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(57) ABSTRACT
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physiological parameters of a patient and for capturing the
results. The capture of the results may include recordation of
the results through the use of a camera, while the physiologi-
cal parameters may be generated through monitoring of a
patient or by simulating such monitoring.
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MEDICAL MONITOR DATA COLLECTION
SYSTEM AND METHOD

BACKGROUND

The present disclosure relates generally to medical devices
and, more particularly, to visual detection of displayed infor-
mation thereon.

This section is intended to introduce the reader to various
aspects of art that may be related to various aspects of the
present disclosure, which are described and/or claimed
below. This discussion is believed to be helpful in providing
the reader with background information to facilitate a better
understanding of the various aspects of the present disclosure.
Accordingly, it should be understood that these statements are
to be read in this light, and not as admissions of prior art.

In the field of medicine, doctors often desire to monitor
certain physiological characteristics of their patients. Accord-
ingly, a wide variety of devices have been developed for
monitoring many such physiological characteristics. Such
devices provide doctors and other healthcare personnel with
the information they need to provide the best possible health-
care for their patients. As a result, such monitoring devices
have become an indispensable part of modern medicine.

One technique for monitoring certain physiological char-
acteristics of a patient is commonly referred to as pulse oxim-
etry, and the devices built based upon pulse oximetry tech-
niques are commonly referred to as pulse oximeters. Pulse
oximetry may be used to measure various blood flow charac-
teristics, such as the blood-oxygen saturation of hemoglobin
in arterial blood, the volume of individual blood pulsations
supplying the tissue, and/or the rate of blood pulsations cor-
responding to each heartbeat of a patient. In fact, the “pulse”
in pulse oximetry refers to the time varying amount of arterial
blood in the tissue during each cardiac cycle.

Pulse oximeters typically utilize a non-invasive sensor that
transmits light through a patient’s tissue and that photoelec-
trically detects the absorption and/or scattering of the trans-
mitted light in such tissue. One or more of the above physi-
ological characteristics may then be calculated based upon
the amount of light absorbed or scattered. More specifically,
the light passed through the tissue is typically selected to be of
one or more wavelengths that may be absorbed or scattered by
the blood in an amount correlative to the amount of the blood
constituent present in the blood. The amount of light absorbed
and/or scattered may then be used to estimate the amount of
blood constituent in the tissue using various algorithms.

To insure that pulse oximeters are operating properly, test-
ing methodologies may be implemented. These methodolo-
gies may include tests designed to transmit various known
inputs to the pulse oximeter. Expected results corresponding
to each of the known inputs may be compared to the actual
results generated by the pulse oximeter to determine if the
pulse oximeter is properly operating. However, directly
obtaining the actual results of the testing procedures via
physical contact with elements of the pulse oximeter may
lead to corruption of the actual values to be measured.
Accordingly, there is a need to receive physiological values
from pulse oximetry systems without impacting the actual
values calculated by the pulse oximetry system. Additionally,
it would be beneficial to be able to monitor and log the
operation of a medical device while being used to monitor a
patient.

BRIEF DESCRIPTION OF THE DRAWINGS

Advantages of the disclosed techniques may become
apparent upon reading the following detailed description and
upon reference to the drawings in which:
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FIG. 1 illustrates a perspective view of a patient monitor, in
accordance with an embodiment;

FIG. 2 illustrates a screen shot of a display of the patient
monitor of FIG. 1, in accordance with an embodiment;

FIG. 3 illustrates a view of the patient monitor of FIG. 1 in
conjunction with a multi-parameter patient monitor, in accor-
dance with an embodiment;

FIG. 4 illustrates a data capture system used in conjunction
with the pulse oximeter in FIG. 1, in accordance with an
embodiment;

FIG. § illustrates a block diagram of data capture elements
of the data capture system of FIG. 4, in accordance with an
embodiment;

FIG. 6 illustrates a flow chart detailing the operation of the
data capture system of FIG. 4, in accordance with an embodi-
ment; and

FIG. 7 illustrates a flow chart detailing a specific example
of the operation of the data capture system of FIG. 4, in
accordance with an embodiment.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

One or more specific embodiments of the present tech-
niques will be described below. In an effort to provide a
concise description of these embodiments, not all features of
an actual implementation are described in the specification. It
should be appreciated that in the development of any such
actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be
made to achieve the developers’ specific goals, such as com-
pliance with system-related and business-related constraints,
which may vary from one implementation to another. More-
over, it should be appreciated that such a development effort
might be complex and time consuming, but would neverthe-
less be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of
this disclosure.

