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Description
FIELD OF THE INVENTION

[0001] The invention pertains to a wireless device for
transmission of medical data from and/or to an item of
medical equipment.

BACKGROUND OF THE INVENTION

[0002] Monitoring of vital signs is an essential element
in intensive care units and other hospital departments.
Medical sensors-like Pulse Oximeter (SpO2) or Non-In-
vasive Blood Pressure (NIBP) - are currently wired to
bedside monitors, which analyze, interpret and visualize
the patient's waveforms, numeric values and alarms.
This set-up ties patients to their beds, which is inconven-
ient for them and complicates work for caregivers. It
makes therefore sense to develop wireless monitoring
systems. For cost reasons, these new systems will not
be built from scratch but rather based on preceding sys-
tems by replacing the wired links by wireless links.
[0003] In order to turn a wired link (serial line) into a
wireless link, the sender (e.g. the medical measurement
sensor) and the receiver (e.g. the patient monitor to which
the sensor is connected) need to be provided with aradio
module each. The wireless link between the radio mod-
ules of sender and receiver replaces the original wired
connection. Nevertheless the original wire-based proto-
col may not be suitable for wireless transmission be-
cause:

- The bandwidth it uses is excessive for the wireless
technology used.

- The packet size is not feasible (or is not efficient) for
the wireless technology used.

- The packet frequency is not feasible (or is not effi-
cient) for the wireless technology used.

[0004] Data compression could be used in order to
overcome these problems. Yet, if the data to be com-
pressed is real-time data, data compression may not be
an option or lead to unsatisfactory results only, because
the compression algorithm does not have enough time
to gather enough data to perform an efficient compres-
sion. Furthermore, data compression being rather CPU-
intensive a high energy consumption should be expect-
ed. High energy consumption is unwanted in battery-
powered devices.

[0005] Often the protocol must be modified to be made
suitable for the wireless link. This can be done in two
ways:

- The protocol between sender and receiver is modi-
fied. In this way the radio modules of sender and
receiver can blindly forward the packets they receive
over the serial line.

- The protocol between sender and receiver is not
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modified. However the radio modules of sender and
receiver need toimplement a modification of the orig-
inal protocol to talk to each other. Since sender and
receiver are unmodified, their respective radio mod-
ules still have to support the original protocol on the
serial line to communicate with them. The wireless
modules have then a translating role.

[0006] The second option is usually preferred due to
several reasons:

- It does not require changing the software of sender
or receiver (which is sometimes inaccessible).

- It is usually much easier and cheaper to carry out
device-external modifications (modifications of a
medical sensor may require dramatic changes in the
architecture of the entire patient monitor and all its
subcomponents).

- ltguarantees that the wired link will continue to work
as it did before when the wireless link is replaced
back with the original wired link.

[0007] Although, in most cases, the option of an un-
modified protocol between sender and receiver is the
best option, it still has the disadvantage to require the
wireless modules to be programmed with the protocols
that enable them to talk to each other and to their hosts
(the sender or the receiver). This requires access to the
software of the wireless modules-which is not always ac-
cessible-and has to be done for every new type of device
and/or for every new device combination (e.g. for a pa-
tient monitor of type A and an SpO2 sensor, for a patient
monitor of type B and the same SpO2 sensor, for the
patient monitor of type A and an NIBP sensor, etc.). All
that caters for high development costs of any wireless
system developed on the basis of a wired system.
[0008] Note that the roles of sender and receiver may
coincide on the same device so that two devices (e.g.
sensor and its patient monitor) communicate with each
other in a bidirectional fashion. Moreover the communi-
cation system may comprise more than two devices (e.g.
patient monitor and two different sensors). The problems
described above also apply to the latter cases and so
does the present invention.

[0009] WO 03/049592 A2 describes the remote and
continuous monitoring of physically relevant states. A
control and communication module (CCM) receives data
from one or more bio interface heads (BIH) and transmits
the data to a data collection unit (DCU). The CCM may
be adapted to remove disturbing signals such as extra-
neous signals and/or noise from the data.

[0010] US 2006/0122466 A1 describes a modular tele-
medicine system with a universal adapter that connects
diagnostic, identification and audiovisual communication
function modules, at least one of which is present at the
patient’s location, to a variable process module that per-
forms data transmission, processing and output.

[0011] Noel Baisa: "Designing wireless interfaces for
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patient monitoring equipment" (www.rfdesign.com) de-
scribes on pages 46-50 the implementation of Bluetooth
in patient monitoring equipment. The Bluetooth incorpo-
rates frequency-hopping spread spectrum (FHSS), for-
ward error correction (FEC) and optimally sized packets.
[0012] US 2002/0091843 A1 describes a system in-
cluding an adapter that aggregates network traffic from
a plurality of portable computing devices and combines
the aggregated data into a wireless network channel. A
port processing unit may convert the data into a form
suitable for wireless transmissions, and may label the
data with an identifier that signifies the originating termi-
nal.

SUMMARY OF THE INVENTION

[0013] The invention relates to a wireless device for
medical data transmission that comprises a wireless in-
terface, a processor, and a medical equipment interface
arranged to provide connection to an item of medical
equipment. The processor is arranged to communicate
with the medical equipment interface and the wireless
interface, and is also arranged to perform a protocol ad-
aptation. The protocol adaptation takes place from a pro-
tocol of incoming data received at the medical equipment
interface to a protocol of data to be transmitted through
the wireless interface, or vice versa. The protocol adap-
tation comprises individual or combined filtering, gather-
ing, partitioning, prioritizing, or discarding the incoming
data. The processor is further arranged to read a config-
uration file containing an adaptation specification that
pertains to the protocol adaptation, and to perform the
protocol adaptation in compliance with the adaptation
specification. The protocol adaptation comprises recog-
nising dispensable within the data to be transmitted, and
reducing the necessary bandwidth by preventing the
transmission of the dispensable data.

