WD 2013/ 069820PCT/ JP2012/ 079874 - 1 - DESCRIPTION Title of Invention
DETECTI NG METHOD OF LI FE ACTIVITY, CONTROLLI NG METHOD OF LI FE 5ACTI VI TY,

AND TRANSM SSI ON VETHOD OF | NFORVATI ON CONCERNI NG LI FE ACTIVI TY Techni cal
Field fNQZBF%ggﬁP invention relatgs to, a neasuring meChd2 38Nt r o

met hod for nmeasuring (in vivo neasurenent) or controlling, in a living
state, dynamical life activities MESGBIRBION hi gh 10speed in a |ife object
such as an aninmal including a hunman or a plant or changes thereof by a non-
contact and noni nvasi ve nmet hod. Background Art An exanpl e of dynam cal
life activities changing at high speed in a life object is activities of

t he neﬂ@@ﬁ&f@ﬁ@RQQﬂ Met hods for neasuring an intracerebral activity include:
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exanpl {, nventional techniques. According to Conventional Technique 1,
t he oxgg%ﬁ gﬁﬂcentration in blood is nmeasured by use 20of a change of a
near Lg;ganqgﬁ;& ht absorbi ng spectrum of oxyhenogl obi n and deoxyhenogl obi n
(see lﬂ‘df { cunent 1). That is, the oxyhenoglobin which is a

Pbsorpt | o BEERPlEBlbnIREs B « ks Sll @AY R M CondBe Rt i
absor pb e BPGrioh e BACEAE Hat! AT AR P HEARTTES AR Re AERRET "
eRLN 23pdeli @il lilﬁf obf&? SL]EUﬂ'as 4R anitiA irﬁﬁﬂit%i%h hdR % fartlof Blang QUHER oL By a non-

sem conduct or aser or neasurenent, changes In intensity o

r espectbmsct R8RS asivednsidd ted Iight are measured. Signals relating to
cortex areas of the brain at 3 to 4 cmin depth are hereby obtained froma

sur f ac @aekgrolifid Ag#d. Except the nethod using near infrared light, there
is a nethod using Nuclear Magnetic Resonance to performthe neasurenent of
t he oxygan ecansient dadabenl life Rkiowids cHangingiashighlpeed iM@life object is activities of

2013/ 069820PCT/ JP2012/ 079874
the nervous system. Methods for measuring an intracerebral activity include a blood oxygen
15 analyzing of blood with near infrared light (hereinafter referred to as "Conventional Technique
1"™) and oxygen analyzing of blood with a functional Magnetic Resonance Imaging (fMRI)
method (hereinafter referred to as "Conventional Technique 2"), which are representative
examples of conventional techniques.
According to Conventional Technique 1, the oxygen concentration in blood is measured by use
20 of a change of a near infrared light absorbing spectrum of oxyhemoglobin and deoxyhemoglobin
(see Non Patent Document 1).  That is, the oxyhemoglobin which is a particular hemoglobin
bonding to an oxygen molecule has a maximum absorption at a wavelength of 930 nm, and the
deoxyhemoglobin which is other particular hemoglobin separated from an oxygen molecule has
maximum absorption at wavelengths of 760 nm and 905 nm. A head is illuminated with each
25 light of 780 nm, 805 nm, and 830 nm as a light source (a semiconductor laser) for measurement,
and changes in intensity of réspective beams of transmitted light are measured. Signals relating
to cortex areas of the brain at 3 to 4 cm in depth are hereby obtained from a surface of the head.

Except the method using near infrared light, there is a method using Nuclear Magnetic

Resonance to perform the measurement of the oxygen concentration in blood. That is, when



- 2 - adsorption of oxygen nolecules is switched to rel ease of oxygen

nol ecul es, electron orbitals in henoglobin nol ecul es are changed, which
changes j sceptibility and shortens T2 rel axati i X
Accordingﬁggﬁ%%%$§§tional Techni que 2, a | ocation (acti?gﬁp%%ﬂngé‘Pﬁkere
an oxygen 5 consunption rate has increased in the nervous systemis .
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When this neghod i s used, asurenent result can be. obtained by a
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conput &EMEER &@Oﬁﬂde&%cwg@ Avhe £55RaepRtiGsuseqntivility apd sherenobd i n t he
head caa'be.exhibgﬁﬁﬁ in a three-di mensi onal manner. Meanwhi |l e, as
a met hSHFAONIREUN R ng dynamical life activities in a life object, there
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t he unQﬁﬁﬁ%QQHE&giﬁggﬁggﬂﬂﬁgﬁkﬁﬂ?néﬂﬁnf0'lomjng initially explains that the

oxygen analyzing o IS 1ndirect measurement. The neasurenent of the

oxygen CopaaRhildhs Qﬁléﬁbd%P&ﬂt&ﬁinE%ZﬁQni@Ql 1ffe haitiesty Q@i’fé‘&?é&, thB@thas phagn a

neuron i s activated, 25henogl obi n“shoul d be deoxygenated to supply iIts
agd | Vi WhoRAkedeal treatiioyyever, as described in Chapter 4 of the B. Al berts
et. al: Essential Cell Biology (Garland Publishing, Inc., 1998), energy
caused GitationaLiké e of hydrol ysis from ATP (Adenosi ne tri phosphate) to ADP
(Adenosi ne di phosphate) is used for the activity energy of the neuron. The
ADP i s NianPdtehElitératiree course of an oxi dation process of Acetyl CoA
occurring in WD 2013/ 069820PCT/ JP2012/ 079874 - 3 -
NPL 1: Yukihiro Ozaki/Satoshi Kawata: Kinsekigaibunkouhou (Gakkai Shuppan Center, 1996)
Section 4.6
15 NPL 2: Takashi Tachibana: Nou Wo Kiwameru Noukenkyu Saizensen (Asahi Shimbun
Publishing, 2001) p. 197
NPL 3: Masahiko Watanabe: Nou Shinkei Kagaku Nyumon Koza Gekan (Yodosha, 2002) p. 188
Summary of Invention
Technical Problem
20 However, according to Conventional Techniques 1 and 2, a temporal resolution and a spatial
resolution for the active state measurement of the neuron are low.

In order to facilitate the understanding of the problem, the following initially explains that the
oxygen analyzing of blood is indirect measurement. The measurement of the oxygen
concentration in blood is based on a tacit hypothesis that "when a neuron is activated,

25 hemoglobin should be deoxygenated to supply its activity energy."

However, as described in Chapter 4 of the B. Alberts et. al: Essential Cell Biology (Garland
Publishing, Inc., 1998), enefgy caused at the time of hydrolysis from ATP (Adenosine
triphosphate) to ADP (Adenosine diphosphate) is used for the activity energy of the neuron.

The ADP is generated in the course of an oxidation process of Acetyl CoA occurring in



M tochondria existing in the neuron. Further, the neuron does not contact
with bl ood vessels directly, and oxygen nolecules are transmtted into the
neur on Vi\? 9hisdsof! | S i ntervening between the neuron apg )“Jjﬁg)l?/b‘%gﬂ

vessel s. Re transm ssion of the oxygen nolecules is invone wth the
activity in the neuron via such a conphicated course. S5Accordingly, it is

consi deviierhopdita exishing iy ths AeHroph ot urthes theeen dess meheqniact withiblpogiveewls s
changed, (decreased) occurs only around a | ocal area.where a |arge anount of
cel Ig é%“gdg’e?ﬁ‘ %zf.‘@)an f“r??etcH%s A {AgRIte) dnte thefieurqpevia thﬁ‘ﬁ%ﬂ@?erﬁfélﬂg&trﬁt@een
reason,,it is difficult, i entional Techniques 1 and 2, to observe
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action I?Otcff‘nti alé from a. feéYr neurgns. That is, since only a |ocal area
where 419 3FYEY PoBRABEHTPD 818 sieh f OBPUCALACOUEed’ at the same tine can be
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| evel in changes about ter a neuronh cane active is
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det ection sed o I

n Conventional Technique 1, a |arge delay occurs from
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Conventional Technique 2, the use of a BOLD (Bl ood Oxygenation Leve

Dependemtounedifc@ns are abis@sedant Hleam@ tind dandkideRcied, it RehaAitally difBcuRQbPhisd f ect

is as follows: 20when a neuronal activity increases due to a brain

act i vi tiie spatialq¥soBRidnC OAS WG, irdOonveali&as Eschalques T atd 2,Abe activitg O the nduron is
deoxyhenogl obi n concentration slightly increases, and several seconds

| at er, obseresdrot diredalydad iddirestly, so thapthk heeasieement avdweacyak padreas i ncreases

rapi dly, thereby causing a supply of a |large amount of oxygen which greatly
exceeds {Rezaohygempomhsasolptiogn. This rapi dly increases the oxyhenogl obin
concentration, and consequently, fMR signals are enhanced and 25

r el axat i dwcardimg to Heremirt ¢{Nikiel &l¢atmogiss (NikkeitBR)sp. 4y publishedGombeap 3i 20d), a
Techni?;e 2, the detection of the increase in the oxyhenogl obin ]
cbhcenthemoglohinlevgliin blood mhivhahangss ebais Safafter a peysombedamietagtivsfis dpfectad iy on has
started due to the brain activity, and thus, Conventional Technique 2 also
causes ageaddngg vath GaveptipnakEeebpdyc or Thasefore indbe defgction; hapgdnn Gonvgntional
Conventional Technique 1. As such, .as |aong as Conyventional Techniques 1 and
2 neasueehmgie brJyesdelaneeyis am sitigtion ofghexsiisithgbiBo opeen. p2012/ 079874 - 4
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20 when a neuronal activity increases due to a brain activity, an oxygen consumption increases at
first. As a result, a deoxyhemoglobin concentration slightly increases, and several seconds later,
a cerebral blood flow in capillaries in vicinal areas increases rapidly, thereby causing a supply of
a large amount of oxygen which greatly exceeds the oxygen consumption. This rapidly
increases the oxyhemoglobin concentration, and consequently, fMRI signals are enhanced and
25 relaxation time thereof is made longer. That is, even in Conventional Technique 2, the detection
of the increase in the oxyhemoglobin concentration requires several seconds after the activity of
the neuron has started due to the brain activity, and thus, Conventional Technique 2 also causes a

delay of several seconds for the detection, similarly to Conventional Technique 1.

As such, as long as Conventional Techniques 1 and 2 measure the oxygen concentration in



5The spatial resolution of Conventional Technique 1 is determ ned by a
di stance between a |ight source and a photodetector for neasuring an

intensity | i ght passing through the head (See | kkei

El ectroni‘géq?ﬁ%%ﬁsép BP) published og_-May 3, 2010). As tﬁgT&%gOtlglh?g% et ween
the light source and #ﬁ{]e phot odet ect qr. becones smal |l er, a penetration depth
of a nBWedrtherg 1edslay for hethsmoglobin lsuel dwblood tashapgpatter thpaaitigham agthy, it the
di stance, between the |ight squrce and the photodetector. is shortened to

rai se BHEIYOAL edieuras oFTYP! i t%%@@ﬁe@?rmegmm%t pohfeRfygRhe ner vous
system.in the ES%? A% deﬁcri bed earlli er, in a case where neasurenent is
per f or | 215 bAEG H% W RS 0Wi ch i s at a depth of 3 to 4 cmfrom
a surface of .the head %}Be | i ght source should be placed so as to be

di st ance eﬁ?ff}mgtsﬂ%‘%ﬁf’é? @ector by about 3 cm and thus, the spatial
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P 42 ffealirih SbarkifG QRS Bedobick killRRY. publ i shed on May 3, 2010, which is
ment i oned above, the spatial resolution is a few mmat best, even in an

filgRl - devAgRrdiasiothcligstdhcs Basees d@llighl soufehdl iedthotodettl®r fsahbdMeddo
describes a penetration depth into a |life object regardi ng Conventi onal
Techni ghig the spAtialapgmitnt it becmds Mppsdsible ©ah@ksuRith@ndidRtystvhsh Hethehd ght i's
easy to be reflected 25 diffusely on a surface of a life object and is hard
t 0o penakidasceibbdearliérf @ addapeewhere itafliementasipdrésmeé o6 bh bed iideviie héddghlticlef 780
nm light of 805 nm and |light of 830 nmare used as neasuring beans. The

| i ght ©fat 83@6pthwf 3 i cin firas a sindack of gedtcadvakeligh gdurcastmalyl icygagediss am aelse
infrared light, but is close to a visible Iight area. Therefore, the

penet r distapeeddiepn thetphetodetectonbyalidue 3 cinf, endothpg dhe spatiallresmlgionris abots3am esul t,
only a signal relating to the cortex area in the brain located at a WO
4§13/ 06982 Rty bawsh teGpagt 2esolugion injdp casef CRnventipnalphethrigue his dsterined of

t he head can be nmeasured at best, as previously described. I n view of
this, byawavelangihpbe deteftingfiansactiermaghatigdield (8 clestrpmagnetie wavedackerdingrid t he
i ke which can nmeasure an active state in a life object while attenpting to
enhanca diffiactiop hgogry ok the glegiroraagnstici wavke and thssyayelepgtb off this datectingitansastion i n

th di | .t tent,. whj ch_j known as,.a nethod for.controllj [jife
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i [if bj .. This. is because a nedi.cine given, by .noyth or by injection
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effectively contro Ive state region (an

area Cconfld fh %o A¥sPBEs £HdnetrMoriePftHR LhifedbRetHehdding @nvEldng) Tn a life

obj ect.
Technique 1. As apparent from the skin color of a human, visible light is easy to be reflected

25 diffusely on a surface of a life object and is hard to penetrate the life object. In the examples
described above, light of 780 nm, light of 805 nm, and light of 830 nm are used as measuring
beams. The light of 830 nm, which has the longest wavelength among them, is near infrared
light, but is close to a visible light area. Therefore, the penetration depth thereof into the life

object is also short. As a result, only a signal relating to the cortex area in the brain located at a



Solution to Problem 15A neasuring nethod of |ife activity or a control
nmethod of life activity according to the first aspect of the present

i nventionj uring method of life activity or a c d of
life actﬁgb§9ﬁw§§8 asuring or contralling an active stggih§¥n28%$?% obj ect
including an_animal and a plant or a change thereof, including: an.

i |1 uni Agthoh3 & 2pmdfom thesifacofthe hasd can bemepsusrd atmtmsame\éw%t desebpdet i c
wave of which ? mavelenq%h ig included in a desi%hated waveband; and a 20
det ect i off deB Rt 1S, Hdt #LeRiey ohthepEgssRtIBYSIEPN to pre¥ide agmetiapd andrihg ke which

el ectromagnetic wave in a |lqcal .area.constituted one or nore cells in
the | i f& BEFEEGAN GHVGSRGAR B Bfe hiesh while atsipptag tp ﬁ@‘%ﬁ%t SpatiAd resplutien gyd yse

of the characteristic associated with the el ectromagneti c wave, wherein any
of the ' PPH%P@&M%W@anena is used for detecting or controlling the active

bt vieen MetrutilremufeREin EeGnaiap fEh s Sas s Ary Bl bor Pt G R Sems 1 o
ot oot it T CREt By Yool o BRTUANGeRRT FUR ok Sl MR Bet ween
b ect MRy 0Rh 8ty i hh SRRRREL DR A PABEY b Fyet BE v0l}.S,
speci f hﬁelgﬁ%ziegglg wgﬁalkéﬁoggfta%eyﬁl&a@a‘hw%e MBPEE e,%%wﬁ?@@ﬁes 2ndadae

desi gnat ed wave rmn basi's any o e phenonena.

The neasiedsoh yﬁfea@&e%&mxﬁo&ﬁ@aﬂm@%@iu&w& (e&ﬁmﬂé@ggﬁ 96 sgqgodi ment

of the present invention is such that the designated wave I's determ ned

under  §HEdls duct8 Betick HAY atidds th BihePpatsRRbd R kheaRRROMAD bk REre@¢tdnt¥RED! ane i s

acconpani ed with a phenonenon in which a specific ion is attached 'to or

det achednfvi@ibth$D BeiprésentSimtian aldointeh@ed 8 Hrdvidd £aethbhandBRIKEIfHY Met hod
of life activity according to a first aspect of the present invention is

such t bfféctivble cdasoltinghesctive saledThnlysa pratiauai rogidn (ickeea consttufedbenmieickion t hat
t he specific substance and the specific ion is at |east one of a

conbi nat & groupbf Pphsgihadf cylkyinallifaebject. 10Sphi ngonyel in and a chlorine ion, a
conbi nati on of Phosphati dyl serine and a sodiumion or a potassiumion, and
‘a conbSphtionro Brokdemco | i pid and a sodi um i on. The measuring net hod of
life activity according to the first aspect of the present invention is
sifch t hat mepsringansthodhotdde activityan d cantoa matitgl afdifeactvitlimesvrdiog tathedostnrent  of
the chlorine ion with respect to the Phosphatidylcholine is determ ned on

t he ba8spsctotf the measeahinnptionds a papiringymethod of life activity or a control method of life

activity for measuring or controlling an active state of a life object including an animal and a
plant or a change thereof, including: an illumination step of illuminating the life object with an
electromagnetic wave of which a wavelength is included in a designated waveband; and a

20 detection step of detecting a characteristic associated with the electromagnetic wave in a local
area constituted by one or more cells in the life object, or a control step of controlling the active
state by use of the characteristic associated with the electromagnetic wave, wherein any of the
foliowing phenomena is used for detecting or controlling the active state of the life object or a
change thereof:

25 [1] transition energy between a ground state of a vibration mode newly occurring between
atoms in a constituent molecule of a cell membrane and a plurality of excited states;

[2] transition energy between vibration modes occurring between specific atoms in a molecule

corresponding to the activity of the life object or the change thereof

and



150r a chem cal shift value from82.49 to 82.87 ppmor a chem cal shift
value related to 83.43 ppmto 83.55 ppm the designated waveband accordi ng

to attac r tachnment of the chlorine ion with re t

Sphi ngorryr\gﬁir}hm?og”ggt ermned on the asis of a vvavenurrbei)egﬁﬁug/ﬁ%gfﬂl or a
chem cal shift value from82.49 to 82.87 ppmor a chem cal shift value

rel at ed t3dagpedfs gismiead slgg vaheip MuckepreMagnstig Resetnetaveband according to
attachnment or detachnent of the sodiumion 20with respect to the

Phosphaid Higidseignated wavebandis detsanings o the hasisiod apy ofthgalienemeper of 429 cm

t he desi gnat ed waveban cording to attachnent or detachnent of the
pot assi uﬁﬂ? BRASHDA mg@g@?fl%% %tlwméamsfg%@tqr'&fﬁ@@phaWeem@daa@rmﬂme%ﬁt t he
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at least water constituting the life object are fenoved. The neasuring

met hod pefasdibirth for2@hd ¥ tdibiagld SHagcdlpid £ 4 dodfiim ampect of the present
i nvention is b5such that the designated phenonenon is a phenonenon to occur

wi thin aTH@ﬁlbmﬁhﬁdleﬂﬁ»aMm@cﬁivmaaéoar@ng RNBefitt adpettvf W proFentint &iticnhie
active state of the life object has changed. The neasuring nmethod of life
act i vi tsychathatothdideggiiated Wavebanidiccasliigob aahchnledt pr dd@hinehtofahé ¢lddrinesioguch

that the detection step is a step of detecting an absorption characteristic
of t he vatheespecttagirecRlosphvatidglcholinehieddtandhedorethe bsisofa waeasmbecdfi2d80 cm ™'t he
|ife object by using a confocal 10system The neasuring nmethod of life
ack i vi bya abawicalishift vabud finem B2 A91to 82 @ ppmak atchemizakshifh valieebaied 1ord3f43r dpner
includes: a step of acquiring, by the illum nation step and the detection
step, @e83.Ghppradthe designatad wavebaprassendingrig atachpwnt erl dethickenttnftheoshlerspect and
an aspect of a time dependent variation of the absorption characteristic of
the el ént visrrghest fctha@plingemydia ip feterngpedeen the basis af swaysngmbesePdsP oy ng
life activity information of the |life object or environnental information
def i ni Qg2 shenaigalishidhyadys fram 52 40 hePAS7 prd or pichemsispleshift valye redgted toi e3P dat a
base in whifh to store a relationship between the Ijfe activity information

or t he 'RAP3 BRARERE designatcdrwaeba asrerdingdo gachgient edlefashwentof thsrsodpa v on

the acqujred desi ted i.nformation. . . ,
ﬂ) %w{h respect to tl% osphati ylsennl;ae is 8eterm1ned on the basis of a wavenumber of 429 cm™;

the designated waveband according to attachment or detachment of the potassium ion with
respect to the Phosphatidylserine is determined on the basis of a wavenumber of 118 cm™or 1570
cm’'; and the designated waveband according to attachment or detachment of the sodium ion
with respect to the Glycolipid is determined on the basis of a wavenumber of 260 to 291 cm™.

25 | The measuring method of life activity according to the first aspect of the present invention is
such that the designated waveband is determined so that at least a part of a waveband
corresponding to a wavenumber range having a margin of 10 to 20% with respect to a
wavenumber to be the basis or a range of a chemical shift value having a margin of 0.45 ppm to

0.49 ppm with respect to a chemical shift value to be the basis is included therein.



The neasuring nmethod of life activity according to the first aspect of the
present invention 20 further includes: a step of recognizing the life
activity JdRf i,on or environnental information of th | i ; and a
step of Qgpﬁ?%ﬁ%%?gcorrecting t he reej ationship between ?ﬁgﬁiﬁggﬁgﬁzéored in
the data base, based on the recognized |ife activity information or

envi r onnd A¢ BcasuEng methqdgd g ertiviE agrosding &uthe Sgst gwézf theprgsamp veptionas
neasurinqhnethog of life activity accordi to a second aspect of the

pr esentSUsthihatthe gesignatedayshandis detgrmy frﬁcgﬁrat avewh@mcfg/ofcﬁlecgomag@etwayaev@ﬁ is

oot T ohsaied Boofen Bbfi e e dimaat feabgrfiensoratieaae T A b aBAOr bt not
T ect  onbifaer S it IR Gt dordie e B Shep or e preaty it iSe - of
D03 bRt BB PRt ot EohedeRan B RE witfa desiensted reppons { vi ¢y
e b ARk ARDE i B RR aORRLeil of HE R SRR hod AR " 800 b
hocor ai noit mleaBRRRUIRE of life acil I olERARHE I Ve S AOLCOLr hd e hibddhis

| east q,0p%hbt RE dEB&Gidn! s{eg)i i9RkRE %f iiéteétﬂfn% Yiiah ninbthcRrgRAY tﬂtlo_ed

el ectromagneti ¢ wave havi ng a basi c equency 1 n a range of 2 Hz to 500
kHz. Jéa%&%g&%%ge TBthB RsbaPdred Atfay @Fdsh Ydcti¥n AFHO TRl SHfect B LbiRg ae6RMEaaspect -
of the present invention is such that a tinme dependen va\“,l atFon of the

ch@r actgegibmt i c in one fixed local area in the |life object is detected or a
set of individual time dependent variations related to the characteristic
in a 10piryé alehduying mdiQelalf 1id £avity haRedih@tothé Figst asfecisTIhd pregnt invehithm 11 fe
obj ect are detected. The nmeasuring nethod of life activity according to

t he sedoriterasgheret: Ditep dfRcpiidagty tholRAtindidnteplabd e denetiol stehleipiaed | ocal
areas corresponds to one cell or a part of the cell and is illumnated with
a nodulisfoadat@inaepresntigg e spatial\disteibbidon asgea ahdian aspecterdaeinty/depandent earggonf 0. 2
Hz to 500 kHz. The nmeasuring nethod of |ife activity according to the
second ddgpabsorpfion thargtastnof theelectrornagnttc waseinithe hietobjdre ahdaatepafea
corresponds to one cell or a part of the one cell, and a change of the

char actspedifyingdife actodiyunfoavatomdiftae life ohjepberamyirenmertiaigformdticn dediningraanbr ane
constituting the cell is detected. The measuring nmethod of life activity
accor dienyiremnant sursanding thislife objest by efeping $ea data hoserinivdnchi te st t hat t he
life object is illumnated with el ectromagneti c waves i ncl udi ng

el ect r dpfabenshipdeprrsa sl a¢tivity infosmatien «mtﬁe givignmesiabiforpatien axtihes or

el ectromggnet | ¢ waves havi ng ﬁl plurality of different frequencies so as to
det ect designated Bforawfien basediondhe grayiredidesigngted apfarmatioan. ohj ect corr espondi ng

e HEE RIS e B, P, e LSl Enph ey
e e RSB PoBpE PO TR CTREATREL: o
lite ag Itﬁ/eI I}fx oi)jtclgt(;)armrﬁaé gtgpn off S%R{Hgtorll %orrecting the relationship between them to be stored in
the data base, based on the recognized life activity information or environmental information and
the acquired designated information.
A measuring method of life activity according to a second aspect of the present invention is
25 such that a dynamical activity of a life object is detected by use of a characteristic in a local area
corresponding to an electromagnetic wave having a wavelength of not less than 0.84 um but not

more than 110 um or a characteristic in a local area corresponding to an electromagnetic wave

associated with a chemical shift value in a range of not less than 31.7 ppm but not more than &4.5



obt ai ned detection signal. A nmeasuring device of life activity according
to a first aspect of the present invention is a measuring device of life
activity \Rfﬁrzof‘%% gi ng an active state of a |ife object Phﬁ%%m%/ﬂﬂvs ani mal
and a plant, 1ncluding: an illumnatgpr for illumnating the Tife object
with an e] ectronagneti c V%%ZOJS/069820PCT/JP2012/079874,- 9 - wave of

whi ch a &% Bcanging meshqdpflifgraciivity ageoading frencsrenalappeanbedinge of thepresenbr £ or
detecting a characteristic associ ated with the el ectyopagnetic wave in a
local ARRUEEHSHF @@bﬂmng depradg VABFHON theschiRFRcleristy mrtgggwafl@e%a, olihelif n:

any of the foll ow ng phenonena is used for detecting or controlling the
act i ve °9Jogtis myqas ﬁ‘g'life obj ect or a change thereof: 5[1] transition energy
bet ween ?.B%round. statt occurr bet ween atons in

o conct 1 SEREAmgrE R pG 5 ?V;ciéﬂgfti %éﬁ%@?igﬁgo_etﬁﬁgggg}% R 1 e e
S8t e i o Sl AR S D BRSPS R ML S0 RIBRERS TSR
obj ect h%f(}gg%ag@?’%g@en gﬁ{g%%gﬁgzw[etgéogkﬁg'em fic chem cal shift value in

Nucl ear netic sonance, esighat ed waveband is determ ned on

o TR TIRORTENG o AR e i

accordi ng I nvention, cting

Sect i ong Z&B_ﬂhdtfa%@egfegxﬁ Wt @a?ﬂﬁ@f?mé BhR8keéi Rk B 61 SfABNE BleRgPR lipgsed on a

detection signal ted to a e activity obtained fromt tecting

sect i onypfeRf isldefeBted ot b ¥dtlo¥ idddvigut AmeRbendbi aRali Gstrb IR d 3@ Mk IcBRYal Bfistlcl th &
activity is constituted by a light emtting section and a 15si gnal

deg ect ipheraBeGf 1681 arbA3gixed ehdifflerdnt positibnS @ ihie dife SIFER ard RSecRIdect romagnet i ¢
waves illumnated to a life object; the el ectromagneti c waves incl ude an

el ect r onageglechsuring eethva\ofMige activiy abdRdhf toothe B&ondl a§kct dfale Seskht PeMmitn not
nore than 110 pmor an el ectronagneti c wave associated with a chem cal

shift \adledst dna ofithedixgé loehl dreds coasspohtato odi cdll pparpdrtidf thetelhaidds ilhaindted ppm
and the signal detecting section detects an el ectromagnetic wave i ncl uding
t he detvadta owdglbgdalectrehagnetc vav@baviee abdsio/ir¢quendy inlacahgef of OdbHe od S@bitldz.ned
as a result of the illum nation of the el ectromagnetic waves. The

measur i nghelmeaseingmdthddefdife activity acroedingliothe sexonth espeetod ittt pregeat inveritianhe
present invention is such that the | ocal area corresponds to one cell or a
phYt ofis sush t éhedetdl areaworrespendsigenetell ¢rer prntafadle ens ostli andtachgugawt thecor di ng
to a potential change of a cell menbrane constituting the cell is detected.
25The reBargeierisily teleoqus eceording faa petential ekange ebe enlhgembrang eonstiibing thesgslds  of
the present invention is such that the light emtting section generates
eIectrdﬁﬁﬁWétic waves including el ectromagneti c waves having a plurality of
di fferent wavel engt hs or el ectromagnet.ic ves havin plurality of

di f f er ent’h§ F’éﬁ%‘é‘ﬁg method QTSI B U R DR SEPna rer o414 Ry AnyERtiant i on

signal ié ssucﬁLtlI?aQ tﬁer]?fle :ob]%ctl iis }cll%mqgitg(f %vitix ?:leictlrcl)rgarlng.nre]:g}: \eN%ves including electromagnetic
20 waves having a plurality of different wavelengths or electromagnetic waves having a plurality of
different frequencies so as to detect characteristics in the local area of the life object
corresponding to the electromagnetic waves having the plurality of wavelengths or the
electromagnetic waves having the plurality of frequencies.
The measuring method of life activity according to one exemplary embodiment of the present
25 invention includes: a generation step of generating dynamical life activity information from the
obtained detection signal.
A measuring device of life activity according to a first aspect of the present invention is a
measuring device of life activity for measuring an active state of a life object including an animal

and a plant, including: an illuminator for illuminating the life object with an electromagnetic



WO 2013/ 069820PCT/ JP2012/ 079874 - 10 - with el ectronmagnetic waves incl udi ng
an el ectromagneti c wave having a wavel ength of not |ess than 0.84 gm but
not nore m or an el ectronagneti ¢ wave associ a i em cal
shift val\&ggﬁlnﬁ"égsrzgnge of not |ess_ighan 81.7 ppm but no%%?r{)%&l?@?ﬁ?%A 5
ppm a life activity detection signal related to a characteristic in a

| ocal avaygobwhicha wivelengihjismeluded e desigaated savehand; andradetagtar ifQn dejectig act i on
signal js transmitted., . The transm ssion nethod of a life tivity

det ect PRAALFHEAssocRisdYiHythe efeaﬁﬁ@n%sz@%wawlweﬂiarﬁéﬁpnwfwﬁﬁ by pReQimpre

| e o einfac g Gbisoe Wbttt ary e BHERSE Heroprns RoseLRE febtined o Tt O
tenti al ] f | tityti th [ i det ected. 10A
P oG EE e ot R o LR IEIDE fccording Lo, ane exompi oty
di f.th i i i h.th [ i bj i
o mehl Rt bt eRrS e e A e B RVt Blog® et b oskbiehelesn | ess
than' 0,84, am,Rub A0k AL, BRR AFRARAL A8 . 8155 BFRGABL LG ave associ ated
aftimsila Eohstittient HOletult OF i ccif membhatc o plrdiel SFHELH

wi th a chem ca al'tié in a range O it.at?S;ppm but not

a ‘chém eaf h°a PERGETSF "8t TE " opr

"ol at ed (b A RE e bR ech R Bofs dcb il by et e TGRS Bbg |
OF the Tive abrect, Frre Todori vty Krofrerter

et v R L B o R R D e o of 1116

act i vi t y39etachfiothenli@nalindake ifNDecAMeSRE Relaaty enbodi ment of the
present invention is such that: life activity detection signals related to

I ]S Pec hhd the AL ARERWAFbhfPisidBtefnined oh tiRIASs OF aky6f thé pienBRiegEt cor respondi ng
to el ectromagneti c waves 20having a plurality of wavel engths in a range of
not | essAthaBurthglitvicd bl fifeietiving bedbrdifg td@gtcdddaspaatof iR resehiffdgioh] ¢ waves
associated with a plurality of chemcal shift values in a range of not |ess
t han 8havingpdetettingsetticibelifehativiBlar feploraing agdeédedr@itiedpnsteidtgastd brea
activity detection signals related to the respective wavel engths or the

r es pec deteetidir signabretsitastoaride tetavity mbtdired. frofn therdetecendsestion fom lifé dctiviagid vity

i nformati on according to one exenpl ary enbodi nent of the 25present

i nvent iseh that: the dhtetting section fof bfecistieity isiconstititedrbnalight emittingsbamrandagnet i ¢
waves including an el ectromagneti c wave having a wavel ength of not |ess
t¥an 0 signalgletegting sestiomvhelight amitting sqstrom gengrates adestrooragnetistwavesdluminatedty at ed
with a chemcal shift value in a range of not |ess than 61.7 ppm but not
nor e t Baife sicd; the Mlectsomagnetiawayes; lnglu«g%m&@qtr@magn@jwavawe&am@ wayekgngth of
characteristic in a local area of the life object is detected; and based on
a r esubgt lgys than b umiyt pptrorgdhgn jl0m gypdedionsesdorraye Aswiagydvdszs - 11

- information fromthe life activity detection signal, a service

cor r es fBsrRiIcAlghtbvalprna rrrgepdmpt fess thame b 7 Ram; tyhnotangye SRanded prsw; anddhs j f e
object is iJlumnated with the el ectromagnet.i t r.ovi.de a service
cor r o5 peadsise e Sofien diteel o fleHornt Ve gy Doy ieeB L BrE o
%t 'V ttl}é a{cm/i%lf’ g}athle Rk o%‘j\'é%:?{)&lalrr]lgd gso 2 esult 6f the ﬂiu%rqgtio%foftt}rlleeelgcrtr%‘?hea%}letic waves.

The measuring device of life activity according to the second aspect of the present invention is

such that the local area corresponds to one cell or a part of the one cell, and a change of the
characteristic to occur according to a potential change of a cell membrane constituting the cell is
detected. .

25 The measuring device of life activity according to the second aspect of the present invention is
such that the light emitting section generates electromagnetic waves including electromagnetic
waves having a plurality of different wavelengths or electromagnetic waves having a plurality of
different frequencies.

