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(54) Wearable life support apparatus and method

(57) A wearable life support apparatus worn by a us-
er is disclosed. A physiological information acquirement
unit acquires the unit's physiological information. An ac-
tion information acquirement unit acquires the user's ac-
tion information. A status recognition unit recognizes the
user's status in accordance with the action information.
A physiological information decision unit decides wheth-
er the physiological information is normal in accordance
with the user's status. A presentation unit presents the
decision result of the physiological information decision
unit to the user.
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Description

[0001] The present invention relates to wearable life
support apparatus and method for measuring a user's
status while wearing the device and for supporting the
user's activities such as health control and personal
navigation.
[0002] Geriatric diseases such as an apoplexy, heart
disease, and diabetes, may originate because of life
style choices such as an unbalanced diet, lack of exer-
cise, an irregular life, and stress. Such diseases are thus
defined as "life style related disease". Recently, the dis-
ease due to the life style is greatly recognized. Espe-
cially, the recognition advances along direction to make
much of first prevention (health) from usual second pre-
vention (an early detection, an early medical treatment).
[0003] Many apparatus of a wearable type have been
suggested to acquire the user's physiological informa-
tion and control the user's health condition. For exam-
ple, in Japanese Patent Disclosure (Kokai)
PH11-53319, the user inputs meal data and movement
data through a portable terminal, or the sensor meas-
ures these data. The user's health is then controlled
based on the data. In Japanese Patent Disclosure
(Kokai) PH10-295651, a host computer controls health
information of the user through a network. However, in
these references, the user must input meal menu or
meal material as the food data, and this operation is very
troublesome for the user. In addition to three times meal
every day, it is very hard for the user to input something
between meals and his luxury meals.
[0004] In Japanese Patent Disclosure (Kokai)
PH11-53454, the portable terminal presents health ad-
vice to the user at random. Because the user often for-
gets health control if he does not always take care of
health. However, in this reference, the health advice is
presented to the user at random. It is useless if the
health advice is not present at adequate timing based
on the user's status. Conversely, it disturbs the user's
work and the user is put under stress.
[0005] In Japanese Patent Disclosure (Kokai)
PH9-322882, a portable terminal of a wearable type
records the health information. In this case, by setting
times to record vital data, the health information is output
by speech. However, in this reference, the measure-
ment time is presented, but the user must operate the
measurement. Furthermore, the user cannot under-
stand the relationship with his behavior and the reason
of change of health condition. When the record time is
presented to the user, if the user cannot keep quiet, he
feels inconvenience in practical use.
[0006] Wearable computers have been suggested.
The wearable computer is divided into each component
(ex. CPU, display, communication part) worn by the us-
er. A physiological sensor and an environmental sensor
are combined with the wearable computer. By recogniz-
ing the user's status, adequate information is presented
to the user. This function to recognize the user's status

is called "context awareness". This operation is execut-
ed by speech dialogue because of hand-free operation.
[0007] Furthermore, in Japanese Patent Disclosure
(Kokai) PH10-305016, the user's action information is
acquired by location information from a GPS (Global Po-
sitioning System), schedule data, and the physiological
information such as brain waves. The action information
is recorded in correspondence with the physiological in-
formation such as pulse rate, body temperature, blood
pressure, sweating. In this case, decision data repre-
senting whether the schedule is good for the user is also
recorded, and advice of future schedule is created
based on the decision data. However, in this reference,
because the user must previously input all schedule in-
formation, this operation is very troublesome for the user
and the action information is not sufficiently obtained.
Furthermore, even if the user inputs his schedule, he
does not always follow that schedule. In short, it is pos-
sible that his actual behavior is not matched with the
schedule, and the schedule is incorrect.
[0008] As mentioned-above, many apparatuses of a
wearable type to acquire the user's physiological infor-
mation and control the user's health condition are
known. However, the measured physiological informa-
tion largely changes according to the user's behavior.
Therefore, a correct decision of health condition is diffi-
cult if the physiological information is not measured in
correspondence with the user's behavior.
[0009] It is an object of the present invention to pro-
vide a wearable life support apparatus and method for
correctly supporting the user's life such as health control
by a wearable device.
[0010] According to the present invention, there is
provided a wearable life support apparatus which is
worn by a user, comprising: a physiological information
acquirement unit configured to acquire physiological in-
formation; an action information acquirement unit con-
figured to acquire action information; a status recogni-
tion unit configured to recognize a status in accordance
with the action information; a physiological information
decision unit configured to decide whether the acquired
physiological information is normal in accordance with
the recognized status; and a presentation unit config-
ured to present a decision result of said physiological
information decision unit.
[0011] Further in accordance with the present inven-
tion, there is also provided a method for supporting a
user's life using a wearable type device, comprising the
steps of: acquiring the user's physiological information
through the wearable type device; acquiring the user's
action information through the wearable type device;
recognizing the user's status in accordance with the ac-
tion information; deciding whether the physiological in-
formation is normal in accordance with the user's status;
and presenting a decision result at the deciding step
through the wearable type device.
[0012] Further in accordance with the present inven-
tion, there is also provided a computer-readable mem-
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ory containing computer-readable instructions to sup-
port a user's life using a wearable type device, compris-
ing: an instruction unit to acquire the user's physiological
information through the wearable type device; an in-
struction unit to acquire the user's action information
through the wearable type device; an instruction unit to
recognize the user's status in accordance with the ac-
tion information; an instruction unit to decide whether
the physiological information is normal in accordance
with the user's status; and an instruction unit to present
the decision result through the wearable type device.
[0013] Fig. 1 is a block diagram of an embodiment of
a wearable life support apparatus.
[0014] Fig. 2 is an example of components in a sensor
module of the wearable life support apparatus shown in
Fig. 1.
[0015] Fig. 3 is a block diagram of a wearable life sup-
port apparatus according to a modification of the em-
bodiment.
[0016] Fig. 4 is an example of components in a sensor
module of the wearable life support apparatus shown in
Fig. 3.
[0017] Fig. 5 is a flow chart of processing of the wear-
able life support apparatus according to the first embod-
iment of the present invention.
[0018] Fig. 6 is a schematic diagram of a correspond-
ence table between action information and behavior.
[0019] Fig. 7 is a schematic diagram of a relationship
plan to set personal tendency and limit of measurement
value.
[0020] Fig. 8 is a flow chart of processing of a weara-
ble life support apparatus according to a second embod-
iment.
[0021] Fig. 9 is a schematic diagram of a trend graph
of blood pressure during one day.
[0022] Fig. 10 is a display example of graph of pulse
and action posture.
[0023] Fig. 11 is a display example of retrieval result
of synchronization data with graph of pulse and action
posture.
[0024] Fig. 12 is a display example of stress during
one day.
[0025] Fig. 13 is a display example of stress during
one week.
[0026] Fig. 14 is a display example of stress during
one month.
[0027] Figs. 15A-15D are examples of a memory for-
mat of various kinds of the physiological information cor-
pus.
[0028] Fig. 16 is a display example of synchronization
data of sensor information corpus.
[0029] Fig. 17 is a display example of sensor data of
sensor information corpus.
[0030] Fig. 18 is an example summary of health con-
ditions during one day shown on a portable display.
[0031] Fig. 19 is an example trend graph of blood
pressure during one day shown on the portable display.
[0032] Fig. 20 is a block diagram of a wearable life

