
X-ray imagi ng and brain wave neasurenent have been conducted as inspections
that can be executed with relative ease. Fromthe 1980's on, a diagnosis

for obtaining dewadrrdinfEiARli poncrIoN BRpENYSIS AfpPrRABUgGEr scal e, using
a positron em ssion tonography (PET) apparatus or a single photon enission
CT (SPELT) apparatus capabl e of neasuring and imagi ng the dynam cs of a
cerebral blood flow tracer admnistered in the brain

TECHNICAL FIELD

The present invention relates to an apparatus

for analyzing a time series signal, 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 1is

present in the brain of the person, and Jjudge the

progress situation and the state of the disease. The

present invention belongs to the field of the medical

diagnosis technique.

BACKGROUND ART

In the conventional brain diagnosis, X-ray
imaging and brain wave measurement have been conducted
as inspections that can be executed with relative ease.

From the 1980's on, a diagnosis for obtaining
detailed information in an apparatus of a larger scale,
using a positron emission tomography (PET) apparatus
or a single photon emission CT (SPECT) apparatus
capable of measuring and imaging the dynamics of a
cerebral blood flow tracer administered in the brain

or the metabolism of glucose in the brain with a gamma
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or the' metabolismof glucose in the brain with a gamm canera or a

dedi cated scanner has al so spread, although the diagnosis needs a

consi derably | argescal e apparatus. As another nmethod, there is also an
opti cal topography apparatus for irradiating the head with a weak infrared
|'i ght under the present conditions, and neasuring the reflection intensity
to nmeasure and image the activity state of the cerebral cortex |ocated

i nsi de of ¢&4megkul lor and t hedbyatedsumseanmrenct haist y alsaat is@reads he
brain. In the case where an easy nethod, such as X-ray imaging or brain
wave neasujegBBlgh S theed dibdies tonviesédsnad beanhsideagidsi s,ldnges
possi bl e to observe an | esion such as cerebral infarction or a tunor, or

observe a gehpheUappadis . a di sease, such as the Al zheiner's disease, the
Par ki nson' s di sease or the new variant Creutzfel dt-Jakob di sease comonly

cal I ed bovine spopgi faa{dtgagephatapat hytheae caw diaderselan | mhgtisatase,
however, it is not possible to observe such a progressive disease inits

initial st %Bg_o%%fa%?y S WRipRGid tM8s SYBR! OPFr Q& HL i ndheahay ¥ oS whate a _
appear ed, nedi cal nmeéasures are already inpossible or extrenely difficult in

many casesyofg f foEEdOflitél?taQﬁH%Id_e@&éiEg@s@rﬂ:eaéGQd_ilﬁﬁ.@irfsaJ agghni ques
for preventing the progress already exist. netheless, it is seldomthat

such a dis&%%%qﬁ%ﬁﬁgi yén eflectildift | O Qhs SHGN Rodeqicafs @Se NOANHO

interfere _ lite. I'n the existing circunstances, therefore,
centual Y RIS POULES! ML AYY ' Lgak8 DBe® Riner QUetlishur ety
Fovel at i on18F AR s JREOAR BF wbe ERY sars Bht Che ek oReagt Fibe:
consequont P G A Ot beo Tt PoBIBe B HHID & nedi o5 exan nati on such as a

conpl ete nedi cal checkup as general inspection.
i In thepcasg wﬁere anrgasy method, such as X-ray

imaging or brain wave measurement, is used in the
conventional brain diagnosis, it 1is 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 Creutzfeldt-Jakob disease commonly
called bovine spongiform encephalopathy (mad cow
disease). In this case, however, it is not possible
to observe such a progressive 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



Nowadays, in situations where brain diseases such as the nmad cow di sease
pose problens, it has been recognized that early finding of a disease
occurring in the brain is extrenmely inportant to the welfare of mankind.

| mpl enent ati on of a technique and an apparatus for finding the initial
state of the abovedescribed di seases, which cannot be found by using a
sinpl e method such as X-ray imaging or brain wave measurenent, W thout
requiring aitoamiorat ed IamghscaléegppﬁiaéﬂsIEUthtasIuh@ePE¢reSPE€Hh or the
opti cal topography apparatus is wanted keenly. The present invention has
been achi evaeé | ailer tldfeal ve the abbee- dosicriimg prdlricems tamcebject of
the present invention is to provide an apparatus that 3 eval uates and

di agnoses thergfidid) séwéstandliyhetheogpasdeitat ennft a dowt hndesease
relatively easily and w thout applying unreasonabl e |oad on a human body.

DI SCLOSUREh@lveTHE d WM Chli S8 rpaasenthird@icits tieel afetudy eagerly in
order to achieve the object and achieved the follow ng inventions. In

accordance with arfi{ak @aaects®ictheophven %p&@@aghgﬁ apput gedsan
apparatus for diagnosing a brain function of a subject by giving a load to

a functional. lehﬁé Qf; e | L ¥i Nk &4 9aRiheM SholBEqsLkIraHed r §§8icdist daheaction
emtted fronlt e I|V|ng organi sm of the subject as an electric signal, and

analyzing e fbﬁﬁhr'Eefb%a're\tréfaéﬁ%raéf's S Wil AR CBle Nndknl cas!

two from anong a Vvoi ce Si , an nystagnmus signa pul se wave signal and
a gravity nt er in 5| I he i.C S , chaos
theoretlca% §§§e§3cﬁg%s %&%ﬁﬁﬁﬁg% exgéﬁ%%%g’adggggh ﬁﬁ%QHé@ﬁg%g

t heoreti cal technl ue tectln es_i;n cha i cal dexes
wi th passadé Sof t?ﬁ% éﬁﬁgycoll 'ﬁgg gvglu Fgﬁg % 5”5%%@% ng £ g brain
function. In accorda@ie wi.th a second asp the |nvgnt|on dlcgﬁdltlon

ec% ed
to the confGSRti&IYoh T hgC R8P 5 r &P 5@&&5 t W8 SpFar B dPacl udes:

voi ce 4 examination such as a complete medical checkup as
general inspection.

Nowadays, in situations where brain diseases
such as the mad cow disease pose problems, it has been
recognized that early finding of a disease occurring
in the brain is extremely important to the welfare of
mankind. Implementation of a technique and an
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 present invention has been achieved in order

to solve the above-described problems. An object of

the present invention is to provide an apparatus that



si‘gnal " processi ng means for dividing the voice signal, which is input from
a voi ce neasuring instrunent to the chaos theoretical brain function

di agnosi s apparatus and converted to a digital signal, into processing
units, renoving data other than speaking voice data of a human bei ng, and
extracting voice data of a single person, when the voice signal is voice
data of a plurality of persons; chaos theoretical |ndex calculation nmeans
for anal yzewnglamhksn® Vai €l aian8 S8 5 t hd & KPAd Wt s&t AR (,anngst ract ed
in the voice signal processing neans, by using a chaos theoretical

t echni que, prabme =g i agat ehafs at Hoor dni ddiseadex rahtivelihgeasridstl t of
the cal cul ation of the chaos theoretical index in an evaluation and

di agnosi s andakdsdowndappapinghenreasanabhgel odithre 3t AuBagethqdy on
nmeans for detecting a change state of the chaos theoretical index by
conparing the calculation result of the chaos theoretical index with a
chaos theoretical index of the voice signal of the sane person at a
different piger.psuRrE @rFEVIHRISINVERNDION in the eval uati on and di agnosi s

dat abase. In accordance with a third aspect of the invention, in addition

to the configuratie) ReEFHNY inwdmiofdr sladspactstalig appgealys imcl udes:
nyst agnus si gnal processing neans for dividing the nystagnus signal, which

IS Input fé?ﬁb% N LAY vEEAHY IdWect kRS RWBvé® the EAaowihegretical
brain function diagnosis apparatus and converted to a digital signal, into
processing.Hggé%io d renovi ng data other than nystagnus data; chaos

t heoreti cal" I ndex cal'cul ati on means for anal yzi ng nystagnus data with data
ot her than the vihratj noy, in thegk ag Lgnals fr si ng
means, by using ggghaéggfﬁ%%gg%fcawgggchﬁ%qu£?¥§glcgﬁigéﬁg aogﬁaggﬁé

t heoreti cal, index, and

t.oring a tles e cal cul gt t he aos
t heor et i car™ViFdext ansce}%/ézﬂgat ?:bgn a:ﬁ#oc}?{a%%\%si sa?r(k:lat a éaﬂsée)?agﬁg chggg
t heoreti cal,,i ndex change .state tegtio ans . ecti ng .a .change state
of the chadddORHHERY cdl BIyER %&nccg: %‘?i §§ p’neggé %S"Ittafkls%n%rl?slgi? gf t he
chaos theoretical index with a chaqs thegpretical, i ndex of .the S nmus
signal of tR&%&ZR Bedddiftatona iﬁﬂ%ﬁerﬁft?w&lﬂc}ir’rﬁ %Fggp&%& yd]és,t%ﬁgd in
t he eval uation and di agnosi s database. |n accqrdance with a foprth aspect
of the inveNBIALt i nr8EGININT 18 LR UOHRR gBRALH af:-EB?‘ditﬁ\ftt)llYﬁBgfi r st
aspect, the apparatus includes: pulse wave signal rocesslng means f or
di vi di ng t leeganiamvate dsihgnaFubiigcth RS i APutereSrFaCpufi8ifdve ABYsuring
instrunment to the chaos theoretical brain function diagnosis apparatus and
converted temalykigathsi glACtTHE oSpeddasithe uAPPara rietobiddndat a
ot her than pul se wave data; chaos theoretical 6 i ndex cal cul ati on neans
for anal yzisel et tegwate Haestwit¥e dEEEMotHEING han YRECBuISII e 83t a
renmoved in the pul se wave signal processing neans, by using a chaogs
t heor et i calnytecagmyse,s bghall atd ngud sehawavehebignadalanddéx, IBAY LEVori ng a

result of the calculation of the chaos theoretical index in an,
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
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



