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BLOOD CONDITION ANALYZING DEVICE , CITATION LIST 
BLOOD CONDITION ANALYZING SYSTEM , 
AND BLOOD CONDITION ANALYZING Patent Literature 

PROGRAM 
Patent Literature 1 : JP 2010-181400A 

CROSS REFERENCE TO RELATED Patent Literature 2 : JP 2011-112497A 
APPLICATIONS 

SUMMARY OF INVENTION 
This application claims the benefit under 35 U.S.C. $ 371 

as a U.S. National Stage Entry of International Application Technical Problem 
No. PCT / JP2014 / 054002 , filed in the Japanese Patent Office 
as a Receiving Office on Feb. 20 , 2014 , which claims As described above , these days the development of 
priority to Japanese Patent Application Number JP2013 devices etc. in which the electrical characteristics of a blood 
263944 , filed in the Japanese Patent Office on Dec. 20 , 2013 sample are measured and the condition of the blood is 
and Japanese Patent Application Number JP2013-050822 , determined from the measurement results is advanced . If 
filed in the Japanese Patent Office on Mar. 13 , 2013 , each of these devices are realized , rapid and accurate diagnoses can 
which is hereby incorporated by reference in its entirety . be actually made in medical sites ; thus , high expectations are 

placed on them . 
TECHNICAL FIELD However , in devices so far developed , the determination 

of the condition of blood has been performed in a way that 
The present technology relates to a blood condition ana a user extracts a feature of a blood sample from the mea 

lyzing device . More specifically , the present technology sured value of the electrical characteristics of the blood 
relates to a blood condition analyzing device , a blood sample and the user compares the feature to a criterion value 
condition analyzing system , and a blood condition analyzing 25 set by the user or the like . Hence , the determination has often 
program capable of automatically analyzing the condition been greatly influenced by the skill or experience value of 
change of blood from the temporal change of the electrical the user , and there has been a case where it takes a large 
characteristics of the blood . amount of time to complete determination . 

Thus , a main object of the present technology is to 
BACKGROUND ART 30 provide a technology capable of automatically analyzing the 

condition change of blood from the temporal change of the 
A technology in which the electrical characteristics of a electrical characteristics of the blood . 

blood sample are measured and the condition of the blood is 
determined from the measurement results has been conven Solution to Problem 
tionally used . For example , Patent Literature 1 discloses a 
technology in which information on blood coagulation is According to the present technology , there is provided a 
acquired from the dielectric constant of blood , and describes blood condition analyzing device including : an extraction 
" a blood coagulation system analyzing device including a unit configured to use temporal change data of an electrical 

characteristic of blood at an arbitrary frequency to extract a pair of electrodes , applying means for applying an AC 40 feature of the data ; and a blood condition evaluation unit voltage to the pair of electrodes at prescribed time intervals , configured to evaluate a condition change of blood from a measuring means for measuring the dielectric constant of feature extracted in the extraction unit . blood disposed between the pair of electrodes , and analyzing In the blood condition analyzing device according to the means for analyzing the degree of working of a blood present technology , the extraction of a feature from the 
coagulation system using the dielectric constant of blood 45 temporal change data and the evaluation of the blood 
measured at the time intervals after the anticoagulant effect condition based on the feature are automatically performed 
working on the blood is removed . ” in the device . 

Thus far , mechanical indices such as viscoelasticity have The blood condition analyzing device according to the 
been used to analyze the condition of blood coagulation . present technology may further include an extraction crite 
However , by measuring electrical characteristics such as the 50 rion setting unit configured to set an extraction criterion in 
dielectric constant of blood as in Patent Literature 1 above , the extraction unit . 
the diagnosis of blood coagulation can be made earlier in a The blood condition analyzing device according to the 
stage before a mechanical change such as a viscosity change present technology may further include a denoising unit 
occurs . Therefore , it is possible to select more appropriate configured to remove noise of the temporal change data of 
therapeutic methods and medication methods earlier for 55 the electrical characteristic . 
patients or others with risk of thrombosis etc. The blood condition analyzing device according to the 

Furthermore , for example , Patent Literature 2 discloses a present technology may further include a reliability evalu 
blood cell analyzing device capable of evaluating effects and ation unit configured to evaluate reliability of the temporal 
side effects of a drug in a short time by including a change data of the electrical characteristic . 
measuring unit that measures the complex dielectric con- 60 The blood condition analyzing device according to the 
stant spectrum of a suspension containing one or a plurality present technology may further include a measuring unit 
of blood cells and a detection unit that calculates the configured to measure an electrical characteristic of blood at 
dielectric variable and / or the electrical property value of the an arbitrary frequency over time . 
suspension on the basis of the complex dielectric constant The blood condition analyzing device according to the 
spectrum measured in the measuring unit and uses the 65 present technology may further include an extraction result 
calculated value to detect a condition change of the blood storage unit configured to store an extraction result in the 
cell accompanying drug administration . extraction unit . 

35 



US 10,527,605 B2 
3 4 

The blood condition analyzing device according to the over time , denoising is performed using the moving average 
present technology may further include a blood condition method , Savitsky - Golay approximation , and spline approxi 
evaluation storage unit configured to store an evaluation mation . 
result in the blood condition evaluation unit . FIG . 4 is a drawing - substitute graph showing , for data of 

The blood condition analyzing device according to the 5 the dielectric constant of blood measured over time , an 
present technology may further include a measurement example in which denoising is performed using Mathemati 
result storage unit configured to store a measurement result cal Formula ( 4 ) and an example in which denoising is 
in the measuring unit . performed using Fourier transformation . 
Next , according to the present technology , there is provide FIG . 5 is a drawing - substitute graph showing an example 

a blood condition analyzing system including : an electrical 10 in which the linear approximation method of Embodiment 1 
is used for data of the dielectric constant of blood measured characteristic measuring device including a measuring unit over time . configured to measure an electrical characteristic of blood at FIG . 6 is a drawing - substitute graph showing an example an arbitrary frequency over time ; and a blood condition 

analyzing device including an extraction unit configured to 15 sured over time , the linear approximation of Embodiment 1 in which , for data of the dielectric constant of blood mea 
use temporal change data of an electrical characteristic of is performed and the blood condition is evaluated from the blood at an arbitrary frequency to extract a feature of the obtained line segments . data and a blood condition evaluation unit configured to FIG . 7 is a drawing - substitute graph showing an example 
evaluate a condition change of blood from a feature in which , for data of the dielectric constant of blood mea 
extracted in the extraction unit . 20 sured over time , the linear projection of Embodiment 2 is 