A transmission method of a life activity detection Signal is such that: a life object is illuminated



5invention is such that a service is provided based on detection or
nmeasurenment results, or control of a life activity occurring in the |ocal
area con t i%ﬁg one or more cells. Advantageous Effeetg.af, | ayention
Accordlné{VPZH nmeasuring nmet hod ofglife activity or t%% égnt#dﬂ nmet hod of

life activity of the present invention, a |ljfe object is Ilunlnated wth

an el e&lﬂkﬁ%%rﬁ Brgpctigvayes melydingangl ecaremﬂa%féqcmp rhawgg M@wela@&rhpﬁ ngt less

desi gnat ed and a characteristic in a local area of the life

obj ect t aleaaror%%va ﬁm pej moye thag 140 pay ox oMREnRliFeVaYe aasoeﬁgfﬁg@ﬂt hehesyeal; s

detecte r CQntroIIe The !desji gnat ed waveba eband .det er m ned

on ¢ he SBESTLgR arings p%lﬁSSéhaé}%ly LAOLF B A SiSUEa B AGAYbet woen

speci fi tonB i al .are |ch can occ . t

stare &Fte g4 %@aﬂbﬁ?aé%qo o3y errg Rt o of s RBeRSutued ah gl ¢
area" is an area constituted by one or

3 dehe Bl YEna koA & sti tut
m)re célf:'ilsly ﬂ%%&ﬁ%ﬁ ?f‘ AcCor di ng to the present invention,
char act eph b iR ARRaRLALE MANCRHE I RTRINERUGURNGS 0% QRRFRL MO Pt A1

in a very S accor ange an attive falife

Ob] ect ngg‘lttﬁ gent Tﬁb%huéﬁs shéh tlhét %q&!a? E Srddt& ofid cdf 1Jav tate
fiRplce P pita ey iif

of a I| | ect attenpting to enhance oral reso

Fur t hery lﬁ%@eau raqdmha{g%lo%*%@%ﬂzﬁmc loct BUBEER BB Qf‘ac%ﬂ nce only

a nlnute ocal drea is umnated wth the el ectronmagnetic wave use of

conver Waﬁ&gﬁ&hﬁ%hggeﬁgqe%k@gtromagnetl c wave, not only the spatial
resolution for the detection or nmeasurenent of the life activity is

i 7T ovedA thMsmbisR nieliRdldffige A%ty idfdmiation @8dotdihg &PdR RBhYlatye@bdbifehterfl ocal
area. Further, if this control nethod or this detection result is used, the

r ecognitlid fBseACIEMERIDY i§ QUch@iht atifé MFed idillamdatedl With &n 61b§tRSagkatic mve?@viﬁgr oved
and an appropriate service can be provided to the |ife object or a person
concer neshveBhgtfof Besiedsithdn @84 pin Hut avd e thdn 10 01m b h eldctionldgaétiol e a
chargi ng nodel on both surfaces of a neuronal nenbrane in case of action
and r eatdongtedotignd ¢ctehsical fliftgalu]in Eirange 2f het les3 tiesi d IMApEd bonhe: endrathas b isct ur e
of PCLN in case of d" ion attachnment and WD 2013/ 069820PCT/JP2012/ 079874
- 12 - pgex scénteobtaif Flifg.ac@yityFdajectidn sighaligtlatet¢s a lovhl mreeof thp bt atadct, life
characteristics estimation of PCLN in case of C ion attachnment and

dk achmetinity informatiqr ig gentyated fromah¢ ebtaingd bk ashiuity deteaion signaloandyihaife y

cal cul ating near infrared spectral characteristics 5based on anharnonic

Vi br at |agt,1]\§ty information is transmitted.

The transmission method of a life activity detection signal according to one exemplary
embodiment of the present invention is such that: life activity detection signals related to
respective characteristics in a local area of the life object corresponding to electromagnetic waves

20 having a plurality of wavelengths in a range of not less than 0.84 um but not more than 110 um
or electromagnetic waves associated with a plurality of chemical shift values in a range of not
less than 81.7 ppm but not more than 4.5 ppm are detected; and the life activity detection signals
related to the respective wavelengths or the respective frequencies are transmitted.

A service based on life activity information according to one exemplary embodiment of the

25 present invention is such that: a life object is illuminated with electromagnetic waves including
an electromagnetic wave having a wavelength of not less than 0.84 yum but not more than 110 um
or an electromagnetic wave associated with a chemical shift value in a range of not less than 81.7
ppm but not more than 64.5 ppm; a life activity detection signal related to a characteristic in a

local area of the life object is detected; and based on a result of generating life activity



[Fig. 5] Fig. 5illustrates a relative static nolecule energy vs. distance
devi ati on between carbon and hydrogen atom c nucleuses. [Fig. 6] Fig. 6 is
an expl a i of Cl1 position fluctuation dependen PEQJ

devi at i onwggw%o\é%&gar bon and hydrogep-at om ¢ nucl euses. tP(fg I gl.%???éi g. 7
illustrates amplitude, distributions of wave functions |np regardi_ ng

anhar néHPEnationfeam thedife agtivily dgtectmnpigmlia sendeereorsspondinge Hieilde asiiiges vs.
di st ance_ devj at.i ons, between_ carpon and hydrogen atom c nucl euses. .
[Fig. ofompgjiongs PIOV ey OF Hasslif5 PBICRt is ALRindies P thoFIC g i WRvE 10 BFidea s
whose ei gen val ues &L 15ener?€\)/ tgo;}i?esPond to HOMO and the mnimum [Fig.
10] Fi ¢.S°REFeicorEopdipg Lo eqntief pf the lifersfi¥itypnent s vs. di stance devi ati ons

Detueen K380 S b Q950,555 oL ol oy b
0o oo OB, BATEL PR SRR PR S 2
B N SN
cCeu 2ok ELRS, ERURL AR BT L, Shanor o det et on and oxygen

oDl ANt it B b T B Sy y BRELHEE BB LAl et o

First prdsB&lin o, aTREbbRE i HluiRhiarWRA aﬁel%%t}%f%ﬁ%xeﬁé gﬁy@@ﬁﬁﬁi&ﬁg poi nt for

life activity in a depth direction. [Fig. I's an explanatory

ViEW OfyyaReRRGAMInBLHALR Rsi@hatdd WRRHaRY, A8 aPRAAGEr L iR aMHakSda BPSLiFON on a
|i fe-object surface. WD 20I3/069820PCT/JP2012/079874 - 13 - [Fig. 17] Fig.

17 i's QbjeeKddrRERINAING tY tRWI&tromaidtidGiavt Or § UBAnRE tikr&@ agttedorebamdllal a
first exenplary enbodi nent regarding an optical systemfor |life activity
det ect IThB "ddskgn@ted Ivelhang" iskSwavebatl doxddmadvdlonrtlie basevofafansilo BRi @t bédiveen
principle of the first exenplary enbodi nent regarding the optical system
for |i fvébratiin modey feladed betvasen spdcHicgatorh®]n Flogal ath wihiohsarsodcat &koaiatsdivith
between a liquid crystal shutter pattern and a photo

an active state of a life object or a change thereof or on the basis of a specific chemical shift value.

15 A "local area” is an area constituted by one or more cells.
Consequently, according to the present invention, characteristics associated with

electromagnetic waves and appearing rapidly or in a very short time according to changes of an
active state of a life object can be detected. That is, it is possible to measure an active state of a
life object while attempting to enhance the temporal resolution. Further, according to one

20 embodiment of the present invention, since only a minute local area is illuminated with the
electromagnetic wave by use of convergence properties of the electromagnetic wave, not only the
spatial resolution for the detection or measurement of the life activity is improved, but also the
life activity is controllable only in a minute local area. ~ Further, if this control method or this
detection result is used, the recognition accuracy for an active state of a life object can be

25 improved and an appropriate service can be provided to the life object or a person concerned.
Brief Description of Drawings
[Fig 1] Fig. 1 illustrates a charging model on both surfaces of a neuronal membrane in case of
action and resting potentials.

[Fig. 2] Fig. 2 is an estimated molecular structure of PCLN in case of CI ion attachment and



detecting cell in the first exenplary enbodi nent of the optical systemfor
life activity detection. [Fig. 20] Fig. 20 is an explanatory view of an

operatio Fh G regardi ng an applied enbodi nent of i ystem
for Ii fer\ggtzlb{\}l%t6§§/§2§et ection. [Fig.-21] Fig. 21 is an exgpgﬁ@%?@%\%?ﬁw of a

configuration of a photodetector in the applied 10enbodi nent of the optical
systenfi?té‘f'h“l‘fi"f‘-e activity detection. [Fig. 22] Fig. 22 is an explanatory

view of .a ai_|l.ed opti.cal arrangepent regarding.th j ed enpodj ment of
e oplFiatl Fga Bl it fared e i chgatier Sis Fopmaliopicg PCIBY ingiagt 059 108 an

expl anat o viewillustrating a nethod for detecting a | ocal change of a
NU(F3)| ea?ﬂwg‘éﬁ@g[ar"gdﬁ@grﬁﬁlﬂce property in a life object at high speed. 15[Fig.
24] Fig.. 24 .5 an | anat ory. vi ew r.egar di a nethod.for detecting.a
ocat | Sheddie ha TR BT ik efoh RS ARe RePop ity SSiruAGRER S g
F|>§g. Zgiisleﬁogrgaﬁgﬂ%l anatory Vi ew i | lustrating a rel ationship between faci al
expr es

enotiConal $8act i on. [Fig. 26] Fig. 26 is an

20movonan dre 3 itdhs THERAk Lo RREBYEL ARy . 3kt i AR o, ot

ali ghgnfﬁg,&rg%e?gﬁt@gtn%l@u&g illumnating light for life activity detection

in detection activity. [Fig. 28] Fig. 28 is an explanatory vi ew of
an app rd1ad; F i : | 4t [BYA: in
e EPLERL%sE SRUELGRLI sRar o peSLaE AR g bl

an exphaRRbREabil £ BlrdelBRAOhSRIsed. ATP hydrol ysis by Myosin ATPase.
[Fig. 30] Fig. 30 is an explanatory view of a reason why an absorption band

wayvel epg .W]\ﬁg.iﬁﬂuﬂﬁﬂa%@ﬂ'ifﬂﬁld@ QistPoutldh€ 6f wavedahelions P> kepaidiey dnhaiysifi®gen
bonded. [Fig. 311 Fig. 31 is an explanatory view of a relationship between
a hydr efpestioaendi ng partner and an anharnoni c vi bration potential property.
WO 2013/ 069820PCT/ JP2012/ 079874 - 14 - [Fig. 32] Fig. 32 is an explanatory
vi ew ofFigrg8]&ig gillastited eeeatbmiichategnad. distdnaé delitivna bemvweemedrbowandhydirsgii C
muscle. [Fig. 33] Fig. 33 is an explanatory view of a relationship between
a | ocatioaric oficleuses. neti ¢ nuscl e which contracts on a face and a faci al
expression. 5[Fig. 34] Fig. 34 is an explanatory view of a positional
rel ati drigh]FipStillastrates achplibule distrebutiangyel molecular orbitals whose eigen values of
15 energy correspond to HOMO and the minimum.
[Fig. 10] Fig. 10 illustrates electric dipole moments vs. distance deviations between carbon and
hydrogen atomic nucleuses.
iFig. 11] Fig. 11 illustrates a comparison in spatial resolution between membrane potential
changing detection and oxygen concéntration change detection in blood.
20 [Fig. 12] Fig. 12 illustrates a comparison in temporal resolution between membrane potential
changing detection and oxygen concentration change detection in blood.
[Fig. 13] Fig. 13 is an explanatory view of comparison in detection accuracy between membrane
potential changing detection and oxygen concentration change detection in blood.
[Fig. 14] Fig. 14 is an explanatory view of a first principle of a monitoring method of a detected
25 point for life activity.
[Fig. 15] Fig. 15 is an explanatory view of a first principle of monitoring method of a pattern of a
detected point for life activity in a depth direction.

[Fig. 16] Fig. 16 is an explanatory view of a second principle of a monitoring method of a

marked position on a life-object surface.



and a detection target by a detecting section for life activity. [Fig. 35]
Fig. 35 is an explanatory view of a measuring nethod 1 of life activity in
the appl i\g@ 8{saRe40ENt . [Fig. 36] Fig. 36 is an exphapahi9plesyd ew of a
measuring nmethod 2 of life activityjisn the applied 10enbodi ment. [Fig. 37]
Fig. 37_is_an.explanatory view of a configuration in alife activity

cont r ollFigelAldée i1 i3 #ecxplanaiony Viewedsipaingipiseing geanfocgisygempeflafgsy. 38 is an
expl anatory vie f an appl.i ed enbodi ment_of the life activity control

devi ceﬁxm%/lwg?m%g]mw &gaggﬂg@%w@lxspfﬁtawépb {¢ agiwfy datecliogat i ng mechani sm of
a vol t age- d.i,on channe] and a .control. nethod fromJts outside.

Desor i IR f1GHE ARGl sgators iew R 68 perativ Bumian CL oM PRk des an
outline of the enbadi nents. described..pbel ow . is listed before the enbodi nent
Goscr | SEPOHE REadme ontent s Sehgal R et Phed Iat or relate to a

2 asuyfr.d n 2t had, of life. activit a..nmeasurin evi of Iife activity, a
¢ Panamitel ol TheARSHSY: & iqioRGhib Besiwon BUEARISI SRt PitegPind 4R ce basie
on |if | 0Nyl rd1at | t . P ti. I I ron 2.1)
St uct SrFsR i R Pl s hc Bt G o R B o

A I G R S U S R e Y

nodel aces o rona rane i n-cas n and resting
pot ent | digef? of A0 o SR hfok QRS cLitice ¥diRlogasm and extracel lular fluid
whi ch g@é’gdlesecr? edoﬁgtn E?cgtegr oun%%}cr%?l()}?rratcﬁgn 2.5) Mol ecul ar

St uct yrigsy i £ 3PhOLIRIBrAT 78 BhEAGIEIE d H6RIdRBR: ImnPRgaRAC! | pi ds

303] Infrared Spectra har acteristics timati on based on Action Potenti al

Madel 3mbhdikRhEs thé btalBisRatfoMifeaclVidndteotioRen stry sinul ation program

[Fig. 22] Fig. 22 is an explanatory view of a detailed optical arrangement regarding the applied
embodiment of the optical system for life activity detection.

[Fig. 23] Fig. 23 is an explanatory view illustrating a method for detecting a local change of a
Nuclear Magnetic Resonance property in a life object at high speed.

15 [Fig. 24] Fig. 24 is an explanatory view regarding a method for detecting a location where the
Nuclear Magnetic Resonance property changes.

[Fig. 25] Fig. 25 is an explanatory view illustrating a relationship between facial expression and
emotional reaction.
[Fig. 26] Fig. 26 is an explanatory view of a method for obtaining life activity information from

20 movement of a facial muscle.

[Fig. 27] Fig. 27 is an explanatory view of a light emitting pattern of illuminating light for life
activity detection in detection of life activity.

[Fig. 28] Fig. 28 is an explanatory view of an appropriate wavelength range for detection/control
of life activity in the present exemplary embodiment/applied embodiment.

25 [Fig. 29] Fig. 29 is an explanatory view of a mechanism for ATP hydrolysis by Myosin ATPase.
[Fig. 30] Fig. 30 is an explanatory view of a reason why an absorption band wavelength varies
depending on to which a residue of Lysine is hydrogen bonded.

[Fig. 31] Fig. 31 is an explanatory view of a relationship between a hydrogen-bonding partner

and an anharmonic vibration potential property.
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-N+(CH3) 3 group and wave nunber estimation of correspondi ng absorption band

3.5) Inf -r‘%:?q“ﬁ]% {,r um changi ng based on attachnent ”Dd?'ET%Z()Il%/D%%'ztbto

Phosphol i pi ar Infrared Speci{gal Characteristics EStimtion based on
Action Potential Mdel 4.22 Descri bing outline of Qr%ﬁi”al cal cul ation

met hod UH8s¥d Figh 33 iair srpkanatony vewtaf en sxempiaryletaction siged rdefadiq smovemertat i ng
particular normal yibration 4.5) Qotaining Einstein's transition

pr obabPf # fjmetic mugyle. gypst it uti ng estimation resul ts from quantum chenistry

si mul at.i.o rogr.am 4. 6. Nunerical analysis nethod with quantum chenistry
o mul a8 B DAL ARRPESPTEOE M AR £ IR SDRREE 2I0HAE AR THmgLeguscle
Estimating di pole nopent characteristics 4.6.4) Light absorption
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15 [Fig. 39] Fig. 39 is an explanatory view of a gating mechanism of a voltage-gated ion channel
and a control method from its outside.
Description of Embodiments
A table of contents which provides an outline of the embodiments described below is listed
before the embodiment descriptions. In addition, the embodiments described later relate to a
20 measuring method of life activity, a measuring device of life activity, a iransmission method of
life activity detection signal, or a service based on life action information.
2] Action Potential Model regarding Neuron
2.1) Structural peculiarity of neuronal membrane based on background information
2.2) Electromagnetical analysis regarding action potential
25 2.3) Charging model on both surfaces of neuronal membrane in case of action and resting
potentials
2.4) Ion concentrations in cytoplasm and extracellular fluid which are described in background
information
2.5) Molecular structures of Phospholipids and ion attachment locations in Phospholipids

30 3] Infrared Spectral Characteristics Estimation based on Action Potential Model

3.1) Calculation method with quantum chemistry simulation program
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10 4.6.2) Estimating anharmonic potential

4.6.3) Estimating dipole moment characteristics
4‘.6.4) Light absorption wavelengths and light absorbances of corresponding absorption bands
4.7) Discussion about detectable range in present exemplary embodiment
5] NMR Spectral Characteristics Estimation based on Action Potential Model

15 5.1) NMR Spectral Characteristic changing and estimated chemical shift values regarding action
potential |
5.1.1) Prospect for changing NMR Spectral Characteristics regarding action potential

5.1.2) Calculation method with another quantum chemistry simulation program
5.1.3) Estimating chemical shift values in NMR Spectral Characteristics

20 5.2) Discussion about measurable range in present exemplary embodiment
6] Technical Features of Detection/Control Method of Life Activity and Measuring Method of
Life Activity in Present Exemplary Embodiment
6.1) Content of life activity to be measured and features of detection/control method of life
activity

25 6.1.3) Life activity in life object from surface area to very deep area to be taken as
detection/control target
6.2) Alignment and preservation method of detected/controlled point for life activity
6.2.1) Method for setting detection position by detecting cross-sectional image including
detected/controlled point

30 6.2.2) Method for estimating and setting position of detected point by detecting specific position
on life-object surface

6.3) Photoelectric conversion method for detection of life activity
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2] Action Potential Model regarding Neuron
First of all, sections 2.1 and 2.4 describe well-known information regarding the structure of a
neuronal membrane and environmental conditions thereof. Subsequently, section 2.2 describes
20 an electromagnetical analysis regarding a widely known part of action potential phenomenon.
Then sections 2.3 and 2.5 describe a neuronal action potential model which is originally proposed.
This neuronal action potential model is based on a concept of charging model proposed in
section 2.3.
2.1) Structural peculiarity of neuronal membrane based on background information
25 First of all, structural peculiarities of a neuronal membrane which are well-known are
described. The neuron has a common membrane which can be included in another kind of cell
except the neuron, and the common membrane comprises: Phospholipids; Glycolipids;
Cholesterol; and Membrane proteins including ion channels.
- Lipid bilayer, which comprises the Phospholipids, the Glycolipids, and the Cholesterol, is
30 configured to be split into an outside layer facing an extracellular fluid and an inside layer facing
a cytoplasm. The outside layer includes particular molecules which belong to the Phospholipids,

and the particular molecules are rarely included in the inside layer. Fig. 1 (a) shows what kind
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in the neuronal membrane of Mammalia (H. Rahmann et. al.: Trends in Glycoscience and
Glycotechnology Vol.10, No.56(1998) p.423), so that GD1a can represent all kinds of
Gangliosides in this explanation. And another kind of molecule belonging to Glycolipids can fit
15 into descriptions mentioned later.
2.2) Electromagnetical analysis regarding action potential
A voltage in cytoplasm is kept to be negative in case of a resting membrane potential, and the
voltage changes to be positive in case of an action potential. It is known that a plurality of
positive electric charges gather on a surface of the inside layer facing the cytoplasm when the
20 action potential occurs (B. Alberts et. al.: Molecular Biology of the Cell 4th edition (Garland
Science, 2002) Chapter 10). ‘
Lipid bilayer can be presumed to function as an electrostatic capacity in case of action and
resting potentials because an electrical resistance value of Lipid bilayer is very big and is bigger
than 100 giga-ohms, and the electrostatic capacity value is approximately 1.0 micro-farad cm? (M.
25 Sugawara: Bionics vol. 3, No. 7 (2006) p. 38 — p. 39 [in Japanese]).
Electrostatic Capacity Theory of Electromagnetics teaches us that a plurality of negative
electric charges must gather on a surface of the outside layer facing the extracellular fluid in case
of an action potential when a plurality of positive electric charges gather on a surface of the inside

layer facing the cytoplasm, and an absolute value of the negative electric charges must be equal to

30 the positive electric charge value.

[Table 1] Functional groups of Phospholipids relating to ion attachment or detachment in case of

action potential.

Outside layer of membrane Inside layer of membrane

Negative ion Positive ion Positive ion | Negative ion
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2.3) Charging model on both surfaces of neuronal membrane in case of action and resting
potentials

Section 2.3 describes an originally proposed charging model on both surfaces of the neuronal
membrane in case of action and resting potentials, and this charging model was thought out by
applying the electromagnetical analysis mentioned in section 2.2 to the membrane structure
explained in section 2.1.

Table 1 lists functional groups of Phospholipids which a plurality of ions can be attached to or
detached from when the action potential occurs, and Table 1 shows that the outside layer
principally comprises PCLN, SMLN, and GD1a and the inside layer principally comprises PSRN,
PEAM, and PINT, as described in section 2.1.

PSRN under water tends to have "-1" charges because PSRN comprises two functional groups
>P0O,~ & —CO,” which respectively tend to have negative electric charges and one functional
group ~NH;" which tends to have a positive electric charge.

PINT under water also tends to have "-1" charges because PINT comprises only one functional
group >PQO," which tends to have a negative electric charge. According to Fig. 1 (a), the "-1"
charges generate a negative charge domain on the surface of the neuronal membrane, and "Minus
mark" represents this negative charge domain.

Electrostatic attraction makes positive electric charges gather on the outside layer of Lipid

bilayer when the negative charge domains are generated on the inside layer in case of a resting
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membrane potential. Therefore, positive charge domains, which are represented by "Plus
marks" in Fig. 1(a), may be generated on hydrophilic head parts of PCLNs and SMLNS.

In case of an action potential, a plurality of negative charge domains may be generated on not
only the hydrophilic head parts of PCLNs and SMLNSs but also GD1a, when positive electric
5 charges gather on the inside layer and a plurality of positive charge domains are generated on
hydrophilic head parts of PEAMs and PSRN (Fig. 1 (b)).

In conclusion of this section, it is presumed that a reversible formation of positive and negative

charge domains on both surfaces of membrane changes the neuronal membrane voltage.

2.4) Ion concentrations in cytoplasm and extracellular fluid which are described in background

10 information

[Table 2] Ion concentrations in cytoplasm and extracellular fluid.

Ion symbol Extracellular fluid (milli-mol/1) Cytoplasm (milli-mol/l)
Na' 145 5-15
K" 5 140
H 4x10” (pH7.4) 7x107° (pH7.2)
Cr 110 5~15

This section discusses concrete carriers which generate the reversible formation of positive and
negative charge domains.
As shown in Table 2, Alberts teaches the ion concentrations in a cytoplasm and an extracellular
15 fluid of a general Mammalia (B. Alberts et. al.: Molecular Biology of the Cell 4th edition
(Garland Science, 2002) Chapter 11, Table 11-1). The majority ions are Na* and Cl” in the
extracellular fluid and K* in the cytoplasm. And it is known that Na* ions flow from the
extracellular portion into the cytoplasm when the action potential occurs. Therefore, it can be
presumed that the majority carriers which generate the reversible formation of positive and
20 negative charge domains are Na’ or CI” ion attachments or detachments on the outside layer and
K" or Na* ion attachments or detachments on the inside layer.
According to Table 2, it seems that H" ion (Hydronium ion) and OH™ ion have less influence on
the action potential because concentrations of these ions are relatively small.
2.5) Molecular structures of Phospholipids and ion attachment locations in Phospholipids
25 This section discusses detailed structures and locations of the positive and negative charge
domains on both surfaces of the neuronal membrane by combining the charging model
considered in section 2.3 with the carrier model described in section 2.4.
When the resting membrane potential continues and the negative charge domains are generated

on the inside layer facing the cytoplasm, Na' ion may be attracted to the surface of outside layer
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neutral salt, the remaining functional group ~NH;", which usually has "+1" charge under water,
generates a positive charge domain on a hydrophilic head part of PEAM or PSRN.
When the positive charge domains are generated on the inside layer facing the cytoplasm, an

15 electrostatic repulsion may make Na' ions be detached from neutral salts >PO, Na* of PCLNs
and SMLNs and -CO, Na' of GD1as on the outside layer. This Na* ion detachment may newly
generates a negative charge domain on GD1a because the —CO; " group which has "-1" charges
remains in GDl1a.

Moreover, an electrostatic attraction of the positive charge domains on the inside layer attracts

20 CI ions to the surface of the outside layer, and these CI” ions may be combined with -N" (CH3);
groups of PCLNs or SMLNSs to form hydrogen (or ionic) bonds. These newly created neutral
salts -N" (CH3); CI” may generate negative charge domains on hydrophilic head parts of PCLNs
or SMLNSs in case of an action potential when PCLNs or SMLNs have both the neutral salts
—~N*(CH;); CI” and the negative groups >PO,” from which Na" ions were detached.

25 This charging model can be applied not only to the action potential of neuron mentioned above
but also to a signal transmission through axon of neuron and a somatic neuromuscular
transmission passing through a neuromuscular junction.

The axon is covered with a myelin sheath 12 which is extremely thicker than the neuronal
membrane. Electrostatic Capacity Theory of Electromagnetics teaches us that an electrostatic

30 capacity value is inversely proportional to the thickness of the myelin sheath 12, so that the
density of the charged domains on a surface of myelin sheath 12 falls down. Therefore, a life
activity detecting method should be devised when the signal transmission through the axon 5 of a
neuron is detected. This life activity detecting method will be explained later.

Netter (F. H. Netter: The Netter Collection of Medical Illustrations Vol. 1 Nervous System Part
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proposed in Chapter 2, and the Infrared Spectral Characteristics result from computer simulations
of quantum chemistry simulation program.

3.1) Calculation method with quantum chemistry simulation program

10 In Chapters 3 and 4, an author used "SCIGRESS MO Compact Version 1 Pro" for a quantum
chemistry simulation program. This quantum chemistry simulation program is sold by Fujitsu
Corporation, and "SCIGRESS" is a registered trademark. This quantum chemistry simulation
program uses a semiempirical molecular orbital method.

This calculation method comprises two calculation steps to keep high calculation accuracy. A

15 first calculation step is to optimize a molecular structure, and a second calculation step is to
analyze vibration modes.

Some keywords of optimization are "PM3 EF PRECISE EPS=78.4 GNORM=0.00001 LET
DDMIN=0.00001 PULAY SAFE SHIFT=1.00", wherein "PM3 EPS=78.4" means the
optimization under water, "PM3" means an approximation method of Hamiltonian, and other

20 keywords mean a setting calculation accuracy or convergent conditions of calculation.
Furthermore, some keywords of vibration analysis are "FORCE ISOTOPE EPS=78.4 PM3",
wherein "FORCE ISOTOPE" means the vibration analysis.

Table 3 shows the calculation results, and each calculation result is fully described after this

section.

25 [Table 3] Calculation results regarding Infrared Spectral Characteristics

Phospholipid / o
o Wave Relative light
Neutral salt part of Glycolipids
) ) ) number absorbance (a.
functional group including functional )
(cm™) u.)
groups
N B Phosphatidylcholine
—N"(CH3);Cl ] ) 2480 41.0
Sphingomyelin
@—CO{ Na* Ganglioside type Dla 276 5.24
| Phosphatidylserine 429 20.3
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10 Fig. 2 shows structures optimized by computer simulation. Figure 5 (a) illustrates a CI” ion
attachment state, and Fig. 2 (b) illustrates a Cl” ion detachment state. As shown in Fig. 2 (a), A
CI ion is attached to a hydrogen atom located at the most far positioh from a phosphorus atom,
and the C1” ion and the hydrogen atom form a hydrogen (or ionic) bond. Of course, the CI™ ion
can be attached to one of 8 hydrogen atoms not located at the most far position from the
15 phosphorus atom.
Fig. 3 shows absorption spectrums estimated by the computer simulation, and resolution is set
to5em™'. The upper part of Fig. 3 shows a CI” jon attachment state, and the lower part of Fig. 3
showing a ClI” ion detachment state illustrates an absorption spectrum of a single PCLN. A
particular absorption band marked with an arrow appears in the upper part of Fig. 3, but it does
20 not appear in the lower part. Moreover, the particular absorption band results from an
asymmetrical stretching of C-H-CI". According to Table 3, a wave number value of this
particular absorption band is 2480 cm™, and a relative light absorbance value of it is 41.0.
Another absorption spectrum is estimated when a Cl” ion is attached to the ~N*(CH3); group of

SMLN. Aresult of the another estimation shows that a wave number value of a similar
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15 is considered that molecular orbitals flow to the carbon atom C and are repelled from the

hydrogen atom H in case of Cl” ion attachment, and a reason of these phenomena will be fully
described in section 4.6.3. And the variation of net atomic charges makes an electric dipole
moment | increase to raise the light absorbance.
3.5) Infrared Spectrum changing based on attachment model of K* ion to Phospholipid

20 This section describes generated and suppressed absorption bands estimated by the computer
simulation when a K" ion is attached to the —CO,~ group of PSRN in case of the action potential.

A molecular structure represented by Chemical formula 2 is used for this computer simulation.

[Chemical Math 2]

A molecular structure used for computer simulation when the K ion is attached to —~CO,~

25 group of PSRN



53] Infrared Spectral Characteristics Estinmation based on Action Potenti al
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25[ Table 3] Calculation results regarding Infrared Spectral Characteristics
Neut r awasahumperrvaluefis 1 18eot | adad retptive hgirlabspharice palie is Z8Y wbichps vy ismallerdi ng

Functi %Pa%lthegéo%%ggon\é\ﬁlvgevalue regarding Na' ion 20.3. It seems that this small value 2.89 results

from the K" ionic radius which is bigger than the Na" ionic radius. Moreover, a computer
10 simulation generates no new absorption band when the K" ion is attached to the >PO,” group of
PSRN shown in Table 1.

According to the computer simulation, K ion attachment to the —CO,~ group has a
distinguishing characteristic of absorption spectrum which suppresses a symmetrical stretching of
Carboxy! group and drastically reduces a corresponding relative light absorbance value from 98.0

15 to 15.2, and a wave number value of the symmetrical stretching is 1570 cm™. It is considered
that the K* ion located near one oxygen atom of the —CO, ™ group may strongly obstruct the
symmetrical stretching of the Carboxyl group.

4] Near Infrared Spectral Characteristics Estimation based on Action Potential Model
4.2) Describing outline of original calculation method based on anharmonic vibrations

20 This newly proposed original calculation method regarding Infrared Spectral Characteristics
has the following peculiarities:

1. Using a perturbation theory of quantum mechanics, relational formulae for the n-th overtone
wavelength and Einstein's transition probability are obtained from Schrédinger equation;
2. Using a quantum chemistry simulation program, an anharmonic potential property and an

25 electric dipole moment property are calculated to substitute these properties for the relational
formulae mentioned in 1;

3. Combining the properties with the relational formulae, wavelength values of the n-th overtone
and corresponding light absorbances are estimated.

According to Fig. 4, an outline of the calculation method is described below.

30 Using a quantum chemistry simulation program, a vibrational analysis for a specific
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macromolecule is executed to find out a particular normal vibration corresponding to a harmonic

vibration (S3). In the meantime, The Schrodinger equation including an electro-magnetic field
interaction within the specific macromolecule is set (S1). Then, using Born-Oppenheimer
approximation, an atomic interaction part is extracted from the Schrodinger equation (S2). After
Step 2 and Step 3 executions, a particular atomic interaction regarding the particular normal
vibration is selected on the basis of S3 (S4). In this Step 4, all influence of other atomic
interactions which were not selected is substituted for the anharmonic potential property.

Total static molecule energy values can be numerically calculated by using the quantum
chemistry simulation program (S6). In this Step 6, the molecular structure is repetitively
optimized to estimate one of the total static molecule energy values whenever a distance deviation
between two atomic nucleuses is set to every incremental value, and the two atomic nucleuses
relate to the particular atomic interaction selected in Step 4. In Steps 5 - 7, a substitution of the
total static molecule energy values based on the quantum chemistry simulation program for the
anharmonic potential property based on Quantum Mechanics combines the numerical analysis of
computer simulations with the relational formulae based on the Quantum Mechanics. After Step
6, the electric dipole moment property is estimated by using the quantum chemistry simulation
program (S10), and this electric dipole moment property is used for Step 11 execution.

An equation obtained in Step 4 includes the anharmonic potential property which contains the
4th-order coefficient x4 and 3rd-order coefficient k3 (anharmonic terms), and 2nd-order
coefficient kx; (harmonic term). At first, a specific equation in which both k4 and ;3 of the
equation are set to "0" is solved to obtain wave functions of harmonic vibration, and these wave
functions of harmonic vibration correspond to a series of basic functions. Further, using the
basic functions and a time independent perturbation theory, the equation including x4 and «; is
solved to obtain wave functions of anharmonic vibration (S5).

In Step 7, wavelength values of absorption band belonging to Near Infrared light are calculated
with subtracting a wave function's eigen value of energy from another wave function's eigen
value of energy.

Using a time dependent perturbation theory and the wave functions of anharmonic vibration,
simultaneous equations regarding a time dependent amplitude variation of each anharmonic
vibration mode are formulated (S8). And then the simultaneous equations are solved to obtain
relational formulae of Einstein's transition probability (S9), and a light absorbance comparison
between absorption bands can be achieved from the Einstein's transition probabilities (S11).

This embodiment shows an estimation method regarding a series of wavelength values and

corresponding light absorbances of n-th overtones, and the n-th overtones relate to an
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multiply wave functions indicating asymmetrical stretching by wave functions indicating -
5 deformation.
4.3) Schrédinger equation indicating particular normal vibration
As a result of process of step 1 through step 8 in Fig. 4, a Schrodinger equation related to
asymmetrical stretching of C-H-CI” is given by the following formula. That is, when a reduced

mass, with respect to Mc as the mass of the carbon atomic nucleus, and My as the mass of the

10 hydrogen atomic nucleus, is defined as:
[Math. 16]
M, M.
M,=—2%1"C _ ...(4-16
X M M, -+ (4-16)

then the following formula is obtained

[Math. 27]

., 0 &
15 zhg;qu—{ oM, 2 — +1,x" + i x +xxt —(E- ,u)exp(—zervt)}¢X -(4-27)

In Equation (A-27), E and v represents an amplitude and frequency of an external electric field
vector, | represents an electric dipole moment generated by the carbon atomic nucleus and
hydrogen atomic nucleus.

4.5) Obtaining Einstein's transition probability
20 In eq. (A.27) when
[Math. 32]

B=2Mx, [ h.-(4-32)

then eigen values of energy €, for anharmonic vibration are

[Math. 38]

25 £, 5§1+<r_n_]1c3x3 +x,xt |m>= 2;2 (m+-;—)+j—;iz—(2m2 +2m+1)~--(A-38)

4.6) Substituting estimation results from quantum chemistry simulation program
According to Fig. 4, section 4.6 substitutes a few results of numerical analysis with computer
simulations for relational formulae based on Quantum Mechanics, so that it obtains wavelength
values of absorption bands and corresponding light absorbance comparison. Further, section 4.6
30 also describes the numerical analysis method in detail.