eval uati on and di agnosi s dat abase; and chaos theoretical index 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 theoretical index of the pul se wave signal of the sane person at a
different tinme point previously stored in the evaluation and di agnosis
database . In accordance with a fifth aspect of the invention,, in addition
to the contigoedt iprreessiagndaang Hko¥ AdyV igdmetttheno4FFarStdR2 nel udes:
gravity center sw nging signal processing neans for dividing the gravity
center sw whiledp signalnpwhi dirdam anpee i¢eomea W hBognglhebEUREAE | B3t r unent
to the chaos theoretical brain function diagnosis apparatus and converted
to a digitahesi gedlacs Nt alEecessicay unbtrajinandfnachdiory datimgndeist han
gravity center swi nging data; chaos theoretical index calculation nmeans for
anal yzi ng gppédrateentaidsweagiegteat atei t b datigiatdier sipmalhe gnawity
center swinging data renoved in the 7 gravity center sw nging signal
processi g piRRNs s PYg Usinbt 8, Chegkot agr edacal 4exdni giitancadsehkingg a
chaos theoretical index, and storing a result of the calculation of the

chaos theokgliical gdpdes i i afueyl baing) i dRErestsngataiiase; dand chaos
theoretical index change state detection neans for detecting a change state

of the chags the beal HhEFesnby wesharinw e @l gulgdion ikesvbicef the
chaos theo(r&zti %afgﬁﬁ%ex v&’?ﬁ an(':haos t heoreti cal inde;g(l\lt(;‘}gc the gravity

center sw ngi W]y rs Jdi {4 t Y i
previ ousl yragtgc;brge?]?na% hgle‘%/]g%hgt' onggndﬁgirgrgar?géi sfcélgogsnbas%#éiggg!rlg?%g to

the first t,o fifth_gspects. o e lnv o) i Vi S anal s,
such a5t e elhi P DA S el 88 rhnpy Y duigt FBediiRY S ite
nystagnmus, converted to digital data accordj t.o the_chags .t heoreti cal

t echni que &3FanafyZe aﬁ&%lg cﬂ%’égof’hedp&‘?‘gallsi HEREaCEPE At c?]ﬁ’éat ed.
Thereby, the activity state of the.brain is sensed fromthe state_of the
chaos theorV&i%2l PhEBRds. PARTEFBHEI o5 Hat i oRY dat’f "Ehce? ni ﬁgatoﬁe
health state of the brain can, be obtained from body. signals that.can be
easily san‘dlhﬁ)o.rﬂ’ﬂé?éﬂort&cqr?ﬂeq‘b?esSﬁth“ﬂ\}aeﬁft'?%nacgt‘?aﬁ &%OFﬁkécaq
prelimnary diagnosis precedi ng precisjon exarni nati ﬂn, whi.ch negﬁi a

| ar ge- scal -RARX ce2BAd SHERBIRIT Gatk@F Wl BgRdsitd e cCAMFYGE iR Qi ndliSal 8

exam nation in a nedical checkup or the like. Furthernore, in accordance
with the figkaossphepretical 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 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



of- the invention, at least two signals can be selected from anong the
living organi smsignals corresponding 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

t heoretical indexes of them In accordance with a sixth aspect of the
invention, in addition to the configuration according to any one of the
first to fifishrameed s td hehrhachadeordiéenet bealn byadm of UGB S
apparatus includes a | oad generation section and a sensor section, the | oad
gener at i ondseghoeis noppaeatas laabtcomeentedn tioveyed iigdphdy sdanak, f or

i nposing a visual |oad on the subject, a speaker for inposing an auditory

| oad on t hengwbj gebceand iy Sparitisng gadd hemoudng fdathi cmtbérsviilngnng the
gravity center, and the sensor section includes at |east two neasuring

i nstrument §yak aynlis’ RAGNE, chd®s Cecli@asdtiingli nshdexentalaulytsteyms

i nstrunment, an nystagnmus neasuring instrunment, a pul se wave sensor, a pul se

wave measupibRgs NFbYUMBREL & IHAY inps tedhes Ja04i RgitRstdawentotikad a
SWi ngi ng nmeasuring i1 nstrunént. According to this, in addition to the

effects aC%gc-,gi nt to Wb]?gﬁ;%hfe %%e‘& r%erﬁ@vé&“ Bnaspeet S nyAt dymus

eval uati on-an I agnosi's o rain function are conducted by conparing
data in a brain.function eval j a [ Si_s a i chegiores
data for c8H@R&d n%rgﬁeg\%'lr\?at%?%‘lﬁgghd% - g":l%gﬁ si‘s oé ?ge (hreal n ‘fcu%cti on,
wi th cal cul ation results.of the chaogs theoretical ind S. r lt, an
eval uat i on t&FEAE W Sgn5FLE W3 %?gﬁ;ﬁQﬁﬁ%i%h%&ﬁﬁﬁf@%fb%§$%éhu§ﬁgor
eval uati on and di aghosis ¢ be perforned. .l n. accordanc ith a ighth
aspect of FAELHEntd orﬁe?%afﬁdd?fp'i o{:\ﬁ{ao ER&C &ﬁ‘%’(ﬁﬂ at9 nv%at&%or%lgégto any
one of the first to seventh aspects, the chaos theoretical brain function
di agnosi s &HS%aYECRhcl dBEXeaklri A | £ IR 0282 ontTFINRRAE for
controlling a | oad state generated by the | oad generation section, and at
| east one GRtdEbagey covndentBagfspbhpededdical i ddtei HagIfeviERSsound
contents generated by the speaker, and notion contents generated in the
sporting gdetect bop usteshsn fiore Betiestdnat al exrangae sdfate ciodfosthe
t heoretical index value of speaking voice data, a chaos theoretical index
val ue of nysisggUshdairmet fcahadnddweobgt i cahpandey vehee wxflpulabinave
data, and a chaos theoretical index value of gravity center sw nging data,
whi ch are framdlby dfhe thlaoshilosor ehieoaletiinkex daldmst awiidh meanshabisre, in
the chaos theoretical analysis, it is 10

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



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

one-di nensional tine series data. Also in the case where a plurality of
data obtai ned by sinultaneously sanpling the sane 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 whol e.
In the apparatus according to the present invention, a variation of a
I|V|ng(Ngandexl$qﬁmm15emannmﬁbb§ impoangﬂmzuoadpnisaewgwmeﬂﬁtas al so
grasped as an expression of a chaotic behavior of the |living organism and
processed By tisidgt hhe theps thieaor ehiecgu t £e hwiapes. d At aa remsaied almor e
synthetic brain function diagnosis with a higher sensitivity is

i npl ement edh eAGE@L BieNgy 4 G et el @hght prspests Digt e d myentiyonu stilmey chaos

t heoretical brain function diagnosis apparatus includes nmeasuring

i nstrunment cheasls cent ¢ 6k RO % If Ot eedi £ qlulé Ngca Il wad asxt Ahg genehatesl by the
| oad generation section, and at | east one of display contents displayed on

an i mage digl@¥ clevbeel SQHd xCONherY Ssaaneiaiedabyr &laa Bpeaker it laad
notion contents generated in t he sporting good is adjusted on the basis of

at |east opg 0f, 3 GNAg% tchfortq{écelhacslgex:ﬁ/@b%@icaqeakhawowe gata, a
chaos theoretical 1 ndex value of nystagnus data, a chaos theoretical 11

| ndex val ug L1 89 48VEn A 2 1308 b E1A0SARiRL el Tviax dAlipe

gravity center smnnglng whi ch are foun e chaos theoreti cal

e calcyhald oo, ears: ﬁgea:guﬁzﬂ@&ﬁqécan%faé’ggr%%éﬁnssozace@@ ¥ e,
brmr1d|se%e eg T%;DgsgﬂgﬁggNs a £¥m¥me 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 diagnosis 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



FI'.G 1 is a graph showi ng changes of brain ability levels in the object
definition el oquent area and a body control eloquent area with age
according to an enbodi nent of the present invention. FIG 2 is a hardware
configuration diagramaccording to the enbodinent. FIG 3 is a function

bl ock di agram showi ng a brain function diagnosis programin an apparatus
according to the present invention mainly recorded in a hard disk device in

a conput ergag¢eLe Ngehtetrheseihedimens.ighzdT WDole SsCRITARRE NG QU WHE
| NVENTI ON Hereafter, the present invention will be described on the basis

of an enboginRgt . aFl Ghadsi S theprapiicADW tychhagges otalirailmtabngi ty | evel s
in the object definition el oquent area 100 and a body control el oquent area
101 with agRaos 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 gravity center swinging signal of the same person
at a different time point previously stored in the
evaluation and diagnosis database.

According to the first to fifth aspects of the
invention, the 1living organism signals, such 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



12 according to an enbodi nent of the present invention. The present

i nventors have considered that in order for a human being to take
significant action it is necessary to describe contents of the action by
usi ng | anguage of the human being. Therefore, the present inventors have
decided to grasp the brain function as a conbination of a function of
descri bing an object of a notion of a body inclusive of speaking and a
function oéxs@phaehibnndrspealddizal ¢heckagyorothen lddeor di ng to the
descri bed object. By the way, the function of describing the object of the
body notion incl gsirtehofmépeakiimg dadedihdanbeveidésdrhdeflibsdi msfpewt i on

i ncludes a function of managi ng storage that functions as a dictionary for
descri bi ngothenebjiatten®bba¢t atnflaraet i thoi B iyhiads ceahabe erd eaifjedt
corresponds to contents described by the function of describing the object
of the brafpomhemeshgetnefrivedqt @rpatidbjrectigiedlni doanrésponiddmd I n the
case where a site for inplenenting this function is handl ed as physi cal

exi stence, thhichdf WKddpa t& raffin efspeces , Ohinerittel baainoF waigient area
100.) is sent to a function of controlling a plurality of notions required

| mpl ement | gt e ARRET | BEAACARPY SadhbEEA! LA of BFEd15a0Rs Hipdyrcontr O

function.” I'n the cas ere a site i npl enmenting this 13 function is

handl ed astgfay,ﬁiog_ﬁ;atexaﬁt e P hHNLALE IselREGEE, ! b FESubadygcont I ol

el oquent ar as a signal 1nc ing the object infornation. ?n t he

function of qoptrqlling ¢ ndid dual, gRLions s o 51 qiak ol s 0@k T ohldg

nuscle to B& s “genera rom the obje rmati on, and sent
to a body OrgantfhbeaggwfagAé%L with a sixth aspect of the

invention, in addition to the configuration according
to any one of the first to fifth aspects, the chaos
theoretical brain function diagnosis apparatus
includes a load 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 an
auditory 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



