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Wireless body sensor network

This invention relates to communication devices especially devices adapted
for use as body-worn medical sensors for continuously measuring ECG, SpO2, heart rate,
blood pressure and the like, and in particular it relates to a method and apparatus for setting
up wireless networks of such devices.

In order to continuously monitor patient body functions such as ECG, it is
desirable to be able to mount sensors on the body of the patient, which are as light and
compact as possible to avoid inconveniencing the patient, and are also capable of
communicating wirelessly with each other. In addition, if a number of such sensors are
utilized on the same patient, some suitable means must be found for monitoring them all
remotely in a coordinated fashion, and for this purpose it has been proposed to connect a
plurality of sensors which are attached to the same patient, together in a wireless network.
However, in practice, setting up wireless networks is difficult, using conventional
technology, since the user has to configure network type, network name, network addresses,
communication and security parameters for all the devices on the network. For example, on a
network of personal computers running an operating system such as “Windows XP”, the user
must follow a series of detailed installation procedures, or create and propagate network
settings using a “wizard”.

Patent Application No. DE 020188 (Philips) discloses a Short-range Key
transmission system for wireless consumer networks which provides a method of configuring
network membership and bootstrapping the security system. German Patent Application No.
DE 030119 discloses a device and method for controlling the addition/removal of wireless
medical sensors to an existing wireless ad-hoc network and German Patent Application No.
DE 030017 (Philips) discloses a method for automatically setting up an ad-hoc wireless
network of Bluetooth enabled mobile devices.

All of these systems relate to wireless networks in which the signals are
propagated externally of a patient, and this gives rise to a difficulty that systems employing
wireless technologies designed to automate the establishment of networks, tend to make

connections to all devices in the vicinity, whether or not they are in fact, connected to the
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same patient. For example, Bluetooth devices are frequently configured to automatically
search for any new devices in range, and to establish connections with them.

Accordingly, the present invention seeks to provide a networking system for
body mounted sensors which is able to restrict communication to sensors which are attached
only to the same person. To this end, the present invention provides a wireless body area
network including sensors or other electronic devices each of which is adapted to utilize body
coupled communication (“BCC”) to establish network connections, and also includes an RF
transceiver for wireless short-range communication, once the network has been established.

It will be appreciated that the invention could be applied to any kind of
networkable devices such as portable entertainment devices, which need to communicate data
to each other or remote control devices for use with such devices.

In a typical arrangement, each device includes a BCC sensor which is
capacitively coupled to the user, for example, in the manner described in US Patent No.
6211799, which describes a system for transmitting power and data through the user’s body.

Various short-range communication technologies may be employed for the RF
transceivers, such as Bluetooth, i.e. EE 802.15.4 (WPANS) and ZigBee. Preferably, each
BCC sensor in the system is adapted to search the “wireless environment” as defined by the
user’s body, in order to discover any other sensors attached to the same person. In a preferred
arrangement, once the BCC sensors have been “discovered”, they are adapted to exchange
network parameters so as to set up a wireless networks using their RF transceivers.
Preferably, the system is so arranged that the individual RF transceivers can be put into a low
powered sleep mode but can be woken, when required, by the BCC transceiver.

Accordingly, a preferred method of forming a wireless network, according to
the invention, comprises the steps of:

a) Attaching a first wireless sensor to a patient;
b) Initiating a search by the sensor using BCC for any other sensors in the patient

environment, for a predetermined period of time;

c) Initiating a sleep mode of the sensor if no other sensors are detected,
d) Attaching a second sensor to the patient;
e) Initiating a search, by the second sensor, for any other sensors by means of

BCC and initializing an RF network set up procedure upon location of the first sensor;
) Attaching a third sensor to the patient;
g) Repeating the search procedure using the new sensor, and thereby enabling the

new sensor to join the existing RF network.
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Preferably, when the second sensor is attached to the patient, and performs a
search, it is arranged to transmit a “wake up signal”, which triggers the first sensor to become
active, to create the new wireless network, and to respond to the second sensor with
information about the network parameters so as to enable the second sensor to use the
parameters to join the network, and similarly, when any further sensor is attached to the
patient, the reception of its search signal by the existing network causes one of the sensors
already on the network to respond with the necessary network parameters.

As a result of this arrangement, the network is very easy to set up simply by
attaching sensors to the body of a patient, and no manual network configuration is required.
The network is established instantly, unlike (for example) a Bluetooth enquiry procedure
which can take more than 10 seconds for each connection.

