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7) ABSTRACT

Asystem for performing telemetry of multi-channel biologi-
cal signals obtained from electrodes attached to a subject, is
provided with a transmitter and a receiver. In the transmitter,
a converter converts the multi-channel biological signals to
digital data, and a storage stores the digital data. In the
transmitter, a first transceiver is operable to transmit a
prescribed amount of the digital data stored in the storage,
and a battery is operable to supply a battery voltage to the
first transceiver. In the transmitter, a switch places the
battery in either a first state where the battery voltage is
supplied to the first transceiver or a second state where the
battery voltage is not supplied to the first transceiver, so that
the first transceiver intermittently transmits the digital data.
In the receiver, a second transceiver is operable to receive
the digital data transmitted from the first transceiver. The
received digital data is to be reproduced multi-channel
biological signals at an output device.
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MULTI-CHANNEL BIOLOGICAL SIGNAL
TELEMETRY SYSTEMS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a multi-channel
biological signal telemetry system for measuring or moni-
toring biological signals, such as electroencephalograms,
which are led from a human scalp or the surface of the
cerebral cortex as feeble potential variations (of several to
hundreds of 4V) having frequency components superposed
thereon, an electrocardiogram, an electromyogram, respira-
tory waveforms, SpO,, or the like.

[0002] Since the physical and/or mental state of a person
can be determined by frequencies of electroencephalograms
obtained by the person, a system for controlling equipment,
such as a reclining apparatus, by utilization of electroen-
cephalograms has hitherto been developed. For instance,
Japanese Patent Publication No. 8-71050A discloses a sys-
tem capable of creating a comfortable environment by
controlling an equipment on the basis of not only informa-
tion about electroencephalograms sampled at the present
time, but also the difference between the preset desired
physical and/or mental state and the present physical and/or
mental state. This system is configured such that a detected
electroencephalogram is transmitted in a wireless manner,
and frequencies and intensities of the received electroen-
cephalogram is analyzed to evaluate comfortableness of the
environment.

[0003] Because human electroencephalograms are very
feeble electrical signals and include random waveforms
called brain noise, difficulty is encountered in determining
an S/N ratio and sampling electroencephalogram data. For
this reason, Japanese Patent Publication No. 10-262943A
teaches that: electroencephalogram data sets are detected
from a plurality of points on a surface of a scalp; prescribed
frequency components are extracted respectively from the
thus-detected plurality of sets of electroencephalogram data;
frequency band differential data pertaining to respective
frequency ranges is determined after having applied com-
mon temporal weighting to the prescribed frequency com-
ponents data sets; and an electroencephalogram (EEG)
topography map is displayed on the basis of the frequency
band differential data.

[0004] More specifically, under the electroencephalogram
measurement method disclosed in this publication, an appa-
ratus is configured such that electroencephalogram data of
respective channels detected by cap-shaped electrodes are
amplified by a multi-channel amplifier and converted into
digital data by an A/D converter; prescribed frequency
components are extracted from the thus-converted digital
data in a digital band pass filter section; data of respective
channels are subjected to common temporal weighting in a
window function section; the thus-temporal-weighted data
are converted into data in a frequency range by a frequency
analysis processing section; a frequency band differential
operation section determines frequency band differential
data for each data frequency range of each channel, and an
indicator displays an EEG topography map based on map-
ping data formed from the frequency band differential data.

[0005] Furthermore, Japanese Patent No. 2827969 dis-
closes a medical telemetry system of digital modulation
scheme and a medical telemetry apparatus. Particularly, the
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medical telemetry apparatus does not have any biological
signal measurement section, but receives biological signal
data detected and digitized by another piece of medical
equipment by way of a dedicated line, and transmits the
thus-received data in a wireless manner.

[0006] This medical telemetry system comprises: i) a
bedside monitor which measures biological signals of a
patient and outputs measurement data resulting from digi-
tization of the thus-measured data; i) a medical telemetry
apparatus which includes frequency setting means for modi-
fying and setting a transmission frequency; receives the
measured data by way of a dedicated line; adds to the
thus-received data a sender identification code, which is to
become a radio channel code indicating a transmission
frequency set by the frequency setting means, to thus acquire
transmission data; and sends a modulated wave resulting
from digital modulation of a carrier wave having a trans-
mission frequency set by the transmission data through radio
transmission; and iii) a central monitor which receives the
modulated wave; demodulates the received modulated data
to thereby obtain the transmission data; compares a receiver
identification code with the sender identification code in the
transmission data; and displays and records measurement
data in the transmission data only when these identification
codes coincide with each other.

