US 20050119535A1

a2 Patent Application Publication (i) Pub. No.: US 2005/0119535 Al

a9 United States

Yanagihara et al.

(43) Pub. Date: Jun. 2, 2005

(54) SYSTEM AND METHOD FOR
COMMUNICATING BIOLOGICAL SIGNAL
DATA

(75) Inventors: Kazuteru Yanagihara, Tokyo (JP);
Takahisa Ishikawa, Tokyo (JP); Kenta
Sudo, Tokyo (JP)
Correspondence Address:
SUGHRUE MION, PLLC
2100 PENNSYLVANIA AVENUE, N.W.

SUITE 800
WASHINGTON, DC 20037 (US)

(73) Assignee: NIHON KOHDEN CORPORATION
(21) Appl. No.: 10/995,330
(22) Filed: Nov. 24, 2004
(30) Foreign Application Priority Data

Nov. 27,2003 (JP) cccovvverrvevcererivecerene P2003-396966

Publication Classification

(1) Inte CL7 oo A61B 5/00; AGLB 5/04

(52) US.CL oo 600/300; 128/903; 600/544;
600/509; 600/546

7) ABSTRACT

A measurement apparatus and a receiver apparatus are
communicatively connected in a wireless manner. Biologi-
cal signal data is obtained from a detector attached on a
living body. A data packet is prepared from the biological
signal data. A first CRC of the biological signal data is
calculated and appended to the data packet. The data packet
is periodically transmitted with the first CRC from the
measurement apparatus to the receiver apparatus. A second
CRC of the data packet received at the receiver apparatus is
calculated. The received data packet is verified when the
second CRC is coincident with the first CRC. Acknowledge-
ment data is transmitted from the receiver apparatus to the
measurement apparatus when the received data packet is
verified. The data packet is retransmitted from the measure-
ment apparatus to the receiver apparatus when the acknowl-
edgement data is not received at the measurement apparatus
within a prescribed time period from a previous transmission
of the data packet. The data packet is stored in a storage
when the number of retransmission exceeds a prescribed
value.
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SYSTEM AND METHOD FOR COMMUNICATING
BIOLOGICAL SIGNAL DATA

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a system and a
method for transmitting biological signal data measured by
a biological signal measurement apparatus to a receiver
apparatus located remote from the biological signal mea-
surement apparatus.

[0002] Inorder to cause biological signal data, which have
been measured by a biological signal measurement appara-
tus such as an electroencephalograph (hereinafter, simply
referred as “measurement apparatus”) attached on a patient,
to be displayed or transmitted to a receiver apparatus for
analysis, the measurement apparatus and the receiver appa-
ratus may be connected by way of a communication cable
for wired transmission of the data so that the data can be
received in a reliable manner.

[0003] However, when the measurement apparatus and the
receiver apparatus are connected by way of a communica-
tion cable or the like, the patient, being restrained by the
communication cable, is prevented from walking around
freely.

[0004] To solve the problem, there has hitherto been
known a method 1o effect wireless communication of mea-
sured data between a measurement apparatus attached on a
patient, and a receiver apparatus (cf., Japanese Patent No.
3220737).

[0005] As described above, wireless transmission of mea-
sured data provides an advantage that a patient who carries
a measurement apparatus can walk around freely in a
hospital or the like. However, when radio interference
occurs or the patient travels to a location which radio waves
cannot reach, the receiver apparatus fails to receive the
measured data.

[0006] Since a conventional measurement apparatus uti-
lizing wireless transmission does not check whether or not
transmitted measured data are appropriately received by a
receiver apparatus, the measured data are not retransmitted
in the event that the receiver apparatus fails to receive the
data.

[0007] In a case where measured data is transmitted in a
wireless manner, when radio interference occurs or the
patient travels to a location which radio waves cannot reach,
receipt of measurement data by the receiver apparatus is
interrupted and the apparatus cannot adequately process the
measured data.

