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(54) Patient monitoring system

(57) A patient support apparatus includes a monitor-
ing system having a first detector and a controller. The
first detector detects electromagnetic radiation from a
first field of view of the first detector and providing a signal
indicative of characteristics of the electromagnetic radi-
ation. The controller includes a. processor coupled to the

first detector and a memory device including instructions
that, when executed by the processor, cause the proc-
essor to processes the signal from the first detector,
translate the signal into an array of data, and evaluate
the data in the array to determine characteristics of a
patient positioned in the first field of view.
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Description

[0001] The present invention relates generally to systems for monitoring a patient positioned in a patient support
apparatus. More specifically, the present invention relates to capturing images of a patient in a patient support apparatus
and performing algorithms on the captured images to determine characteristics about the patient.

[0002] Inoneaspectofthe presentinvention, a patient support apparatus includes a monitoring system and a controller.
The monitoring system includes a first detector detecting electromagnetic radiation from a first field of view of the first
detector and providing a signal indicative of characteristics of the electromagnetic radiation. The controller includes a
processor coupled to the first detector and a memory device including instructions that, when executed by the processor,
cause the processor to processes the signal from the first detector, translate the signal into an array of data, and evaluate
the data in the array to determine characteristics of a patient positioned in the first field of view.

[0003] In some embodiments the first detector includes an infrared detector. In some embodiments the first detector
includes detector capable of detecting visible light. The patient support apparatus of any preceding claim, further com-
prising a second detector coupled to the processor, the second detector comprising an infrared detector detecting infrared
radiation from at least a portion of the first field of view, the second detector providing a signal indicative of characteristics
of the infrared radiation.

[0004] In some embodiments the memory device includes instructions that when executed by the processor cause
the processor to monitor the signal from the second detector, translate the signal from the second detector into an array
of data, and evaluate the data in the array to determine characteristics of a patient is positioned in the first field of view.
[0005] In some embodiments the memory device includes instructions that, when executed by the processor, cause
the processor to monitor the signal from the second detector to translate the signal received into a patient temperature.
[0006] In some embodiments the translation of the signal into a patient temperature includes calibrating the signal to
compensate for the ambient temperature.

[0007] In some embodiments the translation of the signal into a patient temperature includes calibrating signal to
compensate for heat loss at the patient’s skin.

[0008] In some embodiments the characteristic of the patient positioned in the first field of view includes a centroid of
the patient related data in the field of view and the controller determines whether the centroid is positioned within an
acceptable boundary on the patient support apparatus.

[0009] In some embodiments the data array from the first detector is used to target a boundary in the first field of view,
the boundary in the first field of view being used to determine a target area for the collection of data from the second
detector.

[0010] Insome embodiments the data array from either the first detector or the second detector is a time series of data.
[0011] In some embodiments, the memory device includes instructions that, when executed by the processor, cause
the processor to evaluate characteristics of the patient at a first time and evaluate characteristics of the patient at a
second time.

[0012] In some embodiments, the characteristic of the patient at a second time is compared to the characteristic of
the patient at the first time to determine if changes in the characteristics of the patient exceed a threshold.

[0013] In some embodiments the threshold is related to excessive patient movement.

[0014] In some embodiments the patient movement is determined as a mean of the magnitude of movements over a
period of time.

[0015] In some embodiments the patient movement is determined as a mean of the variation from a common point
out a number of time intervals.

[0016] In some embodiments the characteristic of the patient at a second time is compared to the characteristic of the
patient at a first time to determine a respiration rate of the patient.

[0017] In some embodiments the respiration rate is determined by calculating the time interval between peak temper-
atures at a target location.

[0018] In some embodiments the respiration rate is determined by calculating the time interval between minimum
temperatures at a target location.

[0019] In some embodiments the threshold related to excessive patient movement is a velocity threshold.

[0020] In some embodiments the patient movement is used to determine if a patient is conscious.

