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Throughput-Based Active Mode Trigger

Field of the Invention
This invention concerns a system and method for minimizing gaps in data

transmission between devices in a wireless communication environment

Background of the Invention

Monitoring patients presents challenges to healthcare professionals that are
charged with patient care. These challenges are accentuated when the patients
being monitored are ambulatory because the devices used for monitoring patient
parameters are also required to be movable so that the patient is not confined to a
particular bed in a particular care unit. There are a plurality of portable patient
monitoring devices able to monitor different patient parameters. The monitored
patient parameters may be transmitted over a wireless communications network
for receipt by a central monitoring station. In order for these monitors to remain
portable and enable patients to be ambulatory, these monitoring devices often
include rechargeable batteries. However, a drawback associated with portable
patient monitors that wirelessly transmit data is the need to maintain the monitors
in a lower power state to maximize battery life while ensuring that there are no

gaps in the data being transmitted and/or received by the monitors.

Furthermore, in order for patients to remain ambulatory, they should be
able to wireless transmit data from and receive data at their respective monitoring
devices. In a healthcare environment that is outfitted with a wireless network (e.g.
802.11a/b/d/g/i/n, etc), in order to consistently monitor the patients when they are
moving between different care units, there are a plurality of access points
positioned at various areas throughout the healthcare environment. The plurality
of access points are coupled to at least one communications network that includes
at least one monitoring station for collecting patient data. The collected patient
data may, for example, be displayed on a display device or stored in a patient
information database for the purpose of creating a patient healthcare record. In
order for this patient data to be reliably collected, the portable patient monitors

can selectively communicate with a respective one of the access points to transmit
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and receive data therebetween. While the patient is moving around the healthcare

enterprise, the communication may be selectively handed off between successive
access points depending on the proximity of the portable patient monitor to the
respective access point. Proximity is determined based on a received signal
strength indicator (RSSI) which is a measure of power. Thus, the portable patient
monitors look for the highest RSSI value (or in some cases, the least negative
RSSI value) which determines and identifies the “closest” access point. While
RSSI value successfully determines the access point to which the portable patient
monitor will connect in order to prevent a gap in data transmission, it is unable to
avoid the transmission gap that often occurs when the portable patient monitor has
already identified that a particular access point is the “closest” access point. Thus,
a need exists to improve data transmission between monitoring devices and access
points, when proximity to an access point is not the cause of the transmission gap.
A system according to invention principles addresses deficiencies of known
systems to reduce transmission gaps between portable monitoring devices that are

connected to a central monitoring station via at least one wireless access point.

Summary of the Invention

In one embodiment, an apparatus for reducing gaps in data transmission
between a device and at least one wireless access point is provided. The device
includes a radio that enables bidirectional data communication between the device
and the at least one wireless access point, the radio being able to operate in a
power save mode and an active transmission mode. A control processor
selectively monitors a type and amount of data being transmitted between the
radio and the at least one wireless access point to predict an occurrence of a gap in
data transmission between the device and the at least one access point. The control
processor, in response to predicting a gap in data transmission, automatically
switches an operational mode of the radio from the power save mode to the active
transmission mode for a predetermined amount of time enabling full bidirectional
communication between the device and the at least one wireless access point for
the predetermined amount of time preventing the gap in data transmission.

In another embodiment, a method of reducing gaps in data transmission
between a device and at least one wireless access point connecting the first device

to a central monitoring system. The method comprises the activities of
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monitoring, by a control processor, a type and amount of data being transmitted

between a radio of the device and the at least one wireless access point. The
method further includes predicting an occurrence of a gap in data transmission
between the device and the at least one access point and automatically switching
an operational mode of the radio from power save mode to active transmission
mode for a predetermined amount of time in response to predicting a gap in data
transmission. Full bidirectional communication is enabled between the device and
the at least one wireless access point for the predetermined amount of time
preventing the gap in data transmission.

In another embodiment, an apparatus for reducing gaps in data
transmission between a device and at least one wireless access point is provided.
The device includes a radio that enables bidirectional data communication
between the device and the at least one wireless access point. The radio is able to
operate in a power save mode and an active transmission mode. A control
processor selectively monitors data being transmitted between the radio and the at
least one wireless access point to detect an occurrence of a gap in data
transmission between the device and the at least one access point. The control
processor, in response to detecting a gap in data transmission, automatically
switches an operational mode of the radio from the power save mode to the active
transmission mode for a predetermined amount of time enabling communication
between the device and the at least one wireless access point for the

predetermined amount of time.

Brief Description of the Drawings

Figure 1 is a block diagram of a portable patient monitoring device
according to invention principles;

Figure 2 is a block diagram of an exemplary radio circuit of a portable
patient monitoring device according to invention principles;

Figure 3 is a flow diagram detailing an operation of a portable patient
monitoring device according to invention principles;

Figure 4 is a flow diagram detailing an operation of a portable patient
monitoring device according to invention principles;

Figure 5 is a flow diagram detailing an operation of a portable patient

monitoring device according to invention principles; and
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Figure 6 is a flow diagram detailing an operation of a portable patient

monitoring device according to invention principles.