Receptor organs formng five sensory organs feed back information for
generating objects to the object definition eloquent area 100 by seeing or
hearing an object subject. Information acquired by a receptor organ such as
eyes or ears is stored and nanaged in the object definition el oquent area
100. In the brain, both the object definition eloquent area 100 and the
body control eloquent area 101 obtain energy for naintaining the functions
by met abol ézanaadl isnsand fa n@éfakbeldsisvasfe tipd tlera igefarme bdoly ahe

met aboli smincrease, the brain lowers its function level in order to avoid
damage in the Phaitedt wfcoﬁ\qﬁaﬁ;ﬁp}@ﬁer&a’}gaf rioln heb Faviei ed Wnioction | evel ,
rest of the brain is necessary. If the netabolic waste matters are renoved

during thi gyLa%fat f6hi Wrld @agnliths f@RehbALd eVehilch tdeobeai mbegones

possible again. 14 The fall i'n the function level of the brain also
occurs in khe GaSRaWRE £n& N8 nCalRel h¥tdfod NEnbr &l Naibhgdds 1§ @acremsed by
physi cal or chem cal damage. The fall in the function’l evel of the brain

secretion such as hornmbné required to nmaintaint rain function. In the
case where_the fall in the f ti | ev th ral oyl y

physi cal thgﬁgﬁgﬁﬁTagaﬁaggx%ggthgﬂii{efg?gg§Ve§Vpd$&€%g§Fg%§f?%H9I%vel IS
consi dered ,t.o be al nost. ,i.nossj. b f ol e ¢here e fal
in the fun&ﬁ%ﬂPQ%$%lw 4?&3%#a#%%%?%%ﬁégggéfddgg E?%%%gecﬁn enﬁ%grine,

it is possible.to recover the brain functign |evel b | i m I r
conpensat i fig #He! Bi%fﬁrlbar?c%%i nderdigdt? fet fi thaaPl %}?5a€§egdnrﬁ,%(ﬁhl ess
the brain is subjected to ﬁhysical or. chem cal ggggge. However it is

consi dered that tHe HREFATEGESS oW e A stPhgPERe AFREFCh *f oqtBfit areas
t aki ng charge of respective functions are separated definitely, gut t he

el oquent addyerOm; gty #ddihaaRt ThdtR8mAUM I BFIt1PR t"‘}ﬁa‘g%’é &¢here,
even if physical or chem cal damage is caused, the damage is slight, or in
the case witer @ngvenej fof hehphydireédl tangeventdamspeekfendvelaPfie whol e

brain, the relative weight ratio or capacity ratio of the brain 15
theoretical brain function diagnosis apparatus

al so OccurErEQ&rf#ﬁ@%ﬁdﬁv”cﬁﬁhd.§H%U¥%¥fbﬂa§%%§#¥éegfi@ﬂéﬁéﬁﬁ@é

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

Here, in the chaos theoretical analysis, it is
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is small, it is not seldomthat the disturbance is not actualized in the
daily life because there is singularly large redundancy in the brain as
conpared with other body organs. |If sone disease occurs in such a brain and
t he di sease occurs in a part of the brain, a synptom corresponding to the
site appears as the disease progresses. For exanple, for dopam ne secretion
di sturbance such as the Parkinson's disease, the activity is lowered in the
whol e bnmsmbyldMEHnenfyaoﬁugnnﬂnﬁEChI@3ﬂ¢®%tSER@KMﬂgeVPh€QMRﬁ% brain
is soiled with abnornmal protein as in the Al zheiner's disease or the nad
cow di seasge @agiplddnaes omsiudibenaismahet anei wieyies dhsanholrddrain is
| onered by its progress in the sane way, or a discrepancy occurs in

i nfor mati oppexat@nga et whanr € uactp buala 1si t gs .o Nod awttat eo bitzet med the brain
di sease is local or general, an extreme fall of the activity in the brain
or a si 9”'I;h.ﬁ\%'lttamé@ﬁélya%mgmﬁﬁgpem@Imn@e*subgledwrmreousleds,l tés in the
brain appears as function disturbance in bath mnd and body. In situations

wher e funcg |on ' r Cej APPEMi fe i p11E ngoor hasly el $s baeh ecodaal QUs of ,
or observe by gﬁ%%ﬁéffg%réonpﬁn]ihe dglly Ilfe t he di sease has al ready

progr essedlhrahlsy%&ug 19GAL efﬁmtblg égmbm@n%s??e&em@%&sﬂuw ibe

reliabilityt raln I st ur banc is in mast cases

extremel y gxg e&nagutg]ol 5t 25AUIdP SDE1 LRSI PNERGY d 088 aThaE O e

recovery from e ac |sturbance I's not achieved throughout the

life. _Therefore_,ririu ggs%#é?£a@ugar Sy ap EIHbth@thméﬁ% sdheld to

establish a brai |on gn05|s t echni'que aV|ng sensi ti y capabl e

of observingaéﬁbsq§tectln% e Lpitial sxpptﬁapgﬁb &&gﬁsgs %géf_before

sel f-consci* “ndney prlor I nventi on tent cation

Publ i cati on No. 16408 and Japanese fat ent pI| bI i on No.
2001- 280105F G4 epc% %’e‘,{ntlﬁ“ﬁ&?ﬁt‘l&s des béﬁt htlf@t ﬁe al n %nc%?%% of a

speaker can be nmeasured by anal yzi,ng a po addi tio Qwever,
the presenGLiadfR&H oRS @%&?*Bﬁﬁésﬂﬁg:%ﬁ & rﬁ@ﬁ@ VP Ia %#afﬁ ®di sease
such as the Al zheinmer's disease, the Parklnson S dlsease or the ﬂad cow

di sease cadivdnnsiaKgambeBmentBd bPrPESERAthg the WY si &1 echRRGEe and

anal yzing other living organismsignals as hereafter described.
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 theoretical 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



FI'GS. 2 to 3 show bl ock diagrans of an enbodi nent according to the present
invention. FIG 2 is a block diagram showi ng a configuration exanple in the
case where a chaos theoretical brain function diagnosis apparatus 17
according to the present invention (hereafter referred to as "apparatus
according to the present invention") is inplenented by using a conputer. In
FIG 2, reference nuneral 1 denotes a conputer. The conpguter 1 includes a
hard di sk tedese aahu@hi chf a Gﬂ@éﬁbsiyaﬂﬁbgréﬁﬁ@hereﬁgaer Fef &P to as
"brain function diagnosis progrant) PG for detecting and quantifying a fal
in functi obheeveltiofal hdrsbgectvalbieni ef orgeaviti¥nt CEPELTI06GVANI XM body
control eloquent area 101 is recorded. A program code of the brain function
di agnosi s AatgramiPG-hs agteor 6éduod the hhed chags ddharatigad iR ti on
the hard di sk device 4 includes an eval uation and di agnosi s dat abase 46
descri bed taflenl@deieorr| Geads . AsBY rdepesingr & ceontirhd gtk pragr M a
recordi ng medium such as a flexible disk, a CO-ROM or M), which can be used
by vari ousthenuit£is, amndai tisiak j véheémdfrerepy abcewrsdte Measagerert ysi s
programis included in program codes of the brain function diagnosis

program PGeafihbe @eaato aied YevénpEeer amsildghtpiagriamd bseasecul ating chaos
t heoretical indexes by conducting a chaos analysis on digital data of a
voi ce signal 40, an nystagnus signal 50 representing an eyeball notion, a
fingertip pulse wave signal 60 and a gravity center sw nging signal 70

indicatinggkgaﬁﬁﬁg$gﬂgpfgoﬁhSFgEEFibﬁAﬁ%W¢§, whi ch are read by the brain
[

function 1 0SI1'S program

FIG. 1 is a graph showing changes of brain
ability levels in the object definition eloquent area
and a body control eloquent area with age according to
an embodiment of the present invention.

FIG. 2 is a hardware configuration diagram
according to the embodiment.

FIG. 3 is a function block diagram showing a
brain function diagnosis program in an apparatus
according 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 levels in the object definition eloquent area

100 and a body control eloquent area 101 with age

12



Furthernore, a mcrophone 21 for inputting a voice of a subject 20, a voice
measuring instrument 31 for setting and changing a sanpling period and a
dynam c range (bit length) in sound volune | evel adjustnent and digital
conversion to take this voice in the conputer 1, an nystagnus instrunment 22
for electrically detecting the vibration and notion of an eyeball of the
subj ect 20, an nystagnus neasuring instrupment 32 for t kanrthis nyst agnus
signal inadeordipg dro 1ana emhRRineptp Akt Ny BL&HRRBE 28YHEHBsuri ng

t he pul se wave at the fingertip of the subject 20, a pul se wave neasuring

i nstrument 33 forheakpngsehits poveataade bRyeal crasddatedofiidtter 1R a
gravity center swi nging instrunment 24 for nmeking the subject 20 wal k on a
wal ker 25,0tder elfipr nposamgna bratn@ntbodd ken ¢ hgnsfbjcest agdiapaddring the
novenent of the gravity center, and a sw nging neasuring instrunent 34 for
taking thej gr aMddes S£PY It SWidwuH dwibégrdntent e ebnhilteer attaren cdnynect ed
to the conputer 1. These neasuring instrunents attached and connected to

the subje ar 8dgk0 bakergbonalmaiieasaieg. f r ovhklre fouhd ecteh2d in the
conput er i&?%ggeéﬁaﬁﬁneg Furthernore, the conmputer 1 includes a video 19

out put devj cgeBneA dhsRlAY% AeViee, 9 fasc dasal aybnggeashy oknes derramant ent s
and neasurenent results 1 n operation of the present invention apparatus is

comnect ed tonlReol 4P Ut fift £6nSoff Ul L AghaRien (e deaputieyiny

i ncl udes an control device 8. A keyboard 10 and a nobuse 11 respectively

functi oni n%??épkjeeitngokngué\ﬁ%? ggd a2 M%%gg&gg I @fes%%rqufd to

the 1/0 co Vi ceé  B. nore, an | pl ay device 26 for

i mposi ng visyal | gad on, t he subj ect i o] 0 vigshial

generationaﬂgvi%e Feten % dcgéH%ra *%ﬁgsggﬁgéﬁgnbAﬁggar speaker- 27 for

i nposing auditory |oad on the suﬁée&t ZO.LS 00£6ected to an auditory | oad
5

gener at i onM@EHPBe A§EO TR Gt K et BFChEPEI SRSt type including rollers

is connected to a notion | oad generation device 37. |n addition,,éhe vi sual

| oad generation &Wi a5 Wake atifer oGP yeref at A8ACHIAINE 36t %d t he

nmotion | oad generation device 37 are connected to a data_ i nput_-out put

i nterface @bfjectortf othehbedyy mdtelepnpoednsiveRypk EPRAK1Ngs et BRI ker

25, a hem spherical or semcylindrical sporting good for bal ance the

vi bration sbave oleswithedarbimirofunetiian binekidesala cBRPFEHLMyCbe used.

