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(57) ABSTRACT

The present invention discloses a non-invasive blood glu-
cose measurement method, applied to noninvasive blood
glucose measuring instruments including measuring hosts
and fingertip measuring probes, comprising pre-storing a
random forest algorithm and a neural network prediction
algorithm in the measuring host; measuring energy metabo-
lism parameters of a fingertip of an individual to be mea-
sured and transmitting the parameters to the measuring host
by the fingertip measuring probe; calling the random forest
algorithm to predict the blood glucose type of the energy
metabolism parameters of the fingertip of the individual to

(Continued)

Measure the encrgy metabo'isu parameters of a
Plumlity of irdividual fiogertps te obiin
S100—] specimen data of the pluralty of individuls by

the fingetip measurng probe, wherein each

individual's specimen dats contain different
encigy metabolism perameters of the fingertips
thereot.

e e
specimen data of a plurality of indivichals i
——] Low blood sugar type, iatermediare blood x\lga

type and bigh blood sugar fyoe thvongh o
corputer

~ S200

Define the energy membolism pazameters in the
the

e e i oot sugar vave
] estimation system 1o S e oo leod sugar
neutral network prediction algorithm,

$300 = intermediate blood sugar newtral network
diction algorithm and high blood sugar neutral
sewwork predicton algorithun.

Prestore the zundom forest aigorithun and the

neural retwork prefiction algorithms in the

‘messuring host in the measuring host. 400
Mesre e eney ebolim praer of he
fingertp of the individual to be measared and [

wansmi the enagymu.bl 0 perameters 1o the
‘messuring host by the fingertip measuring proke.

L
8500

Cal: the random forest algorithm to pre-measire
the blood sugar 1ype of the enesgy metabolisn
pasncln ofte g of o ndvidel md
call the cx v i f4—
i T tee e Ho sugar value
the fingertp of the individunl to be mcm\m‘lby - s600
the measuring host.




US 10,695,005 B2
Page 2

be measured and calling the corresponding neural network
prediction algorithm to calculate the blood glucose value of
the fingertip of the individual to be measured by the mea-
suring host. The present invention also provides a fingertip-
measuring probe. The non-invasive blood glucose measure-
ment method disclosed in the present invention can be
applied to non-invasive measurement of blood glucose,
parameters related to energy metabolism of human body,
healthy parameters of angiocarpy, etc.
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FIGURE 1

5100

Measure the energy metabolism parameters of a
plurality of individual fingertips to obtain
specimen data of the plurality of individuals by
the fingertip measuring probe, wherein each
individual's specimen data contain different
energy metabolism parameters of the fingertips
thereof.

Use the random forest algorithm to classify the
specimen data of a plurality of individuals into
low blood sugar type, intermediate blood sugar
type and high blood sugar type through a
computer.

— 5200

S300 —

Define the energy metabolism parameters in the
specimen data of the low blood sugar type,
intermediate blood sugar type and high blood
sugar type as the input parameters of the original
models of the non-invasive blood sugar value
estimation system to obtain the low blood sugar
neutral network prediction algorithm,
intermediate blood sugar neutral network
prediction algorithm and high blood sugar neutral
network prediction algorithm.

Pre-store the random forest algorithm and the
neutral network prediction algorithms in the
measuring host in the measuring host.

— 5400

S500 =

Measure the energy metabolism parameters of the
fingertip of the individual to be measured and
transmit the energy metabolism parameters to the
measuring host by the fingertip measuring probe.

Call the random forest algorithm to pre-measure
the blood sugar type of the energy metabolism
parameters of the fingertip of the individual and
call the corresponding neutral network prediction
algorithm to calculate the blood sugar value of
the fingertip of the individual to be measured by
the measuring host.

— S600
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FIGURE 2

Randomly select individual specimen data from a
S201— plurality of individual specimen data.
Split nodes of the selected individual specimen |g
data and constructing a decision-making tree. 3002
Repeat the above step to construct a plurality of
p p p ty

decision-making trees to generate random

5203 — forests.

Vote the decision-making tree in the random
forests, and according to the voting result,
classify the plurality of individual specimen data [&——
into the low blood sugar type, intermediate blood
sugar type and high blood sugar type. — 5204
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FIGURE 3

Define the energy metabolism parameters in the specimen data of the
3301 — low blood sugar type, intermediate blood sugar type and high blood
sugar type as the input parameters of the corresponding neutral
network.

Define a minimally invasive blood sugar value as a calibration
parameter and the minimally invasive blood sugar value, namely the
calibration parameter, as the expected output value of the neutral
network, and constructing an original model of a non-invasive blood — S3(02
sugar value estimation system.

Set the specimen parameter data of the original model and initialize the
weight and the threshold, calculate the output of the hidden layer and
——| the output layer, define the output of the output layer of each of the low
blood sugar type, intermediate blood sugar type and high blood sugar
type and the secondary error criteria function of the invasive blood
sugar value as the control function, calculate the system's total error
S3083 = criteria function for the system to the plurality of training specimen
data, gradually calculate the output error of nerve cells on each layer
from the output layer, then adjust the weight and threshold of the
output layer and the hidden layer in accordance with an error gradient
descent method, then calculate the error of all specimens according to
the adjusted weight and threshold such that the final output value of the
modified corresponding neutral system approaches the expected output
value.

When the error of the output result is within the allowed scope or
reaches the maximum learning times, stop learning; otherwise, continue [
to learning of a new cycle. — 5304
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FIGURE 4

Measure the difference AT, humidity difference ARH and
radiation temperature difference ARAD of the fingertip surface of
3501 — the human body and the environment, the blood oxygen saturation
difference Spo2 of the fingertip of the human body, the blood flow
velocity Bv, and the pulse rate value Hr by the fingertip measuring
probe.

Calculate AT, ARH and ARAD to obtain the basal metabolic rate | _ S502
BMR by the fingertip measuring probe.

Transmit the energy metabolism parameters including AT,
S503 — ARH, ARAD and BMR to the measuring host by the fingertip
measuring probe.
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1
NON-INVASIVE BLOOD SUGAR
MEASURING METHOD AND FINGERTIP
MEASURING PROBE

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention belongs to the technical field of
medical instruments, in particular to a non-invasive blood
sugar measuring method and fingertip measuring probe
based on the energy metabolic conservation of human body.