Detailed Description

Patients that are admitied to a bealthcare facility such as a hospital are
coptinuously monitored. Thes continual monitoring s a data intensive task that
should ocour no matter where the patient is focated within the facihity. 'To achieve
this goal, healthcare facilities have been outfitted with a network of wireless
access points that enable wireless communication bebween a central monitoring
station srd a phurslity of portable patient monitoring devices. The portable patient
monitoring devices may be powered by a rechargeable battery source and thus
have a fintte amoont of power with which 1o operate to accomplish their
morstoring functions as well a8 conyounication functions. Thus, i is destrable o
minimize the power consumaption of the compunication circuiiry of these portable
patient monitoring devices because continual operation thereof places a significant
drain on the power source of the portable patient momitoring device. To this end,
the radio circuifry of the portable patient monitoring devices are conventionally
set 10 operate iy a power-save made, However, in power save mode, a gap in data
transrnission from or receipt by the portable patient monitoring devices may ocour
because the portable patiend moniioring devices rely on a signal frore g respective
access point 1o enable ransmissiondreceipt of data. If this signal is not received or
otherwise aot detected by the portable patient monitonag device, the device will
remain i power save mode and will not transraif or receive data thereby resulting
in a gap in patient monitoring data intended {o be transforred between the portable
patient monitor and the central monitoring  station. The present system
advantageounsly and astomatically resolbves this problem by monitoring throughput
of data and use of the detected datz throughpwt level o controf when the portable
patient monitor should move between the power save (defaulty operating mode
and an active mode during which the commupication civenitry 18 fully operatonal
and data is continuously anstoitted and/or received by the portabie patient
momitoring device. The system further advantageousiy causes the portable patient
momioring device o remain 1o active mode for 3 predetermined amount of tme
therehy ensuring that the intended data fransmission ocours prior o automatically

switching back to the defauit power save mode of operation, Thus, the Hinited
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frapsition imo active mode advantageously onsures that the intended data

transimission will ccour without sacrificing the battery life of the portable patient

raonitoring device.

Frigure 1 is an exemplary embodiment of a portable patient monitor
(hereinafier, “monitor™) 100 according to invention principlea. The monitor 100
ipchudes a control processor 102 and an elecirically evasable programmable read
only memory (EEPFROM) 104 that inchules configuration data used by the control
procesaor 12 for controtling monitor operation. The monitor 10 inclades a front
end 116 that interfaces between a pluraliey of patient parameier sensors 111 and
the monitor 130, As shown herein patient parameter sensors 111 may include, but
are not limited to an oximetry sensor 112 that senses an amount of oxygen in a
patients blood and an electrocardiogram {(EK(GY 114 that selectively monitors
electrical irapuises generated by the patients heart. The inclusion of these types of
patient sensors 111 is for purposes of exampie only and any typs of patient sensor
may be coupled to the front end 116 of the monitor 100 10 addivon or 1o place of
the oximetry sensor 116 gnd PRG 114, Additions! patient sepsors 111 may
inchide at least one of {a) Respiration sensor; (b) Non Invasive Blood Pressure
(NIBP) sensor; (c) Invasive Blood Pressure (IBP) sensor; (d) End Tidal Carbon
Dioxide (eTCO2) sensor and (e) temperature sensor.

The front end 116 is clectrically coupled to the control provessor 142, The
controd processor 1892 may provide control information for controliing the
operation of the respective patient sensors 111 coupled to the Font end 116, The
front enst 116 also receives data semsed by the patient sensors 111 which is
provided back to the patient monitor 100 as patient parameter data. The control
processor 2 causes the received patient parameter data to be stored in a memory
116 coupled o the contral processor 102, The monitor 30 may also include at
least one inpot/output (/3 port 113 coupled to the control processor 102 allowing
a oser o selectively nteract with the mouitor 100 via an YO device connected
thereto. KO devices may inchude, but are not livdted to at lesst one of (a) 2
kevboard: (b) a mouse; and (¢} a touchpad. For example, a user may selgctive
modify operating instructions associated with the patient sensors 111 coupled o
the monitor 110, Addigonally, a speaker 120 may he coupled 1o the control

processor 102 for cutputting an andible alert 1o notify 2 user that a certain event is
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oucurring. For example, data sensed by the EKG 114 may be determined o be

indicative of atrial fibrillation requining immediate attention. In this example, the
control processor 102 may cause the speaker to output g particular type of alarm 1o
fet a weer know this condition I8 occurring in the patient being monitored.
Addittonally, the patient monitor 100 may include a display conpecior 122
enabling & display device to be coupled to the monitor 130 allowing for display of
at least one of () patient parameter data being monitored and (b) device-specific
operating information. Alternatively, the monitor 100 may inchide a display