A RAM 6 and a ROM 7 are incorporated in the conputer 1 around a CPU 3 as

storage nemanafgdm@Ostorage that functions as a dictlonary 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.) is sent to a
function of <controlling 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



devel opi ng respective program codes and inplenenting functions. The data

i nput-output interface 2 is also incorporated in the conputer 1 to conduct
interface processing, such as conversion to digital data, which can be
processed by the conputer 1, in the case where signals neasured by the

voi ce neasuring instrunment 31, the nystagnus neasuring instrunent 32, the
pul se wave neasuring instrument 33 and the sw nging nmeasuring instrument 34
are anal ogfshghabs. |isthbasadedhens tiphysieaht eniaterPeappdteits is

i npl enented by such a conmputer 1, the inmage di splay device 26, the ear
speaker 27futbetioal ks 2Bfetrired/itswahs| datlyenensriodn efeageensds angwm
auditory | oad generation device 36 and the notion | oad generation device 37
forma "l onodlggnerad i an skghadn"ingaludéngr égdent obrissdi nepLormad ity ophone
21, the nystagnus instrument 22, the fingertip pul se wave sensor 23, the
gravity cephertlsani figneg: iiorst ofinerdn40llhegvoindiviedsadi myot hsneunent 31,

t he nystagnmus neasuring instrunment 32, the pul se wave neasuring instrunent
33 and thesﬁphlaqi NPo Freaser+ AG1ILARYT UaeRiusId é o abésersmotrseledonid The
CPU 3 conducfs chaos analysis on digital data obtained by the data

| nput out pu%eh'éfx%rtfél‘f?fgoh” BEE ORI WihRokhatakaps anal ysést pregram PG
stored in the hard di sk device 4. "Thus there are chaos theoretical index

calculatiogog% OF@gﬁpgxﬁ- gcgoﬁgkgyhgging chaos theoretical index, and
ca

chaos theore i ndeX change state detection neans 45 for detecting a

change state on e basis of res t al pon, | tld@n, the
CPU 3 functions ypes%e €°ﬁe§r¥§%fnosr %‘lg]%/lflgflﬁgtﬁglvé tsg#l‘%g%g Sglg%n%ggf%ygt he
data input:output interface 2_into _processing its, ct | | so as
means for P@ﬁ%efH§£%5W?i6ﬁ§1Hg%FnaeﬁgrgﬁE%i s?gﬁﬁgiédﬁ??o%?%tﬁQQ ard di sk
device 4 fuynct.i ans, al so.as -neans_for. s [ t he cal cul atj I, |t of the
chaos t heoPEidH 1L 08P e &5 i#gés%gl s%e%bggi élg b%gl]f&gﬁfhéenRAM 6
i nstead of the hard dj sk device 4, which is nonvolatile storage neans. In
the appar aPBJe&tcH R IRFo the present invention having the configuration
descri bed above, it is possible without problenms for a healt2¥(Person to
have a daily tal KnEPreagdeduaIairedabli iy HASBRCBNOLFEDHE YR AT eyor
wal ker 25. It is also possible to follow a change in wal king speed and to
i nterpret ®y®siaogh eamsol dsandtened dinbl Mppdedt hedi dye RRPEEY device
26 installed before eyes. Fromsuch a state, a brain function exam nation
procedur e idefdimirttieth elogquent area 100.
In +the brain, both the object definition

eloquent area 100 and the body control eloquent area

101 obtain energy for maintaining the functions by

metabolizing glucose. If metabolic waste matters

generated by the metabolism 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, activity

at a high function level in the brain becomes possible

again.
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I n the exam nation procedure, the subject 20 is first nade to read aloud a
conposition displayed on the inmage display device 26 and conduct
interpretation of the synmbols and marks by speaking. The | oad |evel 22 of
the brain relating to the speaking is neasured, and the wal ki ng speed is
adjusted. In a state in which a natural wal king notion is possible as if
the subject 20 strolls, swnging of gravity center of the subject 20 is

measured and the | oad’Hevedldf inheHy afuncEliohi N@vdl tde €RBt LAlaigf d1eo
gravity center is nmeasured. Or the load | evel may be nmeasured by conducting

a sinple notiopctanedias ehdaFaseUiherte atitackapadts J8Fe, tRE HEATR
aimng at dancing to nusic. Subsequently, in the exam nation procedure In

the present inyeellan aBPadaévsastle sye%ﬁiébﬁ V@a':k%rhegﬁsic%‘ﬂie rﬁé%ébe

"l oad generation section,” is adjusted and e |l oad I evel of rai

relating to thenheontaah ofint hehg' aviiy:tGRIH er dved ”Cdfasxﬂﬁe ‘ﬁ‘fa}}fn mekq 09

the subject 20 continue the work relating to the speaking. In thi's way, the

change of the beaddsevel ehet Bashy %iﬂbf@l at h?gg}&t 4 | g 8|c%a.tsrlgcfgin By

the way, in the nmeasurenent of the load | eve rain relating

speaking, the speed@f1 thgewaldisiods Gy ol Lgd zrfofﬁo% a'g\%a%g%?grteg

| oad | evel of the brain relating to the control e gravi

constant or inﬁégﬁ%%fﬁuiﬂéfgkéfye£%§%F$800nstant tenporal state in sone
n

di agnosi s procedures. iI'sTway, Prof the speed of the wal ker
correspondi ng to each of, procedures set for various 23 di agngsi s pur poses
i s conducted. By theqﬂbyF AsCREF Mhere obliegiadlatinrFRecEipBRt o tirvel
appar at us accorgi to the present invention, the conbination of devices
fornming the |08 [ﬁkﬁr%{?&ﬁ JéctFdNSedn e RhYF irali oF sehemjgailhalanage
where the diagnosis purpose can be sufficiently achieved by making the

subj ect 20 reaf¥al F&E nebkb@per TECAVRLY i kefasthige |Tomctine ddeved suth as

the wal ker 25 for inposing the notion |oad can be renoved fromthe
configuration. considered to be almost impossible as of today. 1In

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 medical treatment, unless the brain is
subjected to physical or chemical damage.

However, it is considered that the brain does
not have a structure in which eloquent areas taking
charge of respective functions are separated
definitely, but the eloquent 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 brain, the

relative weight ratio or capacity ratio of the brain
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A processing flow of a signal nmeasured by the "sensor section" wll now be
described on the basis of FIG 3. FIG 3 is a function block diagram mainly
showi ng a brain function diagnosis program PG in an apparatus according to
t he present invention recorded on the hard disk device 4 in the conputer 1.
Signals neasured in the "sensor section" are the voice signal 40, the

nyst agnus signal 50, the fingertip pulse wave signal 60 and the gravity
center sw figi Bgadilghait 70s fibéseedidpml shatetheputistnsbangeodss geat by

voi ce signal processing neans 48, nystagnus signal processing neans 58,

pul se waveastgaalizidcesal ngcheansishdlyandldifevi tyecanser swheageng &3 gnal
processi ng neans 78, respectively. Thereafter, these signals are processed
by the chagsnyaaeralP talrge4 redadaaned cihatihen beads 4ds aconpgwerehaos

t heoretical index change state detection nmeans 45. The voice signal

processingwggﬁngtﬁgriqghﬂp3§r dgsdata i nputoutput interface 2, voice tine
series data detection neans 41, non-speaking silence portion renoval neans

42 and speaki ng g cgonkonels b EC PR ShoifNs B AYTUS oS! el
processi ng nmeans I ncludes the data I nput-output interface 2, nystagmnus

time seri eai%fa%éﬂeto%gmw MBANS, Sha AONGPL it P A, I ORImpESRS 52
and nystagnus signal detection neans 53. The pul se wave signal® processing

nmeans 68 i . dat a, .npuyt-.ou i 2, pu i series
data det ecpﬁc%lr#%%@a&nﬁﬁ%g? dFls)tulre aenctesag%egnar%ﬁéée%g%al aﬁealﬁzl%Gﬂ%dé%ﬁlgse wave

oL el et LIRS o, m PR BB oS, Ik D ogsa!

e" dat a” I'nput=-"o LT’ i nterface gravity center

ans 78 i REPEAEE THie” dat a Phiput” face s, gre . |
means 79 afid SRHAGe € onbBF Teuidti nh B GRAE NATRY | B AEAReery | FPET 1 he

case where the voice,signal 40 s, useﬂ as .t he ig ut, wi|l V£be.described.
Voi ce of tRETSWHitEEL 180 tQWeLRen ¥h FRE &t BE 34 P ?.189 T 1R_Hr esent

i nvention by using the mcrophone 21 or the like. If the voice signal 40
taken in i @fasloRdl AL signal, digital conversion is conducted by the data
i nput -output interface 2 and 25 ) ) )

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
information exchange between functional sites.