Physiological monitors may receive data signals, calculate
physiological parameters of a patient based on the data signal,
and display the results of this calculation. To insure that these
physiological monitors are functioning properly, simulated
signals may be transmitted to the physiological monitor in
place of actual signals derived from a patient. These simu-
lated signals may be generated to test specific performance
characteristics of the physiological monitor. For example, the
simulated signals may be of a type to generate an alarm in the
physiological monitor. Moreover, a range of simulated sig-
nals may be transmitted to the physiological monitor to test a
wide variety of signals that the monitor may be asked to
receive and to calculate results based thereon. The results of
this simulation process may be collected and reviewed to
insure proper operation by the monitor. However, as direct
collection via physical interface with the monitor may inter-
fere with the results generated by the monitor, a non-physical
collection method including capturing images of the physi-
ological monitor as a simulation is proposed. That is, a cam-
era may be utilized to capture still or video images of the
monitor as the monitor is receiving simulated data signals.
These images may then be converted into data (i.e., results)
that may be stored in, for example, a computer and displayed,
for example, on a display of a computer.

Additionally, capturing of video and/or still images of the
operation of a monitor for current or later analysis may be
accomplished through the use of the monitor and camera.
That is, the monitor may be in use (i.e., connected to a patient)
for a period of time while the camera operates to log, for
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example, any alarms that occur while the patient is being
monitored. The camera may also be implemented in conjunc-
tion with a monitor to capture events that occur during a
prolonged clinical study, such as monitoring patients suffer-
ing from sleep apnea, for example, during the course of a
sleep study.

Turning to FIG. 1, a perspective view of a medical device is
illustrated in accordance with an embodiment. The medical
device may be a patient monitor 10. For example, the monitor
10 may be a pulse oximeter, such as those available from
Nellcor Puritan Bennett LLC. As shown, the patient monitor
10 is a pulse oximeter designed to detect and monitor blood
oxygen saturation levels, pulse rate, and so forth. The monitor
10 may be, for example, processor-based and software-con-
trolled where the software may be stored in memory, such as
RAM. ROM, or flash memory. The monitor 10 may also be
configured to display calculated parameters on a display 12,
which may be a cathode ray tube or liquid crystal display, for
example. Moreover, the display 12 may include an optional
touch screen.

In general, the display 12 may show processed physiologi-
cal data and/or other data received through a medical device
interface 14, such as a cable connection port, from, for
example, a patient sensor (discussed below) coupled to the
cable connection port. In other embodiments, the medical
device interface 14 may include any suitable type of interface
for connecting to a medical device. For example, in certain
embodiments, the medical device interface 14 may include a
wireless interface. As noted above, processed data generated
from data received at the medical device interface 14 may be
displayed on the display 12. The display 12 may be used to
display a plethysmographic (“pleth”) waveform display 16,
an oxygen saturation display 18, and/or a pulse rate display
20. The oxygen saturation display 18 may be a functional
arterial hemoglobin oxygen saturation measurement dis-
played as units of percentage SpO,. The pulse rate display 20
may indicate a patient’s pulse rate in beats per minute. The
display 12 also may be used to show topic-specific screens
related to the physiological data, such as a “blip” display that
includes pulse amplitude blips, a real-time trend display, and
an alarm limit and monitoring mode display. Moreover, the
display 12 may beused to display user interface options, such
as a setup and/or configuration screen for adjusting param-
eters such as alarm volume, display scales, and button sizes
and locations, among others.

The display 12 may also include an alarm status indicator
(not shown), such as a bell that flashes when an alarm condi-
tion is present. When the alarm is silenced using the alarm
silence button 22, an alarm silence indicator, such as a slash
and a timer, may be shown to indicate that the alarm is
temporarily silenced. When the alarm is silenced through an
“all mute” menu selection, which is permanent until power is
cycled or deselected using menu, an alarm status indicator
with a slash may shown to indicate that alarm has been
silenced. Further, the display 12 may include mode setting
information such as neonatal mode alarm limits or adult mode
alarm limits indicators 24 and special settings such as a fast
response mode setting indicator 26, which indicates if the
patient monitor 10 is operating in a fast alarm response mode
rather than a normal alarm mode. In some embodiments, the
patient monitor 10 may employ SatSeconds™ by Nellcor™
to detect alarms and manage nuisance alarms. SatSeconds™
may include activation of an alarm based on limits that may
include the integral of time and depth of a desaturation event
and may include an indicator 28 that may serve to inform the
caretaker thata SpO, reading has been detected outside of the
limit settings.
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One embodiment of the display 12 is illustrated in FIG. 2.
As illustrated, the screenshot of the display 12 in FIG. 2
includes a pleth waveform display 16, an oxygen saturation
display 18, and a pulse rate display 20. Additionally, the
display may include a plurality of soft key icons 25 as well as
a graphical indicator 27 that may provide information to a
user related to the occurrence, frequency, and/or magnitude of
the patterns be based on a saturation pattern detection index
(SPDi) calculation. The SPDi may be defined as a scoring
metric associated with the identification of a saturation trend
pattern that has been generated and may correlate to ventila-
tory instability in a population of sleep lab patients. That is,
the SPD calculation may be capable of notifying a user of
ventilatory instability that corresponds to a certain SPDi
value. In embodiments, when the SPDi is at or above a thresh-
old setting, the user may be notified via the graphical indica-
tor 27.