2. Description of Related Art

Blood sugar is a key medical indicator in the detection,
diagnosis and treatment of diabetes, clinically detecting the
blood sugar concentration of a patient to determine the
insulin dose needed to be injected, thus effectively regulat-
ing the glucose metabolism, preventing deterioration of the
diabetes and reducing occurrence of the complication.
Therefore, the detection, quantification and monitoring of
the blood sugar content is a necessary means of diabetes
diagnosis and treatment.

Non-invasive blood sugar detection technology combines
spectral analysis, electro osmosis, photoelectric detection
techniques, electrochemical techniques, signal processing
analysis, and other correlative theories. It is a cross tech-
nology covering knowledge of many subjects. The non-
invasive blood sugar detection using non-spectrum analysis
method mainly employs the reverse ionic osmosis technol-
ogy or ultrasonic technology and uses the electrodes on the
body surface to collect the glucose in the subcutaneous
tissue liquid specimen and converts it into the blood sugar
content. The first one who applied the non-spectra analysis
method to the non-invasive blood sugar detection is Ameri-
can Cygnuslnc company. This company firstly obtained the
approval of producing the wrist type non-invasive blood
sugar instrument—Gluco Watch. In 2006, Liu Jian, etc. used
the reverses iontophoresis technology to develop a non-
invasive blood sugar detection prototype and made corre-
sponding animal tests. The feasible analysis has certain
reference values. According to the non-invasive blood sugar
detection using the light spectrum analysis, a light source
transmits a light signal; the light transmits the cuticle,
epidermis, dermis, subcutaneous tissue, interstitial fluid and
blood sugar; the sensors are disposed at different positions to
detect the reflected light or the intensity of intensity of
transmitted beam, which is compared with the intensity of
reference beam to quantify the blood sugar value. In 1990,
American Hutchinson used the rotation characteristics of the
polarized light of glucose to measure the glucose concen-
tration in the fluid of the chamber of eyeball, accordingly
deduced the blood sugar concentration of the human body
and obtained the related technology patents. In 1992, Ameri-
can Sandia Lab and the Medical College of University of
New Mexico together researched a non-invasive blood sugar
measurement sensor and made a success in 1995. Such
method also has many problems when applied to detect the
blood sugar values of the same or different patients at
different times, such as the temperature influences, metabo-
lite concentration, and light absorbency interference of other
substances, which needed to be solved.

In conclusion, no simple and efficient non-invasive detec-
tion of blood sugar is disclosed yet.

BRIEF SUMMARY OF THE INVENTION

One of the objectives of the present invention is to provide
a non-invasive blood sugar measuring method and a finger-
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tip measuring probe based on energy metabolic conservation
of the human body to keep stable relationship between the
input signal and the measuring result.

The present invention provides a non-invasive blood
glucose measurement method, applied to noninvasive blood
glucose measuring instruments including measuring hosts
and fingertip measuring probes, comprising pre-storing a
random forest algorithm and a neural network prediction
algorithm in the measuring host; measuring energy metabo-
lism parameters of a fingertip of an individual to be mea-
sured and transmitting the parameters to the measuring host
by the fingertip measuring probe; calling the random forest
algorithm to predict the blood glucose type of the energy
metabolism parameters of the fingertip of the individual to
be measured and calling the corresponding neural network
prediction algorithm to calculate the blood glucose value of
the fingertip of the individual to be measured by the mea-
suring host.

Furthermore, the random forest algorithm is preset with
the low blood sugar type, intermediate blood sugar type and
high blood sugar type; the low blood sugar type is corre-
sponding to the low blood sugar neural network prediction
algorithm. The intermediate blood sugar type is correspond-
ing to the intermediate blood sugar type is corresponding to
the intermediate blood sugar neural network prediction
algorithm and the high blood sugar type is corresponding to
the high blood sugar neural network prediction algorithm.

Furthermore, before the step of pre-storing the random
forest algorithm and the neural network prediction algorithm
in the measuring host, a step is comprised: measuring the
energy metabolism parameters of a plurality of individual
fingertips to obtain specimen data of the plurality of indi-
viduals by the fingertip measuring probe, each individual’s
specimen data containing different energy metabolism
parameters of the fingertips thereof; employing the random
forest algorithm to classify the specimen data of a plurality
of individuals into low blood sugar type, intermediate blood
sugar type and high blood sugar type through a computer;
and, defining the energy metabolism parameters in the
specimen data of the low blood sugar type, intermediate
blood sugar type and high blood sugar type as the input
parameters of the original models of the non-invasive blood
sugar value estimation system to obtain the low blood sugar
neutral network prediction algorithm, intermediate blood
sugar neutral network prediction algorithm and high blood
sugar neutral network prediction algorithm.

Furthermore, the step of employing the random forest
algorithm to classify the specimen data of a plurality of
individuals into low blood sugar type, intermediate blood
sugar type and high blood sugar type through a computer
specifically comprises: randomly selecting individual speci-
men data from a plurality of individual specimen data;
splitting nodes of the selected individual specimen data and
constructing a decision-making tree; repeating the above
step to construct a plurality of decision-making trees to
generate random forests; voting the decision-making tree in
the random forests, and according to the voting result,
classifying the plurality of individual specimen data into the
low blood sugar type, intermediate blood sugar type and
high blood sugar type.

