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7) ABSTRACT
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INTERFACE DEVICE AND METHOD FOR A
MONITORING NETWORK

FIELD OF THE INVENTION

This invention relates to monitoring systems and, in
particular, relates to interface devices and methods used in
a monitoring network to acquire data from a system under
test.

BACKGROUND OF THE INVENTION

Monitoring networks and devices are known for moni-
toring systems under test. For example, in medical
applications, patient monitors are known for monitoring
patients. A typical patient monitor includes a display, one or
more operator input devices, one or more input ports for
connecting the monitor to sensors that acquire data from the
patient, and a microprocessor or other signal processor for
processing the data acquired from the patient.

Alarge variety of sensors exist that may be used for data
acquisition. For example, in medical applications, it may be
desirable to receive data from sensors such as a carbon
dioxide (CO2) sensor, a ventilator sensor, a urometer sensor,
a pulse oximetry (SPO2) sensor, an ECG sensor, a respira-
tion sensor, an invasive or non-invasive blood pressure
sensor, and so on. Within each of these different sensor
types, a wide range of specific sensors exist that are avail-
able from different manufacturers, and it is desirable to be
able to provide health care facilities with the option of
connecting patient monitors to a variety of different sensors
available from different sensor manufacturers.

Interface devices are sometimes used to increase the
number and/or variety of sensors that can be used to acquire
data for a monitoring device. Often, one or more such
interface devices are connected to a communication network
along with one or more monitoring devices. A need exists for
an interface device that can operate in a variety of modes of
operation. For example, in some situations, it is desirable to
have an interface device that operates in a stand-alone mode
of operation, e.g., by transmitting data over a communica-
tion network to a variety of monitoring devices. This allows
the data from the sensors to be made available at any
monitoring device that wishes to view the data. In other
mnstances, it is desirable to have an interface device that
serves as a peripheral device for a monitoring device. For
example, it may be desirable for the interface device to
operate from an operator’s perspective as if the interface
device is directly connected to the monitoring device, or in
some other manner which results in the operator perceiving
the monitoring device as being more closely associated with
the particular interface device than with other interface
devices on the communication network.

Additionally, such interface devices and monitoring
device are often connected to a communication network
along with other interface devices and monitoring devices.
When establishing a network connection between a particu-
lar patient monitoring device and a particular interface
device, a need exists for a way to ensure that the correct two
devices are connected together and to make connecting the
two devices together as easy for the operator as possible.

A monitoring system and method that meets one or more
of these needs would be highly desirable.

BRIEF SUMMARY OF THE INVENTION

According to a first preferred embodiment, an interface
device for a monitoring system comprises a communication
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interface, a microprocessor, and a memory. The communi-
cation interface is adapted to connect the interface device to
a communication network to transmit data acquired by the
interface device using a plurality of sensors over the com-
munication network. The memory is programmed to provide
the interface device with a peripheral mode of operation and
a stand-alone mode of operation. In the peripheral mode of
operation, the interface device operates as a peripheral
device for one of a plurality of monitors. In the stand-alone
mode of operation, the interface device operates as a stand-
alone device for multiple ones of the plurality of monitors.
In particular, in the stand-alone mode of operation, the
interface device operates as a stand-alone device available to
transmit the data from the sensors to multiple ones of the
plurality of monitors by way of the communication network.

According to another preferred aspect, a monitoring sys-
tem comprises a communication network, a sensor, an
interface device, and a plurality of monitors. The sensor is
capable of acquiring data from a system under test. The
interface device is coupled to the sensor to receive the data
from the system under test. The interface device and each of
the plurality of monitors is coupled to the communication
network. The interface device has a peripheral mode of
operation and a stand-alone mode of operation. The interface
device operates as a peripheral device for a selected one of
the plurality of monitors in the peripheral mode of operation,
and operates as a stand-alone device available to transmit the
data to each of the plurality of monitors in the stand-alone
mode of operation.

According to another preferred aspect, a monitoring sys-
tem comprises a communication network, a plurality of
sensors, a monitor, a plurality of interface devices, and an
identification link. The plurality of sensors are capable of
acquiring data from a plurality of systems under test. The
monitor has a display and is coupled to the communication
network. The plurality of interface devices are coupled to
respective ones of the plurality of sensors to receive the data
from the systems under test. The plurality of interface
devices are also coupled to the communication network. A
selected one of the plurality of interface devices operates as
a peripheral device for the monitor. The identification link
provides a separate physical connection between the monitor
and the selected one of the plurality of interface devices to
thereby provide a visual indication which one of the plural-
ity of interface devices is operating as the peripheral device
for the monitor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a patient monitoring system
according to a preferred embodiment;

FIG. 2 is a block diagram showing a patient monitor of the
system of FIG. 1 in greater detail,

FIG. 3 is a block diagram showing an interface device of
the system of FIG. 1 in greater detail;

FIG. 4 is a flowchart showing the operation of the system
of FIG. 1 in either a stand-alone mode of operation or a
peripheral mode of operation;

FIG. § is another flowchart showing operation of an
interface device to associate with a monitor in the system of
FIG. 1;

FIG. 6 is a screen display of a monitor in the system of
FIG. 1 in which the monitor displays data from an interface
device alongside the monitor’s own data;

FIG. 7 is a screen display of a monitor in the system of
FIG. 1 in which the monitor displays data from an interface
device merged along with its own data; and
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FIG. 8 is a screen display of a monitor in the system of
FIG. 1 in which the monitor displays its own data alongside
data from another monitor, and with the data from the other
monitor being merged with data from an interface device.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring now initially to FIGS. 1-3, an overview of a
monitoring system 10 according to a preferred embodiment
is shown. The monitoring system 10 comprises a monitor 12,
a first plurality of sensors 14, an interface device 16, a
second plurality of sensors 18, a communication network 20,
an identification adapter 22, a central monitor 24, a plurality
of additional monitors 26, and a plurality of additional
Interface devices 28.