As illustrated in FIG. 2, the graphical indicator 27 may be
represented on display 12 as a dashed triangle that may
graphically fill from bottom to top as a monitored and/or
calculated value increases. For example, in one embodiment,
the graphical indicator 27 may gradually fill as the calculated
SPDi increases. Further, the graphical indicator 27 may
include a tolerance level indicator 29 that displays an index,
for example 1, 2, or 3, for tolerance or sensitivity settings of
High, Medium, and Low, respectively, in conjunction with the
calculation of the SPDi. The tolerance settings may set the
threshold for triggering a change in the graphical indicator 27
and/or for triggering SPD-associated alarms.

Returning to FIG. 1, the monitor 10 may also include
selectable inputs 30 that may be used to control operating
functions of the patient monitor 10. The selectable inputs 30
may include fixed function keys, such as the alarm silence
button 22, up arrow key 32, down arrow key 34, and a power
key 36. For example, the arrow keys 32 and 34 may be
actuated to adjust alarm limits and/or to vary the physiologi-
cal information shown on the display 12. Furthermore, the
fixed function keys may be programmed to control multiple
functions or to operate in different manners based upon vari-
ous factors, such as the duration the key is pressed, the simul-
taneous activation of other keys, and so forth. For example, an
up arrow key 32 and down arrow key 34 may allow for
upwards and downwards scrolling more rapidly based upon
how long the respective key is held down.

The monitor 10 may also include programmable function
keys (“soft keys™) 38, and associated soft key icons 25 in the
soft key menu 40. For example, four soft keys 384, 382, 38¢,
and 384 may be pressed to select a corresponding function
indicated by the respective soft key icon 25. The soft key icon
menu 40 indicates which software menu items can be selected
through the soft keys 38. Pressing a soft key 38 associated
with, such as below, above, or next to an icon 25, selects the
option. For example, the soft key 38a may be pressed to
display “LIMITS” information, while the softkey 385 may be
pressed to display “TREND” information. In certain embodi-
ments, the soft keys 38 may be programmed to display oper-
ating information such as alarm limits, historic trends, setup
menus, and alarm volume settings, among others. Moreover,
for example, a caretaker may actuate the soft keys 38 to
display various operating menus, and then may use the arrow
keys 32 and 34 to adjust operating parameters.

In addition to the selectable inputs 30, the monitor 10 may
include various indicators 42 (e.g., indicator lights and dis-
play screen graphics) that facilitate operation of the monitor
10 and observation of a patient’s physiological metrics (e.g.,
pulse rate). Some of the indicators 42 are specifically pro-
vided to facilitate monitoring of a patient’s physiological
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parameters. For example, the indicators 42 may include rep-
resentations of the most recently measured values for SpO,,
pulse rate, and pulse amplitude. Other indicators 42 may be
specifically provided to facilitate operation of the monitor 10.
For example, the indicators 42 may include an A/C power
indicator, alow battery indicator, an alarm silence indicator, a
modeindicator, and so forth. The monitor 10 may also include
a speaker 44 for emitting audible indications (e.g., alarms) in
conjunction with the operation of the monitor 10.

Also illustrated in FIG. 1 is a camera 45. This camera 45
may be, for example, a free standing device such as a digital
camera, a digital camcordet, or other type of video recorder
that may be positioned adjacent to the monitor 10 so that
images on the display 12 of the monitor 10 may be captured.
The use of this camera 45 will be discussed in greater detail
below with respect to FIG. 4.

As noted above, the monitor 10 may be used with a sensor
46, as illustrated in FIG. 3. It should be appreciated that a
cable 48 of the sensor 46 may be coupled to the monitor 10 or
it may be coupled to a transmission device (not shown) to
facilitate wireless transmission between the sensor 46 and the
monitor 10. The sensor 46 may be any suitable sensor 46, such
as a DS100A sensor, a Max-Fast® sensor, or a Softcare®
sensor available from Nellcor Puritan Bennett, LLC. Furthet-
more, to upgrade conventional pulse oximetry provided by
the monitor 10 to provide additional functions, the monitor 10
may be coupled to a multi-parameter patient monitor 50 via a
cable 52 connected to a sensor input port or via a cable 54
connected to a digital communication port. The multi-param-
eter patient monitor 50 may include both a display 56 and a
base 58. The display 56 of the multi-parameter patient moni-
tor 50 may operate to display a plethysmographic (“pleth™)
waveform display 16, an oxygen saturation display 18, a
pulse rate display 20, and/or other information from one or
more patient monitors 10. The base 58 may operate to receive
data from one or more patient monitors 10 and transmit that
data to the display 56. Additionally, another embodiment of
the camera 45 is illustrated in FIG. 3. The camera 45 may be
coupled to the display 56 via a support 47 (e.g., a flexible arm)
and a fastener 49 (e.g., a bracket). In this manner, the camera
45 may be positioned to allow for capturing an image of a
desired portion of the display 56.