Furthermore, the step of defining the energy metabolism
parameters in the specimen data of the low blood sugar type,
intermediate blood sugar type and high blood sugar type as
the input parameters of the original models of the non-
invasive blood sugar value estimation system to obtain the
low blood sugar neutral network prediction algorithm, inter-
mediate blood sugar neutral network prediction algorithm
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and high blood sugar neutral network prediction algorithm
specifically comprises: defining the energy metabolism
parameters in the specimen data of the low blood sugar type,
intermediate blood sugar type and high blood sugar type as
the input parameters of the corresponding neutral network;
defining a minimally invasive blood sugar value as a cali-
bration parameter and the minimally invasive blood sugar
value, namely the calibration parameter, as the expected
output value of the neutral network, and constructing an
original model of a non-invasive blood sugar value estima-
tion system; setting the specimen parameter data of the
original model and initialize the weight and the threshold,
calculating the output of the hidden layer and the output
layer, defining the output of the output layer of each of the
low blood sugar type, intermediate blood sugar type and
high blood sugar type and the secondary error criteria
function of the invasive blood sugar value as the control
function, calculating the system’s total error criteria function
for the system to the plurality of training specimen data,
gradually calculating the output error of nerve cells on each
layer from the output layer, then adjusting the weight and
threshold of the output layer and the hidden layer in accor-
dance with an error gradient descent method, then calculat-
ing the error of all specimens according to the adjusted
weight and threshold such that the final output value of the
modified corresponding neutral system approaches the
expected output value; when the error of the output result is
within the allowed scope or reaches the maximum learning
times, stopping learning; otherwise, continuing to learning
of a new cycle.

Furthermore, the calculation formula of the original
model is: Y=purelin (T*tansig (W*X+6,))+6,; X is the input
parameter of the neutral network prediction algorithm; W
and T are weights; 6, and 8, are thresholds; and Y is the final
output value of the corresponding neutral network prediction
algorithm.

Furthermore, the calculation formula of the neutral net-
work predication algorithm is:

Yp = purelin(Ty «tansig(Wp = Xy + 0,.) + 611
Y = purelin{Tyy = tansig(Wyy = Xy + 7)) + 014

Yy = purelin(Ty stansigWy # Xy +0;n)) + 01y

wherein, X;, X,,and X, respectively are the input param-
eters of the low, intermediate and high blood sugar neutral
network prediction algorithms; W, W, , W, T,, T,, T are
the weights of the low, intermediate and high blood sugar
neutral network prediction algorithms; 6,;, 6,,, 0,, 0,;,
0,5 0,7 are thresholds of the low, intermediate and high
blood sugar neutral network prediction algorithms; Y;, Y,,,
Y, are the final output values of the low, intermediate and
high blood sugar neutral network prediction algorithms.

Furthermore, the step of measuring the energy metabo-
lism parameters of the fingertip of the individual to be
measured and transmitting the parameters to the measuring
host by the fingertip measuring probe comprises: measuring
the difference AT, humidity difference ARH and radiation
temperature difference ARAD of the fingertip surface of the
human body and the environment, the blood oxygen satu-
ration difference Spo2 of the fingertip of the human body, the
blood flow velocity By, and the pulse rate value Hr by the
fingertip measuring probe; calculating AT, ARH and ARAD
to obtain the basic metabolism rate BMR by the fingertip
measuring probe; transmitting the energy metabolism
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parameters including AT, ARH, ARAD and BMR to the
measuring host by the fingertip measuring probe.

Furthermore, the step of calling the random forest algo-
rithm to predict the blood sugar type of the energy metabo-
lism parameter of the fingertip of the individual to be
measured and calling the corresponding neutral network
prediction algorithm to calculate the blood sugar value of the
fingertip of the individual to be measured by the measuring
host comprises: calling a plurality of decision-making tree
models in the constructed random forest algorithm to judge
the blood sugar type of the energy metabolism parameter;
according to the voting result of every decision-making tree
and in accordance with the principle that the minority is
subordinate to the majority, classifying the individual speci-
men data into the low blood sugar type, or intermediate
blood sugar type or high blood sugar type; according to the
classification result, calling the corresponding neutral net-
work prediction algorithm pre-stored in the host to calculate
and obtain the invasive blood sugar value of the fingertip of
the individual to be measured.

The present invention also comprises a fingertip measur-
ing probe, comprising a first circuit board and a second
circuit board; a temperature-humidity sensor, disposed at the
upper surface of the second circuit board for measuring the
temperature and humidity on the finger surface; a radiation
temperature sensor, disposed at the lower surface of the
second circuit board for measuring the radiation temperature
of the finger surface; an environmental temperature-humid-
ity sensor, disposed at the lower surface of the second circuit
board for measuring the environmental temperature and
humidity; a photoelectric receiver disposed at the upper
surface of the second circuit board, a light-emitting diode
disposed on the upper surface of the first circuit board, the
light-emitting diode emitting light rays which penetrate
through the fingertip and then are received by the photo-
electric receiver.

Furthermore, the fingertip measuring probe also com-
prises an upper holding portion, a lower holding portion, a
connecting flat wire, and the connecting flat wire is con-
nected between the upper holding portion and the lower
holding portion.

Furthermore, the fingertip-measuring probe also com-
prises a communication cable, which penetrates through the
lower holding portion and is connected with the second
circuit board.

The non-invasive blood sugar measuring method and
fingertip measuring probe provided by the present invention
can be applied to the non-invasive detection of the param-
eters related to the energy metabolism and cardiovascular
health of the human body. and can keep the relationship
between the input signal and the measuring result stable.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a flowchart of the non-invasive blood sugar
measuring method of the present invention.

FIG. 2 is a specific flowchart of step S200.

FIG. 3 is a specific flowchart of step S300.

FIG. 4 is a specific flowchart of step S500.

FIG. 5 is a schematic view of the voting process of the
decision-making tree.

FIG. 6 is a topological structure diagram of the neutral
network prediction algorithm of the present invention.

FIG. 7 is an absorbency characteristic diagram of hemo-
globin.

FIG. 8 is a detection flowchart.
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FIG. 9 is a structural view of the fingertip-measuring
probe of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The embodiments of the present invention are described
in detail with reference to the attached drawings. It shall be
noted that, the technical characteristics or combinations
thereof described in the embodiments shall be not regarded
to be isolated, and they can be combined to achieve better
technical effects. In the attached drawings of the following
embodiments, the same marks in the drawings represent the
same characteristics or parts, and can be applied to different
embodiments.

FIG. 1 is a flowchart of the non-invasive blood sugar
measuring method of the present invention.

A non-invasive blood sugar measuring method of the
present invention, applied to non-invasive blood sugar mea-
suring instruments including measuring hosts and fingertip
measuring probes, comprises step S100, step S200, step 300,
step S400, step S500 and step S600. Each step is described
in detail below.