No matter whether the brain disease is local or
general, an extreme fall of the activity in the brain
or a significant miscarriage 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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resultant digital voice data is input to the voice tine series data
detection neans 41 to divide continuous digital voice data into processing
units required in subsequent processing. Subsequently, as preprocessing of
anal ysis using the chaos theoretical technique, processing for renoving
non- speaki ng voi ce sounds ot her than speaki ng voices of a human being from
the divided voice digital data obtained by the voice tine series data

det ecti on e@aAnetd4be campensatadbpyt heheoned pablilid witeacbrpdnt ings « enoval
means 42. Specifically, the non-speaking voice sound to be renpved is a

col lision aht @t o8 isewirhamce®) | i obs r dwermes ait icas souestt reemlpl e
collision sound, a nultiple collision sound, a crush sound, a fricative

sound, andegtkpRGenadn tfe basiacqhitke adid erfineygiencypnceverluestat i on
time and bandw dth of the original sound, feature extraction is conducted

and separ arhepedod d,eMP¥abvek yn@rdipedlé Nngcvaiadd zalindisatarbamducted. As a
result of the above-described processing, the divided voice digital data

Wi th non- speakihBa i eRicee SrBdyiegeverebesgaes di vi ded voice digital data
with only the speaking voice conponent of the human being left. In the case

where speaking vaifersigpal s of BrAngsal abyuel Penseredar@&dvapde, in
separation into 26 i ndi vi dual speaking voices is conducted in the

speaking vephee Sidiiatafet FEEilQin NEANSed8abReGRUS G | Thi 81 ACCA/AIYidR
conduct the followm ng analysis using chaos theoretical technique

00Ul bt RG] coLbta R4 MRS hEBNer LEPOUEITARRe o
observing and 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
present inventors describe that the brain function of
a speaker can be measured by analyzing a spoken voice.
In addition, however, the present inventors have found
that an early diagnosis of a brain disease such as the
Alzheimer’'s disease, 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.hereafter described.

FIGS. 2 to 3 =show block diagrams of an
embodiment according to the present invention.

FIG. 2 is a block diagram showing a
configuration example in the case where a chaos

theoretical brain function diagnosis apparatus
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feature extraction is previously conducted and conparison with voice
signals neasured in real tinme is conducted. In addition, as preprocessing
for anal ysis using the chaos theoretical technique, signal characteristics
such as the dynam c range (such as intensity and anplitude), pitch (such as
frequency characteristics and tinme change rate), and an offset quantity are
extracted fromthe voice digital data, which has been obtained by the voice
time seri excaatdidgt éct itdee npaaseat, inwenghah ¢hereafkiest refesnadacti on
means 80. In order to obtain predeterm ned required diagnosis purpose and
di agnosi s tf eabsi'eipparatust eceanthngs toattthacpuesiemtoniniventaond "egnrbedded
di mensi on are derived by index calculation paraneter derivation neans 81.

Subsequent]y, ihplEhentaobyt ieQie) | £atompaesrcal cul ati on neans 44, analysis
is conducted to cal cul ate the chaos theoretical index according to the

chaos theoreti cal f ephng quey by USRS & he & OnGAn Bixdi 1al1 24 e nBalais oyt put by
t he speaki ng voice signal det ecti on neans 43 and the paraneters derived by

the index 8%gtukiaeggnszgggaeshﬁht®fiya&hegura?@glsaSﬂxar_%oecpiskcabwcét is

made cl ear king~“vol ce of a human being is processed as a tine

series signaby Lha dif ag! 8l JdBNPL OBrBl it VRYELRERD:S Saperigental |y al

nost si x-di nensi ona her efor e, ecl orm strange attractors

inatrmmaghq ggﬁiyﬁghé?@gh %ya|§§S$gnggéaﬁgﬂw¥egéofg¥euue

attractors."As s ‘cal'culation processing, cCe t1on processi'ng using
(o ot oe LRSI, 4Py RN A0 SERL P SRR

amjrecmwwﬂg o‘%éﬁ@ %%fﬂfgigg %‘%&uent area 100 and the body

control eloquent area 101 is recorded. A program code

of the brain function diagnosis 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 recording medium such as

a flexible disk, a CD-ROM or MO, which can be.used by

various computers, and its drive device may be used.

A chaos analysis program is included in program

codes of the brain function diagnosis program PG.

This chaos analysis program is a program for

calculating chaos theoretical indexes by conducting 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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Thereafter, in order to tenporarily hold the chaos theoretical index
cal cul ated every nonent in a tinme series and indicate the state change
guantitatively, in the chaos theoretical index change state detection neans
45, the value of the chaos theoretical index and the change of the chaos

t heoretical index and its change range are found and the tendency of the
time series change is detected. As the nethod for finding the change

t endency, dhegrosisapireglr@ih &G4 inding a characteristic curve by using the
runni ng average, |east square approximation, 28 Kalman filter or the

| i ke. Furt her nor @urthhexmpoei ngat Heiehapbongeordt | £€8F | ABPRYH A a T haos
theoretical index of the voice of the sane subject 20 at a different tine
poi nt prevwoisky oft ar esib fetche 28valaiatd boe aneagivagingi snabhrupesd 4ol
provided in the hard disk device 4, relative conparison with respect to
part referegpge petRling s anhdudiadgiky the sayplingt hpexviaidiataroh and

di agnosi s dat abase 46, for exanple, the chaos theoretical indexes neasured

at the ti ”gyﬁfam&%ri Qdirfgaredisat Cméﬁlgwgcomductml@acevamw arevel
accunul ated. In the case of a subject 20 who keeps going to a hospital,

chaos thEOéaﬁh% JritdeXas GG i EHRULOn RS UbRT Y CEMKeEekn O ansideday are
accunul ate n the evaluation”and di agnosi s dat abase 46. Thus, it becones

possi bl e t 9,0bpREVERALYEL al9e aRd h9BYaGREe JdltatuRint ez br afdk

function change. It 0 becones possible tto conduct conparison with an

aver age vaLyg by aeoiyl ALKt Phed Alukal 10 BhaSuResoR 3k dfre. the

average activity € presuned froma tenporal average of

verage act | ! aver age
aceor ol ng PHePRAn gl (ko SHELITEE cchil quall o7 Bl “ARAS LG IF,
in which the t I f.the first L .3 '
conpar at 1 vaRg SR Tond Endel foFano) G sBYBPARTS < o Afteat nEMSS

subj ect 20 i s conscious of fatigue.,By thﬁ way, it is also pai?ib%grto
provi de a BPEPYYSHcthon ®vattBIFHR1IBNdPHI &G oYY atsFHEE  whi ch
previously stores basic data for making a diagnosis in a patsggry of
desired di BeASANTING t K ParBUlFek WaVPcedk i hlehe fPME&HE P nveht i bite
apparatus. It is also possible to construct the brain functiog eval uation
and di agnoSudiesttabdfe i BUASSOIEAVRadEAFNEENGg INFE THR@Rhet? ortPhe | ke.
As for data stored in the brain function evaluation and di agnosis database,
for exanpl dakimavehige mhboe WasEr eBigapli fdese | RhehCPRPRESE skat@ of a
brain di sease, a chaos theoretical index in self-consciousness of fatigue,
and st andagdawltyes cehtgmodwpngdsy einptryaendn add i ghaki®g hehght are
concei vabl e.

subject 20 walk on a walker 25, thereby imposing a

motion load on the subject, and measuring the movement

of the gravity center, and a swinging measuping

instrument 34 for taking the gravity center swinging

signal in the computer 1 are connected to the computer

1.

These measuring instruments attached and
connected to the subject 20 are used to take signals
measured from the subject 20 in the computer 1 in real
time.

Furthermore, the computer 1 includes a video
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Al'so ih the case where the input data is the nystagnus signal 50, the pul se
wave signal 60 or the gravity center sw nging signal 70, the processing
flowis nearly the sane as that in the case of the voice signal 40.
Specifically, the case where the input data is the nystagmus signal 50 wll
now be descri bed. An eyeball notion is nmeasured by the nystagnus neasuring
instrument 32, and the nystagnus signal 50 is taken in the apparatus
accor di ng awtphe plessime iSvendi obisplavhdevieagrfus IRFasdtfRGAVANT unent
32 has an anal og 30 di gital conversion function, the nystagnus signal 50
is taken icomsrdigi baldedat asontente ngptagmeasmezemenng rasudi®enting? has
not the anal og-digital conversion function, the nystagnus signal 50 is
taken in aspepate@gndat®f astihle i spréfehhe niystemuiisnsi gEpabdtuakerisn is
anal og data, it is converted to digital data by the data i nput-output
interface @oniRegukdario dtgiet izedeaysuagpms detdces 5di vi Bedthetrmoprencessi ng
units required in subsequent processing by the nystagnus tinme series data
det ecti on pRangoMpudder gaf i geludeisa ghhear/d habnthe nyaeedwes slata mre
renoved by the nonnotion portion renoval nmeans 52. The nystagnus data is

det ect ed bNe%ESaQ’)ﬁStﬁg%dsbgﬁélu_s@tﬁptfégpg@@&%e§§ fuiéheoRaneg dd the
sane way as e case of voice, signal characteristics are extracted from

et ect] on heRRLUS LRyt ThEalR AT HolfEnfe HBuRte AMF Sennte e

e signha acteristic extraction neans 80.

Par anet ers,_t o, pe din.the c s thegoretical index calculation are
derived byt?hBRFnEZ§ €£W5ﬁé;i§§§)%%a§éter derivation neans 81
Subsequently, in_the chaos theoretical ind%r. culaéion nmeans. 44, anal ysis

c

is conducted to CRCUISEROFRe cARos RS et %ﬁﬁi?ﬁde eZAEST diddy P he
chaos theoretical technique_by using the nysta dat a_out put by the
nyst agnus é?‘gﬁéF—n@etVe’cﬁ‘?%# Fn?\éﬂs oéhgrfs*le s%’tﬁaef’%ggf?ar’aﬁre?gpgggéﬁ%etoo by the
i ndex cal cul ation paraneter derivation means 81. Subsequent prq'esséng is
the sane a8 i ¥NiSWkasdosf v RETAROBoNARNAENE | y 3duplF R at &d dggq.:"? ption
wll be omtted. Processing in the case where the ingut datg is the pul se
wave signapgesergtiane gegkilon cent A SRhgeRgakigfhal /70t9% AP ]I sane as
the case of the voice signal 40 or the nystagnus signal 50, and
consequent yddgpirycaledaddessr ithe osultieche 2hi isedconnected to an

auditory load dgeneration device 36. ‘The walker 25 of

belt conveyor 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-

cylindrical sporting good for balance the vibration

state of which can be controlled by external control

may be used.