SUMMARY OF THE INVENTION

[0008] Tt is therefore an object of the invention to provide
a system and a method for communicating biological signal
data, wherein it is verified whether the biological signal
measured and transmitted from a measurement apparatus is
appropriately received by a receiver apparatus, and wherein
the biological signal data is easily retransmitted if the
receiver apparatus fails to receive the data appropriately.

[0009] 1In order to achieve the above object, according to
the invention, there is provided a system for communicating
biological signal data, comprising:
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[0010] at least one measurement apparatus, compris-
ing a detector, adapted to be attached on a living
body to obtain the biological signal data; and

[0011] a receiver apparatus, communicatively con-
nected to the at least one measurement apparatus in
a wireless manner, wherein:

[0012] the measurement apparatus further comprises:
[0013] a storage;
[0014] a first communicator, operable to periodi-

cally transmit the biological signal data as a data
packet to the receiver apparatus, and operable to
receive acknowledgement data from the receiver
apparatus,

[0015] an appender, which calculates a first cyclic
redundancy check of the biological signal data and
appends the first cyclic redundancy check to the
data packet; and

[0016] a first controller, operable to cause the first
communicator to retransmit the data packet when
the first communicator does not receive the
acknowledgement data within a prescribed time
period from a previous transmission of the data
packet, and operable to store the data packet in the
storage when the number of retransmission
exceeds a prescribed value; and

[0017]

[0018] asecond communicator, operable to receive
the data packet from the measurement apparatus,
and operable to transmit the acknowledgement
data to the measurement apparatus;

[0019] a verifier, which calculates a second cyclic
redundancy check of the data packet received by
the second communicator and verifies the data
packet when the second calculated cyclic redun-
dancy check is coincident with the first cyclic
redundancy check; and

[0020] a second controller, operable to cause the
second communicator to transmit the acknowl-
edgement data to the measurement apparatus
when the data packet is verified.

the receiver apparatus further comprises:

[0021] With the above configuration, even when radio
interference occurs or the living body (patient) travels to a
location which radio waves cannot reach, the receiver appa-
ratus can be prevented from failing to receive the biological
signal data.

[0022] Preferably, the first controller causes the first com-
municator to periodically confirm whether the data commu-
nication between the measurement apparatus and the
receiver apparatus is possible. The retransmission is per-
formed in a condition that it is confirmed that the data
communication is possible.

[0023] Preferably, the measurement apparatus is config-
ured to measure at least one of electroencephalogram, elec-
trocardiogram, electromyogram, respiration waveform and
oxygen saturation in arterial blood.

[0024] According to the invention, there is also provided
a method for communicating biological signal data between
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a measurement apparatus and a receiver apparatus which are
communicatively connected in a wireless manner, the
method comprising steps of:

[0025] obtaining the biological signal data from a
detector attached on a living body;

[0026] preparing a data packet from the biological
signal data,

[0027] calculating a first cyclic redundancy check of
the biological signal data;

[0028] appending the first cyclic redundancy check to
the data packet;

[0029] transmitting periodically the data packet with
the first cyclic redundancy check from the measure-
ment apparatus to the receiver apparatus;

[0030] receiving the data packet at the receiver appa-
ratus;
[0031] calculating a second cyclic redundancy check

of the received data packet;

[0032] verifying the received data packet when the
second cyclic redundancy check is coincident with
the first cyclic redundancy check;

[0033] transmitting acknowledgement data from the
receiver apparatus to the measurement apparatus
when the received data packet is verified,

[0034] retransmitting the data packet from the mea-
surement apparatus to the receiver apparatus when
the acknowledgement data is not received at the
measurement apparatus within a prescribed time
period from a previous transmission of the data
packet; and

[0035] storing the data packet in a storage when the
number of retransmission exceeds a prescribed
value.

[0036] Preferably, it is performed a step of confirming
periodically whether the data communication between the
measurement apparatus and the receiver apparatus is pos-
sible. The retransmission is performed in a condition that it
is confirmed that the data communication is possible.