[0014] The wireless device turns a serial-line-based
data transmission system into a wireless data transmis-
sion system. The present invention is suited for the field
of patient monitoring to cost-effectively turn any wired
system (consisting of patient monitors, interfacing devic-
es, telemetry devices and others) into a wireless system.
A wireless device for medical data transmission is con-
nected to the serial line of every device that participates
in the communication thus interrupting the serial line
link(s) between two item of medical equipment. The wire-
less device can be easily reconfigured by means of a
configuration file, which contains all the necessary infor-
mation for the wireless device to effectively communicate
over serial line with an item of medical equipment (host
device to the wireless device) and wirelessly with its peer
module(s). The configuration file dictates the behavior of
the wireless device as to how to adapt the original wire-
based protocol to the requirements of the wireless sys-
tem used to communicate with its peer wireless mod-
ule(s). The protocol adaptation on the wireless device
performs for example the following actions on the data
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of the original wire-based protocol: filtering, gathering,
partitioning, discarding and prioritizing. The configuration
file is generated tailored to the needs of each item of
medical equipment and/or item combination.

[0015] With the present invention, neither access to
the host device software nor to the wireless device soft-
ware or firmware is required. This allows for a modular
development process (separation of concerns).

[0016] The intrinsic software reusability of the wireless
device decreases the development cost of the wireless-
enabled system. It usually takes less time to generate a
configuration file for a wireless device than to (re-)pro-
gram the wireless device.

[0017] The medical equipment interface may be a re-
ceptacle for a cable connecting the wireless device to
the item of medical equipment. Inthe alternative, the wire-
less device may be configured as a stick (similar to a
USB stick) that connects to a jack at the item of medical
equipment which obviates the need for a cable and fa-
cilitates the handling and use of medical equipment. The
cable or the jack may be of the RS232, RS422, RS485
types, the USB type, or any other known data communi-
cation standard, including proprietary standards of a
manufacturer of medical equipment.

[0018] The wireless interface may support a commu-
nication standard such as ZigBee, Bluetooth, or IEEE
802.11b.

[0019] The processor may be a general purpose mi-
croprocessor or microcontroller. Alternatively, itmay also
be a specialized processor implemented as or within an
ASIC (Application Specific Integrated Circuit). An ASIC
can be tailored to the requirements of the application
which helps improving the performance of the processor
and to reduce power consumption to name just two im-
portant aspects. The development of wireless devices
strives for low power consumptions since these devices
are often battery powered. Within an ASIC, a dedicated
sub-processor may be provided for each of the men-
tioned data processing tasks, i.e. filtering, gathering, par-
titioning, discarding and prioritizing. The sub-processor
may be partly hard-wired for this task, but may also ac-
cept parameters that change the behavior of the hard-
wired portion of the sub-processor.

[0020] The protocol adaptation is performed on data
thatis received at either the medical equipment interface
or the wireless interface. Data received from an item of
medical equipment such as a Pulse Oximeter (SpO2) or
a non-invasive blood pressure sensor (NIBP) may con-
tain dispensable data. This may be due to the fact that
an existing item of medical equipment produces more
data than actually necessary for a meaningful interpre-
tation of the transmitted data. For example, the temper-
ature of a patient may vary slowly so that a change is not
noticeable before a couple of minutes. Keeping this in
mind, it is not necessary to transmit a temperature value
every second, but every 30 seconds or even less often
may also be sufficient. Another example is the bandwidth
of ECG (electrocardiogram) data. The American Heart
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Association recommends a bandwidth of 150 Hz for
processing ECG related data. Other experts suggest a
bandwidth of 250 Hz for pediatric ECG data. According
to the Nyquist-Shannon theorem this means that a sam-
ple rate of 500 Hz is sufficient for accurate representation
of the analogue ECG signal, even that of a child, in a
digitized format. Sensors that employ a larger bandwidth
sometimes produce data that is dispensable, i.e. that
goes beyond the requirements for accurate data trans-
mission. In addition, some data transmission formats are
highly repetitive, because they resend data that has not
changed since the last emission. In systems that use a
cable for data transmission this was a viable approach,
if the cable connection supported the transmitted data
rate without degradation of data. Since a cable connected
a single sensor (or a limited number of sensors) to e.g.
a medical monitor, the entire bandwidth that was offered
by the cable could be used for datatransmission. A cable-
based transmission of medical data was sometimes
abundant in terms of bandwidth usage. In contrast, a
wireless transmission only has a limited bandwidth avail-
able, because only a limited frequency range is reserved
for data communication. The protocol adaptation em-
ployedinthisinvention reduces the necessary bandwidth
by preventing the transmission of irrelevant data. To this
end a wireless device that acts as a sender needs to be
able to recognize irrelevant data. The wireless device
that acts as a receiver needs to be able to reassemble
the data received via its wireless interface. The sending
and the receiving wireless device need to perform their
respective protocol adaptation according to congruent,
matching rules. For example, if the sending wireless de-
vice cuts certain items of data prior to transmission, the
receiving wireless device needs to be able to reconstruct
the left out data items. To this end the wireless devices
may for example maintain a table of values that are trans-
mitted often or even regularly. In this case the sending
wireless device can detect these values and prevent their
transmission. Instead, the sending wireless device can
send a shorter data item that tells the receiving wireless
device to reinsert the appropriate value stored in the ta-
ble. In the case of a regular transmission the receiving
wireless device may insert the value (and consequently
also the corresponding data) on its own initiative at the
proper position of a data packet.

[0021] A configuration file used for specifying the pro-
tocol adaptation may contain filtering patterns, storing
patterns, assembly patterns and prioritizing patterns.
These patterns contain the conditions under which a cer-
tain action should be taken and what the action is. The
configuration file is read by a program running on the
processor. The processor stores the content of the con-
figuration file in various registers and memories. As ex-
plained above, protocol adaptation is subject to a number
of basic tasks that are valid for a large number of different
protocol adaptations. Each basic task can be configured
by parameters contained in the configuration file. The
basic tasks define what kinds of aspects of protocol ad-
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aptation are feasible and supported by a given wireless
device. Accordingly, the manufacturer of a wireless de-
vice specifies which basic tasks the wireless device
should support, but does not limit the wireless device to
a specific use. The latter would be the case if the wireless
device was provided with a special program for a given
protocol adaptation.

[0022] The processor may be arranged to perform the
protocol adaptation bi-directionally. This assures that for
example handshake procedures between two item of
medical equipment (e.g. sensor and monitor) are sup-
ported by the wireless devices. Furthermore, only one
type of wireless device is needed which increases their
flexibility and versatility.