A RAM 6 and a ROM 7 are incorporated in the

computer 1 around a CPU 3 as storage means for
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Here if the pul se wave is processed by the chaos theoretical technique, a
fall in the brain function caused by a brain disease is observed as a fal
in the first Lyapunov exponent and as a change in another chaos theoretical
i ndex val ue such as KS entropy. Furthernore, if the swinging of the gravity
center or the nystagmus is analyzed in the way of the chaos theory, a fal
in the first Lyapunov exponent with m nute or hour taken as the unit
becomes adevedep fmg adspécthvehepbearamf #r4esn and elimpd N byndat i gue,
and the fall in the first Lyapunov exponent in a tinme scale with nonth or
year takeguyasetiensnit Thecodesaainpusoioput fiatenfracée2brisd nal.aActi on
caused by a brain disease. Furthernore, in the typical walking notion of a
human bei Ngycd#pdsakBawnishathd heomperant 10f toheaidwety treveefadeans a

| ocus simlar to a sine wave. 32 If the swnging of the gravity center at
the time ofy Nebki Pgl,S SRASUAST invedd IGnSen abigigaal detahawhich
structure"caused by~ superposition of influences of fatigue of the subject

on the SINGARNE b3S U8 oyB el EohbRfekna OrifivEAd (B &Mngre
cal cul ation resul t's of chaos Yheoretlca i ndexes for voice, nystagnus,

pul se wave, an ayi Ge s by s cAalR&hat Ban
results, asnjbgrg%?%e}ételgéé]l y e\?ﬂ; ugglgﬁg@él'% 3’1‘%%{52#% rlelsati ve changes of
chaos theqretical .indexes

Lt i 0S§] 0 ct al L on
di agnosi s W¢ h*¥SEAEEYS olﬂeﬁ}sblﬁérn% hgfﬁgtﬁghgg(sﬁer%’ atgl}én e %§| ggp{%ti on
result. These collective, eval uati and di aghosi . i n the
di spl ay déWg@{uBingn ?'Hétib]ﬂbﬁ’rg-[ u cc,acﬂcgi 2%1? 0 %W?%%Qgeﬁ?é?%%ﬁ?ﬁggn, t he
change of the load | evel of the brain relating to speaking can be neasured
by using tHSBFERENEo34A PERaENY 2D SHEYL ity center control, which can
be controlled relatively easily b controllin% the "l oad, energ%&on
section" on the Appafdt®s GREE WD RKE pFdL PieP&ORE, #1WREINES Dossibl e

to find a brain disease, which has been difficult to find until it becones
seri ous wheppeelatng dgonivplemengessiky usued t Ae CHMRRERF vbi céh& | ong
time before the speaking activity is interfered with. 33
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 "load generation section"
in the present embodiment. 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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Furthernore, by using devices for generating various brain |loads in

conbi nation with each other and controlling a |oad | evel |oaded on the
brain as the bias, it is possible to quantitatively diagnose the degree of
progress even for a slight disease state, which has been difficult to
gquantify in the conventional technique because it has been masked by the
redundancy the brain has. In nmeasuring instrunent | oad control neans 47
provi ded omesinge 4 hefhar ¢adicklabinge chaehetbeoget fgatt iodest, ndhdt ori ng
and controlling the | oad state generated by the "l oad generation section.”
It is posschiamg othdpusttidell dadldx ashhogded batehddfredhiby atgamsi ng

di splay contents of the inage display device 26 connected to the visual

| oad gener atsi ofio de\d €€ed dmd sounianad ests tgenenattddei bashisearf speaker
27 connected to the auditory | oad generation device 36 and adjusting the
wal ker 25 e@metted ff othke a@lcarl d bhdngendrmt add ideioag 3TheA< Higr 8t of ore
described, it is considered that the diagnosis of a brain disease becones
possi bl e by Go@tiikupiShY gEager ifgahlke £620% i0f ithed i dild ©agai$8w As
described earlier, the brain has remarkabl e redundancy as conpared with

ot her body g pfed b{he HSEath 3 AHadnesi epus Non eBINE fcbi Wit bi vi ng
organismsignal, theretfore, it is 34 difficult to inplenent a sufficient
sensitivi té}&?@@@ sls'en §" A €6SeasRaS i fe £ oXl & 9Hs J10a BRI €4 nWhi £§rChaos

i s diagnosed. Furthernore, In the case of a diagnosis using only a limted
o a2 SanEoty TR Ppid ¥ BG BT ey ATfg Sh 09 4R £
relatively™ ong tine H%CO s necessary in dlagnééls of every tinme.” For
exanple, in the case re.aonly the speaki oice i.s used. it .is necessary
to acquire the coﬂ iﬁEGﬁEt%88ka%5ev§@35¥o€gﬁ%§é@%YéFEie sfﬁpﬁﬁfggngven

when the average brain fat e is nmeasured, although.it also depend on
the fati gu\é/ﬁsﬁ‘gt 3SOF‘I‘?%BSSE%U%C%%?ﬁ“W]UuEget ﬁé‘ﬂ?ﬁ ﬁé:ls]i%ni §eﬁd{eP%a8 . URI o)

in the case where the gravity center swinging or the nystagmus is_used, it
i s necessary® cCBEGSH r‘g“%ﬂ(‘] s188EX ovehY apBPoM bt ey SteF4F Ot ens
mnutes in the same way. Although they are sinple dia%nosis technlgues as

conpar ed WR3S 8 A8 LR et Bf Ui apBS R Sudirsteprk PETTHE PRER 445Ks not

easy to inplenment a proper diagnosis for the aged having declined strength
or a persofie¥tig@ed ir o 6k AdasBR MY ot &t PER gPaghBSi kS -
Furthernore, in the conventional chaos diagnosis using the gravity center
Swi ngi ng, nystagnlis anbepud pp avaadusnagr¢acicdping atdesihed preisgnsér gani sm
signal is neasured with the subject 20 in a relatively rest 35

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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state including the case where the subject 20 is sitting calmy or standing
naturally. This ains at preventing the subject 20 from generating
unnecessary noi se and thereby | owering the diagnosis precision, because a
change in living organi smsignal generated by inposing a |oad on the
subject 20 is grasped as randomnoise. It is frequently said "a good idea
is thought of or a solution to a problemis found not when a person is

t hi nki ng stéadilley lata andeeld athirtg henthke speadoimg sist meklsimvmedr @ndduct i ng
sone relatively sinple work." In the brain nodel in the present invention
this is unddestwdtkingbe maisellsbydajdstodd i halnt e sipetat han winikh @ahi ch

i ncreases the |load of the body control el oquent area 101, has raised the
activity ohattheabj wallkdefd nnbtavnel Dsjuenbls sdndae 188, Mhi eheprowb jestt he
body control eloquent area 101 with control information. The phenonenon
expressed a9 "stro31easisafing@infape wradeap wesrtdhi oki ngershiejepeaki ng
than when thinking silently" is also understood in the sanme way to be
caused by aof agls t hndadheedli sand adié Vityadn 18¢edbj @t dgiénibirein

el oquent area 100 and the rise of the load level in the body control

el oquent anea 0dnQrecdn exAPaLBYLtWolN eaCh@ldhelgrdvi e begtarmdgl in
the present invention, the 36 obj ect definition el oquent area 100 is a

part_cont [ gldaidy g a so-gza! |6k OPLE AT NPe9X! iy e Gy BEa aB¢ only.
e n

one is defin in the personal brain. The body cdntrol eloquent ared 101 is
a socalled] tem.. er, | yrali em.can be
defi ned foF‘Jrnt(aas%%lgﬁ@egoF&ar%l@vaié)gﬁgéor%ti u Zasg %ogéhte?incgi éeltﬂa%%)argat us
according to the present invention, sone_of a plurality of_bady control

o oquent arBA R ATREER, SR B8R 30 TaRe o PrtbE | Bb: PeRBR LGS tho:
controllin hysi cal notions of respective body organs, and a body control

el oquent a o1 relating to the regulation of the visual function, are
wor ked upon by, for exanple ving a.stinmulus fromthe outside. The object

e v Qi

definition eloque%?bﬁﬁgéeﬂﬁifg ddhp&if&d SFGTHd e LPR | RFQFRELESn 1D
concerning the control of those body control eloquent areas 101. In other
“words, conttl | SFeIRRE atBVERELLHR c@PRARAAIDI asERe sgPgedesft, thepart of
the processing capacity in the object definition eloquent area 100 is
consuned céiier2fy. Which dRushmdélpadsignnerat denefeatitdn a” hitgher
sensitivity the fall of the brain function concerning the object definition
el oquent areeljuHOedwiaingh thedilfdfdduleved bef athealbrzaini welset gopvéet i onal
single living organi smfunction eval uation. 37

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 load

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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The previous brain nodel will be described in a sinplified form It is
supposed that the object definition el oquent area 100 of the brain in the
heal t hy state has a function capacity enough to be capabl e of

si mul t aneously control ling the speaking notion and controlling the notion
of the hands and feet. It is also supposed that sone di sease occurs in the
brain and the capacity of the object definition eloquent area 100 falls.

Unl ess t hedfiabhosfist a1 nrapees t ¥s ofonAucodldect definition el oquent area |00
progresses to such a degree that at |east one of the control of the
speaki ng notion @y the wantras ofot heheotiloadigeheratndn awtfoen"is
interfered wwth, the disease that has occurred in the brain cannot be

det ect ed bynt henér aippduet s omcevatdihdg ortousthg greséle dontemtiof,t he
speaki ng notion or only the control of the notion of the hands and feet. In
t he presenthien\&iib PiaBRpar aifusdeVbreseforatine tipssibhd tgepmeasvuient he

| oad concerning the control of the speaking notion for the capacity left in

the obj ect sdefiinidi Ofnebeduaiergai 100k, fan exeantaseCatd | thg the
gener at ed Foad concerning the control of the notion of hands and feet and

meki ng i t aig%%ggtgggﬁggis%ct Al | B | ofly £F POYERL 1Y CachPloved thY

appar at us acc resent invention, nedl cal" exam nation data

concerni g b8 3P +hleBlk et  £o OLe LB I F8Ps BEpRR! BNchd T PIKLI VI NG

or gani sm si gna can-be easl |y neasured, suc Signal s caused by the

et 09, G oepRyl P8RV Sendl HELYCEC iR S AT ARGIRE 298D cor

Ther ef or e, $ accor e present I nvenfion can be used in

a prelimnary diagnosis preceding clase m natiqQ i ¢h S

| ar ge- scal é‘“ﬁ’eqﬁjc gan‘&ﬁ% c‘Bﬂglllogat éa’%g‘. agﬁ%‘si sbaet ec r%'lmqku%(? aﬁggg n‘gBch
exam nation in.a nedical checkup or the Iike. Furthernore, the result of
this eval udd %ﬂﬁ??ﬂ%ﬁhosis can al so be used for the investigation at the

time of application for an |nsurgnce pg%icy.,FurtﬂernDre,‘gé %gpbgging t he
present invention®aPFRRIZLNA WaPfarat L HRh FEAHEBET T SBECT, it
is possible to nonitor and control the | oad of the brain of the subject 20
in these apFAEUsesectiont stk oRCUN® e At 8| PRy tdre PF 4§n6Si s

using the PET or SPECT are inplenmented. owing to the present invention, it
becones FIG. 3.

