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For the purpose of effectively supervising a user of the health
indexes that cannot always be measured, such as the weight
and blood pressure, warning and information are provided
based on a prediction of the health indexes. In an information
management system, in which a first parameter that is not
always measured is predicted from a second always measur-
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1
\
WEAR TYPE SENSOR
111
ACCELERATION CONTROL SECTION ~13
SENSOR L
[xas HH awe H wor H a0 | [ vessinaTver 191
[vaxs = e H r H ap | [TransumivTier H{— 122
[zaxs HH aw H 1 H a0 | [ pemarmer H—193
PUSERATE | 1154
PULSE SENSOR | _12 CALCULATION SECTION
122~ [UGHT-EMITTING 0 RO -
PART 1?3 154 COUNTING SECTION [T~
121-| [ TIGHT SENSNG |
SoRTon AW H LPF | AD 157
16
13~ TEPERATRE [ seta IF Sera IF 158 159 {
50 1H comichToN V
18~ RTC — SECTION
174 VEMORY — [ Do | Burona j—-102
DIO BUTTONB |—103
144+ DISPLAYSECTON  |—— | L a




Patent Appl

1

ication Publication

FIG. 1

Aug. 28, 2008 Sheet 1 of 27

US 2008/0208480 A1

k\
WEAR TYPE SENSOR.
11/ ACCELERATION] [ contROL Hh15
SENSOR SECTION
12 JPusesensoR| || o fri— 104
COUNTING
13| TEMPERATURE || |__SECTION
SENSOR 155
PULSE RATE |
14~ DBRLAY || CALCULATION
SECTION SECTION
| ' N/
" = COMUNCATION e :33
17T _MEMORY SCIN_T-16 | 31  BASESTATON 13
AV s
- ! RADIO
2 SUALE /23,/ comunceTion|| SNTHOL
o] ST | H SECTION
SENSOR SECTION COMMUNCATON]__,,
oo | [ DSFLAY RADIO SECTION
“1_SECTION || COMMUNICATION
SECTON_ ||, 5
( NETWORK )
— 6
ANALYZER ERVER
7 APPARATUS 79 {COMMUNICATION DATAS 81 rcomuncaTon "
1" sEcTioN SECTION [T+
\__/
TROL CONTROL
MULTIPLE-REGRESSION- 624~ we E
pal] s | LIS EROCESSG ~74 GHT TABL 62;
Lo 6441 DATATABL
= | PREDICTOR VARIABLE |75 DATATRBLE
529 || GENERATION SECTION
=<
2 || PREDICTONDATA. |76
GENERATOR SECTION _
l |
77~ DISPLAY SECTION] [ INPUT SECTION |~ 78




Patent Application Publication  Aug. 28, 2008 Sheet 2 of 27 US 2008/0208480 A1

FIG. 2

1 BAND

\‘ 14 101
SURFACE |




US 2008/0208480 A1

Aug. 28, 2008 Sheet 3 of 27

Patent Application Publication

o ——— o] NOILO3S AV1dSI i
F\I:
201 ¥ NOLLNG 0a | AHONIW Lt
NOILO3S ~
| NOLLYDININOY | 01 oL 8l
7 OlvY .
HOSN3 |
owﬁ 651 85k dIRusS IS | unlvddial €+
[ NOIH0d
(S~ mn: m_sz L oNISNIS HorT [T~ 12
ooy —|-| VOO BINIOD p9l g9l Fw -
ONISS059 Od3Z ONILLING-IHON [T~z
cop—- W | [ v 3d1 Y SIXY-Z
26— HINLONILLIASNVEL | | QN 3d1 dWY SIXV-A
1o} _HIMLONHNSYIN | | av 4d1 WY SIXY-X
S 91 HOSNAS
G|~ NOLLO3S TOMLNOD 1 NolvETR00Y
HOSNIS 3dAL HYAM H
] ~
vy Old F



US 2008/0208480 A1

Aug. 28, 2008 Sheet 4 of 27

Patent Application Publication

NOILO3S 1 _9s
. 3Ivd 35TNd V _
zo_E%_%ms_zoo T gl lnd T NOILO3S AVTdSIa
w 3S7Nd '\ 3SNd m
9| WV3d 1
INVMY 103130 —~gg
A
ZHy~ZH9'0
(4dg)yaLTdun 7S
4 P
VLva WE0d IAVM |
— 35INd ¥ 3NLdY0 [~ Twaos 3avm | 2OSN3S 38Tnd
- 357Nd g
rk 2l
Z3LYLS 13IN0 43N ST =
ON ~
2
LY H3NIL ONIINSVaN
NOILdNGEILINI A8 LdNHEAINT [~ T HS
mw_ NOILO3S TOHLNOD
HOSNIS 3dAL HYIM




US 2008/0208480 A1

Aug. 28, 2008 Sheet 5 of 27

Patent Application Publication

SNYIN
H3LNNOD
NOLLYOINNIWIOD | s
SSITIHIM ONISSOH) OH3Z
w )
ZHG~ZH 10
o (ddg)yalndun [T viS
+
e i ST
JANLINDYW 3HL 38N
} AT
| (SIxv-2) WHO43IAYM
N %m@wﬁ,\o, . NOILYH31300V HOSNS
NvaanLaydy | | (Sixv-A) weo43avm | NOILYHITIOOY
NOILYYT 1350V
T (sixvx) wao3Avm
} NOILLYHITI00V 7
1Y HANIL ONIENSYIN Y W
NOLLdNHHILNI AGLANEEAINL  f—T~11S
ww NOILI3S TOHINOD
HOSNIS IdAL HYIM




Patent Application Publication  Aug. 28, 2008 Sheet 6 of 27 US 2008/0208480 A1

FIG. 7
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FIG. 8
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FIG. 9
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FIG. 10
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FIG. 16
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RESPONSE PREDICTOR VARIABLE
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FIG. 21
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FIG. 22
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FIG. 27
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FIG. 30
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FIG. 31
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INFORMATION MANAGEMENT SYSTEM
AND INFORMATION MANAGEMENT
SERVER

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese application JP 2007-044161 filed on Feb. 23, 2007, the
content of which is hereby incorporated by reference into this
application.

FIELD OF THE INVENTION

[0002] The present invention relates to information man-
agement systems which predict a parameter which cannot be
measured discretely from an always measurable parameter.
More particularly, the invention relates to an information
management system that predicts arbitrary indexes of, such as
physical conditions, mental conditions, productivity, and
safety, which cannot always be measured based on always
measurable living body information, and generates warning if
needed.

BACKGROUND OF THE INVENTION

[0003] Inrecent years, a network system which takes vari-
ous information on the real world into an information proces-
sor in real time is investigated (hereinafter a sensor network)
by adding a small electronic circuit having a wireless com-
munication function to a sensor. A wide range of applications
have been studied for the sensor network, for example, a
proposal is made for medical service application such that by
a small electronic circuit with a wireless circuit, a processor,
a sensor, and a battery are integrated thereon, living body
information such as a pulse is always monitored, and moni-
tored results are transmitted to a diagnosis apparatus through
wireless communications, and a user’s health condition is
determined based on the monitored results.

[0004] Various technique is proposed as an art to monitor a
living body condition, and in one of them a user’s (wearing
person) living activities are supervised by a sensor, and if the
activities deviate from the normal life pattern set up before-
hand, warning is generated to the user, as disclosed in e.g.
JP-A No. 2004-133777.

[0005] 1In order to conjecture a user’s present concerns on
networks, such as an internet, the art of correcting the profile
which shows the present user’s concerns is also known as
disclosed, for example, in JP-T No. 2004-514217.

[0006] In a traffic application klaxon horn and braking
information caused by unspecified drivers are put on map
information, and although an accident has not yet occurred, a
dangerous location is predicted, or a stress placed on a driver
is detected and displayed on the map of the position the driver
felt the stress thereon, as disclosed in e.g. JP-A No. 2005-
038381.

[0007] Inanother medical service application data of living
activities, such as the number of walking steps and smoking is
inputted together with health information, such as blood pres-
sure, a rule to predict the relationship between the living
activities and the health condition is automatically generated

Aug. 28, 2008

by data mining, and the prediction or warning of health con-
dition is made based on the input data, as disclosed in e.g.
JP-A No. 2005-045696.

SUMMARY OF THE INVENTION

[0008] The health indexes showing the condition of living
bodies, such as weight and blood pressure, are measured by
dedicated measuring instruments and these cannot be mea-
sured constantly, but only measured periodically (or intermit-
tent or discrete), therefore, the health condition had to be
considered from the transition of health indexes. As for clini-
cal examinations such as a blood test, the measurement is
made only a few times a year at health examinations, and the
clinical examinations data is not suited as health indexes to
represent daily health conditions since the measurement
interval is too large.

[0009] Although the health index indicating subjective
states such as attentiveness and stress is not yet fully estab-
lished, the indexes reflecting a worker’s mental health condi-
tion can be found out: for example, the number of processed
affaires for business work, or the number of operation errors
for machine operation, etc. from a viewpoint of productivity
or safety. However, it is difficult to measure these indexes
always during work, although the mental condition can be
known after the work by totaling these indexes at the end of
the day.

[0010] There is a demand for always grasping such indexes
of health and safety. The index of health can always be pro-
vided with respect to the measurable state by the sensor of the
related art disclosed in the above-mentioned patent docu-
ments; however, no indexes could be provided with respect to
aweight, a blood pressure, a blood sugar level, and stress that
cannot always be measured.

[0011] The technique disclosed in JP-A No. 2005-045696
has a difficulty that the index of health or safety is given only
as a discrete value because the applied technique is such that
a prediction rule is first formulated and the measured index is
checked to be adapted or not to the rule, therefore, the index
cannot be monitored in real time.

[0012] An object of the present invention is therefore to
monitor the index that cannot always be measured based on
always measurable information by a sensor and furthermore
to notify information or to perform warning based on the
predicted index.

