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(57) ABSTRACT

A metabolic energy monitoring system is provided which
comprises: a wearable device having a movement sensor, a
temperature sensor and a pulse wave sensor and adapted to
be worn on a human body; a database to store activity state
decision knowledge data including activity state decision
condition data and calorie consumption calculation knowl-
edge data including a calorie consumption calculating algo-
rithm for each metabolic state; an activity state decision unit
to determine the activity state based on a detection signal
from the wearable device and activity state decision knowl-
edge data; a metabolic state decision unit to detect an
activity continuation state, and determine the metabolic
state; a calorie consumption calculating unit to calculate a
calorie consumption according to the metabolic state; and an
output unit to output the calorie consumption.
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FIG. 6
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FIG. 7
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FIG. 8
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FIG. 10
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METABOLIC ENERGY MONITORING
SYSTEM

INCORPORATION BY REFERENCE

[0001] The present application claims priority from Japa-
nese application JP 2006-154167 filed on Jun. 2, 2006, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a wearable device
and system to collect biological information of a user to
monitor his or her metabolic state and calculate a calorie
consumption.

[0003] As needs for enhancing health of middle-aged and
elderly people and for preventing life-style related diseases
have been growing in recent years, there is an increasing call
for a user to be able to easily check his or her metabolic
energy (energy consumption or calorie consumption) in a
daily life for use in his routine health care.

[0004] For such a healthcare support, there has been a
device that is worn by the user at all times to monitor a
calorie consumption.

[0005] For example, an “energy consumption estimation
device” described in JP-A-2005-230340 estimates an energy
consumption (calorie consumption) from a walking speed
and an inclination angle both calculated based on measure-
ments of an acceleration sensor and an atmospheric pressure
Sensor.

[0006] As another example, an “activity level history
storage device” in JP-A-10-318779 determines an amount of
physical activity (calorie consumption) from an intensity of
activity calculated from a movement detection signal.
[0007] Still another example includes a “calorie consump-
tion measuring device” in JP-A-2003-93372 and WO1997/
047239 which calculates a calorie consumption from a heart
rate according to a regression equation when the user is at
rest or exercising.

[0008] Further, a “health management system” described
in JP-A-2005-115799 determines a state of activity from
biological information obtained from sensors and changes a
calculation process accordingly.

[0009] These conventional technologies, however, have a
problem of not being able to determine the calorie consump-
tion correctly because they do not consider a metabolism in
a body. More specifically, in a recovery process following a
physical activity of the user, the conventional technologies
cannot detect a state in which the metabolism is at an
elevated state (post-activity metabolic state), failing to cal-
culate the calorie consumption with high precision.

SUMMARY OF THE INVENTION

[0010] An object of this invention is to provide a meta-
bolic energy monitoring device and system which deter-
mines a metabolic state in a human body following physical
activities and calculates a calorie consumption with high
precision at all times.

[0011] The problem described above can be solved by a
metabolic energy monitoring system which comprises: a
wearable device having a movement sensor, a temperature
sensor and a pulse wave sensor and adapted to be worn on
a human body; a database to store activity state decision
knowledge data and calorie consumption calculation knowl-
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edge data, the activity state decision knowledge data includ-
ing activity state decision condition data, the calorie con-
sumption calculation knowledge data including a calorie
consumption calculating algorithm for each metabolic state;
an activity state decision unit to determine the activity state
based on a detection signal from the wearable device and
activity state decision knowledge data; a metabolic state
decision unit to detect an activity continuation state from the
signal of the wearable device, wherein if an activity is found
continuing, the metabolic state decision unit determines a
metabolic state for each activity state, wherein if an activity
is found not continuing, the metabolic state decision unit
checks whether the metabolism is increasing; a calorie
consumption calculating unit to calculate a calorie consump-
tion by changing the calorie consumption calculating algo-
rithm according to the metabolic state; and an output unit to
output the calorie consumption.

[0012] With the metabolic energy monitoring device and
system of this invention, the state of metabolism in the
human body resulting from the body movements can be
checked, allowing the calorie consumption to be calculated
with high precision.

[0013] Therefore, the user can easily and accurately check
his or her metabolism in the daily life and use it for health
care, enhancement of health and prevention of life-style
related diseases.

[0014] Other objects, features and advantages of the
invention will become apparent from the following descrip-
tion of the embodiments of the invention taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 shows a configuration of a metabolic energy
monitoring device and system as one embodiment of this
invention.