The blood condition analyzing system according to the performed to extract features and the blood condition is 
present technology may further include a server including an evaluated from the obtained features . 
information storage unit configured to store a measurement FIG . 8 is a drawing - substitute graph showing an example 
result in the electrical characteristic measuring device and / or in which , for data of the dielectric constant of blood mea 
an analysis result in the blood condition analyzing device . 25 sured over time , the method of Embodiment 3 is used to 

In this case , the server may be connected to the electrical evaluate the blood condition . 
characteristic measuring device and / or the blood condition FIG . 9 is a drawing - substitute graph showing an example 
analyzing device via a network . in which , for data of the dielectric constant of blood mea 

In addition , according to the present technology , there is sured over time , the method of Embodiment 3 is used to 
provided a blood condition analyzing method for perform 30 evaluate the blood condition . 

ing : an extraction process of using temporal change data of FIG . 10 is a drawing - substitute graph showing an 
an electrical characteristic of blood at an arbitrary frequency example in which , for data of the dielectric constant of blood 

measured over time , the method of Embodiment 4 is used to to extract a feature of the data ; and a blood condition evaluate the blood condition . evaluation process of evaluating a condition change of blood FIG . 11 is a drawing - substitute graph showing an example from a feature extracted in the extraction process . in which , for data of the dielectric constant of blood mea In addition , according to the present technology , there is sured over time , the method of Embodiment 4 is used to provided a blood condition analyzing program for causing a evaluate the blood condition . 
computer to execute : an extraction function of using tem FIG . 12 is a drawing - substitute graph showing an 
poral change data of an electrical characteristic of blood at 40 example in which , for data of the dielectric constant of blood 
an arbitrary frequency to extract a feature of the data ; and a measured over time , the method of Embodiment 5 is used to 
blood condition evaluation function of evaluating a condi evaluate the blood condition . 
tion change of blood from a feature extracted in the extrac FIG . 13 is a schematic conceptual diagram schematically 
tion function . showing the concept of a blood condition analyzing system 

45 10 according to the present technology . 
Advantageous Effects of Invention FIG . 14 is a flow chart of a blood condition analyzing 

method according to the present technology . 
According to the present technology , the extraction of a 

feature from temporal change data and the evaluation of the DESCRIPTION OF EMBODIMENTS 
blood condition based on the feature which conventionally 50 
a user has been performed are automatically performed in Hereinbelow , preferred embodiments for carrying out the 
the device ; therefore , more accurate and rapid analysis is present technology are described with reference to the 
possible . The effects described herein are not necessarily drawings . The embodiments described below are examples 
limitative ones , and any effect described in the present of the typical embodiments of the present technology , and 
disclosure is possible . 55 the scope of the present technology is not construed as being 

limited by the embodiments . The description is given in the 
BRIEF DESCRIPTION OF DRAWINGS following order : 

1. Blood condition analyzing device 1 
FIG . 1 is a schematic conceptual diagram schematically ( 1 ) Reliability evaluation unit 6 

showing the concept of a blood condition analyzing device 60 ( 2 ) Denoising unit 5 
1 according to the present technology . ( 3 ) Extraction unit 2 and Blood condition evaluation unit 

FIG . 2 is a drawing - substitute graph showing examples of 3 
data with a large amount of noise ( Noisy ) and normal data ( 4 ) Extraction criterion setting unit 4 
( Normal ) when the dielectric constant of blood is measured ( 5 ) Measuring unit 7 
over time . ( 6 ) Storage unit 8 

FIG . 3 is a drawing - substitute graph showing examples in ( 7 ) Blood sample 2. Blood condition analyzing system 10 
which , for data of the dielectric constant of blood measured ( 1 ) Electrical characteristic measuring device 101 
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( 2 ) Blood condition analyzing device 1 ( iv ) The average of the difference between adjacent ampli 
( 3 ) Server 102 tude values is taken as the noise amount ( N ) . 
( 4 ) Display unit 103 ( v ) The sum or average value of the difference of each 
( 5 ) User interface 104 point to a smooth curve is taken as the noise amount ( N ) . 3. Blood condition analyzing method ( b ) Calculation of the Signal Amount ( S ) ( 1 ) Extraction process 
( 2 ) Blood condition evaluation process II The signal amount ( S ) can be calculated by , for example , 
( 3 ) Extraction criterion setting process III freely combining one or more of the methods of ( i ) to ( v ) 
( 4 ) Denoising process IV below . Of these , the method of ( i ) below is preferably used 
( 5 ) Reliability evaluation process V for calculation in the present technology . 
( 6 ) Measuring process VI ( i ) As shown in Mathematical Formula ( 2 ) below , the 
( 7 ) Storage process VII change in the total amplitude value is taken as the signal 
4. Blood condition analyzing program amount ( S ) . 

1. Blood Condition Analyzing Device 1 
FIG . 1 is a schematic conceptual diagram schematically 

showing the concept of a blood condition analyzing device [ Math . 2 ] 
1 according to the present technology . The blood condition 
analyzing device 1 according to the present technology max A ( t ) - min A ( t ) ( 2 ) 

includes , in terms of broad categories , at least an extraction 
unit 2 and a blood condition evaluation unit 3. The blood 
condition analyzing device 1 may include , as necessary , an ( ii ) The proportion of the cases where the difference 
extraction criterion setting unit 4 , a denoising unit 5 , a between adjacent amplitude values is smaller than the frac 
reliability evaluation unit 6 , a measuring unit 7 , a storage tion of the total amplitude is taken as the signal amount ( S ) . 
unit 8 , etc. Each component will now be described in detail . 25 This method is used in combination with the method for 
In the following , the description is given in line with the calculating the noise amount ( ii ) . sequence of analysis . 
( 1 ) Reliability Evaluation Unit 6 ( iii ) The proportion of the cases where the difference 

In the reliability evaluation unit 6 , the reliability of the between adjacent amplitude values does not fluctuate 
temporal change data of electrical characteristics is evalu between plus and minus is taken as the signal amount ( S ) . 
ated . In the blood condition analyzing device 1 according to This method is used in combination with the method for 
the present technology , the reliability evaluation unit 6 is not calculating the noise amount ( iii ) . 
essential , but is preferably included in order to improve ( iv ) The maximum value of amplitude is taken as the 
analysis precision more . signal amount ( S ) . 