support system including personal corpuses and sensor
information corpus on an outside network according to
a third embodiment.
[0033] Fig. 21 is a block diagram showing a relation-
ship among the wearable terminal, a home server, and
a family doctor/management company server according
to the third embodiment.
[0034] Fig. 22 is an example of components of a sen-
sor module of the wearable life support apparatus using
analogue circuits.
[0035] Fig. 23 is a display example of physiological
information corpus.
[0036] Fig. 24 is a selection example of retrieval area
of physiological information.
[0037] Fig. 25 is a display example of the retrieval re-
sult.
[0038] Fig. 26 is a selection example of one pulse of
electrocardiogram graph.
[0039] Fig. 27 is a selection example of two pulses of
electrocardiogram graph.
[0040] Fig. 28 is a selection example of arrhythmia of
electrocardiogram graph.
[0041] Hereinafter, embodiments of the present in-
vention are explained with reference to the drawings.
Fig. 1 is a block diagram of a wearable life support ap-
paratus according to an embodiment of the present in-
vention. In Fig. 1, a main module 101 includes a memory
1011, a CPU 1012, and a Bluetooth chip 1013 to com-
municate between modules. Bluetooth is one example
of a short distance-wireless communication means; oth-
er wireless or wired communication protocols could also
be used. The main module 101 executes reservation da-
ta for the system, unification processing of the system,
data communication between modules, and communi-
cation to a home server and a management server.
[0042] A sensor module 102 includes a memory 1021,
a CPU 1022, a Bluetooth chip 1023, an A/D converter
1024, and a preprocess unit 1025. The preprocess unit
1025 executes amplification and preprocessing for sig-
nals from each sensor (pulse wave sensor, electroen-
cephalography sensor, cardiac electrode, myoelectric
electrode, body temperature sensor, GSR electrode).
The Bluetooth chip 1023 executes data communication
to the main module 101. In this case, as shown in Fig.
2, one sensor module is respectively connected to each
sensor. However, as shown in Figs. 3 and 4, one sensor
module may be connected to all sensors as one body.
If the sensor module is composed as one body, wiring
must be formed from each sensor to the sensor module.
Accordingly, as shown in Figs. 1 and 2, it is desirable
that the sensor module is dependently composed for
each sensor and the wiring is omitted using Bluetooth.
Furthermore, processing of the sensor and the module
may be commonly executed. The CPU may be executed
by utilizing a micro-controller (For example, Micro Chip
Technologies Co., PIC 16F877) including A/D conver-
sion function, and another A/D converter may not be
prepared. The preprocess unit 1025 amplifies by gain
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suitable for each signal and includes a high-pass filter
or a low-pass filter in proportion to a band of the signal.
If necessary, each sensor includes a plurality of chan-
nels.
[0043] A cellular-phone 103 may be a common port-
able telephone including a liquid crystal display, opera-
tion buttons, and a communication unit to input/output
speech. The cellular-phone 103 includes a Bluetooth
chip 1031 to communicate to the main module 101. By
this communication, input/output of speech and cursor
control of cursor key are executed.
[0044] A display 104 is a liquid crystal screen only,
and controls the display content from the main module
101 to Bluetooth chip 1041. A Bluetooth/CCD camera
built into a head set 105 is a device for speech/image
interface, and stores Bluetooth chip to execute input/
output of speech and acquirement of image. Both the
cellular-phone 103 and the headset 105 can be utilized
at the same time. Furthermore, a digital camera 1052
differently equipped on the head set 105 may input an
image.
[0045] Fig. 5 is a flow chart of processing of the wear-
able life support apparatus according to the first embod-
iment. Assume that the user carries a wearable device
including the main module 101, each sensor module
102, the cellular-phone 103, the display 104, and the
head set 105. When the system is activated (S501),
each sensor inputs some physiological information and
acceleration sensor measures the acceleration (S502).
An analogue signal from the sensor is processed as am-
plification, filtering, and A/D conversion by the sensor
module. The A/D converted signal is transferred to the
main module 101. The main module 101 processes the
instrumentation data by preset logic, and decides the
user's status.
[0046] First, the user's action (movement) is recog-
nized by the acceleration information (S503). As the rec-
ognition method, for example, three-dimensional accel-
eration sensor is attached to predetermined part of the
user's body in order to measure the action. In case of
measuring motion of body-trunk-part, this sensor is at-
tached to the waist. An inclination of the sensor is cal-
culated from DC (direct current) element obtained by
low-pass filter output of acceleration waveform, and the
posture is detected. An action (ex. walking, running, rid-
ing a bicycle, riding an automobile, taking an electric
train) is discriminated from a frequency element and
change pattern of AC (alternating current). For example,
as the acceleration sensor, a two-dimensional acceler-
ation sensor (Analogue Devices Co., ADXL202JQC) is
utilized. A three-dimensional acceleration sensor is
composed by an orthogonal location of two-dimensional
acceleration sensor.
[0047] In order to recognize the user's location, in
case of being indoors, the main module communicates
with a wireless tag (Bluetooth) in each room, and detects
the user's location. In case of being outdoors, the user's
location is detected, for example, using a position infor-