In a preferred arrangement of the invention, all sensors are identical and no
separate dedicated network set up device is required, because each sensor device is capable
of performing the required set up operations, depending upon results of its search for other
devices. The system also has increased battery life time, compared to known systems because
the power hungry radio circuit can remain in the sleep mode, until woken by the ultra-low
powered BCC circuits. As a result of this, there is also reduced electro-magnetic pollution
produced by the system.

The invention also extends to a sensor for use in monitoring a patient,
comprising an RF transceiver for exchanging application data with other sensors, and also a
BCC transceiver including appropriate controlling software for automatic network set up, and
also to a wireless including a plurality of sensors according to the invention. In use, set up of
the network is initiated through BCC, and once the network parameters have been
exchanged, the radio sub-system can be woken up to establish a wireless ad-hoc network.

Application data can then be transmitted through the wireless RF links between the devices.

One embodiment of the invention will now be described, with reference to the
accompanying drawings, in which:

Fig. 1 is a schematic diagram of a network according to the invention;

Fig. 2 is a schematic diagram of an individual wireless body sensor; and

Fig. 3 is a detailed state chart of the communication sub-system of a wireless

body sensor according to the invention.
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Referring to Figure 1, the outer rectangular area 2 represents the body of a
patient, and each inner rectangular area 4, 6, 8, represents an individual wireless body sensor.
As will be apparent from the drawing, each individual device consists of a medical sensor 10,
and a wireless communication unit 12. The medical sensor may be of various kinds, such as
an ECG or blood pressure measurement sensor.

Referring to Figure 2, it will be seen that the wireless communication unit 12
consists of a body-coupled communication transceiver 14, which may consists of a “low
frequency” transmitter operating between 100 KHz and 10MHz, of the kind described in US
Patent No. 6211799. This is coupled capacitively to the body of the patient by means of
suitable electrodes in contact with a portion of the patient’s body.

The wireless communication unit also includes a conventional RF transceiver
16, for the short-range radio communication, such as a Bluetooth-type transceiver.

Figure 3 is a state chart showing the operation of the system in use, in which
default states are marked with an arrow at their top left corner.

The stages of operation of the system are then as follows:

1. A first sensor is attached to a patient. Initially the BCC transceiver is in state A
and the RF transceiver in state F.

2. The sensor is then switched on.

This triggers a transition 1 from state A to B: The sensor starts searching for other sensors on
the body by sending a “BAN descriptor request” message through BCC.

3. Since it is the first sensor, there is no other sensor responding to the request. A

timeout triggers transition 5 from state B to D, where the sensor waits for other sensors to be

attached to the body.

4. A second sensor is attached to the patient. As before this sensor is in state A
and F.

5. The second sensor is switched on. This triggers a transition 1 from state A to

B: The sensor starts searching for other sensors on the body by sending a “BAN descriptor
request” message through BCC.

6. Now the first sensor in state D receives the “BAN descriptor request” message
and in turn signals its RF transceiver to create a body area network (BAN). It moves on to
state E through transition 6, where it waits until the BAN has been created. (Note the
condition “no BAN (=Body Area Network) exists”). The RF transceiver wakes up and goes

from state F to G via transition 9. It creates a new BAN (this involves selecting a free channel
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and selecting a unique network identifier) and signals its BCC transceiver when the creation
of the BAN has been completed. The RF transceiver thereby takes over the role of the
coordinator of the BAN. Then the RF transceiver goes to state H, where it waits for incoming
association requests of other sensors. The BCC transceiver moves from state E to D and
sends through BCC to the second sensor the “BAN descriptor response” message containing
the channel and network identifier of the newly created BAN. In state D the first sensor waits
for further sensors being attached to the body.

7. The second sensor in state B receives the “BAN descriptor response” message
containing the channel and network identifier of the network and moves to state C. The BCC
transceiver instructs its RF transceiver to join the BAN specified by the channel and network
identifier. The BCC transceiver goes to state A, i.e. is powered off. The RF transceiver of the
second sensor wakes up and moves from state F to 1. It sends an association request via RF to
the first sensor to join the network specified by channel and network identifier.

8. The RF transceiver of the first sensor in state H receives the association
request of the second sensor and sends through RF an “Association accept” message to the
second sensor. The RF transceiver stays in state H, where it waits for further incoming
association requests.

9. The RF transceiver of the second sensor in state I receives the “Association
accept” message and moves to state J. Now the second sensor has successfully joined the

BAN created by the first sensor.