[0037] Preferably, an amount of data transmitted within a
unit time period in the retransmission is greater than an
amount of data transmitted within the unit time period in the
periodic transmission.

[0038] According to the invention, there is provided a
measurement apparatus, communicatively connected to a
receiver apparatus in a wireless manner, comprising:

[0039] a detector, adapted to be attached on a living
body to obtain biological signal data;

[0040]

[0041] a communicator, operable to periodically
transmit the biological signal data as a data packet to
the receiver apparatus, and operable to receive
acknowledgement data from the receiver apparatus;

[0042] an appender, which calculates a cyclic redun-
dancy check of the biological signal data and
appends the cyclic redundancy check to the data
packet; and

a storage,
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[0043] a controller, operable to cause the first com-
municator to retransmit the data packet when the first
communicator does not receive the acknowledge-
ment data within a prescribed time period from a
previous transmission of the data packet, and oper-
able to store the data packet in the storage when the
number of retransmission exceeds a prescribed
value.

[0044] According to the invention, there is also provided
a receiver apparatus, communicatively connected to at least
one measurement apparatus in a wireless manner, the mea-
surement apparatus being configured to periodically trans-
mit biological signal data as a data packet with a first cyclic
redundancy check. The receiver apparatus comprises:

[0045] a communicator, operable to receive the data
packet from the measurement apparatus, and oper-
able to transmit acknowledgement data to the mea-
surement apparatus;

[0046] a verifier, which calculates a second cyclic
redundancy check of the data packet received by the
communicator and verifies the data packet when the
second calculated cyclic redundancy check is coin-
cident with the first cyclic redundancy check; and

[0047] a controller, operable to cause the communi-
cator to transmit the acknowledgement data to the
measurement apparatus when the data packet
received by the communicator is verified.

[0048] According to the invention, it is enabled receipt of
accurate biological signal data without interruption even
when radio interference of a telemetry circuit occurs or
when a patient carrying the measurement apparatus travels
to a location which radio waves cannot reach. Therefore, the
invention can be effectively applied to the epilepsy moni-
toring or the polysomnogram, whose pathological signs are
expressed at unpredictable times.

[0049] Additionally, in the case when pathological signs
are expressed, failure to capture measured data of electro-
encephalogram measurement is prevented, thereby enabling
more accurate analysis and diagnosis. Therefore, the inven-
tion is useful for discovering a point where epilepsy, abnor-
mal electroencephalograms, or the like have arisen, as well
as treatment of the epilepsy, abnormal electroencephalo-
grams, or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] 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:

[0051] FIG. 1 is a block diagram showing a system for
communicating biological signal data according to one
embodiment of the invention;

[0052] FIG. 2 is a flow chart showing operations per-
formed in a measurement apparatus in the system of FIG. 1;
and

[0053] FIGS. 3A and 3B are diagrams showing data
formats for use in data communication in the system of FIG.

1.
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DETAILED DESCRIPTION OF THE
INVENTION

[0054] One embodiment of the invention will be described
below in detail with reference to the accompanying draw-
ings.

[0055] As shown in FIG. 1, a measurement apparatus 1
adapted to be attached on or carried by a patient to measure
biological system thereof and a receiver apparatus 2 are
connected by way of a telemetry circuit 3 to constitute a
communication system of the invention.

[0056] The measurement apparatus 1 comprises: a detec-
tor (e.g., an electrode) la adapted to be attached on an
unillustrated subject (living body) for detecting a biological
signal of the subject (e.g., electroencephalogram); an A/D
converter 1b for effecting analog-to-digital conversion of the
detected biological signal; a CPU 1c; a storage 1d; a timer
le; a communicator 1f; and a CRC (cyclic redundancy
check) appender 1g.

[0057] The receiver apparatus 2 comprises: a communi-
cator 2a; a CPU 2b; a storage 2¢; an ACK transmitter 2d; and
a CRC verifier 2e.

[0058] An electroencephalogram signal detected from the
detector 1a (electrodes) attached on a head of the unillus-
trated subject is converted into a digital signal in the AD
converter 1b, and stored in the storage 1d contiguously.