[0023] The configuration file may describe the protocol
adaptation in a declarative way. The term declarative
means that the configuration file describes the properties
of the protocol adaptation, not single actions. In general,
declarative programming expresses relationships be-
tween variables in terms of functions or inference rules
and the language executor (interpreter or compiler) ap-
plies some fixed algorithm to these relations to produce
a result.

[0024] The configuration file may describe the protocol
adaptation by defining at least one mapping between a
data pattern at the medical equipment interface and a
data pattern at the wireless interface. The mapping may
comprise a transformation rule defining a transformation
from the data pattern at the medical equipment interface
to the data at the wireless interface or vice versa. This
allows defining the protocol adaptation by enabling the
processor to recognize a certain data pattern and to per-
form an action on the underlying data (and possibly also
on subsequent data).

[0025] The configuration file may describe the protocol
adaptation by defining minimum requirements for
processing payload data pertaining to the item of medical
equipment. A configuration file of this type could be used
with a wireless device having some added intelligence.
This wireless device could decide on its own, how the
protocol adaptationis to be performed. In this case a user
needs to provide some basic values of the medical ap-
plication providing and/or consuming the data to be trans-
mitted, such as a required precision of the samples or
maximally admissible delay. The properties of the wire-
less link are known to the wireless device. These prop-
erties of the wireless link include maximal data rate, max-
imal packet size, currently available bandwidth, or current
consumption. The wireless device then decides on the
basis of the properties of the medical application and of
the wireless link which data reduction strategy to employ.
The configuration file is used to communicate the prop-
erties of the medical application to the wireless device.
The medical application often depends on the item of
medical equipment that produces and/or consumes pay-
load data. The sending wireless device and the receiving
wireless device need to agree on the actual protocol ad-
aptation. Since both wireless devices use the same con-
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figuration file (or two corresponding configuration files)
and evaluate itinthe same manner, the resultis the same.
Yet in some cases only the sending wireless device may
determine the details of the protocol adaptation. The rea-
son is that the sending wireless device receives the pay-
load data at its medical equipment interface and is able
to analyze the payload data. The receiving wireless de-
vice does not have this opportunity. Therefore it is con-
templated to first cause the sending wireless device to
establish a protocol adaptation based on the minimum
requirements contained in the configuration file, the prop-
erties of the wireless link, and an analysis of the payload
data (received at the medical equipment interface of the
wireless device). As soon as the sending wireless device
has established a set of rules by which protocol adapta-
tion will be performed, the sending wireless device sends
the set of rules to the receiving wireless device. The re-
ceiving wireless device processes the received set of
rules in order to determine how to perform the backward
protocol adaptation that allows retrieving a faithful repro-
duction of the payload data.

[0026] The processor is further arranged to read the
configuration file from the medical device interface or
from the wireless interface so that no additional config-
uration interface is needed. The wireless device could
be connected to a general purpose computer or a Per-
sonal Digital Assistant (PDA) by means of a cable or by
plugging it directly into the general purpose computer or
PDA. In the alternative, a general purpose computer or
a PDA could also have a wireless interface allowing com-
munication with the wireless device.

[0027] The configuration file may be received from a
configuration file tool. With a configuration file tool assist-
ing in the generation of configuration files, the complexity
is lower than in software development. A configuration
file tool may present the different options of protocol ad-
aptation to a user in an organized fashion. It may also
present some preset settings that have been tested. It
may also offer to choose from several profiles relating to
certain sensor types or monitor types or certain combi-
nations of these. The configuration file tool may also per-
form the analysis and establishment of possible protocol
adaptations when the user indicates minimum require-
ments for the data transmission, only.

[0028] Theinvention also relates to a wireless commu-
nication system for medical data transmission compris-
ing a first and a second wireless device that both corre-
spond to the description given above. The first wireless
device and the second wireless device communicate
through their respective wireless interfaces. In this com-
munication system the sending and the receiving are
matched to each other.

[0029] The second wireless device may communicate
with a plurality of first wireless devices. Some medical
data monitors are capable of displaying several meas-
urements at once so that it is possible to group the re-
ceiving wireless devices in a single wireless device.
[0030] The presentinvention also relates to a method
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for setting up a first wireless device, the first wireless
device being arranged to communicate with an item of
medical equipment via a corresponding medical equip-
ment interface of the first wireless device, to communi-
cate with a second wireless device via a wireless com-
munication path and a corresponding wireless interface
of the first wireless device; and to perform a protocol ad-
aptation between data received from the item of medical
equipment and data to be transmitted to the second wire-
less device (and vice versa). The protocol adaptation
comprises individual or combined filtering, gathering,
partitioning, prioritizing, or discarding the incoming data.
The protocol adaptation further comprises recognizing
dispensable data within the data to be transmitted, and
reducing the necessary bandwidth by preventing the
transmission of the dispensable data.

[0031] The method comprises:

- running ageneric operating program on the first wire-
less device;

- causing the generic program to read a configuration
file containing an adaptation specification that per-
tains to said protocol adaptation;

- analyzing a content of the configuration file; and

- storing the content in a memory of the first wireless
device, the memory being arranged to be consulted
during the performance of the protocol adaptation.

[0032] The combination of a generic operating pro-
gram and a configuration file adds to the flexibility of the
wireless devices. Setting up or configuring a wireless de-
vice for a specific medical application with the present
invention is easy for a user to accomplish and does not
require programming skills. The hardware including med-
ical sensors, medical monitors and the wireless devices
remain basically unchanged. There is no need to change
for example the protocol of a medical sensor in order to
match the capabilities of the wireless devices. Only the
configuration file is changed when the wireless device is
used with different items of medical equipment. Config-
uration files may be provided by the manufacturer of the
wireless device for common medical equipment. On the
other hand, if a new item of medical equipment is mar-
keted, the manufacturer of the newly marketed item may
provide a suitable configuration file together with the item.
Wireless links between a medical sensor and a medical
monitor are likely to become more and more popular.
Therefore medical equipment manufacturers might be
able to boost their sales, if their products support a com-
patibility with a wireless data transmission system as de-
scribed herein.

[0033] The configuration file may describe the protocol
adaptation in a declarative way.

[0034] The configuration file may describe the protocol
adaptation by defining at least one mapping between a
data pattern at the medical equipment interface and a
data pattern at the wireless interface. The mapping may
comprise a transformation rule defining a transformation
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from the data pattern at the medical equipment interface
to the data at the wireless interface or vice versa.
[0035] The configuration file may describe the protocol
adaptation by defining minimum requirements for
processing payload data pertaining to the item of medical
equipment.

