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DESCRIPTION 

 

Title of Invention 

DETECTING METHOD OF LIFE ACTIVITY, CONTROLLING METHOD OF LIFE 5 

ACTIVITY, AND TRANSMISSION METHOD OF INFORMATION CONCERNING LIFE 

ACTIVITY 

Technical Field 

The present invention relates to, a measuring method or a control method for measuring (in 

vivo measurement) or controlling, in a living state, dynamical life activities changing at high 10 

speed in a life object such as an animal including a human or a plant or changes thereof by a non-

contact and noninvasive method. 

Background Art 

An example of dynamical life activities changing at high speed in a life object is activities of 

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 respective 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 30 
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adsorption of oxygen molecules is switched to release of oxygen molecules, electron orbitals in 

hemoglobin molecules are changed, which changes magnetic susceptibility and shortens T2 

relaxation time of MR. 

According to Conventional Technique 2, a location (activation area) where an oxygen 

consumption rate has increased in the nervous system is estimated by use of this phenomenon 5 

(see Non Patent Documents 2 and 3).  When this method is used, a measurement result can be 

obtained by a computer process and the oxygen concentration distribution in blood in the head 

can be exhibited in a three-dimensional manner. 

Meanwhile, as a method for controlling dynamical life activities in a life object, there has been 

known medical treatment. 10 

Citation List  

Non Patent Literature 

NPL 1: Yukihiro Ozaki/Satoshi Kawata: Kinsekigaibunkouhou (Gakkai Shuppan Center, 1996) 

Section 4.6 

NPL 2: Takashi Tachibana: Nou Wo Kiwameru Noukenkyu Saizensen (Asahi Shimbun 15 

Publishing, 2001) p. 197 

NPL 3: Masahiko Watanabe: Nou Shinkei Kagaku Nyumon Koza Gekan (Yodosha, 2002) p. 188 

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 20 

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, 

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), energy caused at the time of hydrolysis from ATP (Adenosine 25 

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 

Mitochondria existing in the neuron.  Further, the neuron does not contact with blood vessels 

directly, and oxygen molecules are transmitted into the neuron via glial cells intervening between 
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the neuron and the blood vessels.  The transmission of the oxygen molecules is involved with 

the activity in the neuron via such a complicated course. 

Accordingly, it is considered that a phenomenon that the oxygen concentration in blood is 

changed (decreased) occurs only around a local area where a large amount of cells are activated 

in the nervous system at the same time.  For this reason, it is difficult, in Conventional 5 

Techniques 1 and 2, to observe instant changes of a few cells in the nervous system, such as 

short-term action potentials from a few neurons.  That is, since only a local area where a large 

amount of cells are activated at the same time can be detected, it is theoretically difficult to raise 

the spatial resolution.  As such, in Conventional Techniques 1 and 2, the activity of the neuron is 

observed not directly but indirectly, so that the measurement accuracy is poor. 10 

(Regarding temporal resolution) 

According to the report of Nikkei Electronics (Nikkei BP), p. 44, published on May 3, 2010, a 

hemoglobin level in blood which changes about 5 s after a neuron became active is detected in 

accordance with Conventional Technique 1.  Therefore, in the detection based on Conventional 

Technique 1, a large delay occurs from initiation of the activity of the neuron. 15 

Further, according to Conventional Technique 2, the use of a BOLD (Blood Oxygenation Level 

Dependent) effect causes a similar situation to the above.  The BOLD effect is as follows: 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 20 

amount of oxygen which greatly exceeds the oxygen consumption.  This rapidly increases the 

oxyhemoglobin concentration, and consequently, fMRI signals are enhanced and 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 25 

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 

blood, there is a delay for the hemoglobin level in blood to change after the initiation of the 

activity of the neuron.  In view of this, the temporal resolution in either of Conventional 
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Techniques 1 and 2 is about 5 s, which is very low. 

(Regarding spatial resolution) 

The spatial resolution of Conventional Technique 1 is determined by a distance between a light 

source and a photodetector for measuring an intensity change of light passing through the head 

(See p. 43 of Nikkei Electronics (Nikkei BP) published on May 3, 2010).  As the distance 5 

between the light source and the photodetector becomes smaller, a penetration depth of a 

measuring beam into the head becomes shallower. 

Accordingly, if the distance between the light source and the photodetector is shortened to   

raise the spatial resolution, it becomes impossible to measure the nervous system in the head.  