[0016] FIG. 2 is an example of a user information data-
base.

[0017] FIG. 3 is an example of a data accumulating
database.

[0018] FIG. 4 is an example of a knowledge base.
[0019] FIG. 5 is a flow chart showing an operation of a
wearable device.

[0020] FIG. 6 is a flow chart showing an operation of a
wireless repeater.

[0021] FIG. 7 is a flow chart showing an operation of a
data server when it receives data.

[0022] FIG. 8 is a flow chart showing an operation of the
data server when it makes a decision on a metabolic state.
[0023] FIG. 9 is an example screen of an input/output
terminal.

[0024] FIG. 10 is a schematic view showing the wearable
device built into a wrist band.

[0025] FIG. 11A is an example screen of an output unit of
the wearable device.

[0026] FIG. 11B is an example screen of an output unit of
the wearable device.

[0027] FIG. 11C is an example screen of an output unit of
the wearable device.

DESCRIPTION OF THE INVENTION

[0028] FIG. 1 shows a configuration of a metabolic energy
monitoring device and system as one embodiment of this
invention. This system comprises a data server 100, an
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input/output terminal 120, a network 140, a wearable device
150 and a wireless repeater 170.

[0029] In this embodiment, the input/output terminal 120
uses one or more personal computers having an input unit
such as a keyboard and mouse, an output unit such as
display, and a communication unit such as the data server
100. It is also possible to use a portable terminal, such as
PDA, PHS and cell phone, having an input unit, an output
unit and a communication unit.

[0030] This system has the home server 120 and the
wireless repeater 170 installed in one of apartments of a
collective housing such as condominium, with a dweller in
the apartment (hereinafter referred to as a user) putting on
the wearable device 150. The data server 100 is installed in
a data center managed by a customer center, the operator of
this system.

[0031] With the data server 100 installed in the data center,
personal information of the user and privacy information
such as biological data taken from the user can be managed
in a unified manner, simplifying the security management
such as prevention of information leaks.

[0032] The data server 100 can also be installed in a
condominium, which in turn simplifies the building of the
system.

[0033] Further, in this system the wireless repeater 170
may also be installed in a single-family house (simply
referred to as a house or home) and the wearable device 150
worn by an occupant of the house (user). In this way the
system can also be used in single-family houses.

[0034] The data server 100 comprises a DS control unit
101, a DS memory 102, an activity state decision unit 105,
a metabolic state decision unit 106, a calorie consumption
calculating unit 107, a DS communication unit 108, a user
information database 111, a data accumulating database 112,
and a knowledge base 113.

[0035] The wearable device 150 comprises a WD control
unit 151, a WD memory 152, a WD_ID storage unit 153, a
WD calculation unit 154, a WD wireless communication
unit 155, a pulse wave sensor 156 to detect a change in blood
flow in blood vessel caused by heart beat, a temperature
sensor 158 to detect an amount of heat energy generated in
the user’s body, a movement sensor 159 to detect a physical
activity as a body motion, and an output unit 160.

[0036] In this embodiment, “wd01” is stored in the
WD_ID storage unit 153.

[0037] The wearable device 150 wirelessly communicates
with the wireless repeater 170.

[0038] The wearable device 150 is built into a wrist band
to be worn on a wrist of the user. It may also be incorporated
into other articles worn on the user’s body, such as a wrist
watch, locker key, pendant, ring, clothes, shoes, hat and
glasses. It can also be attached to an adhesive tape or
compress which is then directly applied to a skin.

[0039] FIG. 10 is a schematic view showing the wearable
device 150 built into a wrist band. An arrangement is made
to hold the pulse wave sensor 156 and the temperature
sensor 158 close to or in contact with the skin of the user so
that the pulse wave and skin temperature can be detected.
The movement sensor 159 is incorporated into the wrist
band so that it can detect movements in a direction parallel
1o the back of the hand. This allows efficient detection of the
user’s physical movement.

[0040] The movement sensor 159 may use an impact
sensor to reduce a power consumption. The movement
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sensor 159 can also use an acceleration sensor, which allows
highly precise detection of body movements.

[0041] The output unit 160 is contemplated to use a liquid
crystal display. It may also use other types of display device.
[0042] The network 140 is connected with the data server
100, the terminal 120, and the wireless repeater 170. The
data server 100 communicates with the terminal 120 and the
wireless repeater 170 through the network 140.