[0013] Inan information management system that predicts
a first parameter that cannot always be measured from a
second parameter that can always be measured, the system
includes a first measurement section that measures the first
parameter discretely, and a second measurement section that
measures the second parameter always, a data storage section
which stores the values of the first measured parameter and
the second parameter, a prediction formula generator section
which generates a prediction formula for calculating a pre-
dicted value of the first parameter from the first and the
second parameters stored in the data storage section, and a
predicted value calculating section for calculating a predicted
value of the first parameter based on the generated prediction
formula and the second measured parameter, in which the
prediction formula generator section generates a prediction
formula every time at predetermined timing.

[0014] The prediction formula generator section generates
a prediction formula by a multiple regression analysis in
which the first measured parameter measured discretely is as
aresponse variable, and the second measured parameter mea-
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sured always as a predictor variable, and includes a scalar
calculating section to calculate the scalar part of acceleration
of the second measured parameter, a zero cross count calcu-
lating section to count number of times the scalar part crosses
zero point or a predetermined neighborhood, and a frequency
calculating section to count frequency of zero cross occur-
rence within a predetermined time interval, in which the
frequency of zero cross occurrence is specified as a predictor
variable.

[0015] The present invention is therefore applied to always
record the second parameter acquired from the second mea-
surement section although the first parameter cannot always
be measured, and based on the recorded data, generate a
prediction formula for the first parameter with a high corre-
lation; thereby, conjecture a situation in real time with respect
to the first parameter unable to always be measured such as
weight or stress and perform prediction and warning if nec-
essary.

[0016] Especially, prediction of the trend over the first
parameter a user wants to know becomes possible by only
always recording the information of the user’s body and
behavior with an acceleration sensor of the second measure-
ment section worn on the user’s body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a block diagram to show an information
management system according to an embodiment of the
present invention;

[0018] FIG. 2 is a perspective view of the surface of a
bracelet type sensor node;

[0019] FIG. 3 is a perspective view of the back of the
bracelet type sensor node;

[0020] FIG. 4 is a block diagram to show a composition of
the sensor node according to an embodiment of the present
invention.

[0021] FIG. 5 is a flow chart to show an example of the
measuring process of the pulse performed by the sensor node
according to an embodiment of the present invention;
[0022] FIG. 6 is a flow chart to show an example of the
measuring process of the acceleration by the sensor node
according to an embodiment of the present invention;
[0023] FIG.7isagraphtoshow a schematic variation of the
magnitude of acceleration with time illustrating the number
of times of the zero crossing with a threshold of 0.05 G;
[0024] FIG. 8 is a flow chart to show an example of the
measuring process of the weight by the sensornode according
to an embodiment of the present invention;

[0025] FIG. 9 is an explanatory view showing an example
of the message at the time of weight measurement shown on
the display section of the sensor node;

[0026] FIG.10isa flow chart to show an example of trans-
mitting process of the sensing data performed by the sensor
node according to an embodiment of the present invention;
[0027] FIG. 11 is an explanatory view to show a transmis-
sion frame from the sensor node according to an embodiment
of the present invention;

[0028] FIG. 12 is an explanatory view to show an example
of the weight table of the data server according to an embodi-
ment of the present invention;

[0029] FIG. 13 is an explanatory view to show an example
of the data table of the data server according to an embodi-
ment of the present invention;
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[0030] FIG.14isablock diagram to show a composition of
the scale according to an embodiment of the present inven-
tion;

[0031] FIG.15is ablock diagram to show a data processing
flow of information management system according to an
embodiment of the present invention;

[0032] FIG. 16 is a graph to show a schematic variation of
the zero crossing frequency with time;

[0033] FIG. 17 is a graph with a table to show a schematic
variation of the zero crossing frequency with time, appear-
ance frequency distribution, and appearance ratio distribution
table;

[0034] FIG. 18 is a graph with a table to show a schematic
variation of the zero crossing frequency with time, appear-
ance frequency distribution, and continuation index distribu-
tion table;

[0035] FIG. 19 is an explanatory view to show an example
of the multiple regression analysis table of the analyzer appa-
ratus according to an embodiment of the present invention.

[0036] FIG. 20 is a graph to show a schematic variation of
the weight with time for a predicted curve and measured
values;

[0037] FIG. 21 is an explanatory view to show an example
of message on display when a predicted changing weight rate
exceeds a predetermined value;

[0038] FIG. 22 is a flow chart to show an example of a
predictor variable generating section, generation of an pre-
dictor variable performed in the multiple regression analysis
processing section of the analyzer apparatus, and a generation
processing of a prediction formula.

[0039] FIG. 23 is a flow chart to show an example of a
prediction processing performed by the prediction data gen-
erating section of the analyzer apparatus;

[0040] FIG. 24 is a block diagram to show an information
management system according to a second embodiment of
the present invention.

[0041] FIG. 25 is an explanatory view to show a transmis-
sion frame from the sensor node according to an embodiment
of the present invention.

[0042] FIG. 26 is an explanatory view to show a waveform
table of the data server according to an embodiment of the
present invention;

[0043] FIG. 27 is a flow chart to show an example of gen-
eration processing of a predictor variable performed in the
multiple regression analysis processing section of the ana-
lyzer apparatus according to a third embodiment of the
present invention.

[0044] FIG. 28 is an explanatory view to show an example
of the multiple regression analysis table of the analyzer appa-
ratus according to an embodiment of the present invention;
[0045] FIG. 29 is a flow chart to show an example of the
measuring process of the acceleration by the sensor node
according to a fourth embodiment of the present invention;
[0046] FIG. 30 is an explanatory view to show an example
of an input screen of the stress index outputted to the display
section of the analyzer apparatus according to a fifth embodi-
ment of the present invention; and

[0047] FIG. 31 is an explanatory view to show another
example of an input screen of the stress index outputted to the
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display section ofthe analyzer apparatus according to the fifth
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0048] Preferred embodiments of the present invention are
described below based on the accompanying drawings.

First Embodiment

[0049] FIG. 1 is a block diagram of an information man-
agement system for managing a user’s health condition using
a sensor networks system (hereinafter referred to a “sensor
net”) according to a first embodiment of the invention. In the
information management system of the embodiment, a user’s
weight is predicted as a health index unable to be measured
always based on always measured living body information
from the sensor worn on the user’s body, and a warning is
given under predetermined conditions.

[0050] A wear type sensor 1 (hereinafter, referred to a sen-
sor node) is worn to a human body (for example, arm etc.) and
always measures information on the living body (a pulse,
acceleration of movement), then transmits the information to
a base station 3, or receives information from the base station
3, which is transmitted to a wearing person. The sensor node
1 and base station 3 are connected through a wireless network
4, such as IEEER02.15.4 (ZigBee). The wearing person of
sensor node 1is a user of the health information management
system of the invention in the following explanation. The
sensor node 1 functions as a measurement section (the second
measurement section) which always measures measurable
parameters.

[0051] A weighing device or scale 2 is also connected to a
wireless network 4, and the scale 2 transmits the weight
measured discretely to the sensor node 1. The sensor node 1
adds an identifier (ID) of the sensor node 1 to the information
(body weight) received from the scale 2, and transmits the
information to a data server 6 via the base station 3. A plural-
ity of sensor nodes 1 and scales 2 may exist, and also a
plurality of base stations 3 may be arranged. The scale 2
functions as a measurement section (the first measurement
section) which measures discretely the parameters unable to
be always measured.

[0052] The base station 3 transmits the living body infor-
mation (hereinafter, referred to a sensing data) received from
the sensor node 1 to the data server 6 via a network 5, and the
data server 6 stores the sensing data always measured by the
sensor node 1, and the weight data discretely measured by the
scale 2 in a database 61.

[0053] The sensing data including the acceleration of the
sensor nodes 1 and the intermittent or discrete weight data
measured by the scale 2 accumulated in data server 6, are
analyzed, to be described later by an analyzer 7 connected to
the network 5, so that a health index such as a user’s weight
unable to be measured always is estimated from the always
measured sensing data of sensor node 1 in real time, and
prediction and warning are performed if needed.

[0054] That is, in the sensor network of the present inven-
tion, a user measures user’s weight with the scale 2 every day
or at an arbitrary interval discretely, and from the discretely
measured history of the weight and real time information of
behavior monitored always with an acceleration sensor 11 of
the sensor nodes 1 the weight is estimated in real time as
described later.
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[0055] The sensor node 1 includes the acceleration sensor
11 which always measures a wearing person’s movement, a
pulse sensor 12 which always measures a wearing person’s
pulse, and a temperature sensor 13 which always measures a
wearing person’s body temperature or an environmental tem-
perature, in which the number of times of the zero crossing is
obtained from the measured acceleration to be described later.
The sensor node 1 includes a control section 15 configured
from a microcomputer etc. for controlling the acceleration
sensor 11, the pulse sensor 12, and the temperature sensor 13,
the control section 15 calculates the number of times of the
zero crossing from the detected acceleration, and transmits
the sensing data containing the number of times of the zero
crossing, a pulse, and a temperature from a radio communi-
cation section 16 to the base station 3. An example of the
acceleration sensor 11 is able to measure the acceleration
along three axes of X (before or after), Y (right and left), and
7 (upper and lower sides), respectively, and always to monitor
the motion of a human body (living body).