mation service of the cellular-phone (PHS) or GPS. At
the same time, the physiological information is meas-
ured. This measurement method is explained hereinaf-
ter.
[0048] In a pulse wave sensor 1026, a change in
blood flow of a peripheral blood vessel such as the
measurement part (finger, wrist, ear) is detected as a
photoelectrical signal. An incandescent lamp or LED ir-
radiates a light of absorption of wavelength of hemo-
globin to the part gathering blood vessels, and a photo-
diode converts the transparent light or the reflected light
to a photoelectrical signal. These instrumentation data
are amplified and filtered by the preprocess unit and
converted to a digital signal by an A/D converter. Then,
the digital signal is transferred to the main module. The
main module detects a peak interval of this instrumen-
tation of electric potential waveform or analyzes the fre-
quency and calculates a number of pulses (pulse rate)
from this peak frequency.
[0049] Furthermore, the pulse wave sensor 1026 is
located at a predetermined distance on the part of the
user's body. Two waveforms are respectively measured,
each digital signal is transferred to the main module, and
the blood pressure or elastic rate of the blood vessel
may be calculated from the difference between the two
waveforms. In case of measuring a pulse, by using an
electrocardiogram, the number of beats may be calcu-
lated from the peak interval or the peak frequency ob-
tained by frequency analysis. This pulse value and
blood pressure value are continually measured and
stored in the memory 1011 of the main module 101. As
for the body temperature, the output of a thermometer
is converted to temperature. Furthermore, output of
GSR is also stored in the memory 1011 of the main mod-
ule 101. In addition to this instrumentation value, ana-
logue (voltage) data from the acceleration sensor are
stored in the memory after A/D conversion. These data
are mutually corresponded by adding the measurement
time to each data or by storing each data in the same
record.
[0050] While the measurement is continually execut-
ed, if the physiological information (pulse rate, blood
pressure, body temperature) changes, or if the action
information changes such as "walking stops", this
change status is detected (S504). Then, the action in-
formation (the user's behavior) is compared with the us-
er's schedule data (S505), and a question for insufficient
data or contradiction point is presented to the user by
speech synthesis (S506, S507). For example, when an
absolute value along X, Y, Z axes directions of AC ele-
ment from the acceleration sensor is above a threshold,
the user is decided to be moving, a question "What are
you doing?" is presented to the user, and the user's be-
havior information is input by speech-recognition of the
user's reply (S508, 509). Furthermore, the behavior pre-
dicted from the acceleration data is compared with the
schedule data of the present time. In case of non-coin-
cidence, a dialogue to confirm the schedule item is pre-
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sented to the user, and the prediction result is corrected
according to the user's reply.
[0051] Conversely, if the user is decided to be not
moving, this behavior is compared with the schedule of
the present time to check whether non-moving behavior
is correct. If the behavior does not match with the sched-
ule, a question is presented to the user. For example,
this inquiry is executed by speech dialogue. This
processing is based on an experience rule to relate the
action information with the behavior. For example, when
the action information "walking" is acquired, combina-
tion between action "walking" and each behavior "sleep-
ing", "watching TV", "watching movie" does not actually
exist. Accordingly, the relationship of all combinations is
previously stored in the memory. In this case, the be-
havior corresponding to the action information is re-
trieved from the memory, and the behavior is compared
with the schedule of the present time.
[0052] Fig. 6 shows a table representing correspond-
ences between the action information and the actual be-
havior. In Fig. 6, actual possibility of the action (lying,
sitting, standing, and so on), while the user performs the
behavior (sleep, meal, commute, and so on) is repre-
sented by "O" (The behavior is almost performed by the
action.), "∆" (The behavior is sometimes performed by
the action), "X" (The behavior is not performed by the
action). This probability may be represented by numer-
als (For example, 0~100).
[0053] For example, while the schedule shows a
meeting in the meeting room of the company, if the ac-
tion information is "continuous walking", the combina-
tion between "walking" and "meeting" is represented as
"x" in the table. Accordingly, the question "The schedule
represents meeting, but you are walking outside. How
does your schedule change?" is presented to the user.
When the user replies such as "I have to go out because
of customer trouble. ", the system changes the schedule
of the present time as "treatment of trouble at a custom-
er (go out)". In addition to the instrumentation and the
dialogue, image of the user's meeting status (custom-
er's image) may be input by CCD camera 1052 on the
head set 105. At the same time, the microphone 1051
may record the dialogue between the user and the cus-
tomer by directivity along the meeting direction. These
data are mutually related by writing the same record
time or the same file name.
[0054] Furthermore, if the recognized behavior of the
present time should be performed before in the sched-
ule, the user's behavior is delayed from the scheduled
time. Accordingly, an inquiry message to change the re-
maining schedule for the day is presented to the user.
For example, the inquiry "You are scheduled to go out
at 14:00, but you did not go out. How do you change the
schedule?" is output to the user.
[0055] The physiological information may be used for
comparison with the schedule. For example, when the
user's pulse is quick while working at a desk, it is pos-
sible that he changed the schedule. Accordingly, a ques-