[0043] The network 140 uses a wired communication
through a LAN (Local Area Network) cable. It can also use
a power line communication (PLC) and other wired com-
munication, wireless communication such as IEEE802.11b,
and other special forms of communication system.

[0044] The network 140 can also use other customer
premises network such as private premises PHS, and wide
area networks such as internet, VPN, cell phone communi-
cation network and PHS communication network.

[0045] Although this system is described as being built
with hardware, a part of the functions of this system can be
constructed by software.

[0046] A part of the functions of the data server may be
incorporated into the wearable device. This allows calorie
consumption to be calculated by only the wearable device.
[0047] FIG. 2 shows an example 200 of the user informa-
tion database 111. The example database 200 comprises a
user’s personal information table 210 used to manage user’s
personal information. The user’s personal information table
210 has a field 211 to store a user ID to identify the user, a
field 212 to store a user password used to implement a user
authentication when the user uses the system, a field 213 to
store personal information such as name, and a field 215 to
store WD_ID to identify the wearable device that the user
wears. In a user’s personal information record 210A of the
table 210, for example, a user with user ID of “user0001”
and name of “F. Kuri” uses a wearable device identified by
WD_ID of “wd01”.

[0048] FIG. 3 shows an example 300 of the data accumu-
lating database 112. The data accumulating database 112
comprises a user data history table 310. The user data history
table 310 has a field 311 to store the user ID, a field 312 to
store SD data including user biological data sent from the
wearable device 150, a field 313 to store an activity state ID
identifying an activity state calculated from the user’s bio-
logical data, a field 314 to store a metabolic state 1D
identifying a metabolic state calculated from the user’s
biological data, a field 315 to store a calorie consumption
calculated from the user’s biological data, and a field 316 to
store date and time the SD data is received.

[0049] Inthis embodiment, the activity state ID of “S_SL”
is defined to represent an activity state of “sleeping”, the
activity state ID of “S_ST” is defined to represent an activity
state of “being at rest”, and the activity state ID of “S_AC”
is defined to represent an activity state of “being active”.
[0050] Further, the metabolic state ID of “M_SL” i1s
defined to represent a state of metabolism “when the user is
sleeping”, the metabolic state ID of “M_ST” is defined to
represent a state of metabolism “when the user is resting”,
the metabolic state ID of “M_AC” is defined to represent a
state of metabolism “when the user is actively moving”, and
the metabolic state ID of “M_AB” is defined to represent a
state of metabolism “following activity”.

[0051] FIG. 4 shows an example 400 of the knowledge
base 113. The knowledge base 113 comprises an activity
state decision knowledge table 420 to store knowledge based
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on which to make a decision on the activity state, and a
calorie consumption calculation knowledge table 450.

[0052] The activity state decision knowledge table 420
comprises a field 421 to store the user ID, a field 422 to store
an activity state 1D, a field 423 to store a condition by which
to make a decision on an activity state identified by the
activity state ID, and a remark field 424.

[0053] In an activity state decision knowledge record
420C, for example, when the movement Ac of the user
identified by the user ID “user0001” is 120 or more, the
activity state is identified by the activity state ID of “S_AC”,
1.e., identified as “being active”.

[0054] The calorie consumption calculation knowledge
table 450 comprises a field 451 to store the user ID, a field
452 to store the metabolic state ID, a field 453 to store an
algorithm for calculating a calorie consumption according to
the metabolic state ID, and a remark field 454.

[0055] In the calorie consumption calculation knowledge
record 450C, for example, when the metabolic state for a
user identified by the user ID of “user0001” is “M_AC”, i.e.,
the metabolic state is a “metabolism when a physical activity
is active”, the algorithm for calculating the calorie consump-
tion is “METs(3.0)” indicating that an argument (METs
value) in the calorie consumption calculating algorithm
using METs is “3.0”.

[0056] METs is an index representing a degree of metabo-
lism for a particular level of physical activity as compared
with a reference degree of metabolism when the physical
activity is at rest. By using the METs value (unit: ml/kg/
minute) defined for each level of physical activity (including
exercise, work and routine activities) in an equation 1
defined below, a calorie consumption can be calculated
(reference 1: Ainsworth B E, Haskell W L, Leon A S, et al.
“Compendium of Physical Activities: classification of
energy costs of human physical activities”, Med Sci Sports
Exerc. 1993 January; 25(1): 71-80)

METs (METs value)=0CIx{OCxMETs valuexWxT)/
1000 Equation 1

where OCIL: coefficient converting ‘amount of oxygen
intake’ into ‘calorie consumption’ [keal/l]; OC: amount of
oxygen intake when physical activity is at rest (1 MET)
[ml/’kg/min]; W: weight [kg]; and T: time [min].