Alternatively, monitor 10 illustrated in FIG. 3 may be
implemented as part of the multi-parameter patient monitor
50. That is, components of the monitor 10 may be located, for
example, in the base 58 of the multi-parameter patient moni-
tor 50. In this configuration, cables 52 and 54 illustrated in
FIG. 3 may be removed and cable 48 (as well as sensor 46
attached thereto) may be directly coupled to the base 58 of the
multi-parameter patient monitor 50. Thus, in this configura-
tion, the multi-parameter patient monitor 50 may operate to
perform the functions of the monitor 10 directly.

FIG. 4 illustrates a block diagram including a system 60
that may be used in conjunction with the patient monitor 10
and/or the multi-parameter patient monitor 50 described
above. FIG. 4 includes a monitor 62 that may represent either
the patient monitor 10 and/or the multi-parameter patient
monitor 50. FIG. 4 also includes a simulator 64 coupled to the
monitor 62. Additionally, the system 60 may include a camera
45 and a workstation 68. The simulator 64 may be, for
example, aportable and/or hand held device that may emulate
signal that would be sent from a sensor 46 to the monitor 62.
That is, the simulator 64 may simulate operational character-
istics of a pulse oximetry sensor 46 (i.e., the simulator 64 may
be a pulse oximetry sensor 46 simulator). One example of
such a simulator 64 is an SRC-MAX Portable Oximetry
Tester available from Nellcor Puritan Bennett, LLC.
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Additionally, it should be noted that in place of the simu-
lator 64 of FIG. 4, a patient 66 may be coupled to the monitor
62 via a sensor 46. That is, the sensor 46 would operate to
measure physiological parameters of a patient 66 and trans-
mit sensor signals to the monitor 62. Accordingly, whether a
patient 66 is being actively monitored or whether a simulator
64 is being utilized to emulate signals that might otherwise be
generated via patient 66 monitoring, the monitor 62 may
generate, for example, a SpO, value, a SPDi index, and/or
pulse rate based on received signals for display.

As the simulator 64 is performing one or more simulations
on the monitor 62 (e.g., generating data values that corre-
spond to a sensor signals for a range of physiological param-
eters of a patient), a camera 45 may be positioned such that the
camera 45 may record the results of the simulations as they
are displayed on the monitor 62. Additionally or alternatively,
the camera 45 may be positioned such that the camera 45 may
record the results of the monitoring of a patient as they are
displayed on the monitor 62. In one embodiment, the camera
45 may be a free standing device such as a digital camera, a
digital camcorder, or other type of video recorder. Thus, the
camera 45 may include, for example, a lens, a digital sensor
chip, and a memory, among other components. The lens may
be utilized to focus light (i.e., an image to be captured by the
camera 45) to the digital sensor chip, which transforms the
focused light into digital information for storage in the
memory of the camera 45. The digital sensor chip may be, for
example, an image sensor such as a charge coupled device
(CCD) or a complementary metal oxide semiconductor
(CMOS). In one embodiment, the camera 45 may capture still
images. Additionally, the camera 45 may capture video
images. That is, when positioned adjacent to the monitor 62,
as illustrated in FIG. 4, the camera 45 may be able to capture
still images and/or video of any information displayed on the
monitor 62, for example, as a simulation is occurring or as a
patient 66 is being monitored.

The camera 45 may be a high resolution camera. For
example, the camera may be a 6, 8, 10, 12 or more megapixel
camera (i.e., such that the megapixel values for the camera are
equivalent to the number of image sensor elements in the
camera). Additionally, the camera 45 may be a high definition
video recorder capable of recording images in 1080 p (i.e.,
such that the camera 45 is characterized by capturing and
being able to output video with 1,080 lines of vertical reso-
lution). Furthermore, it is envisioned that the camera 45 may
also be incorporated into workstation 68. That is, the work-
station 68 may include the camera 45 as a component in, for
example, the housing of the workstation 68. Moreover, in one
embodiment, the camera 45, the simulator 64, and one or
more software programs (i.e., machine readable code load-
able into a tangible computer readable storage such as a
CD-ROM, a flash drive, or other tangible computer readable
storage medium) including an image recognition program, an
optical character recognition program, and/or other image
capture and/or conversion programs may be grouped together
as a kit for utilization together in capturing images from the
monitor 62.

FIG. 5 illustrates an example of various internal compo-
nents of the workstation 68. Those of ordinary skill in the art
will appreciate that the various functional blocks shown in
FIG. 5 may include hardware elements (including circuitry),
software elements (including computer code stored on a
machine-readable medium) or a combination of both hard-
ware and software elements. In the presently illustrated
embodiment of the workstation 68, the components may
include one or more processors 70, a memory device 72,
non-volatile storage 74, input structures 76, a display control
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78, and a camera 45 (which, as noted above, may be internal
to the workstation 68 or coupled to the workstation 68 via, for
example, an input/output port such as a universal serial bus
port).