[0036] The configuration file may be read from the
medical device interface or from the wireless interface.
[0037] The configuration file may be received from a
configuration file tool.

BRIEF DESCRIPTION OF THE DRAWINGS
[0038]

Fig. 1 is a schematic representation of the prior art.
Fig. 2 is a schematic representation of a wireless
data transmission system having to wireless devices
according to the present invention.

Fig. 3 is a schematic representation of a first option
of configuring a wireless device.

Fig. 4 is a schematic representation of a second op-
tion of configuring a wireless device.

Fig. 5 is a schematic representation of a wireless
device.

Fig. 6 is a schematic representation of a processor
of a wireless device.

DETAILED DESCRIPTION OF THE PRESENT INVEN-
TION

[0039] Fig. 1 depicts a wire-based system of the prior
art. A first item of medical equipment ME1 is connected
to a second item of medical equipment ME2 via a cable-
based link 10. The first item of medical equipment is for
example a medical sensor for non-invasive blood pres-
sure measurement (NIBP) or a Pulse Oximeter (Sp0O2).
The second item of medical equipment is for example a
medical monitor for displaying the data acquired by the
first item of medical equipment.

[0040] Fig. 2illustrates the application of the invention
to the system of Fig. 1. The new wireless system consists
of the two original items of medical equipments ME1,
MEZ2 (also called host devices) and two wireless devices
for medical measurements WD1, WD2. The items of
medical equipment ME1, ME2 communicate with their
respective wireless devices WD1, WD2 via connections
21 and 22, respectively. The two wireless devices WD1
and WD2 communicate with each other via a wireless
link 20. Each wireless device WD1, WD2 is provided a
configuration file CF that specifies the actions to be taken
on the input data for the wireless device. The wireless
device WD1, WD2 may receive input data at a medical
equipmentinterface of the wireless device or atawireless
interface of the wireless device. In case the wireless de-
vice WD1, WD2 is arranged for bi-directional transmis-
sion, it is able to accept input data at both of its interfaces
and pass it on to the respective other interface after suit-
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able data processing in accordance with the configura-
tion file.

[0041] A configuration file may contain the following
information for each interface:

- connection settings (language to speak with the host
device or with another wireless device)

- serial line (if the interface is wired)

- baud rate

- parity

- data bits

- stop bits

- direction of data

- flow control

- wireless settings (if the interface is wireless -
optional)

- input frame structure (point of reference that allow
the wireless device to find data in the input stream)

-  start of frame code (if any)

- list of possible header codes (if any)

- position of length field in the frame (if any)
- length of frame

- end-of-frame (EOF) code (if any)

- output frame structure (structure of the frame to be
generated by the wireless device)

-  start of frame code (if any)

- list of possible header codes (if any)

- position of length field in the frame (if any)
- length of frame (if it is fixed)

- end-of-frame (EOF) code (if any)

- filtering pattern (redundant or irrelevant information
to be scrapped from the input data stream)

- condition (may be based on flags in the packet
header)

- first byte

- last byte

- storing pattern (information of interest to be stored
for later transmission)

- condition (may be based on flags in the packet
header)

- first byte

- last byte

- identifier of stored data

- assembly pattern (how to assemble the received in-
formation in a new data frame)

- condition to pack new frame (optional)
- amount of stored data to be packed (optional)



11 EP 2117 419 B1 12

- list of data identifiers to be packed (optional)
- prioritizing pattern

- condition (may be based on flags in the packet
header or a given code found in the input format)
- format of priority data input frame

[0042] The XML format appears to be suitable as for-
mat for a configuration file. The XML format is cited as
one possible example that does not exclude other suit-
able formats. The XML format offers the option of hier-
archically organizing the content of the file. A number of
well tested tools for editing, checking and evaluating
XML-files exist.

[0043] Figs. 3 and 4 show how the configuration file
may be loaded into the wireless device. A first option is
to provide a dedicated configuration interface. In the al-
ternative the configuration file may also be loaded over
the medical equipment interface before the wireless de-
vice is connected to its host device (Fig. 3), or over the
wireless interface (Fig. 4), either before or after the wire-
lessdeviceis connected to its host device. A special reset
command sets the wireless device in a configuration
state, in which it waits for the reception of the configura-
tion file. The configuration file is generated and sent to
the wireless device by a configuration file tool, which can
be a PC, a PDA, or any other electronic device that has
atleast one compatible interface with the wireless device.
[0044] Fig. 5illustrates a possible schematic structure
of a wireless device WD according to the present inven-
tion. The wireless device WD comprises a medical equip-
ment interface MEI that provides connection to an item
of medical equipment. The medical equipment interface
as presented in Fig. 5 provides a jack for connecting a
cable that leads to the item of medical equipment. Inside
the wireless device WD the medical equipment interface
is connected to a processor (processing unit) PU via a
connection 51. The processor PU performs the actual
protocol adaptation. It is connected to a working memory
WM and a parameter memory PM. The working memory
WM and the parameter memory PM could also be com-
bined. Data that was received at one interface, i.e. med-
ical equipmentinterface or wireless interface can be tem-
porarily stored in the working memory WM. This may be
useful if certain parts of the received data need not be
transmitted immediately or if they can be used as refer-
ence data for subsequent transmissions or data process-
ing routines. The parameter memory stores parameter
values that relate to the current protocol adaptation
scheme. The parameter memory is populated during the
set up (configuration) of the wireless device with param-
eter values that are read from one or several configura-
tion files. The processor is also connected to a wireless
interface WI via a connection 52. The wireless interface
is further connected to an antenna for sending and/or
receiving wireless data.