Step 100: Measure the energy metabolism parameters of
a plurality of individual fingertips to obtain specimen data of
the plurality of individuals by the fingertip measuring probe,
wherein each individual’s specimen data containing differ-
ent energy metabolism parameters of the fingertips thereof.

Step 200: Employ the random forest algorithm to classify
the specimen data of a plurality of individuals into low blood
sugar type, intermediate blood sugar type and high blood
sugar type through a computer.

FIG. 2 is a specific flowchart of step S200.

Step S200 specifically comprises:

Step S201, randomly select individual specimen data
from a plurality of individual specimen data.

Step S202, split nodes of the selected individual specimen
data and construct a decision-making tree.

Step S203, repeat the above step to construct a plurality
of decision-making trees to generate random forests.

Step S204, vote the decision-making tree in the random
forests, and according to the voting result, classify the
plurality of individual specimen data into the low blood
sugar type, intermediate blood sugar type and high blood
sugar type.

Step S300, define the energy metabolism parameters in
the specimen data of the low blood sugar type, intermediate
blood sugar type and high blood sugar type as the input
parameters of the original models of the non-invasive blood
sugar value estimation system to obtain the low blood sugar
neutral network prediction algorithm, intermediate blood
sugar neutral network prediction algorithm and high blood
sugar neutral network prediction algorithm.

In this embodiment, to generate the branch of every
decision-making tree, the attribute is selected according to
the splitting algorithm. The splitting algorithm may be CLS
algorithm, C4.5 algorithm or CART algorithm. When CART
algorithm is used, Gini indicator can be used to select the
splitting attribute and classify the measurement data. The
attribute selected using the Gini indicator is relatively uni-
form, does not generate the problem of bias, and is appli-
cable to specimen sets with complicated and variable attri-
butes and parameters.

FIG. 3 is a specific flowchart of step S300.

Step S300 specifically comprises:

Step S301, define the energy metabolism parameters in
the specimen data of the low blood sugar type, intermediate
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blood sugar type and high blood sugar type as the input
parameters of the corresponding neutral network.

Step S302, Define a minimally invasive blood sugar value
as a calibration parameter and the minimally invasive blood
sugar value, namely the calibration parameter, as the
expected output value of the neutral network, and construct
an original model of a non-invasive blood sugar value
estimation system. In this embodiment, the calculation for-
mula of the original module is Y=purelin (T*tansig (W*X+
0,)+0,; X is the input parameter of the neutral network
prediction algorithm; W and T are weights; 6, and 0, are
thresholds; and Y is the final output value of the correspond-
ing neutral network prediction algorithm.

Step 303, set the specimen parameter data of the original
model and initialize the weight and the threshold, calculate
the output of the hidden layer and the output layer, define the
output of the output layer of each of the low blood sugar
type, intermediate blood sugar type and high blood sugar
type and the secondary error criteria function of the invasive
blood sugar value as the control function, calculate the
system’s total error criteria function for the system to the
plurality of training specimen data, gradually calculate the
output error of nerve cells on each layer from the output
layer, then adjust the weight and threshold of the output
layer and the hidden layer in accordance with an error
gradient descent method, then calculate the error of all
specimens according to the adjusted weight and threshold
such that the final output value of the modified correspond-
ing neutral system approaches the expected output value.

Step S304, when the error of the output result is within the
allowed scope or reaches the maximum learning times, stop
learning; otherwise, continue to learning of a new cycle.

At completion of steps S301-S304, obtain the following
calculation formula of the neutral network prediction algo-
rithm:

Yp = purelin(Ty xtansig(Wp = X, +6,1)) + 011,
Yy = purelin(Ty «tansig(Wys = Xpy + Opr)) + 011

Yy = purelin(Ty «tansig(Wy =« Xy +0in)) + Oin

wherein, X, , X, ,and X,, respectively are the input param-
eters of the low, intermediate and high blood sugar neutral
network prediction algorithms; W,, W,,, W, T,,T,, T are
the weights of the low, intermediate and high blood sugar
neutral network prediction algorithms; 0,7, 0,,, 0,;, 0,5,
0,5 0,7 are thresholds of the low, intermediate and high
blood sugar neutral network prediction algorithms; Y, Y,,,
Y, are the final output values of the low, intermediate and
high blood sugar neutral network prediction algorithms.

Step S400, pre-store a random forest algorithm and a
neural network prediction algorithm in the measuring host.

In this embodiment, the random forest algorithm is preset
with the low blood sugar type, intermediate blood sugar type
and high blood sugar type; the low blood sugar type is
corresponding to the low blood sugar neural network pre-
diction algorithm; the intermediate blood sugar type is
corresponding to the intermediate blood sugar type is cor-
responding to the intermediate blood sugar neural network
prediction algorithm; and the high blood sugar type is
corresponding to the high blood sugar neural network pre-
diction algorithm.

Step S500, measure the energy metabolism parameters of
the fingertip of the individual to be measured and transmit
the energy metabolism parameters to the measuring host by
the fingertip-measuring probe.
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FIG. 4 is a specific flowchart of step S500.

Step S500 specifically comprises:

Step S501, measure the difference AT, humidity differ-
ence ARH and radiation temperature difference ARAD of the
fingertip surface of the human body and the environment,
the blood oxygen saturation difference Spo2 of the fingertip
of the human body, the blood flow velocity Bv, and the pulse
rate value Hr by the fingertip measuring probe;

Step S502, calculate AT, ARH and ARAD to obtain the
basic metabolism rate BMR by the fingertip measuring
probe;

Step S503, transmit the energy metabolism parameters
including AT, ARH, ARAD and BMR to the measuring host
by the fingertip-measuring probe.

Step 600, call the random forest algorithm to pre-measure
the blood sugar type of the energy metabolism parameters of
the fingertip of the individual and call the corresponding
neutral network prediction algorithm to calculate the blood
sugar value of the fingertip of the individual to be measured
by the measuring host.

In this embodiment, the final output result of the algo-
rithm is obtained by the final majority voting method using
the decision-making trees. The randomly constructed N
decision-making sub-trees classify a certain test specimen;
the results of all sub-trees are collected; in the principle that
the minority is subordinate to the majority, the classification
result with the most votes is used as the final output result
of the algorithm. Thus, the classification of the blood sugar
values of the individuals is complete.