[0056] The control section 15 controls a display section 14
for indicating measured information including the pulse etc.,
amemory 17 for storing data, and a real time clock (RTC) 18
for setting the measurement cycle of each sensor, etc. The
control section 15 calculates a scalar component of detected
acceleration, and includes a zero crossing calculation section
154 for calculating the number of times the scalar quantity of
acceleration becomes zero G or a predetermined threshold
(for example, 0.05 G) as the number of times of the zero
crossing. The control section 15 transmits the number of
times of the zero crossing as living body information on the
wearing person’s behavior. Specifically, the control section
15 once stores the number of times of the zero crossing
obtained from the measured acceleration in the memory 17,
and transmits it collectively at predetermined every transmis-
sion period (for example, 1 minute). Accordingly, the number
of times of the zero crossing transmitted is the number of
times of the zero crossing per predetermined transmission
period. The control section 15 may count the number of steps
of a wearing person based on the scalar quantity of accelera-
tion if the person is in a walking state.

[0057] The control section 15 includes a pulse rate calcu-
lation section 155 for calculating a pulse rate from the pulse
measured with the pulse sensor 12, and transmits the pulse
rate as living body information to shows a wearing person’s
body information. In the case that the power consumption is
restrained by performing the communication with the base
station 3 intermittently, the living body information such as
the number of times of the zero crossing or the pulse rate, etc.,
obtained by the sensor node 1 may be transmitted collectively
at the time of communication with the base station 3.

[0058] The living body information always measured by
the sensor node 1 includes the body information to show the
health condition of a sensor node 1 wearing person, such as a
pulse and body temperature, and the behavior information to
show the action or movement of the wearing person, such as
the number of times of the zero crossing based on the accel-
eration of movement. Although the body information mea-
sured by the sensor node 1 are a pulse and temperature in the
embodiment of the present invention, any other measurable
information may also be used and not limited to the above
indexes.

[0059] Next, the scale 2 is composed from a weight sensor
21 for measuring the weight of a human body discretely, a
display section 22 for indicating the measured weight, a radio
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communications section 24 for transmitting the measured
weight, and a control section 23 for controlling the weight
sensors 21, a display section 22, and a radio communication
section 24.

[0060] The base station 3 includes a radio communication
section 31 for transmitting to and receiving from the sensor
node 1, a communication section 32 for transmitting to and
receiving from the network 5, and a control section 33 for
controlling these communication sections. The control sec-
tion 33 is composed from a CPU, a memory, and a storage
device, etc.

[0061] A data server 6 is a computer including a database
61 for storing the sensing data from the sensor node 1 and the
discrete weight data measured with the scale 2, a communi-
cation section 65 for transmitting to and receiving from the
network 5, and a control section 66 for controlling the data-
base 61 and the communication section 65. The control sec-
tion 66 includes a CPU and a memory, and executes a soft-
ware (DBMS) which manages the database 61. The database
61 is stored in a storage device (not illustrated).

[0062] Thedatabase 61 contains a weight table 62 in which
discretely measured weight data with the scale 2 are stored
serially for every ID of the sensor node 1, and a data table 64
in which always measured behavior information such as the
number of times of the zero crossing, and a pulse and body
temperature are serially stored for every ID of the sensor node
1.

[0063] An analyzerapparatus 7 is a computer for analyzing
the sensing data and weight data of the data server 6, and
includes a control section 71 containing a CPU, a memory,
and a storage device, and a communication section 72 for
communicating with the network 5. The control section 71
generates a prediction formula by a multiple regression
analysis from the number of times of the zero crossing for the
acceleration stored in the data table 64 and the weight stored
in the weight table 62 of the data server 6, and estimates a
prediction data of weight.

[0064] For this reason, the control section 71 is provided
with the following. The control section 71 includes a predic-
tor variable generation section 75 for making the number of
times of the zero crossing obtained from the data table 64 of
the data server 6 as an predictor variable, and storing the
predictor variable in a multiple regression analysis table 73,
the multiple regression analysis table 73 for storing the dis-
crete weight data of the data server 6 as a response variable
and the number of times of the zero crossing of acceleration as
apredictor variable, a multiple regression analysis processing
section 74 for generates a prediction formula and performing
amultiple regression analysis, and a prediction data generator
section 76 for calculating a predicted value of weight based
on the generated prediction formula. The analyzer apparatus
7 includes a display section 77 for indicating a predicted and
measured values of weight, and the number of times of the
zero crossing, etc., and an input section 78 containing a key-
board, a mouse, etc.

<Details of a Sensor Node>

[0065] FIGS.2and 3 are perspective views of a sensor node
1 of an arm ring type to be worn to an arm of a user, and FIG.
2 shows the surface and FIG. 3 shows the back of the sensor
node.

[0066] The sensor node 1 includes a case 100 for storing
each sensor and a controller, and a band 101 the case 100 is
worn to a user’s arm therewith as shown in FIG. 2.
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[0067] The case 100 stores the control section 15 and each
sensors 11-13. The display section 14 is arranged on the
surface of case 100 for indicating a message etc. A liquid
crystal display etc. may be employed as the display section
14.

[0068] Buttons A102 and B103 operable by a wearing per-
son are arranged on the side of case 100. For example, an
emergency is notified outside by operating the button A102
by a wearing person, and a reply is sent by operating the
button B103 for responding to a request about a body infor-
mation measurement (a pulse or weight, etc.), or an inquiry
from the display section 14 (message), etc.

[0069] The pulse sensor 12 including a light emitting ele-
ment 122 and a light receiving element 121 is arranged on the
back surface of case 100 of the sensornode 1 as shown in FIG.
3. An infrared-emitting diode is used as the light emitting
element 122, and a photo transistor is adopted as the light
receiving element 121 in the pulse wave sensor 12. A photo-
diode may be also used as a light emitting element besides a
photo transistor. The light emitting element 122 and the light
receiving element 121 are exposed to the back surface of the
case 100, and both elements may face the skin of an arm.
[0070] The pulse sensor 12 irradiates a hypodermic blood
vessel with the infrared light generated by the light emitting
element 122, and detects the intensity variation of scattered
light from the blood vessel due to a blood-flow change with
the light receiving element 121, and estimates a pulse and a
pulse wave from the cycle of this intensity variation.

[0071] FIG. 4 shows a block diagram of the sensor node 1.
The sensor node 1 includes the radio communication section
16 having an antenna for communicating with the base station
3, the control section 15 for controlling the acceleration sen-
sor 11, the pulse sensor 12, the temperature sensor 13, and the
display section 14, the real time clock 18 for functioning as a
timer intermittently to start the control section 15 containing
a microcomputer, and the memory 17 for storing data as
shown in FIG. 4.

[0072] Theacceleration sensor 11 comprises an X-axis sen-
sor for detecting the acceleration along the X-axis (backward
and forward direction of a human body), a Y-axis sensor for
detecting the acceleration along the Y-axis (horizontal direc-
tion of a human body), and a Z-axis sensor for detecting the
acceleration along the Z-axis (up-and-down direction of a
human body). All outputs from the sensors are amplified with
amplifiers 161, respectively, noises are removed therefrom
with low pass filters 162, and then inputted into A/D convert-
ers 156 of the control section 15.

[0073] An output from the light receiving element 121 of
the pulse sensor 12 is amplified with an amplifier 163, a noise
is removed therefrom, and then inputted into an A/D convert-
ers 157 of the control section 15. The temperature sensor 13,
the real time clock 18, the memory 17, and the display section
14 are connected to a serial I/F 158 of the control section 15,
respectively, and transmission and reception of data or a
command are performed. The control section 15 includes a
measuring timer 151 for determining cycles therewith mea-
surements of sensors 11-13 each are performed, a digital filter
153 for removing a noise component from the measured
sensing data (acceleration, a pulse, temperature), a pulse rate
calculation section 155 for calculating a pulse rate from the
output of the pulse sensor 12, a zero cross counting section
154 for calculating the number of times of the zero crossing
from the output of the acceleration sensor 11, and a transmit-
ting timer 152 for determining the cycle at which the sensing
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data (the number of times of the zero crossing, a pulse rate,
temperature) is transmitted based on measurement results.
The measurement and transmission by the sensors 11 to 13
are performed in such a way that the measuring timer 151 and
the transmitting timer 152 apply interruption at a predeter-
mined frequency to each other CPU (microcomputer) of the
control section 15, respectively, in the embodiment of the
present invention.

[0074] Forexample, the measuring timer 151 applies inter-
ruption to the CPU of the control section 15 every 50 msec,
and makes the CPU perform the measurements by the accel-
eration sensor 11, the pulse sensor 12, and the temperature
sensor 13. And the transmitting timer 152 applies interruption
to the CPU of the control section 15 every minute, and makes
the CPU transmit output data from the zero cross counting
section 154 and the pulse rate calculation section 155 and
temperature to the base station 3.

[0075] The control section 15 is connected to the radio
communication section 16, and the button A102 and the but-
ton B103 via digital I/Os 159.

[0076] As described above, the sensor node 1 acquires the
output of each sensor every 50 msec, obtains the number of
times of the zero crossing, a pulse rate, and temperature from
the output of the sensors, and transmits the data thus obtained
to the data server 6 from the base station 3 every minute.
Consequently, the number of times of the zero crossing, a
wearing person’s behavior information, is stored in the data
table 64 of the data server 6 as the number of times of the zero
crossing per minute.

[0077] Next, FIG. 5 shows a flow chart of an example of a
pulse measuring process when an interruption is applied to
the microcomputer of the control section 15 by the measuring
timer 151.

[0078] Firstin S1, the control section 15 activates the pulse
sensor 12 and the acceleration sensor 11 when interrupted
from the measuring timer 151. Next in S2, the control section
15 acquires the output of the acceleration sensor 11, and
decides whether a wearing person is in a quiet state or not.
[0079] Although the pulsesensor 12 is worn to auser’s arm,
if the wearing person is moving, e.g. in running, only a dis-
turbed wave is acquired since the light receiving element 121
attaches and detaches the skin, so that a normal pulse cannot
be detected in this state. This is because the pulse sensor 12 is
not stuck on the arm, and exposed to disturbance light with a
time interval much shorter than a pulse cycle. Thus, in order
1o detect a reliable pulse, it is necessary to perform sensing,
while a user is in a quiet state.