[0045] Fig. 6 shows aschematicillustration of the proc-
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essor PU of a bi-directional wireless device WD. The
processor PU receives a frame of data 61 on connection
51 (Fig. 5). The data frame 61 has a length L1. The data
frame 61 is first directed to an analyzer ANLZ. The ana-
lyzer ANLZ determines sections within the data frame 61
that indicate a possible data reduction. In particular, the
analyzer ANLZ seeks flags within the data frame 61 that
precede irrelevant data. Irrelevant data could be for ex-
ample the repetitive transmission of an identification
number of the item of medical equipment. It would be
sufficient to send the identification number once at the
beginning of the transmission. The analyzer ANLZ could
also look out for data that is identical to preceding data.
Depending on the data the analyzer ANLZ finds in data
frame 61, it determines which action should be taken in
order to perform the desired protocol adaptation. In most
applications, reducing the required bandwidth is an im-
portant goal of protocol adaptation. However, a protocol
adaptation could also be used for other reasons such as
increasing the robustness of the transmitted data towards
interferences. If the analyzer ANLZ has decided which
action should be taken on the current data, it directs the
concerned portion of data frame 61 to one of several
processing modules. The exemplary processing mod-
ules shown in Fig. 6 are:

-1:1 performs a 1-to-1 operation, i.e. an
identity operation

performs a delay on data that do
not require immediate transmis-
sion

performs a priority operation so
that presented data is transmitted
as soon as possible

performs dropping of data and
complementary filling of data
performs combining of data and
complementary splitting of data
performs compression and de-
compression

- DELAY

- PRIO

- DROP /FILL

-CMBN /SPLT

- COMPR /DCMP

-DELT /ACC performs evaluation of data varia-
tions (A data) and complementary
accumulation.

[0046] The modules could be hardwired, implemented

in software, or partly implemented in hardware and partly
in software.

[0047] The 1:1-modules (or identity module) is used,
if no protocol adaptation is possible. This may be the
case if the data for transmission cannot be compressed
or reduced further.

[0048] The DELAY module may be used if the trans-
mission of a part of data can be postponed. This applies
for example to data representing cumulated reports or
statistics that a user, such as a nurse or a physician,
evaluates later, anyway. Accordingly, transmission of
this data could be triggered when the user attempts to
retrieve the data. In the alternative, the transmission
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takes place when the wireless link is relatively idle.
[0049] The PRIO module places data at the top of a
waiting queue for transmission if the priority of the data
is high so that fast transmission is required. Data that is
highly prioritized could be an alarm such as overstepping
of threshold values for the measured variable, or a low
battery alarm at one of the items of medical equipment
or the wireless devices.

[0050] The DROP / FILL module relates to data that
needs not to be transmitted because it is redundant or
irrelevant. At the sender side the module acts as module
that drops this kind of data. At the receiver side, the data
must be refilled into the data frame by the receiving wire-
less device in order to create a close reproduction of the
original data frame. The receiving wireless device either
knows which values to insert from the configuration or
file, or the sending wireless device informs the receiving
wireless device about the values to fill in during an initial
transmission. The sending wireless device may also
send a schedule defining the times or conditions of the
refilling action. Yet another alternative is to send a flag
thatinstructs the FILL module atthe receiver side to insert
a certain data value. The FILL module may also be re-
garded as a repeat module at the receiving side that re-
peats certain data values according to the schedule.
[0051] The CMBN/SPLT (combine/ split) module can
be used for example on data that contains several chan-
nels, such as from different ECG electrodes. Instead of
transmitting each channel separately the channels can
be combined. Evenifthe signals onthe differentchannels
are notidentical, they are at least usually similar. Accord-
ingly a combined signal may be created by the sending
CMBN module in which the signal of one main channel
is represented along with the differences of the other
channels to the main channel signal. The difference sig-
nals may have less resolution than the original channels
resulting in an economy of bandwidth. At the receiver
side, the combined signal that is transmitted via the wire-
less link has to be split up into separate signals again.
[0052] The COMPR / DCMP module is for compress-
ing and decompressing data prior to transmission via the
wireless link. The compression of data is an option when
data reduction cannot be achieved by means of an ex-
plicit rule. At the receiver side decompression is per-
formed.

[0053] The DELT / ACC module can be used on data
thatvaries relatively slowly. Atthe sender side the module
transmits the difference or variation of a value with re-
spect to a preceding value. At the receiving side the orig-
inal signal is restored again by accumulating the varia-
tions. Of course, sending the full value from time to time
is advisable in order to prevent a slow deviation from the
true values.

[0054] The processor PU also has an aggregator AG-
GR that builds a data frame 62 for transmission over the
wireless link. The data frame 62 is build from the data
that the different modules provide. The data frame 62 is
send to the wireless interface WI (Fig. 5) via connection
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52.

[0055] In the case of a bi-directional wireless device,
the analyzer ANLZ and the aggregator AGGR are inter-
changeable. Thus, line 51 could be connected to the ag-
gregator AGGR, and line 52 could be connected to the
analyzer ANLZ. The aggregator AGGR could also as-
sume the role of the analyzer ANLZ and vice versa.
[0056] When comparing the length L1 of data frame
61 to the length L2 of data frame 62, it can be observed
that a significant reduction of data is normally achieved.
[0057] The configuration file is read and evaluated dur-
ing the setup of the wireless device. The setup procedure
is initiated by a special reset command. The values of
different parameters that are contained in the configura-
tion file are distributed to the analyzer ANLZ, the aggre-
gator AGGR, and to the different modules as indicated
by dotted lines in Fig. 6. In the alternative the values can
be stored to the parameter memory PM (Fig. 5). In op-
eration any intermediate results that need to be stored
for a period of time may be stored to the working memory
WM (Fig. 5). As an example, an intermediate result could
be the last value of a signal in the context of the DELT /
ACC module which is needed in order to calculate the
difference of the current value with respect to that last
value. The intermediate results could also be stored in
dedicated registers of the processor which shortens ac-
cess time compared to retrieving the value from the work-
ing memory.

Claims

1. A wireless device (WD) for medical data transmis-
sion comprising:

- a medical equipment interface (MEI) arranged
to provide connection to an item of medical
equipment (ME1);

- a wireless interface (WI);

- a processor (PU) arranged to

- communicate with the medical equipment
interface (MEI) and the wireless interface
(WI), and configured to perform a protocol
adaptation from a protocol of incoming data
received at said medical equipment inter-
face (MEI) to a protocol of data to be trans-
mitted through said wireless interface (WI),
or vice versa,

wherein being configured to perform said protocol
adaptation comprises being configured to:

- read a configuration file (CF) containing an ad-
aptation specification that pertains to said pro-
tocol adaptation; and to

- perform said protocol adaptation in compliance
with said adaptation specification,
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characterized in that

the protocol adaptation further comprises recogniz-
ing dispensable data within the data to be transmit-
ted, and reducing the necessary bandwidth by pre-
venting the transmission of said dispensable data.