As shown in FIG. 2, which shows the monitor 12 in
greater detail, the monitor 12 includes a plurality of input
ports 30, a computer 32, a display 34, an input device 36 and
a communication interface 38. The computer further
includes a microprocessor 40 and a memory 42. The
memory 42 is programmed and stores such things as one or
more monitor programs 44, one or more interface programs
46, identification information 48, and a device list 50.

The monitor 12 is connected to the first plurality of
sensors 14. These connections may be made by analog or
digital (parallel or serial) communication links, by direct
hardwired or wireless connection of the sensor to the moni-
tor 12, or by another arrangement. In the preferred
embodiment, the sensors 14 are connected to the monitor 12
by way of input ports 30. In one embodiment, the input ports
30 are each uniquely configured for a particular type of
sensor, such that a given input port 30 may only be used with
a particular type of sensor. Alternatively, the input ports may
be identical ports, such as RS-232 ports, to provide a
standard communication interface for connecting sensors
from various manufacturers to the monitor 12. A combina-
tion of these two approaches may also be used.

The sensors 14 may include a variety of different types of
sensors that acquire different types of data. In the preferred
embodiment, the monitor 12 is a portable patient monitor
and is used to continuously monitor parameters from a
patient 29. In this embodiment, the sensors 14 are used by
the monitor 12 to acquire physiological data from the patient
29 and may include, for example, a ventilator sensor, a
urometer sensor, a pulse oximetry (SPO2) sensor, a carbon
dioxide (CO2) sensor, an electrocardiograph (ECG) sensor,
a respiration sensor, an invasive blood pressure sensor, a
non-invasive blood pressure (NBP) sensor, cardiac output
sensor, impedance cardiography sensor, electroencephalo-
graph (EEG) sensor and so on. In FIG. 1, the sensors 14 are
shown as including an NBP sensor 144, and ECG sensor
14b, a respiration sensor 14¢ and a CO2 sensor 14d. The
monitor 12 is programmed to support each of the different
types of sensors 14 to which it is connected. To this end, the
monitor 12 includes the interface programs 46 which are
useable to interpret and process the data acquired the dif-
ferent sensors which are supported by the monitor 12.

The display 34 and the input device 36 of the monitor 12
provide an operator interface by which operator inputs are
acquired and data acquired by the sensors 14 and 18 is
displayed to the operator. The communication interface 38
connects the monitor 12 to the communication network 20,
allowing the monitor 12 to transmit information to and
receive information from other devices on the communica-
tion network 20. The monitor program 44 is one or more
programs executed by the microprocessor 40 to control
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operation of the monitor 12. The identification information
48 includes an identifier by which the monitor 12 is iden-
tified for communication on the communication network 20.
The device list 50 is a list of devices (monitors, interface
devices) active on the communication network 20.

The interface device 16 is connected to the second plu-
rality of sensors 18. With reference to FIG. 3, which shows
the interface device 16 in greater detail, the interface device
16 includes a plurality of input ports 60, a computer 62, a
plurality of indicators 64 such as LEDs, and a communica-
tion interface 66. The input ports 60 are connected to the
sensors 18 and receive the data acquired by the sensors from
the patient 29. The communication interface 66 connects the
interface device to the communication network 20 to trans-
mit the data from the sensors 18 over the communication
network 20. The computer further includes a microprocessor
68 and a memory 70. The memory 70 includes memory that
stores programs executed by the microprocessor 68 for
operation of the interface device, such as program memory
72 and sensor interface memory 74, as well as memory that
stores other information such as identification information
76 and a device list 78.

The sensors 18 may be completely different or may
overlap with the sensors 14. Again, these connections may
be made by analog or digital (parallel or serial) communi-
cation links, by direct connection of the sensor to the
interface device 16, or by another arrangement. The sensors
18 are preferably connected to the interface device 16 by
way of identical input ports 60 (e.g., RS-232 ports) disposed
on the interface device 16, which provide a standard com-
munication interface for connecting sensors from various
manufacturers to the interface device 16. The sensors 18
may include a variety of different types of sensors that
acquire different types of data as described above in con-
junction with the sensors 14. In the patient monitoring
embodiment, the sensors 18 are used by the interface device
16 to acquire physiological data from the patient 29. In FIG.
1, the sensors 18 are shown as including an SPO2 sensor
184, a ventilator sensor 18b, and a urometer sensor 18¢.

The interface device 16 is programmed to support each of
the different types of sensors 18 to which it is connected. To
this end, the interface device includes the interface programs
74 which are useable to interpret and process the data
acquired by the sensors 18. The sensors 18 each include
memory (not shown) that stores identification information
(c.g., device type) for the sensor 18. When one of the sensors
18 is initially connected to the interface device 16, this
information is transmitted to the interface device 16 so that
the interface device 16 can determine the type of sensor to
which it is connected. Based on this information, the inter-
face device 16 uses a particular interface program 74 to
interpret and process the data from the particular sensor 18.
In this regard, it may be noted that the interface device 16
may be used to serve as a universal interface device for a
variety of different types of sensors. In other words, when a
decision is made to support a new type of sensor, interface
software for the new type of sensor is developed and
programmed into the interface device 16. Any type of
monitor or other device that is connected to the communi-
cation network 20 then has access to the data acquired by the
new type of sensor by way of the interface device 16. There
is no need to develop interface software for each of these
different types of monitors individually.