With regard to each of these components, itis noted that the
processor(s) 70 may provide the processing capability to
execute an operating system, programs, user and application
interfaces, and/or any other functions of the workstation 68.
The processor(s) 70 may include one or more microproces-
sors, such as one or more “general-purpose” microproces-
sors, one or more special-purpose microprocessors and/or
ASICS, or some combination of such processing compo-
nents. Additionally, the processor(s) 70 may include one or
more reduced instruction set (RISC) processors, as well as
graphics processors, video processors, audio processors, and
the like. As will be appreciated, the processor(s) 70 may be
communicatively coupled to one or more data buses or
chipsets for transferring data and instructions between vari-
ous components of the workstation 68.

Programs or instructions executed by the processor(s) 70
may be stored in any suitable manufacture that includes one
or more tangible, computer-readable media at least collec-
tively storing the executed instructions or routines, such as,
but not limited to. the memory devices and storage devices
described below. Also, these programs encoded on such a
computer program product may also include instructions that
may be executed by the processor(s) 70 to enable the work-
station 68 to provide various functionalities, including those
described herein.

Instructions or data to be processed by the processor(s) 70
may be stored in a computer-readable medium, such as
memory 72. The memory 72 may include a volatile memory,
such as random access memory (RAM), and/or a non-volatile
memory, such as read-only memory (ROM). The memory 72
may store a variety of information and may be used for
various purposes. For example, the memory 72 may store
firmware for the workstation 68 (such as basic input/output
system (BIOS)), an operating system, and various other pro-
grams, applications, or routines that may be executed on the
workstation 68. In addition, the memory 72 may be used for
buffering or caching during operation of the workstation 68.

The components of workstation 68 may further include
other forms of computer-readable media, such as non-volatile
storage 74 for persistent storage of data and/or instructions.
The non-volatile storage 74 may include, for example, flash
memory, a hard drive, or any other optical, magnetic, and/or
solid-state storage media. The non-volatile storage 74 may
also be used to store firmware, data files, software programs,
wireless connection information, and any other suitable data.
Examples of programs that may be stored in the non-volatile
storage 74 include image recognition programs, optical char-
acter recognition programs, or other image capture and/or
conversion programs.

Additionally, input structures 76 may be present in the
workstation 68. The input structures may include the various
devices, circuitry, and pathways by which user input or feed-
back 1s provided to the processor(s) 70. Such input structures
76 may be configured to control a function of the workstation
68, applications running on the workstation 68, and/or any
interfaces or devices connected to or used by the workstation
68. Non-limiting examples of the input structures 76 include
buttons, sliders, switches, control pads, keys, knobs, scroll
wheels, keyboards, mice, touchpads, and so forth. User inter-
action with the input structures 76, such as to interact with a
user or application interface displayed on a display 78 (which
may be used to display various images generated by the
workstation 68), may generate electrical signals indicative of
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user input. These input signals may be routed via suitable
pathways, such as an input hub or bus, to the processor(s) 70
for further processing. As will be discussed in greater detail
below, the processor(s) 70 may operate in conjunction with
the camera 45 to capture information displayed on the moni-
tor 62.

FIG. 6 illustrates a process 80 whereby monitor 62 infor-
mation may be collected. In step 82, the camera 45 may be
calibrated. This calibration process may include focusing the
camera 45 on one or more portions of the monitor 62. For
example, the processor 70 may transmit a signal to the camera
45 that causes the camera 45 to capture an image (i.e., take a
picture). This image may be transmitted to the processor 70
where it may be processed via an optical character recogni-
tion program, which may be stored in storage 74 and run by
the processor 70. The optical character recognition program
may determine if the captured image is properly focused.
That is, the optical character recognition program may com-
pare the image to known optical characters and determine if
the image includes one or more of the known optical charac-
ters. If known optical characters are matched during this
comparison, the process may proceed to step 84. If however,
known optical characters are not matched during this com-
parison, then the processor 70 may transmit a signal to the
camera 45 that causes the camera 45 to adjust a focus position
of the lens of the camera. Subsequently the processor 70 may
transmit a signal to the camera 45 that causes the camera 45 to
capture an image (i.e., take a picture). This new image may be
processed via the optical character recognition program in the
manner described above. This process may also be repeated
until known optical characters are matched during the optical
character recognition program comparison. In another
embodiment, a user may manually adjust the focus position of
the camera during the calibration step 82.

Additionally, calibration of the camera 45 in step 82 may
include adjusting the camera 45 to capture images based on
the refresh rates of the monitor 62, based on the type of
monitor 62 utilized (e.g., a light emitting diode display or a
liquid crystal display), and/or based on the location of data to
be captured from the monitor 62 (e.g., the location of SpO,,
SPDi, and/or pulse rate data on the monitor 62).