The wireless device (WD) of claim 1, wherein said
processor (PU) is arranged to perform said protocol
adaptation bi-directionally.

The wireless device (WD) of any one of claims 1 to
2, wherein said configuration file (CF) describes said
protocol adaptation in a declarative way.

The wireless device (WD) of any one of claims 1 to
3, wherein said configuration file (CF) describes said
protocol adaptation by defining at least one mapping
between a data pattern at said medical equipment
interface (MEI) and a data pattern at said wireless
interface (WI), said mapping comprising a transfor-
mation rule defining a transformation from said data
pattern at said medical equipment interface (MEI) to
said data at said wireless interface (WI) or vice versa.

The wireless device (WD) of any one of claims 1 to
3, wherein said configuration file (CF) describes said
protocol adaptation by defining minimum require-
ments for processing payload data pertaining to said
item of medical equipment (ME1, ME2).

The wireless device (WD) of any one of claims 1 to
5, wherein said processor (PU) is further arranged
to read said configuration file (CF) from said medical
equipment interface (MEI) or from said wireless in-
terface (WI).

The wireless device (WD) of any one of claims 1 to
6, wherein said configuration file (CF) is received
from a configuration file tool (CFT).

A wireless communication system for medical data
transmission comprising a first and a second wire-
less device (WD1, WD2) according to any one of
claims 1 to 7, wherein said first wireless device
(WD1) and said second wireless device (WD2) com-
municate through their respective wireless interfac-
es (WI).

The wireless communication system of claim 8,
wherein said second wireless device (WD2) commu-
nicates with a plurality of said first wireless devices
(WD2).

A method for setting up a first wireless device (WD1),
the first wireless device (WD1) being arranged

- to communicate with an item of medical equip-
ment (ME1) via a corresponding medical equip-
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ment interface (MEI) of said first wireless device
(WD1),

- to communicate with a second wireless device
(WD2) via a wireless communication path (20)
and a corresponding wireless interface (WI) of
said first wireless device (WD1); and

- to perform a protocol adaptation between data
received from said item of medical equipment
(ME1) and data to be transmitted to said second
wireless device (WDZ2), the method comprising:

- running a generic operating program on
said first wireless device (WD1);

- causing said generic program to read a
configuration file (CF) containing an adap-
tation specification that pertains to said pro-
tocol adaptation;

- analyzing a content of said configuration
file (CF);

- storing said content in a memory (PM) of
said first wireless device (WD1), said mem-
ory (PM) being arranged to be consulted
during performance of the protocol adapta-
tion,

characterized in that

said protocol adaptation further comprises recogniz-
ing dispensable data within the data to be transmit-
ted, and reducing the necessary bandwidth by pre-
venting the transmission of the dispensable data.

The method of claim 10, wherein said configuration
file (CF) describes said protocol adaptation in a de-
clarative way.

The method of claim 10 or 11, wherein said config-
uration file (CF) describes said protocol adaptation
by defining at least one mapping between a data
pattern at said medical equipment interface (MEI)
and a data pattern at said wireless interface (WI),
said mapping comprising a transformation rule de-
fining a transformation from said data pattern at said
medical equipment interface (MEI) to said data at
said wireless interface (WI) or vice versa.

The method of claim 10 or 11, wherein said config-
uration file (CF) describes said protocol adaptation
by defining minimum requirements for processing
payload data pertaining to said item of medical
equipment (ME1, ME2).

The method of any one of claim 10 to 13, wherein
said configuration file (CF) is read from said medical
equipment interface (MEI) or from said wireless in-
terface (WI1).

The method of any one of claims 10 to 14, wherein
said configuration file (CF) is received from a con-



17 EP 2117 419 B1 18

figuration file tool (CFT).

Patentanspriiche

Drahtlose Vorrichtung (WD) zur Ubertragung medi-
zinischer Daten, umfassend:

- eine medizinische Einrichtungsschnittstelle
(MEI), die vorgesehen ist, um eine Verbindung
zu einem medizinischen Einrichtungselement
(ME1) herzustellen;

- eine drahtlose Schnittstelle (WI);

- einen Prozessor (PU), der vorgesehen ist, um

- mitder medizinischen Einrichtungsschnitt-
stelle (MEI) und der drahtlosen Schnittstelle
(WI) zu kommunizieren, und konfiguriert ist,
um eine Protokollanpassung von einem
Protokoll eintreffender Daten, die bei der
genannten medizinischen Einrichtungs-
schnittstelle (MEI) empfangen werden, in
ein Protokoll von Daten, die Uber die ge-
nannte drahtlose Schnittstelle (WI) Gbertra-
gen werden sollen, oder umgekehrt, durch-
zufuhren,

wobei das Konfiguriertsein zum Durchfiihren
der genannten Protokollanpassung umfasst,
dass er konfiguriert ist zum

- Lesen einer Konfigurationsdatei (CF) ent-
haltend eine Anpassungsspezifikation, die
sich auf die genannte Protokollanpassung
bezieht; und zum

- Durchfiihren der genannten Protokollan-
passung in Ubereinstimmung mit der ge-
nannten Anpassungsspezifikation,

dadurch gekennzeichnet, dass

die Protokollanpassung weiterhin das Erkennen ver-
zichtbarer Daten innerhalb der zu Ubertragenden
Daten und das Reduzieren der erforderlichen Band-
breite durch Verhindern der Ubertragung der ge-
nannten verzichtbaren Daten umfasst.

Drahtlose Vorrichtung (WD) nach Anspruch 1, wobei
der genannte Prozessor (PU) dafiir vorgesehen ist,
die genannte Protokollanpassung bidirektional
durchzufuhren.

Drahtlose Vorrichtung (WD) nach einem der Anspri-
che 1 bis 2, wobei die genannte Konfigurationsdatei
(CF) die genannte Protokollanpassung auf deklara-
tive Weise beschreibt.