It may be noted that in some cases sensors may be
connected to a monitor or interface device only indirectly
and a certain amount of preprocessing may occur before data
from a particular sensor is transmitted to the monitor or the
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interface device. For example, in connection with the ven-
tilator sensor 185, this sensor is likely to be provided as part
of or attached to a ventilator system having its own computer
system and an output port. The output port of the ventilator
system may be connected to an input port 60 of the interface
device 16, and data may be transferred to the interface
device 16 via the connection made between these two ports.
The interface device 16 is therefore connected to the sensor
18b by way of the ventilator computer system, and the data
from the ventilator sensor 186 is made available to the
interface device 16 by the ventilator computer system, as
opposed to by the sensor 18b itself directly. Similar arrange-
ments may be used for other devices such as respirators. In
other cases, particular sensors may be directly connected to
the monitors and interface devices.

The communication network 20 connects the patient
monitor 12, the interface device 16, the central monitor 24,
the patient monitors 26 and the interface devices 28. The
communication network 20 may be a hardwired or wireless
network and may be a local area network, metropolitan area
network, or wide area network such as the Internet. In the
embodiment of FIG. 1, the communication network is a
hospital monitoring network or other patient monitoring
network. The patient monitors 12, 26 and interface devices
16, 28 may be located throughout different rooms of the
healthcare facility. The monitors 26 may be the same or
similar in construction and operation to the monitor 12, and
the interface devices 28 may be the same or similar in
construction and operation to the interface device 16. The
patient monitors 26 and the interface devices 28 are con-
nected to additional sensors that acquire physiological data
from other patients. For simplicity, the additional sensors
and additional patients are not shown in FIG. 1. Other types
of monitors or interface devices may also be used. For
example, one of the monitors 26 may be a clinical informa-
tion system, which is in essence a device that monitors and
stores data transmitted on the communication network 20.
Other non-monitoring, non-data acquiring devices may also
be connected to the network 20, although these devices are
not shown in FIG. 1.

The identification adapter 22 is disposed between the
monitor 12 and the interface device 16. Preferably, the
identification adapter 22 is embedded in an electrical cable
27 which forms a dedicated communication link 25 between
the monitor 12 and the interface device 16. The dedicated
communication link 25 is separate from the communication
network 20 and provides a direct connection between the
monitor 12 and the interface device 16. In the preferred
embodiment, the cable 27 connects to the monitor 12 by way
of an open one of the input ports 30 used to connect the
monitor 12 to the sensors 14, and connects to the interface
device 16 by way of an open one of the input ports 60 used
1o connect the interface device 16 to the sensors 18. The
cable 27 is preferably bi-directional, so that either end may
be coupled to either the monitor 12 or the interface device
16.

In one embodiment, data acquired by the interface device
16 using the sensors 18 is transmitted to the monitor 12 by
way of the communication network 20 and not the dedicated
communication link 25. Alternatively, if the communication
link 25 has sufficient bandwidth, data may be transmitted by
way of the communication link 25. In this embodiment, the
purpose of the cable 27 is limited to providing a reliable way
of determining which two devices (i.e., which interface
device and which patient monitor) are connected together.
Because the operator can see a physical, hardwired connec-
tion between the monitor 12 and the interface device 16,
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there is little opportunity for confusion on the operator’s part
as to which two devices are connected together. This avoids
a situation in which the operator is under a mistaken
impression that the monitor 12 is configured to receive data
for one patient from one interface device, when in fact the
monitor 12 is actually configured to receive data for a
different patient from a different interface device. Of course,
it would also be possible to transmit the data acquired by the
sensors 18 by way of the dedicated communication link 25
instead of by way of the communication network 20.

The identification adapter 22 includes memory (not
shown) that stores device type information that is transmit-
ted to the interface device 16 and that is used by the interface
device 16 to distinguish the identification adapter 22 from
some other type of device, such as a sensor. This is akin to
the device type information stored and transmitted by the
sensors 18. This allows the interface device 16 to recognize
that it is connected to an identification adapter (and thus, by
way of the identification adapter, to a patient monitor) as
opposed to some other type of device, such as a sensor.

Referring now also to FIG. 4, an overview of the opera-
tion of the system 10 is illustrated. The interface device 16
has two modes of operation, namely, a peripheral mode of
operation and a stand-alone mode of operation.

In the peripheral mode of operation, the interface device
16 operates as a peripheral device for one of the monitors 12,
26. By way of example, it is assumed herein that the
interface device 16 is configured to operate as a peripheral
for the monitor 12, although the interface device 16 could
just as easily be configured at other times to operate as a
peripheral for one of the other patient monitors 26. In FIG.
4, at step 91, data is acquired from the patient 29 using the
sensors 18 connected to the interface device 16. Assuming
the interface device 16 is operating as a peripheral device for
the monitor 12, then the data is transmitted from the inter-
face device 16 to the monitor 12 at step 92. At step 93, the
data is displayed by the monitor 12.

In one embodiment, in the peripheral mode of operation,
the data acquired by the interface device 16 is available to
remaining ones of the plurality of monitors 26 only through
the monitor 12. Thus, the system 10 may be configured such
that data acquired by any of the monitors 12 and 26 may be
displayed at any of the other monitors 12 and 26. This allows
data acquired from one patient to be viewed by a physician
without the physician necessarily having to be at the
patient’s bedside. In the peripheral mode of operation, the
data acquired by the interface device 16 is available to the
monitors 26 along with the data from the monitor 12.
However, the monitors 26 are not permitted to directly
access the data acquired by the interface device 16; rather,
access to the data acquired by the interface device 16 is
granted through the monitor 12. Thus, when the interface
device 16 is in the peripheral mode of operation, access to
the data acquired by the interface device 16 is obtained in a
manner which is substantially the same as the manner in
which access is obtained to the data acquired by the monitor
12. Data acquired by the interface device 16 using the
sensors 18 is merged with data acquired by the monitor 12
using the sensors 14. From an operator interface perspective,
data from the interface device 16 is viewed at one of the
monitors 26 by viewing the data acquired by the monitor 12,
and little or no differentiation exists between data acquired
by the interface device 16 and data acquired by the monitor
12. Of course, other configurations are also possible.