tion "Are you walking or running now?" is output to the
user. If he is working at a desk, an increase in the pulse
rate may be mentally or sickly caused. First, a question
"Are you working hard now?" is output in order to confirm
whether the user is under stress. If the user does not
reply, the user is recognized to be in serious condition.
In this case, the user's status is reported to a family doc-
tor by the cellular-phone or a warning is given to those
around the user.
[0056] Next, it is decided whether the physiological in-
formation corresponding to the action information (be-
havior) obtained from these results is normal (S510). As
a decision method of normal/abnormal, a standard limit
of the physiological information for each behavior is
stored as a parameter in a memory of the main module,
and the measured physiological information is com-
pared with the standard limit. If it is within the standard
limit, the user is decided to be normal. If it is over the
standard limit, the user is decided to be abnormal. In
case of abnormal, a message "You are walking to the
customer's office now. Your pulse is high for walking. Do
you feel well? You had better take a rest." is presented
to the user by speech synthesis (S511). If the user ac-
cepts this message, he replies, for example, "all right
(acceptance)", otherwise he may reply, for example,
"Shut up! (refusal)". This reply is recognized in order to
confirm whether the user accepts or rejects the mes-
sage. If the user thinks that the standard limit (parame-
ter) is strictly set, he replies "No problem" or "Shut up!
". In this case, the parameter is slightly corrected in order
to loosely set.
[0057] The threshold limit to detect abnormal status
is set as a parameter according to the user's purpose
and personal information such as his constitution or he-
redity by set mode. Fig. 7 shows a relation between the
threshold set and the screen. As shown in Fig. 7, when
the user inputs each item in order by speech dialogue
at operation start time, the threshold corresponding to
each item is set, and the model course is selected by
weighting of the constitution or the heredity. For exam-
ple, in case the meal control is set "ON", a myoelectric
sensor of chewing muscles is utilized to measure the
movement of the jaw. In case the real time advice is set
"ON", the decision result of the measurement and the
advice is presented at that timing. Furthermore, when
the pulse rate during exercise is above the threshold of
exercise, a warning is presented.
[0058] As the presentation method, following several
kinds are selectively set at the initialization mode. As a
first method, the values measured by the wearable sen-
sor are directly presented, such as "The upper blood
pressure is 130 and the lower blood pressure is 70. ".
As a second method, the measurement value is com-
pared with the standard value. If it is over the standard
value, the message is presented, such as "The blood
pressure value is over the standard value. ". Further-
more, advice may be additionally presented, such as
"Your blood pressure value is continuously high. You
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had better consult a doctor. ". Furthermore, when the
wearable sensor measures the abnormal value, the us-
er's behavior is inquired, such as "Your blood pressure
value is over the standard value. What are you doing?
What have you been doing? ". As a third method, the
time (place, behavior) to measure the physiological in-
formation is set and the data change of every day is fed
back to the user. For example, the body temperature
thirty minutes after the user gets up is measured every
morning. The data change such as "Your body temper-
ature is higher than usual." is presented in order for the
user to intuitively understand the status.
[0059] The utilization mode is explained for each life
spot. During sleeping, the physiological information is
only measured by small electric power mode. The mes-
sage is not presented to the user except for serious
case. As the small electric power mode, a battery is
charged. In case of the hour of rising set by the sched-
ule, the user wakes up because of a speech or alarm of
vibration from the headset. The status that the user
wakes up is detected by electroencephalography. If he
awakes before alarming but does not rise yet, the mes-
sage "It is the hour of rising" is presented instead of the
alarm. A posture sensor such as the acceleration sensor
detects the status that the user actually gets up. If the
user does not rise yet, the message is presented again
to urge the user to rise. Next, when the posture sensor
detects the status that the user got up, the user is de-
cided to start his action. Then, by referring to the sched-
ule data, the leaving time from the house is informed to
the user by counting backward from going time to the
office. For example, the message "You had better leave
the house at 8:10 AM." is output. Furthermore, a sub-
traction of the hour of rising from the hour of sleeping is
calculated, and sleeping time is detected. If it is shorter
than average sleeping time by over set limit, the mes-
sage "Your sleeping time is short. You had better come
back home early without overwork." is presented while
he is going to the office. This message may be also pre-
sented to the user during overtime working.
[0060] As for the meal, the electromyogram of chew-
ing muscles and the speech detects the status that the
user takes a meal. An electrode set at the jaw measures
the electromyogram of chewing muscles. If the electro-
myogram periodically repeats as the same change of
period of chewing, the user is decided to be taking a
meal, and a question "Are you eating?" is presented.
When the user replies "Yes.", a question "What are you
eating ?" is presented. Alternatively, an object image of
the meal is obtained and the dish is recognized by the
image. In case of eating-out, components printed on a
menu are recognized or the component is detected us-
ing a spoon or chopsticks including sensors. The quan-
tity of food not consumed is inquired or input by image-
recognition after the meal. The amount of chewing is
counted based on the electromyogram of the chewing
muscles, and a large or small amount of chewing is de-
cided for the quantity of the meal. The method of eating

is advised from a viewpoint of the eating time and the
amount of chewing. For example, "More slowly" and
"More chewing" are presented while eating. Further-
more, any unbalanced element of the meal is counted
for every weak or every month, and nourishment or cal-
orie quantity far from the standard value is warned.
When the user leaves the house without eating break-
fast, a message "If you do not eat a breakfast, working
efficiency in the morning falls." is presented to the user.
[0061] The sensor's "ON/OFF" is controlled by the be-
havior or the action in order to save electric power. For
example, the acceleration sensor is set "OFF" during
sleeping, and set "ON" when the user wakes up. When
the user feels that the message is troublesome during
the dialogue, he may voice a rejection reply such as
"Shut up!" or "Stop ! ". If the user repeats the rejection
reply, this message may not be presented to the user
after confirmation (The initialization set value is
changed). Instead of this message, summary of the
physiological information of one day may be displayed.
[0062] Next, the wearable life support apparatus ac-
cording to a second embodiment is explained. The com-
ponent of the wearable terminal carried by the user is
the same as the first embodiment shown in Figs. 1 and
3. However, the physiological information and the action
information are stored in a memory of main module by
unit of the measurement timing. This stored information
is called "sensor information corpus".
[0063] Fig. 8 is a flow chart of processing of the sys-
tem according to the second embodiment. First, the sys-
tem is activated (S801), and instrumentation of the
physiological information and the acceleration begins
(S802). The user's posture is recognized by DC element
of the acceleration, and the user's motion (periodical
motion: walking, running, taking an electric train, getting
in a car, riding a bicycle) is recognized by AC element
of the acceleration (S803). If the instrumentation value
or the action changes (S804), this action is compared
with the schedule data registered in PIM soft in order to
check whether it is matched with the schedule of the
present time (S805). In case of non-coincidence, the
schedule is confirmed by speech dialogue (S807,
S808). For example, a question "In the schedule, you
will attend the meeting. However, are you walking in out-
side?" is presented to the user. When the user replies
"Yes", the next question "Why do you change the sched-
ule?" is presented to the user. When the user replies "I
have to go out because trouble occurred at a customer's
office. ", the system changes the schedule as "trouble
at a customer's office" (S809). Next, the sensor informa-
tion corpus stored in the memory of the main module is
retrieved using a key such as the behavior information,
the date, and the place obtained (S810).
[0064] The sensor information corpus is now ex-
plained in detail. The physiological information meas-
ured by the wearable terminal is preserved in relation-
ship with a tag such as the time, the place, the behavior,
and the environment. This database is retrieved by the
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tag as a key and is called "sensor information corpus".
The corpus represents an accumulation of data, which
is used in language processing area. For example, Fig.
9 shows a trend graph representing change of the blood
pressure over one day. In this way, the physiological in-
formation is mutually related with the movement quan-
tity and the action history (commuting, work, and so on),
and structured as a database. In this database, a tag
representing an abnormal case or a tag representing a
cause of change is recorded.
[0065] As another example, Fig. 10 is a display exam-
ple of pulse change and action posture. The pulse value
and the action posture of that timing are displayed by
different color. When the user clicks an arbitrary point
on the screen, data (time, action posture, input image,
recorded speech) simultaneously collected from other
sensor are retrieved from the corpus and displayed on
another window as shown in Fig. 11. When the user fur-
ther clicks the retrieved data on the screen, the user can
refer the detail data.
[0066] Furthermore, Figs. 12, 13 and 14 are respec-
tively display examples of stress acquired from a plural-
ity of physiological information during one day, one week
and one month. In this way, the data can be displayed
as various formats by assigning each tag.
[0067] Figs. 15A, 15B, 15C, and 15D show examples
of corpus items as four kinds of the physiological infor-
mation corpus. As shown in Fig. 15A, the action content
(behavior), the posture (the pitch in case of periodical
movement), the pulse rate, the blood pressure, the body
temperature, and the GSR values, are recorded for each
date and each place. The action content represents the
user's life pattern. In this case, a part of the life pattern
is shown. A form of the corpus is selectively used. As
shown in Fig. 15B, the average of the physiological in-
formation corpus by unit of the time or the action content
is utilized as the standard. As shown in Figs. 15C and
15D, trend corpus by sorting the trend data is utilized to
display one day trend graph or one year trend graph.
[0068] Furthermore, examples of which the physio-
logical information corpus is described by another meth-
od are shown in Figs. 16 and 17. They are described by
XML format. Fig. 16 shows description of synchroniza-
tion information of each data collected by each sensor
(acceleration sensor, pulse sensor, camera, micro-
phone). Fig. 17 shows description of data from the ac-
celeration sensor (two axes) as one example of sensor
data.
[0069] In this way, when the event occurs and similar
data is retrieved from the sensor information corpus, the
measured physiological information is compared with
the corpus value (the similar data) in order to decide
whether the physiological information is normal (S818).
In case of an abnormal result, the decision result is writ-
ten in the corpus (S819), and the advice is presented to
the user by speech synthesis (S820). As similar data to
be compared with the measured physiological informa-
tion, for example, the stored physiological information