[0057] Suppose, for example, OCI=5.0 [kcal/l] and
OC=3.5 [ml/kg/min]| when a user identified by the user ID
of “user0001” is physically active. Using the weight W
indicated in the parameter 213 of the user’s personal infor-
mation table 210, the calorie consumption in one minute is
calculated to be 5.0x(3.5%3.0x60.0x1)/1000=3.15 [kcal].

[0058] Further, as in the case with a calorie consumption
calculation knowledge record 450F, the calorie consumption
can be calculated using the equation 1 and the amount of
body movement Ac. For example, suppose Ac=280 when
I(Ac)=Ac/210. The calorie consumption in one minute is
METs (3.0)xI (280)=4.20 [kcal]. The use of the amount of
body movement Ac allows the calculation of calorie con-
sumption according to not only the state of physical activity
but also the amount of body movement.

[0059] Further, as in the case with a calorie consumption
calculation knowledge record 450D, the calorie consump-
tion can also be calculated from pulses by a calorie con-
sumption calculating algorithm “MtC(Ps)”, as defined in
equation 2. (Reference 2: Kazuyuki Kida, “Research into
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Estimation of Energy Consumption according to Heart
Rate”, Hirosaki Igaku Vol. 40, Number 1, 60-69, 1988).

MtC(Ps)=OCIx(MaxPs+Mb)xT Equation 2

where OCI: coefficient converting ‘amount of oxygen
intake’ into ‘calorie consumption’ [kcal/l]; Ps: pulse rate
[times/min]; T: time [min]; and Ma, Mb: coefficients.
[0060] Suppose, for example, OCI=5.0 [kcal/l] when a
user identified by the user ID of “user0001” is physically
active and has a pulse rate of 80 times/min. Using the
coeflicients Ma, Mb described in the parameter 213 of the
user’s personal information table 210, the calorie consump-
tion in one minute is calculated to be 5.0x(0.04667x80-3.
10333)x1=3.15 [keal].

[0061] The coefficients Ma and Mb can be calculated from
the following simultaneous equations using metabolic ener-
gies and pulse rates before and after the post-activity meta-
bolic state described later.

EE1=0CIx(MaxPs1+Mb)xT

EE2=0CIx(MaxPs2+Mb)xT

[0062] Forexample, consider a case in which immediately
before the post-activity metabolic state, the metabolic
energy EFE1=3.15 and the pulse rate Ps1=80 (user data
record 310F) and, after the post-activity metabolic state, the
metabolic energy EE2=1.05 and the pulse rate Ps2=71 (user
data record 310C). The above simultaneous equations result
in Ma=0.04667 and Mb=3.10333.

[0063] By using the user data before and after the post-
physical activity metabolic state in calculating the coeffi-
cients, as described above, it is possible to determine appro-
priate coeflicients for a particular person and thereby
improve the accuracy of calculation of calorie consumption.
[0064] As in a calorie consumption calculation knowledge
record 450P, it is possible to use a calorie consumption
calculating algorithm that uses a RMR (Relative Metabolic
Rate).

[0065] It is also possible to use any desired equation as in
the case with calorie consumption calculation knowledge
records 450Q), 450R.

[0066] As described above, by storing the calorie con-
sumption calculating algorithm in the knowledge base for
each metabolic state, the calculation of calorie consumption
can be set freely according to the metabolic state.

[0067] Next, an operation of this system will be explained
with reference to the flow chart.

[0068] FIG. 5 shows a flow chart representing an opera-
tion of the wearable device 150. First, when the wearable
device 150 starts its operation, the WD control unit 151
executes a step 601 to decide whether or not to exit the
processing. If the step 601 decides that the processing should
stop, this operation ends.

[0069] Ifthe step 601 decides that the operation should not
be stopped, the WD control unit 151 executes a step 602 of
standing by for a standby time Tw. Although in this embodi-
ment, the standby time Tw is set to “60 seconds”, any
arbitrary time may be used.