Additionally, the monitors 26 each maintain a list 50 of
interface devices 28 on the communication network 20. The
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monitors 26 can then be configured to display this list to an
operator (in response to the reception of appropriate operator
inputs), such that an operator may select one of the interface
devices 28. For example, an operator at one of the operator
monitors 26 may wish to select a particular one of the
interface devices 28, adjust alarm thresholds for a particular
one of the parameters monitored by the selected interface
device 28, and then monitor the selected parameter to
thereby be alerted when the parameter exceeds the alarm
threshold. In the preferred embodiment, when the interface
device 16 is in the peripheral mode of operation, and when
an operator of one of the monitors 26 displays a list of the
interface devices on the communication network 20, the
interface device 16 is not included among the list of interface
devices displayed to the operator.

It may also be noted that, in the peripheral mode of
operation, some of the data transmitted to the monitor 12 by
the interface device 16 may not be displayed by the monitor
12 but may instead be passed through the monitor 12 to one
of the monitors 26, such as a clinical information system.
For example, intravenous (IV) pump data may be passed
through the monitor 12 to a clinical information system for
charting. Other parameters unknown to the monitor 12 may
be passed through as well. For example, if a particular sensor
18 is not supported by the monitor 12 but is supported by the
interface device 16, the data from the particular sensor 18
may simply be passed through the monitor 12 to the other
monitors 26 on the rest of the communication network 20.

In the stand-alone mode of operation, the interface device
16 operates as a stand-alone device for the monitors 12, 26.
The interface device 16 is available to transmit data directly
to any or all of the monitors 12, 26 by way of the commu-
nication network 20, depending on which monitors 12, 26
are configured to receive such data. As previously noted, in
one embodiment, each of the monitors 12, 26 maintains a list
of interface devices 16, 28 which are present on the com-
munication network 20 and which are available to operate in
the peripheral mode of operation. When the interface device
16 is in the stand-alone mode of operation, the interface
device 16 appears on this list for each of the monitors 12, 26.
In response to suitable operator inputs, any subset of the
monitors 12, 26 may be configured to display data from the
interface device 16 and to silence alarms, adjust alarm
threshold values, initiate graph generating functions, change
patient demographic and identification information, and
others. It may be noted that although the interface device is
available to transmit data to multiple ones of the monitors 12
in the stand-alone mode of operation, 26, the subset of
monitors which are configured to receive the data may some
times actually consist of zero monitors.

Referring again to FIG. 4, FIG. 4 shows operation of the
interface device 16 in the case where multiple monitors 12,
26 are configured to reccive the data from the interface
device 16. Thus, in FIG. 4, in the stand-alone mode of
operation, the data from the interface device 16 is transmit-
ted to multiple ones of the monitors 12, 26 at step 94. At step
95, the data is displayed by the multiple ones of the monitors
12, 26.

Referring now to FIG. 5, an embodiment of an association
process 100 in which the interface device 16 enters a
peripheral mode of operation is illustrated. By default, the
interface device 16 is in the stand-alone mode of operation
unless action is taken by an operator to which causes the
system 10 to configure the interface device 16 in the
peripheral mode of operation. Upon detecting that the inter-
face adapter 22 has been connected to one of the input ports
60 of the interface device 16, the interface device 16 and the
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monitor 12 initiate an auto-association process in which the
interface device 16 and the monitor 12 establish communi-
cation with each other and the interface device 16 becomes
a peripheral of the monitor 12. From the standpoint of a
human operator, the operator connects the interface device
16 and the monitor 12 with the cable 27, and this initiates an
auto-detect sequence wherein the interface device 16 and the
monitor 12 detect the presence of the cable 27 and the
interface device 16 enters the peripheral mode of operation.

More specifically, by way of example, at step 102, the
interface device 16 requests to associate with a monitor 12
or 26. Preferably, step 102 is implemented by the interface
device 16 which attempts to transmit identification informa-
tion (or a “packet”) on the dedicated communication link 25
at periodic intervals. This transmission provides an indica-
tion to any listening device (particularly, the monitor 12) that
the interface device 16 is available to enter the peripheral
mode of operation. The identification information may
include the unit name, bed number and IP address of the
interface device 16. Sending the unit name and bed number
is advantageous if the monitor 12 is a portable monitor
which is susceptible to being moved from location to
location within a facility. The monitor 12 may then further
prompt the operator to confirm the unit name of the interface
device 16, to provide further assurance that the correct two
devices are connected together.

The monitor 12 may also change its own unit name and
bed number to be similar to that of the unit name and bed
number of the interface device 16. This is advantageous in
that the unit name and bed number of the monitor 12 can be
automatically configured to match that of a location within
the facility by way of the data sent from the interface device
16 via the dedicated communication link 25. In this
example, the unit name and bed number of the interface
device 16 pre-configured such that it matches the physical
location of the interface device 16 with the facility, such as
a room number and bed location.

At step 104, if the dedicated communication link 25 is not
present, then the process 100 returns to step 102. On the
other hand, if the dedicated communication link 25 is
present at step 104, then the identification information is
successfully transmitted by way of the dedicated commu-
nication link 25 to the monitor 12. The process 100 then
proceeds to step 106.