[0007] Further, Japanese Patent No. 3125077 discloses a
portable telemetry apparatus capable of preventing con-
sumption of a battery in the event of abnormal placement of
electrodes. The biological signal telemetry apparatus is
configured so as to be carried by a patient; is supplied with
a direct current power source from a built-in battery; and
transmits biological signal waveforms led by the electrodes
placed on the subject, by a radio signal from a transmission
circuit. This biological signal telemetry apparatus comprises
an electrode anomaly detection circuit which detects the
state of the electrodes placed on the subject and outputs an
electrode detachment signal for a period during which the
electrodes are placed anomaly; and a switch circuit which
interrupts supply of the direct current power source to the
transmission circuit during a period in which the switch
circuit is receiving the electrode detachment signal from the
electrode anomaly detection circuit.

[0008] A conventional electroencephalogram telemetry
apparatus, or the like, employs a medical telemetry band of
400 MHz, at which a data transmission speed is quite low.
Accordingly, great difficulty is encountered in transmitting
electroencephalogram data, which require high resolution
and high sampling per channel, on 32 channels or more.

[0009] Further, a general transceiver consumes a consid-
erable amount of current, regardless of an operating state,
only when the power of the transceiver is active. Therefore,
the current consumed by the transceiver (i.e., consumption
of a battery) becomes dominant over the current consumed
by an amplifier circuit (consumption of the battery).

[0010] Further, the greater the number of, e.g., amplifier
circuits, are additionally provided to implement multi-chan-
neling during transmission of electroencephalogram data,
the greater the consumed current increases. Therefore, in an
attempt to embody a portable multi-channel telemetry appa-
ratus which is operated by utilization of a battery as a power
source, an operable time becomes fairly shorter. For
instance, long-term operation of 24 hours or longer is highly
difficult.
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[0011] As described above, a system configuration of a
related-art electroencephalogram telemetry apparatus has
failed to implement a portable multi-channel electroen-
cephalogram telemetry system of 32 channels or more
capable of performing battery-powered operation for 24
hours or longer.

SUMMARY OF THE INVENTION

[0012] Tt is therefore an object of the invention to provide
a multi-channel biological signal telemetry system which
enables continuous, long-term measurement of multi-chan-
nel biological signal information even when a patient on the
move carries a biological signal information transmitter.

[0013] It is also an object of the invention to provide a
multi-channel biological signal telemetry system capable of
increasing the amount of information by multi-channeling
electroencephalogram data, and enabling continuous mea-
surement over a long time period, in order to realize simple,
flexible and accurate analysis in connection with monitoring
of expression of pathological signs of diseases such as
epilepsy or polysomnography (hereinafter referred to as
“PSG”) testing or the like, thereby enabling effective detec-
tion of a part of the brain causing epileptic episodes,
abnormal electroencephalograms, or the like, and treatment
thereof.

[0014] In order to achieve the above objects, according to
the invention, there is provided a system for performing
telemetry of multi-channel biological signals obtained from
electrodes attached to a subject, comprising:

[0015]

[0016] a converter, which converts the multi-chan-
nel biological signals to digital data;

[0017]

[0018] a first transceiver, operable to transmit a
prescribed amount of the digital data stored in the
storage,

[0019] abattery, operable to supply a battery volt-
age to the first transceiver; and

[0020] a switch, which places the battery in either
a first state where the battery voltage is supplied to
the first transceiver or a second state where the
battery voltage is not supplied to the first trans-
ceiver, so that the first transceiver intermittently
transmits the digital data; and

[0021] a receiver, comprising a second transceiver
operable to receive the digital data transmitted from
the first transceiver, the received digital data being to
be reproduced multi-channel biological signals at an
output device.

a transmitter, comprising:

a storage, which stores the digital data;

[0022] With the above configuration, power consumption
of the battery for the first transceiver can be suppressed.
Accordingly, there is enabled continuous, long-term mea-
surement of multi-channel biological signal information in
an unconstrained manner, which has been conventionally
considered to be difficult, and flexible and more accurate
analysis and diagnosis can be conducted in a simple and
convenient manner for monitoring, examining, and the like

Apr. 21, 2005

expression of various pathological signs of diseases. As a
result, discovery of a disease and treatment thereof can be
effectively attained.