integrally formed therewith,

The montior 1) includes a radio 100 and an antepna 108 coupled thereto.
The radic 106 selectively enables hidirectional commminication between the
monitor 100 and a central monitoring station 126 via a plarabity of wireless access
points 124a, 124b. While only fwo wireless access points 1243 and 124b are
showwn, one skilled in the art of wireless network design would appreciate that any
number of wireless access points oay be inchuded depending on the size of the
environient in which comraunication is 0 occur. The wircless data transiission
employed by the radio 106 may be in accondance with the Wireless LAN Medium
Access Control and Phvsical Layer Specification known as FHEE Standard 80211,
This may include, but not hodted 1o, comnunication prowcols such as (1)
a0 11a, (byBGZ.11h, (¢} 802.11g and () 802.11n. The 80211 protocol enables
the radic 16 1o associaic the monitor 100 with a respective one of the plurality of
aceess pomnis 124a in 2 known manner. f the R351 value of the first wireless
access point falls below a threshold RSSE value (typically -754Bm3, the radio 106
automatically initiaies 3 scan for addittopal access points with higher {(less
negative) RSSE vahaes (o waintain compmumcation with the central station 126, In
the event that the R551 signal falls below the threshold, the radio 106 will ransmit
a disassociate signal to the first access point 1244 and an associate {Or reassociata)
signal 10 2 second wireless access point 124 determined 1o be closer to the
mowator and have a higher RSS81L Upon authentication by the second wircless
access point 124b, the monitor 106 will be able to bidirectiopally communicate

with the central station 126 via the second access point 124b.

In a healthcare environment, it is essential to consistently monitor patient

parameters and insure that healthcare professionals have access to this data in real-
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time so as to quickly and effectively provide treatment to a patient should the need

arise. Unfortunately, bidirectional radio transmission is a power-intensive process
and, if the radio 106 is configured to actively transmit and/or receive data at all
times, the power source of the monitor 100 will be drained at a quicker rate than is
acceptable. Thus, the radio 106 is configured according to the 802.11 protocol to
operate in a power-save mode (PSM). In PSM, the radio 106 is in a “sleep mode”
at all times except when needed to transmit and/or receive data from a wireless
access point. In sleep mode, the radio may selectively receive beacon packets 130
from an access point to which the monitor 100 is associated. For purposes of
example, the monitor 100 will be discussed as being associated with the first
access point 124a. However, the principles described herein may be applied when
associated with any access point connected to the central station 126. Beacon
packets 130 may include any information indicating that there are data buffered at
the access point 124a waiting for transmission to the monitor 100 or that data are
being requested from the monitor 100. When the radio 106 receives a beacon
packet 130 from an access point 124a, the radio 106 automatically transmits a
PS_Poll message 132 to the access point 124a. Transmission of the PS_Poll
message 130 results in the radio 106 emerging from “sleep mode” into “active
mode” to enable bidirectional communication between the radio 106 and the
wireless access point 124a. The PS Poll message 132 instructs the wireless access
point 124a to transmit the buffered data stored at the access point 124a or transmit
the request for data from the access point 124a to the radio 106. This process
continues until all the data buffered at the access point 124a has been transmitted

to and received by the radio 106 of the monitor 100.

The radio 106 also measures a level of data throughput in a receive mode
(RX mode) which includes data throughput received by the radio 106 transmitted
from the wireless access point 124a while the radio 106 is in PSM. Data
throughput may be measured in bits transmitted per second (b/s) and include
transmission control protocol (TCP) data governing the connection between the
monitor 100 and the access point 124a and/or the central station 126. Additionally,
throughput data being measured may include at least one of (a) User Datagram
Protocol (UDP) data; (b) Address Resolution Protocol (ARP) data; (c¢) Internet
Group Management Protocol (IGMP) data; and (d) Internet Control Message
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Protocol (ICMP) data. The throughput data level may be indicative of connection

strength between the monitor 100 and the access point 124a. A predetermined
range of throughput data values is stored for use in determining the connection
strength of the radio 106 to the access point 124a. If the measured throughput data
value is within the predetermined range, it is indicative that there will not be any
gaps in data transmitted from the access point 124a to the monitor 100. In one
embodiment, the predetermined range used for comparing throughput data
transmitted by the access point ranges between substantially 1000b/s and
20000b/s. If the radio 106 determines that the throughput data value is at least one
of below the lower limit of the predetermined range of throughput data or above
the upper limit of the predetermined throughput range, it is indicative that a gap in
transmission has occurred or may occur. If the measured throughput level is below
the lower limit of the range, it may be indicative of a beacon transmission failure
from the access point 124a. If the measured throughput level is above the upper
limit of the range, it may be a predictive indicator that beacon transmission will
not occur as expected.

The radio 106 may also measure a level of data throughput in a
transmission mode (TX mode) which includes data throughput transmitted by the
radio 106 to the wireless access point 124a while the radio 106 is in PSM. The
throughput data being monitored in this embodiment may be any of the
throughput data types described above. A predetermined range of throughput data
values is stored for use in determining the connection strength of the radio 106 to
the access point 124a. If the measured throughput data value is within the
predetermined range, it is indicative that there will not be any gaps in data
transmitted by the radio 106 to the access point 124a. In this embodiment, the
predetermined range used for comparing throughput data transmitted by the radio
106 to the access point ranges between substantially 2500b/s and 60000b/s. If the
radio 106 determines that the throughput data value is at least one of below the
lower limit of the predetermined range of throughput data or above the upper limit
of the predetermined throughput range, it is indicative that a gap in transmission

has occurred or may occur.