At step 106, monitor 12 validates the identification infor-
mation and sends an acknowledgment to the interface device
16 by way of the communication link 25. The acknowledg-
ment transmitted by the monitor 12 includes identification
information (e.g., IP address) for the monitor 12. At step
108, the interface device 16 performs a checksum operation
to confirm that the identification information from the moni-
tor 12 is valid. If the checksum operation is not successful,
this indicates a faulty connection between the interface
device 16 and the monitor 12. Accordingly, at step 110,
operator feedback is provided indicating the faulty connec-
tion on the dedicated communication link 25 (e.g., a flashing
yellow LED 64 on the interface device 16), and the process
100 returns to step 102.

Conversely, at step 112, if the checksum operation is
successful, then operator feedback is provided indicating an
“association pending” condition (e.g., a solid yellow LED
64 on the interface device 16), and the process 100 proceeds
to step 114. At step 114, the interface device 16 attempts to
establish a connection with the monitor 12 on the commu-
nication network 20. If no connection can be established,
then the process returns to step 102.
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If connection is established at step 114 then, at step 116,
operator feedback is provided indicating successful associa-
tion (communication on both the network 20 and the link
25). The operator feedback may take the form, for example,
of a solid green LED 64 on the interface device 16.

After step 116, the mode of operation of the interface
device 16 is thereby changed from the stand-alone mode of
operation to a peripheral mode of operation. The process
then proceeds to step 118, waits for a predetermined amount
of time (e.g., two seconds), and then returns to step 102. By
virtue of regularly returning to step 102, the interface device
16 regularly confirms that it is still connected to the monitor
12. During this time, the interface device 16 may transmit
real time waveform data and/or numeric parameter data to
the monitor 12.

In the preferred embodiment, the cable 27 is provided
which forms a communication link 25 between the interface
device 16 and the monitor 12. The cable 27 provides a
physical connection between the interface device 16 and the
monitor 12 which is visible to the operator, and therefore
serves to visually identify which two devices are connected
together. Other types of physical connections may be used to
implement a visual identification link. For example, a device
as simple as a string with mechanical or electronic keys at
both ends may be used. If electronic keys are used, for
example, the electronic keys may take the form of connec-
tors which each pin selectively tied high or low. Each
connector then represents a stored N-bit number (with N
corresponding to the number of pins) which is read by the
monitor 12 at one end and the interface device 16 at the other
end. The monitor 12 and interface device 16 then locate each
other on the communication network 20 by locating the
device with the matching key. Other arrangements are also
possible. It may also be noted that the use of a visual
identification link may be employed not only with interface
devices that are capable of both a peripheral and stand-alone
mode of operation, but also with interface devices that are
only capable of a peripheral mode of operation.

In alternative embodiments, no visible communication
link is used (e.g., no identification adapter 22, no commu-
nication link 25, and so on), and the interface device 16
enters the peripheral mode of operation entirely in response
to requests transmitted by way of the communication net-
work 20. For example, an operator input may be received at
the monitor 12 which indicates that the operator wishes to
have the interface device 16 configured to operate as periph-
eral for the monitor 12. Each interface device 16, 28
broadcasts its presence on the communication network 20
and each monitor 12, 26 maintains a list of interface devices
available on the communication network 20. When the
operator wishes to select an interface device to be configured
as a peripheral, a list of available interface devices is
displayed to the operator at the monitor 12. Operator inputs
are then received which indicate the operator’s selection of
a particular interface device 16, 28 to serve as a peripheral.
The interface device 16 changes from the stand-alone mode
of operation to the peripheral mode of operation in response
to receiving a request from the monitor 12 to enter the
peripheral mode of operation. To provide safe assurance that
the correct two devices are associated, a device name may
be made visible on the housing of the interface device 16,
which the operator may then read and compare to the
number of the interface device presented on the display of
the monitor 12.

Referring now to FIGS. 6-8, a plurality of exemplary
screen displays are shown. In FIG. 6, the interface device 16
is in the stand-alone mode of operation. The data is dis-
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played at the monitor 12 in a split view mode, such that the
right-hand side of the screen shows the data acquired using
the sensors 14 and the left-hand side of the screen shows
data acquired using the sensors 18. The left and right are
potentially two different patients, but they could be the same
patient.

In FIG. 7, the interface device 16 is in a peripheral mode
of operation. The data from the interface device 16 in FIG.
6 is displayed by the monitor 12, except that the monitor 12
has merged this data in with its own local data. It appears
that data from the interface device 16 is local to the monitor
12.

InFIG. 8, one of the patient monitors 26 is displaying data
in a split view mode. The right side of the display is locally
acquired data for the monitor 26. The left side of the display
is a remote view of the data acquired by the monitor 12. The
data from the monitor 12 contains a combination of data that
is locally acquired by the monitor 12 and data acquired by
the interface device 16.

Many changes and modifications may also be made to the
invention without departing from the spirit thereof. The
scope of these changes will become apparent from the
appended claims.

What is claimed is:

1. An interface device for a monitoring system, compris-
ing:

a communication interface, the communication interface
being adapted to connect the interface device to a
communication network to transmit data acquired by
the interface device using a plurality of sensors over the
communication network; and

a microprocessor and a programmed memory coupled to
the microprocessor, the memory being programmed to
provide the interface device with a peripheral mode of
operation and a stand-alone mode of operation;

wherein, in the peripheral mode of operation, the interface
device operates as a peripheral device for a first one of
a plurality of monitors, the first monitor configured to
receive and process data from sensors that are coupled
to the first monitor and a system under test, and
configured to execute a monitor program related to data
acquired by the interface device from the plurality
SEnsors;

wherein, in the stand-alone mode of operation, the inter-
face device operates as a stand-alone device available
to transmit the data from the sensors to multiple ones of
the plurality of monitors by way of the communication
network.