In the blood condition analyzing device 1 according to the 
present technology , as specific reliability evaluation meth ( v ) The average value of amplitude is taken as the signal 
ods performed in the reliability evaluation unit 6 , one or amount ( S ) . 
more known methods may be freely selected for use to the ( c ) Calculation of the SNR 
extent that the effect of the present technology is not For the noise amount ( N ) and the signal amount ( S ) impaired . For example , the reliability of the temporal change 40 calculated in the above , the SNR is calculated using Math 
data of electrical characteristics can be evaluated by finding ematical Formula ( 3 ) below . the signal - to - noise ratio ( SNR ) . 

In the present technology , also the method for calculating 
the SNR is not particularly limited , and one or more known [ Math . 3 ] 
methods may be freely selected for use . For example , 45 
calculation can be made in the following manner . ( 3 ) 
( a ) Calculation of the Noise Amount ( N ) 

The noise amount ( N ) can be calculated by , for example , 
freely combining one or more of the methods of ( i ) to ( v ) 
below . Of these , the method of ( i ) below is preferably used The methods for calculating the noise amount ( N ) ( i ) to 
for calculation in the present technology . ( v ) and the methods for calculating the signal amount ( S ) ( i ) 

( i ) As shown in Mathematical Formula ( 1 ) below , the sum to ( v ) mentioned above can be freely combined in accor 
of the absolute value of the difference between the amplitude dance with the objective . For example , when the SNR is 
values of two adjacent data is taken as the noise amount ( N ) . calculated using the combinations of Table 1 below for data 

with a large amount of noise ( Noisy ) and normal data 
( Normal ) illustrated in FIG . 2 when the dielectric constant of 

[ Math . 1 ] blood is measured over time , Table 2 below is obtained . 

30 

35 

S 
SNR = 

N 

50 

55 

N = abs ( A ( 1 ) – A ( 1 - 1 ) ) ( 1 ) TABLE 1 
2ststmax 

60 
SNR 

method name 
Noise 

evaluation 
Signal 

evaluation Method 

( i ) 

( ii ) The proportion of the cases where the difference 
between adjacent amplitude values is larger than the fraction 
of the total amplitude is taken as the noise amount ( N ) . 

( iii ) The proportion of the cases where the difference 65 
between adjacent amplitude values fluctuates between plus 
and minus is taken as the noise amount ( N ) . 

SNR_1 
SNR 2 
SNR_3 
SNR_4 

( i ) 
( iv ) 
( v ) 

divide 
divide 
divide 
divide ( ii ) ( 11 ) 



0.1791 
0.4505 
0.403 

5 
0.5004 
2.9605 
2.8853 
2.337 
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TABLE 2 is removed from the raw data measured in the external 
electrical characteristic measuring device or the measuring 

Noisy Normal unit 7 using an external device having a denoising function . 
SNR_1 As the electrical characteristics of blood that can be 
SNR_2 analyzed by the blood condition analyzing device 1 accord 
SNR_3 ing to the present technology , for example , dielectric con SNR_4 0.2527 stant , impedance , admittance , capacitance , conductance , 

electrical conductivity , phase angle , an amount obtained by ( 2 ) Denoising Unit 5 transforming these in electrical quantity , etc. may be given . 
In the denoising unit 5 , the noise of the temporal change 10 The condition of blood that can be analyzed by the blood 

data of electrical characteristics is removed . In the blood condition analyzing device 1 according to the present tech condition analyzing device 1 according to the present tech nology is not particularly limited to the extent that it is a 
nology , the denoising unit 5 is not essential , but is preferably phenomenon in which a temporal change in the electrical 
included in order to improve analysis precision more . characteristics of blood is seen due to a condition change , 

In the blood condition analyzing device 1 according to the and various condition changes can be analyzed and evalu present technology , as specific denoising methods per ated . For example , the coagulation of blood ( blood coagu 
formed in the denoising unit 5 , one or more known methods lation ) , fibrin formation , fibrin clot formation , blood clot may be freely selected for use to the extent that the effect of formation , blood platelet coagulation , the rouleaux forma the present technology is not impaired . For example , the 20 tion of red blood cells , the aggregation of blood , the sedi methods illustrated in ( a ) and ( b ) below may be given . 
( a ) Local Smoothing mentation of red blood cells ( erythrocyte sedimentation ) , 

The smoothing of data can be made using , for example , blood clot retraction , hemolysis such as fibrinolysis , fibrin 
the moving average method , Savitsky - Golay approximation , olysis , etc. may be given . 

In the extraction unit 2 and the blood condition evaluation or spline approximation , or a method in which these are 
combined . When these methods are used , it is possible to 25 unit 3 of the blood condition analyzing device 1 according 
remove noise while preventing influence on the signal value . to the present technology , the method for extracting a feature 
Examples in which denoising is performed using these of the temporal change data of the electrical characteristics 
methods are shown in FIG . 3 . of blood and the blood condition evaluation method are not 
( b ) Model Fitting particularly limited , and one or more mathematical methods 

FIG . 4 is a drawing - substitute graph showing an example may be used . The extraction method and blood condition 
in which denoising is performed using Mathematical For evaluation will now be described using specific examples . 
mula ( 4 ) below and an example in which denoising is Embodiments 1 to 5 illustrated below describe typical 
performed using Fourier transformation . It is also possible to examples of the extraction method and the blood condition 
perform similar denoising using similar functions other than evaluation method that can be used in the present technol 
Mathematical Formula ( 4 ) or transformation methods simi ogy , and the scope of the present technology is not construed 
lar to each transformation . It is also possible to perform as being limited by these . denoising by combining these methods . FIG . 4 is a graph ( a ) Embodiment 1 
when n , m = 5 . Embodiment 1 is an example in which the temporal 

40 change data of the electrical characteristics of blood are 
linearly approximated using the linear approximation [ Math . 4 ] 
method , features are extracted from the obtained line seg 

a + cx + ex ? + gx3 + ix + + ... + rx ( 4 ) ments , and the blood condition is evaluated from the 
F ( x ) = b + dx + fx ? + hx3 + jx4 + extracted feature points . 