In step 84, a sensor signal is received by the monitor 62.
This sensor signal may be received from a sensor 46 that is
coupled to a patient 66. Alternatively, the sensor signal
received by the monitor 62 may be generated by the simulator
64. That is, the simulator 64 may initiate a simulation may
emulate sensor signals that would be generated in response to
various conditions occurring while a patient 66 is being moni-
tored. For example, the simulator 64 may transmit sensor
signals to the monitor 62 that correspond to oxygen saturation
levels, saturation pattern detection index levels, and/or a pulse
rates that might occur if the monitor 62 were in use to monitor
physiological parameters of a patient 66. In one embodiment,
this simulation may include transmission of a series of signals
from the simulator 64 that, taken together, correspond to a
range of predetermined values that the monitor 62 might
typically receive during operation. That is, the simulator 64
may transmit signals that are to generate an alarm in the
monitor 62 as indicating, for example, oxygen saturation
levels, saturation pattern detection index levels, and/or a pulse
rates that are too low (e.g., below a lower threshold value),
followed by transmission of signals that fall in a typically
normal range (e.g., between a lower threshold value and an
upper threshold value) to the monitor 62. Subsequently, the
simulator 64 may transmit signals that are to generate an
alarm in the monitor 62 indicating, for example, oxygen



US 8,610,769 B2

9

saturation levels, saturation pattern detection index levels,
and/or a pulse rates that are too high (e.g., above an upper
threshold value).

Furthermore, the simulator 64 may repeat this operation of
transmitting signals to the monitor 62 to simulate more than
one physiological characteristic. For example, the simulator
64 may transmit a series of signals that cause the monitor 62
to generate displayed results corresponding to oxygen satu-
ration levels followed by the simulator 64 transmitting a
series of signals to the monitor 62 to cause the monitor 62 to
generate displayed results corresponding to pulse rates. Thus,
by transmitting data signals that correspond to ranges of
parameters for more than one physiological characteristic,
the monitor 62 may be tested to insure its proper operation
with respect to multiple functions.

In another embodiment, the simulation initiated by the
simulator 64 may include generation of structured errors that
may occur during operation of the monitor 62. For example,
the simulator 64 may generate a series signals each designed
to mimic a physiological response in a patient 66 that would
generate an error in the monitor 62 and/or to mimic a condi-
tion (such as sensor 46 having been misapplied) that would
generate an error in the monitor 62. That is, signals that would
elicitnormal (i.e., non-error) responses in the monitor 62 may
be omitted from transmission to the monitor 62 by the simu-
lator 64 during a structured error simulation.

As the simulator 64 is performing one or more simulations
on the monitor 62 or as actual values are being transmitted by
the sensor 46, the camera 45 may capture one or more images
in step 86. The capturing of these images in step 86 may
correspond to the camera 45 taking a picture as the results of
the one or more simulations initiated in step 84 are displayed
on the monitor 62. That is, the capturing of one or more
images in step 86 may be accomplished by a user activating a
button or other input device on the camera 45 to capture a still
image. Alternatively, the capture of one or more images in
step 86 may be accomplished by the processor 70 issuing a
capture signal to the camera 45 that causes the camera 45 to
capture a still image in a manner similar to if a user activated
a button or other input device on the camera 45.

Additionally, it should be noted that step 86 may include,
for example, multiple capture signals being transmitted from
the processor 70 to the camera 45 across a predefined time
period. Forexample, the processor 70 may transmit a series of
capture signals to the camera 45 such that each time a data
signal is transmitted to the monitor 62 from the simulator to
generate a response on the display 12 of the monitor 62, a still
image corresponding to the displayed result is captured by the
camera 45, as directed by a respective capture signal received
at the camera 45 from the processor 70. That is, the processor
70 may transmit capture signals to the camera 45 such that the
capture signals correspond to the number results displayed on
the display 12 of the monitor 62 during one or more simula-
tions or during the course of monitoring a patient 66.

Alternatively, step 86 may include a video capture of the
response of the monitor 62 to a simulation or to monitoring of
a patient 66. For example, the processor 70 may transmit a
video activation signal to the camera 45, which may cause the
camera 45 to capture moving images in the form of video
instead of still images. The processor 70 may subsequently
transmit a video capture signal to the camera 45 that causes
the camera 45 to begin to capture video of the display 12 of the
monitor 62. In this manner, a video log of the results of the
sensor signals received in step 84 may be recorded. Addition-
ally, the camera 45 may continuously process video images,
capture certain changes that are displayed on the monitor 62
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as still images, and, for example, time stamp the captured still
images (i.e., add time and or data information to the captured
still image).