As described earlier, in a case where measurement is performed on an area inside the head which 10 

is at a depth of 3 to 4 cm from a surface of the head, the light source should be placed so as to be 

distanced from the photodetector by about 3 cm, and thus, the spatial resolution is about 3 cm. 

On the other hand, the spatial resolution in the case of Conventional Technique 2 is determined 

by a wavelength of a detecting transaction magnetic field (an electromagnetic wave) according to 

a diffraction theory of the electromagnetic wave, and the wavelength of this detecting transaction 15 

magnetic field is determined by a DC magnetic field intensity to be applied.  Even if the DC 

magnetic field intensity is raised using a super conductive magnet, there is a theoretical upper 

limit of the spatial resolution due to a technical limitation.  According to p. 42 of Nikkei 

Electronics (Nikkei BP) published on May 3, 2010, which is mentioned above, the spatial 

resolution is a few mm at best, even in an fMRI device having the highest spatial resolution. 20 

The following describes a penetration depth into a life object regarding Conventional 

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

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 25 

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 

depth of 3 to 4 cm from the surface of the head can be measured at best, as previously described. 
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Meanwhile, in the medical treatment, which is known as a method for controlling life  

activities, it is difficult to effectively control only a particular region in a life object.  This is 

because a medicine given by mouth or by injection circulates through the body and spreads over 

the body.  Therefore, even medication for a therapeutic purpose, for example, not only causes a 

relative decrease in a medicine amount working on a target part to be cured (controlled), but also 5 

side effects due to other drug actions to other parts except the target part to be cured (controlled). 

Any discussion of documents, acts, materials, devices, articles or the like which has been 

included in the present specification is not to be taken as an admission that any or all of these 

matters form part of the prior art base or were common general knowledge in the field relevant to 

the present disclosure as it existed before the priority date of each claim of this application. 10 

Throughout this specification the word “comprise”, or variations such as “comprises” or  

“comprising”, will be understood to imply the inclusion of a stated element, integer or step, or 

group of elements, integers or steps, but not the exclusion of any other element, integer or step, or 

group of elements, integers or steps. 

Summary 15 

Disclosed herein is a non-invasive method applied to a life object,  

comprising:  irradiating the life object with a first electromagnetic wave having a prescribed 

wavelength, the prescribed wavelength being included in a range from 1.028 µm to 2.50 µm; and 

detecting a signal relating to a second electromagnetic wave, the second electromagnetic wave 

having a wavelength same as the prescribed wavelength, the second electromagnetic wave being 20 

obtained from the life object and at least a part of the second electromagnetic wave being 

condensed out of the life object to generate the signal; and detecting neural activity, muscular 

activity, or cellular activity based on the detected signal. 

Described herein is a measuring method of life activity or a control method of life activity 

which is a measuring method of life activity or a control method of life activity for measuring or 25 

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 detection step of detecting a 

characteristic associated with the electromagnetic wave in a local area constituted by one or more 
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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 following phenomena is used for 

detecting or controlling the active state of the life object or a change thereof: 

[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; 5 

[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 

[3] a specific chemical shift value in Nuclear Magnetic Resonance, 

and the designated waveband is determined on the basis of any of the phenomena. 10 

The measuring method of life activity may be such that the designated waveband is determined 

under such a condition that the potential change of the cell membrane is accompanied with a 

phenomenon in which a specific ion is attached to or detached from a specific substance in the 

local area. 

The measuring method of life activity may be such that the designated waveband is determined 15 

under such a condition that the specific substance and the specific ion is at least one of a 

combination of Phosphatidylcholine or Sphingomyelin and a chlorine ion, a combination of 

Phosphatidylserine and a sodium ion or a potassium ion, and a combination of Glycolipid and a 

sodium ion. 

The measuring method of life activity may be such that: the designated waveband according to 20 

attachment or detachment of the chlorine ion with respect to the Phosphatidylcholine is 

determined on the basis of a wavenumber of 2480 cm
-1

 or a chemical shift value from 2.49 to 

2.87 ppm or a chemical shift value related to 3.43 ppm to 3.55 ppm; the designated waveband 

according to attachment or detachment of the chlorine ion with respect to the Sphingomyelin is 

determined on the basis of a wavenumber of 2450 cm
-1

 or a chemical shift value from 2.49 to 25 

2.87 ppm or a chemical shift value related to 3.43 ppm to 3.55 ppm; the designated waveband 

according to attachment or detachment of the sodium ion with respect to the Phosphatidylserine is 

determined on the basis of a wavenumber of 429 cm
-1

; the designated waveband according to 

attachment or detachment of the potassium ion with respect to the Phosphatidylserine is determined 
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on the basis of a wavenumber of 118 cm
-1

or 1570 cm
-1

; 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
-1

. 