[0080] The control section 15 computes a magnitude of the
detected acceleration, i.e., the absolute value of acceleration,
compares this absolute value to a threshold value set previ-
ously, and if the absolute value is less than the threshold, and
decides the user is in a quiescent state (=quiet state). More
precisely, when the arm of the user wearing the sensor nodes
1 is in a quiescent state, the control section 15 judges the
measurement start of the pulseis possible, and proceeds to S3.
[0081] On the other hand, when the wearing person is notin
a quiescent state, the control section 15 ends the processing
and wait for the person to be in a quiet state by next measure-
ment timing.

[0082] In S3, the control section 15 acquires output from
the pulse sensor 12, and captures the output as a pulse wave
form data. In S4, the digital filter 153 extracts only a prede-
termined frequency band (for example, 0.6 Hz to 4 Hz). Next,
in S5, a peak is extracted from the pulse wave form data after
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filtering process was applied (85). And in S6, a pulse rate is
obtained from the number of peaks per minute of the pulse
wave form data, and outputted. The control section 15 can
transmit the computed pulse rate to the base station 3 from
radio communication section 16, or report the measurement
result to a wearing person with the display section 14.
[0083] Next, FIG. 6 shows a flow chart of an example of a
measuring process of the acceleration performed when an
interruption is applied to the microcomputer of the control
section 15 by the measuring timer 151.

[0084] Firstin S11, receiving an interruption from the mea-
suring timer 151, the control section 15 activate the accelera-
tion sensor 11. Nextin S12, the control section 15 acquires the
output (X, Y, Z) of the acceleration sensor 11 for each axis,
and obtains the wave form of acceleration. And in S13, a
scalar quantity is calculated from the acceleration along each
axis. The scalar quantity is the magnitude of acceleration
obtained by that an acceleration along each axis is squared,
summed over 3 axis, and the square root of the sum yields this
magnitude. In S14, by the processing the scalar quantities
with the digital filter 153, only component within a predeter-
mined frequency band (for example, 0.1 Hz-5 Hz) is
extracted, and thus a noise component is removed.

[0085] Next in S15, the number of times of the zero cross-
ing is calculated from the scalar quantities of acceleration
after filter processing. The number of times of the zero cross-
ing counting calculates the number of times per unit time in
which the magnitude of acceleration crosses the threshold
around OG as shown in FIG. 7. According to the embodiment
of the present invention, the number of times of the zero
crossing per the cycle of the transmitting timer 152 (1 minute)
the magnitude of acceleration crosses the threshold is counted
as the number of times of the zero crossing and transmitted.
[0086] Here the number oftimes of the zero crossing count-
ing can be prevented from an erroneous detection by setting a
threshold to a little larger value, e.g. 0.05 G than 0 G.

[0087] Thatis,ahuman body has a possibility of causing an
erroneous decision, if the threshold value is set to 0 G, the
number of times of the zero crossing is generated to decide the
person is moving even when the human body is in a quiescent
state under sleep etc. by an influence of the exteriors, such as
a very small body motion or vibration etc. For this reason, by
making a threshold value a little larger than 0 G 0, e.g. 05 G,
an erroneous decision can be prevented to decide the person is
in a moving state due to a very small motion when the person
is in a moving state a human body is in a quiescent state, and
the detecting accuracy of behavior information can be
improved.

[0088] Next, FIG. 8 is a flow chart showing an example of
a weight measuring process performed by the control section
15, when a wearing person pushes the button B103 of sensor
node 1.

[0089] In S21, the control section 15 detects that the wear-
ing person pushed the button B103 of the sensor node 1, and
starts the processing to acquire a sensing data from the scale
2. In S22, whether the sensor node 1 can communicate with
the scale 2 is decided.

[0090] In the processing, the communication section 16
measures the radio field intensity of the scale 2, and for
example, it is decided that the communication is possible, if
the radio field intensity is over a predetermined value. Or it
my be decided that the communication is possible, if the
communication section 16 of the sensor node 1 transmits a
predetermined signal to the scale 2, and a predetermined



US 2008/0208480 Al

response is obtained from the scale 2. Then, the wearing
person of sensor nodes 1 rides on the scale 2, confirms that the
weight measurement of the body is possible, and the process-
ing proceeds to S23. If the communication is impossible, it is
decided the measurement of weight can not be performed for
the reason that the wearing person of the sensor node 1 is not
near the scale 2, etc., and the processing proceeds to S27,
where the control section 15 indicates on the display section
14 that communication is impossible with the scale 2, and
then ends the processing.

[0091] 1In S23, the sensing data of the wearing person’s
weight is received from the scale 2. The control section 15 let
the display section 14 display the measured value of weight
from the sensing data acquired in S24. The control section 15
outputs to the display section 14 an instruction to push the
button B103 for the wearing person in order to make a con-
firmation of the completion of the body weight measurement.
The display indicates the weight value received from the scale
2 on the display section 14, for example, as shown in FIG. 9.
When recording the sensing data on the memory 17 (yes), the
button B103 is made to be operated, and when not recording
the sensing data (no), the button A102 is made to be operated.
[0092] In S25, if decision is made that the wearing person
pushed the button B103, then the processing proceeds to S26.
The identifier of the sensor nodes 1 (identifier to specify a
wearing person), and the time when the sensing data is
received from the scale 2 (time stamp) are added to the sens-
ing data of the scale 2, and stored in the memory 17.

[0093] By the above processing, the sensing data of weight
is transmitted to the sensor node 1 from the scale 2, and is
stored in the memory 17 of the sensor node 1 by operating the
button B103 after the wearing person of sensor nodes 1 rides
on the scale 2. When it becomes a predetermined data trans-
mission timing, the sensing data of the weight stored in the
memory 17 is transmitted to the data server 6 with other
sensing data via the base station 3 from the sensor node 1.
[0094] Next, FIG. 10 shows a flow chart in which an
example of the transmission processing performed when an
interruption is applied to the microcomputer of the control
section 15 by the transmitting timer 152.

[0095] First in S31, receiving an interruption from the
transmitting timer 152 the control section 15 activates the
communication section 16. Next in S32, the control section
15 decides whether the communication section 16 can com-
municate with the base station 3. In the processing, for
example, the communication section 16 measures the radio
field intensity of the base station 3, and can decide the com-
munication is possible if the radio field intensity is over a
predetermined value. Or when the communication section 16
transmits a predetermined signal to the base station 3 and
receives a predetermined response from the base station 3,
then the control section 15 can also decide that the commu-
nication is possible.

[0096] 1In S33 after the decision, the sensing data recorded
in the memory 17 is transmitted to the base station 3. In S34,
the control section 15 decides whether an not transmitted
sensing data exists in the memory 17, and if there is any not
transmitted sensing data, in S35, the data read from the
memory 17 is transmitted to the base station 3, and in S36, the
transmitted sensing data is deleted from the memory 17.
Furthermore, in S37, the control section 15 decides whether
other not transmitted sensing data still remains in the memory
17, and if there is any not transmitted sensing data, the process
returns to S35 and repeats the processing. On the other hand,
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if other not transmitted sensing data does not exist, the control
section 15 ends the transmitting processing.

[0097] In the decision of S32, if the sensor node 1 cannot
communicate with the base station 3, the processing proceeds
to S38, stores the sensing data in the memory 17, and ends the
processing.

[0098] By the above processing the sensing data stored in
the memory 17 are transmitted collectively through wireless
communication to the base station 3 at a predetermined cycle
(for example, 1 minute) set to the transmitting timer 152. In
the transmitting processing, in addition to the number of
times of the zero crossing of the acceleration, a pulserate, and
temperature measured with corresponding sensors in the sen-
sor node 1, the weight acquired from the scale 2 is also
included in the sensing data, which is transmitted to the base
station 3.

[0099] FIG. 11 shows an example of a transmission frame
format of the sensing data transmitted by the sensor nodes 1 at
a predetermined cycle (for example, 1 minute) of the trans-
mitting timer 152.

[0100] The sensor node 1 adds the identifier (individual
identification code) and transmission date set up beforehand
to the sensing data (a pulse rate, the number of times of the
zero crossing, temperature, and weight) stored in the memory
17, and then transmit the data. In FIG. 11, as for 08 (hexa-
decimal) bytes pulse rate the newest one in the sensing data
shall be transmitted every 50 msec. And the pulse rate reli-
ability of 09 bytes is a value based on the acceleration or a
value associated with the acceleration when a pulse rate was
measured, and larger the acceleration the reliability of the
measured pulse rate becomes lower. The number of walks of
0C and 0D byte is the number of steps of a wearing person the
control section 15 obtained based on the magnitude of accel-
eration. For the calculation of the number of steps, the peak of
acceleration magnitude is extracted in a similar way as for the
pulse rate counting, and the number of the peaks gives the
number of steps. As for the weight of 10 or 11 bytes the
sensing data is stored only when the weight from the scale 2
is received. The supply voltage of 14 bytes shows the voltage
of a battery to drive the sensor nodes 1 (not illustrated).

<Database>

[0101] Next, referring to FIG. 12 and FIG. 13, the sensing
data stored in the database 61 of the data server 6 is explained.
FIG. 12 shows an example of the contents of weight table 62
which stores the weight measured with the scale 2, and FIG.
13 shows an example of the contents of data table 64 which
stores the pulse rate, the number of times of the zero crossing,
the temperature, and the number of steps measured by the
sensor node 1.

[0102] InFIG. 12, the weight data measured with the scale
2, the identifier (individual identification ID in the figure) of
the sensor node 1 and the measured time are added thereto,
and stored in the weight table 62 as the sensing data. The
identifier (individual identification ID) of the sensor node 1,
and the time of a measurement date and a weight value are
stored in each record of the weight table 62.

[0103] The analyzer apparatus 7 is for every individual
identification ID serially referred to the weight table 62 as will
be mentioned later.