In one embodiment, the video activation signal may be
transmitted by the processor 70 in conjunction with step 84
(i.e., the recording of the results of the simulation may be
coordinated with the time that the simulation is run or with a
period of time that a patient 66 is monitored). Additionally,
the processor 70 may transmit a video deactivation signal to
the camera 45 to end the recording of the results. This video
deactivation signal may be transmitted, for example, in con-
junction with the termination of the simulation being run on
the monitor 62 or at a time chosen to cease monitoring of the
patient 66.

The results of the image capture in step 86 may be gener-
ated in step 88. Generation of the results of the simulation in
step 88 may include, for example, conversion of the captured
images in step 86 into readily displayable data. For example,
generation of results in step 88 may include conversion of
optical characters or other images into American Standard
Code for Information Interchange (ASCII) printable charac-
ters (i.e., alphanumeric characters). This conversion may be
accomplished through the use of the optical character recog-
nition program discussed above, which may be stored in
storage 74 and run by the processor 70. The optical character
recognition program may compare the captured image with
known optical characters to determine if the captured image
includes one or more of the known optical characters. If
known optical characters are matched during this compari-
son, the optical character recognition program may store the
result of the comparison as a result value, for display, for
example, as an ASCII character in step 90. If no match is made
during the comparison, the image, for example, may be
blurred or refocused by the optical character recognition pro-
gram and then a comparison may be reattempted.

Thus, through the comparison operation described above,
the optical character recognition program may store results of
a simulation of the monitor 62 or results of the monitoring of
a patient 66, as captured by the camera 45. Moreover, the
processor 70 may transmit the results generated in step 88 to
adisplay 78 in step 90, so that the results may be reviewed by
a user. In one embodiment, the display of results in step 90
may be accomplished via a user actively requesting the results
to be displayed. That is, a user may initiate a program that
directs the processor 70 to display the results of the optical
character recognition program conversion of the captured
images on the display 78.

Additionally or alternatively, a user may actively request
that any video captured by the camera 45 be displayed on the
display 78 in step 90. That is, a user may initiate a program
that directs the processor 70 to display video of the monitor 62
collected by the camera 45 on the display 78. In this manner,
a user may review the results of a simulation run on the
monitor 62 to, for example, insure that the monitor 62
responds in an anticipated manner (i.e., functions correctly)
with respect to various situations (i.e., inputs) that may occur
during operation of the monitor 62 That is, the monitor 62
may be tested so that proper operation of the monitor 62 may
be verified. Similarly, results from the monitoring ofa patient
66 may be logged for further analysis.

FIG. 7 illustrates a particular embodiment of the operation
of the data capture by camera 45 from monitor 62. In step 92,
pictures of monitor data are captured by the camera 45 from
the monitor 62. As noted above, this monitor data may be
generated as a result of a simulation being run on the monitor
62 or may be generated in response to physiological param-
eters of a patient 66 being measured by a sensor 46.
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The pictures captured in step 92 may be converted in step
94 into ASCII data. This conversion may be accomplished
through the use of the optical character recognition program
discussed above, which may be stored in storage 74 and run
by the processor 70. Through, for example, the comparison
operation performed by the optical character recognition pro-
gram, ASCII data relating to both SpO, and pulse rate values
that were displayed on the monitor 62 are generated, as shown
in step 96. As detailed above, this SpO, and pulse rate ASCII
data may be analyzed to determine the proper operation of the
monitor 62 or the SpO, and pulse rate ASCII data may be
analyzed to determine the results of patient monitoring,
depending on the source of the data displayed by the monitor
62.

While the disclosure may be susceptible to various modi-
fications and alternative forms, specific embodiments have
been shown by way of example in the drawings and have been
described in detail herein. However, it should be understood
that the embodiments provided herein are not intended to be
limited to the particular forms disclosed. Indeed, the dis-
closed embodiments may not only be applied to measure-
ments of blood oxygen saturation, but these techniques may
also be utilized for the measurement and/or analysis of other
blood constituents. For example, using the same, different, or
additional wavelengths, the present techniques may be uti-
lized for the measurement and/or analysis of carboxyhemo-
globin, met-hemoglobin, total hemoglobin, fractional hemo-
globin, intravascular dyes, and/or water content. Rather, the
various embodiments may cover all modifications, equiva-
lents, and alternatives falling within the spirit and scope of the
disclosure as defined by the following appended claims.

What is claimed is:

1. A system comprising:

a monitor adapted to:

receive a first simulated pulse oximetry input signal and
a subsequent second simulated pulse oximetry input
signal from a simulator;

generate a first result and a subsequent second result
based on the first simulated pulse oximetry input sig-
nal and the second simulated pulse oximetry input
signal, respectively; and

display the first result as a first image and, subsequently,
the second result as a second image;

a camera adapted to capture the first image and to sub-
sequently capture the second image of the display;
and

a workstation adapted to receive the first image and the
second image of the display from the camera, wherein
the workstation is adapted to convert the first image
and the second image of the display into displayable
data, and wherein the workstation is configured to
transmit a first activation signal and a subsequent
second activation signal to the camera based at least in
part upon the first simulated pulse oximetry input
signal and the second simulated pulse oximetry input
signal, respectively, to coordinate the capture of the
first image and the second image, respectively.