4.6.1) Numerical analysis method with quantum chemistry simulation program
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[Math. 57]
20 K, =86, kK, =-14.2, x, =93 [eV /A?] .---(4-57)
Substituting formulae (A-57) for formula (A-32) obtains
[Math. 58]
B=62.1[A%].---(A4-58)
Fig. 5 has a seemingly discontinuous point of anharmonic potential property which occurs
25 between o-point and B-point, and this section will describe the cause of seemingly discontinuous
point.
As shown in Fig. 6 (a), the quantum chemistry simulation program " SCIGRESS MO Compact
Version 1 Pro" provides the optimized molecular structure of CI"'(CH3);N"CH,CH,OH when the
value of distance deviation between carbon and hydrogen atomic nucleuses is "0". Fig. 6 (a)
30 shows that Cl™ ion, Hydrogen atomic nucleus H, and Carbon atomic nucleus C are approximately
arranged on a straight line, so that the Cl” ion seems to be located below an extrapolation (an
alternate long and short dash line) of bonding of Nitrogen atomic nucleus N and Carbon atomic

nucleus C' located on the left side of N.  This arrangement continues when the distance between
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Fig. 7 indicates a proof of above-mentioned explanation. Fig. 7 shows the wave functions
10 |m> which are obtained by substituting formula (A-57) for formula (A-42),
[Math. 42]
G,y —

K2\/—ﬁ_ " Y4

and it shows that the ground state |0> has an enough existence probability on the seemingly

Gy, (4-42)

discontinuous point.  This phenomenon suggests that the position of Cl™ ion has probabilities of
15 both Figs. 6 (a) and 6(b) in case of the ground state |0>.
4.6.3) Estimating dipole moment characteristics
Fig. 8 shows net atomic charges vs. distance deviation between carbon and hydrogen atomic
nucleuses composing the asymmetrical stretching of CI'-H—-C, and a unit of the net atomic charge
is a quantum of electricity e.
20 According to a viewpoint of classical mechanics regarding atomic nucleus movements

composing the asymmetrical stretching of CI'=-H-C, as shown in [A] and [C] of section 4.3, the

Cl ion hardly moves and the Hydrogen atomic nucleus H widely moves. Therefore, when the
distance between the carbon and hydrogen atomic nucleuses decreases (the left side area in Fig.
8), the distance between the CI™ ion and hydrogen atomic nucleus H increases, and the net atomic

25 charge value of the ClI” ion approaches to "-1" and the net atomic charge values of carbon and
hydrogen approach to original values when the Cl™ ion detaches.

On the contrary, when the distance between the carbon and hydrogen atomic nucleuses
increases (the right side area in Fig. 8), the distance between the CI™ ion and hydrogen atomic
nucleus decreases, and the net atomic charge value of carbon monotonously reduces but the net

30 atomic charge value of the hydrogen approaches to a saturation value.

Using results of molecular orbital analysis, reasons of net atomic charge properties shown in
Fig. 8 can be described below. Figs. 9 (a) and 9(b) show Highest and Lowest Occupied
Molecular Orbitals.
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Fig. 8 shows electric dipole moments pvs. distance deviations between carbon and hydrogen
20 atomic nucleuses, and the electric dipole moment p is obtained by substituting net atomic charges
of carbon and hydrogen for formula (A-13).
[Math. 13]
p=0uy Xy +QcXc . (4-13)
Consideration is given to the case where the electric dipole moment vector p is parallel to the X
25 axis, that is, in the case where the electric dipole moment vector p is expressed by Formula 50:
[Math. 50]
| g |2 py + px + ppx° + p1yx’ - (A - 50)
According to Fig. 10, each parameter of formula (A-50) is as follows:
[Math. 59]
30 Uy = 0281, g =0.635, 4, =0.0242, pu, =-0272 [e,-A] ---(4-59)
4.6.4) Light absorption wavelengths and light absorbances of corresponding absorption bands
Table 5 shows wave numbers, wavelengths, and transition probability ratios regarding

asymmetrical stretching of CI'-H—-C, and the transition probability ratio corresponds to the



30Usi ng a quantum chem stry sinulation program a vibrational analysis for
a specific WD 2013/069820PCT/JP2012/ 079874 - 25 - macronolecule is

execut ed W@ shisndo@Ht a particular normal vibration correspapspedke a
harnmoni ¢ vibration (S3). In the neanpinme, The Schrodi nger equation

i ncl udipgamigh §6oHAnEReNEE | UdideFenddl &1 action within the specific

macr onol ecul e"is set (Si). Then, using Born-Qppenhei mer approxi mation, an
at om c [Matleddfbti on part is extracted fromthe Schrodi nger equation (S2).
After 5Step 2 and Step 3 executions, a particular atomc interaction
regardifg-ghe rtigpusgr normal vibration is selected on the basis of S3
(S4). In this AStep 4, all influence of other atonmic interactions which were
not selected is substituted for the anhartnonic potential property. Total

st ati ¢ thowewnunbensanghthe whavelengtiwreah de nalmwnied sdnidyeadngqcislobtagwdiby substitgfittghe
quantum chem stry simylation program (.S6),...In this Step 6, the nol ecuyl ar
StFuct debe GASg -(ﬁ'%?é?v 9%@? Ua8ha If‘é‘d‘é‘élt”i"r?&%}éﬁwn@ oawépaf@tfm sobying i ¢
nol ecul . . d] C i Rtd ; atom c
! oudis SREEEo P 8 MPRRE BBl SRR S R ) Rr G BE S EP O eces
rel at e [Math.158) particul ar atomic interaction selected in Step 4. In Steps 5
- 7, a substitution of the total static nolecule energy val ues based on the
quant um m sOny(si milatfi ongpregnam f or the anh ni ential property
based o’no< &mt Urp, VeEH) fﬁaﬂé/ congin g"‘th Xn&rreﬁf%ﬁgzgoa[@ggg} of 15conputer
sinmul ationg with the relational formul ae based on the Quantum Mechani cs.

After $Megh.64]the electric dipole nonment property is estimated by using the
guantum chem stry simul ation program (S10), and this electric dipole nonent
rﬁg

pyoperty oms(Wsed .f of Stgp &1 éxecutimn. equation obtained in Step 4
i (gl ude® The & éé C pot Té‘%p’r’gpéfﬁ@'%i ch contains the 4th-order
coefficient tc4 and 3rd-order” coefficient 1(3 (anharnonic terns), and

2nd- or g®fati2@spef ficient K2 (harnonic termy. At first, a specific equation
in which both K4 and 1(3 of the equation are set to "0" is solved to obtain
wave f | on harnoric vi bration, and these wave functions of harnonic
vi br at F@f}(}jcﬁhr%égfﬂéhd(?g%a? series of basic functions. Further, using the
basi c functions and a tinme independent perturbation theory, the equation

i ncl udilffth- @6k and 1(3 is solved to obtain wave functions of anharmonic
vibration ($5) . 25In Step 7, wavel ength val ues of absorption band bel ongi ng
to Nearpl nf ed ,I.j.gmts@re calculated with subtracting a wave function's

ei gen val'ue 3bf 'energy from another wave function's eigen value of energy.

aFhar Rt 5 BRETRER PRy a8 R Pl Pl R e R e Bt

anpl i t ugercNAg bt op-ef each anharnoni c 30vi bration node are formul at ed
(S8). And then the sinmultaneous equations are solved to obtain relational
formul de of Einatein' s transitlion grobal®lityl (S9)3 andja |ight absorbance
conpar i senr-between—apsorption—bands—can-be-achieved fromthe Einstein's
2nd overtone | 3rd overtone

transitji on SABHBIMGAS es | Fyndgmental | st overtone

V.-
ni

Wave number(cm™) 2283 4635 7040 9487
Wavelength Am (um) 4.38 2.16 1.42 1.05
Transition probability

1 1/176 1/3480 1/3030

ratio Bom/Bo:

Table 5 shows the fundamental wave number is 2283 ¢cm™’, and Table 3 shows the
corresponding value is 2480 cm™ . It is considered that the slight difference between 2283 cm’!
and 2480 cm™ occurs because Table 3 is obtained with a harmonic vibration approximation and

20 Table 5 is obtained with taking account of anharmonic vibration terms.

Table 5 shows that the relative light absorbance value of a 1st overtone (transition probability

ratio Boy/Bo1) is very small and the relative light absorbance values of 2nd and 3rd overtones are

smaller.



Thi s enbodi mrent shows an estinmation nmethod regarding a series of wavel ength
val ues and correspondi ng |ight absorbances of n-th overtones, and the n-th
overtonesypehii@ede an WO 2013/ 069820PCT/ JP2012/ 079874 pr1AP2012/079874
.anharnoni cally asymmetrical stretchiipg of coval ent and hydrogen bonds

C HClL-. Iﬁd’xhéasﬁﬁ%&@ﬁée%‘ 1&‘@5&9&%%& Eﬁti@&‘l&e&ﬁﬁﬂra}l@e ©etedPd é?m&l%igﬁd]%i ons or
sone ki nds of conbinations between deformations and asymetrica
st r et cdesged lateremcamsudiidientlyt detass absoptiob bandsadgardingtiiet Indl apd Be evefrtones. i ons

i ndi cat i trical. t.ching b funct i i ndi caf |
Sdef of it RUR THAS I GERFGa AGUROIS D PGP LD T Y O A e e #O).
vi br at iTfis emBsdiRefiteRdWdveR imapdREetamotter 86RBptibntAh HYArdt Eothet Rafifon 4 2

Schrodi nger equation related to asymmetrical stretching of GHCl- is given
byS t he bebvdeowikeitpdfstatestina. (mPAkt i s, when a reduced mass, with respect to M
as the nmass of the carbon atom c nucleus, and MH as the mass of the

10hydr dgBDiatussibe abant detestable sange fin prestna exenjiléary embb@imek HMC  =( A 16) MH M
then the following fornula is obtained [Math. 27] 15ih a xh2 02 + 2X2 +
K3X3 K- 4Rare-oc¢uE largy ecagingiergis whenyhe value ¢aing] inaopmilaxa S/ hisEepdefiroroiig. A- 27)
E and v represents an anplitude and frequency of an external electric field
vect or ,anyl whea threegdyerabtaineddhn demmula (AP Pas ecagddionntiggbherlatvia pithisheomer bon
atom ¢ nucl eus and hydrogen atom ¢ nucl eus. 4.5) Obtaining Einstein's

t r ansi tdilerersies Bestsxpedied between theoretically estimated valués as shown in Table 5 and actual

10 values. The differences in such a case are generally said to be about + 20% (+ 10% at best).
Accordingly, a lower limit of the near infrared light wavelength adopted in the present exemplary
embodiment is estimated to be 1.05 x (1 - 0.1) =0.945 pum, or 1.05 x (1 - 0.2) = 0.840 um with a
larger estimated error.

However, when light of the 3rd overtone shown in Table S is not used for measurement and

15 only light of the 2nd overtone or less is used for measurement, the lower limit of the near infrared
light wavelength adopted in the present exemplary embodiment is estimated to be 1.42 x (1 - 0.1)
=1.278 um, or 1.42 x (1 - 0.2) = 1.136 um with a larger estimated error.

Further, when light of the 2nd overtone or more shown in Table 5 is not used for measurement
and only light of the 1st overtone is used for measurement, the lower limit of the near infrared

20 light wavelength adopted in the present exemplary embodiment is estimated to be 2.16 x (1 - 0.1)
=1.944 ymor2.16 x (1 +0.1)=2.376 pm, or 2.16 x (1 -0.2) =1.728 pmor 2.16 x (1 + 0.2) =
2.592 um with a larger estimated error.

An upper limit of the infrared radiation wavelength to be used in measurement method as
shown in the present exemplary embodiment will be described as follows.

25 As for a relationship between a wavelength (wavenumber) of an absorption band measured by
infrared light and an intramolecular vibration, the following vibrations are caused in order from a
shorter absorption wavelength (in order from a larger wavenumber value): a local vibration of
functional groups, a principal chain vibration of molecule, a vibration of whole molecule, and a

rotation of whole molecule.

30 Accordingly, a high-speed change along with the afore-mentioned "local state change in a



20In eq. (A 27) when [Math. 32] V2 M ti-2 1 h . (A 32) then eigen val ues
of energy cmfor anharnonic vibration are [Math. 38] 25m mt <MLK3X3 +1C4X4

1177>=21GRE1LIEIBACA (202 + 2m +1)- (A 38) fi24/32 4. 6pcSubsiihbikiNg

estimation results from quantum chenpstry simulation program According to
Fig. 4, section 4.6 substitutes a few results, of nunerical apalysis wth

conput drolesuls)| corresnoads ormeasyrsmentef|the deeal vibeations erthe npinapl Ghainadsaiiics, so
that it obtaing wavel ength val ues of absorption bands and correspondi ng
light Seraifc MO -son. Further, section 4.6 30al so describes the

quant um EnBAERPRe TG PRy T i a5 BO98PTRORHOM oA DH06 74 27
o1 mal acHOHEA 1% Kb o SR G Bo e (RISt Bl AHPUmEURBRTEEP Saff ysi s
55 oo b RSO AR S O A SR PN
t o Chol’ H3) 2ZCOrcorres | a ' ( SMLN.
composithg T HEP ! 4B LERIREPSFARTEN H b UABRRP LR ) " ouee
. I : 2 . L) ¢
cati mnareie B ERREpHEh G QiSRS o RoERE RN BE K RPLOANSES: 1 ©

cal cul \Al i ken's popul ation anal ysis. Sonme keywords of
optim ?&??{)nn (gr§3wllld!\/8 EF PRECI SE EPS=78. 4 GNORM=0. 00001 LET 10

DDM N=0. @Rk, hb-bvdRfsis reSMlEoftd ViBraRdiTRIoHE Bcufitd) Whd ﬂfcﬁ%s}?ﬁx_n@ioﬂiigﬁha%ﬁé"dl{oaacy

because a nol gcul ar’ structure of dist ance devi at on " ( IS conf! rmed to
haye NQafRAH ¥ 10BAN B R&ond & 4ol &Y RGN t0/iRfid 3.9 IM Wavchumbed- 2)

Estimati ng anharnoni c potenti al _
value (wavelength) of the absorption band corresponding to the skeletal vibration of C-CO, K is
118 cm™ (84.7 pm); and [D] the symmetrically telescopic vibration of the cé.rboxyl group -CO;’
at a wavenumber (wavelength) of 1570 cm™(6.37 um) is largely restricted due to potassium ion
attachment.

15 Accordingly, it is necessary to consider the above values as a part of the application range
(detectable range) of the present exemplary embodiment. However, in advance of this
consideration, [E] according to section 3.2, the wavenumber value (wavelength) of the absorption
band corresponding to the skeletal vibration of -N"(CHz);Cl is 2465 cm™ (4.06 pm) (an average
of 2480 cm™ for PCLN and 2450 cm™ for SMLN), whereas the waveband value is 2283 cm™ in

20 section 4.6.4. In view of this, it is necessary to take into consideration such a slight difference.
As have been described in section 4.6.4, the reason of this slight difference is because "the
vibrational analysis result in section 3.1 is obtained based on a harmonic vibration
approximation,” whereas "section 4.6.4 takes account of anharmonic vibration terms."

Accordingly, it may be said that the measurement wavelengths L listed in [A] to [D] can be

25 changed up to (2465/2283) x L depending on a computation model.  Further, the values
exhibited in [A] to [E] are merely theoretically estimated values, and some difference up to about
+20% with respect to the actual values is expected, as described earlier. Thus, the lower limit of
the experimental value based on [A] to [E] is estimated as L x (1 - 0.2) and the upper limit

thereof is estimated as (2465/2283) x Lx (1+0.2).



Relating to Step 6 of Fig. 4, Fig. 5 shows relative static nol ecul e energy
vs. distance devi ati on 15between carbon and hydrogen atom c nucl euses
conposi Nowhhg1sasygsget ri cal stretching of CL-- HC, and bphepalidbioge Static
nol ecul e energy neans a shifted valgge_of the total static nolecul e energy
to adjust a mninmumvaluye of the relative static nolecule energy to "0".
Based onliFyigw ofthis, theappligation rangey(detestable rapges hofdhe presey exemulany| ows: [ Mat h.

57] 20K2 a 8.6 -14.2, K4 @9.3 [eV I A . (A ,57). Suhstituting fornmul ae
( A57) ﬁa}bom%iogﬁiteﬂt %9‘2% OSH’L‘?&%E%OT%XN mét%?]] i F%S@ﬁaiwm? %p above I(el%nos@) Fi g.
5 has seem ngl.y di.sconti nuous point of anharnonic potential property

whi ch g@ﬂlﬁ@‘?@%t%‘iﬁ”@ poi nt and 3-point, and this section wll| describe

uant b RER P YT o Ut A S8 (PR Lot ves gt o
provid t he,opti i zed nol ecul ar structure of CF- (CH3) 3SN#CH2CH2OH when t he
vaﬁoue 2’35 Egﬁn@e@devi ation between carbon and hydrogen atom c nucl euses is

"0". Fi h < i I H, d Carb
aton o 18 Efki@leia SR, oF BTGRP R: HERE0ERE olrai ghe 1 me. o that. e
Cr-io gzﬁﬁé{@ﬁgﬂg&%ﬁﬁg)}fﬁgcgﬁﬁwgrgﬁgltorla}g%lngt| on (an alternate | ong and

short f | trogén atorm ¢ nucl eus N and Carbon a;t/\gn‘ic
the ai S SEERER.A (B% b e RCr ot BRI o bon ang.

hydrogep ﬂﬁ@éﬂefé&di‘vﬁ%ﬁffﬁ%?-ﬁ"{@ sectih 3. DP—£ 9D Q6 Y6 ypren the distance

! iﬁﬁéﬁﬁ g o
devi ation exceeds -0. angstro the CF 1on seens to be noved to a specific

PBi ti ONFMM @B olvSrall 9% hORbIvBEhE KiffatRiDh dhli S whddlertitt ®/HRalked {nthg and short
dash line) of bonding of Nand C, as shown in Fig. 6 (b). This seem ng Cl

i on MoWeAREEmER HS@Eod $¥ahS F1REEnh etenpflhry eAbolitdu i deSivdbly atIEdsOBL0 PRtk (Al €
obt ai ned on the basis of a sem -classical nechanics nodel which presunes
t hat akdavatiumnbet value bEYIK1 pOSick inoide)| B iew efltheuppatlmhit of @jcording to a perfect
guant um nechanics, all atom c nucleus position is not fixed in detail and
i s repreAeairditiglyytosamimanize tHealisvasstorf asrabbveoia shat awchvtlergth eape g the light to be
di sconti nuous point substantially goes out.

used in the present exemplary embodiment are "from 0.840 um to 110 um" as the maximum

15 fange and "from 2.592 pm to 110 um" as the minimum range.

Subsequently, an influence of absorption wavelengths of water is added to the summary of the
discussion. Most part of a life object is constituted by water molecules. Therefore, when
electromagnetic waves are illuminated to measure or detect dynamical life activities in the life
object, absorption of the electromagnetic waves by the water molecules will be a large problem.

20 Accordingly, the present exemplary embodiment devises to use a wavelength region where the
absorption by the water molecules is relatively small. According to B. Alberts et. al.: Essential
Cell Biology (Garland Publishing, Inc. 1998), p. 68, Figs. 2 to 24, the composition of a chemical
compound constituting an animal cell (including inorganic ions) is occupied by water molecules
by 70% by weight. Further, 15% out of the remaining 30% of the composition is occupied by

25 proteins, followed by 6% by RNA, 4% by ions/small molecules, 2% by Polysaccharides, and 2%
by Phospholipids. Meanwhile, the light absorption characteristic of the proteins varies
depending on a tertiary structure in a cell, and therefore, it is difficult to specify an absorption
wavelength region of an absorption band by general proteins. In view of this, in the present

exemplary embodiment, "the light absorption characteristic of the water molecule" is focused on



Fig. 7 indicates a proof of above-nentioned explanation. Fig. 7 shows the
wave functions 101nt> which are obtained by substituting formula (A 57) for

formil a (Woddiznehddet h. 42] Gm 31(4Gm (A 42) K2 -¥Rifabbor2o7end it
shows that the ground state 10> has3an enough exi stence probability on the

seem ngly di scontinuous point. This phenonenon suggests that the position
of CF ibstrusakl] theowalps mplepwes @ inchisd fip m yumakeellpvenyvhelmingly abyndantly, & t he
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00U 5 4 s e SnBT SR SHlhS S oo
o BB R STR 5 BTN SRR PR oSl
AT ek M O S NIRRT D S

i 4.3 i har dl d th n. 1 C. I H
SE5L) e b O B PP YA R AL en
i h of. i de j i.Qx. 8 the. dist
oL N RS AT SRER R FanBhl By

o om € GIRESHPURLUEcRI9b e, hOIPRPRERE Bk s M B 20 om ¢

charge ‘v ori an o0 original val'ues when the
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and hy om c nucl euses 1 ncreases rg e area I n g. 8),

the di $fAREECarPSHIRERor (ngdThe VRN AR A HRAGD atom ¢ nucl eus decreases, and
the net atom c charge value of carbon nonotonously reduces but the net

3{pt 0N CREGREBR: épleH RaPdlerdlts JTHHSRERH FARBE SRRH Qatel rofecBRIdFRIIoARIn RS HE -
Using results of nolecular orbital analysis, reasons of net atom C¢ charge

pr oper tsi@mesrAIM tdldbchpi€ vibBatioa And 8n SRS EFhAEHichIB) RWscdpidvibratioh ae 2TTLA( b)
show Hi ghest alr% Lowb;pst Cccupi ed Mol ecsmlar Ogtal sd.fjl WO "

2013/ 06882@BuM.J AARHRL, &y 9 Fédel &t rebivh HivpasdvelBagtp loaded\Bietd laBoveOr bi t al
(HOMD) shown in Fig. 9 (a) mainly conprises Atomc Orbitals 3Px of CF ion

and 2Pxvavtleagthydightdbsonptiamty t Inetatisntof] a hydebgan ehdidoutes-docmed Actirtimkgly, inghe esent
negative and positive anplitudes. Further, Fig. 9 (a) shows that a boundary
posi t i ereshttenemplaregabidimentno qudaitd meesvmerpynamicks activitiesrie adife ebjestt 266 ¢um,
probability of HOMO electron is 5"0", is located on the right side of the
hidr ogevhieht is aiveavalgogtb shghtiftsbordérahan 2.66 gom; isgakeddiasg boundary, and the measurement
is performed using electromagnetic waves in a wavelength region having a wavelength shorter
than the boundary value (more specifically, in a range from 0.840 um to 2.50 um in consideration
of the discussion as above).
On the other hand, in the near-infrared region, an absorption band corresponding to
20 combinations between the anti-symmetrically telescopic vibration and deformation vibration of
the water molecule is at a center wavelength of 1.91 um. In view of this, other embodiments
can use, for measurement, electromagnetic waves in a wavelength region except for this
absorption band. More specifically, light of the 1st overtone (having a wavelength of 2.16 um)
as shown in Table S is used for measurement. However, as having been mentioned above, a
25 reading error of about = 10% to + 20% occurs when a value is read from Fig. 5. In
consideration of this reading error, electromagnetic waves of not less than 2.16 x (1 - 0.05) = 2.05
um but not more than 2.16 x (1 + 0.15) = 2.48 um are used in another exemplary embodiment.

Further, an absorption band corresponding to combinations between the symmetrically

telescopic vibration and the anti-symmetrically telescopic vibration of the water molecule is at a



exi stence probability of HOMO el ectron decreases and a net atom c charge
val ue of hydrogen increases when the | ocation of the hydrogen atomc

nucl eus i\goBisGfdodgward the right side in Fig. 9 (a) andcifig.flbatance

bet ween the carbon and hydrogen atonksc nucl euses increases. Mreover, the
net atom c charge val ue of hydrogen approaches to a saturation value when

t he | ocgttebwawicngieoliloh mmo gbnvigwehithis. forcansthsr applicd smbpdiment, dight ings at t he
boundary position. The Lowest Cccupi ed Ml ecular Obital shown in Fig. 9
(b) maifAv§leagpegienBetneeihihe abeysi waelengd apd 164 umdmorsepeaiBedly, Hghtof getless om
and this Mplecular Obital especially extends to the_posjtion of the carbon
atom ¢ i) -é&@%%?@&%ﬁﬁaq F3hadosve @AFepien yakelpngih at{hg absnaptice haag O i t ol o
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nucl euses, an electric al ne substi

net at arbon and hydrogen for formula (A 13). [Math. 13]
p=QHX1%@E§§%E%§L1§5§Lﬁpconsideration is given to the case where the

el ectri01.@'5&%@orﬂgr-!ﬁpéctmﬁﬁto%ok@?dﬁmaf |16h)Lq Mg fe@xi s, that is, in

the case where thé electric dipole nonent vector i's expressed by Fornul a

5y [ Mat th the Heaing; dilldr ¥vatelehd) fanfeP B4y be set @fa® Ppl18 cRILAGIARNE, As Fel -as
each parameter of fornula (A50) is as follows: [Math. 59] 30,u0 0.281

1u0. 635vavelddgtls MéhAiZoneR 3bo¥e. 2 TRali§Gs defkibed béldwiBe whvélerigth kdn@bd maPsesAt i on

wavel engt hs and |ight absorbances of corresponding absorption bands Table 5
shows wavetouvolied Saveleigt @pghhBsorBeithyt dradsiy fdnasdnpendladibh indichtor'aéNithg in a

regardi ng asymmetrical stretching of CF-H C, and the transition probability
rati o divingaspwndFot exdntyde, Whn 2@hRn 069 SRR GRS Wit BeAd-infraed light, a
pattern of blood vessels can be observed around a surface thereof. This is because hemoglobin
15 included in the blood vessels absorbs the near-infrared light. That is, in a case where a life
activity in an area on a backside of the blood vessels (behind the blood vessels) placed in vicinity
of the surface of the life object is detected, there is such a risk that detection light may be
absorbed by the blood vessels in the middle of a détection light path and an S/N ratio of a
detection signal may decrease. Besides the hemoglobin, myoglobin and cytochrome oxidase
20 also have absorption bands in the near-infrared region, and the absorption spectrum of the near-
infrared region varies between an oxygenation state and a deoxygenating state.  For this reason,
these substances are called an oxygen concentration indicator. Further, according to F. F. Jobsis:
Science vol. 198 (1977), p. 1264 - p. 1267, it is said that the cytochrome oxidase and hemoglobin
have a weak absorption band over wavelengths of 0.780 pm to 0.870 um. Accordingly, in
25 consideration of a general range of measurement errors of £0.005 pm, if the detection light to be
used in the present exemplary embodiment or the applied embodiment has a wavelength of 0.875
um or more, a detection signal of a life activity is stably obtained without having any influence

(light absorption) by the oxygen concentration indicators. From this viewpoint, the

aforementioned wavelength ranges "from 0.840 pm to 110 um," "from 0.840 um to 2.50 um," or



relative |ight absorbance value. Using Fornula 44 [Math. 44] hc (A 44) the
wave nunbers and the wavel engt hs can be cal cul ated, and each Cmis obtained

by subst iywgthixheoe! ues (A-57) and (A-58) for for mul a ( Ac38P201b/7988di ti on,
each Born can be cal cul ated by sol vggg t he sinultaneous eq. (A-53) and

substitutin (A.54) and (A-55) for forrrula(A56 [Math. 53] ih E
gnu, al"of mtﬁeSé%w 02&4@\»% it nog mqreythan 18 7,unp' W( bbfuasaqme as, TG@WUQS?IYa{ﬂOF%t h.
2L 1O Ry o230 S B8 s e
g;%#@’céﬁ 7 gr[rV\llra' \é'? h’rﬂ %ﬁe ]herggde {Lér?gn %int/ | %%t o%l()lgtlg::tllcint l%lghrt grt (I:ocr)l%ro{ 1?316% rf(girI l?fg
activity are determined as such, even if an oxygen concentration indicator exists in the middle of
5 a detection light path or a control light path, the detection light or the control light is not absorbed,
so that the S/N ratio of a life activity detection signal can be secured and stable life activity
control can be performed.

Figs. 11, 12, and 13 are images showing qualitative performance comparisons between

membrane potential changing detection and oxygen concentration change detection in blood
10 from respective viewpoints of spatial resolution, temporal resolution, and detection accuracy.

As described above, the spatial resolution in Conventional Technique 1 is of the order of 3 cm
(see Fig. 11), and it is said that the spatial resolution in the case of magnetic detection using an
fMRI device is a few mm order. In this case, as shown in Fig. 11, a mean value of oxygen
concentrations in blood flowing in a plurality of capillaries 28 in this area is detected. In

15 comparison with that, in a case where membrane potential changing is detected, the spatial
resolution is of the order of a wavelength of the detection light described above.

However, in a case where an action potential of one neuron is detected as an example of the
potential changing detection of a cell membrane, an average distance between adjacent neurons
corresponds to a substantial spatial resolution. It is said that an average distance between

20 adjacent neurons in a cerebral cortex of a human is of the order of 20 um.

Thus, there is a difference of 100 times in terms of the order between these spatial resolutions.
An image of the difference is shown in Fig. 11 in a simulated manner. That is, in a case where
the oxygen concentration change in blood is detected by use of near infrared light like
Conventional Technique 1, a mean value within an area having a diameter of 3 cm is detected.

25 In contrast, in this exemplary embodiment, an action potential of each single pyramidal cell body
17 or stellate cell body 18 in the area can be detected individually.
On the other hand, as will be described below in section 6.3.1, in the present exemplary

embodiment in which the membrane potential changing is detected, a size (aperture size) of a

light transmission section 56 in a two-dimensional liquid crystal shutter 51 as shown in Fig. 18 or
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19 can be made adequate so as to detect activities of a group unit of a plurality of neurons such as
a column unit (a total firing rate of a set of the plurality of neurons, such as a column). Since
the column has a cylindrical shape (or rectangular solid) with about 0.5 to 1.0 mm in diameter
and almost 2 mm in height, the spatial resolution can be advantageously changed freely into to

5 the above values (or below those values) to detect the activities per column unit.

(Regarding size range of detection unit)

As described above, the detection unit in the present exemplary embodiment can be widely set
from one neuron unit (or a particular region in an axon) or one muscle cell unit (or
neuromuscular junction unit), to a group unit of a plurality of neurons (or muscle cells). That is,

10 inadetected point for life activity, a local area constituted by one or more cells is set to a single
unit for detection and a characteristic per detection unit (in the local area) corresponding to an
electromagnetic wave is detected so as to detect a life activity.

Further, this electromagnetic wave is near infrared light or infrared light having a wavelength
in a range to be described herein (section 4.7), or alternatively an electromagnetic wave with

15 which a detected point for life activity is illuminated to detect a life activity by use of Nuclear
Magnetic Resonance, which will be explain latér in chapter 5.  Further, when the life activity is
detected by use of Nuclear Magnetic Resonance, either continuous wave CW (Continuous wave)
spectroscopy or pulse FT (Fourier Transformatibn) spectroscopy may be used.

A size of the detection unit (a local area) in the present exemplary embodiment is desirably in a

20 range of 1 cm from the wavelength of an electromagnetic wave used for detection, and further
desirably not less than 10 um but not more than 3 mm, for the following reason. If the size is
expressed in terms of a cell number included in this detection unit (the local area), the cell
number is desirably not less than 1 but not more than 100 million, and particularly desirably not
less than 1 but not more than 2 million.

25 The following describes the size range of the detection unit (the local area). An
electromagnetic wave is narrowed down to its wavelength size (diffraction limited) according to
a diffraction theory. Further, it is known that voltage-gated Na* ion channels, which greatly
relate to a neuronal action potential, are largely distributed over an axonal root site in a cell body.

In view of this, in a case where an action potential of only one neuron is detected, detection



1 1/176 1/3480 1/3030 Tabl e 5 shows the fundanental wave nunber is 2283
cm , and Table 3 shows the corresponding value is 2480 cm1 . It is

consi der aglotbglosbdde Sl ight difference between 2283 cm 1pghgp2ASeosit 1
occurs because Table 3 is obtained_-ygth a harnonic vibration approxinmation

and 20Tab|e 5.is obtained with taking account of anharmnonic vibration
terms. ethicigy és QO@HWVFMY congensing Hght\asoundghis axensbraphrather by widelyt a 1st

overtone (transj ility ratio, 1302/B01) is very small and the
rel ati v@wm@tmg ¥ 3919 ﬁgﬂ? Eéefsﬁtlm nocmsaqwewbﬁégmabte thatghe gize WO

L A T T oS AR L 1

o B SR R SRS 20000
TRl e R BB

st es%pazgﬁtggg@ /A BRHURST AL AR LURbELLARL £, LARGES IS B0t gl ary

enbod ccur Targe rea I ng err

rormul dd A58k AR, SRRt ey %ﬁ%&&m@hg@gg f%@a@' i, formil a

(A 59) rea VI ew o erences are expected

bet ween 5%%@35a@34&y fashis @Rgee&lfgabﬁ{%%te@ﬁoémmcy B %Pﬁ@otﬁratﬂ feua'

10va|ueg erences in suc case are generally sal e about

20% ( %Qa(?aﬂes&ﬁﬁ&) (abORSUnsl il @hMeteR sOMB! 11)laTtbscAbed ﬁ%&@@ﬁtldnﬂf T&Eﬁgué 19 ht

wavel ength adopted i n the present exenpiary embodi ment is esti mat

11P5 X Sinke thOwitith of 42 94 &M h}%f alh@Rands GBoutQ- o, ifis Qe&é&r;gmrmetdbp@r ﬂuﬁﬁger
estimated error. However, when light of the 3rd overtone shown in Table 5
i's not ofigRAiAf tli&lﬁ%dﬁ@rﬂﬁﬁt (tBdMcal area) to be set to 1 cm so as to obtain detection accuracy
to some extent or more. Further, an average distance between neurons is about 20 um, and
when a deep part of the brain is measured with a cube 1 cm on a side as a detection unit, (10 +
0.02) x (10 + 0.02) x (10 + 0.02) = 100 million neurons will be included within this detection unit
15 (the local area).
The following assumes a case where the detection unit (the local area) is set to a unit of
integral multiple of the aforementioned column. As described above, since the height of one
column (a thickness of a spinal cord gray matter in a cerebral cortex) is 2 mm, 2 <+ 0.02 = 100
neurons will be aligned in the detection unit on the average. When the life activity is detected in
20 broad perspective, activities of around 10 columns within one detection unit (local area) may be
detected at the same time. In this case, one side of the length of the detection unit (local area) is
10" x 1=3 mm. Inview of this, (3 + 0.02) x (3 + 0.02) x 100= 2 million neurons will be
included in this detection unit (local area). Further, when one side (or a diameter) of the
detection unit (local area) is set to 0.5 mm or 1.0 mm, a life activity of one column can be
25 detected as the detection unit (the local area) (from the viewpoint of the aforementioned column
size). At this time, the number of neurons included in the detection unit (the local area) will be
(0.5 +0.02) x (0.5 + 0.02) x 100 = 60,000 or (1 + 0.02) x (1 + 0.02) =300,000. Accordingly, in
a case where the life activity of one neuron to the life activity of a column unit are detected, a

local area constituted by not less than 1 but not more than 60,000 to 300,000 cells is set as a
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causes the stellate cell body 18 at the position vy to start firing an action potential, followed by
causing an action potential of the pyramidal cell body 17 in the position Bwith a little delay.