[0059] The CPU Ic transmits the thus-stored measured
data periodically as a data packet to the receiver apparatus
2 by way of the communicator 1f at a timing prescribed by
the timer 1e (e.g., every 10 seconds).

[0060] At the time of periodic transmission of measure-
ment data measured by the detector 1a (e.g., electroencepha-
logram data in the case where the detector 1a is an electro-
encephalograph) to the receiver apparatus 2, the
measurement apparatus 1 causes the CRC appender 1g to
calculate a CRC for error detection and to append the
thus-calculated CRC into a transmission data packet, which
will be described later.

[0061] The receiver apparatus 2 calculates a CRC of the
data packet received by the CPU 2b, and compares the
calculated CRC with the CRC received by way of the
communicator 2a, thereby verifying consistency of the
received data.

[0062] When the received data are determined to contain
no errors through verification, an acknowledgment packet
(hereinafter referred to as “ACK”) is prepared by the ACK
transmitter 2d and returned to the communicator 1f of the
measurement apparatus 1.

[0063] However, when receipt of accurate data is failed by
occurrence of radio interference, such as crosstalk or inter-
ference, in the telemetry circuit 3, the verification result
reveals that the CRC values are not identical. At this time,
the ACK is not returned.

[0064] Additionally, when the patient carrying the mea-
surement apparatus 1 travels to a location which the radio
waves cannot reach, the receiver apparatus 2 cannot receive
correct data. Accordingly, the ACK is not returned, as is the
case with the above.
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[0065] When the communicator 1f of the measurement
apparatus 1 receives the ACK, transmission of the data
packet is assumed to be completed.

[0066] In the case where the measurement apparatus 1
cannot receive the ACK from the receiver apparatus 2 within
a prescribed time period after the transmission of the data
packet, the transmission error is assumed and the data packet
is then retransmitted.

[0067] In the case where the ACK is received within the
prescribed time period after the retransmission of the data
packet, the transmission is assumed to be completed. How-
ever, in the case where the ACK cannot be received even
after a prescribed number of retransmissions, the state is
assumed to be communication-blocked, and subsequent
measurement data including the data packet are stored (for
backup) in the storage 1d. The storage of the measurement
data is to be repeated so long as the ACK cannot be received.

[0068] Thereafter, the communicator 1f of the measure-
ment apparatus 1 periodically checks the communication
state with the receiver apparatus 2. When communication
becomes possible, transmission of the stored backup data is
resumed.

[0069] Communication state is ascertained on the basis of
whether or not correct response data is returned when
ascertainment data are transmitted periodically (e.g., every
one second) from the measurement apparatus 1 to the
receiver apparatus 2.

[0070] The storage 1d preferably has a capacity of storing
data in an amount corresponding to measurement data of one
hour or longer.

[0071] Further, with regard to transmission of the stored
measurement data, measured data in an amount of 10 or
more times that of a normal transmission are preferably
transmitted within a unit time period. For example, such a
transmission can be achieved by increasing the amount of
data contained in a payload portion of the data packet
(described later), or by shortening intervals between the
periodic transmissions of the packet.

[0072] Of the above data flow between the measurement
apparatus 1 and the receiver apparatus 2, operations in the
measurement apparatus 1 will be described with reference to
a flow chart shown in FIG. 2.

[0073] At the beginning of the operations, a determination
is made as to whether or not backup data is still stored in the
storage 1d (step SI).

[0074] If the result of the determination made in step S1 is
NO, a CRC for error detection is calculated; and the trans-
mission data packet including the measurement data, and the
calculated CRC is transmitted (step S2).

[0075] If the result of the determination made in step S1 is
YES, a CRC for error detection is calculated; and the data
packet including the backup data, and the calculated CRC is
transmitted (step S8).