of the same time before one week for the same behavior
is retrieved from the corpus. This comparison object is
changed in the set mode mentioned in the first embod-
iment. For example, if the average value of one month,
or the stored physiological information of the same pe-
riod in last year is indicated, the comparison result is
replied. When the measured physiological information
as the comparison object is decided to be abnormal, this
physiological information is newly stored in the corpus.
Furthermore, when the user activates his carrying dis-
play (140, 304), the display outputs the trend graph of
one week or one month in the past. Alternatively, when
the alarm is previously output to the user, the user may
activate the display to output the trend graph.
[0070] As the registration to the corpus, all data when
the action information or the physiological information
changes can be acquired. However, some physiological
information is periodically measured (For example, at
thirty minute intervals). If the all trend data of one day
includes a problem, the problem is registered as the tag.
Furthermore, these data may be registered as a person-
al database in relation with the life pattern (action histo-
ry).
[0071] Furthermore, if the user executes action/be-
havior as a cause of which the physiological information
changes, the physiological information is changing by
the action/behavior along time. However, the time on
which the change appears is different by the kind of the
physiological information. Accordingly, when the action/
behavior as the cause of which the physiological infor-
mation changes occurs, the change of the physiological
information is measured after passing the time prede-
termined by the kind of the physiological information,
and the instrumentation data are recorded in the corpus
in relation to the action/behavior. For example, weight
change in case of having a meal is measured just after
the meal. However, glucose level is measured after thir-
ty minutes from the meal and recorded in the corpus in
relation to the meal (If necessary, content of the meal).
Alternatively, the instrumentation may be continuously
executed. In case of data retrieval, the retrieval area
may be called from a table by the kind of the physiolog-
ical information. For example, the instrumentation peri-
od of the glucose level is set as one hour in the table. If
the user selects the meal (For example, breakfast) in
the action through the action graph screen, "one hour"
is read from the table and a graph of glucose level during
one hour after the meal is displayed. Furthermore, if a
graph of electrocardiogram is set as one graph, only one
graph is extracted by clicking one point on displayed
graph.
[0072] Furthermore, above-mentioned similar data
retrieval can be executed by real time. When the similar
data is retrieved from the sensor information corpus by
real time using the physiological information/action in-
formation measured by the sensor module 102 (302),
the similar data may be simultaneously output through
the display 104 and the status may be reappeared in
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order for the user to recognize the present status. For
example, in case that the pulse as the physiological in-
formation and the action/posture information from the
acceleration sensor as the behavior information are re-
corded, and the dynamic image and the speech are si-
multaneously recorded, if the instrumentation data is ab-
normal based on the change of pulse and the behavior
information in comparison with the past average value,
the past data similar to the change pattern is retrieved.
In addition to the pulse rate data (or graph) and the be-
havior information of the present status, the dynamic im-
age and the speech in the retrieved data are output
through the display 104 (304).
[0073] Furthermore, the trend data in case of normal
results is averaged by unit of one day, one week, one
month, one year for the same life pattern (the same ac-
tion), and processed as the average trend data.
[0074] As mentioned-above, when the user thinks
that the message is troublesome, he voices a rejection
message such as "Shut up!" or "Stop! ". If the user re-
peatedly utters the rejection message, the system does
not present the advice after confirming with the user.
This user's indication is preserved in the corpus, and
summed up at the end of each month. The fact that the
threshold is loosely reset may be presented to the user
in order for the user to reconsider. Furthermore, when
the present time coincides with a preset time (For ex-
ample, 10:00 PM, or after dinner), the average value of
the physiological information (the blood pressure, the
pulse, the body temperature, GSR) of one day is calcu-
lated for each behavior, and presented by speech mes-
sage. If the user is interested in this message, he indi-
cates the behavior to display the detail information. In
response to the indication, the detail information (Fig.
18) or the trend graph (Fig.19) related with the indicated
behavior is presented through a portable display or a
home television. As the presentation method, the aver-
age value of one day of each behavior is displayed as
a list, and the trend graph of one week and one month
in the past is also displayed in case of indication. Fur-
thermore, the number of footsteps is calculated from the
pulse value and the acceleration data, and calorie con-
sumption is calculated from the number of footsteps and
the behavior information. The calorie of one day is de-
cided by the consumption calorie and absorbed calorie
of all meals. Then, a warning that the user suffers a lack
of exercise, the user had too much food, or the nourish-
ment is biased is output to the user.
[0075] A method of measuring the stress degree us-
ing the pulse or GSR is explained. In case of the pulse,
when the measured pulse is faster than a preset limit or
normal value, it is confirmed whether the user is moving
from just before (several tens of seconds before) by the
AC element of the acceleration sensor. If the user is not
moving, the abnormal status of the pulse is decided to
be caused by a psychological change of the user, and
a product of the pulse rate is calculated as the stress
degree. In case of GSR, if a first transition of change is