The predetermined throughput data ranges described above are described

for purposes of example only. The predetermined throughput data ranges for a
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particular monitor may be based on the average amount of data transmitted by the

monitor. For example, the transmission and receipt (TX/RX) ranges described
above may be associated with a monitor having an average TX/RX value of
substantially 25000bps. Thus, the predetermined range of acceptable values may
include the average TX/RX rate at substantially a midpoint thereof. For example,
if a monitor has an average TX/RX rate 100000bps, the predetermined range of
throughput data values may be between substantially 40000bps and 160000 bps.
In another embodiment, a monitor may monitor a plurality of different types of
data in different monitoring modes and each monitoring mode may include a
unique predetermined range of throughput data values based on the type and
amount of average data that is transmitted and received by the radio of the

monitor.

The radio 106 automatically switches from a PSM to an active mode for a
predetermined amount of time (~120 seconds) when the throughput data value in
either the RX mode or TX mode is below the lower limit of the predetermined
range or when the throughput data value is above the upper limit of the
predetermined range. The radio 106 utilizes an active mode timer which is
initiated in response to the measurement of throughput data. Upon entering active
mode, the radio 106 no longer needs to rely on beacon packets 130 to wake up and
initiate a transmission of data. Rather, in active mode, the radio 106 automatically
transmits and receives data continually. Once in active mode, any data buffered at
the access point 124a and addressed to the monitor 100 is automatically
transmitted to the monitor 100 thereby preventing a gap in data transmission that
might have otherwise occurred. At the expiration of the predetermined amount of
time as determined by the active mode timer, the radio 106 automatically switches
from active mode to the power save mode to continue the default operation. In
another embodiment, switching from active mode into power save mode may
occur prior to expiration of the active mode time period if the radio 106
determines that no additional data is scheduled for transmission from the access

point 124a thus further minimizing the drain on the power source of the monitor

100.

The automatic initiation of a finite active mode time period

advantageously reduces a number of gaps in data transmission between the
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monitor 100 and the access point 124a while minimizing the effect on the power

source of the monitor. This further enables the patient connected monitor to be
freely mobile within a healthcare environment for extended periods of time while
insuring that the patient is continually monitored with few or no gaps in waveform

data.

Figure 2 is an exemplary block diagram of the radio 106 described above
with respect to Figure 1. The radio 106 may be a System-in-a-Package (SiP) that
provides a low-power radio integrated circuit able to bidirectionally communicate
according to any IEEE 802.11 protocol (e.g. 802.11a, 802.11b, 802.11g and/or
802.11n) including any amendments made thereto (e.g. 802.11d world wide use,
302.11e QoS and 802.11i — WEP Alternative). The radio 106 may be formed as a
no-host-load system architecture that enables the host to sleep while the radio 106
is in PSM and is actively monitoring beacon packets from access points. An
antenna 108 is electrically coupled to the radio 106. As shown herein the antenna
108 may include a main antenna 108a and an auxiliary antenna 108b. The
antennas 108a and 108b may, for example, be connected to an output of the radio
106 via micro coax cables terminating to a U.FL style connector at the feed point
of the antennas. 'The radio 106 supports communication with the control
processor 102 (Fig 1) via a serial peripheral interface (SPI) bus. Alternatively, the
radio may support communication with the control processor 102 via a secure
digital input output (SDIO) card or Universal Asynchronous Receiver/Transmitter
(UART). The system further includes an external crystal oscillator and 2
capacitors. The crystal oscillator provides an accurate time source which drives
the operation of the sleep clock 205. The sleep clock 205 determines a time at
which the radio 106 should “wake up” in order to listen for and receive a beacon
from an access point.

The radio 106 includes a Radio EEPROM 206 that includes instructions
stored therein for controlling the operation of the radio 106. A baseband integrated
circuit (IC) 204 is coupled to the Radio EEPROM and selectively operates in a
known manner to control the frequency of the signals transmitted from and
received by the radio 106. A sleep clock 205 selectively controls when the
baseband IC 204 will awake from power save mode to scan for beacon packets

originating from an access point 124a. For example, the sleep clock 205 may

10
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automatically wake the baseband IC at one hundred millisecond (100ms) intervals

to scan for beacon packets. A radio frequency (RF) transmitter 202 is coupled to
the baseband IC 204. The baseband IC 204 causes the RI transceiver 202 to at
least one of transmit and/or receive data. Additionally, the baseband IC 204 may
control the RF transceiver 202 to scan for data representing beacon packets from
at least one wireless access point.

In operation, the radio EEPROM 206 may include a set of instructions for
switching the baseband IC 204 and the RF transceiver 202 from a power save
mode to an active transmission mode at a predefined interval. When in power
save mode, the radio 106 should have an average power consumption below
2mW. The average power consumption is achieved because the radio 106 only
interfaces with the control processor 102 of the monitor 100 (Fig. 1) when a valid
data packet is received and thereby complies with a “wake on receive” mode. The
radio 106 continually processes 802.11 beacons received at the antenna 108 and
which originate from the access point 124a and allows the host processor to sleep
and remain in power save mode, thereby increasing battery life of the monitor
100.