a . First , the temporal change data of electrical character 
istics are approximated by linear approximation so that the 

s : fitting coefficient distance from each approximated datum is statistically 
n , m : integer smaller than data noise . Specifically , the approximation is 
( 3 ) Extraction Unit 2 and Blood Condition Evaluation Unit performed as follows . 
3 ( i ) An approximate straight line of four or more data A ( t ) 

In the extraction unit 2 , the temporal change data of the is created from time to . More specifically , a and b whereby 
electrical characteristics of blood at an arbitrary frequency Mathematical Formula ( 5 ) below is at the minimum are 
are used to extract a feature of the data . In the blood calculated ( use of the least squares method ) . 
condition evaluation unit 3 , the condition change of blood is 
evaluated from the feature extracted in the extraction unit 2. 55 

For the temporal change data of electrical characteristics , Math . 5 ] 
when an external electrical characteristic measuring device 
is provided or the blood condition analyzing device 1 ( 5 ) 
according to the present technology is provided with the [ ( a + t + b ) – A ( 1 ) ] 
measuring unit 7 described later , the raw data measured in 60 
the measuring unit 7 can be used as they are . Alternatively , 
when the blood condition analyzing device 1 according to ( ii ) In the case where the error value between the approxi 
the present technology includes the denoising unit 5 mated data and the raw data is smaller than noise data , an 
described above , it is possible to use data in which noise is approximate straight line can be created . Although the 
removed from the raw data measured in the external elec- 65 function used is not particularly limited , Mathematical For 
trical characteristic measuring device or the measuring unit mula ( 7 ) below can be used when Mathematical Formula ( 6 ) 
7. Furthermore , it is also possible to use data in which noise below holds , for example . 
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a . First , the average amplitude M of the minimum value 
Math . 6 ] and the maximum value is obtained . 

b . Next , line segments are obtained by connecting each ( 6 ) 
abs ( ( a * ++ b ) – A ( t ) / length = datum from the point ( 1 , M ) . At this time , the line segment 

with the maximum slope can be evaluated as corresponding 
to the end of coagulation of blood ( see the reference char abs ( A ( 1 ) – A ( t – 1 ) ) / numel ( A ) acter b in FIG . 7 ) . In order to suppress the influence of noise , 
it is possible to evaluate the blood condition with consider 
ation of also other line segments etc. in a more complicated 
manner , instead of evaluating using only the maximum [ Math . 7 ] slope , because the slopes of the line segment with the 
maximum slope and its neighboring line segments almost length = length + 1 
coincide . 

( iii ) In the case where Mathematical Formula ( 6 ) above 
does not hold , the flow returns to the step of ( i ) again and 15 data of t < T from the point ( T , M ) . At this time , the line 

c . Similarly , line segments are obtained by connecting 
time t0 is set in the manner of Mathematical Formula ( 8 ) segment with the maximum slope can be evaluated as below . corresponding to the start of coagulation of blood ( see the [ Math . 8 ] reference character a in FIG . 7 ) . 

t0 = t0 + length ( 8 ) d . The slope between the two points of the coagulation 
( iv ) An example in which the processing of ( i ) to ( iii ) end and the coagulation start obtained in the above can be 

above is performed on the data of the dielectric constant of evaluated as corresponding to the maximum rate of blood 
blood measured over time is shown in FIG . 5. The method coagulation ( see the reference character c in FIG . 7 ) . 
of linear approximation is not limited to the method ( c ) Embodiment 3 
described above , and known methods may be freely selected 25 Embodiment 3 is an example in which the feature is for use . As another example of linear approximation , it is defined mathematically , features are extracted from the possible to minimize the error between the approximate fitting result of the temporal change data of the electrical straight line and the original data in a state where the characteristics of blood , and the blood condition is evaluated minimum value of the line segment is kept . 

b . Next , specific line segments are selected from the 30 value and the minimum value can be extracted using Math from the extracted features . For example , the maximum 
obtained line segments by the following method . ematical Formula ( 9 ) below and Mathematical Formula ( 10 ) ( i ) Some lines with the maximum slope are selected . As below , which is a differential function of Mathematical the method for specifying the “ some lines , ” for example , a Formula ( 9 ) . method in which some line segments are selected so that at 
least 70 percent of the total fluctuation range is covered is 35 
given . In the example shown in FIG . 6 , only line segments Math . 9 ] 
that come under the condition that the origin be smaller than 
1 and the slope be half or more of the largest slope are nd2x2 + nd?x + 1 ( 9 ) 
selected . f ( x ) nd7x2 + ndox + 1 

( ii ) Similarly , some lines with the minimum slope are 40 
selected . That is , the most horizontal lines ” of which the Math . 10 ] 
absolute value of slope is most horizontal are selected . In f ' ( x ) = ( 10 ) FIG . 6 , line segments that correspond to only times longer 
than the time corresponding to the line segments selected in 
the above and line segments of which the origin exists 45 ndfndz - nd?ndando - nd?ndendz + nd2 - nd- + between the origin of the line segments selected in the above ndz + ndandî – 2nd2nd7 + nd 
and twice this origin are selected . nd?nd7 - ndando ( iii ) Line segments corresponding to times shorter than 
the time corresponding to the line segments selected with the ndîndz - nd?ndando - ndi ndondz + 

ndz - nd2 + maximum slope mentioned above are selected . ndz + ndandî – 2nd2nd7 + ndî 
( iv ) A new linear approximation is created by taking the nd?ndz - ndando average of slope for each group of line segments selected . 
( v ) The blood condition can be evaluated from the line 

segments on which the processing of ( i ) to ( iv ) mentioned Similarly , a position where the rate of change is largest above has been performed . Specifically , in FIG . 6 , the 55 can be found using a second differential function of Math intersection point a indicates the start of coagulation of ematical Formula ( 9 ) above . blood , the intersection point b indicates the end of coagu 
lation of blood , and the line segment c indicates the maxi In this way , the start time of coagulation of blood ( see the 
mum rate of blood coagulation . reference character a in FIG . 8 ) , the end time of coagulation 
( b ) Embodiment 2 of blood ( see the reference character b in FIG . 8 ) , and the 
Embodiment 2 is an example in which linear projection is maximum rate of blood coagulation ( see the reference 

performed using the start point and the end point of the character c in FIG . 8 ) can be obtained . 
temporal change data of the electrical characteristics of Actually , in approximation using higher - order rational 
blood to extract features and the blood condition is evaluated functions , good results can be obtained in terms of approxi 
from the extracted features . Specifically , this is a method of 65 mation accuracy . However , in mathematical modeling using 
performing the following four steps . A specific example will different functions , there is a case where different evaluation 
now be described using FIG . 7 . results are derived as shown in FIG . 9 . 
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( d ) Embodiment 4 blood sample holding unit , or one or a plurality of containers 
Embodiment 4 is an example in which , for the temporal may be allowed to function as the blood sample holding unit . 