2. An interface device according to claim 1,

wherein, in the peripheral mode of operation, (i) the
interface device transmits the data acquired by the
sensor to the one of the plurality of monitors, (ii) the
data is accessible by remaining ones of the plurality of
monitors only through the one of the plurality of
monitors; and

wherein, in the stand-alone mode of operation, (i) the data
is accessible by remaining ones of the plurality of
monitors only through the one of the plurality of
monitors, and (ii) the data is displayed by the respective
displays of the more than one of the plurality of
monitors.

3. An interface device according to claim 1, wherein the
data transmitted by the interface device is physiological data
pertaining to a physiological condition of a human patient.

4. A monitoring system comprising:

a communication network;
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a sensor, the sensor being capable of acquiring data from
a system under test;

an interface device, the interface device being coupled to
the sensor to receive the data from the system under
test, and the interface device being coupled to the
communication network; and

a plurality of monitors, each of the plurality of monitors
being coupled to the communication network; and

wherein the interface device has a peripheral mode of
operation and a stand-alone mode of operation, the
interface device operating as a peripheral device for a
selected first one of the plurality of monitors in the
peripheral mode of operation, and the interface device
operating as a stand-alone device available to transmit
the data to each of the plurality of monitors in the
stand-alone mode of operation; and

wherein, the first monitor is configured to receive and
process data from sensors that are coupled to the first
monitor and a system under test, and configured to
execute a monitor program related to data acquired by
the interface device from the plurality sensors.

5. A system according to claim 4,

wherein, in the peripheral mode of operation, (i) the
interface device transmits the data acquired by the
sensor to the selected one of the plurality of monitors,
(ii) the data is displayed by the selected one of the
plurality of monitors, and (iii) the data is accessible by
remaining ones of the plurality of monitors only
through the selected one of the plurality of monitors;
and

wherein, in the stand-alone mode of operation, the inter-
face device is available to transmit the data individually
to each of the plurality of monitors, and the plurality of
monitors are each configurable to receive the data
acquired by the sensor directly from the interface
device by way of the communication network.

6. A monitoring system comprising:

a communication network;

a sensor, the sensor being capable of acquiring data from
a system under test;

an interface device, the interface device being coupled to
the sensor to receive the data from the system under
test, and the interface device being coupled to the
communication network;

a plurality of monitors, each of the plurality of monitors
being coupled to the communication network; and

an identification link, the identification link providing a
separate physical connection between the interface
device and the selected one of the plurality of monitors
to thereby provide a visual indication that the interface
device is operating as operating as the peripheral device
for the selected one of the plurality of monitors

wherein the interface device has a peripheral mode of
operation and a stand-alone mode of operation, the
interface device operating as a peripheral device for a
selected one of the plurality of monitors in the periph-
eral mode of operation, and the interface device oper-
ating as a stand-alone device available to transmit the
data to each of the plurality of monitors in the stand-
alone mode of operation.

7. A monitoring system comprising:

a communication network;

a sensor, the sensor being capable of acquiring data from
a system under test;

an interface device, the interface device being coupled to
the sensor to receive the data from the system under
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test, and the interface device being coupled to the
communication network; and
a plurality of monitors, each of the plurality of monitors
being coupled to the communication network;

wherein the interface device has a peripheral mode of
operation and a stand-alone mode of operation, the
interface device operating as a peripheral device for a
sclected one of the plurality of monitors in the periph-
eral mode of operation, and the interface device oper-
ating as a stand-alone device available to transmit the
data to each of the plurality of monitors in the stand-
alone mode of operation; and
wherein the identification link comprises a dedicated
communication link, wherein the system further com-
prises a plurality of additional interface devices, and
wherein the interface device and the selected one of the
plurality of monitors communicate by way of the
dedicated communication link to verify an identity of
the interface device operating as the peripheral device
for the selected one of the, plurality of monitors.
8. A system according to claim 4, wherein the interface
device switches from the stand-alone mode of operation to
the peripheral mode of operation in response to receiving a
request from the selected one of the plurality of monitors to
enter the peripheral mode of operation.
9. A system according to claim 4, wherein the interface
device switches from the stand-alone mode of operation to
the peripheral mode of operation in response to an operator
input received at the selected one of the plurality of moni-
tors.
10. A system according to claim 4, wherein the monitor-
ing system is a patient monitoring system, wherein the
system under test is a human patient, and wherein the data
acquired from the human patient is physiological data.
11. A system according to claim 10, wherein the sensor is
one of an electrocardiograph sensor, a pulse oximetry
sensor, a blood pressure sensor, and a carbon dioxide sensor,
cardiac output sensor, impedance cardiography sensor, elec-
troencephalograph sensor.
12. A system according to claim 10, wherein the patient
monitoring system is located in a healthcare facility.
13. A system according to claim 10, wherein the interface
device stores information identifying at least one of a unit
name and a bed number with which the interface device is
associated, and wherein the interface device transmits the at
least one of the unit name and bed number to the selected
one of the plurality of monitors.
14. A system according to claim 4,
wherein the sensor is one of a first plurality of sensors
capable of acquiring data from the system under test,
wherein the system further comprises a second plurality
of sensors, the second plurality of sensors being
capable of acquiring data from the system under test;

wherein the interface device includes a first plurality of
input ports, the first plurality of input ports being
coupled to respective ones of the first plurality of
sensors to receive data at the interface device from the
first plurality of sensors; and

wherein the selected one of the plurality of monitors

includes a second plurality of input ports, the second
plurality of input ports being coupled to respective ones
of the second plurality of sensors to receive data at the
selected one of the plurality of monitors from the
second plurality of sensors.