10. A third sensor is attached to the patient. As before this sensor is in state A
and F.
11. The third sensor is switched on. This triggers a transition 1 from state A to B:

The sensor starts searching for other sensors on the body by sending a “BAN descriptor
request” message through BCC.

12. Now the first sensor in state D receives the “BAN descriptor request” message
and in turn responds via transition 8 with a “BAN descriptor response” message containing
the channel and network identifier. (Note the condition “BAN (=Body Area Network)
exists”). The sensor stays in state D and waits for further sensors being attached to the body.
13. The final steps for joining the network are the same as described in 7.-9. for
the second sensor.

14. Attaching further sensors works in the same way as described for the third

sensor in 10.-13.
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Once monitoring data has been collected by the sensors on the BAN, it can be
relayed to a bedside patient monitor (for example) which includes a similar RF
communication module and a BCC arrangement. This is simply joined to the patients’ own
BAN by the patient touching the monitor, and thus activating the networking set up described
above.

Alternatively the patient data can be transmitted by means of an additional
patient-worn device including a BCC and a short-range radio similar to the other sensors, and
also a wireless LAN or GPRS radio for external communication. In this way, the patient can

be monitored within the hospital and/or outdoors.
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CLAIMS:

1. A communication device adapted for attachment to the body of a wearer so as
to form part of a body area network (“BAN”’) comprising a body coupled communication
(“BCC”) device, and a short-range radio device, the device including means for detecting
other similar communication devices on the wearer using BCC, and means for establishing a

wireless network with other such devices using their short range radios.

2. A communication device according to claim 1 in which the short-range radio

device comprises a Bluetooth, Wifi or Zigbee device.

3. A communication device according to claim 1 or claim 2 in which the BCC

device includes:

(a) means for discovering other similar devices attached to the same person;
(b) means for exchanging network parameters with similar devices; and
() means for sending a wake-up signal to a short-range radio device, which is in a

low power sleep mode.

4. A medical sensor device incorporating a communication device according to

any one of the preceding claims.

5. A network of communication devices including a plurality of communication

devices according to any of claims 1 to 4.

6. A method of setting up a wireless body-area-network according to claim 5,
comprising the steps of:

(a) using one BCC device to search for other devices;

(b) exchanging network parameters between BCC devices when they have
contacted one another;

(©) utilizing the network parameters to set up a network between the radio

devices.
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7. A body area network (“BAN”) of communication devices according to
claim 5, and further comprising an external monitoring device which includes a BCC device
and wireless communication means so that it can be connected to the BAN by contacting it to

the body carrying the network.



WO 2007/096810 PCT/IB2007/050483

1/4

T~

Body
4
)

" Wireless body 10 \
sensor 1

6
)

[ Wireless body ‘ \

sensor 2

[ Medical sensor ] [ Medical sensor ]

Wireless communication
K unit of a body sensor

Wireless body \
sensor 3

[ Medical sensor ]

—_—— e —— e — —————

[Wireless communication

\ unit of a body sensor ]j

(
8

FIG. 1



WO 2007/096810 PCT/IB2007/050483

2/4
4
/
10 Wireless body sensor
/
4 A
Medical sensor
\_ J

/ Wireless communication unit of a body sensor \

{ Body-coupled communication (BCC) transceiver J

Radio frequency (RF) transceiver

g
L

(
12

FIG. 2



WO 2007/096810

~

3/4

PCT/IB2007/050483

Wireless communication unit of a body sensor

N\

Body-coupled communication (BCC) transceiver

| ®

Off

@

switch on

| / send “BAN descriptor request”

switch off

@

4

®

<

On

[ Searching for BAN

L ®

®

J “"BAN descriptor

response” received

after timeout

fmfound\ I

-

Waiting
for other
Sensors

No BAN found

“"BAN descriptor request” received [no BAN]

/ create BAN

BAN created

/ send “BAN descriptor @

response”

“"BAN descriptor request” received [BAN exists]
/ send “BAN descriptor response”

Waiting
for BAN
created

~

FIG. 3-1




WO 2007/096810 PCT/IB2007/050483

4/4

FIG.3-1 FIG.3-1

Radio frequency (RF) transceiver

[ ® off )
. join BAN
@ create BAN switch off @ / send “Association request”

/ On

/ BAN coordinator\ ﬁ\lot BAN coordinato}\

@ created Joining
‘new BAN 5 BAN

BAN created “Association accept”
@ | / BAN created received
e AR
@ BAN BAN
created @ joined