The radio EEPROM 206 may include operating instructions that initiate an
active mode trigger algorithm that actively monitors an amount of throughput data
received by the R transceiver 202 via the antenna 108. The radio EEPROM 206
may include a range of throughput data values that indicate proper transmission of
data between the access point 124a and the monitor 100. If the baseband IC
detects that the throughput data values fall below the lower limit of the acceptable
range or exceed the upper limit of the acceptable range, the baseband IC 204 is
automatically switched into active transmission mode for a predetermined time
period thus enabling full transmission and receipt of data by the R transceiver
202. This insures that any data scheduled to be transmitted from the access point
will be received by the radio 106 for its intended purpose. Additionally, switching
into active mode will insure that any data scheduled to be transmitted from the
monitor to the access point will be transmitted for receipt by the access point.

There are a plurality of events that may lead to the throughput data being
processed by the radio 106 at least one of falling below or exceeding the
predetermined range of acceptable throughput data values. This may include

communication and/or configuration errors associated with the power save

11
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protocol implemented in the wireless network environment. For example, the

access point may not transmit the beacon packet at the expected time. In this
instance, the throughput data received and monitored by the radio 106 may fall
below the acceptable range of throughput data values. Upon switching into active
mode for the predetermined amount of time, data transmission (or receipt)
automatically occurs as expected in an attempt to prevent a gap in transmission by
capturing the data that was expected to be transmitted at the given interval.

Another event that may result in initiation of the active mode trigger
algorithm occurs when the monitor disassociates from an access point just after
sending a PS_Poll message but prior to transmission of the buffered data. The
access point will temporarily increase an amount of throughput data prior to the
expected data transmission resulting in the throughput data monitored by the radio
exceeding the upper limit of the acceptable throughput data range. Upon
dissociation, the buffered data scheduled for the monitor is purged thus causing a
gap in data transmission. However, upon detecting the temporary increase in
throughput data and switching into active transmission mode for the
predetermined amount of time, the monitor will receive the data buffered at the
access point prior to dissociating from the access point.

A further event that may result in the initiation of the active mode trigger
algorithm occurs when the access point has communicated a “Request to Send”
(RTS) message indicating that data is buffered for transmission to the monitor. In
proper operation, the radio 106 of the monitor 100 would transmit a “Clear to
Send” (CTS) message indicating that the monitor is ready to receive the data. In
the event that monitor 100 fails to send the CTS message, the throughput data
being transmitted by the monitor may fall below the acceptable range. Should a
plurality of RTS messages be received without any CTS message returned, the
active mode transmission algorithm may be initiated to enable full duplex
communication between the monitor and the access point.

Another event that may result in the initiation of the active mode trigger
algorithm occurs when the radio 106 has communicated a “Request to Send”
(RTS) message indicating that data is buffered in the monitor for transmission to
an access point. In proper operation, the access point would transmit a “Clear to
Send” (CTS) message indicating that the access point is ready to receive the data.

In the event that radio 106 fails to receive the CTS message, the throughput data

12
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being transmitted by the access point may fall below the acceptable range. Should

a plurality of RTS messages be transmitted by the radio without any CTS message
returned by the access point or received by the monitor 100, the active mode
transmission algorithm may be initiated to enable full duplex communication
between the monitor and the access point.

Figures 3 — 6 are flow diagrams describing the algorithms implemented by
the monitor 100 of Figure 1 to minimize gaps in data transmission between the
monitor 100 and a plurality of access points 124a and 124b. The algorithms
described in Figures 3 — 6 will be discussed with respect to the circuits and
components described above with respect to Figures 1 and 2.

Figure 3 is an exemplary roaming algorithm that may be implemented by
the monitor to selectively determine which access point with which to associate.
At block 302, the radio 106 measures the RSSI value of at least one wireless
access point 124a and buffers the received RSSI value every 1 second into
memory 112. At block 303, the control processor 102 obtains an average RSSI
value by filtering the buffered RSSI values with a 4 tap moving averaging filter to
eliminate transient values. The control processor 102, at block 304, compares the

RSSI average value to a threshold value (e.g. -75 dBm).

If the comparison at block 304 determines that the RSSI average value is
below the threshold RSSI value, the control processor 102 determines if a scan
timer that scans for additional access points is running at block 305. If the
determination at block 305 is negative, the control processor 102 activates the
scan timer at block 307. The scanning algorithm automatically determines if the
monitor will remain associated with a current access point 124a or roam to a
different access point 124b. This algorithm runs concurrently with the algorithm
described with respect to Figure 3 and will be separately detailed below with

respect to Figure 4.

Referring back to block 304, if the comparison determines that the RSSI
average value is greater than the threshold value, the control processor 102
determines if the scan timer is running at block 306. If the scan timer is running,
after determining the RSSI average value exceeds the threshold RSSI value, the

scan timer is deactivated by the control processor 102 at block 308.
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If the determination in block 304 is below the threshold RSSI value and

the determination in block 305 indicates that the scan timer is active, then the
algorithm proceeds in Figure 5. Additionally, if the determination in block 304 is
above the threshold RSSI value and the determination in block 306 indicates that

the scan timer is inactive, then the algorithm similarly proceeds in Figure 5.