In the present invention, due to the complication of the
blood sugar adjustment process, in particular the difference
in the biological information of the low blood sugar value
group, intermediate blood sugar value group and high blood
sugar value group, it is decided to use the random forest
method to classify the blood sugar of different groups after
testing. Simply speaking, a forest consisting of many deci-
sion-making trees is built randomly, and the decision-mak-
ing trees of the random forest are not correlated. After the
forest is obtained, when a new input specimen enters, every
decision-making tree in the forest judges the type of the
input specimen, then judges which type is selected most and
next predicts the type of the specimen. The random forest
algorithm mainly includes the generation and voting pro-
cesses of the decision-making trees.

First, construct the decision-making trees:

To construct N decision-making trees, it is needed to
generate corresponding quantity of training sets. Generating
N training sub-sets from the original training set relates to
the technology of sampling with replacement (bagging sam-
pling technology). The purpose of doing so is to prevent the
decision-making trees in the forest to generate the partial
optimal solution. N decision-making trees are generated to
form a “forest”. Every decision-making tree grows without
pruning treatment. When every tree grows the branches, the
attribute is selected according to a certain splitting rule. The
calculation indicators of the node-splitting rule are also not
the same.

In the present invention, the splitting rules capable of
being employed include CLS (Concept Learning System)
algorithm, C4.5 algorithm, and CART (Classification And
Regression Tree) algorithm.

CLS algorithm is the early decision-making tree genera-
tion algorithm. In the CLS algorithm, the node splitting
process is random. First, randomly select one attribute from
all attributes of a data set as a root node, and start to split
from this attribute. The splitting process depends on the set
value of the attribute, and the number of the value scopes of
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the attribute is corresponding to the number of the branches.
The execution of the algorithm is ended until a leave node
is generated. The rule of generating the leave node is as
follows: the current data set is null, or all specimens in this
data set belong to the same type.

C4.5 algorithm is based on ID3 algorithm. ID3 algorithm
abides by a fixed rule when selecting the attribute. This rule
is as follows: the attributes are compared through introduc-
ing information entropies, and the attribute as the splitting
node is determined through comparing the size of the
information entropies. This algorithm starts from the calcu-
lation of the information entropy, calculating the informa-
tion gain ratio of every attribute.

The calculation process of the information gain is as
follows:

Calculate the information entropy of the node

N
Info(D) = —Z Pjlog, P;
i=1

Classify the expectation information needed for the speci-
men classification of D on the basis of A, wherein the
formulas are below:

Info, (D) = Z [(%) # Info(Di)]

i=1

The above two formulas can obtain the information gain.
The definition formula is:

Gain(4)=Info(D)-Info A(D)

Gain (A) represents reduction of the expectation of the
information need caused by the value of A, namely the
information gain.

The calculation process of the information gain ratio is as
follows:

v

. 12 [Di]
Splitinfo, (D) = — ) [(3) *1og2(3)]

Wherein, v represents the number of the values of the
attribute A.
The calculation process of the information gain ratio is:

Gain(A)

GainRatio(A) = — ) _
ainRatioA) = o (D)

Then, compare and select the attribute for splitting
according to the size of the information gain. For example,
the maximum attribute is used as the node-splitting attribute.

CART algorithm divides the values of the splitting attri-
butes into two sub-sets, then starting from those two sub-
sets, calculates the Gini indicators decided by the training
set, next employs the binary recursion mode to divide the
current training set into two sub-sets, thus generate a sub-
tree with left and right two branches. When the node is split,
this algorithm uses the Gini indicator to measure data
classification.
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Calculate the Gini coefficient of the specimen

m

Gini($) = 1 - Z P
i=l

Wherein, Pi represents the probability of the Cj in the
specimen set S.

Calculate the Gini coefficient of every division

If S is divided into two sub-sets S1 and S2, the Gini
coeflicient of this division is

., 151 .. . 120 .. .
Ginigyi(s) = TGW(SI) + TGW(SZ)

Then, select the attribute corresponding to the splitting
mode with the minimum ginisplit (S) as the node-splitting
attribute.

2.2 Random Selection of Random Characteristic Variable

When the random forest splits the node, not all attributes
participate in the calculation of the attribute indicator, but
several certain attributes are randomly selected to participant
in the comparison, and the participating attributes are called
random characteristic variables.

2.3 Formation of the Forest and Execution of the Algo-
rithm

Repeat the above steps to build a great number of deci-
sion-making trees, and then a random forest is generated.
The final output result of the algorithm is obtained by the
majority vote method.

FIG. 5 is a schematic view of the voting process of the
decision-making tree.

In the present invention, the voting formula of the deci-
sion-making tree is:

Taree

n"i,c
C, = argmax, 1
Ay

tree
i=

Note: nc is the total number of the type;

In this embodiment, the beneficial effects of using the
random forest method to classify the blood sugar values of
the individuals are as follows:

Generate a high-accuracy classifier through combination
of thoughts.

Conveniently and quickly process a great number of input
variables.

Evaluate the characteristic importance of the data set
characteristics to finish characteristic selection.

When evaluating the characteristic importance, also pro-
vide a method for testing the relevance among the charac-
teristics.

Well balance the error to solve the unbalanced classifi-
cation problem.

The 00B data generated when constructing the random
forest can well implement the estimation without bias on the
classifier error.

The structure of the random forest is conveniently
obtained and the calculation learning is very quick.

Well tolerate the abnormalities and noise interference and
effectively restrain the generation of the over-fitting problem
of the classifier.
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Therefore, the embodiment of the present invention uses
the very good non-linear modeling algorithm of the random
forest to well to realize the complicated parameter calcula-
tion of the human body physiological research field, and in
comparison with the support vector machine, K-means
clustering, decision-making tree, Bayesian classification and
other classification algorithms, is more applicable to the
classification of the non-invasive blood sugar measurement
parameters.

Specifically speaking, the neutral network in this embodi-
ment of the present invention is a reverse transmission
network. FIG. 6 is a topological structure diagram of the
neutral network prediction algorithm of the present inven-
tion.