[0076] A determination is made as to whether or not an
ACK packet from the receiver apparatus 2 is received within
the prescribed time period after transmission of the data
packet at step S2 or S8 (step S3).
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[0077] If the result of the determination made in step S3 is
YES, it is judged that the data are transmitted normally,
transmitted measurement data or transmitted backup data are
cleared (step S4); and processing returns to step S1.

[0078] If the result of the determination made in step S3 is
NO, a determination is made as to whether or not the number
of times of retransmissions has exceeded the prescribed
value (step S5).

[0079] If the result of the determination made in step S5 is
NO, processing returns to step S1 (i.e., retransmission of the
data packet).

[0080] If the result of the determination made in step S5 is
YES, the packet data and data scheduled to be transmitted
thereafter are stored in the storage 1d (for backup) (step S6).

[0081] Thereafter, a determination is periodically made as
to whether or not communication with the receiver apparatus
2 is possible (step S7).

[0082] 1If the result of the determination made in step S7 is
YES, processing returns to step S;, and retransmission of the
backup data stored in the storage 1d is resumed.

[0083] If the result of the determination made in step S7 is
NO, processing returns to step S6, so that the backup data is
still stored in the storage 1d.

[0084] Next, an example data format for communicating
measurement data employed in the invention will be
described with reference to FIGS. 3A and 3B.

[0085] FIG. 3A shows a packet format of a data packet to
be transmitted from the measurement apparatus 1 to the
receiver apparatus 2.

[0086] The packet format comprises a 2-byte frame con-
trol (FC), a 2-byte data length (Length), a 2-byte data type
(Type), a 2-byte sequence number (SN), a 4-byte destination
radio ID (DstID), a 4-byte source ID (SrcID), a data of 1536
to 512 bytes (Payload), and a 4-byte frame check sequence
(FCS). More specifically, “Length” defines the data length
from “TYPE” to “Payload”.

[0087] Further, as shown in FIG. 3B, a packet format of
an ACK packet to be transmitted from the receiver apparatus
2 to the measurement apparatus 1 comprises a 2-byte frame
control (FC), a 2-byte data length (Length), a 2-byte data
type (Type), a 2-byte sequence number (SN), a 4-byte
destination radio ID (DstID), a 4-byte source ID (SrcID),
and a 4-byte frame check sequence (FCS). More specifically,
“Length” defines the data length from “TYPE” to “SrcID”.

[0088] With the above configuration, accurate measure-
ment data is received without interruption even when radio
interference of the telemetry circuit 3 occurs or the patient
carrying the measurement apparatus travels to a location
which radio waves cannot reach. Therefore, the data com-
munication system can be applied to the epilepsy monitoring
or the polysomnogram, whose pathological signs are
expressed at unpredictable times.

[0089] Additionally, in the case when pathological signs
are expressed, failure to capture measured data of electro-
encephalogram measurement will be prevented, thereby
enabling more accurate analysis and diagnosis. Therefore,
the data communication system is useful for discovering a
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point where epilepsy, abnormal electroencephalograms, or
the like have arisen, as well as treatment thereof.

[0090] Although the present invention has been shown and
described with reference to specific preferred embodiments,
various changes and modifications will be apparent to those
skilled in the art from the teachings herein. Such changes
and modifications as are obvious are deemed to come within
the spirit, scope and contemplation of the invention as
defined in the appended claims.

What is claimed is:
1. A system for communicating biological signal data,
comprising:

at least one measurement apparatus, comprising a detec-
tor, adapted to be attached on a living body to obtain the
biological signal data; and

a receiver apparatus, communicatively connected to the at
least one measurement apparatus in a wireless manner,
wherein:

the measurement apparatus further comprises:
a storage;

a first communicator, operable to periodically transmit
the biological signal data as a data packet to the
receiver apparatus, and operable to receive acknowl-
edgement data from the receiver apparatus;

an appender, which calculates a first cyclic redundancy
check of the biological signal data and appends the
first cyclic redundancy check to the data packet; and

a first controller, operable to cause the first communi-
cator to retransmit the data packet when the first
communicator does not receive the acknowledge-
ment data within a prescribed time period from a
previous transmission of the data packet, and oper-
able to store the data packet in the storage when the
number of retransmission exceeds a prescribed
value; and