FIG. 3 is a function block diagram mainly
showing a brain function diagnosis program PG in an
apparatus according to the present invention recorded
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 processing means 78, respectively. Thereafter,

these signals are processed by the chaos theoretical
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pdssibTe to put the techni que and apparatus capable of easily inspecting a

brain di sease to

practical use. Instead of the conventional brain checkup,

whi ch cannot be wi dely executed because enornous tine and expense are
needed, the present invention apparatus nmakes possible inplenentation and
spread of a brain dock of the next generation. The present invention 39

has an extrenely

i nportant significance in daily brain health nmanagenent.

| NDUSTRI AL iR CABILCT thien pmesaryd 44veaid onheel eh&sst alreaeet tabl
di agnosi s technique for analyzing a tinme series signal, such as a voice, a

pul se wave,i ndNdidith e Oravhty CEBEBEL iGN NiEladdUR 5.0cul BhenDyERBRL ),
emtted by a person, and thereby naking a diagnosis to determ ne whether a

di sease is g3

situation and the State of t

signals, Sufft@se

t grivddies Pﬁ?i medns ha Perpenuddy khddeqhha Pigphess
e di sease. By analyzing the living organi sm

t he csade 89 2v 0l ﬁ?ic@“'tsﬁné“’aﬁ‘éa:i%@viihiac%‘éécﬁ%ﬂgi ng

and nystagnus,” converted to digital data according to the chaos theoretical

t echni que £l

E e e A e A
Ihen T oL, SXeBATEA 08, GEER V1AL AN 5l Shigdly 5 O3 Con b

obtained fro

gn t hat ca easi | np ore,

G nat i of PN RosddnsT iyt So e By BeARe h BBIRAE S Bilidnoas

techni que, ,and a

nmedi cal exgni ation.in a
Thus. the prHRLrTOThoER i DACPELASE! 1F/ | MASHAIHIGs e 4

chaos theoretical

di cal hECkuge%Eé%gfﬂ%%§?'A

brain function di agnosi,s apparatus for diagnosing a brain

function ofiSFSubieBt MFARF vitly a"PBaRA P f BRETIGHEI TSMOY A BEPRF ng
organi sm of_ the subject, receiving_a reaction emtted fromthe |iving
or gani sm of°% M4 By SR s PBALr [detaYgnken BRADENA Yz M e hBudBEctric

si gnal ,
wave

input-

signal processing means 68 includes the data

output interface 2, pulse wave time series data

detection means 61, disturbance signal removal means

62 and pulse wave signal detection means 63. The

gravity center swinging signal processing means 78

includes the data input-output interface 2, gravity

center swinging time series data detection means 71,

non-swinging portion removal means 72 and gravity

center swinging signal detection means 73.

First, the 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 present 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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wherein the apparatus is characterized by functions of selecting at |east
two from anong a voice signal, an nystagnus signal, a pul se wave signal and
a gravity center swinging signal as the electric signal; calculating chaos
t heoretical indexes such as Lyapunov exponents according to a chaos

t heoretical technique; detecting changes in the chaos theoretical indexes
wi th passage of tine; and collectively evaluating and di agnosing the brain
function. 2ZesTisamod itdicoakt iwalcdr alatd urdst i dnpaitaghosi sheppee ates
according to claim1, conprising: voice signal processing neans for

di vi di ng tlke@meoi ceegiigral ,dabhch destedpiionf r ameadnyoi dd nmeasur idigvidet r unent
to the chaos theoretical brain function diagnosis apparatus and converted

to a digitabntidiedusi Mg PEQLESSd NgeUNidta ANy protedss Ohferuhhes
speaki ng voi ce data of a human being, and extracting 41 voi ce data of a

singl e per s@eu WD idesyBbsEquehdnplroceswdingf. data of a plurality of
persons; chaos theoretical index calculation nmeans for anal yzi ng speaki ng

voi ce data of theséwel;ﬁea%rlgp,n,a@h%s-ap&%c@sm@ edsi Bnbh§ 24 C@s shgnal
processi ng nmeans, by using a“chaos Theoretical technique, calculating a

chaos t heorgld cakyaRdex, cARd Sorddg 2 vsifliqel h%£abepbanion ebethe

chaos theoretica ex in an eval uation an agnosi s data chaos
of the chadSTtnam g RRRF sHeRSt Y EEHEET RFRE, Shnef SR SR RERgy Tl
chaos thEOV§£é§g é?dgxﬂgﬁghehgfggsfrom the divided voice digital

data obtained by the voice time series data detection

means 41 1is conducted by fhe 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
frequency, reverberation time and bandwidth of the
original sound, feature extraction is conducted and
separation and removal of non-speaking voice sound are
conducted.

As a result of the above-described processing,
the divided voice digital data with non-speaking voice
~sound removed becomes divided voice digital data with
only the speaking voice component of the human being

left. 1In the case where speaking voice signals of a

plurality of persons are input, separation into
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t heoretical index of the voice signal of the sane person at a different
time point previously stored in the evaluation and di agnosi s database. 3.
The chaos theoretical brain function diagnhosis apparatus according to claim
1, conprising: nystagnus signal processing neans for dividing the nystagnus
signal, which is input froma nystagnus nmeasuring instrunent to the chaos
t heoretical brain function di agnosis apparatus and converted.into a digital
signal , i ntBdgvdaEst ng sPRakingnd idRRA ng 18at 2CORABLYEaN st afiEis dat a;
chaos theoretical index calculation neans for 42 anal yzi ng nystagnus data
with data epeekimmnveieeyi pianpdn dREacktabyvatRamst ¥8 nyBLaGMFSE sifnal
processi ng neans, by using a chaos theoretical technique, calculating a
chaos theodet inatesadey, tndcorghicly &heesfvllowinige amatykbatsi oms bhgt he
chaos theoretical index in an evaluation and di agnosi s dat abase; and

chaos theoretical technique individually.

Specifically, on the basis of center frequencies,
reverberation time and bandwidths of all speakers,
feature extraction is previously —conducted and
comparison with voice signals measured in real time is
conducted.

In addition, as preprocessing for analysis using
the chaos theoretical technique, signal
characteristics such as the dynamic range (such as
intensity and amplitude), pitch (such as. frequency
characteristics and time change rate), and an offset
gquantity are extracted from the voice digital data,
which has been obtained by the voice time series data
detection means 41, by signal characteristics
extraction means 80. 1In order to obtain predetermined
required diagnosis purpose and diagnosis precision,
parameters such as data acquisition time and embedded
dimension are derived by index calculation parameter
derivation means 81.

Subsequently, 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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chaos theoretical index 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 theoretical index of the nystagnus
signal of the sane person at a different tinme point previously stored in

t he eval uation and di agnosi s database. 4. The chaos theoretical brain
function di agnosis apparatus according to claim1, conprising: pulse wave
si gnal prodessi ngutrparts byr tdiei dPed k hBIpVske fare R ghalde WBFEH 9B | nput
froma pul se wave neasuring instrunent to the chaos theoretical brain
function dinagnosi 4 Jappadatub earpa camest ead tdea idi gidt &y sitdrel Lnide®
processing unite, and renoving data other than pul se wave data; chaos

t heor eti cak d heexleat ¢ At ipa meanstfer ahalyZzimgt i se mawendat 8 Wit h data
ot her than the pul se wave data renoved in the pul se wave signal 43

processi ng nmeans,sgyc U8ioglayghaostt hder etmadé t edleairquethaal cudlfatiag a
chaos theoretical 1ndex, and storing a result of the calculation of the

chaos t heokglladding "¥6Xcknodn £Vialmah i Beiagd i gareséssdat alkase; tand chaos

t heoretical "i ndex thange state detection neans for detecting a change state

of the chaggrjes signal, the fractal dimension of the waveform
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
processing, calculation processing using the method
disclosed in Japanese Patent Application Laid-Open
Publication No. 2000-113347, entitled “ Fatigue 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 moment in a
time series and indicate the state change
guantitatively, 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 range 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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t Heoretical index by conparing the calculation result of the chaos
theoretical index with a chaos theoretical index of the pul se wave signal
of the same person at a different tine point previously stored in the

eval uati on and di agnosi s dat abase. 5. The chaos theoreti cal

brain function

di agnosi s apparatus according to claim1, conprising: gravity center
SW ngi ng signal processing neans for dividinghthe gravity center sw nging

si gnal , whKahmag jfpltefr @f atBai Agikey el

BFMOTE r URENCOMPARHENE haos

t heoretical brain function diagnosis apparatus and converted to a digital
signal, inthepratt@ssi nthanreticahd rredexi wjtdat a othans t tleopebdcglcent er
sW ngi ng data; chaos theoretical index calcul ation neans for anal yzi ng
gravity cetihdexswofgi nthelatw iwéeh dfit atbehesamean sitbgjagtavi2§ caht ea

swi nging data renoved in the gravity center sw nging signa

processi ng

means, by 44 ffearsmyg a tdhwees tgwimet i qgatet rohelygue, stakedl at ing atblaos
theoretical index, and storing a result of the calculation of the chaos
t heor et i cakviandex ién aanelall iaynos iandddt apase s4 6apaleasipledndn the

hard disk device 4, relative comparison with respect

to part reference points is conducted.

'By the way, in the evaluation and diagnosis

database 46, for example, the chaos theoretical

indexes measured at the time of periodic

checkup conducted once a year are accumulated.

medical

In the

case of a subject 20 who keeps going to a hospital,

chaos theoretical indexes continuously measured every

week or every day are accumulated in the evaluation

and diagnosis database 46. Thus, it becomes possible

to observe medium-~range and long-range states of the

brain function change. It also becomes possible to

conduct comparison with an average value by

accumulating data of a plurality of subjects 20.