[0023] Preferably, the transmitter further comprises a
detector which detects the battery voltage. The first trans-
ceiver is operable to transmit battery information indicating
the detected battery voltage together with the digital data,
and the second transceiver is operable to receive the battery
information. The receiver further comprises a timing infor-
mation provider, which prepares timing information defin-
ing a timing for placing the battery in the first state, on the
basis of the battery information received by the second
transceiver. The second transceiver is operable to transmit
the timing information and the first transceiver is operable to
receive the timing information. The switch places the battery
in the second state after the digital data and the batiery
information are transmitted, and places the battery in the first
state at the timing on the basis of the timing information
received by the first transceiver.

[0024] Here, it is preferable that the timing information
provider prepares the timing information so as to delay the
timing in a case where the battery information indicates that
the detected battery voltage becomes lower than a threshold
value.

[0025] With the above configurations, the timing for acti-
vating or deactivating the battery for the first transceiver can
be appropriately determined in accordance with the residual
amount of the battery.

[0026] Preferably, the biological signal includes electro-
encephalograms.

[0027] In this case, flexible and accurate analysis and
diagnosis can be conducted in a simple and convenient
manner in cornection with PSG testing, monitoring of
expression of various pathological signs of diseases such as
epilepsy, or the like.

[0028] Preferably, the digital data is transmitted with a
frequency band defined as an Industrial Scientific and Medi-
cal Application band.

[0029] In this case, since a transmission speed of the
digital data by way of wireless transmission is increased, a
period until completion of the data transmission is short-
ened. Accordingly, a time period during which the battery
for the transceiver is activated can be further shortened
while prolonging a time period during which the battery is
deactivated, whereby the operable time of the battery is
prolonged.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above objects and advantages of the present
invention will become more apparent by describing in detail
preferred exemplary embodiments thereof with reference to
the accompanying drawings, wherein:

[0031] FIG. 1 is a schematic block diagram of a multi-
channel biological signal (electroencephalogram) telemetry
system according to one embodiment of the invention;

[0032] FIG. 2 is a timing chart showing operations of a
transmitter in the telemetry system of FIG. 1;

[0033] FIG. 3 is a flow chart showing operations executed
in the transmitter of FIG. 2; and
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[0034] FIG. 4 is a flow chart showing operations executed
in a receiver in the telemetry system of FIG. 1.

DETAILED DESCRIPTION OF THE
INVENTION

[0035] Embodiments of a multi-channel biological signal
telemetry system according to the present invention will be
described hereinbelow in detail by reference to the accom-
panying drawings.

[0036] FIG. 1 shows a multi-channel electroencephalo-
gram telemetry system according to one embodiment of the
multi-channel biological signal telemetry system of the
invention. The multi-channel electroencephalogram telem-
etry system comprises a transmitter 10, a receiver 30, and an
electroencephalograph 40.

[0037] The transmitter 10 comprises a multi-channel
amplifier 12, a multiplexer 14, an A/D converter 16, a CPU
18, a storage 20, a timer 22, a transceiver 24, an antenna 26,
a battery B for activating the transceiver 24, and a switch S
which switches between activation and deactivation of the
battery B. The multi-channel amplifier 12 amplifies respec-
tive electroencephalogram signals detected from a plurality
of electrodes (unillustrated) attached on a head of a patient
P upon input thereof.

[0038] The receiver 30 comprises an antenna 32, a trans-
ceiver 34, a CPU 36, and a storage 38. The electroencepha-
lograph 40 is externally connected to the receiver 30 by way
of the CPU 36.