[0070] Next, at step 603 the WD control unit 151 checks
whether the wearable device 150 is worn by the user. For
example, when an output value of the pulse wave sensor 156
is smaller than a predetermined value, it is decided that the
wearable device 150 is worn by the user. When an output
value is greater than the predetermined value, it is decided
that the wearable device 150 is not worn.
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[0071] If at step 603 it is decided that the device is not
worn, the WD control unit 151 executes the step 601 and the
subsequent steps recursively.

[0072] If the step 603 decides that the device is worn, the
WD control unit 151 starts the WD calculation unit to
execute a step 604 that calculates as biological data a pulse
rate Ps from the pulse wave sensor 156, a skin temperature
BT from the temperature sensor 158 and a body movement
Ac from the movement sensor 159. For example, the cal-
culation of the pulse rate Ps involves calculating peak values
from the pulse wave output from the pulse wave sensor 156
and counting the number of peaks in the past 60 seconds.
[0073] In calculating the skin temperature BT, a voltage
value output from the temperature sensor 158 is converted
into the skin temperature BT by using a conversion equation
that converts the voltage value into the skin temperature.
[0074] In calculating the body movement Ac, the number
of times that a scalar value representing the magnitude of the
body movement output from the movement sensor 159
changes from below a predetermined value to above it and
the number of times that the scalar value moves from above
the predetermined value to below it are summed up as the
body movement Ac.

[0075] The body movement Ac may also be calculated as
a total of scalar values representing the magnitudes of
movement output from the movement sensor 159.

[0076] Next, the WD control unit 151 starts the WD
wireless communication unit 155 to execute a step 605 of
transmitting the biological data calculated by the step 604 as
the WD data, together with the WD_ID.

[0077] For example, if the biological data has a pulse rate
Ps of “80”, a skin temperature BT of “36.2” and a body
movement Ac of “2107, then “WD_ID=wd01, Ps=80,
BT=36.2, Ac=210) (WDDATAO1) is transmitted as the WD
data.

[0078] The WD data transmitted by step 605 is received by
the wireless repeater 170.

[0079] FIG. 6 is a flow chart showing an operation per-
formed by the wireless repeater 170 when it receives the WD
data.

[0080] When the wireless repeater 170 is started, it
executes step 701 to check whether or not to stop its
operation. If the step 701 decides that the operation be
stopped, the operation is ended.

[0081] If the step 701 decides that the operation be con-
tinued, the wireless repeater 170 executes step 702 to receive
the WD data transmitted from the wearable device 150.
[0082] Next, the wireless repeater 170 executes step 703
to add SD_ID (in this example, SD_IDis “td10”) identifying
the wireless repeater 170 to the received WD data and
transmit it as SD data.

[0083] If, for example, the WDDATAOI is received,
“WD_ID=wd01, SD_ID=td10, Ps=80, BT=36.2, Ac=210”"
(SDDATAO1) is transmitted as SD data.

[0084] In this embodiment, the wireless communication
between the WD wireless communication unit 155 of the
wearable device 150 and the wireless repeater 170 is con-
templated to use IEEE802.15.4, ZigBee. This can reduce a
power consumption. Other wireless communications may
also be used, such as weak radio wave, short-range radio
wave, Bluetooth and IEEE802.11b. As a result, a more
versatile system building is possible.

[0085] The SD data transmitted by step 703 is received by
the data server 100 via the network 140.
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[0086] FIG. 7 is a flow chart showing an operation per-
formed by the data server 100 when it receives data. First,
when the data server 100 is started, the DS control unit 101
executes step 801 to check whether or not the reception
operation should be stopped. If the step 801 decides that the
operation be stopped, the operation is ended.

[0087] If the step 801 decides that the operation be con-
tinued, the DS control unit 101 executes step 802 to receive
the SD data sent from the wireless repeater 170.

[0088] Next, the DS control unit 101 starts the activity
state decision unit 105 1o execute step 803 that determines
the state of physical activity from the SD data received at
step 802 by using knowledge of the activity state decision
knowledge table 420.

[0089] In the case of SDDATAO1, for example, the body
movement “Ac” is 210, which meets the decision condition
of “Ac2120”. So, the state of activity is “active” (activity
state 1D 1s “S_AC”).

[0090] For SD data with “WD_ID=wd01, SD_ID=td10,
Ps=71, BT=36.2, Ac=50" (SDDATA02), the body move-
ment “Ac” is 50, which satisfies the decision condition of
“Ac<120”. So, the state of activity is “resting” (activity state
ID is “S_ST™).