The measuring method of life activity may be 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 5 

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 measuring method of life activity may be such that the designated waveband is determined 

such that wavebands of electromagnetic waves absorbed by other substances including at least 10 

water constituting the life object are removed. 

The measuring method of life activity may be such that the designated phenomenon is a 

phenomenon to occur within a designated response time in a range of 4 to 200 ms after the active 

state of the life object has changed. 

The measuring method of life activity may be such that the detection step is a step of detecting 15 

an absorption characteristic of the electromagnetic wave in the local area at any cross section in 

the life object by using a confocal system. 

The measuring method of life activity according to the present disclosure further include: a 

step of acquiring, by the illumination step and the detection step, designated information 

representing a spatial distribution aspect and an aspect of a time dependent variation of the 20 

absorption characteristic of the electromagnetic wave in the life object; and a step of specifying 

life activity information of the life object or environmental information defining an environment 

surrounding the life object, by referring to a data base in which to store a relationship between the 

life activity information or the environmental information and the designated information, based 

on the acquired designated information. 25 

The measuring method of life activity may further include: a step of recognizing the life 

activity information or environmental information of the life object; and a step of setting or 

correcting 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. 
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A measuring method of life activity may be 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 m but not more than 110 m 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 1.7 ppm but not more than 4.5 ppm. 5 

The measuring method of life activity may be such that a time dependent variation of the 

characteristic in the local area of the life object is measured. 

The measuring method of life activity may be such that at least a part of the life object is 

illuminated with a modulated electromagnetic wave having a basic frequency in a range of 0.2 

Hz to 500 kHz. 10 

The measuring method of life activity may be such that a time dependent variation of the 

characteristic 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 plurality of local areas fixed to different 

positions in the life object are detected. 

In measuring method of life activity, at least one of the fixed local areas may correspond to one 15 

cell or a part of the cell and may be illuminated with a modulated electromagnetic wave having a 

basic frequency in a range of 0.2 Hz to 500 kHz. 

The measuring method of life activity may be 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. 20 

The measuring method of life activity may be such that the life object is illuminated with 

electromagnetic waves including electromagnetic 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 25 

frequencies. 

The measuring method of life activity may include: a generation step of generating dynamical 

life activity information from the obtained detection signal. 
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A measuring device of life activity may be 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 wave of which a wavelength is included in a 

designated waveband; and a detector for detecting a characteristic associated with the 

electromagnetic wave in a local area constituted by one or more cells in the life object, wherein: 5 

any of the following phenomena is used for detecting or controlling the active state of the life 

object or a change thereof: 

[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 10 

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

[3] a specific chemical shift value in Nuclear Magnetic Resonance, 

and the designated waveband is determined on the basis of any of the phenomena. 

Disclosed herein is a measuring device of life activity, having a detecting section for life 

activity and performing a predetermined process based on a detection signal related to a life 15 

activity obtained from the detecting section for life activity is such that: the detecting section for 

life activity is constituted by a light emitting section and a signal detecting section; the light 

emitting section generates electromagnetic waves illuminated to a life object; the electromagnetic 

waves include an electromagnetic wave having a wavelength of not less than 0.84 m but not 

more than 110 m or an electromagnetic wave associated with a chemical shift value in a range 20 

of not less than 1.7 ppm but not more than 4.5 ppm; and the signal detecting section detects an 

electromagnetic wave including the detection signal related to the activity of the life object 

obtained as a result of the illumination of the electromagnetic waves. 

The measuring device of life activity may be 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 25 

of a cell membrane constituting the cell is detected. 

The measuring device of life activity may be 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. 
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According to the present disclosure, a transmission method of a life activity detection signal is 

such that: a life object is illuminated with electromagnetic waves including an electromagnetic 

wave having a wavelength of not less than 0.84 m but not more than 110 m or an 

electromagnetic wave associated with a chemical shift value in a range of not less than 1.7 ppm 

but not more than 4.5 ppm; a life activity detection signal related to a characteristic in a local 5 

area of the life object is detected; and the life activity detection signal is transmitted. 