change data of the electrical characteristics of blood , fea In the case where one or a plurality of containers are used 
tures are extracted using a boundary detection algorithm and as the blood sample holding unit , the configuration of the 
the blood condition is evaluated from the extracted features . 5 container is not particularly limited , and may be freely 
As the boundary detection algorithm , for example , image designed in accordance with the condition , measuring 
processing or the like may be used ; but not limited to this , method , etc. of the blood sample to the extent that the blood 
known boundary detection algorithms may be used . sample of the measuring object can be held , including a 
When the method of Embodiment 4 is used , features can circular cylindrical body , a polygonal cylindrical body with 

be extracted for raw data or the first derivative thereof even 10 a polygonal cross section ( triangle , quadrangle , or polygon 
if noise is included . An example in which features of raw with more angles ) , a conical body , a polygonal pyramid - like 

body with a polygonal cross section ( triangle , quadrangle , or data and the first derivative are extracted by the method of polygon with more angles ) , or a configuration in which one Embodiment 4 is shown in FIG . 10 , and an example in or more of these are combined . 
which features of data after smoothing are extracted by the Also the material that forms the container is not particu 
method of Embodiment 4 is shown in FIG . 11 . larly limited , and may be freely selected to the extent that 
( e ) Embodiment 5 there is no influence on the condition , measurement objec 

a . First , as shown in FIG . 12 , the first value and the last tive , etc. of the blood sample of the measuring object . In the 
value are connected by a straight line . present technology , in particular , the container is preferably 

b . Next , the difference between the straight line men- 20 formed using a resin from the viewpoint of the ease of 
tioned above and the original data is found at each time . processing and molding etc. In the present technology , also 

c . It can be evaluated that the time at which the difference the type of usable resin is not particularly limited , and one 
found is at the maximum is the end time of coagulation of or more types of resin usable for the holding of the blood 
blood and the time at which the difference found is at the sample may be freely selected for use . For example , a 
minimum is the start time of coagulation of blood . 25 hydrophobic and insulating polymer such as polypropylene , 

In Embodiment 5 , not limited to this method , it is also poly ( methyl methacrylate ) , polystyrene , an acrylic , a poly 
possible to use known similar methods . sulfone , and polytetrafluoroethylene , a copolymer and a 

In the extraction method and the blood condition evalu blend polymer thereof , and the like are given . In the present 
ation method of Embodiments 1 to 5 described above , technology , the blood sample holding unit is preferably 
temporal change data in the total time are used for the 30 formed of , among the above materials , particularly one or 
electrical characteristics of blood ; but in the present tech more types of resin selected from polypropylene , polysty 
nology , it is also possible to perform fitting only in an early rene , an acrylic , and a polysulfone , because these resins have 
time , or to predict a distinctive time from data up to a time the property of being low coagulation - active against blood . 
exceeding an arbitrary threshold or from the slope , position , The blood sample holding unit is preferably in a configu 
etc. after the first change point of a linear function . 35 ration capable of being sealed in the state of holding the 
( 4 ) Extraction Criterion Setting Unit 4 blood sample . However , the blood sample holding unit may 

In the extraction criterion setting unit 4 , the extraction not be in an airtight configuration to the extent that it is 
criterion in the extraction unit 2 is set . In the blood condition capable of being stationary through the time expected to 
analyzing device 1 according to the present technology , the measure the electrical characteristics of the blood sample 
extraction criterion setting unit 4 is not essential , but is 40 and there is no influence on measurement . 
preferably included in order to improve analysis precision Specific methods for introducing the blood sample into 

the blood sample holding unit and for making sealing are not 
In the extraction criterion setting unit 4 , for example , it is particularly limited , and the introduction may be made by an 

possible to set which extraction method to use out of arbitrary method in accordance with the configuration of the 
Embodiments 1 to 5 of the extraction method described 45 blood sample holding unit . For example , although not shown 
above , and to set a detailed criterion in each extraction in the drawings , a method in which the blood sample holding 
method . unit is provided with a lid , and a blood sample is introduced 
( 5 ) Measuring Unit 7 using a pipette or the like and then the lid is closed to make 

In the measuring unit 7 , the electrical characteristics of sealing , a method in which the blood sample holding unit is 
blood at an arbitrary frequency are measured over time . In 50 pierced with a needle from its outer surface , and a blood 
the blood condition analyzing device 1 according to the sample is injected and then the portion pierced with the 
present technology , the measuring unit 7 is not essential , and needle is sealed with grease or the like to make sealing , etc. 
it is also possible to use data measured using an external are given . 
electrical characteristic measuring device . The measuring unit 7 may include one or a plurality of 

The measuring unit 7 may include one or a plurality of 55 applying units . In the blood condition analyzing device 1 , 
blood sample holding units . In the blood condition analyzing the applying unit is not essential , and it is also possible to use 
device 1 , the blood sample holding unit is not essential , and an external applying unit by , for example , designing so that 
the measuring unit 7 may be designed to be a configuration an electrode can be inserted into the blood sample holding 
in which a known cartridge - type container for measurement unit from the outside . 
or the like can be installed , for example . The applying unit applies a prescribed voltage to the 

In the case where the measuring unit 7 includes a blood blood sample at each set measuring interval from , as the 
sample holding unit , the configuration of the blood sample starting time point , the time point at which an order to start 
holding unit is not particularly limited to the extent that the measurement is received or the time point at which the 
blood sample of the measuring object can be held in the power supply for the blood condition analyzing device 1 is 
measuring unit 7 , and may be designed to be an arbitrary 65 set to ON . 
configuration . For example , one or a plurality of cells The number of electrodes used as part of the applying unit 
provided on a substrate may be allowed to function as the and the material that forms the electrode are not particularly 

more . 
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limited to the extent that the effect of the present technology measurement results in the measuring unit 7. In the blood 
is not impaired , and it is possible to form an arbitrary condition analyzing device 1 according to the present tech 
number of electrodes using an arbitrary material . For nology , these storage units 8 are not essential , and the results 
example , titanium , aluminum , stainless steel , platinum , may be stored by connecting an external storage device . 
gold , copper , graphite , and the like are given . In the present In the blood condition analyzing device 1 according to the 
technology , the electrodes are preferably formed of , among present technology , the extraction result storage unit 81 , the 
the above materials , particularly an electrically conductive blood condition evaluation storage unit 82 , and the mea 
material containing titanium , because titanium has the prop surement result storage unit 83 may each be provided erty of being low coagulation - active against blood . separately , or it is also possible to design so that one storage 