[0091] For SD data with “WD_ID=wd01, SD_ID=td10,
Ps=62, BT=35.8, Ac=10" (SDDATA03), the body move-
ment “Ac” is 10, which satisfies the decision condition of
“Ac<40”. So, if the time, during which the decision condi-
tion of “Ac<40” is met, lasts 30 minutes or more (decision
condition “L 2307), the state of activity is “sleeping” (activ-
ity state ID is “S_SL”).

[0092] Although the lasting time for a particular state is set
to 30 minutes or more in this example, any other length of
time may be used.

[0093] As described above, the use of the activity state
decision knowledge base makes it possible to determine the
activity state—"resting”, “active” or “sleeping”—from the
biological information collected from the wearable device
150.

[0094] Further, the addition of the lasting time to the
condition of determining the sleep state can prevent seden-
tary routine works, such as reading papers and books and
operating on a personal computer, from being erroneously
determined as sleeping. This makes the decision on the
activity state more accurate.

[0095] The activity state decision knowledge table 420
determines the activity state from only the body movement
Ac. The pulse rate Ps and skin temperature BT may also be
used in combination, allowing for more accurate decision of
the activity state.

[0096] Next, the DS control unit 101 starts the metabolic
state decision unit 106 to execute step 804 that determines
a metabolic state from the SD data received at step 802.
[0097] FIG. 8 is a flow chart showing an operation of step
804 in making a decision on the metabolic state. First, the
metabolic state decision unit 106 executes step 8A01 to
decide whether or not a activity state continuation flag
“ABFlag=1" indicating that the activity state of interest is
continuing is stored in the DS memory 102.
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[0098] The decision is made of the activity state continu-
ation flag by the following equation 3.

ABFlag= 1 (AcT 2 120)
0 (AcT < 120)

Equation 3

where

0
AcT = Z Ac(t)
="10

[0099] 1If step 8A01 decides that the continuation flag is
not set, the metabolic state decision unit 106 executes step
8A05, which determines a metabolic state for each activity
state. That is, the step 8 A05 determines the metabolism to be
in a “sleeping” metabolic state when the activity state is
“sleeping”, in a “resting” metabolic state when the activity
state is “resting”, or in an “active” metabolic state when the
activity state is “being active”. The step 8 A05 then stores the
determined metabolic state in the DS memory 102.

[0100] Following the step 8A05, the metabolic state deci-
sion unit 106 executes step 8A06 to initialize (ABFlag=0)
the activity state continuation flag ABFlag stored in the DS
memory 102.

[0101] If the step 8A01 decides that the activity state
continues, the metabolic state decision unit 106 executes
step 8A02 which decides whether or not the metabolism has
increased (metabolism is on the rise) by checking changes in
the pulse rate and skin temperature, i.e., a magnitude of
difference from the resting state.

[0102] More specifically, the decision is made by the
following equation 4 using the rest state skin temperature
Tstb and the rest state pulse rate Pstb described in the
parameter 213 of the user’s personal information table 210.

BT-Tsth=0.1 and

Ps-Psth=1.0 Equation 4

[0103] For example, the parameter 213 has Tsth=36.0 and
Pstb=71. So, in the case of the user data record 310B stored
in the user data history table 310, the skin temperature
BT=37.3 and the pulse rate Ps=80, indicating that the skin
temperature and the pulse rate are both higher than those
during rest. Therefore, this state is determined to be an
“ascending metabolic state”. However, when only the pulse
rate or skin temperature is higher than in the rest state, as in
user data record 310D or user data record 310E, the metabo-
lism is not decided as increasing.

[0104] As described above, in determining when the
metabolism is increasing, combining the skin temperature
that changes according to environment and the pulse rate
that changes according to the mental state of the user can
reduce mental and environmental influences, assuring a
decision with higher reliability.

[0105] As described above, by checking whether the
metabolism is increasing or not only after it is decided from
various sensor signals that the activity state is continuing,
the state in which the metabolism is increasing in the
recovery process following physical movements (post-ac-
tivity metabolic state) can be determined precisely.

[0106] If the step 8A02 decides that the metabolism is not
increasing, the metabolic state decision unit 106 executes
step 8A05 and step 8A06 and ends this processing.
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[0107] If the step 8A02 decides that the metabolism is
increasing, the metabolic state decision unit 106 executes
step 8A03 to check whether the activity state is “active” or
not. If the step 8A03 decides that the activity state is
“active”, the metabolic state decision unit 106 executes step
8A05 and step 8A06 and terminates this processing.
[0108] Ifthe step 8A03 decides that the activity state is not
active, the metabolic state decision unit 106 executes step
8A04 that determines the metabolism to be in a “post-
activity metabolic state” and stores the determined meta-
bolic state in the DS memory 102 before exiting this
processing.