Drahtlose Vorrichtung (WD) nach einem der Anspri-
che 1 bis 3, wobei die genannte Konfigurationsdatei
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(CF) die genannte Protokollanpassung durch Defi-
nieren mindestens eines Mappings zwischen einem
Datenmuster bei der genannten medizinischen Ein-
richtungsschnittstelle (MEI) und einem Datenmuster
bei der genannten drahtlosen Schnittstelle (WI) be-
schreibt, wobei das genannte Mapping eine Trans-
formationsregel umfasst, die eine Transformation
von dem genannten Datenmuster bei der genannten
medizinischen Einrichtungsschnittstelle (MEI) in die
genannten Daten bei der genannten drahtlosen
Schnittstelle (WI), oder umgekehrt, definiert.

Drahtlose Vorrichtung (WD) nach einem der Anspru-
che 1 bis 3, wobei die genannte Konfigurationsdatei
(CF) die genannte Protokollanpassung durch Defi-
nieren von Mindestanforderungen fiir die Verarbei-
tung von Nutzlastdaten definiert, die zu dem genann-
ten medizinischen Einrichtungselement (ME1, ME2)
gehdren.

Drahtlose Vorrichtung (WD) nach einem der Anspru-
che 1 bis 5, wobei der genannte Prozessor (PU) wei-
terhin vorgesehen ist, um die genannte Konfigurati-
onsdatei (CF) von der genannten medizinischen Ein-
richtungsschnittstelle (MEI) oder von der genannten
drahtlosen Schnittstelle (WI) zu lesen.

Drahtlose Vorrichtung (WD) nach einem der Anspru-
che 1 bis 6, wobei die genannte Konfigurationsdatei
(CF) von einem Konfigurationsdatei-Tool (CFT)
empfangen wird.

Drahtloses Kommunikationssystem zur Ubertra-
gung medizinischer Daten umfassend eine erste und
eine zweite drahtlose Vorrichtung (WD1, WD2) nach
einem der Anspriiche 1 bis 7, wobei die genannte
erste drahtlose Vorrichtung (WD1) und die genannte
zweite drahtlose Vorrichtung (WD2) Giber ihre jewei-
ligen drahtlosen Schnittstellen (WI) kommunizieren.

Drahtloses Kommunikationssystem nach Anspruch
8, wobei die genannte zweite drahtlose Schnittstelle
(WD2) mit einer Vielzahl von genannten ersten
drahtlosen Vorrichtungen (WD1) kommuniziert.

Verfahren zum Einrichten einer ersten drahtlosen
Vorrichtung (WD1), wobei die erste drahtlose Vor-
richtung (WD1) vorgesehen ist zum

- Kommunizieren mit einem medizinischen Ein-
richtungselement (ME1) lber eine zugehdrige
medizinische Einrichtungsschnittstelle (MEI)
der genannten ersten drahtlosen Vorrichtung
(WD1),

- Kommunizieren mit einer zweiten drahtlosen
Vorrichtung (WDZ2) Gber einen drahtlosen Kom-
munikationspfad (20) und eine zugehdrige
drahtlose Schnittstelle (WI) der genannten ers-
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ten drahtlosen Vorrichtung (WD1); und

- Durchfliihren einer Protokollanpassung zwi-
schen von dem genannten medizinischen Vor-
richtungselement (ME1) empfangenen Daten
und an die genannte zweite drahtlose Vorrich-
tung (WD2) zu Ubertragenden Daten,

wobei das Verfahren Folgendes umfasst:

- Ausfihren eines generischen Betriebspro-
gramms auf der genannten ersten drahtlosen
Vorrichtung (WD1);

- Veranlassen des genannten generischen Pro-
gramms, eine Konfigurationsdatei (CF) zu le-
sen, die eine Anpassungsspezifikation fur die
genannte Protokollanpassung enthalt;

- Analysieren eines Inhalts der genannten Kon-
figurationsdatei (CF);

- Speichern des genannten Inhalts in einem
Speicher (PM) der genannten ersten drahtlosen
Vorrichtung (WD1), wobei der genannte Spei-
cher (PM) daflir vorgesehen ist, wahrend der
Durchfiihrung der Protokollanpassung konsul-
tiert zu werden,

dadurch gekennzeichnet, dass
die genannte Protokollanpassung weiterhin das Er-
kennen verzichtbarer Daten innerhalb der zu Uber-
tragenden Daten und das Reduzieren der erforder-
lichen Bandbreite durch Verhindern der Ubertragung
der verzichtbaren Daten umfasst.

Verfahren nach Anspruch 10, wobei die genannte
Konfigurationsdatei (CF) die genannte Protokollan-
passung auf deklarative Weise beschreibt.

Verfahren nach Anspruch 10 oder 11, wobei die ge-
nannte Konfigurationsdatei (CF) die genannte Pro-
tokollanpassung durch Definieren mindestens eines
Mappings zwischen einem Datenmuster bei der ge-
nannten medizinischen Einrichtungsschnittstelle
(MEI) und einem Datenmuster bei der genannten
drahtlosen Schnittstelle (W) beschreibt, wobei das
genannte Mapping eine Transformationsregel um-
fasst, die eine Transformation von dem genannten
Datenmuster bei der genannten medizinischen Ein-
richtungsschnittstelle (MEI) in die genannten Daten
bei der genannten drahtlosen Schnittstelle (WI),
oder umgekehrt, definiert.

Verfahren nach Anspruch 10 oder 11, wobei die ge-
nannte Konfigurationsdatei (CF) die genannte Pro-
tokollanpassung durch Definieren von Mindestan-
forderungen fir die Verarbeitung von Nutzlastdaten
definiert, die zu dem genannten medizinischen Ein-
richtungselement (ME1, ME2) gehéren.

Verfahren nach einem der Anspriiche 10 bis 13, wo-
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bei die genannte Konfigurationsdatei (CF) von der
genannten medizinischen Einrichtungsschnittstelle
(MEI) oder von der genannten drahtlosen Schnitt-
stelle (WI) gelesen wird.

Verfahren nach einem der Anspriiche 10 bis 14, wo-
bei die genannte Konfigurationsdatei (CF) von ei-
nem Konfigurationsdatei-Tool (CFT) empfangen
wird.

Revendications

1.