[0039] The transmitter 10 is configured as follows. The
multi-channel amplifier 12 obtains multi-channel electroen-
cephalogram signals, and the thus-obtained signals are con-
verted from analog signals into digital signals by the A/D
converter 16 after passing through the multiplexer 14,
whereby multi-channel electroencephalogram data are
obtained. The thus-obtained multi-channel electroencepha-
logram data are sequentially stored in the storage 20 by way
of the CPU 18. When a prescribed amount of multi-channel
electroencephalogram data is accumulated in the storage 20,
the switch S of the battery B serving as a power source of
the transceiver 24 is activated at a timing which has been
preset by the timer 22 by way of the CPU 18, whereby the
transceiver 24 is activated. Accordingly, the prescribed
amount of multi-channel electroencephalogram data accu-
mulated in the storage 20 is transmitted from the transceiver
24 10 the receiver 30 by way of the antenna 26.

[0040] On the other hand, the receiver 30 is configured as
follows. The transceiver 34 receives the prescribed amount
of multi-channel electroencephalogram data transmitted
from the transmitter 10 by way of the antenna 32. The
thus-received data are then stored in the storage 38 by way
of the CPU 36. The prescribed amount of electroencepha-
logram data received by the transceiver 34 is read directly or
from the storage 38 by way of the CPU 36, and outputted to
the electroencephalograph 40 to be displayed as electroen-
cephalograms.

[0041] In this embodiment, Industrial Scientific and Medi-
cal Application Band (ISM band), which employs a fre-
quency of, e.g., 2.4 GHz, is used for the electroencephalo-
gram data transmission, thereby enabling high-speed and
large-amount data transmission.
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[0042] The battery B for the transceiver 24 is deactivated
by way of the switch S at a timing prescribed in the timer 22.
That is, the battery B is intermittently deactivated so as to
prolong the operable time. As a result, long-term usage of
the transmitter 10 is enabled.

[0043] More specifically, a detector is provided in the CPU
18 to detect present voltage information of the battery B or
the like, so that the battery voltage information is transmitted
with the multi-channel electroencephalogram data. Subse-
quently, the transmitter 10 issues an inquiry for a timing of
starting a next transmission of the multi-channel electroen-
cephalogram data (i.e., a timing of reactivating the battery B
for the transceiver 24) with respect to the receiver 30.

[0044] On the other hand, a timing provider is provided in
the CPU 36 to determine the timing of restarting the data
transmission (reactivating the battery B) on the basis of the
received battery voltage information. For instance, in a case
where the battery voltage information indicates that the
battery voltage becomes lower than a prescribed value,
timing information is prepared so as to prolong the deacti-
vated time period of the battery B for the transceiver 24. The
timing information is transmitted as a reply from the
receiver 30 to the transmitter 10 to be set in the timer 22.

[0045] FIG. 2 schematically shows the above operations
in the transmitter 10. At a timing t1 for activating the battery
B, the transceiver 24 is activated to start the transmission of
the prescribed amount of multi-channel electroencephalo-
gram data accumulated in the storage 20 together with the
battery voltage information. The transmission is continued
until a prescribed timing (2. After completion of the data
transmission, the timing information for the next data trans-
mission which has been prepared by the receiver 30 is
obtained until a prescribed timing t3. At the timing (3, the
battery B is deactivated. Therefore, a time period ATa during
which the transceiver 24 is activated is defined as a time
period between the timings t1 and t3.

[0046] Meanwhile, based on the timing information
obtained in the transmitter 10, there is set a timing t11 for
reactivating the transceiver 24 and restarting transmission of
the next set of multi-channel electroencephalogram data and
the battery voltage information. That is, a time period ATb
during which the battery B for the transceiver 24 is deacti-
vated is determined in accordance with timing information.
Under the normal condition, the data transmission is inter-
mittently executed at a prescribed constant interval ATc. In
a case where the battery voltage information indicates that
the battery voltage becomes lower than the prescribed value,
the time period ATb (ATe) is prolonged by the timing
information to suppress the power consumption of the
battery B.