[0109] After the step 804 is finished, the DS control unit
101 starts the calorie consumption calculating unit 107 to
execute step 805 that calculates a calorie consumption by
changing the calorie consumption calculating algorithm
according to the metabolic state stored in the DS memory
102.

[0110] Next, the DS control unit 101 uses the DS com-
munication unit 108 to execute step 807 that transmits
message data including the activity state, the metabolic state
and the calorie consumption to the wearable device 150
through the repeater 170.

[0111] FIG. 11A, 11B, 11C show example screens 1300 of
the output unit 160 when the wearable device 150 receives
the message data transmitted by step 807.

[0112] The example screens 1300 have an area 1301
showing a total of the calorie consumptions in the message
data received, an area 1302 showing the activity state, and
an area 1303 representing a rising metabolic state.

[0113] When the activity state is “resting” and the meta-
bolic state is a “metabolism in rest state”, “rest” is displayed
in the area 1302, as shown in FIG. 11A.

[0114] When the activity state is “active” and the meta-
bolic state is a “metabolism in active state”, “active” is
displayed in the area 1302 and an increasing metabolism is
displayed in the area 1303, as shown in FIG. 11B.

[0115] Here, when the activity state returns to the “rest
state” but the metabolic state is “post-activity metabolism”,
“rest” is displayed in the area 1302 and an increasing
metabolism is displayed in the area 1303, as shown in FIG.
1C.

[0116] By changing the output method on the display
according to the metabolic state, the user can easily recog-
nize the metabolic state as it changes in his body. Further,
since the state of the post-activity metabolism is output to
the display in a manner that is distinguishable from other
metabolic state, the user can easily recognize the effect of
physical activities even after the physical activities are
finished.

[0117] Next, the DS control unit 101 executes step 807
which stores in the data accumulating database 112 the SD
data received by step 802, the activity state calculated by
step 803, the metabolic state calculated by step 804 and the
calorie consumption calculated by step 805 along with the
date and time the SD data was received and the user ID of
a record of the SD data whose WD_ID matches the WD_ID
field 215 of the user personal information table 210.
[0118] For example, if the SDDATA(Q1 was received at
6:32 on Apr. 2, 2004, the user data record 310A is stored in
the user data history table 310.

[0119] In this way, all the SD data received are accumu-
lated in the user data history table 310 along with the
reception date and time.
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[0120] The accumulated user data can be searched by
using the input/output terminal 120. FIG. 9 shows an
example screen 1100 when the data accumulating database
112 is accessed using the input/output terminal 120.

[0121] The example screen 1100 comprises a data display
area 1110, a calorie consumption display area 1120 and an
activity state display area 1130. The calorie consumption
display area shows a calorie consumption calculated accord-
ing to the activity state and a calorie consumption by the
post-activity metabolism.

[0122] As can be seen from FIG. 9, if only the calorie
consumption calculated according to the activity state is
considered, i.e., the calorie consumption calculating algo-
rithm using METs of reference 1 is used, the algorithm
calculates a calorie consumption by the active state metabo-
lism when the activity is in an active state and, when the
activity is in a rest state, a calorie consumption by the rest
state metabolism. (In FIG. 9, the calorie consumption by the
active state metabolism is calculated by using the equation
1 and the amount of body movement Ac, as in the case with
the calorie consumption calculation knowledge record
450E.)

[0123] Therefore, after the activity state changes from the
active state to the rest state, a calorie consumption by the rest
state metabolism is calculated.

[0124] However, even after the activity state has changed
from the active state to the rest state, the metabolism within
a human body does not switch instantly from the active state
metabolism to the rest state metabolism but rather is con-
sidered to progressively decrease. This is also supported by
the fact that the pulse rate slowly decreases toward the rest
state, as shown at 1110. So, if only the calorie consumption
calculated according to the activity state is considered, some
errors from the actual calorie consumption will necessarily
occur.

[0125] On the other hand, as for a calorie consumption
calculated based on a post-activity metabolism—the
metabolism after the activity state has changed from the
active state to the rest state—the calorie consumption is
calculated according to the pulse rate. So, the calorie con-
sumption gradually decreases.