15. A monitoring system comprising:

a communication network;
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a sensor, the sensor being capable of acquiring data from
a system under test;

an interface device, the interface device being coupled to
the sensor to receive the data from the system under
test, and the interface device being coupled to the
communication network;

a plurality of monitors, each of the plurality of monitors
being coupled to the communication network; and

wherein the sensor is one of a first plurality of sensors
capable of acquiring data from the system under test,
wherein the system further comprises a second plurality
of sensors, the second plurality of sensors being
capable of acquiring data from the system under test;

wherein the interface device includes a first plurality of
input ports, the first plurality of input ports being
coupled to respective ones of the first plurality of
sensors to receive data at the interface device from the
first plurality of sensors;

wherein the selected one of the plurality of monitors
includes a second plurality of input ports, the second
plurality of input ports being coupled to respective ones
of the second plurality of sensors to receive data at the
selected one of the plurality of monitors from the
second plurality of sensors; and

wherein, in the peripheral mode of operation, the data
acquired by the first plurality of sensors is displayed at
the selected one of the plurality of monitors in a manner
that is substantially indistinguishable from a manner in
which the data acquired by the second plurality of
sensors is displayed; and

wherein, in the stand-alone mode of operation, the data
acquired by the first plurality of sensors is displayed at
the selected one of the plurality of monitors in a manner
that is readily distinguishable from a manner in which
the data acquired by the second plurality of sensors is
displayed.

16. An interface device for a patient monitoring system,

comprising:

a plurality of input ports, the plurality of input ports being
capable of being connected to a respective plurality of
sensors to receive data acquired by the sensors from a
patient;

a communication interface, the communication interface
being adapted to connect the interface device to a
communication network to transmit the data from the
plurality of sensors over the communication network;

a microprocessor and a programmed memory coupled to
the microprocessor, the memory being programmed to
provide the interface device with first and second
modes of operation,

wherein, in the first mode of operation of the interface
device, the interface device operates as a peripheral
device for a selected first one of a plurality of monitors,
such that the interface device transmits the data from
the patient to the first monitor, the first monitor con-
figured to receive and process data from sensors that
are coupled to the first monitor and a system under test,
and configured to execute a monitor program related to
data acquired by the interface device from the plurality
sensors; and

wherein, in the second mode of operation of the interface
device, the interface device is available to transmit the
data from the sensors to multiple ones of the plurality
of monitors by way of the communication network for
utilization by the multiple ones of the plurality of
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monitors, the utilization by the multiple ones of the
plurality of monitors comprising, for each monitor, at
least one of (a) displaying the data from the sensors and
(b) storing the data from the sensors in an electronic
patient chart.

17. A patient monitoring system for a healthcare facility,

the patient monitoring system comprising:

a communication network;

a first plurality of sensors, the first plurality of sensors
being capable of acquiring a first set of data from a
human patient, the first set of data pertaining to physi-
ological measurements from the human patient;

a second plurality of sensors, the second plurality of
sensors being capable of acquiring a second set of data
from the human patient, the second set of data pertain-
ing to additional physiological measurements from the
human patient;

a plurality of monitors, the plurality of monitors each
being coupled to the communication network and each
including a respective display, the plurality of monitors
including a first monitor, the first monitor having a first
plurality of input ports, the first monitor being coupled
to the first plurality of sensors by way of the first
plurality of input ports;

an interface device, the interface device being coupled to
the communication network, the interface device hav-
ing a second plurality of input ports, the interface
device being coupled to the second plurality of sensors
by way of the second plurality of input ports;

wherein, in a first mode of operation, the interface device
operates as a peripheral device for the first monitor,
such that (i) the interface device transmits the second
set of data to the first monitor, (ii) at least some of the
second set of data is displayed by the first monitor, and
(iif) the second set of data is accessible by remaining
ones of the plurality of monitors only through the first
monitor; and

wherein, in a second mode of operation, the interface
device operates as a stand-alone device, such that (i) the
interface device transmits the second set of data by way
of the communication network to more than one of the
plurality of monitors, and (ii) at least some of the
second set of data is displayed by the more than one of
the plurality of monitors.

18. A method of operation for a patient monitoring

network, comprising:

(A) acquiring data from a patient using sensors connected
to an interface device;
(B) operating the monitoring network with the interface
device in a stand-alone mode operation, including
(1) transmitting the data from the interface device to a
plurality of monitors, and
(2) displaying the data at the plurality of monitors;
(C) changing the mode of operation of the interface
device from the stand-alone mode of operation to a
peripheral mode of operation; and
(D) operating the monitoring network with the interface
device in the peripheral mode operation, including
(1) transmitting the data from the interface device to a
selected first one of the plurality of monitors, the first
monitor configured to receive and process data from
sensors that are coupled to the first monitor and a
system under test, and configured to execute a moni-
tor program related to data acquired by the interface
device from the plurality sensors, and
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(2) displaying the data at the selected one of the
plurality of monitors,

wherein, in the peripheral mode of operation, the data
acquired by the interface device is available to remain-
ing ones of the plurality of monitors only through the
selected one of the plurality of monitors.

19. A method according to claim 18, further comprising
repetitively broadcasting a message from the interface
device indicating that the interface device is available to
enter the peripheral mode of operation.

20. Amethod according to claim 18, wherein the changing
step further comprises

(1) transmitting a request from the selected one of the
plurality monitors to the interface device to enter a
peripheral mode of operation, and

(2) receiving and responding to the request at the interface
device.

21. Amethod according to claim 18, wherein the interface
device is one of a plurality of interface devices, and wherein
the method further comprises maintaining a list of the
plurality of interface device that are available to operate in
the peripheral mode of operation, the list being maintained
in memory devices of at least some of the plurality of
monitors.