[0021] In some embodiments the patient movement is used to determine if a patient is agitated.

[0022] In some embodiments an infrared detector includes an internal reference for calibrating the data received by
the infrared detector to account for any ambient temperature.

[0023] In some embodiments a patient supported on a support plane that intersects an image plane of a detector.
[0024] In some embodiments the controller corrects the data signal from a detector to compensate for variations in
the relationship between the support plane and the image plane.

[0025] In some embodiments the relationship between a first detector and a second detector is known.

[0026] In some embodiments the centroid of the patient boundary determined by the controller is established at a first
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time and the relationship between the centroid in the patient boundary is maintained at later times.

[0027] In some embodiments the centroid of the patient boundary determined by the controller is recalculated if the
patient boundary varies in shape beyond an acceptable threshold.

[0028] In some embodiments the monitoring system further includes a local alarm.

[0029] In some embodiments the monitoring system communicates with a remote station.

[0030] In some embodiments the monitoring system includes a user interface.

[0031] In some embodiments the patient support apparatus includes an angle sensor.

[0032] In some embodiments the patient support apparatus includes an angle sensor that provides a signal to the
controller indicative of the relationship between the support plane and the image plane.

BRIEF DESCRIPTION OF DRAWINGS

[0033] The invention will now be further described by way of example with reference to the accompanying drawings,
in which:

[0034] Fig. 1is a top plan view of a patient support apparatus including detectors mounted to side rails of the patient
support apparatus, the detectors positioned to detect characteristics in a field of view that includes the upper body of a
patient supported on the patient support apparatus;

[0035] Fig. 2 is a screenshot of an image detected by the detectors of the patient support apparatus of figure 1;
[0036] Fig. 3 is a screenshot of another image detected by the detectors of the patient support apparatus of Fig. 1;
[0037] Fig. 4 is a flowchart of a process used to determine the temperature of a patient positioning in the field of view
of one of the detectors of the patient support apparatus of Fig. 1;

[0038] Fig. 5 is a flow chart of a process used to determine characteristics related to the movement of the patient
positioned in the field of view of one of the detectors of the patient support apparatus of Fig. 1;

[0039] Fig. 6 is a diagrammatic representation of the correction of an image detected by one of the detectors of the
patient support apparatus of Fig. 1, the image being corrected to account for the variation in the angular position of a
portion of the patient support apparatus of figure 1; and

[0040] Fig.7isablockdiagram of the control system for a patient monitoring system according to the present disclosure.
[0041] A patient support apparatus embodied as a bed 10 includes a patient monitoring system 12. The bed 10 is
shown in a top plan view in Fig. 1 and includes a head panel 14, a foot panel 16, a head section 18, a seat section 20,
and a foot section 22. The bed 10 also includes a left head side rail 24, a right head side rail 26, a left foot side rail 28
and a right foot side rail 30. The patient monitoring system 12 is shown diagrammatically in Fig. 7 and includes a first
detector 32 positioned on the left foot side rail 28 and a second detector 34 positioned on the right foot side rail 30. The
first detector 32 has a field of view 36 that includes a significant portion of the head section 18 of the bed 10. The second
detector 34 also has a field of view 38 that includes a significant portion of the head section 18. Each of the first and
second detectors 32 and 34 detect electromagnetic radiation in their respective fields of view 36 and 38. In some
embodiments, the first and second detectors 32 and 34 may be mounted on the left and right head rails 24 and 26
respectively.

[0042] In the illustrative embodiment the first detector 32 is a video camera that detects images in the visible light
spectrum and the second detector 34 is a video camera that detects images in the infrared light spectrum. In other
embodiments, both of the detectors 32, 34 may detect light in the visible light spectrum. In still other embodiments, both
of the detectors 32, 34 may detect light in the infrared light spectrum. In use, the first detector 32 detects images from
the field of view 36 and converts the images to a data signal that provides information about the image detected. A
controller 40 shown in Fig. 7 as part of the monitoring system 12 receives the data signal from the first detector 32 and
processes the data signal to evaluate the image from the field of view 36 and make determinations about the image.
For example, the controller 40 may be operable to determine if a patient is positioned in the field of view 36 and to
determine the position of the patient within the field of view 36.