faster than the preset timing, the first transition is count-
ed up as the stress degree. The counted value is dis-
played at a predetermined time (For example, before
sleeping), and the comment is additionally displayed.
For example, if the counted value is within the limit being
under stress, the comment "Today, you are under stress.
Please relax by listening to music or taking a tepid bath
slowly." is displayed. Furthermore, at the end of each
week, a weekly summary of the health condition may be
displayed. The user can indicate the display of the sum-
mary if necessary.
[0076] Next, the wearable life support apparatus ac-
cording to a third embodiment is explained. The compo-
nent of the wearable terminal carried by the user is the
same as the first embodiment (Fig. 1 or Fig. 3). However,
in the outside, a home server stores the physiological
information, the action information, and the environment
information acquired from an outside network, and an
area server manages the information in an ambient ar-
ea. The system of the third embodiment includes the
home server and the area server. Fig. 20 is a block di-
agram of the wearable life support system according to
the third embodiment. As shown in Fig. 20, the home
server includes a personal physiological information
corpus 131 and a personal environment information cor-
pus 132 that stores environment information surround-
ing the user. The area server includes a city environment
information corpus 133 that stores local environment in-
formation of city, town, village, and a company physio-
logical information corpus 134 that stores information for
each area or each company. These corpora are mutually
connected by a network. The city environment informa-
tion corpus 133 and the company physiological informa-
tion corpus 134 may be merged as a prefecture or state
sensor information corpus 135.
[0077] Next, Fig. 21 is a block diagram showing a re-
lationship among the wearable terminal, the home serv-
er, and a family doctor/management company server
according to the third embodiment. As shown in Fig. 21,
the physiological information and the action information
measured by the wearable terminal are stored in a mem-
ory of the wearable terminal, and transferred to the
home server. The home server retrieves the personal
environment information corpus 132 and the prefecture
sensor information corpus 135 of local/company server
based on the transferred information and obtains the en-
vironment information (temperature, humidity, and so
on) surrounding the user and the user's status informa-
tion such as place or the user's facing person through
the network. In short, the data set similar to the user's
present status is retrieved from the information and
downloaded to the wearable terminal. Alternatively, the
corpus data related to the user's status is previously
downloaded from the server to the wearable terminal.
However, in an unexpected case, the wearable terminal
obtains the relationship data through communication by
accessing the home server or a public server. For ex-
ample, in case the user is a salaried man of business

13 14



EP 1 136 035 A1

9

5

10

15

20

25

30

35

40

45

50

55

job, the user's status information represents personal
data of the salaried man of business job and personal
data of a person of similar environment stored in the
sensor information corpus of outside.
[0078] In the sensor information corpus of the third
embodiment, in addition to the physiological information
and the action information of the second embodiment,
the environment information such as temperature, hu-
midity, the image of the user's facing person, and
speech surrounding the user are stored. These data are
transferred to the home server through the cellular-
phone at a predetermined time, or are directly trans-
ferred to the home server by Bluetooth when the user is
at home. In this case, the sum result and the stress de-
gree of one day, and the trend data are displayed using
the home server.
[0079] The wearable life support system is connected
to an outside network. Accordingly, the following use sit-
uations are considered. As the use situation in life
scene, in case of excretion, the status that the user en-
ters a toilet room is detected by location recognition us-
ing a wireless tag or by speech dialogue during the us-
er's walking in the house. In this case, a weighting ma-
chine and a body fat machine respectively detect the
user's weight and body fat. The component of excretions
is analyzed and transferred to the main module of the
wearable terminal thorough Bluetooth.
[0080] It is difficult for the user to wear the wearable
sensor while the user is taking a bath. Accordingly, an
electrocardiogram sensor set to the bath detects the us-
er's heart rate. After taking a bath, when the user wears
the wearable terminal again, these data are transferred
from the memory of the bath to the wearable terminal
through Bluetooth.
[0081] Furthermore, an electrode to recognize the
body wear is equipped in the wearable terminal. By de-
tecting whether the electrode is exciting or insulating,
the status whether the user wears the wearable terminal
is recognized. While the user interacts speech dialogue
through the wearable terminal or wears the display of
the wearable terminal, the information is presented to
the user by using these devices. While the user takes
off the wearable terminal, the interface is exchanged to
the dialogue system or the information system (For ex-
ample, a home information terminal) surrounding the us-
er. In short, the presentation means including the sur-
rounding interface is exchanged by detachability of the
wearable terminal.
[0082] In the above-mentioned three embodiments,
the information presentation to the user is executed by
the speech synthesis. However, this presentation may
be executed by image or character through a head-
mounted display, a pendant type display, or a wristwatch
type display. Furthermore, if a message for the user is
stored, a vibrator is built in the wristwatch type display
or the cellular-phone and the existence of the message
is informed to the user by the vibrator.
[0083] Furthermore, the feedback media for the us-