[0104] InFIG. 13, the individual identification ID comes at
the head, then the measurement date and time of the sensing
data, a pulse rate, the number of times of the zero crossing, the
number of steps, the temperature, the supply voltage, and the
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radio field intensity measured with the sensor node 1, and
stored in the data table 64. The analyzer apparatus 7 is for
every individual identification ID serially referred to the data
table 64 as will be mentioned later.

<Scale>

[0105] FIG. 14 is a block diagram showing the detailed
composition of the scale 2. The scale 2 includes the weight
sensor 21 for measuring the weight of a human body etc.,
display section 22 for displaying weight etc., the radio com-
munication section 24 for communicating with the sensor
node 1 or the base station 3, and the control section 23 con-
taining a CPU and a memory for controlling user selection
buttons A25-DD28 beforehand assigned for every user who
uses the scale 2.

[0106] The weight sensor 21 inputs a signal into an A/D
converter 231 of the control section 23 via an amplifier 29.
The signal amplified with an amplifier 29 is converted into a
digital value by an A/D converter 231 of the control section
23, and the control section 23 calculates weight data from the
converted digital value. The radio communication section 24
and the user selection buttons A25-D28 are connected to
digital I/O 232 of the control section 23, respectively.
[0107] Inorder that the control section 23 may start up the
weight sensor 21, may measure a user’s weight and may
transmit a sensing data to the sensor node 1 from the radio
communication section 24, the control section 23 performs a
predetermined measuring process. The measuring process of
the control section 23 is started when a user (wearing person
of the sensor node 1) operates either of the user selection
buttons A25-D28.

[0108] If the user selection buttons A25-D28 are pushed,
control section 23 directs the display section 22 to indicate
that the user is urged to ride on the scale 2, after performing
the calibration of the weight sensor 21.

[0109] When the user rides on the scale 2, the analog signal
which is an output of the weight sensor 21 is amplified with
the amplifier 29 and digitized with the A/D converter 231 of
the control section.

[0110] After the measurement of weight is completed, the
control section 23 displays the measured weight value on the
display section 22, and transmits the weight data (sensing
data) and the measurement date and time to the sensor nodes
1 via the radio communication section 24. After transmission
of the sensing data is completed, the control section 23 con-
verts to a standby state until an user selection button is pushed
again. After the measurement of weight is completed, the
control section 23 can store the measured value in user’s
information set up with the user selection buttons A25-D28.

<Processing in the Whole System>

[0111] Next, the outline of data processing in the sensor net
which predicts the present health index in real time is shown
in FIG. 15 from the living body information (sensing data)
measured in real time by the sensor node 1, and the health
index (weight) measured discretely with the scale 2.

[0112] From the sensor node 1 worn to the human body the
sensing data (the number of times of the zero crossing, pulse
rate) measured in real time (such as every 50 ms), is trans-
mitted to the base station 3 for every minute, and stored in the
data table 64 of the data server 6 via the base station 3. New
information on the living body is accumulated every minute
in the data table 64.
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[0113] The weight data discretely measured with the scale
2 is transmitted to the sensor nodes 1 when the measurement
is made, and transmitted to the data server 6 together with the
sensing data of the sensor node 1, then stored in the weight
table 62. The eight data is discretely stored in the weight table
62.

[0114] In the analyzer apparatus 7, the living body infor-
mation accumulated in real time and a health index (weight)
accumulated discretely in the database 61 are supervised, and
a predictive value of weight is computed, and if the predicted
value of weight satisfies a predetermined condition such as
increasing rapidly, then an analysis software is executed for
transmitting warning to the sensor node 1 1s by control section
71 of analyzer apparatus 7.

[0115] In an example of the processing which the control
section 71 executes, the weight data within the prescribed
past period (for example, one week) 1s first acquired from the
weight table 62 of the data server 6 in FIG. 15 (S41). And the
control section 71 stores the weight data within the prescribed
period (the first prescribed period) acquired from the weight
table 62 in the multiple regression analysis table 73 as a
response variable (S42).

[0116] The control section 71 acquires the number of times
of the zero crossing within the past second prescribed period
(for example, two weeks) from the data table 64 of the data
server 6 (S43). And the control section 71 converts the
acquired number of times of the zero crossing into a zero
cross frequency. Since the number of times of the zero cross-
ing stored in the data table 64 shows the number of times of
the zero crossing for the cycle (for 1 minute) of the transmit-
ting timer 152 of the sensor nodes 1,

Zero crossing frequency=the number of times of the
zero crossing/60 (sec).

[0117] Next, the control section 71 computes the appear-
ance ratio (frequency of occurrence) and continuation index
of the zero crossing frequency per each time day by day in
S44.

[0118] The appearance ratio of the zero crossing frequency
is the average (or the maximum or standard deviation) of the
zero crossing frequency for every time period in one day, as
shown in FIG. 16. For example, in FIG. 16, time period =1
shows that the average of the zero crossing frequency for
0:01-1:00 o’clock is 1 Hz. After calculating the average of the
zero crossing frequency for every time period, as shown in
FIG. 17, the appearance ratio of the zero crossing frequency is
calculated forevery frequency band. In this example,a 1-5Hz
frequency band is divided into five partitions, and appearance
frequency and an appearance ratio are calculated for every
frequency band. In this example, 1 Hz or less is set to a
frequency band (partition)=1 Hz, a frequency exceeding 1 Hz
but no higher than of 2 Hz be 2 Hz. and similarly other
frequency bands are classified.

[0119] The appearance ratio of a frequency band is
obtained as the appearance frequency of each frequency band
is divided by the total time band in a day.

[0120] For example, in the case that the frequency band=5
Hz, since the appearance is twice at time zone=15:00 and
17:00, the appearance frequency=2 and the appearance ratio
is 8.3%. As for the appearance ratio, it can be judged that
higher the frequency band (partition) is, stronger (more
active) a wearing person’s action is, and conversely lower the
frequency band, weaker (more quiet) a wearing person’s
action.
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[0121] Next, the control section 71 calculates the number of
times the same frequency band adjoins each other in the time
period, i.e. the number of times of continuation, then this
number of times of continuation is divided by the appearance
frequency is defined as a continuation index. Namely,

Continuation index=Number of times of continuation/Ap-
pearance frequency.

[0122] The number of times of continuation means the
number of the time period for which the partition of zero
crossing frequency is equal to one another. As shown in FIG.
18, the number of times of continuation is counted such that
the frequency band of an adjacent time period is examined
first and if the two frequency bands are the same, the number
of times of continuation is set to 1. By performing this pro-
cedure with time period=1-24 for every frequency band, the
number of times of continuation is obtained for one day, and
the continuation index is obtained for every frequency band.
For example, in FIG. 18, since the frequency band appeared is
equal to 1 Hz at time period=1:00 and 2:00, the number of
times of continuation is equal to 1. Similarly, since the time
period with the frequency band=1 Hz continues at 4:00 and
5:00, 12:00 and 13:00, the number of times of continuation of
the day is 3. And the appearance frequency of the frequency
band=1 Hz is 8 times for the day, the frequency band=1 Hz
continuation index is equal to 0.38. A continuation index
shows degree of change with a wearing person’s action, and if
the continuation index is high in a low frequency band, it can
be presumed that the wearing person is in a long quiet state,
and if the continuation index is high in a high frequency band,
it can be presumed that the wearing person is in a long active
state.

[0123] Although the frequency band is assumed to be 1 Hz
in the above, the band is not limited to 1 Hz, and the arithmetic
precision of the number of times of continuation or the con-
tinuation index can be improved by dividing a frequency band
more finely , e.g. by 0.1 Hz. Also as for the time period in the
above example the time for a day is divided into 24 time
periods, the time period is not limited to this period, and the
arithmetic precision of the number of times of continuation or
the continuation index can be raised by dividing the time
period of one day. e.g. from 1 to 1440 period as the unit time
period is one minute.

[0124] Next in S45 in FIG. 15, the appearance ratio and
continuation index obtained in S44 are stored in the multiple
regression analysis table 73 as predictor variables (S45).
Thus, when the processing of S42 and S45 is finished, the
preparation of analysis completes for the multiple regression
analysis table 73 (S46). At this time, the information on a
wearing person’s body and behavior is stored in the multiple
regression analysis table 73 of the analyzer apparatus 7, for
example, as shown in F1G. 19. Thatis, weight data is specified
as a response variable by using the date as a key, and the
appearance ratio and continuation index for every frequency
band are stored as a predictor variable in each record of the
table.

[0125] Here, the weight data specified as a response vari-
able is the weight data measured before going to bed on the
day or in the morning of the following day, and reflected from
the result of the action caught by the zero cross frequency
based on acceleration (actual measurement is desirable in the
morning of the following day).

[0126] Next, in S47 of FIG. 15, a prediction formula is
generate by the multiple regression analysis processing sec-
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tion 74 of the control section 71 based on the response vari-
able and the predictive variable set in the multiple regression
analysis table 73.

Y=ax +ax+ . .. +4,%,+a, Equation 1

[0127] Where,

[0128] y: response variable,

[0129] x,-x,: predictor variables,

[0130] n: number of predictor variables,

[0131] a;-a,: Coefficients, and

[0132] a,: Constant term.

[0133] Theprediction formula in S47 is generated using not

all predictor variables, but meaningful predictor variables
extracted with known technique such as a stepwise technique
etc., and a process to remove variables which have multicol-
linearity in predictive variables etc. Here, since the multiple
regression analysis processing is a well known technique, the
explanation thereof is abbreviated. Extraction of these pre-
dictor variables is performed by the predictor variable gen-
eration section 75 in FIG. 1. By generating the above-men-
tioned predictor variable at the time of the updating of a
response variable (weight data), or updating of an predictor
variable (acceleration), a prediction formula is also updated
as a new prediction formula reflecting the change of living
body information, the updated prediction formula is able to
make a prediction based on the most recent information (the
second prescribed period). That is, since the number of times
of the zero crossing is obtained from the second past pre-
scribed period, the prediction formula can also change
according to the change of living body information.