25 Here, one "whisker" in Fig. 12 (b) indicates "one action potential." Since the temporal
resolution is very high in the present exemplary embodiment in which the membrane potential
changing is detected as such, each action potential state can be detected per different neuron.

Then, at tg, which is 5 s after ty at which the action potential started in the detection time 163, a

reflection light amount 48 of light having a wavelength of 830 nm and a reflection light amount
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20 Thus, an S/N ratio of a detection signal can be increased by extracting only a signal component
synchronized with a modulation signal from detection light returning from the life object. Ifa
modulation cycle thereof is longer than a time interval at which a measurement subject changes,
it is difficult to detect time dependent variations of the measurement subject. Accordingly, in
order to measure time dependent variations of the measurement subject stably, it is necessary to

25 set a basic cycle of the modulating signal to be equal to or less than 1/5 the time interval at which
the measurement subject changes.

In view of this, one exemplary embodiment has a feature in that a basic frequency of a
modulation signal is set as follows: 1 Hz or more (at least 0.2 Hz or more) for an object changing

at an interval shorter than 5 s; 25 Hz or more (at least 5 Hz or more) for an object changing at an
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5] NMR Spectral Characteristics Estimation based on Action Potential Model
5.1) NMR Spectral Characteristic changing and estimated chemical shift values regarding the
20 action potential
5.1.1) Prospect for changing NMR Spectral Characteristics regarding action potential
Section 4.7 said that this embodiment shows a new measuring method of life activity which
exposes a life object to an electromagnetic wave of 0.85 um - 50 um (or 0.84 pm - 2.5 pm)
wavelength, and this new measuring method can detect time dependent variations of the
25 electromagnetic wave indicating a life activity. And according to the new measuring method, a
local property of life object can be measured in detail, and dynamical life action information can
be obtained by converting the measurement results.
This chapter 5 proposes another embodiment which detects time dependent variations of
Nuclear Magnetic Resonance property in a local area of a life object and converts the detection
30 results to dynamical life action information.

According to section 3.2, a net charge value regarding a hydrogen atomic nucleus varies when
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calculation step is to analyze Nuclear Magnetic Resonance property.
Some keywords of optimization are "#P RHF/6-31G(d) Opt Freq
30 SCRF=(Solvent=Water,PCM)". Here, "RHF/6-31G(d)" means an approximation method and
basic functions used for a series of calculations, "Opt SCRF=(Solvent=Water,PCM)" means the
optimization under water, and "Freq" is used to confirm the optimized structure.

And some keywords of Nuclear Magnetic Resonance analysis are "#P RHF/6-31G(d) NMR
SCRF=(Solvent=Water,PCM)". Here, "NMR" means the Nuclear Magnetic Resonance analysis
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below in section 6.3.1, in the present exenplary enbodi nent in which the
menbr agelcplatiemtesetls achbeiyeend3- 3ot anctdBcPSpamsi ze (aperture size) of a light

transm ssj on.section 56 in a - di nensi.onal li.quid crystal utter 51 as
Shown 1 TGRS, Giess Colgstsn 1SR G0 BEaT PR Ear b8 g7a Shgmcdl shT B Cage
adequat; SRchSettAndatiedimaet i vities of a group unit of a plurality of
neurons such as a columm unit (a total firing rate of a set of the

qral i ¥2§ DRLcubESH Q4% méégatagférﬁ%ﬂ%%tega%sggy élrhgomlew has a cylindrical

shape (or rectangul ar soli mmin dianeter and

al most  21enidRinB §4r00OF is ditRéheARGPLEN JSre&d@l NionQh udiielSy R dY 2 BEIPRRABENE af hanged
freely into to 5the above val ues (or bel ow those values) to detect the

activi iheafmP®hers ® héli¥bn Hitstan abtRRGIEHIAD a8 NI JpaOtBen BlacHRlRPehloh dihgd  AS
descri bed above, the detection unit in the present exenplary enbodi nent can

be wi deloyn §843 {)mﬁm 5SS PRH t&Rpd#aily (&@fngﬁh@@d’tfah%leﬁﬁal?,%ﬂ@@Jeﬁlﬂm@@irﬁdoﬂ) or
one nuscle cell unit (or neuromuscular junction unit), to a group unit of a

pl ur al irdnge GfonN&2MM DM (©52. 8T FHth emBebd ddcreaddibly arfamdiihit Bordespériding Rthpéakt f or
life activity, a local area constituted by one or nore cells Is set to a
s2ngl e area in the range from 63.43 ppm to 3.55 ppm.
Accordingly, in another applied embodiment of the present exemplary embodiment, a
temporary increment of the peak in the range from 83.43 ppm to 63.55 ppm on the NMI
spectrum or a temporary decrement of the peak in the range from 62.49 ppm to 62.87 ppm on the
NMI spectrum is measured so as to measure an action potential phenomenon.

25 A value calculated according to a computer simulation often has some difference to an actual
result of measurement. The difference is estimated to be about 0.45 to 0.49 ppm. In view of
this, an applied embodiment of the present exemplary embodiment measures a time dependent
variation (a temporary increase and decrease) of the peak area (or a peak height) in the range
from 2.0 ppm (2.49 - 0.49) to 34.0 ppm (3.55 + 0.45) on the NMI spectrum.

30 However, the applied embodiment of the present exemplary embodiment is not limited to the

measurement of a neuronal action potential, but the present exemplary embodiment is applicable



unit for detection and a characteristic per detection unit (in the |ocal
area) corresponding to an el ectromagnetic wave i s detected so as to detect
a life aokpvbhideees2eFurther, this el ectromagneti c wave i $ci8pso1h/pfosay ed
light or infrared |light having a wagel ength in a range to be descri bed
herein (section 4.7),. or alterpatively an el ectromagnetic wave wi th 15which
a det etaBepsgEIIeAt ¢lgapididyaanical; life aghivity changing W lafg obiseyt %&ctlag Rit$TBPQIRRY vi t v

by use. of Nucl ear neti ¢ Resonance, ich will be explain later in

chapt eMCEASFRACHERSC Q%H%n c ?‘@“&E?‘?)\&Qtaype?]%m&e&aéfé“t fﬁ%}%%’éﬁl‘}ﬁ‘lmcl ear
Magneti c Resonance, either continuous wave CW (Conti nuous wave)

spect r € “or pulse FT (Fourier Transfornmation) spectroscopy nay be used.

oo e RBRTAR oo e L S Y o
RGPS N A LR A A e
5 SXPEREST g ol sS e MRRE A OSAEE Yl ARl L (e

100 mi L1 aﬁ]é]? particularly desirably not |ess than 1 but not nore than 2
mlli oh.olt%}]he ol ow ng describes the size range of the detection unit

(the | ocg|iRf el ?ncﬂﬁék{ r%g@%reﬂ{%gﬂﬁédt %é’@l‘éf‘ge&@atﬂx%ﬁﬁ aed CHQ@P’? of Rioleeilar state

wavel ength size tionlimte according to a di action theory.

Fur t hefn whtbr i YebeMb hbaLroMat hadsigat adisMadihbPappibaBRABbdEmeMiHas A tehaRbl ¥
relate to a neuronal action potential, are largely distributed over an

ayonal déned todetedt d parficutd chakRb mdldtulkr 8teQindbhwater, bild thiciedmioM8édeaR action .
potential of only one neuron is detected, detection WD

2013/ 0b28a ofrddicdtmpsheétmh? Borks whith are difffetedit BOMYspEE iOPELks cofREPURUNHI6 one
condensing light around this axonal root rather by wdely illumnating the
whol e oembrebodlyr mbletulekdn ¢t NBIR $pegiim. Consequently, it is desirabl e that
the size of the detection unit (the local area) in the present exenplary
enbodi nelbis shrl thatragphemidabshifi halueval/zhgdrggdn okclenk eorslinting asmglavater maleenlto be
used for detection. 5Next will be described an upper limt of the size of

t he detsdoniramgediont 5¢.4 ppmltoShlSS ppmaind mchehdcad skifientueaiue tph hydrogerbmidnent . As
wi |l be described belowin section 6.5.4 with reference to Fig. 25 or 26,
115f e abetiveen yatenfmolegules 594i 7sppob (Rai M Bl vestoin by MrdYebsterf: Spedtensedtic nuscl e in
an applied _enbodinment, In this case, sufficient detection accuracy cannot
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which a margin of 0.15 ppm is added, so as to avoid the peak of the water molecule. In view of

25 the above consideration, this another applied embodiment measures a dynamical life activity in a
life object by detecting a time dependent variation of the peak area (or the peak height) in a range
of the chemical shift value of not less than 31.7 ppm but not more than 84.5 ppm on the NMR
spectrum.

In this another applied embodiment, an interval of time dependent variations to be detected in a
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pot enti al anging, there is a tenporal resolution which allows faithful

r epr odutlife@ptivify. an acti on potential pul se waveform of about 0.5 to 4 ns
occurring during the term 24 of nerve inpul se. The difference between

t hem i 6.13 Bomentnf @@ adtivitg € bd mEasyredladd Hgaturdhefidesdcabh/admirat @ldthddadiliés 18 at a
position a and a position y or a pyram dal cell body 17 at a position 3
fires astivtgti on 15potential and a potential of a cell nenbrane is changed,
uni que vi bration nodes occur due to ion adsorption (or ion release), as has
been dédd)iliedciivitychdiie ebjed fom sirfacharep teewen deepags torbe.takkoasr di ngl y, when
the cell body is illumnated with |ight having a wavel ength in the

dor enéﬁwtmé?dnﬁfdrtgeet this light is absorbed and causes transition between

t he uni que vibration nodes. ) L .
he present exemplary embodiment assumes life activities in a life object from a surface area

to very deep positions as detection/control targets. This requires an extraction technique of a
life activity detection signal from a specific location in a three-dimensional space in the life
object or a selective life activity control technique with respect to a specific location.

20 At a first stage of the present exemplary embodiment to realize that, in order to perform
"alignment of a detected/controlled point for life activity and preservation thereof" in the life
object, the following operations are performed: (1) interpretation of an internal configuration in
three dimensions (arrangement of all parts constituting the life object); and (2) calculation of a
position of a measurement subject in three dimensions and control of the position based on the

25 interpretation in (1).

At a second stage, (3) "extraction of a life activity detection signal” or "control of a local life
activity" at the position specified in (2) is performed. The first stage and the second stage may
be performed in series through time, or may be performed at the same time.

Hereinafter, "position detection of a detected/controlled point for life activity" performed in the
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time interval at which

[2] a detection signal related to a life activity is obtained by the second detection from the
internal position thus calculated; and }
[3] the life activity is controlled locally based on the detection signal (by changing the intensity
25 of the electromagnetic wave for illumination).
Thus, the first detection to perform position detection and position control of a
detected/controlled point for life activity is combined with the second detection to perform actual
detection of the life activity.

In the present exemplary embodiment, since the first detection to perform the position
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r egar dilrgmegrbpion. pohervasonl wiSethe maneldngth skould bd18.7 jinhisslesaribedibatet Jhows a
new nmeasuring nmethod of |ife activity which exposes a |ife object to an
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and this new neasuring nethod can detect tine dependent variations of the
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t he neasurenent results. This chapter 5 proposes anot her enbodi nent
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20 less than 61.7 ppm but not more than 4.5 ppm" as described in section 5.2 for detection of
"activation neuron distribution by fMRI" shown, while indicating the "electromagnetic wa{/e
corresponding to a chemical shift value corresponding to the change of the magnetic -
susceptibility” for detection of "oxygen concentration change by fMRI".
In the meantime, in the present exemplary embodiment, the electromagnetic wave having a
25 specific wavelength may be detected from electromagnetic waves released naturally from a life
object. However, since the electromagnetic waves thus naturally released have a low intensity,
it is difficult to have a large S/N ratio for a detection signal. In order to handle this, in the
present exemplary embodiment, a life object is illuminated with the electromagnetic waves

including the electromagnetic wave having a specific wavelength or the electromagnetic wave
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such that: a position of a measurement subject in three dimensions is detected by use of a camera
having sensitivity for visible light; by use of the aforementioned infrared radiation or near
infrared light, a water concentration distribution in a life object subjected to life activity detection
25 is measured by MRI, or the position of the measurement subject is determined by use of a CT
scan; the water concentration distribution in the life object for which a detection signal related to
a life activity at the position is detected by fMRI is measured by MRI or the position of the
measurement subject is determined by use of a CT scan; and by use of infrared light or near

infrared light, the detection or control of a detection signal related to the life activity at the
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As described above, among all biosis activities, a biosis activity of which a state can change
over time along with a particularly physicochemical phenomenon is included in the "life
20 activity." An explanation focusing on the activity of the nervous system as an example of the
life activity is given, but the present exemplary embodiment is not limited to that, as described
above, and all detection of activities corresponding to the aforementioned life activities will be
included in the scope of the present exemplary embodiment. ~ Alternatively, in the present
exemplary embodiment, "a state or a change of the state (a time dependent variation or a spatial
25 variation) of a life object which is detectable by an electromagnetic wave in a non-contact
manner" may be defined as the life activity.
In the meantime, examples of the life activity focusing on the activity of the nervous system

encompass "signal transmission (a transmission path or a transmission state) in the nervous

1" " "nn nn

system," "reflection reaction," "unconscious activity," "cognitive reaction,"
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to which a margin of 0.15 ppmis added, so as to avoid the peak of the
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enbodi nent neasures a dynamical |life activity in a life object by detecting
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of the chem cal shift value of not |less than 81.7 ppm but not nore than
8W 5 ppmasurembit."NVR spectrum In this another applied enbodi nent, an
interval of tinme dependent variations to be detected in a )
Furthermore, a part which receives light including light having a specific wavelength with a
signal associated with a life activity or electromagnetic waves including an electromagnetic wave
corresponding to a specific chemical shift value with a signal associated with a life activity and
detects a life activity detection signal therefrom is referred to as a "signal detecting section."
20 Moreover, a part in the signal detection section which receives the light or the electromagnetic
waves and converts it into an electric signal is referred to as a "photo detecting section of life
activity" in a wide sense, and a method for receiving the light or the electromagnetic waves and
converting it into an electric signal is referred to as a "photo detecting method of life activity.”
Further, an electric detecting section including amplification to signal processing of an electric
25 signal obtained by the photo detecting section in the signal detecting section is referred to as a
"life activity detection circuit.”
In the photo detecting section of life activity having a configuration as shown in section 6.3.3

section as one exemplary embodiment, a detecting coil 84 detects an electromagnetic wave

corresponding to a specific chemical shift value (the detecting coil 84 converts it into an electric
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the Iife object, the follow ng operations are perforned: (1) interpretation

of an ipgréRterm@Riibasie dbh@hcy So thaf LRicbHRNS DMsasufichd QBN [orA delictioar t s
constituting the life object); and (2) calculation of a position of a

neasur eirgéty issliihidated iwithithe fRdolated RicOomagittic &RE.r OA sedtioh MhidiDgank a0 abased
on the 25interpretation in (1). At a second stage, (3) "extraction of a
|'i f e adéaswvthe ylededreaggnetitiwavgoalightd haviepthie specifid wavdlagdi (or céeespoinding toyd at
the position specified in (2) is perfornmed. The first stage and the second
st age mpscifiecheeridabsimédalue) mehis essetibraferghil tbiase,"'light emafyinp secpien{ orAwdiokt t he
same time. Hereinafter, "position detection of a detected/controlled point
for | i fsectinotcpnstityted bseﬁlfeairgmeloﬂdmtingneectivmambmsﬂi@mmmmmmf@?@mzasa 46 -
operatlons (1) and (2) is referred to as a "first detection." In the

pr esent 'désesimglsestipndelefdiantivity,” aiietel mexewplaghembadimente whish doinghhyvetthwi ng a
wavel engt h described below is used for this first detection (which will be
descri bight srattnesestion, @ezleteg@@eg&y@ﬁor ilgea'@}cpygty corresponds to the signal detecting

section.
On the other hand, a section which aligns a detected point for life activity and performs the
20 first detection to preserve the position therein as described above is referred to as a "position

monitoring section regarding a detected point for life activity" or just referred to as a "position
monitoring section." A whole section constituted by the "detecting section for life activity" and
the "position monitoring section regarding a detected point for life activity" is referred to as a
"life detecting section." A signal is transmitted between the position monitoring section

25 regarding a detected point for life activity and the detecting section for life activity in this life
detecting section. That is, as has been described in the beginning of this section, detection of
life activity is performed by the detecting section for life activity based on a result of position
detection by the position monitoring section.

6.2) Alignment and preservation method of detected/controlled point for life activity



Furthernore, the operation (3) is hereinafter referred to as a "second
detection.” For this 5second detection, electromagnetic waves including an

el ect r omagpehisocydye havi ng a specific wavel ength or anpelrgpigi9oRgneti c
wave corresponding to a specific chgpical shift value are used (which wll
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three dimensions is calculated by the first détection; [2] a'detection

si@nal falfebadlidyAeseribed ¢ BighiMi 13, 17510bb NS DYrelfdad 3688 Qinekt dRh st lien from
the internal position thus cal culated; and [3] the life activity
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intensity 250f the electromagnetic wave for illum nation). Thus, the
first deghcod sdaetromapedticavaves)dsprojerieddéd Acdbjeutivaiwhs BOSowarda widd hred hrodhd a
detected/controlled point for life activity is conbined with the second
det ect iaciatected peint 30 fordd¢ aaivitgdike aitrefertioh-typgedight fndcrastope,ivihyich ik lontitoel ijpr esent
exenpl ary enbodi nent, since the first detection to performthe position WO
2013/ 069828 PCThaPAe1ph0 @0 8rselectrdihagnatietvenes)dhusprdjepted it riefiectebdiffusdly ofi a
detected point for life activity is performed separately fromthe second
dki ect itlwrdetestqdanoind Bthieidife ectivaty constisuind by b twé-diménsicmek pleme ipcludingwespectoment
section for performng the second detection (the after-nmentioned detecting
sect i omofngy o}, prd aanil vis pynipheral atve. f By aige oighis pheeemeénon, thediffusedreflgctinner

wi thout directly attachnent to the body of the user, . )
light on the two-dimensional plane (the detected point 30 for life activity) including the

respectiye points a, B, and 7y is used as detection light with respect to the detected point for life
activity.

20 In the meantime, in order to find (detect) a point from which a life activity detection signal in
the life object is obtained or a point where the life activity is controlled (i.e., the detected point 30
for life activity), it is necessary to interpret an internal structure on the two-dimensional plane
including the respective points «, 8, and y (interpretation of each part constituting the life object
and grasp of an arrangement thereof) in regard to (1) in section 6.1.3.  Similarly to detection of

25 an intensity change of light reflected diffusely on a surface when a surface structure is grasped by
a conventional light microscope, an intensity change of the diffused reflection light at each point
on the two-dimensional plane is measured.

However, in the present exemplary embodiment, it is necessary to detect an image (a detection

signal pattern) in a specific cross section in the life object, which is different from the
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inclined to the left side, only detection light emitted from the position B can be detected.

Fig. 14 shows a case where the reflection mirror 34 is inclined in a crosswise direction, but the
present exemplary embodiment is not limited to this, and when the reflecting mirror 34 is
inclined in a front-back direction,‘detection light emitted from a position deviated in a direction

25 perpendicular to the page space can be detected.  As such, when the reflecting mirror
(galvanometer mirror) 34 performs scanning in the biaxial directions and a light amount detected
by the photodetector 36 is monitored through time in sync with the inclination, a two-
dimensional detection signal pattern can be obtained from the light reflected diffusely on the

detected point 30 for life activity.
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as described earlier, this "detection" has two definitions, "the first
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referred to as "detection of |ife activity” narrow sense. However, in
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referred to as etection ife activ " 10An ohtai ned signal .as, a
resul t 2BOURA &etfid Eﬁﬁtqd@}réﬁ@rf?réée PEIVALY- aTﬁﬁ%?JéﬁtVFéWSéllgﬁglﬁposs%at psuitablga)

o e e Aol o R b, B okpen el s
AP A PR AR RS
gg{ ;gf Pigrnafon 18%lm‘ai%19r%e %fgtgiéé }eglrég%nSS % é%a \l?gn?}ng?eg Pgrsroxs ﬁ %{'éuned a[ thtisht‘lemg feon d
compared with the aforementioned detection signal pattern stored in advance.
At this time, by use of a pattern matching method, a displacement direction and a displacement
amount of a detection position between two-dimensional image information indicated by the
25 currently obtained detection signal pattern and an ideal position in a direction at right angles to
the optical axis of the objective lens 31 (a center position of an image in the two-dimensional
image information indicated by the detection signal pattern stored in advance) are calculated.

When the displacement direction and the displacement amount in the direction at right angles

to the optical axis of the objective lens 31 are obtained as such, a current is flowed into the voice



interpretation of the terns hereinafter, that signal nay be generally
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posttion € is obtained from the photodetector 36-2.
25 Meanwhile, detection signal patterns obtained from the detected point 30 for life activity and
areas at a shallower side and a deeper side of the detected point 30 for life activity are stored in
advance. At this time, not only the detection signal patterns on the plane including the position

d and the position € obtained when the objective lens is placed at an ideal position (where the

detected point 30 for life activity can be measured), but also detection signal patterns obtained
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" det eClobgtivelehd IiNis idvatelial £pRed WhereYhe edufatent leRela) e @ieyt. embodi ments whi ch
do not have the light emtting section, the detecting section for life

act i vi t yFeasxa@pleoaame a chdeovizr@ied regiit efdalonthting thd «ivalont lehéls otither hand, a
section which aligns a detected point for life activity and perforns the
20f i r stdedetiecdigmahpdtermprseged inadvivecpoddtédtion sighel mittormaordgsndingad aabove i s
referred to as a "position nonitoring section regarding a detected point
for | i fdenemstanal suyfacoeurjently obteined freth the phatodetéqtarsit:2 orsynonwith therlgaxsalet i on. "
A whol e section constituted by the "detecting section for life activity"”
alfd t hdiregiosi scarmmgnadithe wileetinggnietor (galvangaeigr mirrer) déhacthe dighestiequivelent i f e
activity" is referred to as a "life detecting section.”" A signal is

t r ansmilgvebwith sespecs to ¢ Heleqiioaistenabpatter abdgingsyfrera dhe datecial poig dPdphlifeaciindtyect ed
point for |ife activity and the detecting section for life activity in this
life détosdinggvasetion. That is, as has been described in the beginning of
this seciion, detection _of life activity js perforned by the_detecting
secti on Iaicase tge fqupd fipmpiigetp Bt actogaton P A R B§Tt he
position nonjtorin tian. 6.2) j gnnent and. preservation. nmet hod of
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25%)13/ 0§hge8vzo?c|:c)acc-£/il‘g l1:1)1 gg]fa/e Zv?t zﬁe gb%ective lens 31, so as to move the objective lens backward

along the optical axis. When the objective lens 31 is set at a position most suitable for the
measurement of the detected point 30 for life activity, a detection signal pattern obtained from the
photodetector 36-1 in synch with the biaxial-direction scanning of the reflecting mirror
(galvanometer mirror) 34 is matched with the detection signal pattern obtained from the detected
25 point 30 for life activity stored in advance.

Even in a case where the objective lens 31 is largely displaced from a measurement location of
the detected point 30 for life activity, if signal patterns of the objective lens 31 in case of large
displacement are stored as described above, then it is possible to estimate a displacement

direction and a displacement amount of the objective lens 31 by performing the pattern matching



By use of the first detection nmethod as described in section 6.1.3, the
follow ng describes a nethod in which a spatial arrangenent in three

di mensi ongoi2013lekds20S 9rasped, and based on the result, acegpabtsthspoi nt for
life activity or a controlled pointsfor life activity (a position of a
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internal structure on the two-dinensional plane including the respective
poi nt s sarfack3s illndnated bynarellomériatibn tcampfor geradnal hanschokinst atdilightgefldeeed i f e

obj ect and grasp of an arrangenent thereof) in regard to (1) in section

6. 1. 3. d¥ifuselyanml the lifs-ahgect surfasa 4bfis ®8d for detecorsi tHowdvangeotbér gresght ref | ect ed
diffusely on a surface when a surface structure is grasped by a
cbhventekemplaryl engfadimend isoens diputed dmthis aedmay yncbidgrageewfic ligh saurice tosidlgminate
reflection |ight at each point on the two-di nensional plane is measured.
Howev erthe lifg-objest prriasemt. exenpl ary enbodi nent, it is necessary to detect an
i mge (a_detection signal pattern) in a specific cross sectign in the life
obj ect, WAt ¥soRdprRcnle fadntedt  patitioneof agstestedyasonbishesishopnon Snoexpmplary 53 -
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emitted from the marked position 40 on the life-object surface (reflected diffusely from the
marked position 40 of the life-object surface) is condensed at one point on a two-dimensional
photodetector 43-1 due to the action of a camera lens 42-1.  Similarly, light is condensed at one
25 point on a two-dimensional photodetector 43-2 by the action of a camera lens 42-2.
Accordingly, based on projected locations of the marked position 40 on the life-object surface,
which are on the two-dimensional photodetectors 43-1 and 43-2 and on which images are formed,

a distance 44 from surface points of an area where the detecting section for life activity is

disposed to the life-object surface 41 and positions of the marked position 40 on the life-object



detection light and forns a very wi de spot cross section (a very |arge spot
di aneter) at the pinhole 35, so that nost of the |ight cannot pass through
t he pi nhake 2830688601 di ngly, since the photodetector 36pegypsiabgakronly
paral |l el detection light in the optkgal 1Opath 33 for the detection |ight
bet ween t he objective l.ens 31 and the detection |ens 32, only detection
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when the reflecting mrror isinclined in a front-back dire
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25per pendi cul ar to the page space can be detected. As such, when the
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t he objleERINg BOSIEGNIS exXiFReiad-e as i detec) ightemified fomracomssnandingpoiit ipthedide i n a
DC nag(ﬁtlc field generated by a fixed magnet (not illustrated).
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section configured to detect a life activity detection signal from a specific position in a life object

based on this basic principle is shown in Fig. 17.  Further, a theory of the optical system for life
activity detection of Fig. 17 is shown in Figs. 18 and 19.
The exemplary embodiment in Fig. 17 shows an optical system which can simultaneously
25 measure life activities on three planar regions (8, a, €) having different depths in a life object.
That is, in an optical system constituted by an objective lens 31 and a detection lens 32, a two-
dimensional liquid crystal shutter 51-1 is disposed at a position of an image forming surface
corresponding to a planar region including a detected point 30a for life activity in the life object.

In the two-dimensional liquid crystal shutter 51-1, a pinhole-shaped light transmission section 56



el ectromagnetic force. In the present exenplary enbodi nent, the detected
point 30 for life activity to becone a target for extraction of alife
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Fig. 1 hﬁ&“kﬁﬁﬂﬂﬂﬁn&ﬁﬁﬁgﬁgﬁg%hn§5§ﬁ5§9~that the placenent position can be

changed from the pin _ t e pinhole 35-3 in a direction at right
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reflecting mrror (galvanoneter mrror) perforns scanning in”the biaxial

diy ect ispitfing @particular region is used for extraction of light (or an electromagnetic wave) obtained
from the detected point 30 for life activity. However, the present exemplary embodiment is not
limited to that, and a two-dimensional modulation element using EO (Electrical Optics) or AO

(Acoustic Optics) niay be used as the optical component capable of automatically opening and

shutting a particular region.  Still further, a fixed-type mechanical pinhole or slit incapable of



detection signal pattern on a plane at right angles to the optical axis of
the objective lens 31 and including the position 8 is obtained fromthe

phot odet agH0h13ARos3 Similarly, a detection signal pattepprap@lane at
right angles to the optical axis ofghhe objective lens 31 and 1 ncluding the
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patt er n bovieeydhigdilight doo amelevtpnkignetis waved lenmsttadf (eeflected diféstlyy frobit saliobaibnf r om
t he photodetector 36-2 in synch with the biaxial- 15direction scanning of

t he refvhert 4 hiy activinois degjrdvabedetaed on a spacifictodsasctionas hingasgtmenfusubiete nt

| evel with respect to a detection signal pattern obtained fromthe detected
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fromFig. 15 that a current |ocation of the objective lens 31 is too near
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such, a current is flowed into 20the vojce coils integrated with the
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A principle to detect a life activity detection signal from a specific position in the life object by
use of the optical system for life activity detection as illustrated in Fig. 17 will be described here
20 with reference to Fig. 18 in detail. In Fig. 18, light emitted (reflected diffusely) from the |
detected point 30a for life activity is condensed (imaged) at a spot p on the two-dimensional
liquid crystal shutter 51.  Therefore, the liquid crystal shutter is locally opened only at this spot
so as to form a light transmission section 56 in the two-dimensional liquid crystal shutter.
Similarly, a spot £ on which light emitted (reflected diffusely) from the detected point 30p for life
25 activity is condensed (imaged) is taken as a light transmission section 56 in the two-dimensional
liquid crystal shutter.
In the meantime, light emitted (reflected diffusely) from a position n different from the above
spots (see the optical paths 33 of detection light shown in a "wavy line" in Fig. 18) spreads out

greatly over the two-dimensional liquid crystal shutter 51, and therefore, most of the light is



along the optical axis. When the objective lens 31 is set at a position
nost suitable for the neasurenent of the detected point 30 for life
activity,we Welwredoon signal pattern obtained fromthe pheupsgtemkey 36-1
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(gal vanormeter mirror) 34 is matched with the detection signal pattern
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to Fig. 16, the followng will explain a néthod for detecting relative
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assuneadt difRtentpdbsiticirs altng atdepthirdiReton i aillft objectat ed by an illum nation | anp
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surf ace Hilthatscass etk light oddt@mimagneticHoave\udrainainfodr die life ebratis ydenaonl ary
enbodinent is not limted to this, and may include a specific |light source
to il | phral#atyef tiple Heathe ondlga@mimagueticawaved by lighfmeounée aod dpiical eleimphts foro det ect
a position of a detected point, which is shown in this exenplary

ehbodi selactivelpsedragting light oparecledtroniagnétia waysmaseng throughtagtarticaar irggioth@re anot her
exenpl ary enbodi nent shown in Fig. 16, the detecting section for life

act i vi tpjaced oprespectizd impgetfornipg guiaces (copfocaluosiions of dreqrwrality ofdight beams
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In Fig. 17, the two-dimensional liquid crystal shutter 51-1 is disposed on an image forming

surface corresponding to the detected point 30a for life activity and the two-dimensional liquid
20 crystal shutters 51-3 and 51-2 are disposed on respective image forming surfaces corresponding
to the detected points 308 and 30¢ for life activity.

In the meantime, in Fig. 17, the light or electromagnetic wave obtained from the life object is
split by a grating 37 into light beams (electromagnetic wéves) traveling in three directions, but
this is not limited in particular. The light or electromagnetic wave obtained from the life object

25 can be split into light beams (electromagnetic waves) traveling in five directions or light beams
(electromagnetic waves) traveling in seven directions by changing the design of the grating 37.
Further, as light amount splitting means for splitting the light or electromagnetic wave obtained
from the life object, a half mirror, a half prism, or a polarizing mirror or prism may be used.

The following describes a method for directly obtaining a life activity detection signal. As



emtted fromthe marked position 40 on the |life-object surface (reflected
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basic principle ’of the nethod (the second detection nethod) in (3) 10for

exd r actth\dCp sehdo cafilot ¥dhisve AeuATidnPespr3B gpecliy om a specified position in a
i fe object by use of the second detection nmethod described in section

6.1.3. 6lndechiradd inlek&dplaperMbodi@Bite SRIWSHFIEM 7 to"D), 3né-UindnsRu@NigAm¥nt
enbodi nent, a nethod using the confocal systemas well as the techni cal

devi ce piemaietdoting tallsSeahd 65 copablelofitGiciag hidh-dpeed chnpasthouph tifi ¢ €orinédi S
exenpl ary enbodi rent 15has a feature in that an optical principle that
"1i ght ieainatredmbhmeenso that the ihigh-speedicHanfes anbyj et-ditrensivies] yurdice @ah bo detected
condensed again on one point at a confocal position or an inmage form ng
posi t i ahtheisgme pipleiaad irmred] tinell yYMbteespetifballyc bgidense dlecromdppetnwapopassingt t he
confocal position or the inmage formng position is extracted so as to
dbt ect thioggh the gpndepsing tapsn52 icsplit mtppinckisiy light amount, andeedpedtivedioprost . ' 200ne
exenpl ary enbodi ment of an optical sisten1for |ife activity detection in a
si gnal (eleeteasrggngtic waves) are directed toward the lateral one-dimensional alignment photo

detecting cell 54 and toward the longitudinal one-dimensional alignment photo detecting cell 55.

In Fig. 17, for splitting, by light amount, of the light passing through the condensing lens 52, a

grating 53 for light distribution in which a Oth-order light transmittance is approximately 0% and

20 a ratio of a +1st-order light transmittance to -1st-order light transmittance is approximately 1:1 is
used. However, the present exemplary embodiment is not limited to this, and a half mirror, a
half prism, or a polarizing mirror or prism may be used as the light amount splitting means.
The following explains about a method for obtaining a life activity detection signal by
combining a lateral one-dimensional alignment photo detecting cell 54 and longitudinal one-
25 dimensional alignment photo detecting cell 55 having alignment directions inclined to each other,
with reference to Fig. 19.
Photo detecting cells a to j are arranged in a one-dimensional direction (lateral direction), and

respective signal of the photo detection cells a to j can be detected independently at the same time.