er's status is changed based on the measured/recog-
nized behavior. For example, speech is utilized while
walking, and the display is utilized while working. The
message is not presented while sleeping. In case of an
urgent status, this information is sent to those around
the user, a family doctor, or a management company in
addition to the user. When a serious case (the user him-
self can not cope with) is detected, this status is broad-
cast to a plurality of terminals of those around the user.
In this case, the media is converted according to the use
mode of each terminal in order to inform who and where
the serious status occurs. By adding the urgent degree,
for example, the more urgent status is informed by the
larger volume.
[0084] If it is necessary that the user must measure
the physiological information by oneself (if automatic in-
struction and data transmission can not be executed),
a message to urge the user to measure is displayed ac-
cording to the instrumentation schedule. If the user does
not measure the physiological information, a message
to force the instrumentation is periodically displayed
(The method for displaying the message is interactively
controlled.).
[0085] Another use situation using the above-men-
tioned component is explained. When the wearable ter-
minal downloads prescription data of the doctor from a
hospital server, a message to urge the user to prescribe
medicine based on the data is displayed in cooperation
with the user's behavior. For example, after having a
meal, by displaying a message "Please take two cap-
sules of medicine after a meal. ", the user's taking is con-
firmed and preserved as the record. An electrical signa-
ture is assigned to the prescription data in order to clear
the doctor's responsibility. Personal information such as
the condition of a patient or the case history is addition-
ally preserved. In case of an urgent case, those around
the patient, ambulance operators, and the doctor can
refer the personal information.
[0086] Furthermore, a route guidance based on the
user's status can be presented. The route guidance rep-
resents a service to present a course from the user's
present location (or the nearest station) to the destina-
tion. In case of determining the course, the physiological
information and the action information acquired by the
wearable sensor are additionally used as parameters
(constraint conditions). For example, if the user's fatigue
degree is high, a route for the user to follow without stairs
is created. The fatigue degree is extracted by the con-
dition such as the case that the user exercised greatly
or the user repeatedly executed the same working while
the behavior information is continuously measured. In
this case, a question "Are you tired?" is presented to the
user. The parameter of the fatigue degree is slightly con-
trolled by this result.
[0087] In the third embodiment, Bluetooth is used as
the communication between the modules. However, if
the communication of personal level is executed, vari-
ous kinds of methods are selectively utilized. The spe-
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cial technique (PAN: Personal Area Network) to process
electric signal by using the human body as a conductor
may be utilized. In the same way, IrDA may be utilized.
The above-mentioned three embodiments are ex-
plained by the wireless communication. However, the
wired communication such as RS232C may also be
used.
[0088] In the third embodiment, the instrumentation
data is processed by A/D conversion, and the user's sta-
tus is decided by a using digital signal. However, it may
be decided by analogue signal processing. Fig. 22
shows an example of component of the sensor module
using the analogue circuit. As shown in Fig. 22, after
analogue signals from each sensor pass through a pre-
process unit 151, a comparator 152 processes the sig-
nals by the threshold and outputs digital signals "0" "1"
as the status information. A logic circuit 153 detects the
user's status by referring to the digital signals, and the
detection result is output through a display unit 154
(LED, LCD, and so on).
[0089] Next, modification examples of above-men-
tioned embodiment are explained. The component of
the wearable terminal carried by the user is the same
as the first embodiment. In this case, a method for re-
trieving the similar data from the sensor information cor-
pus and for displaying as waveform level is explained.
Fig. 23 shows one example of graph of the physiological
information measured by the wearable terminal. If this
waveform includes a part of which the user wishes to
refer similar instances in the past, the user indicates the
part as a square area (or ellipse and so on) using area
indication means (For example, mouse or pen) as
shown in Fig. 24. The indicated area is regarded as re-
trieval request data and a part similar to the waveform
in the indicated area is retrieved by pattern matching.
Furthermore, if a characteristic event is included in ad-
jacent data of the similar part, the event is additionally
displayed. Fig. 25 is one example of the retrieval result.
In this way, the user can previously know some fit and
receive a suitable treatment early.
[0090] Furthermore, in this case, the retrieval method
or the recognition method may be controlled by the in-
dicated shape of the area. For example, as for the area
surrounded by the square, similar one is retrieved from
the past data. As for the area surrounded by the ellipse,
it is simply decided whether the data in the area is nor-
mal or abnormal. In case of abnormal, even if the shape
is not similar, the past data in case of abnormal can be
displayed.
[0091] Furthermore, in case of periodical physiologi-
cal information such as electrocardiogram, the area can
be indicated by the number of operation times using the
area indication means except for above-mentioned area
indication. For example, when the user operates a
mouse as the area indication means, in case of single
click as shown in Fig. 26, the waveform of one pulse is
selected for retrieval. In case of double clicks as shown
in Fig. 27, the waveform of two pulses are selected for

retrieval.
[0092] Furthermore, abnormal detection means for
recognizing/detecting some abnormal part in the phys-
iological information may be prepared. For example, in
case of electrocardiogram, arrhythmia data is automat-
ically detected. In response to the click operation, all of
abnormal data can be selected and retrieved as shown
in Fig. 28. In this case, the abnormal detection means
may relatively detect the abnormal part by comparing
with the past average value in the sensor information
corpus. Otherwise, the abnormal detection means may
absolutely detect the abnormal part by medical knowl-
edge.
[0093] Furthermore, above-mentioned similar data
retrieval can be executed by real time. When the similar
data is retrieved from the sensor information corpus by
real time using the physiological information/action in-
formation measured by the sensor module 102 (302),
the similar data may be simultaneously output through
the display 104 and the status may be reappeared in
order for the user to recognize the present status. For
example, in case that the pulse as the physiological in-
formation and the action/posture information from the
acceleration sensor as the behavior information are re-
corded, and the dynamic image and the speech are si-
multaneously recorded, if the instrumentation data is ab-
normal based on the change of pulse and the behavior
information in comparison with the past average value,
the past data similar to the change pattern is retrieved.
In addition to the pulse value (or graph) and the behavior
information of the present status, the dynamic image
and the speech in the retrieved data are output through
the display 104 (304).
[0094] As mentioned-above, in the wearable life sup-
port apparatus of the present invention, the physiologi-
cal information and the action information are corre-
spondingly measured from the user's body. Accordingly,
the user's health condition is decided by the physiolog-
ical information related with the action, and adequate
advice is presented to the user. Furthermore, by com-
paring the action information with the user's schedule,
the user's life custom is correctly guided to the user's
desired schedule.
[0095] A memory device, such as a CD-ROM, floppy
disk, hard disk magnetic tape, or semiconductor mem-
ory can be used to store instructions for causing a proc-
essor or computer to perform the processes described
above.
[0096] Other embodiments of the invention will be ap-
parent to those skilled in the art from consideration of
the specification and practice of the invention disclosed
herein. It is intended that the specification and examples
be considered as exemplary only, with the true scope
and spirit of the invention being indicated by the follow-
ing claims.
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Claims

1. A wearable life support apparatus, comprising:

a physiological information acquirement unit
configured to acquire physiological information;
an action information acquirement unit config-
ured to acquire action information;
a status recognition unit configured to recog-
nize a status in accordance with the acquired
action information;
a physiological information decision unit config-
ured to decide whether the acquired physiolog-
ical information is normal in accordance with
the recognized status; and
a presentation unit configured to present a de-
cision result of said physiological information
decision.