In the measuring unit 7 , it is also possible to perform a unit 8 functions as the extraction result storage unit 81 , the plurality of measurements . As the method for performing a blood condition evaluation storage unit 82 , and the mea plurality of measurements , for example , a method in which surement result storage unit 83 . a plurality of measurements are performed simultaneously ( 7 ) Blood Sample by a plurality of measuring units 7 being provided , a method In the blood condition analyzing device 1 according to the in which a plurality of measurements are performed by 15 present technology , the blood sample that can be the mea scanning one measuring unit 7 , a method in which a plurality 
of measurements are performed by moving the blood sample suring object is not particularly limited to the extent that it 
holding unit , a method in which a plurality of measuring is a sample containing blood , and may be freely selected . 
units 7 are provided and switching is performed to select one Specific examples of the blood sample include a sample 
or a plurality of measuring units 7 that actually perform 20 containing a blood component such as whole blood , blood 
measurement , etc. may be given . plasma , or a diluted solution and / or a drug - added substance 

In the measuring unit 7 , the frequency band in which thereof , etc. 
electrical measurement is performed may be appropriately 2. Blood Condition Analyzing System 10 
selected in accordance with the condition , measurement FIG . 13 is a schematic conceptual diagram schematically 
objective , etc. of the blood to be measured . For example , 25 showing the concept of a blood condition analyzing system 
when the electrical characteristic of the blood to be mea 10 according to the present technology . The blood condition 
sured is impedance , a change is seen in the frequency bands analyzing system 10 according to the present technology 
shown in Table 3 below in accordance with the condition includes , in terms of broad categories , at least an electrical 
change of the blood . characteristic measuring device 101 and the blood condition 

analyzing device 1. The blood condition analyzing system 
TABLE 3 10 may include , as necessary , a server 102 , a display unit 

103 , a user interface 104 , etc. Each component will now be Impedance 
described in detail . 

Frequency at which ( 1 ) Electrical Characteristic Measuring Device 101 
Condition change Frequency at which change is more The electrical characteristic measuring device 101 change is seen significant 

includes the measuring unit 7 that measures the electrical 
Coagulation of blood 3 MHz to 15 MHz characteristics of blood at an arbitrary frequency over time . ( blood coagulation ) 
Fibrin formation The details of the measuring unit 7 are the same as those of 
Fibrin clot formation 40 the measuring unit 7 in the blood condition analyzing device 

1 kHz to 50 MHz 1 described above . 
Rouleaux formation of 500 kHz to 25 MHz 2 MHz to 10 MHz ( 2 ) Blood Condition Analyzing Device 1 red blood cells 
Aggregation of blood The blood condition analyzing device 1 includes , in terms 
Sedimentation of red 1 kHz to 50 MHz 100 kHz to 40 MHz of broad categories , at least the extraction unit 2 and the 
blood cells 45 blood condition evaluation unit 3. The blood condition ( erythrocyte 
sedimentation ) analyzing device 1 may include , as necessary , the extraction 

criterion setting unit 4 , the denoising unit 5 , the reliability 
( retraction ) evaluation unit 6 , etc. Each component included in the blood Hemolysis condition analyzing device 1 is the same as the details of the Fibrinolysis 1 kHz to 50 MHz 3 MHz to 15 MHz 50 blood condition analyzing device 1 described above . 

( 3 ) Server 102 
For example , in the case where the objective is to predict The server 102 includes an information storage unit 8 that 

or detect the coagulation of blood ( blood coagulation ) , it is stores the measurement results in the electrical characteristic 
preferable to measure the impedance at frequencies of 1 kHz measuring device 101 and / or the analysis results in the blood 
to 50 MHz , and it is more preferable to measure the 55 condition analyzing device 1. The details of the information 
impedance at frequencies of 3 MHz to 15 MHz . By setting storage unit 8 are the same as those of the storage unit 8 in 
a parameter in accordance with the condition or measure the blood condition analyzing device 1 described above . 
ment objective of blood beforehand in this way , a preferable ( 4 ) Display Unit 103 
frequency band like those shown in Table 3 above can be On the display unit 103 , the temporal change data of 
automatically selected . 60 electrical characteristics measured in the measuring unit 7 , 
( 6 ) Storage Unit 8 data in which noise is removed from the temporal change 

The blood condition analyzing device 1 according to the data , data in which a feature is extracted by the extraction 
present technology may include an extraction result storage unit 2 , the blood condition evaluation results obtained by the 
unit 81 that stores the extraction results in the extraction unit blood condition evaluation unit 3 , etc. are displayed . It is 
2 , a blood condition evaluation storage unit 82 that stores the 65 possible to provide a plurality of display units 103 individu 
evaluation results in the blood condition evaluation unit 3 , ally for data or results to be displayed , or to display all data 
and a measurement result storage unit 83 that stores the or results on one display unit 103 . 
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( 5 ) User Interface 104 evaluation method performed in the reliability evaluation 
The user interface 104 is a part for a user's operation . A unit 6 of the blood condition analyzing device 1 described 

user can access each part of the blood condition analyzing above . 
system 10 according to the present technology through the ( 6 ) Measuring Process VI 
user interface 104 . In the measuring process VI , the electrical characteristics 

In the blood condition analyzing system 10 according to of blood at an arbitrary frequency are measured over time . 
the present technology described above , the electrical char In the blood condition analyzing method according to the 
acteristic measuring device 101 , the blood condition ana present technology , the measuring process VI is not an 
lyzing device 1 , the server 102 , the display unit 103 , and the essential process , and it is also possible to perform analysis 
user interface 104 may be connected to each other via a 10 using data measured beforehand . The details of the measur 
network . ing method performed in the measuring process VI are the 
3. Blood Condition Analyzing Method same as those of the measuring method performed in the 