[0126] In the post-activity metabolic state, since the calo-
rie consumption is calculated using the pulse rate that
reflects a metabolism in the user’s physical body, it is
possible to take into account a metabolism that cannot be
calculated from the activity state, which only reflects the
metabolism resulting from the body movements. Therefore,
in the post-activity metabolic state, the use of the pulse rate
in calculating a calorie consumption allows for higher
precision in calculation than when the calorie consumption
calculation is based on the activity state. By changing the
calorie consumption calculation algorithm according to the
metabolic state as described above, the calorie consumption
can be calculated accurately at all times.

[0127] With the output method to the display changed
according to the metabolic state, as described above, the user
can easily recognize the metabolism in his body. Further,
since the state of the post-activity metabolism is output to
the display in a manner that is distinguishable from other
metabolic states, the user can easily recognize the effects of
the body exercise even after the physical activity is ended.
[0128] With the above-described metabolic energy moni-
toring device and system, the state of metabolism in the
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user’s physical body following the body movements can be
checked, allowing the calorie consumption to be calculated
with high precision.

[0129] Further, since the state of post-activity metabolism
is output to the display in a manner that is distinguishable
from other metabolic states, the user can easily recognize the
effects of exercise even after the physical workout.

[0130] Therefore, the user can easily and accurately check
his or her metabolism in the daily life and use it for health
care, enhancement of health and prevention of life-style
related diseases.

[0131] Tt should be further understood by those skilled in
the art that although the foregoing description has been
made on embodiments of the invention, the invention is not
limited thereto and various changes and modifications may
be made without departing from the spirit of the invention
and the scope of the appended claims.

1. A metabolic energy monitoring system comprising:

a wearable device having a movement sensor, a tempera-
ture sensor and a pulse wave sensor and adapted to be
worn on a human body;

a database to store activity state decision knowledge data
and calorie consumption calculation knowledge data,
the activity state decision knowledge data including
activity state decision condition data, the calorie con-
sumption calculation knowledge data including a calo-
rie consumption calculating algorithm for each meta-
bolic state;

an activity state decision unit to determine the activity
state based on a detection signal from the wearable
device and activity state decision knowledge data;

a metabolic state decision unit to detect an activity
continuation state from the signal of the wearable
device, wherein if an activity is found continuing, the
metabolic state decision unit determines a metabolic
state for each activity state, wherein if an activity is
found not continuing, the metabolic state decision unit
checks whether the metabolism is increasing;

a calorie consumption calculating unit to calculate a
calorie consumption by changing the calorie consump-
tion calculating algorithm according to the metabolic
state; and

an output unit to output the calorie consumption.

2. A metabolic energy monitoring system according to
claim 1, wherein a rising state of the metabolism is deter-
mined by a magnitude of difference in a skin temperature
and a pulse rate between a particular state and a rest state.

3. A metabolic energy monitoring system according to
claim 1, wherein the rising state of the metabolism is
determined by using

BT-Tsth=0.1 and Ps-Pstb=1.0 (where BT: skin tem-
perature, Tstb: skin temperature in a rest state, Ps: pulse
rate [times/min], and Pstb: pulse rate in a rest state).

4. A metabolic energy monitoring system according to
claim 1, wherein, when the metabolic state decision unit
decides that the metabolism is increasing and that the
activity state is not active, the metabolic state is determined
to be a post-activity metabolic state.

5. A metabolic energy monitoring system according to
claim 1, wherein, when the metabolic state decision unit
decides that the metabolism is an active state metabolism,
the calorie consumption calculating unit calculates the calo-
rie consumption by using an amount of body movement
detected by the movement sensor.
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6. A metabolic energy monitoring system according to
claim 1, wherein, when the metabolic state decision unit
decides that the metabolism is a post-activity metabolic
state, the calorie consumption calculating unit calculates the
calorie consumption by using a pulse wave detected by the
pulse wave sensor.

7. A metabolic energy monitoring system according to
claim 1, wherein the activity state decision unit determines
the activity state by considering a duration of the signal
detected from the wearable device.
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8. A metabolic energy monitoring system according to
claim 1, wherein the output unit displays the post-activity
metabolic state in a manner distinguishable from other
metabolic states.

9. A metabolic energy monitoring system according to

claim 1, wherein the movement sensor is an impact sensor
or an acceleration sensor.
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