the receiver apparatus further comprises:

a second communicator, operable to receive the data
packet from the measurement apparatus, and oper-
able to transmit the acknowledgement data to the
measurement apparatus;

a verifier, which calculates a second cyclic redundancy
check of the data packet received by the second
communicator and verifies the data packet when the
second calculated cyclic redundancy check is coin-
cident with the first cyclic redundancy check; and

a second controller, operable to cause the second com-
municator to transmit the acknowledgement data to
the measurement apparatus when the data packet is
verified.

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

the first controller causes the first communicator to peri-
odically confirm whether the data communication
between the measurement apparatus and the receiver
apparatus is possible; and

the retransmission is performed in a condition that it is
confirmed that the data communication is possible.
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3. The system as set forth in claim 1, wherein the
measurement apparatus is configured to measure at least one
of electroencephalogram, electrocardiogram, electromyo-
gram, respiration waveform and oxygen saturation in arterial
blood.

4. A method for communicating biological signal data
between a measurement apparatus and a receiver apparatus
which are communicatively connected in a wireless manner,
the method comprising steps of:

obtaining the biological signal data from a detector
attached on a living body;

preparing a data packet from the biological signal data;

calculating a first cyclic redundancy check of the biologi-
cal signal data;

appending the first cyclic redundancy check to the data
packet;

transmitting periodically the data packet with the first
cyclic redundancy check from the measurement appa-
ratus to the receiver apparatus;

receiving the data packet at the receiver apparatus,

calculating a second cyclic redundancy check of the
received data packet;

verifying the received data packet when the second cyclic
redundancy check is coincident with the first cyclic
redundancy check;

transmitting acknowledgement data from the receiver
apparatus to the measurement apparatus when the
received data packet is verified;

retransmitting the data packet from the measurement
apparatus to the receiver apparatus when the acknowl-
edgement data is not received at the measurement
apparatus within a prescribed time period from a pre-
vious transmission of the data packet; and

storing the data packet in a storage when the number of
retransmission exceeds a prescribed value.
5. The method as set forth in claim 4, further comprising
a step of confirming periodically whether the data commu-
nication between the measurement apparatus and the
receiver apparatus is possible,

wherein the retransmission is performed in a condition
that it is confirmed that the data communication is
possible.
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6. The method as set forth in claim 4, wherein an amount
of data transmitted within a unit time period in the retrans-
mission is greater than an amount of data transmitted within
the unit time period in the periodic transmission.

7. A measurement apparatus, communicatively connected
to a receiver apparatus in a wireless manner, comprising:

a detector, adapted to be attached on a living body to
obtain biological signal data;

a storage;

a communicator, operable to periodically transmit the
biological signal data as a data packet to the receiver
apparatus, and operable to receive acknowledgement
data from the receiver apparatus;

an appender, which calculates a cyclic redundancy check
of the biological signal data and appends the cyclic
redundancy check to the data packet; and

a controller, operable to cause the first communicator to
retransmit the data packet when the first communicator
does not receive the acknowledgement data within a
prescribed time period from a previous transmission of
the data packet, and operable to store the data packet in
the storage when the number of retransmission exceeds
a prescribed value.

8. A receiver apparatus, communicatively connected to at
least one measurement apparatus in a wireless manner, the
measurement apparatus being configured to periodically
transmit biological signal data as a data packet with a first
cyclic redundancy check, the receiver apparatus comprising:

a communicator, operable to receive the data packet from
the measurement apparatus, and operable to transmit
acknowledgement data to the measurement apparatus;

a verifier, which calculates a second cyclic redundancy
check of the data packet received by the communicator
and verifies the data packet when the second calculated
cyclic redundancy check is coincident with the first
cyclic redundancy check; and

a controller, operable to cause the communicator to trans-
mit the acknowledgement data to the measurement
apparatus when the data packet received by the com-
municator is verified.
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