22. A method of operation for a patient monitoring
network, comprising:

(A) acquiring data from a patient using sensors connected

to an interface device, the interface device being one of
a plurality of interface devices;

(B) operating the monitoring network with the interface
device in a stand-alone mode operation, including
(1) transmitting the data from the interface device to a

plurality of monitors, and
(2) displaying the data at the plurality of monitors;

(C) changing the mode of operation of the interface
device from the stand-alone mode of operation to a
peripheral mode of operation;

(D) operating the monitoring network with the interface
device in the peripheral mode operation, including
(1) transmitting the data from the interface device to a

selected first one of the plurality of monitors, and
(2) displaying the data at the selected one of the
plurality of monitors,

(E) maintaining a list of the plurality of interface device
that are available to operate in the peripheral mode of
operation, the list being maintained in memory devices
of at least some of the plurality of monitors; and

(F) displaying the list to a human operator, and receiving
an operator selection indicating which of the plurality
of interface devices is available to serve in the periph-
eral mode of operation;

wherein, in the peripheral mode of operation, the data
acquired by the interface device is available to remain-
ing ones of the plurality of monitors only through the
selected one of the plurality of monitors.

23. A method of operation for a patient monitoring

network, comprising:

(A) acquiring data from a patient using sensors connected
to an interface device;

(B) operating the monitoring network with the interface
device in a stand-alone mode operation, including
(1) transmitting the data from the interface device to a

plurality of monitors, and
(2) displaying the data at the plurality of monitors;

(C) changing the mode of operation of the interface
device from the stand-alone mode of operation to a
peripheral mode of operation;
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(D) operating the monitoring network with the interface
device in the peripheral mode operation, including
(1) transmitting the data from the interface device to a
selected first one of the plurality of monitors, the
interface device and the selected one of the plurality
of monitors being connected by a dedicated commu-
nication link, and

(2) displaying the data at the selected one of the
plurality of monitors, and

(E) exchanging identification information between the
interface device and the selected one of the plurality of
monitors over the dedicated communication link;

wherein, in the peripheral mode of operation, the data
acquired by the interface device is available to remain-
ing ones of the plurality of monitors only through the
selected one of the plurality of monitors.

24. A monitoring system comprising:

first means for acquiring a first set of data from a system
under test;

second means for acquiring a second set of data from the
system under test;

means for displaying the first set of data and the second
set of data; and

means for receiving the first set of data and transmitting
the first set of data on a communication network,
wherein, in a first mode of operation, the means for
receiving transmits the first set of data exclusively to
the means for displaying and, in a second mode of
operation, the means for receiving broadeasts the first
set of data on the communication network for reception
by a plurality of devices capable of displaying the first
set of data.

25. A monitoring system comprising:

a communication network;

a plurality of sensors, the plurality of sensors being
capable of acquiring data from a plurality of systems
under test;

a monitor, the monitor having a display, and the monitor
being coupled to the communication network;

a plurality of interface devices, the plurality of interface
devices being coupled to respective ones of the plural-
ity of sensors to receive the data from the systems under
test, the plurality of interface devices being coupled to
the communication network, and a selected one of the
plurality of interface devices operating as a peripheral
device for the monitor; and

an identification link, the identification link providing a
separate physical connection between the monitor and
the selected one of the plurality of interface devices to
thereby provide a visual indication which one of the
plurality of interface devices is operating as the periph-
eral device for the monitor.

26. A system according to claim 25, wherein the identi-

fication link comprises a communication link.

27. A system according to claim 26, wherein the interface
device and the monitor communicate by way of the dedi-
cated communication link to verify an identity of the
selected one of the interface devices.

28. A system according to claim 26, wherein the interface
device and the monitor each have an IP address on the
communication network, and wherein the interface device
and the monitor exchange IP address information by way of
the dedicated communication link.

29. A system according to claim 25, wherein the interface
device has a peripheral mode of operation and a stand-alone
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mode of operation, the interface device operating as a
peripheral device for the monitor in the peripheral mode of
operation, and the interface device operating as a stand-
alone device available to transmit the data to the monitor and
a plurality of additional monitors in the stand-alone mode of
operation.

30. A system according to claim 2§, wherein the moni-
toring system is a patient monitoring system, wherein the
system under test is a human patient, and wherein the data
acquired from the human patient is physiological data.

31. A system according to claim 25, wherein one of the
plurality of sensors is one of an electrocardiograph sensor, a
pulse oximetry sensor, a blood pressure sensor, and a carbon
dioxide sensor, cardiac output sensor, impedance cardiog-
raphy sensor, electroencephalograph sensor.

32. A system according to claim 25, wherein the patient
monitoring system is located in a healthcare facility.

33. Asystem according to claim 25, wherein the selected
one of the plurality of interface devices stores information
identifying at least one of a unit name and a bed number with
which the selected one of the plurality of interface devices
is associated, and wherein selected one of the plurality of
interface devices transmits the at least one of the unit name
and bed number to the monitor.

34. A monitoring system, comprising:

a monitor; and

an interface device coupled to the monitor and configured
to operate in a first operating mode and a second
operating mode;

wherein the monitor handles data acquired by the inter-
face device as if it had been acquired by the monitor if
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the interface device is in the first operating mode, and
handles data acquired by the interface device as if it had
been acquired by an independent device if the interface
device is in the second operating mode.

35. A monitoring system, comprising;

a network;

a monitor coupled to the network; and

an interface device coupled to the network and configured
to operate in a first operating mode and a second
operating mode;

wherein the system handles data acquired by the interface
device as if it had been acquired by the monitor if the
interface device is in the first operating mode, and
handles data acquired by the interface device as if it had
been acquired independently of the monitor if the
interface device is in the second operating mode.

36. A monitoring system, comprising;

a network;

a monitor coupled to the network; and

an interface device coupled to the network and configured
to operate in a first operating mode and a second
operating mode;

wherein the system handles the interface device as if it
were a portion of the monitor if the interface device is
in the first operating mode, and handles data acquired
by the interface device as if it is an independent device
if the interface device is in the second operating mode.
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