[0043] Referring now to Fig. 2, a sample image 42 is shown in a display frame 44 on a display device 46 coupled to
the controller 40. The image 42 includes several boundary lines that are generated by the controller 40 and corresponding
to boundaries used by the controller 40 to distinguish patient characteristics. For example, the boundary 48 has been
established by the controller 40 based on the image received by the controller 40 from the first detector 32 and defines
the boundary of data that is considered to be related to the presence of a patient in the field of view 36. The determination
of the location of the boundary 48 is the result of a mathematical algorithm developed to distinguish the boundary 48.
The controller 40 ignores data outside of the boundary 48 as it has been determined to be part of the environment and
not in any way related to the patient positioned in the field of view 36.

[0044] Referring again to Fig. 2, the controller 40 establishes a boundary 50 that defines the portion of the image that
the controller 40 considers the outline of the patient positioned in the field of view 36. It should be understood that the
images shown in Figs. 2 and 3 represents a single point in time and only the image data related to that particular point
in time. The monitoring system 12 may utilize either a single image such as the images shown in the Figs. 2 and 3 to
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make certain determinations with respect to the patient positioned in the field of view 36 or the controller 40 may consider
more images that have been collected as a time-series array of data to evaluate certain characteristics of the patient.
For example, changes in the shape of the boundary 50 over time may indicate patient movement. Also, if an infrared
light spectrum detector, such as detector 34, is used, changes in the image may indicate changes in a temperature
gradient that may be used to discriminate the data to determine the patient’s temperature or the patient’s respiration
rate. An infrared detector may also operate independently of a visible light detector, with the patient boundary 50 and
other boundaries determined by the controller 40 using only data from the infrared detector. Monitoring of the position
of the patient, the patient temperature, the patient respiration rate, or other characteristics may be compared to a threshold
or allowable value and an alarm may be generated either locally or remotely if the characteristic is not an acceptable value.
[0045] Because the first detector 32 and the second detector 34 are positioned with a known relationship, the controller
40 may also simultaneously evaluate the image from the first detector 32 which includes the visible light spectrum and
the second detector 34 which includes the infrared light spectrum to make determinations with regard to the status of
the patient in the respective fields of view 36, 38. It is within the scope of this disclosure for the image from first detector
32 to be used to assist with targeting of certain areas of the image such that the data from the second detector 34 in the
infrared light spectrum may be narrowed to targeted areas to increase the speed at which the images may be processed
by ignoring extraneous data. For example, the controller 40 determines that the boundary 52 shown in Fig. 2 generally
defines the facial area of a patient in the field of view 36. Based on algorithms, the boundary 54 is identified as the
general area in which respiration may be detected by the second detector 34. Thus, by identifying the general location
of the boundary 54 for the second detector 34, the image detected by detector 34 may generally be ignored with the
exception of the boundary 54 so that a significant amount of the data from the infrared light spectrum does not have to
be processed by the controller 40 to determine a respiration rate of the patient.

[0046] In addition, a boundary 56 is identified by the controller 40 as a target location for determining the body tem-
perature of the patient. An algorithm used by the controller 40 considers the shape of the patient boundary 50 and the
shape of the boundary 52 to determine a general area represented by boundary 56 which includes exposed skin of the
patient. Similar to the approach used with regard to the boundary 54, the information from the first detector 32 is used
to target the second detector 34 so that minimal data is considered from the infrared light spectrum, thereby reducing
the processing required to make the analysis of the patient temperature. A process 62 used by the controller 40 to
determine the patient temperature is shown in Fig. 5 and includes a first process step 64 in which the temperature
measurement is calibrated using an internal reference. In the illustrative embodiment, the second detector 34 includes
an internal thermometer that is used to measure the ambient temperature in the patient room so that the infrared signal
detected by the second detector 34 can be offset by a factor that considers the ambient temperature. In some embod-
iments, the controller 40 may establish a boundary 58 that represents a homogeneous image within the boundary 50.
The boundary 58 may then be considered by the controller 40 to be a reference such that the ambient temperature
detected by thermometer of the second detector 34 is considered in conjunction with the image data from within boundary
58 to determine a calibration factor for the second detector 34.