Although not illustrated here, respective preamps and signal processing circuits are connected to



section configured to detect a life activity detection signal froma
specific position in a life object based on this basic principle is shown
in Fig. KXo bidsheh, a theory of the optical systen1forpb&hﬁmﬁg@%%%;y
detection of Fig. 17 is shown in Figs. 18 and 19. The exenpl ary enbodi nment
in Fig. 17 shows an optical systemwhich can sinmultaneously 25measure life
acti vi tthee@%dﬁt%ﬁt@g cplistad l%@mﬁﬁgﬂx go that regpectiag high-spred dapers afdpteption n a
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details thereof will be described |ater). On the other hand, a

t wo- di mimé&istumal alignfilehihhoty/ddtedting bellst(@f a hdn-parhlel délstspskig).on an i mage form ng
surface corresponding to a detected point 308 for life activity which is

| ocat ed @h®per'a plueality bploed detéatidg pell pioupOeaphble of ifdepaxdentlyi defecsing sighalsht i S
constituted by a planar region including a point 8. 15 Hereby, a life

act i vi the sietednne (e lsicgah ahe-dimangionali aligmsemphotbetetrrting cdll Hhartdibe thapaadiea
point 308 is detected by a | ateral one-dinensional alignnent photo

dkt ect iongrdiedrisional-igamentzphtordsitactiog eell SDraee disprsad sothal restiecgymalignmehot o
detecting cell 55-3. Further, a two-dinensional liquid crystal shutter 51-2
i s di sgbsepnsaf phﬁtﬁgi@tersmgﬁqﬂg araip¢lined teeach@tes (it iyparelled), ded @plugdityoi nt
30E for life activity which is |l ocated shal|lower than the 20 detected point

30a foP ﬁ?tﬁcéloa@tanﬂs tayfied fom dhe rﬁ@e@xyﬁ@pto&e&@tlwcﬂl @pwsa(detp@mn@mnabm udi ng

a poi nt life actiyity detection signal i i mensi ons
det ect @Btamegfﬁ e@@?‘@@ﬁt@aﬂweﬁlﬁ aé@@f}dst ﬁeh%efi@tectmg cslly 51“& 1a|the respective

one- di nensional i gnment phot o det ect ngd a Io t udi nal
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in two dimensions can be detected independently and continuously through time. Thisis a
feature of the present exemplary embodiment shown in Fig. 19.
In the meantime, the alignment directions of the photo detecting cells in the respective photo
detecting cell groups are set at right angles to each other in (b) and (c) of Fig. 19, but the present
25 exemplary embodiment is not limited to this, and an angle of inclination between the alignment
directions of the photo detecting cells may largely differ from 90 degree, as long as the
arrangement directions of the photo detecting cells are not in parallel.

The following describes this more specifically, with reference to Fig. 19. At first, it is

assumed that five neuron cell bodies are found in a detected point 30 for life activity as a result of
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For example, when a neuron having an image-forming relationship with the light transmission
section 56 in the two-dimensional liquid crystal shutter fires an action potential, intensity of
convergence light at the position p' changes instantly in response to the action potential. Asa
25 result, detection signals are obtained from the photo detecting celishandr.  As such, by
knowing from which photo detecting cells in the lateral one-dimensional alignment photo
detecting cell 54 and in the longitudinal one-dimensional alignment photo detecting cell 55,

detection signals can be obtained, it is found which neuron in the detected point 30 for life

activity fires an action potential.
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into |ight beans (el ectronmagnetic waves) traveling in three directions, but
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obtained fromthe life object 25 can be split into |ight beans
(el ect nodeeptest | Othenappljedtanzbodimengs ofithisienempliaryeahbalireerard asghlowse ghsin
(electrgnagneticdmaves) traveling in seven directions by changing the
desi gn Feg. 1t/ hall tgvoadimensicmal liguidictystal skustetsi Jht, Sdrdb dht3 may be dispayedreslyst f or
splitting the light or electromagnetic wave obtained fromthe |ife object,
a hal f capfpea posionsrimpgq kpmingpoaitiped eariespanging; te lavetions havingthepmendsptis ed.
The follow ng describes a method for directly obtaining a life activity
det ect (®&- 8t thadgtectadpoigt@ OpdforlilaoRropCp ay i dategt difoactiities gpa twasHimgnsionalFi g.
18, after only the |jight _or electromagnetic wave obtajned froma particular
det ect dfegORFPTeopdng fq fgeddeeatiops having 4 srecificrderBpprck) insFigxtS, sesperdivey use
of the two-dinmensional |iquid crystal shut 51, a photodetector |s
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detected point 30a for life activity are detected. In this case, every one of the condensed spots
g, o0, A\, ', and £ in Fig. 19 (b) and (¢) includes activity signals related to a plurality of neurons
in the detected point 30a for life activity. Therefore, even if a pulsed signal corresponding to
one action potential is detected at one of the condensed spots, a single neuron firing the action
25 potential cannot be specified. However, by detecting the occurrence frequency of the pulsed
signal corresponding to the action potential in the condensed spot, an activation state in a
particular region constituted by a plurality of neurons in the detected point 30w for life activity
can be detected.

This applied embodiment makes it possible to grasp life activities slightly in broad perspective
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for the first time. In addition to the detection method as described above, the present exemplary
embodiment has such a technical device that: (3) one two-dimensional liquid crystal shutter 51
blocks light at an image forming position of a column adjacent to a target column located at a
light transmission section 56 in the two-dimensional liquid crystal shutter, so as to prevent

25 detection of an action potential signal from the adjacent column, and "another light transmission

section 56 in another two-dimensional liquid crystal shutter 51" is disposed at the image forming
position of the adjacent column, so that an action potential signal from the adjacent column is
detected by another photo detecting cells 54 and 55; and (4) by use of action potential signals

obtained from columns adjacent to each other by different photo detecting cells 54 and 55 in (3),
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The follow ng descrlbes this nmore specifically, with referefce to Flg 19.
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syst emdeegorsshoivindn Feg. 27 drel grovided, and colonfilkerg for sdidctaely tidmsmittieg Jighthaving
position control described in (2) of section 6.1.3 is perfornmed, and even

1 f a | iwayelshgtbsof 189.1gn,, 80amneendBkeh, fespectiedy ureasndispasvd & the middte ofsticent
the objective lens 31 is also noved in conjunction with the 5Smovenent of
thie | i foptiedpatbs 33 of thageteetidndégit.i ohhesubight beays hayingwespistiecwaciengths| df780
activity is fixed relatively. Subsequently, as the extract operation of a
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at
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t he detect point 30 10for life activity, so as.to formlight transm ssion
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- values) of the ratio in detection light amount between the detection light beams having respective
wavelengths of 780 nm, 805 nm, and 830 nm.
6.3.2) Extraction of spatial variations and time dependent variations by imaging optical system
As another applied embodiment with respect to the method described in section 6.3.1, the
25 following describes an optical system for life activity detection which does not require such a
high spatial resolution and which is suitable for a case of easily (generally) detecting a life
activity at a low cost by use of a simplified optical system for life activity detection.
In the applied embodiment of the optical system for life activity detection described below, a

photodetector 36 is disposed at an image forming position corresponding to a detected point 30
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the neur brasssemplary emibddimentshowh it Fig. 20)916d itnagRigllers 75wkt iS€npmctién with
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56 i n taforwdirdirg ot dhotlillwptriattd di thetfagured hanidttey imagigy lgmed 7 howsssilongzheon state
in the axon 2 or a signal transm ssion state to the nuscle can be neasured.
10l n t loptiexk exipl diregti@ninadcordatce dathahe bk @eoation of éxfentdrdiag mates (aperture
sizes) of the light transm ssion sections 56, 0, X, t and E in the
tlfo- di meHsieothalpositiquddeaiopof amegsiwernent sabjectsieescabed inddf yl 6arved genesahd a |ife
activity per small region on the detected point 30 for |ife activity such
as one viséle behtceOn throetherihang, thtreptivalisystennior bfreachviy deseation|usg; neaximfragedor
neuronuscul ar junction 5 is detected, Qther applied enbodinents of this
exenpl deglt (enisdareddightar 1 Wewoh rhlmscolo(r fl)‘tei 0 isxiEspgsedin thegniddlegfthi epsissl onal
liquid crystal shutters 51-1 may_. be di sposed only at. confocal
posi t i GAES 87 Of‘ililﬁ&éte?w&k’és‘b@éﬁ tihP aﬁ@l%bght&%ﬁ%m@gm@on detsetion s theavi ng t he
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det ect MIGRRESHERSyRIEstanqtaxed s e RRHERN SV (Hr{ide A58y éS‘F?‘&%’p?éﬁ’&isﬁg to
fs%;ozed | ocat i opss having a specific depth; and (2) in Fig. 19, respective

es CAPBMAPe sizes) of the light transnission sections 56C 0, X, ji and

in the tﬂo reds!lsrsrl?rples a gas%lwhere a neuron fires an action potential at the detected point 30c for life

activity. When the neuron fires an action potential to change the membrane potential 20, light
absorption in the wavelengths of near infrared light (or infrared light) described in section 4.7
occurs for a short time.  As a result, diffused reflection intensity (or transmitted light intensity)
25 of light having the corresponding wavelength at the position o decreases. As shown in Fig.
20(a), when the photodetector 36 is disposed at an image forming position corresponding to the
detected point 30 for life activity, a life activity detection signal 58 corresponding to the detected
point 30 appears only at a photo detecting cell W located at the confocal (imaging forming)

position corresponding to the position a in the photodetector 36.
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bet ween adj acent col ums. Accordingly, when the respective sizes (aperture
si zes) dPn theether bimd, iframtiempatsitoits &e fitddoat sot-dmage, foxtnihg positions like Fig 200,
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s%%ﬂrgding areas is detected, it is necessary that a plurality of optical systems for life activity
detection shown in Fig. 20 be disposed, and color filters 60 for selectively transmitting light
having wavelengths of 780 nm, 805 nm, and 830 nm, respectively, be disposed in the middle of
the optical paths 33 of the detection light. Then, light beams having respective wavelengths of
25 780 nm, 805 nm, and 830 nm are detected separately, and a ratio between them in detection light
amount is calculated per photo detecting cell.
When a life activity detection signal 58 is obtained from the detected point 30 for life activity
located at an image forming position corresponding to the photodetector 36 as shown in Fig.

20(a), a ratio of a detection light amount from a specific photo detecting cell changes prominently.
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2013/ OGARR MUntels ‘M:)e%.gljrg({ PR Zectivalih state at the detected point 30 for life activity is

measured indirectly. In this case, the temperature distribution of the life-object surface 41 is
extracted as a life activity detection signal 58.

25 In a case where at least one of the "membrane potential changing in the nervous system" and
the "oxygen concentration change in blood in surrounding areas" is detected, a CCD sensor can
be generally used as the photodetector 36 of Fig. 20. In a case where a local high-speed change
in the detected point 30 for life activity is detected continuously (through time), a response speed

of the CCD sensor is not enough for the detection. In this exemplary embodiment, preamps are
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anpl |t e is o a| ned onl rom one etecting j udged t hat
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cells 38 is connected to its corresponding front part 85 of the life activity detection circuit. With
the use of the photo detecting cells 38-01 to the photo detecting cell 38-15 thus disposed in a two-
dimensional manner, each life activity occurring in two dimensions of the detected point 30 for

life activity can be detected independently at high speed and continuously.
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| argely changed (has a high spatial resolution in the photodetector 36),
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as the life activity detection signal 58. Alternatively, 10the life
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However, the present exemplary embodiment is not limited to this, and other polarizing
elements or partial light-blocking elements for projecting light only on a particular region in the
photodetector 36 may be disposed on the way of the optical paths 33 of the detection light to the
25 photodetector 36. As an example of the other polarizing elements mentioned above, a blazed
diffraction element (having an inclination in a specific region) (e.g., a diffraction grating having a
characteristic that the transmittances of Oth-order light and -1st-order light are almost 0%, and the
transmittance of +1st-order light is almost 100%) can be used.

6.3.3) Method for detecting high-speed change of Nuclear Magnetic Resonance property



optical systemfor position detection as illustrated in Fig. 16 nmay be al so
used together for alignnment. That is, as shown in Fig. 20, when that part
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slde bymbodisnensdgscabasiinfeation®i3.t peb.pRoa legdeltabengerof3ige NuclgindMdgnetic part 85 of
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cel | 3Resenanerireopertypindbgmsngnelfl desiigabslaft yplyasdesprierdds s¢qtign 82 is detected bpul se
counti ng circugﬁg incorporated therein, and its output is connected to a
det ect UshokMEh fMagnatis Resonsnegimaging or EMRI dpctipapk M thesahy phferachyity he
detecting circuit. Since.the photo detectinq ells 38 are connected to
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25 (superconducting) magnet 73 and a coil 72 for magnetic field preparation are provided, a plane
where an excitation coil 74 is provided, and a plane on which a two-dimensionally arranged cell
array 71 for detecting a change of the Nuclear Magnetic Resonance property are arranged at right

angles to each other. Herein, similarly to the conventional MRI or fMRI, the (superconducting)

magnet 73 is used for application of a DC magnetic flux density from the outside. Furthermore,



WO 2013/ 069820PCT/ JP2012/ 079874 72 On the photodetector 36 shown in Fig.
21, the front parts 85 of the life activity detection circuit correspondi ng
to the phhlofalseshi Ng cells 38 are disposed in a |argepgrfpr019579874

techni cal device to prevent detectipn.light fromthe detected point 30 for
life actiyvit fron1bein8§project,on this area, as shown in Fi 22, a

L ety amatifbaib ity
25, (e d St e S ey o
i ol bl BRIl e - Tt Bl v 2
71 1 ust PR ot R el Mo P ese R e s Bhy SEBROU TR or of
erh ol pnai T wasa TR Ga O wPlon G srfRolip MBS T SRR LSS e

det ect e oint 30 for life activity. By use of optical refraction by the
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l enticular lens 68, so that light (or an el ectronagnetic wave) fromthe
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front parts 85 of the life activity detection circuit 20corresponding to

t he phetganigmtieadtiligitedab hdindfals Suchhas dpfireds] AGla osgindhs ifladhgded, but only

on a region where the photo detecting cells 38 are provided. However, the
pr esentniesegphiahy maybe ditaethe pas 76 Of tHel ofgdnésin totbet detektedand ot her pol ari zi ng
el ements or partial |ight-blocking elenments for projecting light only on a

parti cul Burthee thioapplied elmboginehvltkstadedtore tBh "theypalid Saif ap ogadismrtotbhdetertgd of t he
optical paths 33 of the detection light to the 25phot odetector 36. As an
exanpl éhoheadnd an ekamninge)ican be fakgn il @mehthsougbrihé exvétdtiabmile/4."a Beemdingly,
diffraction el ement (havin% an inclination in a specific region) (e.g., a
disf f r aby insreaging therrycitationegil 4 dhsiza cheedetestips of hgtactinigy eanshepeiformgrcersarpf

Ot h-order light and -1st-order light are alnost 0% and the transmttance
of +1sinssle@ép largeyerganismdikay dpmapood his glso pieldssueh apadyantagathehpsirfage to

det ecting hi gh-speed change of Nucl] ear Magnetic Resonance property -
detect a high-speed change of the Nuclear Magnetic Resonance property (a plane where the two-

dimensionally arranged cell array 71 for detecting the change of the Nuclear Magnetic Resonance
property is disposed) can be used freely. The following describes this situation more
20 specifically. In order to detect the life activity, it is necessary to put a part 75 of the organism to
be detected in or out of a region where respective DC magnetic flux densities formed by the
(superconducting) magnet 73 and the coil 72 for magnetic field preparation are distributed over,
and the following conditions are required: a) a space to provide the part 75 of the organism to be
. detected is secured in the area where the DC magnetic flux densities are distributed over; and b) a
25 space where the part 75 of the organism to be detected can be put in and out is secured.
These conditions are also required even in the conventional MRI device or fMRI device.
However, in these conventional devices, the space where the part 75 of the organism to be
detected can be put in and out is often provided at a detecting-coil side (not illustrated in Fig. 23),

which is provided for detection of a change of the Nuclear Magnetic Resonance property.
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anot her applied enbodi mnent which can solve this problem and detect an
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Fig. 23(a), a plane where a 25(superconducting) nmagnet 73 and a coil 72 for
magnet pwbfenethdt pirepenet ¢chamctristipofithe eastation pdibeeastie decreases x dilisadpptiad coi |

74 is provided, and a plane on which a two-di nmensionally arranged cell

dbr ay gFmbédimentdtas stdhragtechnidahdeyaceghattthecrsscieetaon dfagwiat iod dRestontanmgthe pr operty
are arranged at right angles to each other. Herein, simlarly to the
convenexataton o 7406 widdred se hxto(dserisasedbnresistanerjyaluem reeaby aglving the abpvicor
application of a DC magnetic flux density fromthe outside. Furthernore,

WO 201BrobBOB20PCT/ JP2012/ 079874 - 74 - a coil 72 for magnetic field
preparation i s disposed for spatial distribution correction of the magnetic
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of the excitation coil 74, are disposed two-dimensionally in an array form (see Fig. 23(a)); and

one detection cell 80 for detecting a change of the Nuclear Magnetic Resonance property is

configured to include a front part 85 of the life activity detection circuit, so as to have an

amplification function (a preamp function) of a detection signal obtained from the detecting coil
25 84 and a signal processing function equivalent to a front-part level (see Fig. 23(b)).

Here, when a single circumference of the detecting coil 84 is set to be shorter than the
excitation coil 74, the resistance value in the detecting coil 84 is reduced and a frequency

characteristic of the signal detection by the detecting coil 84 is improved. This makes it

possible to detect a life activity detection signal changing at high speed more accurately.
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;ﬂowing through the transmission line 82 for system clock + time stamp signal from
leaking to the detecting coil 84, but also the power line and ground line 81 from affecting the
detecting coil 84 adversely. On the other hand, in this applied embodiment, a timing of
detection of a change of the Nuclear Magnetic Resonance property (detection of life activity) is

25 switched into an output timing of a life activity detection signal output from the front part 85 of
the life activity detection circuit and vice versa, thereby improving detection accuracy of the
detection of a change of the Nuclear Magnetic Resonance property (detection of life activity).

Alternatively, as shown in Fig. 23(b), if the output line 83 for a life activity detection signal is

disposed at right angles to the detecting coil 84, it is possible to prevent an output signal from the
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detector circuit) as such. However, this detection signal is very weak, and therefore is subjected
to signal processing (front-part processing) to increase the detection accuracy more in the front
part 85 of the life activity detection circuit.
That is, since an action potential pattern to occur in a neuron is determined in advance, the
25 action potential pattern corresponding to that is stored in the front part 85 of the life activity
detection circuit. Then, a pattern matching calculation is performed between this detection
pattern corresponding to the action potential stored in advance and a detection signal temporarily
stored in the memory section (note that standardization processing of an amplitude value is

performed at this time) at different checking timings. When a calculation result of the pattern
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accor damtieated byhthe hiseastnposigmdt atallahe getedtoncellatifor Hetectirprgehasggolthe appear s
in the 10detecting coil 84. Although omitted in Fig. 23(b), an end part of
tH s déNustaar Magoesicl Re@dnange gioperty frg spanhnerizeddvittothis tpmeanp in the front part
85 of the |ife activity detection circuit. Accordingly, when a life

acti vi t yIndeallycin thgfrantdpaet| 854 thedifp eetiitygletestiomeireudts theridgetionttinzd” apdtheer n
occurring in one neuron appears in the detecting coil 84, the life activity
det ect i 8¢fediogmenplitude yajye! of the agfipninetengplaiithe nepsonrare tasnpgnly stoes! iadks i fi ed
passes through a band-pass fi|ter (or a detector circuit) tuned up with
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That |$, SI !’]CE an action potentl pattern to ocTtur In a ne
det er myedodaDRh6RMEP stofed€n the memory is transmitted over the output line 83 for a life

25 activity detection signal at the timing thus designated in advance.
As such, signals from all the detection cells 80 for detecting a change of the Nuclear Magnetic
Resonance property collected in the output line 83 for a life activity detection signal are used for:
(a) achievement of high accuracy and high reliability of a detection signal based on a statistic

process; and (b) calculation of an action-potential firing (or activated) area in a life object. The



25action potential pattern corresponding to that is stored in the front
part 85 of the life activity detection circuit. Then, a pattern nmatching
cal cul at i\gg 2hfs/deeshor med between this detection patternpe@fpaspeidiyg to
the action potential stored in advange and a detection signal tenporarily
stored in the nenory section (note that standardi zation processing of an
anpl i t d9eve/a) ard (by atsaeriprmgddn arearprg (potilystrated dn thedieary) of thedide AgMIYNi ngs.
When a calculation result of the pattern WO 2013/ 069820PCT/ JP2012/ 079874 -
78 - nmeelRIOCYY ar ger than a specific value, it is considered that an
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clock + time stanp signal. The information thus stored in the nenory for a
speci f ihigheeadcothcpfind higberi rsligbilay op the detectidresignrl part bd achev8® for a life
activity detection signal at a timng designated fromthe outside. Her e,

i 5 the oWifhueferdnge taBigf 24, the follpwingelesaribeya ddewdatidnometbpdofdn actinn-pateptial
timng is assigned to each detection cell 80 for detecting a change of the
Nucl eadirimggprachivatpdseren@difppbigels which splgulptien wiegadis pestopoediby pyeaspat efl i n
the menpory is transmtted over the output line 83 for a life 25activity
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arranged cell array 71 for detecting a change of the Nuclear Magnetic Resonance property can
correspond to an intensity distribution of a magnetic field formed by a dipole moment (point
magnetic charge) at the position o.

25 That is, the detected amplitude value of the signal obtained from each spot (=, p, 6, v, V)
within the two-dimensionally arranged cell array 71 for detecting a change of the Nuclear
Magnetic Resonance property is inversely proportional to a square of a distance (rx tp, Is, I'y, Iy)
from each spot to the position a.  In view of this, after smoothing "detected amplitude values" at

the same "detection time" obtained from respective detection cells 80 for detecting a change of



The follow ng describes the forner process at first. Every signal from all
the detection cells 80 for det ecti ng a change of t he Nucl ear Magnetic
Resonanceywpnepjshssei ncl udes a "detection 5tine" of an aggirgp2dqa9beRid al .
Accordingly, when an action potentigh-can be detected precisely, a
detection signal of the action potential is obtained froma nei ghboring
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magnetic field fornmed by a dipole nonent (point nagnetic charge) at the
posi t i goteatial? breHfatd frequenthy) islpé¢rdained. anpl i t ude val ue of the signal obtained
fromeach spot (it, p, a, u, y) within the two-dinensionally arranged cell
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is inversely proportional to a square of a distance (r, rp, rcy, ru, ry)
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Fig. 24%_15 used. As a result, IS possible to estimate an activated area
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det ect Wr@@ﬁwaﬂﬂ' mérklg%te'cﬂné: éegtlor?ssld? "for life activity are disposed at positions in

proximity to each other, there is such a risk that a detecting section 101 for life activity may be

25 affected (interfered) by illuminating light 115 for life activity detection from another detecting
section 101 for life activity. In order to reduce this interference, in this exemplary embodiment,
each illuminating light 115 for life activity detection has identification information, so that a
degree of influence from other illuminating light 115 for life activity detection is measurable

quantitatively. This makes it possible to offset interference by a computing process at a



10t he conventional MR device. Subsequently, an inmge pattern obtained by
t he conventional MRl detection nethod and an extraction result of the life

activity Webhethisooesi gnal are conbi ned, and alignnent (ipdgabidibsmkion of a
| ocation) of an activated area (or_gjregion where action potentials are

fired frequently) is perforned. Then, fromthe rear part of the life

act i vi tdptegdensids. sherehynaelding sn sffeet dlant ihight ageuraeyyfos thegletestion ablifemsidvity e (see
section 6.1.3 abouyt the definitions of the ternms), "a signal of an internal
act i vatbsdeairedever ikthgrare wmephysicalintgrersner 19 cadh@Beof an acti vat ed
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information, so that a degree of influence fromother illumnating |ight

115 f orfol lifeQc@aty dekdcMotl RIcOEHRBd 105haVe afeti AdtRn G AhaticAttyRE ¥f MBK.S Amkes it
possible to offset interference by a conputing process at a WO :

2013/ 0GRSRHRGHY i 0 the AN IPiAdting 18:ht 11 IRk Gifd ABiRitE Hetectiontie deied ¥t laderg44m
effect that high accuracy for the detection of |life activity can be secured

even | fofidbectionaofeifs aniwitp Ay i mhedent iafdrmagncexprasing tdimotdiasf.a deteting! | ow ng
descri bes the nethod in which each illumnating light 115 for life activity
det ect isectiandorclfiefactiitye d Heee, danieg thed éarini 440cdideeotiomndfdiferadtivity, thédlunasatngen
described in the Sexplanation in section 4.7 (about the detection of a weak
signal )light htSefoslifeyactivitiudetecition 11 Sispebjededtdintensityhmoddlhtion wigh & sigglei ght 115
for life activity detection with the use of the nodul ation signal generator
113 or freygenc of avlaradwsic frequence sadwith xenyidn axnpldodinddife asivpies e desgstadhe
nmodul ati on nmet hod, a nodul ati on net hod cal | ed MSK ( Maxi mum Shift Keyi ng) ‘
usi ng aupipg Has gen; al'yrthes ik psaseivierod liferactivitys copipelledot mepsgrresnt sejectiis e. | a
basi ¢ frequency .and a frequency of 101.5 tines the basjic¢c frequency. Fig.
27(a) dhenmated avithsteag andcaptipedusdbaninating hght 443 frg life agivity defection (linear
illuminating light without intensity modulation) only for a specific period within in this term 440
20 of detection of life activity. On the other hand, during the inherent information expressing term
441 of a detecting section for life activity, the illuminating light 115 for life activity detection is
modulated based on MSK. Even in a case where a life activity is controlled, the intensity and
the modulation method of the illuminating light 115 for life activity detection are maintained to
be the same as during the term of detection. Hereby, the illuminating light 115 for life activity
25 detection can be stably detected during the inherent information expressing term 441 of detecting
section for life activity. Thus, the identification information of each illuminating light 115 for
life activity detection can be recognized regardless of the detection term or the control term of
life activity.

A modulation state of the illuminating light 115 for life activity detection during the inherent
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manuf adeigreationdod ey haxe pdsr foriation except the grosuedangnimbsr. | Qfigingleti vity, the
10detecting section 101 for |Ijfe activity can_ identify a manufacturer which

manuf adBigrBgiion 4 melated ()2 weatirgiHre yiiohical be sstbythe manifaursrsubseqsntiyoa cent

P F equents dFlater pobieipaant < Boshos Brino Mok mslaHaTor & cor respondi ng
FAbquenc jeEprRRERinet pre Bt sty B Sur T o SRBUTeEPSIETOREEr of &
Cdent RTE PRRRIPE AR Srvaedifie Ueelpda@fomo Hroebain” G @l igions
dent | ARt A Heltbesh Y Reh! QiR sAB6A P ol B, AR riore o °

pr OdUCtih%'i’exﬁ?ﬁ?ﬁ%mir?%@%&%ﬁ&%ﬂ@é@@dé%n% géc?ihﬁéfotr RePacRRIY EGRE U & whi ch

can be set acturer su ent e 1dentification

i nf or mﬁﬁ&&ﬁét;’lﬁ%s@ aly Q%erﬁmffaﬁe&m Jffife Eafi&ikgmggg wh?cﬂl}!ﬁé heeéfetkdsg $tion

expl ai ned a nethod to renove influence in ter signal processing in

case WISH (g Bl Ry AiRNGAL, A6 SiHefenP RlB Mo ek fredshidteACULL S MOtHREaLtARg T O
life activity. Light em ssions

section for life activity in another device may also occur at the same time. In this case, during

the term 440 of detection of life activity during which the one detecting section for life activity
emits light, modulated light with a frequency of 1.5 times the basic frequency leaks therein, so

that interference of the light can be found immediately. Further, during a period of a



are not synchroni zed between the different detecting sections for life
activity, and therefore inherent information expressing terns 441 of the
det ecti noweesiddpgef or life activity come at different tpicipaSzetegr4 term
440 of detection of life activity dgging which one detecting section 25
for life activity em ts light, an inherent information expressing term 441
of anotsheshrepous signd ¢Stdatengty merulationds gentinped ith thefresugrgy ofdyi émente al so
occur at,t?e same tine. In this case, during the term 440 of detection of
life adpsigiiequensy.ispdhahnleakageeved finteaisreacs Ieﬁ%) st detectedraceyurpielyaly i vity
emts |ight, nndq}a#ed Iight W t.h ﬁ frequency of 1.5 tinmes the basic,
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in Fig. Ife activity can be detected stably and highly accurately
even if6.§)%&1§§1ﬂ|\iy§&ﬂo@8ﬁﬁ'ﬂ’e%¢ﬁ&i ot her detecting sections 101 for life

activity. 6. suring nethod of life activity 106.5.4) O her measuring

g hods, 94y dihbEemahiiNg f¥thodS iR aEMKRYS system of a manmal i an ani nal
i ncluding a human has a hierarchical "structure. In a central nervous system

| ayer 7 $H@hbra®stsﬁﬁeﬁ®f@%@hm&l%taﬁﬁnélﬁlﬁ{&tﬁding/@hl\(mﬁ@lﬁb'dlﬁ%&%id&ﬁﬁf@hn@.i rcuits
are fornmed, and therefore, it is very difficult to generate personal

i nf or M4 b oehtl nevels dybiem 1agd i7\sutlyas he odrobral @itek 14381, detyl dothpliedted héutal
detection signal detected therefrom 15However, the neural circuits between

| ayer s catwtscnanfemeddnditidieforch inidnediffiqt tb lpaherate persbhdl @Fomifioper eoedigld i n
cooperation with the respective layers. In view of this, another exenplary
enbodi memtityhaformati@efreme lifnadtivity defectian sagrtal detegted thkmfroat. i on i s gener at ed
froma life activity detection signal of a |ower |ayer and thereby life

akt i vi t yHowkwarsthe nemalafircaithbegiwesn lhyeyeareicgnrested vethegiich athensathat agtivitestae
diffi culéy in acquiring life activi t}/ 20i nformation related to the central
ner voudedgrnedrin cognsratipnwith thelrespectibie layetsebr al  cortex |ayer or the linbic
system It is said that an anygdal a takes a central role in regard to the
enot i onaln viewef this anetherexemplaneraodimpnthana &atugp innthniraife acsivily inferneationi onal
reaction i s expressed in a central gggzgdal oid nucl eus (H deho Arita: Nounai

busshi tSgengEtes feqp a ke %qﬁwgkéﬂe@anrsi of A lewghlay e agd thesehy Lfo@etyityp. 105) .

information of a higher layer is estimated" as measures to the difficulty in acquiring life activity
20 information related to the central nervous system layer 7 including the cerebral cortex layer or the
limbic system.
It is said that an amygdala takes a central role in regard to the emotional reaction in the brain of
a human or an animal, and the emotional reaction is expressed in a central amygdaloid nucleus
(Hideho Arita: Nounai busshitsu no sisutemu shinkei seirigaku (Chugai-igakusha, 2006) p. 105).
25 An output signal from the central amygdaloid nucleus is directly input into a facial motor nucleus
(Masahiko Watanabe: Nou Shinkei Kagaku Nyumon Koza (Ge) (Yodosha, 2002), p. 222).
Here, this facial motor nucleus works on a facial muscle to control a facial expression.
Accordingly, the emotional reaction expressed in the central amygdaloid nucleus appears on the

facial expression directly.



25An out put signal fromthe central amygdaloid nucleus is directly input
into a facial notor nucleus (Msahi ko Wat anabe: Nou Shi nkei Kagaku Nyunon

Koza (Ge)whYefashao 2002), p. 222). Here, this facial pgplpio1nypkeds wor ks
on a facial nuscle to control a facggel expression. Accordingly, the

enotional reaction expressed in the central anygdal oid nucl eus appears on
the faci@n theodsband a ngyakeirquit direciy ownu fissy thegretal amyedaleid mygleus o thy -
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including the cerebral cortex layer, novenent of a tacial nuscle fornmed by

g0 act hleus OMhis Mediéadsi sabh APSRIbIlRY Chad US facfal &3QLRGRRibitdMethbiiéh @6t Vi ty
information is generated fromthe detection signal. Accordingly, wthout a

need t gccOfitely thahiafpersas id awdryof nf ormati on fromthe central nervous system
| ayer 7 (including the cerebral cortex |ayer or the linbic system for
whi ch i rMheigw of thls| adtiek embbdinat éxpldined lereiehys cebftd iahf thstdad oftobtainéng t

i nformati on about the enotional reaction related to the |inbic systemor
t he ces Bferativitpddtectioadignblefrahtla ceattalacevouatystem fayenT mchudiigl the odrebral
"interpretation of the 20novenent of the facial nuscle"” for which the

i nt er peateatlayen movenehtefiafatigl masle formeédby m actioadem thhdaaia mketor pebius ison 40
on the life-object surface as shown in.Fig. 16 corresponds to a faci al
dési t i deteaséd, andlitpeshvicaiqroations srgenerated filoe tre datettinn sigiabr eAdravdinglgen
digital canmeras with a function to automatically detect a facial position
of a swbhew ngyd tpsebtain lifapciiidy i feratatigh fromothe cettahneryeus sistemdsxerdays. | n
view of this, in this another enbodi ment expl ai ned 25herein, the position
noni t ofiR¢iding theicgrebrad geriex laver o thetlisphie systramrfer which interpresationafdije acdivilisct i on
for performng the first_detection) is caonfigured to have the i mge.
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iZB per Li%(fgrggﬂt of the facial muscle” for which the interpretation is relatively easy.
In this case, the marked position 40 on the life-object surface as shown in Fig. 16 corresponds

to a facial position of the examinee (or user). In the meantime, there have been digital cameras

with a function to automatically detect a facial position of a subject by use of an image

recognition technique in these days. In view of this, in this another embodiment explained
25 herein, the position monitoring section regarding a detected point for life activity (a section for

performing the first detection) is configured to have the image recognition technique, and a

detection signal from the facial position of the examinee (or user) is assumed as a life activity

detection signal.