The most important application of the reverse transmis-
sion neutral network is functional approximation. The core
is the error reverse transmission to correct the weight and
threshold of each node, such that the error function descends
along the negative gradient. The reverse transmission neu-
tral network comprises three layers of nodes, namely input
nodes, hidden nodes and output nodes. First, create a cas-
cade forward reverse transmission network, and then imple-
ment training by using the non-invasive blood sugar char-
acteristic value and the invasive blood sugar value as input
and the measured real value as the output. Randomly select
the training and predication data, randomly determining the
initial weight matrix W (0), implement reverse correction
until running out of all learning data. The neutral network
training function is of randomness, so the accuracy obtained
through training is different every time. The complied pre-
diction function is used for stimulation; the absolute error
between the stimulation value and the real value is used as
the condition; and the while sentence is used as to circularly
train the data to obtain the network with the highest accu-
racy. The trained network includes the weight and the
deviation. Multiply the weight of the hidden layer by the
input, add the deviation of the hidden layer, then apply the
transmission function of the hidden layer, and then the
obtained result is input of the output layer. Likewise, mul-
tiply the weight of the output layer by the input of the output
layer, add the deviation of the output layer, and then apply
the transmission function of the output layer to obtain
output. Thus, the accuracy of the trained value is greatly
improved.

Node of the Hidden Layer:

Error formula

b = filnen )+ Z 6Ty

Weight correction WP, p= WP, N +ndix(j)

Threshold correction 9(1p ) = 0;” Dy nd;

In the formula, xj input the node input
Node of the Output Layer

Error formula 01 = (1 —o1) = f'(nery)

Weight correction  T®(1, i) = T D(1, i) + nd1y(j)

Threshold correction pr) = 05”’” +nd;
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In the formula,
yi= f(Z W) = 91]
7

represents hidden node output;

oy = f(z Tyjyi - 91]
represents the output node output

net; = Z Wi, j)ex; 0, net; = Z (L, i)# y; 0

J J

W is the array of the hidden node weight; 61 is the threshold
error of the hidden node; T is the array of the output node
weight; and 61 is the threshold error of the output node.

Zleli
T

in 3i represents that the error 81 of the output layer node 1
is obtained by reverse transmission of T1i to the hidden node
i

the neutral network input array is X; the finally obtained
hidden layer weight array is W, the deviation array is 6i; the
output layer weight array is T, the deviation array is 61; and
the finally obtained results of the three types of blood sugar
are:

{YL = purelin (T xtansig(Wy « X, + 6;.)) + 01, ]
{ Yar = purelin Ty +tansig(Was + Xis +65)) + s |

| vy = purelin (Ty; wtansig(Wy « Xy + 0) + 0y )

The hemoglobin content measurement principle of the
present invention is as follows:

Human tissues are different in the absorption degree of the
near-infrared light. The absorption degree of the oxyhemo-
globin and deoxyhemoglobin of the human varies to the
maximum extent at 660 nm and 940 nm. At 805 nm, the
absorption degree of the oxyhemoglobin and deoxyhemo-
globin is the same. At 730 nm, the absorption degree of the
deoxyhemoglobin is relatively low. At positions of those two
wave lengths, the characteristics of the oxyhemoglobin and
deoxyhemoglobin can be most reflected, and then according
to the Lambert-Beer’s Law, near-infrared light at 660 n, 730
nm, 805 nm and 940 nm are selected as the detection wave
lengths.

A=Ig(lo/IN+ =Ig(l/ Ti+h=kx1xc+h.

The physical meaning of the Lambert-Beer’s Law: when a
beam of parallel monochromatic light vertically passes
through a certain uniform non-scattered light-absorbing sub-
stance, the absorbency A to the concentration ¢ of the
light-absorbing substance to the thickness d of the absorp-
tion layer is in positive ratio. However, the content of the
oxyhemoglobin and the deoxyhemoglobin is measured
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through measuring the fingers. Fingers are not uniform
non-scattered light-absorbing substances, so correction is
needed. A constant needs to be added in the above formula

A=Ig(lo/IN+i=Ig(U/T+h=kx1xc+h.

Wherein, A is the absorbency; 10 is the incident light
intensity; It is the intensity of transmitted beam; T is the
transmittancy (transmittance of light); k is the light-absorb-
ing coeflicient; 1 is the media thickness; ¢ is the concentra-
tion of the light-absorbing substance; and A is the correction
constant.

FIG. 7 is an absorbency characteristic diagram of hemo-
globin.

The full line is the absorption coeflicient curve of the
hemoglobin, and the dotted line is the absorption coefficient
curve of the oxyhemoglobin.

According to the formula A=kx1lxc+h, four different
formulas are obtained:

660_ 660 660,
4 —kHboz xch02x1+kHb XCrppX 1 +h

AQAOZkHbonOxchozx Ttz 4O cpppx 1+A

730,

4 730:kHb02 730><CH,702>< Ttk % cppx L+h

4805 :kHbOZSOS XCpzpoyX Lk S0 xcpppx 140

FIG. 8 is a detection flowchart.

The photoelectric LED probe consists of a light-emitting
diode 8 and a photoelectric receiver 4, containing four
wavelengths (660 nm, 730 nm, 805 nm, 940 nm). The
receiving scope of the photoelectric receiver 4 is within the
scope of the four wavelengths, and the four wavelengths all
are located within the wave bands in which the photoelectric
receiver 4 has high conversion efficiency linearity. During
measurement, after a human-machine interface 806 receives
the operator order, DSP 807 generates a time sequence; a
drive circuit 805 controls the light-emitting diode 8 to light
up alternatively to radiate finger 1; the photoelectric receiver
4 receives the light transmitting trough finger 1; and a filter
amplifying modulation circuit 804 converts a light signal
into a current signal.