Figure 4 describes an exemplary time triggered scanning algorithm to
determine with which access point a respective monitor 100 should associate. A
scan request searching for additional access points is initiated at block 402. The
scan request actively searches to obtain RSSI values for a plurality of access
points different from the access point with which the monitor 100 is currently
associated. A result of the scan producing a set of additional access points is
obtained at block 404. The control processor 102 identifies other access points
from having a higher RSSI level from within the set of additional access points
and compares single RSSI values from each respective access point that have
responded to the scan. The control processor 102 selects an access point having
the highest RSSI value from the set of additional access points. The RSSI of the
selected access point is compared with a reference RSSI value in block 406. The
reference RSSI value equals the average RSSI of the access point the monitor is
associated with plus 5 or, if the monitor is not associated with an access point, the
reference RSSI is the greatest RSSI value of list of access points that have
responded to the monitor’s scan. The plus 5 provides hysteresis that
advantageously prevents repeatedly associating and disassociating between two
different access points if two available access points have similar RSSI values that
are close to the threshold. If the RSSI value of the selected access point is greater
than the reference RSSI value, the scan timer is deactivated in block 408 and the
radio 106 is caused to roam to the selected access point. If the RSSI value of the
selected access point is less than the reference RSSI value as determined at block
406, the radio 106 remains associated with the current access point. Alternatively,
the control processor 102 may select a different access point from the set of access
points in the result in block 404 and repeat the RSSI comparison described in

block 406 until a determination to roam to a different access point is made.

Figure 5 is an exemplary algorithm for determining whether the radio 106

of the monitor 100 should switch from power save mode to the active
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transmission mode. At block 502, the control processor 102 automatically

analyzes device-specific information to determine whether or not to ignore a
measurement of throughput data at a given time. For example, the determination
in 502 may include information identifying whether or not the monitor is at least
one of (a) being charged in a charging cradle; (b) not actively associated with a
particular patient; (c) not connected with a central station; and (d) configured not

to monitor throughput data values.

If block 502 determines that throughput data measurements should be
ignored, the algorithm ends at block 520. If the determination at block 502 is false
indicating the measurement should not be ignored, the baseband IC 204 of the
radio obtains a measurement of throughput data at block 504. The throughput data
measurement may include bytes transmitted per second and/or bytes received per
second. The throughput data measured at block 504 is filtered at block 506 to
obtain an average data throughput value. The average data throughput value is
obtained by filtering the throughput measurement data using a four tap moving
averaging filter to eliminate transient throughput data values. The filtering applied
in block 506 is a smoothing filter and is performed over throughput data received
by the RF transceiver 202 of the radio 106 having a duration of substantially three
seconds (3s). Once the average throughput data value is obtained, the baseband IC

204 determines if the radio 106 is in the active transmission mode in block 508.

If it is determined, in block 508, that the radio is in active transmission
mode, the baseband IC 204 determines whether or not the average throughput data
value exceeds an upper threshold of an acceptable throughput data range or is
below a lower threshold of an acceptable throughput data range in block 510. If
the determination in block 510 is true indicating the data transmission is not
acceptable, then the algorithm ends at block 520 by reverting back to block 302 in
Figure 3 or, alternatively block 602 in Figure 6 described below. If the average
throughput data value is within the acceptable range of throughput data values, the
control processor 102 determines if an active mode timer is running in block 512.
If the active mode timer is running, then the algorithm ends at block 520 by
reverting back to block 302 in Figure 3 or, alternatively block 602 in Figure 6. If
the active mode timer is determined in block 512 to be expired or inactive, the

control processor 102 provides a control signal in block 514 including a flag
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indicating that the radio 106 should exit active mode and revert back to power

save mode in block 516. Upon the radio 106 entering power save mode in block
516, the algorithm ends at block 520 by reverting back to block 302 in Figure 3 or,
alternatively block 602 in Figure 6.

Referring back to block 508, if it is determined that the radio is in power
save mode (e.g. not in active transmission mode), the baseband IC 204 determines
whether or not the average throughput data value exceeds an upper threshold of an
acceptable throughput data range or is below a lower threshold of an acceptable
throughput data range in block 509. If the determination in block 509 is false
indicating that the throughput data value is within the acceptable range, then the
algorithm ends at block 520 by reverting back to block 302 in Figure 3 or,
alternatively moves on to block 602 in Figure 6 described below. If the
determination in block 509 yields an average throughput data value outside of a
band defined by the upper threshold and lower threshold of acceptable throughput
data values, the control processor 102 compares an RSSI average value with a
second RSSI threshold (default = -80dBm) at block 511. The determination at
block 511 functions as a check to make sure the cause of the throughput data
being outside the acceptable range is not due to the need to roam to a different
access point. If the signal strength is insufficient then the cause of transmission
gap as evidenced by the throughput data value being outside the acceptable range
may be due to the need to connect to an access point that is more proximate to the
monitor’s current location. If the determination at block 511 yields a result
indicating that the RSSI value is below the second threshold value, then the
algorithm ends at block 520 by reverting back to block 302 in Figure 3 or,

alternatively moves on to block 602 in Figure 6 described below.