FIG . 14 is a flow chart of a blood condition analyzing measuring unit 7 of the blood condition analyzing device 1 
method according to the present technology . In the blood described above . 
condition analyzing method according to the present tech- 15 ( 7 ) Storage Process VII 
nology , an extraction process I and a blood condition evalu In the blood condition analyzing method according to the 
ation process II are performed . It is also possible to perform present technology , storage processes VII such as an extrac 
an extraction criterion setting process III , a denoising pro tion result storage process that stores the extraction results 
cess IV , a reliability evaluation process V , a measuring extracted in the extraction process I , a blood condition 
process VI , a storage process VII , etc. , as necessary . Each 20 evaluation storage process that stores the evaluation results 
process will now be described in detail . evaluated in the blood condition evaluation process II , and 
( 1 ) Extraction Process I a measurement result storage process that stores the mea 

In the extraction process I , the temporal change data of the surement results measured in the measuring process VI may 
electrical characteristics of blood at an arbitrary frequency be performed . In the blood condition analyzing method 
are used to extract a feature of the data . The details of the 25 according to the present technology , these storage processes 
extraction method performed in the extraction process I are VII are not essential , but are preferably performed in order 
the same as those of the extraction method performed in the to facilitate performing re - analysis etc. 
extraction unit 2 of the blood condition analyzing device 1 4. Blood Condition Analyzing Program 
described above . A blood condition analyzing program according to the 
( 2 ) Blood Condition Evaluation Process II 30 present technology is a program for causing a computer to 

In the blood condition evaluation process II , the condition execute an extraction function and a blood condition evalu 
change of blood is evaluated from the feature extracted in ation function . It is also possible to cause a computer to 
the extraction process I. The details of the evaluation method execute an extraction criterion setting function , a denoising 
performed in the blood condition evaluation process II are function , a reliability evaluation function , etc. , as necessary . 
the same as those of the evaluation method performed in the 35 In other words , the blood condition analyzing program 
blood condition evaluation unit 3 of the blood condition according to the present technology is a program for causing 
analyzing device 1 described above . a computer to execute the blood condition analyzing method 
( 3 ) Extraction Criterion Setting process III according to the present technology described above . Thus , 

In the extraction criterion setting process III , the extrac the details of each function are the same as those of each 
tion criterion in the extraction process I is set . In the blood 40 process of the blood condition analyzing method described 
condition analyzing method according to the present tech above , and a description is omitted herein . 
nology , the extraction criterion setting process III is not an Additionally , the present technology may also be config 
essential process , but is preferably performed in order to ured as below . 
improve analysis precision more . The details of the setting ( 1 ) 
method performed in the extraction criterion setting process 45 A blood condition analyzing device including : 
III are the same as those of the setting method performed in an extraction unit configured to use temporal change data 
the extraction criterion setting unit 4 of the blood condition of an electrical characteristic of blood at an arbitrary 
analyzing device 1 described above . frequency to extract a feature of the data ; and 
( 4 ) Denoising Process IV a blood condition evaluation unit configured to evaluate a 

In the denoising process IV , the noise of the temporal 50 condition change of blood from a feature extracted in 
change data of electrical characteristics is removed . In the the extraction unit . 
blood condition analyzing method according to the present ( 2 ) 
technology , the denoising process IV is not an essential The blood condition analyzing device according to ( 1 ) , 
process , but is preferably performed in order to improv further including : 
analysis precision more . The details of the denoising method 55 an extraction criterion setting unit configured to set an 
performed in the denoising process IV are the same as those extraction criterion in the extraction unit . 
of the denoising method performed in the denoising unit 5 ( 3 ) 
of the blood condition analyzing device 1 described above . The blood condition analyzing device according to ( 1 ) or 
( 5 ) Reliability Evaluation Process V ( 2 ) , further including : a denoising unit configured to remove 

In the reliability evaluation process V , the reliability of the 60 noise of the temporal change data of the electrical charac 
temporal change data of electrical characteristics is evalu teristic . 
ated . In the blood condition analyzing method according to 
the present technology , the reliability evaluation process V The blood condition analyzing device according to any 
is not an essential process , but is preferably performed in one of ( 1 ) to ( 3 ) , further including : 
order to improve analysis precision more . The details of the 65 a reliability evaluation unit configured to evaluate reli 
reliability evaluation method performed in the reliability ability of the temporal change data of the electrical 
evaluation process V are the same as those of the reliability characteristic . 
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( 5 ) REFERENCE SIGNS LIST 
The blood condition analyzing device according to any 

one of ( 1 ) to ( 4 ) , further including : 1 blood condition analyzing device 
a measuring unit configured to measure an electrical 6 reliability evaluation unit 

characteristic of blood at an arbitrary frequency over 5 5 denoising unit 
time . 2 extraction unit 

( 6 ) 3 blood condition evaluation unit 
The blood condition analyzing device according to any 4 extraction criterion setting unit 

one of ( 1 ) to ( 5 ) , further including : 7 measuring unit an extraction result storage unit configured to store an 10 
extraction result in the extraction unit . 8 storage unit 

10 blood condition analyzing system ( 7 ) 
The blood condition analyzing device according to any 101 electrical characteristic measuring device 

102 server one of ( 1 ) to ( 6 ) , further including : 
a blood condition evaluation storage unit configured to 15 103 display unit 

store an evaluation result in the blood condition evalu 104 user interface 
ation unit . I extraction process 

( 8 ) II blood condition evaluation process 
The blood condition analyzing device according to ( 5 ) , III extraction criterion setting process 

further including : a measurement result storage unit config- 20 IV denoising process 
ured to store a measurement result in the measuring unit . V reliability evaluation process 
( 9 ) VI measuring process 

A blood condition analyzing system including : VII storage process 
an electrical characteristic measuring device including a 
measuring unit configured to measure an electrical 25 The invention claimed is : 
characteristic of blood at an arbitrary frequency over 1. A blood condition analyzing system comprising : 
time ; and an electrical characteristic measuring device including at 

a blood condition analyzing device including least one electrode configured to be arranged in elec 
an extraction unit configured to use temporal change trical contact with a blood sample , the electrical char 

data of an electrical characteristic of blood at an 30 acteristic measuring device configured to : 
arbitrary frequency to extract a feature of the data apply a voltage to the at least one electrode ; 
and select a frequency band for measuring an electrical 

a blood condition evaluation unit configured evalu characteristic of the blood sample ; and 
ate a condition change of blood from a feature measure the electrical characteristic of the blood 
extracted in the extraction unit . sample at a plurality of time points and within the 