A non-invasive blood sugar measuring device based on
the energy metabolic conservation of human body provided
in the present invention comprises a finger end measuring
probe, an exclusive communication cable, a main system
instrument and supported mobile-phone-end healthy man-
agement software, which are connected in series. Wherein,
the finger end measuring probe can obtain the environmental
temperature and humidity, the temperature and humidity of
the finger surface, the radiation temperature of the environ-
ment and finger, basal metabolic rate of the human body,
degree of blood oxygen saturation, blood flow velocity,
hemoglobin, heartbeat and other parameters. The main sys-
tem instrument analyzes and processes those parameters to
obtain the blood sugar value, and the blood sugar value can
be displayed on the liquid crystal panel of the instrument and
the healthy management software of the cell phone at the
same time, wherein the healthy management software of the
cell phone also has the functions of classification of indi-
vidual data, drawing, and prompting, such that the user can
comprehensively know the change of the blood sugar in a
period of time.

The mobile-phone-end healthy management software in
the non-invasive blood sugar measuring instrument together
with the instrument completes the entire detection process,
and conducts the functions of analysis of and management
of the historical data of different users, so the historical data
such as the blood sugar value, blood flow velocity and blood
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pressure of every user are dynamically represented to the
user in graphic form. Thus, the user can know the change of
the healthy conditions in a period of time.

The power supply and information transmission of the
high-precision sensor portion are implemented through cus-
tomized cables. The host is equipped with 2,800 mAh
high-strength polymer lithium battery with over 10 d cruis-
ing ability in the standby state and over 8 h continuous
detection time, completely meeting the daily use of the user.
Besides the non-invasive blood sugar detection function, the
host can also browse the historical detection and has a huge
storage capability, providing data sources for the manage-
ment on the daily blood sugar and cardiovascular data of the
computer and the mobile-phone-end healthy management
software. The data transmission to the computer and the
mobile-phone-end healthy management software can pro-
ceed through USB or Bluetooth.

FIG. 9 is a structural view of the fingertip-measuring
probe of the present invention.

The fingertip measuring probe of the present invention
comprises a finger surface temperature and humidity sensor
2, an upper holding portion 9, a lower holding portion 11, a
radiation temperature sensor 3, a photoelectric receiver 4, an
environmental temperature and humidity sensor 5, a com-
munication cable 6, a connecting flat wire 7, a light-emitting
diode 8, an upper holding portion 9, a first circuit board 10,
a lower holding portion 11, and a second circuit board 12.

The upper holding portion 9 and the lower holding portion
11 work together to firmly hold the finger 1. The tempera-
ture-humidity sensor 2 is disposed at the upper surface of the
second circuit board 12 for measuring the temperature and
humidity on the finger surface. The radiation temperature
sensor 3 is disposed at the lower surface of the second circuit
board 12 for measuring the radiation temperature of the
finger surface. The environmental temperature-humidity
sensor 5 is disposed at the lower surface of the second circuit
board 12 for measuring the environmental temperature and
humidity. The photoelectric receiver 4 disposed at the upper
surface of the second circuit board 12. The light-emitting
diode 8 is disposed on the upper surface of the first circuit
board 10. The light-emitting diode 8 emitting light rays
which penetrate through the fingertip and then are received
by the photoelectric receiver. The connecting flat wire 7 is
connected the upper holding portion 9 and the lower holding
portion 11. The communication cable 6 penetrates through
the lower holding portion 11 is connected with the second
circuit board 12.

Compared with the prior art, the non-invasive blood sugar
measuring device of the present invention has a small and
exquisite shape, is convenient and simple to operate, can
realize non-invasive detection of the blood sugar value and
a plurality of biological parameters of the human body, and
reduces the pain of the patient except that caused by the
diseases and the psychological burden during diagnosis and
detection.

For the high-accuracy requirements for the energy infor-
mation at the fingertip of the human body, the entire sensor
portion employs the upper and lower holding portions with
grooves. The upper and lower surfaces of the grooves are
both covered with a layer of thermal insulating silicone gel
to reduce the non-abnormal dissipation of heat caused by the
external factors. The sensor is also a space three-dimen-
sional structure inside, such that the environmental tempera-
ture and humidity sensor is less affected by the finger energy.
The finger temperature and humidity sensor quickly and
accurately reflect the temperature and humidity information
on the finger surface, and the radiation temperature sensor
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can normally sense the heat radiated by the environment and
finger. The basic biological parameter information of the
human body obtained through the sensor includes environ-
mental temperature, environmental humidity, finger surface
temperature, finger surface humidity, environmental radia-
tion temperature, finger radiation temperature, basal meta-
bolic rate of the human body, degree of blood oxygen
saturation, blood flow velocity, heartbeat, etc.
The non-invasive blood glucose measurement method
disclosed in the present invention can be applied to non-
invasive measurement of blood glucose, parameters related
to energy metabolism of human body, healthy parameters of
angiocarpy, etc.
This text gives some embodiments of the present inven-
tion, but those skilled in this field shall understand that
embodiments in this text can be modified without departing
from the spirit of the present invention. The above embodi-
ments are only exemplary and shall not be regarded as limit
in the protective scope of the present invention.
What is claimed is:
1. A non-invasive blood sugar measuring method, applied
to non-invasive blood glucose measuring instruments
including measuring hosts and fingertip measuring probes,
said method comprising:
pre-storing a random forest algorithm and a neural net-
work prediction algorithm in the measuring host;

measuring energy metabolism parameters of a fingertip of
an individual to be measured and transmitting the
parameters to the measuring host from the fingertip
measuring probe;

instructing the random forest algorithm to pre-measure

the blood glucose type of the energy metabolism
parameters of the fingertip of the individual to be
measured and instructing a corresponding neural net-
work prediction algorithm to calculate a blood glucose
value of the fingertip of the individual to be measured
by the measuring host.

2. The non-invasive blood sugar measuring method
according to claim 1, wherein the random wrest algorithm is
preset with a low blood sugar type, an intermediate blood
sugar type and a high blood sugar type; the low blood sugar
type corresponds to a low blood sugar eural network pre-
diction algorithm; the intermediate blood sugar type corre-
sponds to an intermediate blood sugar neural network pre-
diction algorithm; and the high blood sugar type corresponds
to a high blood sugar neural network prediction algorithm.