Further, in a case where the another exemplary embodiment described herein is performed, an



WO 2013/ 069820PCT/ JP2012/ 079874 - 85 - imaging pattern size is standardized
to a size to show a whole face of the exam nee (or user) and stored in the
menory seaghiakokda0f the rear part, at a stage of the pg %ﬁﬁy@g%;ﬁ]
changi ng of an i1 maging pattern sizegqstandardi zation of the size)". If the
face size of the examnee is standardi zed to a predeterm ned size as such
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downwar er, outside nuscle nout h contract upwar

At t hegidu® afial8htdsi8n aﬂx‘ﬂ{gyreﬁ,sF{%'."Zf(i)ﬂsho%é(acf)icialc&bﬁsggn %ﬁﬂiﬁ% oPEmfghbr ows

and upper eyelids contract upwar and nuscl es of "l ower eye S contract

downwargh, 28(c) §Hdvs w8 altex PRssi WA ThEEmB WS SRR Aord AR YIA 26QN KRG a Begnvar d
and out fv%arﬁb)m tshe o?he?}%ﬁ%nd, at rtnhe gi msg ofgr%ei ng é;t 6élaljll 0SS %s shown in

Fi g. 25{fidssionash URs (THECMEP belAgRsulay BB dRMHgESHI R cdc\Wiicd dbd® podsi de. _
Further, at the 20sane tinme, nuscles around | ower eyelids contract to raise
| ower eémelingsbutpnerdio sAwshtciespettive fAehE&ipré3Bionss UlAn e&Ere@@dSﬁ §heisi adBelafpd

rel axation states of facial nuscles is correlated with [ife activity

i nf or maf the examinee&@p ased). nMiseulahmoeemento omtherfaccdt ilistime atdsholvinkgth arrden t he
facial nmuscle contracts, activation of the neuronuscular junction 5 (a
changeindfig a2 re s tantéme of sniding kY indfig: 25(h)s egside musdeeoftdyabroshandeysy 27 of a
nmuscl e fi ber nmenbrane occur. 25Accordingly, the change of the nenbrane

dét ent taitwcidawnyard etBrthed obipide smscles ofempathreconmdat apward and loufwand.r aAetdel i ght
as shown in section 4.7 sections or the Nuclear Magnetic Resonance as shown
i n sectimgef Betiing mgry Aein Figi¥ofo): eidsidamusdlesafsrehrows and vpnes cyedids esnfpeh
concentration change occurs in capillaries around the facial nuscle, so
that t H@Wﬂrée%r@éwssl%s of logiey geshids eentst damverd.c hAhige same Bmeoentside mygsles of

2013/ 069820QPCT/ JP2012/ 079874 i i
a mouth contract downward and outward. On the other hand, at the time of being at a loss as

shown in Fig. 25(d), inside muscles under eyebrows contract toward the inside. Further, at the
20 same time, muscles around lower eyelids contract to raise lower eyelids upward. As such, the
detection result of contraction and relaxation states of facial muscles is correlated with life
activity information corresponding to the emotional reaction or the like.
When the facial muscle contracts, activation of the neuromuscular junction 5 (a change of a
membrane potential) and subsequent potential changing 27 of a muscle fiber membrane occur.
25 Accordingly, the change of the rﬁembrane potentials can be detected by use of the near infrared
light/infrared light as shown in section 4.7 sections or the Nuclear Magnetic Resonance as shown
in section 5.2.
Further, when the facial muscle contracts, an oxygen concentration change occurs in capillaries

around the facial muscle, so that the "detection of oxygen concentration change in blood in



- 86 - surrounding areas" is enabled by use of near infrared |ight.

Mor eover, when the facial nuscle contracts or repeats contraction and

rel axati oo J0eso@gner ated fromthe inside of the nuscl ecrapsliesiogsur face
of the face, thereby locally increaggng the tenperature on the skin surface
of the face. Accordingly, even if the distribution of 5tenperature on the
ski n sawreundingrareaseisrenaiied By piepfmeardnfiaied dight- t her nogr aphy, the detection of
life actjvity can be performed in regard to activities of the facial

nuscl e. Yipreosen sihemphs faciel mussls sopirmison repeatsiongaonsad rdwratisnthedt of Life
el axesturdipdlropyhepsideof i nustleatahes s SUEe abive oedmeshY Joshlikcrange
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non-coﬁ?%%cﬁwﬁ%f?{gbaﬂpevr\fome%l X ttJOd%c&lvlltf?StoFu@le ?cé%IéWfSC]gXerrpl ary enbodi nent or
t he applhy i . i BCh| 6.5.4 with
refer eﬁi‘:jeé@‘8@?@%“%"?}{8&@%?"%%%g“@%‘%mén&gﬁ" Péf lgli?eg%‘%tqu ransm ssi on state
to the sl ' actl i r I ' tion
5y i 5 ATHOREY kRl YGLR, bAIER LKA I toibllR I RIGH Alclgsig
skel et &l pdussi&ycAiofdy arpl i ed enbodi ment of the above exenplary
enbodi ment, chapter 11 explains a method for directly detecting an actual
CNt 1 act AQBx i LofAHaditaPIft advifi®l R¥atne h 8 liRL bk, cRasike!18b 3ImAHSdest and
a 20principle theredof. Further, a nethod for controlling _
cont r agifthGRéthedsasPddtéuing bn actfongoRingihl S13i6 Ghda HYnl $@n&hiséibe staRoTEd fiBvous
principle is also explained herein. According to B. Alberts et. al.:
Mol ecukyster®i OHO@Yvedfthé presdoebxempltiry elbodintda sl b mfied enGem, 2R erChap. 16, a
process of contraction of a skeletal nuscle is mainly constituted by the
f ol | ow"dgedtion, meapemedbal camal oDdyramich bl azticioins maclife @bjeof byt irors k@ltgt al

nmuscl e by rel ease of calciumions into a nuscle cell; and b] contraction of"
t he skalegad!' willibe ireludgd m the atdsem eaé¢mplarysinmbddimeant for thefapplgdeemhisodimerithie Inmuscl e
cell. Meanwhile, the "signal transmi ssion to the neuronuscul ar junction

(the athe exatanatonoff sedtwnfelié onthgelateace jourigs. 26and P06, thx ddtedtivadf A sigaalct i on

6.5.4 occurs as a front step right before the
transmission state to the neuromuscular junction (an activation of the neuromuscular junction 5)
is used for the detection of contraction and relaxation states of a skeletal muscle. As an applied
embodiment of the above exemplary embodiment, chapter 11 explains a method for directly
detecting an actual contraction state and an actual relaxation state of a skeletal muscle, and a

20 principle thereof. Further, a method for controlling contraction/relaxation of a skeletal muscle
by use of the detection principle is also explained herein.

According to B. Alberts et. al.: Molecular Biology of the Cell, 4th Edi. (Garland Science,

2002) Chap. 16, a process of contraction of a skeletal muscle is mainly constituted by the
following two steps:

25 a] control to enable contraction of the skeletal muscle by release of calcium ions into a muscle
cell; and
b] contraction of the skeletal muscle by migration of Myosin to actin filaments in the muscle cell.

Meanwhile, the "signal transmission to the neuromuscular junction (the activation of the

neuromuscular junction 5)" explained in section 6.5.4 occurs as a front step right before the



WO 2013/ 069820PCT/ JP2012/ 079874 - 87 - above step [a]. In the contraction
step of the skeletal nuscle in [b], "deformation of Myosin," "attachnment of

a Myosin Weagiggedetin filanments,” "restoration of a M/ egirjphapg dsty a
contact state,” and "detachnent of -ghe Myosin head fromthe actin

fil arre%s" are repeated. Here, the "deformation 50f Myosin" occurs by using
hydr ol ybP¥e $¢P [&FPp ( Adenosine triphosphate). That is, a part of the Myosin
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bonds to the Troponin, It Is estinmated that an 1onic bond is fornmed between

a resi dugnhed tHsRafrh@{of of el sl nsdIRqEHEP ARhIhnRint 8f £RMyBAH hkadioQfn
constituting a part of a residue of Qutamate, and the cCal ciumion Ca2+.
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where ATP bonds to an active site having a function of Myosin ATPase 1n
Myosi n sits, did9bsthledhe Marachm&fi90a Myokin H8ay feattin filatemat 0MeabBiviil@aiiealthe

Chem stry vol. 271 (1996), and an extract of its principal part is shown in
Fi 9. 29sighal tfangmis&i6n tathb abwrosmbduthr ljuneeion (tHe aatvatomotiby abwroiubiahd jurtibel d
wavy |ine indicates an ionic bond, and a vertical |ine made up of |ateral
cont i nftexplaimekinisadion®t o4 occulsy d laygequanttychf chleninhems flaw iatortbis/ soé asthei ne
solid line 25indicates a biased direction of an electron probability
di stri istepifejy When thopaltinm ion Bius dlowirgingit i time bendsiid Tawoesing Yrogosiypsibut i on) .
Here, ATP has a nolecular structure in which three phosphoryls are
cbhnectcetnacteddd dreolyppanin s displdced, ang the "afiachimgnt ofta Myosin sead tefactie fibaneents”
phosphoryl is connected to the adenosine is cal]ectively described as AW
( Adenod$ erabladn o prhes thia celyium ion bendsdp the Fraporin,fbig satgnated fhehanvignic bondys an
important part in hydrolysis of ATP, and a water WO L
2013/ 0doussdetverpagesdusafgdispartate included in the Troponin or a carboxyl group constituting
a part of a residue of Glutamate, and the calcium ion Ca®".
11.3) Movement mechanism of Myosin ATPase
20 A partial molecular structure where ATP bonds to an active site having a function of Mybsin
ATPase in Myosin is described on p. 15850 in I. Rayment: Journal of Biological Chemistry vol.
271 (1996), and an extract of its principal part is shown in Fig. 29. In Fig. 29, a bold solid line
indicates a covalent bond, a bold wavy line indicates an ionic bond, and a vertical line made up of
lateral continuous lines indicates a hydrogen bond. Further, an arrow of a fine solid line
25 indicates a biased direction of an electron probability distribution of a bonding orbital (an
electron cloud density distribution). Here, ATP has a molecular structure in which three
phosphoryls are connected to adenosine in series, but in Fig. 29, a state where one phosphoryl is
connected to the adenosine is collectively described as AMP (Adenosine monophosphate). It is

said that a magnesium ion Mg plays an important part in hydrolysis of ATP, and a water



- 88 nol ecul e activated by the action of the magnesiumion My2+ directly
wor ks on a bonding site between two phosphoryls to cleave the bonding.

Furt her, wp 0£ldevye0Si te having a function of Myosin ATPag¢/ piy1MipshN

i ncludes Lysine Lys185 and Aspar agi gge- Asn235. Here, the nunber in Fig. 29
indicates a sequential identification nunber ,of amno acid in Mosin, which
i s a 5plcaleqctivateghiphthapeigng{dee magnesiamyop Mg dire@lynyerknen a bprdiag pitn of
Myosi n, ATPase, oxygen ato 05- and, 02 therein are hydrogen-bonded to a
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Asn235,  Furt , A drogen atom Hl_ i ter nplecu around, ATP J s
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state is forned as a whole. 20Wen each nolecule is place
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probability (a density distribution of an el ectron cloud) around the oxygen

at om 0bn oxypeARdnOR &S atother weie mioléculewavell as furinirpoeenkdbaiobdids t6 e ged wi th
positive electricity, via a hydrogen atomH2 in the residue of Lysine
Lys185pxy@enlatendi@® and ONBCin AR  iltnis kaid thab i Dyated éreviconmentan ddife dlyjecrakieoutip f or
the decrease of the electron cloud density around the oxygen atom 05-, a
25par t pHf7)1 AP slchagedwith nedsdilve Elettyicny, and bgptosphoryl bind ap phesphesi therein
phosphorus atom P1 and an oxygen atom 02 noves in a direction p. On the
dtther bersporsi tedwo mhgatiog glgemcahange0andmn diegajive wiecipleabpigorgspsciivel ATP f or s

i s hydrogen-bonded to a hydrogen atom H6 in a residue of Asparagi ne Asn235,
a part dnhige%fostherwnveniangd ofierpianajioniikis pssymed drat moﬁ%anég&mﬁew‘ie oxygen
atom 02 slightly noves toward a WD 2013/ 069820PCT/JP2012/079874 - 89 -

ni t r ogelprgadowitingna egativeeloniiiy ges atManiagresidusefdwising-yaldSand awdivalentyr t her
in order to, make faqr. an overwhe]l m ng.lack of the el ectron cloud density
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existence probability (a density distribution of an electron cloud) around the oxygen atom O5 in
ATP makes a movement o toward a nitrogen atom N1 charged with positive electricity, via a
hydrogen atom H2 in the residue of Lysine Lys185, as has been described in Fig. 57(b). Then,
in order to make up for the decrease of the electron cloud density around the oxygen atom O5’, a
25 part of the electron probability of a bonding orbital between a phosphorus atom P1 and an
oxygen atom O2 moves in a direction .
On the other hand, since the oxygen atom O2 bonding two phosphoryls in ATP forms is
hydrogen-bonded to a hydrogen atom H6 in a residue of Asparagine Asn235, a part of the

electron cloud density distribution located around the oxygen atom O2 slightly moves toward a



this oxygen atom 02 fornms a hydrogen bond to a hydrogen atomHl in the

wat er nol ecul e, the decrease of the electron cloud density is prevented by
use of thys ysdiceeen bondi ng path. Mre specifically, tperabaftiRg7s
probability of a bonding orbital beggeen the oxygen atom 01 and the
hydrogen atom HL in the water nol ecul e decreases as shown by an arrow e,
and t hitelgee aoghN2 gisdhe hediegensterp A asishgwa by ep errpyar o derthesoindrderde amkes.
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atom P1 and 25t he oxygen atom 01, and the el ectron existence probability
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atom 01. This forns a coval ent bond between the phosphorus atom P1 and the
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el ectron cloud density thereof toward its circunference, so that the

el ect r amgotsiur idniMifatraws oparipherahcldétr@cd puhdenkiopowayd ascisundevefice, 3hear t he
el ectron cloud density noves WO 2013/069820PCT/JP2012/079874 - 90 - in the
di r ect itlerdectioowlould flotwseén adirestwnbBan @row L.ii, and 0, which largely reduces
the el ectron exi stence probability of the bonding orbital between the
pHosphor &s aagsslhoPthis the dléstroneyigencerobabilty of\therboading oehitahbstivaen the osygant r on
exi st ence &rlobabi ity of "0" occurs between the phosphorus atom Pl and the
oxygen agnmbhl ead the hydemgan penHily in the Wefer arpleculesdngreasasiaad gsfcovalet BiBdngli ng
orbital between the phosphorus atom P1 and the oxy%en atom 02 changes into
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t he oxygen_atom Oc?h is cleaved. . . When the hydrolysis nechanjsm of ATP.is
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make up for the depressed electron cloud density around the oxygen atom O1 (n).
This results in that the electron cloud density increases between the phosphorus atom P1 and
25 the oxygen atom O1, and the electron existence probability works as a bonding orbital between
the phosphorus atom P1 and the oxygen atom O1.  This forms a covalent bond between the
phosphorus atom P1 and the oxygen atom O1.  On the other hand, the magnesium ion Mg?*
draws a peripheral electron cloud density thereof toward its circumference, so that the electron

cloud further flows in a direction shown by an arrow 8.  Then, the electron cloud density moves



bond between the phosphorus atom P1 and the oxygen atom 01, but a bond
between OH is cleaved imediately in the water environnent (pH 7) in the
body. wo b /davgdnol ysi s reaction of ATP has a | arge f eatrypsibomkrd a vy
phosphoryl (an oxygen atom 05 theregp)/a 13 phosphoryl (oxygen atonms 02 and
06 therein) are respectively hydr og8 n- bonded to a 20resi due of Lysine Lys
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be used at the time of optically detecting/measuring or controlling contracted and relaxed states
of a skeletal muscle and performs examination from a wide viewpoint. The appropriate

25 wavelength range at the time of detecting or measuring an action potential state of a neuron has
been already explained in section 4.7.  This section first discusses the explanation in section 4.7
more specifically, and then discusses a suitable wavelength range of an electromagnetic wave
(light) to be used for the detection/measurement or control by a non-contact method with respect

to more general dynamical activities occurring "in a life object," as well as the action potential
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With regard to the wavelengths which meet the above features in the present exemplary
embodiment or the applied embodiment, the following first discusses [1] a range in which
25 detection/measurement or control can be easily performed "in a life object." Visible light does
not pass through a human skin and therefore an inside of the human body cannot be observed.
In general, visible light having a wavelength of 0.8 pum or less can hardly pass through the life
object. In the meantime, when a palm is held against sunlight while fingers are closed, red light

can be seen from the gap between the fingers. From such a phenomenon, it can be understood



use, for detection/measurenment or control of life activity, electronmagnetic
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embodiment, when light absorption is considered to be small in the absorption band around a

center wavelength of 0.97 um (there is little influence of the light absorption), it is desirable to



In consideration of the feature of [1] detection/neasurenment or control in
alife object and the feature of [2] interaction of a transition between

vi br at i onwgRdesevs2bh an external el ectromagnetic field (pamietrshramagnetic
wave) as well, the follow ng describgs a case of 20 performng

detection/ neasure or control of contracted and rel axed states of a skeletal
nuscl e Usadotflgiechar/megayenes oF conirod atlifeggtivity, electzorpagnetiawayesineladiagari on
notion of a skel etal Huscle is constituted hy two steps: a] control to '
enabl 6 CIESHPMARIEHS WayF NRHEE & Ry glpagth Y19y B uHQRRkeABk watelngih egesl i nt o a

R (T DR THEE IER ISR SN, S N C -
FRLERAGE N R R,
25 S B BTkl SRRt Bl s ok SERSFAES) o0 o0
FAR e A T A T A

car boxg P ded fefrn 7T Bl B ontichGh SR AR Holb Rr i LOROR, G860 ©

ol | ; : ) .
Crbo, o™t WL AOOR L LBRLEGEIAARR e TR KB AN Olen
t el escQBh&nithtrAhiRRorDESs Bf tht RRIASHPOAME L AR hath, 46! &&LBidn HIBhAS nbO

det ect/ neasure whet her or not the skeletal nuscle 1's in a contractabl e

si@t e, aBorBéd 66 that th¥ S/ ratirofMiEe A ivit) Aeleb @M sibrhl BanvbedNedle@N PRER:IIE
projected to increase an energy |level of the 10symmetrically tel escopic

Vi br at igader f@pRvET ligheabserHhex il th@ hseiptiof ®ahdRdvish Hedter Havalehgth©f O7i gR iCa2+
to the carboxyl group is prevented and the contraction/rel axation action of
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case where a vibration of the carboxyl group is small (the energy level is
| bw) , ang)aheddition trthCaboveaanges.y bonds to the carboxyl group. On the other
hand, in a case where the energy level of the vibration node rises, even if
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the calciumion Ca2+ is thrown off (separated) due to the high energy. That
is, by detertion/measuesment prcoptyaleflifa activify (is pplicd &y the dptsetifinmy megSwRmenidi an
overtone, the calcium.on Ca2+ is hard to pbond to the .
action potential state of a neuron explained in section 4.7.  Subsequently, in regard to a result of
the above consideration,
20 [2] the detection or measurement of an action potential state of a neuron is discussed in
consideration of the feature of the present exemplary embodiment or the applied embodiment that
detection/measurement or control is performed by use of an interaction of an external
electromagnetic field with a transition between vibration modes occurring between two or more
specific atoms in a molecule during activity in a life object or when the activity changes. At the
25 time of detection/measurement of an action potential state of a neuron, a using wavelength
corresponding to the 1st overtone for transition between anti-symmetrically telescopic vibration
modes mainly caused by C-H-Cl" is in a range from 2.05 to 2.48 um, according to section 4.7.
However, this wavelength range overlaps with the wavelength region of 2.05 to 2.061 um where

water absorbs light greatly. Accordingly, it is desired that the electromagnetic waves



car boxyl group, so that contraction control of the skeletal nuscle is
obstructed and a rel axed state of the skeletal nuscle continues. Since
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10 overtone and used for the detection/measurement include an electromagnetic wavelength within a
wavelength range of 0.875 to 1.37 um. However, in order to avoid the influence of light

absorption by water in the absorption band having a center wavelength of 0.97 pum so as to obtain
highly accurate d¢tection/measurement, it is preferable to use electromagnetic waves including an
electromagnetic wave having a wavelength in either range from 0.840 pm to 0.943 um (or 0.875

15 pm to 0.943 pum) or from 1.028 pum to 1.37 um for the detection/measurement of an action
potential state of a neuron.

In consideration of the feature of [1] detection/measurement or control in a life objéct and the
feature of [2] interaction of a transition between vibration modes with an external
electromagnetic field (an electromagnetic wave) as well, the following describes a case of

20 performing detection/measure or control of contracted and relaxed states of a skeletal muscle.
As has been described in section 11.1, a contraction/relaxation motion of a skeletal muscle is
constituted by two steps:
a] control to enable contraction of the skeletal muscle by rélease of calcium ions into a muscle
cell; and

25 b] contractile function of the skeletal muscle.
Accordingly, the detection/measurement or control can be performed on each of the two steps,
independently.

Initially explained is a detection/measurement method or a control method related to the step

[a]. Asdescribed in section 11.1, in the step (), it is expected that an ionic bond between a



2K2 =2v2 - v, =2v, - -v3 (A 61) ; and 13h'3 [Math. 62] 3 /C4 = V3 V2V3
1/1 15(A 62) . 2/12h 3 2 =6 2 Wth the use of fornulae (A 60) to (A 62)
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overtone can be estimated fromthe.§gyequencies vi, v2, and v3 of the
reference tone, the 1st overtope, and the 2nd overtone based on_the
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Yuki hi PEEsEepeleseapc v W&P’&moﬂfs ﬁgé Pé‘ﬁlcaﬁl’ﬁﬁﬁ(ﬂﬂ'{ﬂ}% [*a%8uppan Center,
1996) P. 218 P,.219. Ont ot her hand, a value to which (2) is attached
i s obt ACR¥AMS HUHBPHPH@aDHE“ Befftation result in section 3.5 with a

3 ST ST BT e o T BRI e
07 SRS R et EABIR B b s o
vibrat g gktthdef%Bﬁthe[lcal&l?e{the?’&‘h&% Ele ﬁrn% I.QQLa con ?&@1889 gt ed by

ext rapo I on o at ed va ue of a VI I on 0 a5t car boxylic
acid - ?e of a value of the wavel ength of the reference tone.
[ Tabl e Refe ence

>> excitation light in a vibration mode is projected to increase an energy level of the

10 symmetrically telescopic vibration mode of the carboxyl group, so that a bond of a calcium ion
Ca®* to the carboxyl group is prevented and the contraction/relaxation action of the skeletal
muscle is controlled. The symmetrically telescopic vibration mode of the carboxyl group is
generally a ground state (a vibration state in which the energy level is the lowest). When it is
illuminated with excitation light corresponding to the nth overtone, the energy level of the

15 symmetrically telescopic vibration mode of the carboxyl group rises. In a case where a
vibration of the carboxyl group is small (the energy level is low), a calcium ion Ca®* easily bonds
to the carboxyl group. On the other hand, in a case where the energy level of the vibration
mode rises, even if the calcium jon Ca>" bond thereto temporarily, it is highly probable that the
calcium ion Ca®" is thrown off (separated) due to the high energy. That is, by illumination with

20 excitation light corresponding to the nth overtone, the calcium ion Ca®" is hard to bond to the
carboxyl group, so that contraction control of the skeletal muscle is obstructed and a relaxed state
of the skeletal muscle continues.

Since section 3.5 only shows a wavenumber value of a reference tone exciting the

symmetrically telescopic vibration mode of the carboxyl group, the following explains a

25 wavelength corresponding to excitation light of the nth overtone. The following explanation is

not limited to the control of contraction/relaxation of the skeletal muscle, but can be applied

commonly to every exemplary embodiment or applied embodiment described in section 11.4, in

which [2] detection/measurement or control is performed by use of a transition of a vibration

mode according to an interaction of an external electromagnetic field (an electromagnetic wave)



tone (pm 1st overtone (pm 2nd overtone (Pnm) 3rd overtone (Pnm) 4th
overtone (Pm) Internol ecul ar hydrogenbondi ngin primary am de - CONH2

3.19- 3. 2wocalxushsavi on result) 1.60-1.62 Reference (1) pc®arin108798ef er ence
(1) 0.81-0.83 (calculation result). §565 0. 67 (calculation result) Vibration

of hydro%gn bondlngpartln secondaryam de- CONH 3.02-3.32 (calculation
resul t With agbratigympeds whishescyry 51ur1ngcﬁ4mzltm the it ehiect of Wherpthy gefdvityrhanges

cal cul ati result
( & glch is causec) by two or more specific atoms in a molecule at that time.

Initially, by use of the following formula (A 38) as described in section 4.5:
[Math. 38]

2
5 g, =¢g,+<m|Kx’ +x,x" |m>=%(m+%)+%—’;—“z—(2m2 +2m+1)---(A-38),

a necessary amount hvy, of energy at the time when an energy level g is shifted to €, is expressed

by:

[Math. 60]

hv, =&, - 80=2ﬁm+ 3K“2 (m2 +m)---(A-60).
B 2p

10 Accordingly, from formula (A 60), where frequencies of the reference tone, the 1st overtone, and

the 2nd overtone are assumed v, v, and v3, the following relations are established:
[Math. 61]

2k,

v
ﬁ:2v2 —v, =2y, —?---(A-61);and

[Math. 62]

s 3L;=V_3_V_2=K3__ZL...(A-62).

With the use of formulae (A 60) to (A 62) thus obtained, a value of a wavelength Am (a frequency
vm) of a (m-1)th overtone can be estimated from the frequencies v, v, and v; of the reference
tone, the 1st overtone, and the 2nd overtone based on the anharmonic vibration.
Based on the reference documents, wavelengths Am of the reference tone and the (m-1)th

20 overtones estimated by calculation using formulae (A 60) to (A 62) are shown in Table 7.
Among the values shown in Table 7, a value to which (1) is attached is referred from Yukihiro
Ozaki/Satoshi Kawata: Kinsekigai bunkouhou (Gakkai Shuppan Center, 1996) P. 218 to P. 219.
On the other hand, a value to which (2) is attached is obtained by combining the calculation result
in section 3.5 with a reference from R. M. Silverstein and F. X. Webster: Spectrometric

25 Identification of Organic Compounds 6th Edit. (John Wiley & Sons, Inc., 1998) Chapter 3,

Section 3-6.  Further, a wavelength of the (m-1)th overtone of a symmetrically telescopic



0.64-0.68 (calculation result) Vibration between C = 0 of carboxylic acid -

COOH 5.68 Reference (2) 2.84-2.86 (calculation result) 1.89-1.92 Reference

(1) 1.42-%o4hom3wead6ul ation result) 1.13-1.17 (cal cul ati @ar/ypsiibbles74

Symmetrically tel escopic vibration.gf_ionic carboxylic aC| d gr oup - 000-

6. 25-6. 37 Reference (2[)) 3.12-3.21 (calculation result)

(cal cuMiration Orf @8 iniq carbaxgli agid graud-ENQuas epeulated by 9xtr_ap214nqn sﬁa eaé%ul@aql ation

result) |Int | ecul dr ogenbandi ngi n_associ ated - OH al cohol 2. 90 3.25

(cal cuFdito A VBEIODPT € B0 CHRORMALTCOGRPY Hspat A s raheeHHEnith pf
0.80-0.,77 1(ecal culation result)

the reference tone.
[ Table 7]
Reference | 1st overtone | 2nd overtone | 3rd overtone | 4th overtone
tone (um) | (um) (pm) (pm) (um)
Intermolecular 3.19-3.21 1.60-1.62 | 07-1.00 0.81-0.83 0.65-0.67
hydrogen bonding in | (calculation | Reference . ' (calculation | (calculation
Reference (1)
primary amide -CONH, | result) 1) result) result)
Vibration of hydrogen
3.02-3.32 1.53-1.67 0.79-0.85 0.64-0.68
bonding part in . 1.04-1.12
(calculation | Reference (calculation | (calculation
secondary amide - Reference (1)
result) )] result) result)
CONH’
Vibration between C = | 5.68 2.84-2.86 1.89-1.92 1.42-1.45 1.13-1.17
O of carboxylic acid - | Reference | (calculation ' . (calculation | (calculation
Reference (1)
COOH ) result) result) result)
Symmetrically
6.25-6.37 3.12-3221 2.08-2.15 1.56-1.63 1.24-1.3t
telescopic vibration of . ) . )
Reference | (calculation | (calculation (calculation. | (calculation
ionic carboxylic acid
) result) result) result) result)
group -COO"
Intermolecular 2.90-3.25 1.50-1.60 1 04-1.05 0.80-0.77 0.67-0.61
hydrogen bonding in | (calculation | Reference ' ' (calculation | (calculation
Reference (1)
associated -OH alcohol | result) 1) result) result)

Most carboxyl groups are in a state of an ionic carboxylic acid group -COO' in a water

environment (pH = around 7) in a life object.

Accordingly, the excitation light of the nth

overtone with respect to a symmetrically telescopic vibration mode of the carboxyl group in the

present exemplary embodiment basically corresponds to a row of "Symmetrically telescopic

vibration of ionic carboxylic acid group -COO™ in Table 7. However, even under this water
10 environment, there is a probability that some carboxyl groups keep a state of a carboxylic acid -

COOH, and a calcium ion Ca>* bonds to this C = O site. Accordingly, in a] control to enable
contraction of the skeletal muscle by release of calcium ions into a muscle cell, in the present
exemplary embodiment, both wavelengths are combined and assumed as follows:

- a wavelength range corresponding to the 2nd overtone is assumed 1.89 to 2.15 pum,

15 - a wavelength range corresponding to the 3rd overtone is assumed 1.42 to 1.63 pm, and



0.67-0.61 (calculation result) b5Mst carboxyl groups are in a state of an
ionic carboxylic acid group -000- in a water environnent (pH = around 7) in
a life obyeebizeeserdi ngly, the excitation |ight of thepotfypaMeoiogne Wt h
respect to a symmetrically tel escopypg._vibration node of the carboxyl group
in the present exenplary enbodi nent basically corresponds to a row of

" Sy met Riveaplepgth aange coppspondipg i the Athogverteng is asaimsdxlyl3 te 1akli wmgr oup - 000- "

in Table 7. However, even under this water l1l0environnent, there is a

pr obabitthsy, ilﬁlggﬂ‘é Brsclion hoysasyicBiGperrEe o thesstvaluss are expecsddyiahont 16 d -
COOH, and, a caJciumion Ca2+ bonds to this C =0 site. Accordingly, in a]
contr oﬁn Vis W As-de st rede weigimisy ofi the alquerangss arg st % (ny 458 I:ela%(bqé‘é xdi<i um

el oRGONS ot st ridh - D) ad e b BB woRET BB BHERTS Aho
el oRoTN e BB a PG Lot Tofl EePodka 108" dBulrdle waveiheh 1 63

d WO 2013/ 069820PCT/ JP20 9874 .-..98 - - | th
O e e VRl P AR

S | Aty L8 RGEh ORcA el TEERNRIRIL GLIOLS L0  BESe, YBLeS are expect ed

by about 10% Vi ew"o S, respective T he above ranges

are 1. S%i%%v_jele_ggtrlﬁoﬁ@é{reﬁ)ﬁldlﬁ 10 &re%?d éveg‘l:l)né is0 Igrﬁnl)l%d:l%%t’%)gslﬂflﬂg :}n 3 x (1 -

0.05) = specti ve upper ereof"are 2.15 x 5(1 +

0. 05) ?tlfe'\gﬁzehehggﬁﬁaﬁégsx(ckrréfﬂéggﬁ 16 the-4fttoveddfle & a3dunfed .O’fSFBool'.ﬁ)Ssktm.: 1.38. Thus,

t he wavel engt I nc I N nmeasurenent errors o Yoare as foll ows:

the wavebsHiglhior bf 6vRRPMhP Jat it MlcPURE tLREvdIcheaSaHEEhiRbBPol 0 2. 26
pm the wavel ength corresponding to the 3rd overtone is assuned 1.35 to

1. 71 pRetedih/medsGRnAYE RAGbINS [@d\ﬂlﬁ%@ﬁbmsmqi.mpmna ea finbe MORT L.9NRM S
assuned 1.07 to 1.38 pm 10l n consideration of overlapping parts, it is

concl ugen 26 pat." " Buniethye@hudinga oM thidirinde] e Wakeld@itR edrige i WRRE UipRBNt Or
control is in a range from 1.(%7 to 1.71 pmand in a range from1.80 pmto
2. 26 piargelf-abdobied, bybyaterolaclilgsgas shoomih Fig 28, ahg@avdlrptivevgd auigible foafge i n
which light is largely absorbed by water nolecules, as shown in Fig. 28,

t he wadeteetiitheasaregenser doatbdleo idond bitwdet €at amry cuetasay! groeptCOO sdmdFtol to a
bond between Ca + and a carboxyl group -000- is 1.07 to 151.391.1M 1.52 to
1571 gh39aumd, 12501 1D @n28dP6 ©120.26 way elTbisgrdveleagth eange isshown indrig-i2§. 28.

In a case where a life object is illumnated with el ectromagnetic waves

i ncl udi nly agasewberradite gbieetiicilinmirat¢rhvith gleeiromagnebanyavesiincludiag pmnge

expl ai ned as above, in the present exenplary enbodi ment or the applied
enbodi #lsgEomagngEe Merehavingonwavilength indhe tngeexriaingdys| abre, in the present

exemplary embodiment or the applied embodiment, measurement/control is performed as
follows:

20 >> A signal related to a life activity is detected by an absorption amount or an absorption change
of the electromagnetic wave having a wavelength in the above range in a life object, and the
detection signal is processed to measure a life activity state; and
>> An illumination amount of the electromagnetic wave having a wavelength in the above range
is increased in the life object (temporarily) so as to control the life activity. That is, a light

25 amount of the electromagnetic wave projected to the body for detection of life activity is very
small, so that a ratio of carboxyl groups in which a vibration mode is excited in a skeletal muscle
is small and the life activity itself is not affected. However, when the light amount of the
electromagnetic wave thus projected is increased, most of the carboxyl groups in the skeletal

muscle are excited to cause vibrations, thereby resulting in that bonding of calcium ions Ca**



20>> A signal related to a life activity is detected by an absorption
anount or an absorption change of the el ectromagnetic wave having a
wavel engtwoi2g1daesabove range in a |ife object, and thepdelpsfiboingss gnal is
processed to nmeasure a life activitggstate; and >> An illum nati on anount
of the el ectromagnetic wave having a wavel ength in the above range is
i ncr eadSERL 1§ obpEIotedrand spptarction pEths skeletal Pyscigbesemesimpassiblst the [ife
activity hat is, a |light 25ampunt of the el eciromagnetic wave projected
to the HOU{EH Hithapreseticdsmplany qm@%érewwﬂv %pgh%ffewbmﬁma, so that a ratio
of carho roups in ich g vibr?tlpn node i s excited in a skel.etal

ol agleieia fie
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| . i ' . lif
B Vi T B o h B A e DA e PR} BRBRER FRRRHPRAD Lot vty s
per f or gRBodik¥nd fHat®asi ng the illumnating |ight amount sonetines). Next
wll be explained a feature of an activity at a nolecular |level to be used

fior depRatcheniiRefieRAEINbN BétweeWibRtioh hddBewRIcR e Hrdd%e MBhAfYmaRPadi ment or
t he applied enbodi ment, that is, 10[3] a case where the transition between

Vi br at haftogendRad))HavelRes WhicH 1@ 8BerpdlRaily Explathabinahib ¥ebtiogris usand) i nvol ves
(whi ch has been already explained in this section) is used. As shown in
Fi g. 29,As shosntiy #ig0R9.sh % hydabfsisavacion ATRTP in asledtethlahdclehindibgen boyds Rgen
bonds to a part of a residue of Lysine Lys 185 and a part of a residue of
Aspar apartef desidGSboArysiedys . andra partddia residieaf Aasparagiyie Aohd3Si ase feemed. ofn
stably by a neutralization effect of |ocal charges, "a hydrogen 15 bond
bet weeordar toegutiachydfolysis reactami sthbhahy mgeypabzationeffettedlodatchaigs gl lydebgad P
having negative electric charge" is required. Therefore, in the hydrolysis
df ATPhorgyhttwesarn regideisofiamineadid badng positivs alestrigcharg®@sind Ad Phiagimginegatod i n
other areas in addition to the skeletal nuscle very often. That is, as
descr i ¢leeirif ghasge’'tis eaquirad. 3 Therafers, intire hydsolyeig af AVB hydrogen bands faregiduesott he
wat er environnent of pH 7, |local bonds to a nagnesiumion M2+ and a .
resi dubysste lasil Bharg @lsg formedip opwssareas i addiipn @ the skl efalrgasciesvere efiers arkhat or
el ectrj cal neL{)t ralizati ?PS A resjdue of am no acjd having positive

1s, as described in section since A IP as negative electric charge in the Water environment
of pH 7, local bonds to a magnesium ion Mg®" and a residue of amino acid having positive

20 electric charge is necessary for electrical neutralization. A residue of amino acid having positive
electric charge is included in only the residue of Arginine except for the residue of Lysine Lys185,
and in either case, a hydrogen atom is placed outside the positively charged part. Accordingly,
in an electrically neutralized state, it is highly probable that a hydrogen bond is formed between
this hydrogen atom and an oxygen atom in the ATP. Further, since the hydrogen atom itself;

25 which is involved with this hydrogen bond, is more lightweight than other atoms, the use of this
transition between vibration modes makes it easy to perform detection/ measurement or control
of life activity in a relatively deep region in a life object, as described earlier.