[0134] Next in S48 of FIG. 15, the multiple regression
analysis processing section 74 substitutes the predictor vari-
able within the past prescribed period (for example, 24 hours)
for the above prediction formula thus generated, and com-
putes the present predicted weight value, the response vari-
able y by the multiple regression analysis.

[0135] AndinS48inFIG. 15, the value of response variable
y obtained by the multiple regression analysis processing
section 74, i.e., the predicted weight at present time, the past
multiple regression analysis results, and the past measure-
ment data of weight are indicated on the display section 77 of
the analyzer apparatus 7. The display can be shown as a graph
representing the predicted weight and measured weight val-
ues as a function of time, for example, as shown in FIG. 20. In
FIG. 20, although the actual measurement of weight cannot
always be made, and the resulting values distribute discretely,
the predicted weight by the prediction formula can be gener-
ated continuously. and the variation of the health index of the
person wearing the sensor node 1 can be indicated with the
daily behavior of the person, without actual measurement.

[0136] The result of calculation of the response variable y
may be stored in the storage device etc. of the analyzer appa-
ratus 7 (not illustrate), or may be stored in the database 61.
The predicted value of the response variable y may be calcu-
lated not only at the present time, but at the time of next
measurement of the response variable.

[0137] Thus, by performing the processing the steps of
S41-849 of FIG. 15, whenever the sensing data is stored in the
database 61, the weight data, i.e. a response variable is stored
in the database 61, or at a predetermined cycle or whenever. It
becomes possible to predict the body information (weight)
unable to be measured always based on the behavior infor-
mation of a wearing person in real time.
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[0138] Furthermore, the multiple regression analysis pro-
cessing section 74 obtains the changing rate of the predicted
value of weight, whenever calculation of the predicted value
is made, and if the changing rate of the predicted value of
weight exceeds a predetermined value, a warning can be
transmitted to the sensor node 1 as shown in FIG. 21. Or also
when the rate of change of the predicted value of weight is less
than the second predetermined value, a warning can be trans-
mitted that the loss in weight does not become excessive.
[0139] FIG. 22 is a flow chart showing an example of the
generation of a predictor variable performed in the predictor
variable generating section 75 and the multiple regression
analysis processing section 74 and the generation processing
of a prediction formula. In the following example a case is
shown in which a multiple regression analysis is performed
using the weight data and the predictor variable (number of
times of the zero crossing) for the last one week. The steps
from S471 to S475 is equivalent to the predictor variable
generating section 75, and the steps S476-S47 deserve the
multiple regression analysis processing section 74.

[0140] First in S471, the predictor variable generating sec-
tion 75 sets up the date to perform the multiple regression
analysis processing for a variable N (in the following, N day).
Here, the present date is set up. Next in S472, the weight data
on N day is assigned to a response variable in the multiple
regression analysis table 73.

[0141] Nextin S473, the number of times of the zero cross-
ing on N day is acquired from the data table 64 of the database
61, and converted into the zero crossing frequency similarly
in S44, an appearance ratio and a continuation index are
obtained, and the appearance ratio and the continuation index
are assigned to the predictor variables in the multiple regres-
sion analysis table 73.

[0142] Nextin S474, N day is set to the previous day, and in
S475, it is decided whether N day reached six days ago. If not
reached yet, the processing returns to S472, assignment of a
response variable and an explaining variable is repeated. If
7-day values (appearance rate of zero crossing frequency and
continuous index) is assigned in multiple regression analysis
table 73, the processing proceeds to S476.

[0143] InS476, the multiple regression analysis processing
section 74 performs a multiple regression analysis based on
each variable set in the multiple regression analysis table 73.
And a prediction formula is generated based on the result of
the multiple regression analysis (S47).

[0144] Although the above mentioned example shows an
example in which a prediction formula is generated whenever
a new response variable (weight data) is registered in the data
server 6 assuming the weight is measured once per day, a
prediction formula may be generated whenever a new sensing
data (the number of times of the zero crossing, pulse rate) is
registered in the database 61. And although the above men-
tioned example shows an example in which a prediction for-
mula is generated based on the sensing data for seven days,
especially if the weight data which serves as a response vari-
ableis one week, it is desirable to prepare the data (number of
times of the zero crossing) for two weeks based on the sensing
data used as an predictor variable.

[0145] FIG. 23 is a flow chart showing an example of the
processing performed by the prediction data generating sec-
tion 76 of the analyzer apparatus 7 of FIG. 1, and the process-
ing is equivalent to the processing of S48 in FIG. 15. First in
S481, the prediction data generating section 76 acquires the
number of times of the zero crossing within the past pre-
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scribed period (for example, 24 hours) from the sensing data
stored in the data table 64 of the data server 6, obtains the zero
crossing frequency as mentioned above, and calculates the
appearance ratio and the continuation index.

[0146] And the predicted value of weight is computed by
substituting the appearance ratio and the continuation index
into the prediction formula obtained by the processing in FIG.
22.

[0147] As described above, the present inventor found that
as for the health index which cannot always be measured, if
recording the data on body information and behavior infor-
mation which are acquired from an acceleration sensor, then
a prediction formula can be formulated with a high correla-
tion for any arbitrary health index, such as a weight, based on
these data.

[0148] This is because the information on the body and the
behavior of a user (wearing person) recorded always is a
record reflecting comprehensively the body condition and the
state of action, and the weight is a result thereof. For example,
if the zero crossing frequency, as behavior information, is
frequently at high frequencies, the wearing person is working
actively, and if the zero crossing frequency is frequently at
low frequencies, the wearing person is in a quiet state. That is,
if a person behaves active, the energy consumption is large,
consequently it can be predicted that the person reduce the
weight, and if a person behaves passive, the energy consump-
tion is small, consequently it can be predicted that the person
maintains or increases the weight.

[0149] Namely, let the weight, unable to be measured
always, be a response variable and a reference value set up
discretely, and the results of measurement always made on a
user’s body condition (pulse) and action (acceleration) be
predictor variables and recorded. By the statistical analysis
using mainly a multiple regression analysis, a prediction for-
mula is automatically generated from the correlativity of a
response variable and a predictor variable, degree of achieve-
ment of the following day for a target can be predicted from a
user’s daily behavior, and the action contributing to goal
achievement remarkably, or the action obstructing can be
detected in real time, and an alarm can be submitted. It
becomes possible to observe transition of a health index by
keeping continuously the weight which cannot always be
measured.

[0150] Thereby, it can know in real time that change of the
situation which a user only always records physical condi-
tions and an action situation by sensor nodes 1, and the
prediction of the trend over arbitrary items to know of him is
attained, and contributes to the target achievement greatly
broke out.

[0151] Therefore, it becomes possible that by feed back the
health index predicted to the user (wearing person), a user
recognizes in everyday life what kind of influence daily
unconcerned action may have upon the variable (weight),
being a purpose, and to excite attention that suitable living
activities can be done.

[0152] The parameter (health index) which cannot always
be measured or a parameter with low measurement frequency
(or parameter which can be measured only discretely) is
obtained by the multiple regression analysis (prediction) with
interpolation (prediction) from the always measurable vari-
ables (acceleration, pulse rate), and the values obtained by
interpolation (prediction) can be fed back to the display sec-
tion 17 of the sensor node 1, or the display section 77 of the
analyzer apparatus 7 as the value of parameter. The value of
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the parameter (health index) which cannot always be mea-
sured can be predicted by the multiple regression analysis.
[0153] Whenever a health index is updated, or whenever
the always observed living body information is updated, a
prediction formula is updated, and a variation of living body
information as an predictor variable may be learned.

[0154] In the present first embodiment, since the scale 2 is
good enough to be able to transmit the measured weight to the
sensor nodes 1, and not necessarily communicate directly
withthe base station 3, provided that communication between
the sensornode 1 and the base station 3 is possible. That is, the
transmission output power of the scale 2 can be made small,
allowing extending the life of the power supply of the scale 2.
[0155] Although in the first embodiment an example is
shown that the sensor node 1 measures the living body infor-
mation including acceleration etc. every 50 msec, a variation
in the living body information of the wearing person of the
sensor node 1 is monitored almost continuously. The timing
of the sensor node 1 to measure living body information with
the acceleration sensor 11 or the pulse sensor 12 is satisfac-
tory if the monitoring of the variation in the wearing person is
made almost continuously with an interval of the timing, for
example, a time interval between measurements, such as 100
msec or 1 sec, etc. may be sufficient.

[0156] Although the weight of a wearing person is prefer-
ably measured every day with the sensor node 1, the measure-
ment cycle (timing) of weight by the wearing person is usu-
ally discrete and random, so that on the day the weight is
unable to be measured the weight may be estimated from the
weight data of before and after in the analyzer apparatus 7.

[0157] As for the relation of the first time interval between
measurements of living body information by the sensor node
1, and the second time interval between measurements of
weight with the scale 2, it is preferable to set the second time
interval at least 100 times as long as the first time interval.

[0158] Although the measurement interval of each sensor
ofthe sensor node 1 is set to 50 msec in an example of the first
embodiment, however, it is not necessary to make all the
measurement with the same cycle, and may be appropriately
modified depending on the kind of the sensor. For example,
the measurement cycle of each sensor may be different
according to the kind of information to be acquired from a
sensor, such as measurement with the acceleration sensor 11
is every 50 msec, measurement with the pulse sensor 12 every
5 minutes,.and measurement with the temperature sensor 13
every 10 minutes.

[0159] Although in the first embodiment an example is
shown that as behavior information the acceleration of a
person is measured by the sensor node 1 worn to the human
body, however, the measurement is not limited to the above
means, and a portable device having an acceleration sensor
and a temperature sensor may be used, such as a cellular
phone and a portable music player.