2. The system of claim 1, wherein the workstation is
adapted to identify at least one portion of each of the first
image and the second image as including an alphanumeric
character and generate a corresponding result character based
on the respective alphanumeric character as the displayable
data.

3. The system of claim 1, wherein the workstation com-
prises a workstation display, wherein the workstation is
adapted to display the displayable data on the workstation
display.
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4. The system of claim 1, wherein the simulator comprises
apulse oximetry sensor simulator adapted to generate the first
simulated pulse oximetry input signal and the second simu-
lated pulse oximetry input signal and transmit the first input
simulated pulse oximetry signal and the second simulated
pulse oximetry input signal to the monitor.

5. The system of claim 1, wherein the monitor comprises a
pulse oximetry monitor.

6. A kit, comprising:

a simulator adapted to generate a first simulated pulse
oximetry signal and a subsequent second simulated
pulse oximetry signal;

a camera adapted to capture a first image and to subse-
quently capture a second image generated on a first
display in response to the first simulated pulse oximetry
signal and the second simulated pulse oximetry signal,
respectively; and

machine readable code loadable into a non-transitory tan-
gible computer readable storage, wherein the machine
readable code operates to direct a processor to transmit a
first activation signal and a subsequent second activation
signal to the camera based on the first simulated pulse
oximetry signal and the second simulated pulse oxim-
etry signal, respectively, to coordinate the capture of the
first image and the second image, respectively, and
wherein the machine readable code operates to direct the
processor to convert at least a portion of the first image
and the second image into result data for display on a
second display.

7. The kit of claim 6, wherein the machine readable code
operates to direct the camera to focus on a particular portion
of the first display.

8. The kit of claim 6, wherein the machine readable code
operates to direct the processor to identify at least one portion
of each of the first image and the second image as including an
alphanumeric character and generate a corresponding result
character as the result data.

9. The kit of claim 6, wherein the machine readable code
operates to direct the camera to capture a still image.

10. The kit of claim 6, the machine readable code operates
to direct the camera to capture a video image.

11. A method comprising:

generating in a simulator a first simulated pulse oximetry
signal and a subsequent second simulated pulse oxim-
etry signal;

transmitting, via the simulator, the first simulated pulse
oximetry signal and subsequently transmitting, via the
simulator, the second simulated pulse oximetry signal to
a pulse oximetry monitor;

generating in the pulse oximetry monitor a first result and
a subsequent second result based at least in part upon the
first simulated pulse oximetry signal and the second
simulated pulse oximetry signal, respectively;

displaying the first result as a first image and, subsequently,
the second result as a second image on a display of the
pulse oximetry monitor;

transmitting, via a processor, a first activation signal and a
subsequent second activation signal to a camera based at
least in part upon the first and the second simulated pulse
oximetry signal, respectively; and

capturing, via the camera, the first image and, subse-
quently, the second image of the display in response to
the first activation signal and the second activation sig-
nal, respectively.

12. The method of claim 11, comprising calibrating the

camera by focusing the camera on one or more portions of the
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display, capturing a third image, and determining if an optical
character is present in the third image.

13. The method of claim 11, wherein the first result is
indicative of at least one of a pulse rate, a saturation pattern
detection index, or an oxygen saturation level based on the
signal, and wherein the first image comprises an indication of
at least one of the pulse rate, the saturation pattern detection
index, or the oxygen saturation level.

14. The method of claim 13, wherein capturing the first
image comprises capturing a still image of at least one of the
pulse rate, the saturation pattern detection index, or the oxy-
gen saturation level on the display of the pulse oximetry
monitor.

15. The method of claim 13, wherein capturing the first
image comprises capturing a video image of at least one of the
pulse rate, the saturation pattern detection index, or the oxy-
gen saturation level on the display of the pulse oximetry
monitor.

16. The method of claim 11, comprising converting the first
image and the second into result data.
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17. The method of claim 16, wherein converting the first
image and the second image comprises identifying at least
one portion of each of the first image and the second image as
including an alphanumeric character and generating a corre-
sponding result character based on the alphanumeric charac-
ter as the result data.

18. The method of claim 16, comprising displaying the
result data on a second display.

19. The system of claim 1 wherein the first simulated pulse
oximetry input signal comprises an error signal, and wherein
the first result comprises an error indication.

20. The system of claim 1, wherein the workstation is
adapted to calibrate the camera by focusing the camera on one
or more portions of the display, capturing a third image,
determining if an optical character is present in the third
image, and adjusting a focus of the camera in response to
determining that an optical character is not present in the third
image.
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