Only small part of a residue of Lysine and a residue of Arginine is hydrogen-bonded to a water

molecule (an oxygen atom thereof), but an absorption band occurring in ATP hydrolysis and an



electric charge is included in only the residue of Arginine except for the
resi due of Lysine Lys 185, and in either case, a hydrogen atomis placed

out si de t\We wZadebgwel y charged part. Accordingly, in anpelgeigibomghy
neutralized state, it is highly ptepgbl e that a hydrogen bond is forned

between this hydrogen atom and an oxygen atomin the ATP. Further, since

t he hy#hsegpiian 2eeshdarivang irom she hydragenibend tphe paisr molgsulediaxe diflgrengunluesdfd, is
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t he oxygen at'om 010 and hydrogen atons 0 do not change. In contrast,

woen t higafoRtAAEE RS NRAT dhll ehe VKIS g%n@%ﬂr?é fmAia bR o8N iRk d5

beconmes snaller than the optinmal val ue, ortion occurs in ATP and
10i nt r a9ghb®a i Big. 8O®Y.9Yy i n ATP and the whole Lysine Lysl185 formng a
hydr ogen bond i ncreases, as shown in Fig. 30(b). As a result, an increasing

amount fs 4 fesulg R figyeaSing tahuihsiltle eiek@cafthe @holk tolédultcat Wietimé ettt ance
bet ween the hydrogen atom 112 and the oxygen atom 05/010 becones snal |l er

t han t distanget bermdenthd hyelrogenl atong €12 and thdexyges etonf OS5 0 dbgevmdsandillegthhotte par t
in ATP than in the case of 15hydrogen bonding to a water nolecul e. Fig.
31 shoeingal valut islergeeinttbe ease afimairogemi bondingtas pam impsTRthan & thprcegearft y due to
a difference in a nolecular structure involved wth a hydrogen bond. A

dP st ankylregenhoading vwa watsnmolesnlei ng an el ectric di pol e nonent, indicated by
a lateral axis in FITD%IB 31, represents a distance between the hydrogen atom

H2 in t HBgrdshaweaninilugrderie an grhamgenig yibratina pejgpgahprapam %610 a diffrenge in

hydr ogen- 20bondi ng partner .in the exanple of Fig. 30. The property of Fig.

30(a) eBwoksylspsisture nyalvad mathadiydrrgen §ard. arfidistapes batwesn tworptoms formipg 31,

while the pro ,erfy of Fig.. 30éB) (]:orrespo,nds to a broken Jine jn Fig., 31.

It is ¥bslestiedivaleimement igdicatad bap [ateralans W Kig 34, wresents o Aistancepstwren the
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between the hydrogen atom H2 and the oxygen atom O5/010 becomes larger than the optimal
25 value) is not affected by a molecular structure involved with the hydrogen bond that much. On
the other hand, when the two hydrogen-bonded atoms come closer (the distance between the
hydrogen atom H2 and the oxygen atom 05/010 becomes smaller than the optimal magnitude),
distortion occurs in a molecular structure in ATP in a direction in which the distance between the

two atoms increases as shown in Fig. 30(a), thereby resulting in that a difference value of total



WO 2013/ 069820PCT/ JP2012/ 079874 - 101 - energy increases (which is

i ndi cated by the property of the dash line of Fig. 31). Further, as the
di f f erencgoviisuRoh total energy increases when the twophydpagepdeended
atons cone cl oser, coefficient val.ygs.ofic2 and 1c4 both increase as shown
in Fig. 31., Consezue_nt lLy, as shown in fornula (A 60), the frequency of the
absor pENGEY insraseshwhish deindicated bydhearreprsoiserdash dise 6 Figkdb). t hi's reason,
dependi ng on whet her. a hydrogen-bondi ng partner to which a part of the

resi due Ofrthepas e diferenss valueof intel sasten drrdeases whorrthe o hydiagerbengedaiems, t he
wavel engt h of the _absorption band varies. Further, as _shown in the
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node of a specific atom " Furt en thi s wavel engt ty by the

Rl eculagho 1) f winagth vang! ofesk MsbiptibRBsideries used for life activity
control to be explained in chapter 12, it is possible to perform control

accor di N@g thi@ walethé pleb&it erdifiplary caibod i@ Bf ihdbfplv@htRathént 58 JuRkn 2BBIther
life activities are less affected. This yields such an effect that side

ef f ect thatauiFRendO OEROREEES inyoldBEwith bbﬁ@rr;%isfe%ti@nﬁieﬂﬁoiﬂa GandiEmith Galke Bethe
reduced. On the other hand, froma conbination of the explanations in

chapt enlssofptimndahd whivhvaties @hirarin) duritighifabétivitigadpdoethit aadiffprepgeictwedphanges
as shown in Fig. 31, a distribution characteristic of electrons |ocated

ar ounddetattaddifo getivitdsaintérnalabace dns)ictin bai degtificalg e frutthergthishfaatgesand leffestiagav  250f
this, the detection or neasurenent of any life activities (internal

rldact i oetdimitaido thEasontractiontrilatationpoa akdletalanisia andhyidrogan borshng, botalsmde of a
specific atom may be perforned by use of not only the difference in the
wavel enppligable fa@nydife aetivitdsdintqynal geaciamsd acdompanied ovithHgenapordlpvasiations m & he
chemi cal shift value at_the tinme of Nuclear Magnetic Resonance (see chapter
5). A dbrationaepdeof pepsifirinme Butthgsenhen thisvedvelsgsth selastivaty bty thtyvaolgdsylar pt i on
band caqrrespondi ng, WO 2013/ 06982QPCT/ JP2012/ 079874 - 102 - to hydrogen
bondi ngiiSERgs mvalyed Witk bondiag axysed fanife activity santrel dabe pemiginedhia chaptends. tat i on
of nol ecul es involved with the. hydrog bond requires data filjng of

¢ heor {5 ROSHiblE 47 BEFFOR GoRrak ces fgrtp Hheritlpregen af a8 ApPDHHE Wavelsngih so that

F T P PRI N N
measur lelnnr%géssgrﬁlgf AE toatﬂg life activity control can be reduced.

On the other hand, from a combination of the explanations in chapters 4 and 5, when an
anharmonic vibration potential property changes as shown in Fig. 31, a distribution characteristic
of electrons located around a hydrogen atom involved with a hydrogen bond changes. In view

25 of this, the detection or measurement of any life activities (internal reactions) accompanied with
(temporal) variations in a vibration mode of a specific atom may be performed by use of not only
the difference in the wavelength value of the absorption band, but also the difference in the

chemical shift value at the time of Nuclear Magnetic Resonance (see chapter 5).

A detailed correspondence between a wavelength value of the absorption band corresponding



5di fferences of detection values caused due to a measurenment environnment is
expl ai ned. The transition between vibration nodes corresponding to hydrogen
bondi ng ogounisgegs2on hydrol ysis of ATP structurally hasparQbsyiaeiogfd stic
close to the row of "Internol ecul arigpydrogen bondi ng of primary am de
-CONH2" in_ Table 7., The hydrogen bonding in the ATP hydrol ysis

cor r es i@ AHITAgEN Rondg aseting it 4 bis agtivity dremel spctinny anda pambipstionaaf to a

resi due of Lysine Lys, 1%2 and 10a resi due of Asparagi ne Asn235 (Fig. 29),
but a JBIFEsdAvalyed wigh Ry dogsmbnddrgiires drtalflwe o tsepticd calsulationapbndi ng
on the differeqce of the residue of am np acid_is, consi d,eg}c{aag?to be

rel at i vEP§FIRcH3! Values o Tntheapreseyt sperifisaann, gptead efhexplaiiae sEichyaluesomn 94lp&E ar e
| ai bel t t her.. d ib i. ti 4.7, wh iati .
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are as follo e wavel ength range o absor ption

CRY I eSRABGIRGDAARpAASInd AdnDISAFIODS), bt d VR1idn OBhB R rAatWavkledthIFthand - the
wavel engt h range of the absorption band corresponding to the 1st overtone

i's frombdorptortint Aefendfhg B th@difeRAvElof the Fsiiue 38 amino acid is EWRIEBEd totbRe T anges
show only a detection range of the nth overtone to the last. Further, an

absor ptrélativédpsitall ornespaeRnf@ ket oMkpatiivOftsofio basdsi acéplated teldwie
near-infrared WD 2013/069820PCT/JP2012/079874 - 103 region. In view of
this, wbgther.heAydasetilssdghRedtiongel, henl @ vaditionaaiicrvahsidering the diffetentaken i nto
account, the first, second, third, fourth, and fifth wavel ength ranges Ito
V wi t h deessoraader qausadrbybyeasatesrentsdrons or medsuggmedBemndnoninents dkestimas:dtaar get
ranges. Alternatively, if an absorption amount in the absorption band for
t e conbibMatlicongation taagayarcasdoilevn dt60af (ledd. EY =bli36,Hed2ablot iliShn 186, Wl er
S5very nuch, a desirable wavelength range will be in a range fromO0.84 ytm
(or 0. &7 -PS) £8-Y. 8ad LOVxAS ~Shbwrr 1.85.s esedondingly, Avhemithe vadugs ag¢ srithaatizeds o

t he above as for the hydrolysis of ATP, the foll ow ng can be perforned:

- Det edhq oHowmeganges s baehtdinedd to a |ife activity based on an absorption
anount or an absorptign change of the el ect_romagneti c wave having a

wavel engtyavelengthsangsof an ﬁlgmgglorlrbaad ForFespsiing o the hy OI@F@ﬁs%ﬁ@ﬁelF% wnta |jfe

activity state by processing the detection signal; and - Control of the
life adt§OHRyAMy i ncreasing (tenmporarily) an illunination amount of the

20 - a wavelength range of an absorption band corresponding to the 2nd overtone is from 0.91 um to
1.25 pum.
With respect to the ranges thus obtained, remaining ranges obtained by excluding the wavelength
ranges greatly absorbed by the water molecule shown in Fig. 28 are as follows:
- the wavelength range of the absorption band corresponding to the 2nd overtone is from 1.03 pm
25 to 1.25 um; and
- the wavelength range of the absorption band corresponding to the 1st overtone is from 1.52 pm
to 1.86 um, as shown in Fig. 28.
However, the ranges show only a detection range of the nth overtone to the last.

Further, an absorption band corresponding to combinations is also included in the near-infrared



el ectromagneti ¢ wave having a wavel ength in the above range in the life
obj ect (note that detection/ nmeasurenent and control may be perforned in
paral | el )wobbssosbs2o i n order to contract a skel etal nusekegroMygeg7at ons
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hydr ol yegien.r davigvoef this, wirm thewgvelomath range thdateqt cpmbingtionsdhalpe taker intg

el ectromagnetic_wave is projected so that vibration nodes of npst of the
hydr og@fcoxnb the firsigsecond; thigdy doyrth, ard Gt wavelengiy rangenl t9onhwith desaplsomtiomtbyg .
Thi s causes, t he, hydrogen atqQnms H6, H5 and 112 to vjbrate in an excited
stat e, YARESRRYn 1) g\ﬂ%%ntbﬁéﬁﬁpamg%%ﬁﬂs TRty ClYni AR gOSOTRHAN Al ATP
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to the i £ [ i i ipon
L9 ng ¢ Rl o hecEBRROM WAL hBfIRE HARITHORY AL DR R offle OREECHIL

My} eculahaBhabRey adfe ﬁéﬁi@itggﬂ)a{ey byé%@ceséé\& #Ho 3 { PRSP dndP2012/ 079874 - 104 -

Edi. (Garland Science, 20 ch 16, nmotor protein is used for substance

t r ansperdontd] &f € life dcAGHBY MdreasiRg ttamMp6ratilyd A8 MAInhinhtireanititit 6@k axon, but
the hydrolysis of ATP is al so used for novenent of this notor protein.

Accor dieRgirymadritic daverivinnd MRadepanRithe ove eitigeqh tH)ift bEjeaf(Ase MMt | oned
method is applicable to this substance transport in a cell as one exanple
of |i f deteatidn/medsuetmentldndontrelahay Bspafontied acparaiielreThacis,dh okdek @ asmitdavtid y
This section explains characteristics of alife activity detection signal
obt ai nekelétgl masscieg omydey dtomsy32,906, @ad OiSomn AJP 2d Rydrogembiardad &ra pothofact i on
detection and a neasurenent nethod related to it. However, the present
elenpl agsyduerlf byisinehys188 amba part of 4 ediduoof AspasdgmesA sndddljuat Hdpkaryderdysis of a]
control to enable contraction of a skeletal nuscle by release of calcium
i ons i meastien o AR dig@P)., Althigdisas; o bigh-intensifeeleditomagoetint Wave, is pwyeckad sosed f or
detection of nuscle. Initially, as premse for the detection of life

acti vi that vibratignanedep of mpghef the hydragen atemsdiit S angh Ha|releted émbyghiegandonding
(light) including.a center wavel ength of the absorption band whi ch occurs

when a3fsg¥citest gy dhenydrgasn gioms da.dts WSdH%g?(r) geie Bengeatadstan oxygen

t in ATP, .15 i b inth [ i ti t] 11. 4),
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muscul ar _,cantractiqn act,iyi.t 12. Before initiation qf th cul ar.

cont r adts BARER GrEpraT T it Sonursgan B ot ause fossablroniitdin:

r esi du§elg£edlsya§é&%ﬁh%{es5185 and an oxygen atomin 20ATP, so that an absorption
band corresponding to that is not caused and a |ight absorption anount at a
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contraction acti vl Ol ySI's reactl occurs
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fluctuates great ong a detection tine. very _ r of
Mgosi Ngs 83 sfplibdbl@torBéeliSn/mehdurerfdifl of EdHHORr bRy SANSRs NS 1iRYEH; Q@ Ye4iSd to

reaction of ATP are different
the "hydrolysis of ATP" as an applied embodiment. For example, the detection/measurement or
control by the aforementioned method is applicable to an ion pump function to pump a specific

ion out of a cell to the outside or carbon fixation during photosynthesis as an operation using the

hydrolysis of ATP. Further, according to B. Alberts et. al.: Molecular Biology of the Cell, 4th



25bet ween i ndividual Myosins. At the nonent when many Myosins cause the
hydrol ysis reaction of ATP at the sane tinme, the absorption anmount of the
el ect r omagoebismeygzye (light) increases, but on the ot hercharthizatosthe
nonent when only a few Myosins causg4he hydrolysis reaction of ATP, the
absor pti on _anount t he el ectromagnetic ,w,av‘gggl i ght) decreases.

Accor dikily (Parland $%%Icsf?@98h€h@< dpaInetey Protay i Usechtor Substange trapiporddq aeell on
1o SIS areand ey o0l ESLSRRSIT TR
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P en ST B o) s PR B SoR R ol Sapplsati
g)(;fg}élt Zaraé{‘éi nbodi ment, a "contraction state of facial nuscles of a human" is

®4s to measure an enotional reaction of an exani nee as descri bed

[ t 5 . {0 [ li f tivity by detecti
D SECU IO A5 BTHARG f FRRRYL 0 2 11T sELTviLy by detecting
activit yThi%'se(gtﬁon\éﬁ s che;rrgcg?xjrzs)ﬁtcg 61 fi eedéti\%}hde?%yttitohgféngll'o%?aifsédﬁﬁpdr?uﬂgﬁ e1993)

describes ar atronship ween contraction an "expr essi o on a

face ar}g/dﬁ;mys%{ea&ﬁﬁio?m cBilk: B3hfaBdn AGHBh AT iR SRAN b Elcrola

Wien a person IS surprised, an epicranius 501 contracts, en a person

feel's Rgin, HBWeOL! HOBIAEn AenpIRAAdimert i fot BRI RUBoIQ aRPgNOTENa t hat

the eyebrows are rai sed when a person is surprised and that the forehead is

W Nkl gfileNdifshoR oP 8] SRiftof BRhablPBbtrachibh bf1edkelctd) BRIsSle by $8lede b cdIbiRmSiBhd €,
whi ch indicates a state where a zygomati cus 503 contracts when smling. On

t he ot hgo ataidle cohedy drsq@ided aithé aBdve séaem) faWbe asddier 8&&@iondfigidlséleOri s 505
contracts, so that the nmouth stretches and the outside of the nouth turns

down. [Initialg aspeeftisenfor thelderdciorpel e Activity Smuscls portic® isEilimingted wittoare X pr ess
feelings such as dissatisfaction, the person sonetinmes shoots out the |ips.
When a efeetromagnetintwave dighepindading afcactealvawkgmpgtsdithaabsarption bawmdiwvhichecarrs s 504
contracts. On the other hand, when a person is expressionless, a depressor
| abi i iwlesraiparticd aSeiduceard dgsine Lysd 86 islgtdroggheéwondeditorapony parsat@fsowAEP,doubt  and
shows disdain, a nentalis 507 contracts and a center of the nouth turns
dbwn. Alesasibad iroths prgyidye seatien (sectiare bit-4)ose asfto detertramtabsorhingstate offtheh contract s
on a face and a facial expression suggests that "what enotional reaction is
expr es séagtremagnsiic v dighde o F'el- Ag showvsindidisranrerygbsorptier Fhangoaf amct s. " The
present exenpl ary enbodi nent has .such a feature that an enotional reaction

or a félciragagietiavarg dightihetors intiiationiad @ muyscplapgontraghonastivithell hiiddwringac e
Ther o HAS-HRCTPTUBFBEHDRCH Y HFGHR A RSB U o PO B NG | bt he
T R E TR T i
o (:F] tglh 31 éﬂ?lti’, goht at]c a%ca%'sorggé)l\rlle ge?n'& co}’rggpsongllral% rt](()) glap 1% Sno éja%rs]eda an%raqpéh?arl%s%ppatlion%nmount
at a center wavelength thereof is small.  After that, during the muscular contraction activity 512,
a hydrolysis reaction of ATP occurs asynchronously, so that an absorption amount of the
electromagnetic wave fluctuates greatly along a detection time. That is, a very large number of
Myosins exist in a muscle cell, and timings to cause the hydrolysis reaction of ATP are different
25 between individual Myosins. At the moment when many Myosins cause the hydrolysis reaction
of ATP at the same time, the absorption amount of the electromagnetic wave (light) increases, but
on the other hand, at the moment when only a few Myosins cause the hydrolysis reaction of ATP,

the absorption amount of the electromagnetic wave (light) decreases. Accordingly, in the

present exemplary embodiment, as for the detection signal characteristic shown in Fig. 32,



facial structure of the exami nee and a facial angle in neasurenent |argely
af fect the neasurenent, WD 2013/ 069820PCT/JP2012/079874 - 106 - so that
measur enewd 20360820y | S poor and t he neasurenent takes tcrap2diyodent r ast,
in this exenplary enbodi ment, sincejgshe enotional reaction or the feeling
i's nmeasured accori%gg-to,a | ocat i on or strength ofra mnetic nuscle to
cont r adRuSClgicgAiraeti VHY & sYaliaigd dasedoneramplitusdevalie pd & of thetahsarpyon ¢hangder |
since the ne rement is a non-contact nethod, the neasurenent 5can be
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also th resentt. exenﬁg&m@‘modi nent .has_ such a devi ce that the
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described I n section” 6. 1. he present exenplary t has a large
f eat ur Qeididks 4 REarRAGAP HehRb L EsduRBidSo Rk BretBsh RASEL PR ficBand hi skpression,

detection. The "first detection"” as used herein indicates "position

deg ect 208 af bxtactBeREloB s RROWH inf g, 3. f aVRGEd Mdrioh'is 8&pH&ld ReehitMni®gsHi on
6.1.3, and the "position nonitoring section 46 regarding a detected point
for |ifcen@ddts, whd wherbdpatson Relkipgin, 4 Eornigaior 8263 tRctsPe ThRcBEedpdfdsA@det ect i on.
Further, the "second detection” indicates "detection of life activity" and
t he " dghewdnieng tis dicl eyobréwsaf ralsed @hach patsdryis sefpened add thatghe fbbchehdfs exanpl e,
perfornms the detection. In the nmeantime, the present exenplary enbodi nent
al so hasidedhwizenf agatrsondedlbipdini nFwthete chédks aise aiith thdeniles athivchdndiasteopsin@t | on
check (S101) of the detecting section 101 for |ife activity and the

posi t i ovhenpnitgomatiguss¥dtconimactiowhagmnitingg @n thetotlntr ddnd) ovhet afpersohiffeds acti vity
is perforned in advance, 25as shown in Fig. 35 or 36, and when at | east
el her somewgf dgpesskariapguldenis15i wontricthgo thatgte @itk strétehe and the odtsideaifelee poi nt
for life activity and detection of life activity (the second detection) is
not peri@ithmpsedowan 03y thegugantime pyhrnesperson Wals Orsgegomething a1 [ ©@resst i vi ty
detection signal is not oqutput (S103). For exanple, as shown in Fig. 34, if
the podealinghsushas dissatigtactien. dhanesionsompbres grootsioupthgdips.y i When gyperson wants

2013/ 069820PCT/ JP2012/ 079874 - .107. -
to represent facigl expresszon, an orbicu?aris oris 504 contracts. On the other hand, when a

person is expressionless, a depressor labii inferioris 506 tends to contract. When a person has

20 some doubt and shows disdain, a mentalis 507 contracts and a center of the mouth turns down.

A relationship between a location of a mimetic muscle which contracts on a face and a facial

expression suggests that "what emotional reaction is expressed can be found according to which
mimetic muscle contracts." The present exemplary embodiment has such a feature that an
emotional reaction or a feeling of an examinee is measured in real time to find which muscle

25 contracts and how strong the contraction is by use of this phenomenon. There has been
conventionally known a technique in which a feeling of the examinee is estimated from
geometric information such as a placement, a shape, or a time dependent variation of constituent
parts (eyes and a mouth) on the face. However, this method has such a problem that an original

facial structure of the examinee and a facial angle in measurement largely affect the measurement,



(for exanple, the examnee) is within the detectable range 521 in the
detecting section for |ife activity, the detection of life activity (the
second deweebizmeds2ean be performed. However, if the posiptirgrbzarefs t he
detection subject of life activity.{fgr exanple, the exam nee) is out of

t he detectable range 521 in the detecting section for life activity, the
det ect isorthaymeasyrementareurasy is pprr and dreonepstemest fakes) timeyn B copigashdn 16§ ned.
Further, reflection light obtained by illum nating the detection subject of
life ackPmplayy qrabedimentanesihermaonafaastiany the feghngisimesspred agrordipg tag f e
activity detection_ is detected, but if light is bl ocked on a part of the
opt i callOGR8eR of %tffélg@eqfédmﬂaﬁﬁlchstlﬁft%c‘m%3{%@2%%%@%%&%@6&@%% BSn) cannot
be performed. Sinilarly, a case where position detection Ry the position
o ¢ orfRHGSSARBRH A6 Pl e e ETRal O e Meetobt PRy SR | ¢
S102 of 10Fig. 35 or.36 cannot he performed corresponds t.o a cas ere the
e act A D& bljeatipegly e ErBEt pr ey Rbinge Tt navl SR rp t SuRs B auE | he
range wh [8 t he position detection by the position nonitoring section 46
regardf)gi%mﬁnggﬁed point for life activity is performable or a case where

light i k f i i E ,
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user may be notifie e state where the detection of Ti'fe activity is

Ny  perfdmRlcRamit¥e MRIESarOinPrrechF Ty tHE SRhRYem&H, é‘@gﬁioﬁ"szfz ot Qddtectfoh t he

ot her hand, section 6.1.3 describes that a position of a nmeasurenent

subj ectsubcttdTigLactVly mws&,qngaﬁﬁﬁ@?] ﬁiét?ffi\ﬁ(ﬂ@ tOWard @dobriep Bf £184t8@AB16 FarRE 521
detected point for |1fe activity (the first detection) and a signal of

det ect ijpithe(dehRtifg sRfion AR TIEE4dtRRY il &Indd @lled, Bs $hHddmlih ;. 3¢ forbtample dltsacined
fromthe calculated position in a life object. This specific content

t her eofa cabd, theyere@xpdxenpiay enbodinepeailizecakibyal obtathedeim thg potitioh amedodng t he
first detection" in the above feature is that: a position in a depth

di r ect isectionf46trogardiat acktedted point 3 0ifé aativity e asotdetdct y lifesacteitye c tAthasdsad on
the 25position detection (the first detection) of the detected point for

| 1§ e aciicadyt descritieidsn emtipe§dohds to the step of S104 in Fig. 35 or 36
(detection by the position nonitoring section 46 regarding a detected point
for |i fetheqresent exemplrneemboediviept has eflarge fatyonhatthe pecond detsettbnds perferpedi f i c
met hod thereof as described in section 6.2.2 with reference to Fig. 16.
Subs eqhasrd qn the Hsss deteetionp o dhe | BishdeteatipaT afaiscd Aeren indisaterepopitign deteetiamrpiof
the detected point 30 for Ijfe activity” obtained WO L .
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¢ when at least either one of position detection (the first detection) of a detected point for life

activity and detection of life activity (the second detection) is not performable (S102), such a

process is performed that a life activity detection signal is not output (S103).

For example, as shown in Fig. 34, if the position 522 of the detection subject of life activity



nonitoring section 46 regarding a detected point for life activity. Thus,
only after the clear inmaging pattern is obtained in the position nonitoring
section 4G9onealod20g a detected point for life activitypcanesfibopgent life
activity detection signal 106 specigjized in the neasurenent of life

activi t¥ (described later) is obtained. 15The explanation with reference to
Fi g. 33loigyamplecthe peamipegits withiashedatestabls wago$2 lainfhesdatecting sewsiondfarctifei n
mnetic nuscles is . found, it .is easy to find a correspondi ng enoti gnal

react i Ghtivityrthsrdetestionyol life petivity dthe seanddlstestion) san be perigrmed ndHenevereit die
muscul ar con cfion ampunts. over, the regjion in the detectable range 521 in
t he detpé’é‘f‘%éﬁggbk‘i: drfestion sPiegt ofifs B[ HOT ExriRie i the piagnines) isgut OABE out put,
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determ ned whether or not this feature is perfornmed. That IS, even in a

case Whefifint (k. e¥AEHaRRReel BRRESCIt i the YA od WREDHBE BSGREA detEtidA By AHSSSfion 109

- sane feeling (enotion) noves, if the I'ife activity detection signal 106
i's out pudbniteing kation 96 Yegarting4 akboted pdintcanliRecteityels Peffetndbladr Fca@@htieon of
a specific nmuscle is followed and a contraction state of the nuscle is

out put light ishocked en apart uf thy detetteatlighopasthgnal 106, based on the position
detection (the first detection) of the detected points for |life activity
(t he feaFurtkerjs desaribed aledk, in@rashehdre bhieast kalat of the fastcmd secvind detetfigistis | s

bl ocked on a part of the detection light path of the position nonitoring
sttt i omotiperfarnpablej nspeeifidenlue tsach gsdDhmaf be obiphie farcxamptey as hodnenw Sh0R6f er a
whi | e (Fllg consi deration of a buffer process in the life activity detection
si gnal &P, or 6rigstratdistapping theeytputtof thpdife ectiaty detaghen signd 106. st the kept
output, it is estimated that the feature is not perfornmed. Before "a

| ocat | GAMBLIME, thgdwssrenayhetotified of hie seirovhese the detegtion ohlife getivilygs 8elsi on) " i s
extracted 10fromthe detectable range 521 in the detecting section for life
act i vi togrfoymable by meaas el "serserdisplart ora'apdiey (€§184)-522 of a detection subj ect

of life actjvi in. the. de table range 521 in the detectipg section for
Vite act OB t@?/mﬁ‘%f e, 5ERqn 3% dRSHbFAHEPS LT B4 MESHEBAR I REC RN AER ot ed
point for life.activyity. This ppsition.extraction process .uses,.for
ehorpt dimepsian LR POHPCRR O S PPdPLHCARENS GRSt | on
t echni ".used.in. digidt cameras or, the .l ike. | hi.s. face r.ecagnition
15t echit G0 D384 prieBHE s FRIEReda de o Btaca o heuly el Rk oo
pecul i gf,§ fheRaldtfRA pfogi(ﬁgn #f £life object. This specific content thereof will be explained,
more specifically. The meaning of "based on the first detection” in the above feature is that:
¢ a position in a depth direction of the detected point 30 for life activity is detected based on the
25 position detection (the first detection) of the detected point for life activity. This corresponds to
the step of S104 in Fig. 35 or 36 (detection by the position monitoring section 46 regarding a
detected point for life activity). The principle of "trigonometry" is used as a specific method

thereof as described in section 6.2.2 with reference to Fig. 16.  Subsequently, based on

"positional information in the depth direction of the detected point 30 for life activity" obtained



extracted by a pattern matching so as to find a "place thought to be a
face." After the "place thought to be a face" is found as such, positions
of eyes, wonoigidegs2a nose, and ears in the place are seawrchgdwiaotsa faci al
angle is estimated. Here, "positianggaf various mnetic nuscles related to
an enotional reaction (expression)" can 20be deduced fromthe positions of
the eydsasgitltohthedstecionin SIRAWperraspanding taghe distangectduriaes paintg stiaeared he
"positions of various mnetj¢c nuscles. rel %t_ed.to t he enotional reactjon (or
expr es SYRFEHWS dstectingsseiondor Hisgichytpisdisepsediip Fignd 64 theeabischive leap 31 fae. 17

t wo- di nensi onal, phot odet ector 43 rresponds to the nethod for detecting a
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Fig. 35 or 36 to alife activity detection signal T First of all, in the

PIE®S eNtsuAXQM| i8bYtae® B @ VB HimSMGWMaAl pibibdelector A3 RoHEER hOpbsitRmat i on in
t he detecting section 101 for life activity is controlled based on the

det ect irfghitofifigl kdctioh 46 t@RrdiMba dAdd poiht Yot fifeSacBiigP, ThS onBiffe@khd dedper f or med
so as to obtain a life activity detection signal only fromthe "positions
of var iigugingipatedrh ¢ dBtERddES theSpoiitivd richiRfing SRtibAAG kedaffifg 4 B8tedieX psiasi on)

in the detectable range 521 in the detecting section for life activity.
That i dife haéty, aaredlicent lids puivity deteétiont dignal p@sspecialisedah theanéasuemeEnnaftlife
nmuscles 10related to an enotional reaction (expression)” obtained in step
106 ar ecsty @sscribghlatery imobtainedi on sections 56 in the two-di mensional |iquid
crystal shutter of Figs. 18 and 19 (see section 6.3.1). As a result, in

t e | ongilbediplalation witlireferestotodlig.a33i lgs desctibghthto’ vdenadodatign obh muS8e tn Fi g.
18, only a life activity detection signal 106 associated wth nuscul ar

cont r acehigart femimeR rhwée isfohed, iida asyde find f carrespondisp omations! rdagean.c nuscl e
is obtained. Then, the |ife activity detection signal 15obtained here is
out put T8t istall life agiity)detaction sipaaleindipgiivg of rewisular peiritactien gpunthevesiher act i ng
net hod of the life activi t% detection signal 106 is very sinple,_ it is
advant dggieu the gerectable engs SAhinthe detestingspeiondprlifeiantivibeasshown imiigs 34 atej f o
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¢ a life activity detection signal 106 is output based on position detection (the first detection) of a

25 detected point for life activity. Then, if a relationship between the position 522 of the detection
subject of life activity (a relative position of the detected point 30 for life activity in Fig. 17, 18,
or 20 to the position monitoring section 46 regarding a detected point for life activity shown in
Fig. 16) and the life activity detection signal 106 is examined, it can be easily determined

whether or not this feature is performed. That is, even in a case where the examinee keeping the



25extracted fromthe life activity detection signals obtained in S111 by
use of detection information of S106 (S112), and is output as a necessary
life actiwbtyisebseoti on signal (S113). In a case where thirgrmbt/ond7d s
adopted, contraction information aofig@ther face nuscles except the "mnetic
nmuscl es reIg*ed to the enotional reaction (or expression)" illustrated in
Fig. 33ams fegling (patign) Bgvess ifdhgifeactyibrdetstinn signali@oangutmicontinyouslysadi bl e
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descri bed above w't erence to Y, Si ca
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contractions of the zygonati cus 503 an 0] cularis oris 504 decr eases.
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depression, it is considered that the frequency of slight contraction of

the deprds gRldefRo@bleiradel 521 MWheidet@RSREtion/ YR Tifd A8vHE RY 8 88dcSdary W dxitatt a
progresses, the person |aughs |ess and grows expressionless. In this case,

it is \wekifioh 5XEbYa ddiddtioh Bebjedt @OliRtdctivity MQBe astectatie radghbTUInahE Getoéting 15504
are relaxed while the depressor labii infetioris 506 is kept strained. In

vi ew ofsedtivingor Xy adiiigGhithegpasitiod @adnitoring fectioini redgdanlimgis ddtectédpaintor At and
an amount of the contraction, how deep the depressed feeling is at that

poi nt eativitye dhisipositiod extnetion pexdss user; fdrexampleca Taaquesgmyticoftechnitpel’ esd ed
feeling through tinme (e.g., how |l ong the depressed feeling continues or how
of t en taH$acikd pngls sxithctior tachigjquet' asedsini digital daperas onmhe kike.orInghis ifave refogeitidgent
variation of the occurrence 20 frequency of the depressed feeling (whether
ob5 not tedhaigquerpositionoeigyes, aeoutia el iosey and darg bewingshdpesprynliarde aviugtah daceare not

t he depressed state progresses as tine passes%\ wll also be a problem As
such, exiragted pyrepaiicaymaishingfso ento findy elagedhought toths adremi nddieeths "pleceqreasur ed
over time, it will be useful for early detection or medical exam nation of
the dephuight igrbe afagen inaynd poch.Poskigns ok gyes.dqBowh, 118, and sprsdp thepisgiapent

enabl es preventj on of the depression according to nental inclination of
t he exéﬁﬁrg\%@zaﬁﬁﬂa c;age,m ﬁ?tEang are apt to think relatively seriously and

sober PRRLE-iSibat S e on, deprestion mie, sesliy Accord ol Y
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deduce the "positions of various mimetic muscles related to the emotional reaction (or
expressiveness)" from the imaging pattern in two dimensions on the two-dimensional
photodetector 43 corresponds to the method for detecting a position in two dimensions on a
planer orientation of the detected point 30 for life activity by the position monitoring section 46
25 regarding a detected point for life activity, in step 106 described in Fig. 35 or 36. Meanwhile,
this section 11.5 explains the detection of contracted states of various mimetic muscles as
exemplary detection of life activity. However, the exemplary embodiment shown in Fig. 35 or
36 is not limited to that, and is applicable to detection or measurement of any life activities, for

example, extraction of a place where a neuron fires an action potential as described in chapter 4,