Dispositif sans fil (WD) destiné a la transmission de
données médicales, comprenant :

- une interface d’équipement médical (MEI) dis-
posée pour fournir une connexion a un article
d’équipement médical (MEI)

- une interface sans fil (WI) ;

- un processeur (PU) disposé pour

- communiquer avec l'interface d’équipe-
ment médical (MEI) et l'interface sans fil
(WI), et configuré pour effectuer une adap-
tation de protocole, d’un protocole de don-
nées entrantes regues au niveau de ladite
interface d’équipement médical (MEI) a un
protocole de données a transmettre par le
biais de ladite interface sans fil (Wl), ou in-
versement,

dans lequel le fait d’étre configuré pour effectuer
ladite adaptation de protocole comprend le fait
d’étre configuré pour :

- lire un fichier de configuration (CF) conte-
nant une spécification d’adaptation qui con-
cerne ladite adaptation de protocole; et pour
- exécuter ladite adaptation de protocole en
conformité avec ladite spécification d’adap-
tation,

caractérisé en ce que

I’'adaptation de protocole comprend en outre la re-
connaissance de données superflues au sein des
données a transmettre, et la réduction de la bande
passante nécessaire en empéchant la transmission
desdites données superflues.

Dispositif sans fil (WD) selon larevendication 1, dans
lequel ledit processeur (PU) est disposé pour exé-
cuter ladite adaptation de protocole de fagon bidi-
rectionnelle.

Dispositif sans fil (WD) selon 'une quelconque des
revendications 1 a 2, dans lequel ledit fichier de con-
figuration (CF) décrit ladite adaptation de protocole
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d’une maniére déclarative.

Dispositif sans fil (WD) selon I'une quelconque des
revendications 1 a 3, dans lequel ledit fichier de con-
figuration (CF) décrit ladite adaptation de protocole
en définissant au moins un mappage entre un motif
de données au niveau de ladite interface d’équipe-
ment médical (MEI) etun motif de données au niveau
de ladite interface sans fil (W1), ledit mappage com-
prenant une régle de transformation définissant une
transformation dudit motif de données au niveau de
ladite interface d’équipement médical (MEI) en les-
dites données au niveau de ladite interface sans fil
(WI) ou inversement.

Dispositif sans fil (WD) selon I'une quelconque des
revendications 1 a 3, dans lequel ledit fichier de con-
figuration (CF) décrit ladite adaptation de protocole
en définissant des exigences minimales pour le trai-
tement de données utiles en rapport avec ledit article
d’équipement médical (MEI, ME2).

Dispositif sans fil (WD) selon I'une quelconque des
revendications 1 a 5, dans lequel ledit processeur
(PU) est en outre disposé pour lire ledit fichier de
configuration (CF) a partir de ladite interface d’équi-
pement médical (MEI) ou a partir de ladite interface
sans fil (WI).

Dispositif sans fil (WD) selon I'une quelconque des
revendications 1 a 6, dans lequel ledit fichier de con-
figuration (CF) est regu d’un outil de fichier de con-
figuration (CFT).

Systeme de communication sans fil destiné a la
transmission de données médicales comprenant
des premier et second dispositifs sans fil (WD1,
WD?2) selon 'une quelconque des revendications 1
a7,danslequel ledit premier dispositif sans fil (WD 1)
et ledit second dispositif sans fil (WD2) communi-
quent par le biais de leurs interfaces sans fil (WI)
respectives.

Systeme de communication sans fil selon la reven-
dication 8, dans lequel ledit second dispositif sans
fil (WD2) communique avec une pluralité desdits pre-
miers dispositifs sans fil (WD1).

Procédé pour configurer un premier dispositif sans
fil (WD1), le premier dispositif sans fil (WD1) étant
disposé

- pour communiquer avec un article d’équipe-
ment médical (MEI) par l'intermédiaire d’'une in-
terface d’équipement médical (MEI) correspon-
dante dudit premier dispositif sans fil (WD1),

- pour communiquer avec un second dispositif
sans fil (WD2) par I'intermédiaire d’'une voie de
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communication sans fil (20) et d’une interface
sans fil (WI) correspondante dudit premier dis-
positif sans fil (WD1); et

- pour exécuter une adaptation de protocole en-
tre des données regues dudit article d’équipe-
ment médical (ME1) et des données a transmet-
tre audit second dispositif sans fil (WD2),

le procédé comprenant :

- 'exécution d’un programme d’exploitation gé-
nérique sur ledit premier dispositif sans fil
(WD1);

- le fait d’amener ledit programme générique a
lire un fichier de configuration (CF) contenant
une spécification d’adaptation qui concerne la-
dite adaptation de protocole;

- 'analyse d’un contenu dudit fichier de configu-
ration (CF) ;

- le stockage dudit contenu dans une mémoire
(PM) dudit premier dispositif sans fil (WD1), la-
dite mémoire (PM) étant disposée pour étre con-
sultée pendant I'exécution de I'adaptation de
protocole,

caractérisé en ce que

ladite adaptation de protocole comprend en outre la
reconnaissance de données superflues au sein des
données a transmettre, et la réduction de la bande
passante nécessaire en empéchant la transmission
des données superflues.

Procédé selon la revendication 10, dans lequel ledit
fichier de configuration (CF) décrit ladite adaptation
de protocole d’'une maniére déclarative.

Procédé selon larevendication 10 ou 11, dans lequel
ledit fichier de configuration (CF) décrit ladite adap-
tation de protocole en définissant au moins un map-
page entre un motif de données au niveau de ladite
interface d’équipement médical (MEI) et un motif de
données au niveau de ladite interface sans fil (W1),
ledit mappage comprenant une régle de transforma-
tion définissant une transformation dudit motif de
données au niveau de ladite interface d’équipement
meédical (MEI) en lesdites données au niveau de la-
dite interface sans fil (WI) ou inversement.

Procédé selon larevendication 10 ou 11, dans lequel
ledit fichier de configuration (CF) décrit ladite adap-
tation de protocole en définissant des exigences mi-
nimales pour le traitement de données utiles en rap-
port avec ledit article d’équipement médical (MEI,
ME?2).

Procédé de I'une quelconque des revendications 10
a 13, dans lequel ledit fichier de configuration (CF)
est lu a partir de ladite interface d’équipement mé-
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dical (MEI) ou a partir de ladite interface sans fil (WI).

15. Procédé selon I'une quelconque des revendications
10 a 14, dans lequel ledit fichier de configuration
(CF) est regu d’un outil de fichier de configuration
(CFT).
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