The transmission method of a life activity detection signal may be such that: the local area 

corresponds to one cell or a part of the one cell; and a change of the characteristic to occur due to 

a potential change of a cell membrane constituting the cell is detected. 

A transmission method of life activity information may be such that a life object is illuminated 10 

with an electromagnetic wave having a wavelength of not less than 0.84 m but not more than 

110 m or an electromagnetic wave associated with a chemical shift value in a range of not less 

than 1.7 ppm but not more than 4.5 ppm, so as to obtain a life activity detection signal related 

to a local area of the life object, life activity information is generated from the obtained life 

activity detection signal, and the life activity information is transmitted. 15 

The transmission method of a life activity may be such that: life activity detection signals 

related to respective characteristics in a local area of the life object corresponding to 

electromagnetic waves having a plurality of wavelengths in a range of not less than 0.84 m but 

not more than 110 m or electromagnetic waves associated with a plurality of chemical shift 

values in a range of not less than 1.7 ppm but not more than 4.5 ppm are detected; and the life 20 

activity detection signals related to the respective wavelengths or the respective frequencies are 

transmitted. 

A service based on life activity information may be such that: a life object is illuminated with 

electromagnetic waves including an electromagnetic wave having a wavelength of not less than 

0.84 m but not more than 110 m or an electromagnetic wave associated with a chemical shift 25 

value in a range of not less than 1.7 ppm but not more than 4.5 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 information from the life activity detection signal, a service 

corresponding to the life activity information is provided, or the life object is illuminated with the 
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electromagnetic wave to provide a service corresponding to control of the life activity. 

A service based on life activity information may be such that a service is provided based on 

detection or measurement results, or control of a life activity occurring in the local area 

constituted by one or more cells. 

According to a measuring method of life activity or the control method of life activity of the 5 

present disclosure, a life object is illuminated with an electromagnetic wave of which a 

wavelength is included in a designated waveband, and a characteristic in a local area of the life 

object corresponding to the electromagnetic wave or a change thereof is detected or controlled. 

The "designated waveband" is a waveband determined on the basis of transition energy between 

vibration modes formed between specific atoms in a local area which can occur associated with 10 

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

A "local area" is an area constituted by one or more cells. 

Consequently, according to the present disclosure, 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 15 

life object while attempting to enhance the temporal resolution.  Further, according to one 

embodiment, 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 20 

recognition accuracy for an active state of a life object can be 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. 25 

[Fig. 2] Fig. 2 is an estimated molecular structure of PCLN in case of Cl
-
 ion attachment and  
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:- 

 

1. A non-invasive method applied to life object comprising: 

 irradiating the life object with a first electromagnetic wave having a prescribed 

wavelength, the prescribed wavelength being included in a range from 1.028 µm to      5 

2.50 µm; and 

 detecting a signal relating to a second electromagnetic wave, the second 

electromagnetic wave having a wavelength same as the prescribed wavelength, the second 

electromagnetic wave being obtained from the life object and at least a part of the second 

electromagnetic wave being condensed out of the life object to generate the signal; and 10 

 detecting neural activity, muscular activity, or cellular activity based on the 

detected signal, 

 

2. A method according to claim 1, wherein: 

 a photodetector is located at a confocal position or an image forming position of a 15 

local area in the life object, 

 the photodetector comprises one or more photo detecting cells, 

 the part of the second electromagnetic wave is condensed at one photo detecting 

cell, and  

 the signal from the photodetecting cell is extracted. 20 

 

3. The method according to claim 2, comprising: 

 obtaining position information on the local area, wherein 

 a signal detection relating to the second electromagnetic wave is based on the 

position information. 25 

 

4. The method according to claim 2 or 3, wherein: 

 one photo detecting cell is located at the confocal position or the image forming 

position of the local area in the life object, 

 another photo detecting cell is located at a confocal position or an image forming 30 

position of another local area in the life object, 

 a third electromagnetic wave has a wavelength same as the prescribed wavelength, 
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 at least a part of the third electromagnetic wave is condensed at the another photo 

detecting cell, and 

 another signal from the another photo detecting cell is extracted simultaneously. 

 

5. The method according to claim 4, wherein the signal and the another signal are 5 

simultaneously processed. 

 

6. The method according to any one of claims 2 to 5, wherein a colour filter is 

disposed in front of the photodetector. 

 10 

7. The method according to any one of claims 2 to 6, wherein position information of 

the confocal position and the image forming position corresponds to depth information. 