Here, the average activity of the brain can be

presumed from a temporal average of the first Lyapunov

exponent calculated by processing the speaking voice

according to the chaos theoretical technique.

It is

known 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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chaos theoretical index 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 theoretical index of the gravity
center swi nging signal of the sane person at a different tinme point
previously stored in the evaluation and di agnosi s database. 6. The chaos

t heoretical brain function di agnosis _apparatus according to any one of
clains 1 teubjeedn@l sisngonsebaus gefiefatigMesecti on and a sensor section,
the I oad generation section conprises at |east one of an image display
device for inposiBw &h@ swak .l odtl &F t RdsSubpees ibdesptakeprevidenpdsi ng an
auditory load on the subject, and a sporting good having a function of

sW ngi ng t heagmavifyncehosr, evadluakeigensendsectiagnesipri sketaltageast two
measuring instrunments of a m crophone, a voice neasuring instrunent, an
nyst agnmus whichungptevaouplyt aghosresashasig | ittraneficr amalisey waae
sensor, a 45 pul se wave neasuring instrunment, a gravity center sw nging

i nstrument diarchod SV AGi Ng NeasepbRy | 68t rdedted’. d1Beaskgosihhepneti cal
brain function diagnosis apparatus according to any one of clainms 1 to 6,

wher ei n anhaval ubitdlendafdca di agnNochée preskathriivehtohi appat@sduct ed
by conparing data in a brain function evaluation and di agnosi s dat abase,

which storeg daga 100 CRVBUGIHTE &0 e¥8hHaiuet abHed W APROH wn®f ibhe brain
function, with calculation results of the chaos theoretical indexes. 8. The

chaos theogglbiiele AR anfURIdHb € 20a88hBaRRPAIA S BRELINIB S0 BYY one

of cl ains , conprising: asuring 1 nstrunent | oad control neans for

cont rol |1 nged oo St Shecasnar Aedehy Shad oadHofisr auben sadian. 1and at

| east one o ay contents ayed on an inege display device, sound

cont ents 9SKY MEdyRY A SRSV IO I RO RS98I A0, e

t heoreti cal; i ndex val ue o% speakin vgice % t%j atcha S.t éaretic i ndex

val e of - pdPEe SRR L a8 HY o 198 ot ReRBor Bt PRy DARE hh “Bhauity

Centm'smjg%fgaé? 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 input data 1is 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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data, which are found by the chaos theoretical index calcul ation neans. 47

JAuLAY.ACA A A CAY(LAL DAL CA(LA LA L AFU. AY(. A5 LAY, LAY,

. AFN. Al N. AYu. A3. Al ; . A Al ;. A 3. A . A . AY. AY; . Al N AY. Ava. AFa. AIN. Al ;3. A A

. AFu. Al ; . A. A33. AF. A3. AYN. AN. AIN . Alu3 91w 8oHHJ. 3
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data, it is converted to digital data by the data
input-output interface 2. Resultant digitized
nystagmus data is divided into processing units
required in subsequent processing by the nystagmus
time series data detection means 51. Thereafter, data
other than the nystagmus 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 the case of voice,
signal characteristics are extracted from the divided
nystagmus data obtained by the nystagmus time series
data detection means 51, by the signal characteristic
extraction means 80. Parameters to be used in the
chaos theoretical index calculation are derived by the
index calculation parameter derivation means 81.

Subsequently, 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 nystagmus

data output by the nystagmus signal detection means 53
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and the parameters derived by the index calculation
parameter derivation means 81. - Subsequent processing
is the same as in the case of voice, and consequently
duplicated description will be omitted. Processing in
the case where the input data is the pulse wave signal
60 or the gravity center swinging signal 70 is also
the same 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 chaos
theoretical technique, a fall 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 entropy.

Furthermore, 1if the swinging of the gravity
center or the nystagmus is analyzed in the way of the
chaos theory, a fall 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 1is known that the movement of the

gravity center draws a locus similar to a sine wave.
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If the swinging of the gravity center at the time of
walking is measured as a time series signal, a chaotic
structure caused by superposition of influences of
fatigue of the subject on the sine wave is observed.

By selecting two or more from among calculation
results of chaos theoretical indexes for voice,
nystagmus, pulse wave and gravity center, combining a
plurality of calculation results, and collectively
evaluating and diagnosing relative changes of chaos
theoretical indexes, it is possible to conduct
evaluation and diagnosis with a precision higher than
the case of a single calculation result. These
collective evaluation and diagnosis may be displayed
on the display device 9.

In the apparatus according to the 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 generétion section” on the
apparatus side, as the bias. Therefore, it becomes
poseible to find a brain disease, 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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Furthermore, by using devices for generating
various brain loads in combination with each other and
controlling a load level loaded on the brain as the
bias, it is possible to quantitatively diagnose 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 measuring instrument load control means 47
provided outside the hard disk device 4, there is a
function of monitoring and controlling the load state
generated by the "load generation section." It 1is
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 possible 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 using only a

limited 1living organism signal, therefore, it 1is
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difficult to implement a sufficient sensitivity when

the brain disease state is slight, no matter which

chaos is diagnosed.

Furthermore, in the case of a diagnosis using
only a 1limited 1living organism signal, a 1living
organism signal extending over a relatively long time
becomes necessary in diagnosis of every time. For
example, in the case where only the speaking voice is
used, it 1is necessary to acquire the continuous
speaking voice over several tens minutes even when the
average brain fatique 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 are
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 declined strength or a person fatigued from
some reason at the time of the diagnosis.

Furthermore, in the conventional chaos diagnosis
using the gravity center swinging, nystagmus and pulse
wave, in principle, a desired living organism signal

is measured with the subject 20 in a relatively rest
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state including the case where the subject 20 is
sitting calmly or standing naturally.

This aims at preventing the subject 20 from
generating unnecessary noise and thereby lowering the
diagnosis precision, because a change in living
organism signal generated by imposing 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 problem is found not when a person is
thinking steadily at a desk, but when the person is
strolling or conducting 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 definition eloquent area 100, which provides
the body control eloquent area 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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object definition eloquent area 100 is a part
controlled by a so-called operating system in the
computer, and only one is defined in the personal
brain. The body control eloquent area 101 is a so-
called I/0 subsystem in the computer, and a plurality
of them can be defined for respective organs, which
constitute a body.

In the apparatus according to the present
invention, some éf a plurality of body control
eloquent areas 101, such as a speaking motion field,
motion fields for controlling physical motions of
respective body organs, and a body control elogquent
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 to generate information
concerning 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
processing capacity in the object definition eloquent
area 100 is consumed compulsorily. It is thus made
poseible 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 single living organism function

evaluation.
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The previous brain model will be described in a

simplified form. It is supposed that the object
definition eloquent area 100 of the brain 1in the
healthy state has a function capacity enough to be
capable of simultaneously controlling the speaking
motion and controlling the motion of the hands and
feet. It is also supposed that some disease 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
control 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 is possible to
measure the 1load concerning the control of the
speaking motion for the capacity left in the object
definition eloquent area 100 Dby, 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
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health state of the brain can be obtained from living
organism signals that can be easily measured, such as
signals caused by the speaking voice, pulse wave,
gravity center swinging and nystagmus. Therefore, the
apparatus according to the present invention can be
used 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 1like.

Furthermore, the result of this evaluation and
diagnosis can also be used for the investigation 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
precision 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 apparatus 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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has an extremely important significance in daily brain

health management.

INDUSTRIAL APPLICABILITY

The present invention relates to a medical
diagnosis technique for analyzing a time series signal,
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 1is present 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, pulse 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
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 close examination, which needs a large-scale
device and a complicated diagnosis technique, and a
medical examination in a medical checkup or the 1like.

Thus, the present invention is useful in the industry.
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CLAIMS

1. A chaos theoretical brain function diagnosis
apparatus for diagnosing a brain function of a subject
by giving a load to a functional site of a 1living
organism of the subject, receiving a reaction emitted
from the living organism of the subject as an electric
signal, and analyzing the electric signal,

wherein the apparatus is characterized by
functions of selecting at least two from among a voice
signal, an nystagmus signal, 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;
detecting changes in the chaos theoretical indexes
with passage of time; and collectively 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 signal, which is input from a voice measuring
instrument to +the chaos theoretical brain function
diagnosis 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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voice data of a single person, when the voice signal
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 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 voice signal of the same
person at a different time point previously stored in

the evaluation and diagnosis database.

3. The chaos theoretical brain function diagnosis
apparatus according to claim 1, comprising:
nystagmus signal processing means 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 1index calculation means for
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analyzing nystagmus data with data other than the
vibration data removed in the nystagmus signal
processing means, 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.

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

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 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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processing means, 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 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 processing means
for dividing the gravity center swinging 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 data;

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

gravity center swinging signal processing means, by
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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 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 section 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 swinging the gravity center, and

the sensor section comprises at least two
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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swinging instrument, and a swinging measuring
instrument.
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 comparing data in a brain
function evaluation and diagnosis database, which
stores data for «conducting an evaluation and a
diagnosis of the brain function, with calculation

results of the chaos theoretical indexes.

8; The chaos theoretical brain function diagnosis
apparatus according to any one of claims 1 to 7,
comprising:

measuring instrument load control means for
controlling a load state generated by the 1load
generation section, and at 1least 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 pulse wave data, and a chaos

theoretical index value of gravity center swinging

46



10. 10Y=10%&' ()-! ! 10%& ()-m Nornmal " "Headi ng 13]c" "Headi ng 23]c" "Headi ng
33] c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading
83] c" "Heading 93] c"A "Default Paragraph Font2N'{', 16: @l oNgSX[] Mgl gqv{.. Y
"$&(*,.02468: <>@"=si Y M"wr/49; <=BEIJOVSV_d{j ngvf} u?/ dv#) Y6Ti mes New
RomanAri al Couri er New'h Root EntryWrdDocunent

I"H#B9& ()*+,-./0123456789: ;

<=>7? GABCDEG&Ia] KLWMNOERRI &\WKSANd "by aheref ghapkl nopsret ey z{hdex

calculation means.
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