“Association request” received
&send “Association accept” / \ J/

N\

FIG. 3-11



INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2007/050483

CLASSIFICATION OF SUBJECT MATTER

A
INV. A61B5/00 H04B1/38 H04B13/00 GO6F19/00 H04L29/08

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B HO04B GO6F HOA4L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X EP 1 220 501 A (NOKIA CORP [FI]) 1-6
3 July 2002 (2002-07-03)
Y figures 3,6 7

column 1, lines 32-356

paragraphs [0002], [0003]1, [0020] -
[0022]1, [0025]

Y WO 2005/062232 A (PHILIPS INTELLECTUAL 7
PROPERTY [DE]; KONINKL PHILIPS ELECTRONICS
NV [NL) 7 July 2005 (2005-07-07)

page 7, line 12 — page 8, Tine 33

figure 3

A US 2005/288738 Al (BANGE JOSEPH E [US] ET 3
AL) 29 December 2005 (2005-12-29)
paragraphs [0003], [0006], [0011],
[0013]

-/

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents :
Sp Y ocuments *T" later document published after the international filing date

or priority date and not in conflict with the application but

*A" document defining the general state of the art which is not
considered to be of particular relevance

*E" earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

*P" document published prior to the international filing date but
later than the priority date claimed

cited to understand the principle or theory underlying the
invention

*X* document of paricular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
lmerr]ns, ﬁuch combination being obvious to a person skilled
nthe art.

*&" document member of the same patent family

Date of the actual completion of the International search

4 July 2007

Date of mailing of the intemational search report

12/07/2007

Name and mailing address of the ISA/
European Patent Oifice, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Kronberger, Raphae]

Form PCT/ISA/210 {second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2007/050483

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

P,X

P,X

WO 2006/087670 A (KONINKL PHILIPS
ELECTRONICS NV [NLJ; PHILIPS INTELLECTUAL
PROPERTY [DE) 24 August 2006 (2006-08-24)
page 6, lines 9-15

page 6, line 33 - page 7, line 7

figures 1-3

page 15, lines 10-30

page 17, line 3 - page 19, line b

WO 2006/064397 A (KONINKL PHILIPS
ELECTRONICS NV [NL]; PHILIPS CORP [USI;
BALDUS HERIBER) 22 June 2006 (2006-06-22)
figures 5,6

page 9, line 3 - page 10, line 6

1-7

1’2’4’5’
7

Form PCT/ISA/210 (continuation of second shest) (Aprll 2005)




INTERNATIONAL SEARCH REPORT

International application No
PCT/1B2007/050483

Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 1220501 "~ A 03-07-2002 FI 20002861 A 28-06-2002
JP 2002261702 A 13-09-2002
Us 2002128030 Al 12-09-2002

WO 2005062232 A 07-07-2005 NONE

US 2005288738 Al 29-12-2005 NONE

WO 2006087670 A 24-08-2006  NONE

WO 2006064397 A 22-06-2006  NONE

Form PCT/ISA/210 (patent family annex) (Aprll 2005)




THMBW(EF)

[ i (S RIR) A ()

RF(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A

BEG®)

Tobk AL B3RP 4%

EP1988820A1 K (nE)R
EP2007705877 g H
ERIFHBEFROBRATR

EREFHBEFN.V.

R AR R R AR A TBGMBH

ERTEFEN.V.
KR AR N R AR E S GMBH

FALCK THOMAS

FALCK, THOMAS

A61B5/00 H04B1/38 G04B13/00 GO6F19/00 H04L29/08

patsnap

2008-11-12

2007-02-14

A61B5/002 A61B5/0024 A61B5/0028 A61B2560/0209 G16H40/63 H04B13/005 HO4L67/12 HO4W8/005
HO04W52/0219 H04W84/18 Y02D70/1224 Y02D70/142 Y02D70/144 Y02D70/162 Y02D70/22

2006110384 2006-02-24 EP
EP1988820B1

Espacenet

QFTERFRE , AHRETRESAMEBENEERFENERE AT
ELNEBECG , Sp02 , bR, MEF , HrIRATRIXMRZINTL
MEH S EMRE B RBEETHEIMBESFNEKE , UER
REESHREERE ('BCC” ) RENERLTLBREN FEXHME
(“BAN" ) B9 —88% , IZRESIERA THEABCCH N ME & L ryE
PBERE , AREAHEELLBSEMXFENIREEL TLMEN

AE
J?KI_O


https://share-analytics.zhihuiya.com/view/8a36b59c-c764-400a-aeef-1fb7ac0b0672
https://worldwide.espacenet.com/patent/search/family/038181060/publication/EP1988820A1?q=EP1988820A1