( 10 ) selected frequency band to generate temporal change 
The blood condition analyzing system according to ( 9 ) , data of the electrical characteristic of the blood 

further including : sample ; 
a server including an information storage unit configured a blood condition analyzing device configured to : 

to store a measurement result in the electrical charac- 40 select an extraction method from a plurality of extrac 
teristic measuring device and / or an analysis result in tion methods for evaluating a blood condition ; 
the blood condition analyzing device . analyze the temporal change data of the electrical 

( 11 ) characteristic of the blood sample to extract a feature 
The blood condition analyzing system according to ( 10 ) , of the data according to the selected extraction 

wherein the server is connected to the electrical character- 45 method ; and 
istic measuring device and / or the blood condition analyzing evaluate a condition change of the blood sample from 
device via a network . the extracted feature according to the selected extrac 
( 12 ) tion method ; and 

A blood condition analyzing method for performing : a display configured to : 
an extraction process of using temporal change data of an 50 display an indication of the blood condition based on 

electrical characteristic of blood at an arbitrary fre the evaluation of the condition change of the blood 
quency to extract a feature of the data ; and sample to facilitate a diagnosis . 

a blood condition evaluation process of evaluating a 2. The blood condition analyzing system according to 
condition change of blood from a feature extracted in claim 1 , wherein the blood condition analyzing device is 
the extraction process . 55 further configured to set an extraction criterion used to 

( 13 ) extract the feature of the data . 
A blood condition analyzing program for causing a com 3. The blood condition analyzing system according to 

puter to execute : claim 1 , wherein the blood condition analyzing device is 
an extraction function of using temporal change data of an further configured to remove noise of the temporal change 

electrical characteristic of blood at an arbitrary fre- 60 data of the electrical characteristic . 
quency to extract a feature of the data ; and 4. The blood condition analyzing system according to 

a blood condition evaluation function of evaluating a claim 1 , wherein the blood condition analyzing device is 
condition change of blood from a feature extracted in further configured to evaluate reliability of the temporal 
the extraction function . change data of the electrical characteristic . 

The effects described in the present specification are only 65 5. The blood condition analyzing system according to 
examples and not limitative ones ; and there may be other claim 1 , wherein the blood condition analyzing device is 
effects . further configured to store an extraction result . 
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6. The blood condition analyzing system according to evaluating an end of blood coagulation based on a 
claim 1 , wherein the blood condition analyzing device is datum corresponding to the line segment . 
further configured to store an evaluation result . 12. The blood condition analyzing system according to 

7. The blood condition analyzing system according to claim 1 , 
claim 1 , wherein the blood condition analyzing device is 5 wherein analyzing temporal change data according to the 

selected extraction method comprises : further configured to store a measurement result . determining an average amplitude M of a minimum 8. The blood condition analyzing system according to value and a maximum value of the data ; claim 1 , further comprising : connecting each datum in the data corresponding to a 
a server configured to store a measurement result in the time less than T from a point ( T , M ) to obtain a 

electrical characteristic measuring device and / or an plurality of line segments ; and 
analysis result in the blood condition analyzing device . determining a line segment with a maximum slope , and 

9. The blood condition analyzing system according to wherein evaluating a condition change of the blood 
claim 8 , wherein the server is connected to the electrical sample according to the selected extraction method comprises : characteristic measuring device and / or the blood condition evaluating a start of blood coagulation based on a analyzing device via a network . 

10. A non - transitory computer - readable storage medium datum corresponding to the line segment . 
storing a blood condition analyzing program for causing a 13. The blood condition analyzing system according to 

claim 1 , wherein the electrical characteristic measuring computer to execute : 
applying a voltage to at least one electrode configured to 20 to hold the blood sample , wherein the at least one blood device includes at least one blood sample holder configured 
be arranged in electrical contact with a blood sample ; 

selecting a frequency band for measuring an electrical sample holder comprises a substrate having at least one cell 
characteristic of the blood sample ; provided thereon or at least one container . 

14. The blood condition analyzing system according to measuring the electrical characteristic of the blood sample 
at a plurality of time points and within the selected claim 1 , wherein the plurality of extraction methods com 
frequency band to generate temporal change data of the prise a linear approximation method , a linear projection 
electrical characteristic of the blood sample ; method , an approximation method using non - linear rational 

selecting an extraction method from a plurality of extrac functions , and a boundary detection algorithm . 
15. The blood condition analyzing system according to tion methods for evaluating a blood condition ; 

analyzing the temporal change data of the electrical 30 based , at least in part , on the blood condition being analyzed . claim 1 , wherein the selected frequency band is selected 
characteristic of the blood sample to extract a feature of 
the data according to the selected extraction method ; 16. A method for analyzing a blood condition comprising : 

evaluating a condition change of the blood sample from applying a voltage to at least one electrode configured to 
the extracted feature according to the selected extrac be arranged in electrical contact with a blood sample ; 
tion method ; and selecting a frequency band for measuring an electrical 

displaying an indication of the blood condition based on characteristic of the blood sample ; 
the evaluation of the condition change of the blood measuring the electrical characteristic of the blood sample 
sample to facilitate a diagnosis . at a plurality of time points and within the selected 

11. The blood condition analyzing system according to frequency band to generate temporal change data of the 
electrical characteristic of the blood sample ; claim 1 , 

wherein analyzing temporal change data according to the selecting an extraction method from a plurality of extrac 
selected extraction method comprises : tion methods for evaluating a blood condition ; 
determining an average amplitude M of a minimum analyzing the temporal change data of the electrical 

value and a maximum value of the temporal change characteristic of the blood sample to extract a feature of 
data ; the data according to the selected extraction method ; 

connecting each datum in the temporal change data evaluating a condition change of the blood sample from 
from a point ( 1 , M ) to obtain a plurality of line the extracted feature according to the selected extrac 

tion method ; and segments ; and 
determining a line segment with a maximum slope , and displaying an indication of the blood condition based on 

the evaluation of the condition change of the blood wherein evaluating a condition change of the blood 
sample according to the selected extraction method sample to facilitate a diagnosis . 
comprises : 
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