3. The non-invasive blood sugar measuring method
according to claim 2, wherein before the step of pre-storing
the random forest algorithm and the neural network predic-
tion algorithm in the measuring host, said method com-
prises:

measuring with the fingertip measuring probe the energy

metabolism parameters of a plurality of individual
fingertips to obtain specimen data of the plurality of
individuals, each individual’s specimen data containing
different energy metabolism parameters of the finger-
tips thereof;

employing the random forest algorithm through a com-

puter to classify the specimen data of the plurality of
individuals into low blood sugar type, intermediate
blood sugar type and high blood sugar type; and
defining the energy metabolism parameters in the speci-
men data of the low blood sugar type, intermediate
blood sugar type and high blood sugar type as the input
parameters of the original models of a non-invasive
blood sugar value estimation system to obtain the low
blood sugar neutral network prediction algorithm,
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intermediate blood sugar neutral network prediction
algorithm and high blood sugar neutral network pre-
diction algorithm.

4. The non-invasive blood sugar measuring, method
according to claim 3, wherein the step of employing the
random forest algorithm through a computer to classify the
specimen data of the plurality of individuals into low blood
sugar type, intermediate blood sugar type and high blood
sugar type comprises:

randomly selecting individual specimen data from the

plurality of individual specimen data;

splitting nodes of the selected individual specimen data

and constructing a decision- making tree;
repeating the splitting nodes step to construct a plurality
of decision-making trees to generate random forests,

voting the decision-making tree in the random forests, and
according to the voting result, classifying the plurality
of individual specimen data into the low blood sugar
type, intermediate blood sugar type and high blood
sugar type.

5. The non-invasive blood sugar measuring method
according to claim 4, wherein the step of defining the energy
metabolism parameters in the specimen data of the low
blood sugar type, intermediate blood sugar type and high
blood sugar type as the input parameters of the original
models of the non-invasive blood sugar value estimation
system to obtain the low blood sugar neutral network
prediction algorithm, intermediate blood sugar neutral net-
work prediction algorithm and high blood sugar neutral
network prediction algorithm comprises:

defining the enemy metabolism parameters in the speci-

men data of the low blood sugar type, intermediate
blood sugar type and high blood sugar type as the input
parameters of the corresponding neutral network;

defining a minimally invasive blood sugar value as a

calibration parameter and as the expected output value
of the neutral network, and constructing an original
model of a non-invasive blood sugar value estimation
system;

setting the specimen parameter data of the original model

and initialize a weight and a threshold, calculating the
output of the hidden layer and the output layer, defining
the output of the output layer of each of the low blood
sugar type, intermediate blood sugar type and high
blood sugar type and the secondary error criteria func-
tion of the invasive blood sugar value as the control
function, calculating the system’s total error criteria
function for the system to the plurality of training
specimen data, gradually calculating the output error of
nerve cells on each layer from the output layer, then
adjusting the weight and threshold of the output layer
and the hidden layer in accordance with an error
gradient descent method, then calculating the error of
all specimens according to the adjusted weight and
threshold so that the final output value of the modified
corresponding neutral system approaches the expected
output value;

stopping a learning cycle when the error of the output

result is within the allowed scope or reaches the maxi-
mum learning times; otherwise, continuing to learning
of a new cycle.

6. The non-invasive blood sugar measuring method
according to claim 5, wherein the calculation formula of the
original model is:

Y=purelin(T*tansig( W*X+6i))+9,,
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X is the input parameter of the neutral network prediction
algorithm; W and T are weights; 0, and 0, are thresh-
olds; and Y is the final output value of the correspond-
ing neutral network prediction algorithm.

7. The non-invasive blood sugar measuring method

according to claim 6, wherein the calculation of the neutral
network prediction algorithm is:

Yy, = purelin(Ty +tansig(W, « X, + 0,.) + 011
Yu = purelin(TM wtansig(Was = Xpr + ) + 61
Yy = pm‘e[in(TH *tansig(WH * Xy +0iH)) +0y

XL, XM and XH are the input parameters of the low,
intermediate and high blood sugar neutral network
prediction algorithms, respectively; W,, W,, Wy, T,,
T,p Ty are the weights of the low, intermediate and
high blood sugar neutral network prediction algo-
rithms; 0,;, 0,,, 0,5 9,7, 0,,,. 0, are thresholds of the
low, intermediate and high blood sugar neutral network
prediction algorithms; Y, Y, Y are the final output
values of the low, intermediate and high blood sugar
neutral network prediction algorithms.

8. The non-invasive blood sugar measuring method
according to claim 7, wherein the step of measuring the
energy metabolism parameters of the fingertip of the indi-
vidual to be measured and transmitting the parameters to the
measuring host by the fingertip measuring probe comprises:

measuring with the fingertip measuring probe the tem-
perature difference between the fingertip surface and
the environment, the humidity difference, the radiation
temperature difference between the fingertip surface
and the environment, the blood oxygen saturation dif-
ference of the fingertip, the blood flow velocity, and the
pulse rate value;

calculating with the fingertip measuring probe said tem-
perature difference between the fingertip surface and
the environment, said humidity difference and said
radiation temperature difference between the fingertip
surface and the environment to obtain a basic metabo-
lism rate;

transmitting from the fingertip measuring probe the
energy metabolism parameters including said tempera-
ture difference between the fingertip surface and the
environment, said humidity difference, said radiation
temperature difference between the fingertip surface
and the environment and said basic metabolism rate to
the measuring host.

9. The non-invasive blood sugar measuring method
according to claim 8, wherein the step of calling the random
forest algorithm to predict the blood sugar type of the energy
metabolism parameter of the fingertip of the individual to be
measured and calling the corresponding neutral network
prediction algorithm to calculate the blood sugar value of the
fingertip of the individual to be measured by the measuring
host comprises:

calling a plurality of decision-making tree models in the
constructed random forest algorithm to judge the blood
sugar type of the energy metabolism parameter;

classifying the individual specimen data into the low
blood sugar type, or intermediate blood sugar type or
high blood sugar type, according to the voting result of
every decision-making tree and in accordance with the
principle that the minority is subordinate to the major-

ity;
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calling the corresponding neutral network prediction
algorithm pre-stored in the host to calculate and obtain
the invasive blood sugar value of the fingertip of the
individual to be measured, according to the classifica-
tion result. 5
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