If the determination in block 511 indicates that the RSSI value is greater
than the second threshold, it is indicative that the monitor does not need to roam to
a different access point. Moreover, the active mode timer is initiated in block 515
and an instruction including a flag indicating that the radio should transition from
power save mode to active transmission mode is provided to the baseband IC 204
of the radio 106. Upon receipt of the instruction in block 515, the radio 106 is
caused to enter the active transmission mode for the predetermined amount of

time thereby enabling continual transmission and receipt of data between the
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monitor 100 and the access point 124a to which it is connected and reduces a

likelihood of that a transmission gaps will occur.

Figure 6 is an alternate roaming algorithm that may be implemented by the
monitor to selectively determine which access point with which to associate. The
activities described in Fligure 6 may occur instead of the activities described above
in Figure 3 or in addition to the activities described in Figure 3. At block 602, the
radio 106 receives RSSI data from at least one wireless access point 124a and
buffers the received RSSI data every 1 second into memory 112. At block 603, the
control processor 102 obtains an average RSSI value by filtering the buffered
RSSI data with a 4 tap moving averaging filter to eliminate transient values. The
control processor 102, at block 604, compares the RSSI average value to a
threshold value (e.g. -75dBm). If the calculated RSSI average value is greater
than the threshold value, it is indicative of the monitor 100 being associated with
and able to communicate with a proper access point and thus the monitor remains

associated with the access point in block 610.

If the RSSI average value compared to the threshold in block 604 is below
the lower threshold, then a scan request searching for additional access points is
initiated at block 605. The scan request at block 605 actively searches to obtain
RSSI values for a plurality of access points different from the access point that the
monitor 100 is currently associated. A result of the scan is obtained at block 606
to produce a set of additional access points. The control processor 102 identifies
another access point from within the set of additional access points having a
higher RSSI power level and compares single RSSI values from each respective
access point that have responded to the scan. The control processor 102 selects an
access point having the highest RSSI value from the set. The RSSI of the selected
access point is compared with an upper threshold RSSI value in block 607. If the
RSSI value of the selected access point is greater than the threshold value, then
the monitor remains on the currently associated access point in block 610. If the
comparison in block 607 produces a result whereby the selected RSSI value is
below the threshold, then the monitor initiates a roaming sequence and roams to
the selected access point in block 608.

The portable patient monitoring apparatus is able to advantageously reduce

the number of transmission gaps between itself and an access point that is
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connected to a central monitoring station. In conjunction with a roaming algorithm

that selectively determines with which access point the monitor should connect,
measurement of a data throughput over a transmission and reception channel is
taken. In response to measuring the data throughput characteristics measured, the
radio is automatically caused to go from a power save mode to an active
transmission mode for a predetermined duration of time when the data throughput
characteristics satisfy predetermined criteria. This automatic transition into active
mode for the predetermined amount of time advantageously enables immediate
bidirectional communication between the monitor and a respective access point
thereby insuring that data scheduled to be transferred therebetween occurs as
intended. This minimizes any gaps in data transmission that may occur when the
monitor is in power save mode and fails to awake in time to at least one transmit
data to and receive data from a respective access point or an access point fails to
transmit a beacon.

Although the invention has been described in terms of exemplary
embodiments, it is not limited thereto. Rather, the appended claims should be
construed broadly to include other variants and embodiments of the invention
which may be made by those skilled in the art without departing from the scope
and range of equivalents of the invention. This disclosure is intended to cover any

adaptations or variations of the embodiments discussed herein.
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What is claimed is:

1. An apparatus for reducing gaps in data transmission between a
device and at least one wireless access point, the apparatus comprising:

a radio that enables bidirectional data communication between the
device and the at least one wireless access point, the radio being able to operate in
a power save mode and an active transmission mode;

a control processor that selectively monitors data being transmitted
between the radio and the at least one wireless access point to predict an
occurrence of a gap in data transmission between the device and the at least one
access point, the control processor, in response to predicting a gap in data
transmission, automatically switches an operational mode of the radio from the
power save mode to the active transmission mode for a predetermined amount of
time enabling communication between the device and the at least one wireless

access point for the predetermined amount of time.

2. The apparatus according to claim 1, wherein

said radio is an radio frequency (RF) radio able to communicate via
at least one of (a) IEEE 802.11a protocol; (b) IEEE 802.11b protocol; (¢) IEEE
302.11d protocol; (d) IEEE 802.11g protocol; (e) IEEE 802.11i protocol and (f)
IEEE 802.11n protocol.

3. The apparatus according to claim 1, wherein
said type of data is throughput data and said amount of data is

measured in bytes per second.

4. The apparatus according to claim 1, wherein
said control processor selectively monitors the type and amount of

data over at least one a transmission channel and a reception channel.

5. The apparatus according to claim 1, wherein
said control processor predicts an occurrence of a gap in data
transmission by comparing the monitored amount of data to a predefined range of

data amounts to determine whether said monitored amount of data is at least one
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of below a lower limit of the predefined range and above an upper limit of the

predefined range.