[0047] FIG. 3 shows an operation flow at the transmitter
10. First, a determination is made as to whether the pre-
scribed timing t1 for starting the data transmission comes
(step S1). When the timing t1 comes, the battery B is
activated to accordingly activate the transceiver 24 (step S2),
so that a prescribed amount of multi-channel electroen-
cephalogram data accumulated in the storage 20 and the
battery voltage information is transmitted to the receiver 30
(step S3). Next, a determination is made as to whether or not
the transmission of the data and the information is com-
pleted (step S4). When the transmission is completed, an
inquiry for the timing information of next transmission is
sent to the receiver 30 (step S5). Subsequently, a determi-
nation is made as to whether or not the prescribed timing
information sent by the receiver 30 is obtained (step S6).
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When the timing information is obtained, the battery B is
deactivated and the transceiver 24 is brought into an inactive
state (step S7). A timing t11 for starting the next transmis-
sion is set in the timer 22 on the basis of the thus-obtained
timing information (step S8). Operations of the above-
mentioned step S1 through step S8 are then repeated from
step S1.

[0048] FIG. 4 shows an operation flow at the receiver 30.
First, a determination is made as to whether or not the
multi-channel electroencephalogram data and the battery
voltage information from the transmitter 10 are recognized
by the transceiver 34 (step S11). When they are recognized,
the multi-channel electroencephalogram data and the battery
voltage information are obtained (step S12). Next, a deter-
mination is made as to whether or not the receipt of the
multi-channel electroencephalogram data and the batiery
voltage information is completed (step S13). When receiv-
ing operation is completed, a determination is made as to
whether or not the battery voltage has become lower than a
prescribed threshold value, on the basis of the battery
voltage information (step S14). When the battery voltage is
not lower than the threshold value, it is prepared timing
information indicating that no change is made for the timing
t11 for starting the next transmission by the transmitter 10
(step S15). The thus-prepared timing information is sent to
the transmitter 10 (step S17). On the other hand, when the
battery voltage is lower than the threshold value, timing
information for delaying the timing t11 is prepared (step
S16). The thus-prepared timing information is sent to the
transmitter 10 (step S17). Operations of the above-men-
tioned step S11 through step S17 are then repeated from step
S11.

[0049] The present invention is not limited to the multi-
channel electroencephalogram telemetry system as men-
tioned the above. For instance, the invention can be applied
widely as a telemetry system for biological signals of an
electrocardiogram, electromyogram, respiratory waveforms,
SpO,, or the like, and can be modified in various manners
without departing from the scope of the invention.

What is claimed is:

1. A system for performing telemetry of multi-channel
biological signals obtained from electrodes attached to a
subject, the system comprising:

a transmitter, comprising:

a converter, which converts the multi-channel biologi-
cal signals to digital data;

a storage, which stores the digital data;
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a first transceiver, operable to transmit a prescribed
amount of the digital data stored in the storage;

a battery, operable to supply a battery voltage to the
first transceiver; and

a switch, which places the battery in either a first state
where the battery voltage is supplied to the first
transceiver or a second state where the battery volt-
age is not supplied to the first transceiver, so that the
first transceiver intermittently transmits the digital
data; and

a receiver, comprising a second transceiver operable to
receive the digital data transmitted from the first trans-
ceiver, the received digital data being to be reproduced
multi-channel biological signals at an output device.

2. The system as set forth in claim 1, wherein:

the transmitter further comprises a detector which detects
the battery voltage;

the first transceiver is operable to transmit battery infor-
mation indicating the detected battery voltage together
with the digital data, and the second transceiver is
operable to receive the battery information;

the receiver further comprises a timing information pro-
vider, which prepares timing information defining a
timing for placing the battery in the first state, on the
basis of the battery information received by the second
transceiver;

the second transceiver is operable to transmit the timing
information and the first transceiver is operable to
receive the timing information; and

the switch places the battery in the second state after the
digital data and the battery information are transmitted,
and places the battery in the first state at the timing on
the basis of the timing information received by the first
transceiver.

3. The system as set forth in claim 2, wherein the timing
information provider prepares the timing information so as
to delay the timing in a case where the battery information
indicates that the detected battery voltage becomes lower
than a threshold value.

4. The system as set forth in claim 1, wherein the
biological signal includes electroencephalograms.

5. The system as set forth in claim 1, wherein the digital
data is transmitted with a frequency band defined as an
Industrial Scientific and Medical Application band.
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