[0160] In the first embodiment the real time clock 18 is
desirably set in the exterior of the microcomputer constituting
the control section 15 of the sensor node 1. By setting up the
real time clock 18 to the exterior of a microcomputer, in the
period a measurement is not carrying out the microcomputer
may be shifted to a sleeping mode, promoting the reduction of
power consumption.

[0161] In the first embodiment the prediction formula can
be executed repeatedly at a predetermined timing, such as
whenever a weight data as a response variable or a sensing
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data as a predictor variable is updated. It is also possible to
generate a prediction formula at a predetermined cycle.

Second Embodiment

[0162] FIG. 24 is a block diagram to show a second
embodiment of the information management system in which
the number of times of the zero crossing counting section 154
and the pulse rate calculation section 155 are moved to the
data server 6, and the arithmetic load of the sensor nodes 1 is
reduced.

[0163] And the power consumption of the sensor node 1 1s
suppressed at the time of transmitting data, since the scale 2
transmits the measured weight data directly to the base station
3.

[0164] Thenumber oftimes of the zero crossing calculation
section 154 and the pulse rate calculation section 155 shown
in FIG. 1 of the first embodiment are deleted from the sensor
node 1, the measured values of the sensors are each converted
into digital values by the A/D converters 156 and 157, trans-
mitted to the base station 3, and stored in a waveform table 63
provided in the database 61 of the data server 6.

[0165] The composition of the data server in the second
embodiment is different from that of the first embodiment in
that a waveform table 63 is newly provided in the database 61,
and a zero crossing calculation section 67 and a pulse rate
calculation section 68 are mounted on the control section 66.
Other composition is the same as that ofthe first embodiment.
[0166] InFIG. 4, the output of the X-axis sensor, the Y-axis
sensor, and the Z-axis sensor of the acceleration sensor 11
measured at the measurement cycle (forexample, S0 msec) of
the measuring timer 151 and the output of the pulse sensor 12
are stored in the memory 17, and the output of the acceleration
sensor 11 and the output of the pulse sensor 12 are collectively
transmitted at the cycle of the transmitting timer 152 (for
example, 1 sec). The output of the temperature sensor 13 at
the time of collective transmission may be transmitted to the
base station 3 as the temperature data.

[0167] When the scale 2 transmits the measured weight to
the base station 3, a correlation is established between a
wearing person of the sensor node 1 the weight measured
therewith, and the weight data of the scale 2 by the control
section 66 of the data server 6. A sensor node 1 in which the
acceleration was low at the time of weight measurement may
be selected to be the one which measured the weight, among
the sensing data of the sensor node 1 received from base
station 3 which communicates with the scale 2. Or in the case
that a plurality of base stations 3 exist, the position of the
sensor node 1 can be measured by plural base stations 3, and
asensornode 1 which existed in the position of the scale 2 can
be specified, and then the measured weight data can be cor-
related to the identifier of the sensor nodes 1 concerned. The
measuring times of weight data may be known from the time
stamp of the base station 3 or the data server 6.

[0168] When a measurement cycle of the sensor nodes 1 is
set to 50 msec and a transmission period is set to 1 sec as
described above, 20 outputs of the acceleration sensor 11
along the X-axis, the Y-axis, and the Z-axis each, and the
pulse sensor 12 are collectively transmitted by one transmis-
sion. An example of the frame format is shown in FIG. 25 for
transmitting a sensing data to the base station 3 by the sensor
node 1.

[0169] The sensor node 1 adds the identifier (individual
identification code) and transmission date set up beforehand
to the sensing data in FIG. 25, and transmits the output of the
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acceleration sensor 11 of X-axis, Y-axis, and Z-axis, and the
pulse sensor 12 in the order of measured time as in the first
embodiment. That is, the output X1 of the acceleration sensor
11 in FIG. 25 shows the oldest data of 1 sec ago, and the X20
shows the newest data. When the weight data is received from
the scale 2, the weight is stored in 62 bytes after the radio field
intensity in 61 bytes in FIG. 25.

[0170] Receiving the sensing data shown in FIG. 25 from
the base station 3 the control section 66 of the data server 6
calculates the measuring times of 20 sensing data each for the
output of acceleration sensor 11 (X1,Y1, 721-X20,Y20, 720),
and the output of pulse sensor 12 (pulse 1-pulse 20), from the
transmission time contained in the transmission frame and a
known measurement cycle (50 msec).

[0171] And the control section 66 of the data server 6 stores
data records in which one record is made up from an identifier
ofsensornode 1, measured values of acceleration sensor 11 of
the X-axis, the Y-axis, and the Z-axis, and a measured value of
the pulse sensor 12, in the waveform table 63 of the database
61 for every measuring time as shown in FIG. 26. When a
weight data is contained in the sensing data from the sensor
node 1, the weight data is stored in the weight table 62
similarly as in the first embodiment.

[0172] The control section 66 stores the sensing data
received from the base station 3 in the waveform table 63, the
zero crossing calculation section 67 and the pulse rate calcu-
lation section 68 calculate the number of times of the zero
crossing, a pulse rate, and the number of steps, etc. and the
results are stored in the data table 64 similarly as in the first.
[0173] The analyzer apparatus 7 is the same as that of the
first embodiment, generates a prediction formula based on the
number of times of the zero crossing and the weight read from
the database 61 of the data server 6, and obtains the predicted
value of weight.

[0174] As described above, the sensor node 1 transmits the
measured waveform (sensing data) without processing (num-
ber of zero crossing times, a pulse rate) in the second embodi-
ment, and the number of times of the zero crossing and a pulse
rate are calculated are in the data server 6, and stored as a
sensing data in the database 61, so that the processing load the
sensing data for the sensor node 1 is reduced and the power
consumption is also reduced.

[0175] Sinceprocessing of the sensing data is performed by
the data server 6, the arithmetic logic of counting the number
of times of the zero crossing, or counting the pulse rate is
more easily modified to be more useful for a prediction of the
health index.

Third Embodiment

[0176] FIG.27and FIG. 28 show a third embodiment of the
invention, in which a pulse rate is added to the number of
times of the zero crossing as a predictor variable in the first
embodiment.

[0177] FIG. 27 is a flow chart to show an example in which
a part of processing is modified to generate a predictor vari-
able performed by the predictor variable generation section
75 in the first embodiment. The following examples show that
a multiple regression analysis table 73 for performing a mul-
tiple regression analysis is generated using the weight data
and the predictor variable (the number of times of the zero
crossing and pulse rate) for the past seven days in order to
learn past weight data. In this case, a prediction is made with
the response variable and the predictor variable for one week,
and a sampling period of the number of times of the zero
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crossing, one of the predictor variables may be reduced com-
pared with the first embodiment.

[0178] InFIG. 27, first in S471 the predictor variable gen-
eration section 75 sets up the date, a variable N (the following,
N day) when the multiple regression analysis processing is to
be performed. Here, the present date is set up. Next in S472,
the weight data on N day is substituted for a response variable
in the multiple regression analysis table 73. Here, if there
were any deficit in the weight data, pseudo data could be
generated based on a deficit data method of substitution etc.,
and stored as a response variable.

[0179] Next in S4731, the number of times of the zero
crossing data for the days N-(N-6) is obtained from the data
table 64 in the database 61. The number of times of the zero
crossing is converted into the zero crossing frequency as
shown in S44 of FIG, 15 in the first embodiment, and the
appearance ratio and the continuation index are calculated,
and then the appearance ratios and the continuation indexes
thus obtained are substituted for the predictor variables in the
multiple regression analysis table 73.

[0180] NextinS4732, the pulserate for the days N-(N-6)1s
obtained from the data table 64 of the database 61. The
appearance ratio and the continuation index of a pulse rate are
calculated as shown in S44 of FIG. 15 inthe first embodiment,
and then the appearance ratios and the continuation indexes
thus obtained are substituted for the predictor variables in the
multiple regression analysis table 73. Here, the pulse rate
stored in the data table 64 as sensing data are divided into 6
intervals; 50 or less, 50-69, 70-89, 90-109, 110-129, and 130
or larger interval, and the appearance ratio and the continua-
tion index are computed in a similar manner as for the zero
crossing frequency and substituted for the predictor variables
in the multiple regression analysis table 73.

[0181] Nextin S474 and in S475, similarly to in FIG. 22 of
the first embodiment, one day is subtracted from N days to
become the following day, a decision is made whether N days
reaches six days ago, if not reached, the processing returns to
S472 and substitution of a response variable and a predictor
variable is repeated, and updating the multiple regression
analysis table 73 with the substituted values (appearance ratio
and continuation index of zero cross frequency and pulse rate)
for seven days.

[0182] By the above processing, predictor variables for
seven days (the appearance ratio and continuation index of
zero crossing frequency and the pulse rate) are set up for one
response variable (weight data) in the multiple regression
analysis table 73 as shown in FIG. 28.

[0183] Then, the processing of S476 and S47 of FIG. 22 in
the first embodiment are executed by the multiple regression
analysis processing section 74 and the prediction formula is
generated using the zero crossing frequency and the pulserate
as the predictor variables.

[0184] inthis example, the zero crossing frequency for one
week is selected as behavior information and the pulse rate for
one week is also selected as body information, and used as a
predictor variable in order to predict a health index (weight as
an object variable). In addition to everyday behavior, it
becomes possible to feed back about a state of tension by a
pulse rate change or about variation of the health index by
stress etc., to a wearing person.

[0185] Inthe third embodiment, the inventers of the present
invention confirm that the weight, a response variable, can be
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predicted with high precision by the sensing data of the num-
ber of times of the zero crossing and the pulse rate as predictor
variables for two days.