2. The wearable life support apparatus according to
claim 1,

wherein said physiological information unit in-
cludes at least one of a pulse wave sensor, an elec-
troencephalogram electrode, a cardiac electrode, a
myoelectric electrode, a body temperature sensor,
and a GSR electrode.

3. The wearable life support apparatus according to
claim 1,

wherein said action information acquirement
unit includes an acceleration sensor.

4. The wearable life support apparatus according to
claim 1,

wherein said presentation unit includes at
least one of a display, a cellular-phone, and a
speaker.

5. The wearable life support apparatus according to
claim 1,

further comprising an input unit configured to
input supplemental information based on the recog-
nition result of said status recognition unit and the
decision result of said physiological information de-
cision unit.

6. The wearable life support apparatus according to
claim 1,

wherein data transmission between said ac-
tion information acquirement unit and said status
recognition unit, data transmission between said
physiological information acquirement unit and said
physiological information decision unit, data trans-
mission between said physiological information de-
cision unit and said presentation unit, are executed
by wireless communication.

7. The wearable life support apparatus according to

claim 1,
wherein said status recognition unit stores the

user's schedule, and a table representing a corre-
spondence between each action information and
each behavior of the user.

8. The wearable life support apparatus according to
claim 7, wherein,

when at least one of the action information and
the physiological information changes,
said status recognition unit retrieves a behavior
corresponding to the action information from
the table, and compares the behavior with the
user's schedule.

9. The wearable life support apparatus according to
claim 8, wherein,

if the behavior does not match with the user's
schedule,
said presentation unit presents a non-coinci-
dence message between the behavior and the
schedule to the user.

10. The wearable life support apparatus according to
claim 9, wherein,

when said input unit inputs supplemental infor-
mation representing a reason for the non-coin-
cidence,
said status recognition unit corrects the sched-
ule by referring to the supplemental informa-
tion.

11. The wearable life support apparatus according to
claim 8,

wherein said physiological information deci-
sion unit checks whether the physiological informa-
tion is normal based on the behavior corresponding
to the action information.

12. The wearable life support apparatus according to
claim 11, wherein,

if the physiological information is not normal,
said presentation unit presents advice to recov-
er the normal physiological information.

13. The wearable life support apparatus according to
claim 5,

wherein said input unit pre-sets a user case
history, a user characteristic and constitution, and
a dialogue model.

14. The wearable life support apparatus according to
claim 1,

further comprising a corpus memory config-
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ured to correspondingly store the physiological in-
formation, the action information, the status, and
the decision result.

15. The wearable life support apparatus according to
claim 14,

wherein said physiological information deci-
sion unit retrieves the physiological information cor-
responding to the present status from said corpus
memory, and compares the present physiological
information with the retrieved physiological informa-
tion.

16. The wearable life support apparatus according to
claim 15, wherein,

if the physiological information corresponding
to the present status is not stored in said corpus
memory,
said corpus memory stores the present physi-
ological information in correspondence with the
present status.

17. The wearable life support apparatus according to
claim 15, wherein,

if said physiological information decision unit
decides that the present physiological informa-
tion is not normal based on the comparison re-
sult,
said corpus memory stores the present physi-
ological information and the decision result.

18. The wearable life support apparatus according to
claim 14,

wherein said corpus memory stores a physio-
logical information corpus, an average value
corpus, a one day trend corpus, and a one year
trend corpus,
wherein the physiological information corpus
includes the physiological information and the
behavior of each time and date,
wherein the average value corpus includes an
average value of the physiological information
of each behavior,
wherein the one day trend corpus includes
physiological history data and the behavior of
one day for each kind of the physiological infor-
mation, and
wherein the one year trend corpus includes
physiological history data and the behavior of
one year for each kind of the physiological in-
formation.

19. The wearable life support apparatus according to
claim 18,

wherein said presentation unit presents com-

ment of health condition of one day based on the
physiological information corpus and the average
value corpus to the user.

20. The wearable life support apparatus according to
claim 19,

wherein said presentation unit presents a
trend graph of the physiological information and be-
havior history of one day based on the one day trend
corpus and the one year trend corpus.

21. The wearable life support apparatus according to
claim 14,

wherein said corpus memory further stores per-
sonal environment information related to the
status,
wherein the personal environment information
is exchanged from a local outside sensor infor-
mation corpus through a network, and
wherein the local sensor information corpus
collects local sensor information from an envi-
ronment information corpus of particular area
and a physiological information corpus of par-
ticular company through the network.

22. The wearable life support apparatus according to
claim 21,

wherein said physiological information deci-
sion unit retrieves the personal environment infor-
mation corresponding to the status from said corpus
memory, and decides whether the physiological in-
formation is normal in accordance with the personal
environment information.

23. A method for supporting a user's life using a wear-
able type device, comprising the steps of:

acquiring physiological information through the
wearable type device;
acquiring action information through the wear-
able type device;
recognizing a status in accordance with the ac-
tion information;
deciding whether the physiological information
is normal in accordance with the status; and
presenting a decision result at the deciding step
through the wearable type device.

24. A computer-readable memory containing compu-
ter-readable instructions to support a user's life us-
ing a wearable type device, comprising:

an instruction unit to acquire physiological in-
formation through the wearable type device;
an instruction unit to acquire action information
through the wearable type device;
an instruction unit to recognize a status in ac-

21 22



EP 1 136 035 A1

13

5

10

15

20

25

30

35

40

45

50

55

cordance with the action information;
an instruction unit to decide whether the phys-
iological information is normal in accordance
with the status; and
an instruction unit to present the decision result
through the wearable type device.
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摘要(译)

公开了一种用户佩戴的可穿戴式生命支持装置。生理信息获取单元获取
单元的生理信息。动作信息获取单元获取用户的动作信息。状态识别单
元根据动作信息识别用户的状态。生理信息决定单元根据用户的状态判
定生理信息是否正常。呈现单元将生理信息决定单元的决定结果呈现给
用户。
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