WO 2013/ 069820PCT/ JP2012/ 079874 - 112 - the nental inclination of the
exam nee. Concrete nethods are expl ai ned bel ow. As described above, a

| ocat i on Wb 28130608201 C nuscl e contracting on a face and ipts/Jetit/nagtd on
amount are detected, and how deep ifg depressed feeling of the exam nee is
(progress in view of depression) at that point is expressed with a val ue.
Then, iextragtionpd aogsiipmat anacHvaied pdl basedhenia phosphonylation petivilyexs willbe by means
of theéi?i fr@ g(fte(;ti ng diyi si 08 18 described in section 7.2.2.3, atine
dependdisecripss 1aigriip phapferl feanddhelikér t he depressed feeling thus expressed
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t hat continuous neasurenent ng period can perfornme
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prophyl axis and”a di agnosi s net ho or “depression by use
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detecting division is provided in consulting roomof psychiatrist> S

i's a mabdtiAls 56 inkht k@ dirhéiRionhlf IRutbéroshl s:hgnaio\fﬁ%)m 2Bl PSePscdi@Un NS
devi ce and corresponds to the packaged devi ce. en an anbul atory patient

sits dowaAsheéwiteintthé Bnpitidindohé-diniensidasitalighmee\ihet defecln® g¢lESSinFig) Wyel of
depression appears in the formof a nunerical value sequentially. By use of
t hi s valnlies life aptvighdexdctios sigaalr 0§ assopiatedervidpausdutar editeaction (nearH lpalkdlysis
25<Method in which |ife detecting division is provided around body of
pat i entreafidn)ofrarodespendieg mioktiogmsdé isfabdingty dhemahé Bfetaciigitygdaspied sighrlough
time> Assune a case where the life detecting division 218 is provided on a
dbsk orobtatjedders is putpat asdt gy H18yn lorthis epemplaryadmbxdimpentssincelthe ¢xtiastimgppl i ed
enbodi ment, the |ife detecting division 218 can be provided in a
non- comeeteed ofthmlste actviindesscainn pigaal 1001s yesy simphe, it is advaniagequslyt prssibistthod WO
2013/ 06982QPCT/ JP2012/ 079874 i . i .
manufacture the detecting section 101 for life activity at low cost and to obtain a highly precise
detection signal.
On the other hand, in the applied embodiment shown in Fig. 36, life activities are detected in
20 the whole detection region (all regions in the detectable range 521 in the detecting section for life
activity shown in Fig. 34) in the detecting section 101 for life activity, as shown in S111.
Further, in this case, as the detecting section for life activity, the method explained in section
6.3.2 with reference to Fig. 20 to Fig. 22 is used. In the signal processi;lg operation section of
the rear part in the rear part 86 of the life activity detection circuit, a necessary detection signal is
25 extracted from the life activity detection signals obtained in S111 by use of detection information
of S106 (S112), and is output as a necessary life activity detection signal (S113). Inacase
where this method is adopted, contraction information of other face muscles except the "mimetic

muscles related to the emotional reaction (or expression)" illustrated in Fig. 33 is also obtained as

a detection signal, thereby making it possible to perform advanced signal processing with the use



- 113 - explained with reference to Fig. 35 or 36 is used, even if the
exam nee noves, the novenent can be followed automatically. Accordingly,

t hi s makegoi2o13a880bl e to grab a change of the feeling etrubsipaidgent for
an extended period through time. Then,.a life activity detection signal 248
or life activity information 249 obtained by the |ife detecting division
218 i s of those flefestion signals ip thesignat prosessing operationisaciprs of the g9ar pirt.a conpany vi a
the network  in real time. This allows the psychiatrist or, the adm nistrator
of t he 2ssaishRglY.gthibs pesrohthemethod shayahin this applisskarehpdiragnt dhis ppsalie e mosh t o
depr essi.qn. Jf such early detection to depression is enabl ed based on the
above ﬁ'@éﬁﬁpﬁﬁ‘é?lyé“%‘l‘rF M5 early treatnent is al so perfornable.

t can . contribute to.this 1
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the followmng features: >> An ctromagneti c vely high

| g ensidepreksed it A Bh8Hd H e dufbeSr Qhtrictidnd 8f @RLEIM ARSI shdqlt Si de so as
to be used as control I|ight; >> An el ectronagneti c wave having a

wavel enrgbibulafs &g VAR cRhseB Ot WHRA $hel feadonFedié fukiRePdtprddsdd o T80 SaditRgsered By 1. 1M

Is used as the control light; >> The control |light is condensed on a

speci f ite depeebion/it istohdierkd fhat BbjfiRGliency af Jlpdt EatMtat@dn &fthd ddpResdbitdnguiy and
the detection of life activity may be perfornmed in parallel ... The control

i s per foois 508l irtdages. aWlamitthe depsésaion furshed ptopedsesh, thie petsen laaghd lesyarid@rd®s
controlled in the life object, or the control is perforned while the
det ect iespressorpessf obnthh;casmd is very likely that the zygomaticus 503 and the orbicularis oris
15 504 are relaxed while the depressor labii inferioris 506 is kept strained. In view of this, by
detecting a location of a mimetic muscle to contract and an amount of the contraction, how deep
the depressed feeling is at that point can be estimated (measured). Further, the frequency of a
depressed feeling through time (e.g., how long the depressed feeling continues or how often the
depressed feeling occurs in a day or week) or a time dependent variation of the occurrence
20 frequency of the depressed feeling (whether or not the person forget the feeling and gets well
soon, or whether or not the depressed state progresses as time passes) will also be a problem.
As such,
1] if the progress of the depression of the examinee can be measured over time, it will be useful
for early detection or medical examination of the depression.
25 In addition to that, the use of this applied embodiment enables
2] prevention of the depression according to mental inclination of the examinee.
That is, people who are apt to think relatively seriously and sober people tend to develop
depression more easily. Accordingly, by monitoring a facial expression and grasping mental

inclination of the examinee, precautionary measures to depression can be performed according to



WO 2013/ 069820PCT/ JP2012/ 079874 - 114 - >> A specific voltage fromthe
exterior can be applied at the sane tine as irradiation of the control

| i ght. WO 2bi3en@asuri ng nethod of life activity in thecpruesanyexenpl ary
enbodi ment, it is necessary to set_gplocation to be a control object in a
life object at first. A part 600 of an organismto be Sdetected/ controlled,
whi ch itke mgntakinglinatipe obha exaningy| deancratemgthodnerg explaingéhelowt A descaibediee in
Fig. 37 for conveni ence sake, and the present exenplary enbodi nent takes,
as an @RaYfpRdocation alca MyRetisdnasels wntraging os)a fage andris sostsaction Agwant are he

present exenpl ary epbodingnt is not limted to that, and any |ocation _in
the Iirdgtegts howﬁcgaﬂwgﬁareﬁ%?ﬁé?e?@gpé © exgmgnes Inpregresta Visw af gepiessiant he

part 600 of an .organismto be det tedt]é ontrolled, and the organi sm herein
may be 2pihahpnt ‘ié’%ﬁ&‘%‘iﬂ }V&g YAt if’fcl%r‘ ﬁﬁp@ﬁ%ﬂ%@ta@gbm@g@g This life
activity control device is prayided with a posit, det ecti ng.nonjt.qr
sctt | orfonssRuy gviritBeiaBiahelEE dPlebthuPRin e S Aa RS troi e P dch on
of the part 60 f an organismtQq, be detected/ controlled., This position
et ect i demnenf VaBloR BERTIS A4 e feriEhEE BB Phsity vl 3ebRE ¢
perfor Lt ord.n cor di t he, et h xplained in section 6.2 with
refer e%aeﬁ?lga'lgﬁlagu&iﬁgaggw %%B“.egﬁléjnr\gwgﬁ l,ievlgﬁthg eg%@gee ealr;’gort%émé’geam nee i s an
ani mal ,m.} ¥ hght |- i i 10 . N e such
21 gni eMTEACRRESL: SDhlith QLR Gor R He g, Ok PR Ryron D FRBRODE Tone
to fol l.QW.iRe clfd nRoi s0ry ol J.f VAR LLi ly, when
t he paret GDCH%r?l%gﬁl% ’gan?%ﬁ%%?o %‘g&gétdéctg%rgﬁ %:%arﬂs? )oéﬁig{g{ eﬁbt?/%grﬁg ttbzig t he
PEsi ti oRydekRQtd Q@pRRNI tor section 432 of the detected point for life
activity initially sets a 20position of the detected point 30 for life
act i vi t yCohWitibRaly! ueh afl 8k&RHIHAY bERATHARIhRRKY M ardB2ingfin IRbE Gl Bainnt for
life activity autonmatically detects a displacenment "anbunt thereof, and the
obj ect ivwsre behear Hfrdred Hight @usby failiapResiabl @prebioan HBWeEd: VR ne€dSard thathNg
circuit 605 according to the displacenent anount thus detected, thereby
me c hanimabliihgepparatisibe gnadb eorntha pithcepatioht ia Misabove hidtHod Sthepebypaiing such a
enbodi nent shown in Fig. 37, a position detecting |light source 431 of the
25det eprehderpdiant 1drge burdéreis amposed oy aipatigt aud dadinasusametishifeateanfor aderiper from a
| ight source for light (electronmagnetic wave) to be used for detection or
cbint r olpenéd Isidifficaltt | micoptrasgribis ppljed ehollingint istroeastrensanis al coowidtely nas- t he
detected point 30 for life activity where the detection or control of life
act i vi topntaet mannto serthdt eantinvoustnecagareghbtdor i tpng egiiohcgndbegierighnéed/easilve regi on
i ncl udi nq@t he detected point 30 for life activity). Alternatively, the
posi t i oritheut Emnopiog adhrdgn gatkeexamipggsi nt for life WO
2013/ 069820PCT/ JP2012/ 079874 . . . ) ' )

he following describes prophylaxis and a diagnosis method for depression by use of the life

detecting division 218 explained in chapter 7.
20 <Method in which life detecting division is provided in consulting room of psychiatrist>
This is a method to utilize the life detecting division 218 as a diagnosis device and corresponds
to the packaged device. When an ambulatory patient sits down before this life activity control
device, a progression level of depression appears in the form of a numerical value sequentially.
By use of this value, a psychiatrist can grasp therapeutic effects numerically.
25 <Method in which life detecting division is provided around body of patient and time dependent
change of feeling of patient is grasped through time>
Assume a case where the life detecting division 218 is provided on a desk or adjacent to a
television or a personal computer. In this applied embodiment, the life detecting division 218

can be provided in a non-contact manner to an examinee. Further, in a case where the method



- 115 - activity may be performed using the sanme |ight source as the |ight
source to be used for the detection or control of |life activity. An

el ect r omagoevizwevgave (1ight) 608 for detection/control ettlipir2asgiyvity
emtted froma light emtting conpongnt 111 is converted into parall el
light by a collimting | ens 606, and then 5condensed by the objective |ens
31 on &xplained with refsrence dig.oyd qridpds wsed; even yf the exanangmpvesote MOovEment ¢ani sm
to be detected/controlled. By condensing the e] ectronagnetic ve (light)
608 f ored@iovadayimatisalbol Ascordingdy, s WI?W BRSsibiftn grabechages 9&%@. geeisfls 8t s

i el ded: lif tivit I I I jfic | i i
1 e oBheenichl gRevioKed Brtedihiolsh ) ke arlir ggae deisction Sees SRBGHAR ¢
light). 608 f tian/ | aof Lijf ti.vit b d .
of 1 ect Moy infamrict 2 ey BER Gincbe sivSat TS biySaREORBHTIZHR 1 | ng
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compond A Eor $ e kSRS bbby B i)l gt ey deke ion 7 - 1 1
conden%gﬁlregmsg £ plurality of spots in the part 600 of an organismto be
detecte con?rolled at the sane tinme, so that life activities in a 15
I it 7y . . C .
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respective timn the contro l1fe activity 1n a plurality of

djd%erelréﬁm%ggpde%ggsggﬁnts 30 for life activity can be changed,
i ndependently. Further, the detecting section 101 for life activity is

provi dgd)] ContkdlMéthdEofAGE Adtlwtycont rol devi ce 20shown in Fig. 37, and
detection of life activity can be perforned in parallel with the control of
life act THisteYemplatySenyodimiént hhea featuroMnithg: ef fects of the present exenplary
enbodi ment: (1) the control of life activity can be perforned after

checki rfg] «n insidests lifg obfect s élhewinhted withtantehetrd@bgedtie dvape fiom iBloutade;| i f e
activity by detecting a life activity state thereof, so that efficiency of
t he con2fadtatein theflie agedt vs lbyallyrmbeegdesnd and (2) the detection of life
activity can be perfornmed while the |ife 25 activity is controlled, so that
ef¥ ect §31of lifehetidtyris caitrobled in 4 pomacantadt manoern be checked in real time and
effectiveness of the control of |ife activity is increased. Note that the
det ect i ngbe Edlowing degarities p cpifigurattomi of iatlife petivity gontgil dgsiee far perfpmiing thsl e
explained in section 6.3 with reference to Figs. 17 to 22 and has the

conf i g§eeirelonbasigariiciieusefderthmpondrol phlifeigetiyity endatbe jiket y control device
shown in Fig. 37, a.single light squrce (the light WD

2013/ Oéééiégléw\ﬂﬁ?%% ghmethod pf e acliyity t i ng section 111) is used for the
detectiop. apgd the contro f life activity. This yields the follown
effects: I @1551 A EPPISE! e & Sy SBRiERaNtE ol e i élawéar}t SEUE

d si zi ng.and, caost reduction of the life actiyity caontrol. device.can be
AN v EEmbodRPot 5y ety 6ot SRael dexiPs 14 b wbd ghe mirsGer eRplaG (AR e dpt | ca
adj ustge?r;%%fﬁl(para%eh& for the detection and the control of life 5 activity
and ass@ i EVIS‘Pg FETS e activity control device is sinplified, so that
cost redugt | ! i.ahili 1 ke . (PVAR Y I jce can
be- achi ovane Strstba Sl Al el lohplehoi B Bickidte S LorBtE

el ect r%g%gp%%ﬂlqts\eﬁ%ﬁe%é%gwge L0 5§&%1%fﬁél?t1 he Iight emtting conponent 111

is chan roug SO as to sw tch between the detection and the

controlsstg, élQ&rd%g@ffvéwhl%ﬁngwﬁwgknghqﬁ ar lof }nﬁt legshtﬁar{ (IQ&‘HH%[{% wpt of the

el ect romagnetic ig mtted fromt 10l T ght emtti hg conponent

134l 15 iREuERD Almlidieselilaihebnirblgiggt ection of life activity, and in the
meantinme, the |light anount of the el'ectromagnetic wave (light) emtted from

the |i gBITIRMohirbINEhE REBAMSSEd dnld spebificNédaios Gfthalifd dtfedti me of the control of
life activity perforned intermttently. The changing of the |light em ssion

amount >t THelvositréli oTRifed gctie i b dible @dtebiortofTiTe Htthity haySheditaforrie@rpatalel 118
based on an instruction froma control section 603. Then, a light emtting

... The control is performed after an active state is detected at the location to be controlled in the

life object, or the control is performed while the detection is performed; and



15conponent driver 114 changes the anmount of a current to be supplied to
the light emtting conponent 111 in accordance with an output signal from
t hi s noduyet2omess2gnal gener at or 118. Al ternatively, dacffiesrpnrdsrght
sources may be provided for the detjgqtion and the control of life activity.
In that case, there is such an advantage that (1) the control and the

det ect Parf* recificivaltage fram the exigsiopeanyes anphpdet the sanreting apirfadiation ghtke so t hat
accuracy of the detection of life activity 20 is inproved and the

ef f ect COMFALENf the control of life activity is nore inmproved. As shown in

Fig. 28, appropriate vel engths.for the detection and fhe control of life
acti vi t yIRemeRing mehd LIS FCHVLY i P BFeSFGEMB AT STRbRITENt 1 ISskEssay
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control section 603 perforns a synchronous contr atimng to i ncrease

a0 i ghba®sriss sh®@micdodreatisAS bdsiiRs hhigfals. em tting conponent 111 and a tinmng to
apply a specific voltage at the tine of the control of life activity. That
i's, whenTkis Geavaniy sorgiddbecvice i© gfdwiedfvﬁﬂm boxticnQidtdchg ARG#HbRcRIA3 TR

nodul ati on signal 5generator 604 operates a power supply 602 for high

vol t agdetacted poighfok hifpsamity toyattifoR thedbeion @ tHepafteIdo ofihe ofzatiis@ito be! t age
tenporarily. This high voltage is applied to el ectrode term nals (plates)
601-1 dadctbdiorrollsd. t Tt pasitidir dengtiag ewhitocsetii@l 4B20ufthe detdreddymsin fohkfe

el ectrode termnal (plate) 601-1 and the electrode termnal (plate) 601-2.
An ef f ectivityfpetfhings monicmgekcewtdingdo fheahahwbaplainadgn betine €12 witke reférentertode
termnal (plate) 601-1 and the electrode termnal (plate) 601-2 is

1Gsi mi Fgs. {)‘bandEl[é ( Kuttherained-afxwhem e dBafminecii$ drmaromyl, itgeay hove Hightly
resuscitation. = Meanwhile, an arrangferrent of the two electrode termnals
(pl at edyrigpdetactigngr gpmrop jla cpsoadguehnstighbmpy¢racnicthe objestivedensr3dlis awyed® shown
in Fig. 37, .and the part 600 of an organismto he detected/controlled (the
head ofhregaxiglidigsctipms tyollew the detegted poinigdOdfer lifeAstyiBe t her ebet ween. However ,
the arrangenent _is not limted to that, .and the el ectrode term na| gpl at e)

601- 1 aniormpeaifictlle herithepar oPY af ary preatism tgba detegied/cqnirolied mevesatier theched
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transmitted to an optic wavegul Iving crrcult as to control a

posi ti anielxdhlafingsddinight SERen RIFiprovh dedist de%e&iing 1ight doliRe QB bEHe
wavegui de 609." AS shown in Fig. 38, en the optical "wavegui de 609 is used,
tdse copéte@bd pbint fob Bfeartilivy 1sYpré&A@deddR a different member from a light source for light
(electromagnetic wave) to be used for detection or control of life activity, and projects light to the
same location as the detected point 30 for life activity where the detection or control of life

activity is performed or to its neighboring region (a slightly wide region including the detected

point 30 for life activity). Alternatively, the position detection of a detected point for life



25perfornmed even at a location deep in an organismto be a
detection/control object by illumnating the location with the

el ect r omagoebhizwevgaye 608 for detection/control of |ife actiyvrdiyordsher eby
drastically inproving a controll ahligsrange. Further, the present exenplary
enbodinment is not Iimted to the configuration, and the |ight emtting
conpon@ésitvigyrnayhe pertprmed using e saraeightispyrce éfiﬁ%s hight sowrce to heasedifer Het ect i ng
secti og 101 WO Zé)‘}]@)/ ??9820PCT/JP2012/ 079874 - 118 - for life activity may
be houd8fgction BLenEHQf c%H¥i-e. In this case, the capsule is introduced
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Channel s of citable nbranes 3rd Edition (Sinauer Associates, |

2@01) p. Figl$s sidwdborkfigidatitdaivingfonlynéneMpiht asiftsRéREhdneht nm,aﬁm%heﬂnﬁﬁveiy,_

described, and a sinplified conformati on of 15an extract of the nodel is

shown & ?ldﬁﬂgy oBAga)emittas CompHieentsCla¥ efay(taréVidedndf thBelechOrnhdrievie bave har ged
part" of the voltage-gated Na+ ion channel 11 correspond to a gate 615 and

a char géghtya8tfotddedtion/cogrol 30 (ife)activies gaittet idhythe pluvdian ohémitingSonsudentsi n
Fig. 39(a), an ion channel is enbedded in a cell nenbrane 613 which
separ afl Esispassed giroghl thy eameéddiiedtiae lang 31 hléght yarolpd @asudensad at ayduratity @fispoiin
outside layer 611 of the cell 20menbrane |ocated outside the neuron. This
i on chémepakt 60§ ofranl erghniom ta bp decaedicavrdled authe sarhyy/timaj sodhat difelactivoimataed to
each other. As shown in Fig. 39(b), in the protein, an atom c arrangenent
cdnst i pluraty bi/diffargntdatésted poimss0 ©rdifeladivity san bogantroedat the sanepiéme.ed to form
a principal chain 623 of the am no acid. Particularl é@ a hydr ogen bondi ng
part 6burthes, hyopdengnédrnthsentrelingseyppstvelighthcaissinme figonte alurdlity of Eglfon at om C
on one principal chain 623 of the 25am no acid _and a hydrogen _atom
coval efiftingeniarRanehts 131.aespeeeiimingnoidhe eontioliplifs setiyini lﬁ@ipgwhfmii n 623 of
the am aci d, i ch y. result .in that a part of the protein has an a
ol 1 OO HelES PSRRI REMYIRi Gae bR Shangk I he ami no acid has a
spiral tertiar tructure. re, a residue .qf anjnp.aci.d is expressed
- e Firertle deiestipsectipn 1] fr g el rovideei by Drefit Sonfrol HE gk ot ei n
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life activity. This yields the following effects of the present exemplary embodiment: (1) the

control of life activity can be performed after checking a necessity of the control at the detected

point 30 for life activity by detecting a life activity state thereof, so that efficiency of the control

of life activity increases; and (2) the detection of life activity can be performed while the life

25 activity is controlled, so that effects of the control of life activity can be checked in real time and

effectiveness of the control of life activity is increased. Note that the detecting section 101 for

life activity in Fig. 37 uses the principle explained in section 6.3 with reference to Figs. 17 to 22

and has the configuration explained.

Meanwhile, in the life activity control device shown in Fig. 37, a single light source (the light
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cylindrical parts are expressed with a, 13, y, and 8. In the neantine, the
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25 wavelength ranges (regions) from each other.
Further, the life activity control device shown in Fig. 37 has feature in that irradiation of the
electromagnetic wave (light) 608 for detection/control of life activity to the detected point 30 for

life activity and application of a specific voltage from the outside can be performed at the same

time. When the application of a specific voltage is performed at the same time as such, the



enbodi nent has the follow ng effects: [1] since the life activity control
devi ce is inexpensive, anyone can easily perform detection/ neasurenent and
control okol2fsmeosbi vity; [2] because of a high spatial pecegetutio®g74 adver se
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Thus, as shown
drastically improving a controllable range.
Further, the present exemplary embodiment is not limited to the configuration, and the light

emitting component driver 114, the light emitting component 111, and the detecting section 101



25in section 4.7 or
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envi r onmendizmeaehi mat ed as 15% the variation ranges aceuaﬁHMOhkmMB:
x (1 -0.15) =1.30, 1.67 x (1 + 0..158.=1.92, and 1.04 x (1 -0.15) = 0. 88,
1.12 x (1.+ 0,15) = 1.29. WD 2013/ 069820PCT/ JP2012/ 079874 - 122 -
Accor difeidifs ac%‘éﬁ“@h‘?—?s@“?f% igoge gnall gansuler i uis qapk theapaily isdntredwgedintan be

t band di to th
gg: alocgg)pgy]gl Jug V\ﬁvel en%t tg@f%%t%%gmglfegaiyél%glﬁ reefﬁap I gu e, fgrnexagl%[er gnscP 2(1) BoslltT()gn of0 ©

10

15

20

25

the capsule is controlled from the outside by wirelessly communicating with a control section
provided outside the body. In the applied embodiment in Fig. 38, the examinee has a burden at
the time of introducing the optical waveguide 609 into the body. In contrast, if the capsule is
used, not only the burden on the examinee can be largely reduced, but also the electromagnetic
wave 608 for detection/control of life activity can be continuously projected for a long time, so
that the efficiency of the control of life activity (e.g., treatment efficiency) can be largely
improved.

12.3) Molecular structure of ion channel and gating control method

It is said that the voltage-gated Na* ion channels exist in the neuron cell body 1, and many of
them are distributed near the root of the axon 2 in the neuron cell body 1, in particular. In B.
Hille: Ion Channels of Excitable Membranes 3rd Edition (Sinauer Associates, Inc., 2001) p. 110,
Plate 7, a model of the voltage-gated ion channel is described, and a simplified conformation of
an extract of the model is shown in Fig. 39(a). Here, the "cover (gate)" and the "positively
charged part” of the voltage-gated Na' ion channel 11 correspond to a gate 615 and a charged
part 616 in Fig. 39(a), respectively.

Meanwhile, as shown in Fig. 39(a), an ion channel is embedded in a cell membrane 613 which
separates an inside layer 612 facing the cytoplasm in a neuron and an outside layer 611 of the cell
membrane located outside the neuron. This ion channel is made from a protein constituted by
amino acids connected to each other. As shown in Fig. 39(b), in the protein, an atomic
arrangement constituted by two carbon atoms C and one nitrogen atom is repeated to form a
principal chain 623 of the amino acid. Particularly, a hydrogen bonding part 621 is formed
between an oxygen atom double-bonded to a carbon atom C on one principal chain 623 of the
amino acid and a hydrogen atom covalently bonded to a nitrogen atom on an adjacent principal
chain 623 of the amino acid, which may result in that a part of the protein has an o helix
conformation in which the principal chain 623 of the amino acid has a spiral tertiary structure.

Here, a residue of amino acid is expressed with "R" in Fig. 39 (b). In Fig. 39(a), (c), and (d),

a part in the protein which has this o helix conformation is expressed with a shape of a

11.4, when a variation range considering the difference

1.53



- a wavel ength range of an absorption band corresponding to the 2nd
overtone is fromO0.88 jimto 51.29 pm Wth respect to the ranges thus
obt ai ned,woeumsosbgrg r anges obt ai ned by excl udi ng t he wayelrgegiiboroanges
greatly absorbed by the water nol equhe shown in Fig. 28 are as follows: -
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enbodi nent. For exanple, as described in section .1 Myosin s included
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wavel efugtds ofittelpositive éonab oFa@thieigedd each ef the @gkndrival paes hand datspsétivengt h of
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life activity, conprising: dllumnating the Iife object with an
el ect r arnighie 22 ofmmmoatidywhicrshy formangd erggdd past G16c| itisdesiduelmvibggiogitiae ed
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and 7) in a lite object, it is not assumed that the residue of Histidine contributes to that.
Further, during the resting term, due to an electrostatic force from an electric field occurring by

the potential gradient indicated by the arrow in wavy line in the cell membrane 613, this charged
20 part 616 moves to a location closest to the inside layer 612 facing the cytoplasm most. The

movement of the charged part 616 causes the cylindrical parts y and 3 to be twisted, so that a

space of a crack 614 is expanded. It is considered that an expanding force of this crack 614

reaches the cylindrical parts o and  and works as a force closing the gate 615. Here, a state in

which positive electric charges gather on a surface of the outside layer 611 of the cell membrane
25 613 and negative electric charges gather on the inside layer 612 facing the cytoplasm, thereby

causing a potential gradient called a "polarized state."

On the other hand, when a depolarized state is caused as shown in Fig. 39(c) and the potential

gradient decreases, a force to bring the charged part 616 closer to the inside layer 612 facing the

cytoplasm by the electrostatic force weakens. This weakens a twisting force of the cylindrical
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[daim3] A transm ssion nethod of information related to life activity,

conpri si ngp 2013069820 1llumnating the |ife object with aargbaatopgagnetic
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In this regard, this exemplary embodiment has a feature in that during the resting term, "this
ion channel is illuminated with electromagnetic waves (light) including an electromagnetic wave
(light) having a specific wavelength, so that the mechanical strengths of the cylindrical parts o
10 and 3 are changed so as to control opening and closing of the gate 615." The present exemplary
embodiment has the following effects: [1] since the life activity control device is inexpensive,
anyone can easily perform detection/measurement and control of life activity; [2] because of a
high spatial resolution, adverse effects hardly occur in places other than a target part to be a
controlled; and [3] because of selectivity of wavelength, adverse effects hardly occur in other life
15 activities.
~ As described above, the mechanical strengths of the cylindrical parts o and B, which are
indispensable to surely perform the opening and closing of the gate 615, are maintained by the
bonding strength of the hydrogen bond shown in Fig. 39(b). The present exemplary
embodiment has a feature in that an electromagnetic wave (light) exciting a vibration mode
20 occurring in this hydrogen bond of C = O ... H-N is projected. Due to a very high vibrational
energy of the excited state, in the hydrogen bonding part 621 in the excited state, [1] a hydrogen
bonding strength is largely weakened, or [2] a phenomenon that the hydrogen bond is cleaved
occurs. As a result, the mechanical strengths of the cylindrical parts o and B largely decrease
and the incoming force of positive ions toward the inside layer 612 facing the cytoplasm cannot
25 be restrained, thereby resulting in that the gate 615 is opened as shown in Fig. 39(d).
The explanation so far dealt with a method in which a neuronal action potential is accelerated
only by illumination of an electromagnetic field (light) without a combination of an external

electric field.  As another applied embodiment, the neuronal action potential and the impulse

propagation along an axon fiber can be controlled finely with higher accuracy by support of the
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external electric field application to be used together with the illumination of the electromagnetic
field (light). That is, the gate 615 of the ion channel is closed in a polarized state of Fig. 39(a),
while the gate 615 of the ion channel is opened in a depolarized state of Fig. 39 (¢). In this
regard, a specific ion channel is set to be in an intermediate state between the polarization and the
depolarization (a field strength caused just before the gate 615 is opened) by applying a strong
electric field thereto from the outside. Accordingly, in an ion channel in this intermediate state,
its gate 615 is opened due to slight changes in the mechanical strengths (deterioration of strength)
of the cylindrical parts o and B.

A method to give a strong electric field from the outside is such that a high voltage is
temporarily applied between the electrode terminals (plates) 601-1 and 601-2 by driving the
power supply 602 for high voltage and high frequency generation in the life activity control
de\}ice shown in Fig. 37. Since a light amount of an electromagnetic field (light) to be projected
can be largely decreased by the support of the external electric field application, not only
occurrences of side effects caused due to the control of life activity can be further reduced, but
also a destruction risk of ion channels due to the illumination of a strong electromagnetic field
(light) can be reduced. This yields such an effect that the support of the external electric field
application can largely improve safety during the control of life activity.

12.4) Characteristic of control of life activity

A wavelength suitable for the electromagnetic field (light) to be projected for neuronal action
potential control by opening and closing of the gate 615 of the ion channel or impulse
propagation along axon fiber control will be explained below. As described in section 12.3, it is
necessary to excite a vibration mode caused in the hydrogen bond of C = O ... H-N, in this case.
The excitation of the vibration mode of this type has a feature relatively near to the row of the
"Vibration of hydrogen bonding part of secondary amide -CONH-" in Table 7. Thus, as shown
in section 4.7 or 11.4, when a variation range considering the difference in a detection value
caused by measurement errors or measurement environments is estimated as +15%, the variation
ranges are as follows:

1.53 x(1-0.15)=1.30, 1.67 x (1 + 0.15) = 1.92, and
1.04 x (1-0.15)=0.88, 1.12 x (1 + 0.15) = 1.29.
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Accordingly, when these values are summarized, the following ranges can be obtained:

- a wavelength range of an absorption band corresponding to the 1st overtone is from 1.30 um to
1.92 pm; and

- a wavelength range of an absorption band corresponding to the 2nd overtone is from 0.88 pm to
1.29 pm.

With respect to the ranges thus obtained, remaining ranges obtained by excluding the wavelength
ranges greatly absorbed by the water molecule shown in Fig. 28 are as follows:

- the wavelength range of an absorption band corresponding to the 2nd overtone is from 0.88 pum
t0 0.94 pm and 1.03 um to 1.29 pum,

- the wavelength range of an absorption band corresponding to the 1st overtone is from 1.52 pm
to 1.89 pm, as shown in Fig. 28.

However, the ranges show only a detection range of the nth overtone to the last.  An absorption
band corresponding to the combinations is also included in the near-infrared region. In view of
this, when the wavelength range to detect combinations is also taken into account, the first,
second, third, fourth, and fifth wavelength ranges I to V with less absorption by water shown in
Fig. 28 can be taken as target ranges. ~Alternatively, if an absorption amount in the absorption
band for the combinations is large and is not affected by the absorption by water very much, a
desirable wavelength range will be in a range from 0.84 um (or 0.875 pm) to 2.50 um as shown
in section 4.7.

As a concrete example to control a life activity by decreasing the mechanical strength of an o
helix, section 12.3 has described the gating control in the ion channel. Alternatively, a life
activity may be controlled by decreasing a mechanical strength of other o helices, as another
exemplary embodiment. For example, as described in section 11.1, Myosin is included in a
skeletal muscle. An « helix is included in a tertiary structure of this Myosin so as to secure a
mechanical strength at the time the skeletal muscle contracts. In view of this, when the skeletal
muscle contracts, the skeletal muscle may be illuminated with light having a wavelength within
the above range to decrease the mechanical strength of the a helix, so that a muscular contractive

force is weakened.
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CLAIMS

[Claim 1]

A detecting method of life activity, comprising:

illuminating the life object with an electromagnetic wave of which a wavelength is included in
a deéignated waveband or the wavelength relates to a designated peak; and

detecting the activity at least in a local area in the life object,.
[Claim 2]

A controlling method of life activity, comprising:

illuminating the life object with an electromagnetic wave of which a wavelength is included in
a designated waveband or the wavelength relates to a designated peak; and

controlling the activity at least in a local area in the life object,.
[Claim 3]

A transmission method of information related to life activity, comprising:

illuminating the life object with an electromagnetic wave of which a wavelength is included in
a designated waveband or the wavelength relates to a designated peak; and

transmitting information obtained on the basis of detection of the activity at least in a local area
in the life object,.
[Claim 4]

The detecting method of life activity, the controlling method of life activity, or the transmission
method of information related to life activity in any one of claims 1 through 3, wherein:

the designated waveband relates to a wavelength of not less than 0.84 pm but not more than
110 pm.
[Claim 5]

The detecting method of life activity, the controlling method of life activity, or the transmission
method of information related to life activity in any one of claims 1 through 3, wherein

the designated peak relates to a chemical shift value in a range of not less than 81.7 ppm but

not more than 84.5 ppm.