Fourth Embodiment

[0186] FIG. 29 shows a forth embodiment of the present
invention, in which the output of acceleration sensor 11 is not
transmitted directly to the base station 3 as is transmitted by
the sensor node 1 in the second embodiment, but only the
magnitude of acceleration, a scalar, is transmitted to the base
station 3. The other composition is the same as that of the
second embodiment.

[0187] The sensor node 1 includes a section 1510 to calcu-
late the magnitude of acceleration along each axis of the
X-axis, the Y-axis, and the Z-axis of acceleration sensor 11 in
FIG. 29.

[0188] Thesensing dataofacceleration to be transmitted to
the base station is a scalar obtained from the acceleration with
three components calculated by the section 1510, the capacity
of the frame is reduced resulting in the reduction of the
transmitting load for the sensor node 1. The processing to
calculate the magnitude of acceleration can be omitted with
the data server 6 which stores the sensing data of the sensor
node 1, and computation load can be reduced. Especially this
becomes effective when the data server 6 stores and processes
the sensing data of a large number of sensor nodes 1.

Fifth Embodiment

[0189] FIG. 30 shows a fifth embodiment of the present
invention in which stress of the wearing person of the sensor
node 1 is considered as a response variable instead of the
weight in the first or the fourth embodiment.

[0190] FIG. 30 and FIG. 31 show screens of the stress
investigation outputted to the display section 77 of the ana-
lyzer apparatus 7. A user (a wearing person of sensor node 1)
of the information management system is asked to reply to
items of questions indicated on the display section 77 of the
analyzer apparatus 7 periodically e.g. every day about user’
body conditions and behavior. FIG. 30 shows questions about
the user’s health conditions, and the user is asked to tick off
corresponding items of question via the input section 78. The
analyzer apparatus 7 obtains a stress index defined as the
stress index=ratio of the number of ticked items of question to
the total number of items. This stress index is set up as a
response variable from in the first to fourth embodiments, and
a prediction formula is generated with measurable values by
the sensor node 1 as predictor variables such as behavior
information (acceleration) and body information (pulse), and
a predicted value of the stress index is calculated.

[0191] Or each item of question is evaluated in five grades
as shown in FIG. 31, and the user is asked to choose a suitable
grade which serves as a kind of measured data.

[0192] Then, the value of grade of each item is set up as a
response variable, and using the information on user’s behav-
ior (acceleration), and body (pulse) as predictor variables, a
prediction formula is generated to give a predicted value on
the stress index.

[0193] In this example, a stress which can not always mea-
sured is set to be a response variable, and user’s body condi-
tions and behavior which can be always measured are set to be
predictor variables. Noticing the correlation between the vari-
ables of response and predictor, statistical analysis is applied
1o the two variables, i.e. a multiple regression analysis to
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generate a prediction formula. Using the formula, it is pos-
sible to predict an achievement in improving a health index of
the following day, or to detect an item to contribute to an
improvement appreciably or to impede improvement of a
health index enabling to notify an alarm.

[0194] Furthermore, a value relating to health condition,
such as body fat, a blood pressure (highest pressure, lowest
pressure), the blood sugar level, fatigue, or other data of a
periodical health examination result can be adapted as a
response variable to show health indexes which can not be
measured always. As for body fat, a blood pressure (highest
pressure, lowest pressure), and a blood sugar level, the mea-
sured data may be inputted to the data server 6 similarly to the
weight data measured periodically, and as for the fatigue or
some health examination results, etc. may be inputted from
the questions similarly to the stress index described above.
Especially, when a health index is specified as a response
variable, for example, blood sugar level etc. which can be
measured only discretely, it will become possible to predict
the health index in real time from always measurable every-
day body information and behavior information continu-
ously.

[0195] Inaddition, other indicators which can be set up as a
response variable are productivity, safety management, etc.,
and for example, in a production site of software, a slowdown
in productivity by an employee’s stress, fatigue, can be pre-
dicted by setting up the value of bug occurrence frequency for
a response variable.

[0196] Here, whatis important is to be recognized by a user
of the possible influence of user’s behavior rather than an
accuracy of a prediction made by using the information man-
agement system of the present invention, the influence on a
response variable, a purpose, of unconcerned behavior in
daily life is appreciated by feeding back a predicted value to
a constant user.

[0197] As described above, the present invention can be
applied to a life management system (health information
management) for monitoring health indexes, such as weight
and blood pressure, and especially, enables the prediction
about a health index in real time by using a sensor net.

What is claimed is:

1. An information management system predicting a first
parameter that is not always measured from a second param-
eter that is always measurable, comprising:

a first measurement section that measures the first param-

eter at a first timing;

a second measurement section that measures the second
parameter at a second timing;

a data storing section which stores the values of the first
measured parameter and the second measured param-
eter;

a prediction formula generator section which generates a
prediction formula for calculating a predicted value of
the first parameter at a third timing from the first param-
eters and the second parameters stored in the data storing
section; and

a predicted value calculating section which calculates a
predicted value of the first parameter based on the gen-
erated prediction formula and the second parameter,

wherein the prediction formula generator section generates
the prediction formula at each predetermined timing.
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2. The information management system according to claim
1,

wherein the prediction formula generation section, gener-
ates the prediction formula at the third timing when the
first parameter is newly stored in the data storing section,
or the second parameter newly stored in the data storing
section; wherein the predicted value calculating section
calculates the predicted value of the second parameter
whenever the prediction formula is generated.

3. The information management system according to claim

1, further comprising:

an alarm generating section for generating warning when a
predicted value of the second parameter becomes a pre-
determined threshold value.

4. The information management system according to claim

13

wherein the prediction formula generator section, gener-
ates the prediction formula by learning a change of the
second measurement parameter.

5. The information management system according to claim

15

wherein the second measurement section is worn to a living
body and measures a predetermined living body’s infor-
mation as the second parameter.

6. The information management system according to claim

5,

wherein the second measurement section, being consti-
tuted including an acceleration sensor and measures
acceleration as the predetermined living body’s infor-
mation.

7. The information management system according to claim

13

wherein the prediction formula generator section generates
a prediction formula by a multiple regression analysis
with the first parameter measured at the first timing as a
response variable and the second parameter measured at
the second timing as a predictor variable.

8. The information management system according to claim

5,

wherein the prediction formula generator section generates
a prediction formula by a multiple regression analysis
with the first parameter measured at the first timing as a
response variable and the second parameter, an accel-
eration, measured at the second timing as a predictor
variable.

9. The information management system according to claim

8,

wherein the prediction formula generation section com-
prises:

a scalar quantity calculation section that calculates a scalar
quantity of the acceleration;

a zero crossing count calculation section that calculates the
number of times the magnitude of acceleration crosses 0
or a predetermined value near zero, hereinafter referred
to as the number of times of the zero crossing; and

a frequency calculating section that calculates the fre-
quency of appearance of the number of times of the zero
crossing within a prescribed period,

wherein the frequency of appearance is specified as an
predictor variable.

10. The information management system according to

claim 9,

wherein the prediction formula generation section further

comprises:
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a continuation index calculating section for calculating a
continuation index defined as the number of continued
time intervals divided by the total number of intervals
with the same zero crossing frequency, and

wherein the frequency of appearance of the zero crossing
within a prescribed period and the continuation index
are specified as predictor variables.

11. An information management server comprising;

a communication section for receiving the first parameter
that is not always measured and the second parameter
always measured;

the data storing section storing the first parameter and the
second parameter;

the prediction formula generator section for generating a
prediction formula for calculating the predicted value of
the first parameter from the first parameter and the sec-
ond parameter stored in the data storing section in the
information management server which calculates the
predicted value of the first parameter from the measured
first parameter and the measured second parameter; and

a predicted value calculating section for generating the
prediction formula to calculate a predicted value of the
first parameter based on the generated prediction for-
mula and the second measured parameter, wherein the
prediction formula generator section generates the pre-
diction formula at every predetermined timing.

12. The information management server according to

claim 11,

wherein the information management server generates the
prediction formula when the first parameter is newly
stored in the data storing section, or when the second
parameter is newly stored in the data storing section, the
predicted value calculating section calculates a pre-
dicted value of the second parameter whenever the pre-
diction formula is generated.

13. The information management server according to

claim 11, further comprising:

a warning generating section for generating a warning
when a predicted second parameter satisfies predeter-
mined conditions.

14. The information management server according to

claim 11,

wherein the prediction formula generator section generates
the prediction formula after learning the change of the
second parameter.

15. The information management server according to

claim 11,

wherein the prediction formula generator section generates
a prediction formula by the multiple regression analysis
with the first measured parameter as a response variable,
and the second measured parameter as a predictor vari-
able.

16. The information management server according to

claim 11,

wherein the prediction formula generation section gener-
ates a prediction formula by the multiple regression
analysis with the first parameter measured only dis-
cretely as a response variable, and the second parameter,
acceleration, always measured as a predictor variable.

17. The information management server according to

claim 16,

wherein the prediction formula generation section com-
prising:

a scalar quantity calculating section for calculating scalar
quantity of the acceleration;,
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the number of times of a zero crossing calculation section
for calculating number of times the magnitude of accel-
eration crosses 0 or a predetermined value near zero; and

a frequency calculating section for calculating the fre-
quency of appearance of the number of times of the zero
crossing within a prescribed period, wherein the fre-
quency of appearance is specified as a predictor variable.

18. The information management server according to

claim 17,

wherein the prediction formula generation section further
comprising a continuation index calculating section for
calculating a continuation index defined as the number
of continued time intervals divided by the total number
of intervals with same zero crossing frequency, and

14
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wherein the frequency of appearance of the zero crossing
within a prescribed period and the continuation index
are specified as predictor variables.
19. The information management system according to
claim 1,
wherein the first timing is discrete measurement interval,
whereas the second timing is continuous enabling a con-
tinuous monitoring for a variation of living body.
20. The information management system according to
claim 1,
wherein the second measurement section is constitute of a
portable device.
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