6. The apparatus according to claim 1, wherein
said control processor automatically switches an operational mode
of the radio from active transmission mode to power save mode in response to an

expiration of the predetermined amount of time.

7. The apparatus according to claim 1, wherein

said control processor continually monitors the type and amount of
data being transmitted between the radio and the at least one wireless access point
during the predetermined time period and automatically switches the operational
mode of the radio from active transmission mode to power save mode prior to the
expiration of the predetermined time period if the monitored type and amount of

data meet a predetermined condition.

8. The apparatus according to claim 1, wherein
said control processor compares a signal strength indicator received
by the radio from the at least one wireless access point to a threshold signal
strength value in response to predicting that a gap in data transmission and
automatically
initiates a roaming algorithm enabling the device to search
for and connect to a different wireless access point if the indicator has a value less
than the threshold value, and
switches the operational mode of the radio from the power
save mode to the active mode if the indicator has a value greater than the threshold

value.

9. The apparatus according to claim 1, wherein

said control processor automatically identifies an operating mode
of the device to selectively determine if the type and amount of data being
transmitted between the radio and the at least one access point should be
monitored and automatically disabling the monitoring of the type and amount of

data in response to the identified operating mode.
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10. The apparatus according to claim 1, wherein
said device is a patient monitoring device coupled to a patient that
enables patient ambulation around a healthcare facility and selectively monitors at

least one patient parameter.

11. The apparatus according to claim 1, wherein
said control processor selectively monitors at least one of a type
and amount of the data being transmitted between the radio and the at least one

wireless access point.

12. The apparatus according to claim 1, wherein
said control processor enables bidirectional communication upon
automatically switching the operational mode of the radio from the power save

mode to the active transmission mode.

13. A method of reducing gaps in data transmission between a
device and at least one wireless access point, the method comprising the activities
of:

monitoring, by a control processor, data being transmitted between
a radio of the device and the at least one wireless access point;

predicting an occurrence of a gap in data transmission between the
device and the at least one access point;

automatically switching an operational mode of the radio from
power save mode to active transmission mode for a predetermined amount of time
in response to predicting a gap in data transmission; thereby enabling
communication between the device and the at least one wireless access point for

the predetermined amount of time.

14. The method according to claim 13, wherein

the radio is an radio frequency (RF) radio able to communicate via
at least one of (a) IEEE 802.11a protocol; (b) IEEE 802.11b protocol; (¢) IEEE
302.11d protocol; (d) IEEE 802.11g protocol; (e) IEEE 802.11i protocol and (f)
IEEE 802.11n protocol.
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15. The method according to claim 13, wherein
said activity of monitoring includes monitoring throughput data as

a function of bytes per second.

16. The method according to claim 13, wherein
said activity of monitoring further comprises monitoring the type
and amount of data over at least one of a transmission channel and a reception

channel.

17. The method according to claim 13, wherein

said activity of predicting further comprises comparing the
monitored amount of data to a predefined range of data amounts to determine
whether said monitored amount of data is at least one of below a lower limit of the

predefined range and above an upper limit of the predefined range.

18. The method according to claim 13, further comprising the
activity of

automatically switching an operational mode of the radio from
active transmission mode to power save mode in response to an expiration of the

predetermined amount of time.

19. The method according to claim 13, further comprising the
activity of

continually monitoring the type and amount of data being
transmitted between the radio and the at least one wireless access point during the
predetermined time period; and

automatically switching the operational mode of the radio from
active transmission mode to power save mode prior to the expiration of the
predetermined time period if the monitored type and amount of data meet a

predetermined condition.

20. The method according to claim 13, further comprising the

activity of
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comparing a signal strength indicator received by the radio from

the at least one wireless access point to a threshold signal strength value in
response to predicting a gap in data transmission and automatically

initiating a roaming algorithm enabling the device to search
for and connect to a different wireless access point if the indicator has a value less
than the threshold value, and

switching the operational mode of the radio from power
save mode to the active mode if the indicator has a value that is greater than the

threshold value.

21. The method according to claim 13, further comprising the
activity of

automatically identifying an operating mode of the device to
selectively determine if the type and amount of data being transmitted between the
radio and the at least one access point should be monitored and automatically
disabling the monitoring of the type and amount of data in response to the

identified operating mode.

22. The method according to claim 13, wherein
said activity of monitoring monitors at least one of a type and
amount of the data being transmitted between the radio and the at least one

wireless access point.

23. The method according to claim 13, wherein
said activity of automatically switching enables bidirectional

communication between the device and the at least one wireless access point.

24. An apparatus for reducing gaps in data transmission between a
device and at least one wireless access point, the apparatus comprising:

a radio that enables bidirectional data communication between the
device and the at least one wireless access point, the radio being able to operate in
a power save mode and an active transmission mode;

a control processor that selectively monitors data being transmitted

between the radio and the at least one wireless access point to detect an
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occurrence of a gap in data transmission between the device and the at least one

access point, the control processor, in response to detecting a gap in data
transmission, automatically switches an operational mode of the radio from the
power save mode to the active transmission mode for a predetermined amount of
time enabling communication between the device and the at least one wireless

access point for the predetermined amount of time.
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