[0047] The process 62 advances to step 66 where the boundary 56 is determined from the evaluation of boundary 50
and boundary 52 to determine the image portion that is best suited to detect the patient temperature. Once the boundary
56 is developed by the controller 40, the data signal received by the second detector 34 from the boundary 56 is processed
by the controller 40 to determine a temperature for the boundary 56 at step 68 of process 62. The process 62 then
advances to step 70 where the temperature determined at step 68 is compared to the calibration factor determined at
step 64 so that the raw image signal received by the second detector 34 can be translated to an actual patient temperature
with accuracy. The translation that occurs at step 70 includes a correction of the temperature determined from boundary
56 to adjust for sheets and blankets, the ambient temperature, and the difference in the temperature sensed at a skin
surface as compared to the actual body temperature due to heat loss at the skin surface.

[0048] A similar approach can be used to determine the respiration rate of the patient by considering the changes in
temperature over time in the area about boundary 54. Once the second detector 34 has been calibrated to compensate
for ambient temperature, time series analysis of the data received by the second detector 34 associated with boundary
54 is used to detect changes in the temperature at boundary 54. By measuring the time between the peak temperatures
or the minimum temperatures the time between respirations can be determined and directly converted to a respiration
rate. In other embodiments, temperature gradient data may be used to determine the respiration rate. For example, the
first derivative of the temperature signal may be used to determine the respiration rate.

[0049] Information from the first and second detectors 32, 34 may also be used to monitor patient movement. For
example, the controller 40 may determine a centroid of the boundary 50 as represented by reference numeral 60 in Figs.
2 and 3. The position of the patient in Fig. 2 is a representation of the analysis of the data at a first time t;. Fig. 3 is a
representation at a second time t,. The position of the centroid 60 is represented by the coordinates x4, y4 in Fig. 2 at
t; and the position of the centroid 60 is represented by the coordinates x,, y, in Fig. 3 at t,. It should be understood that
the position of the centroid 60 may be determined at each interval of the time series of data so that changes in the
position of the centroid 60 as a function of time may be tracked. Thus, the velocity of the movement of the centroid 60
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as well as the absolute position of the centroid 60 may be monitored by the controller 40.

[0050] The monitoring of the movement of the centroid 60 provides an indication of patient activity and used to predict
that the patient intends to exit the bed, determine that the patient is awake or conscious, or to determine that the patient
is stressed or agitated. A process 72 for monitoring patient activity is shown in Fig. 5. At the initial step 74, the patient
portion of the image is determined as represented by the boundary 50 in Figs. 2 and 3. The process 72 then advances
to step 76 where the centroid 60 of the patient portion of the image is determined. The process then advances to step
78 wherein the movement of the centroid 60 is monitored over a time series. In the illustrative embodiment shown in
Figs. 2 and 3, the relationship of the centroid 60 to the boundary 50 is held constant such that after the position of the
centroid 60 is initially determined, the position of the centroid is anchored to a relationship with the boundary 50 as long
as the boundary 50 retains its general shape. Thus, as the patient moves out of the frame 44 detected by the first and
second detectors 32, 34 as represented by Fig. 3 and the general shape of the boundary 50 that remains within the
frame 44 is consistent with the shape of the boundary 50 shown in Fig. 2. The location of the centroid 60 to that portion
of the boundary 50 that remains within the frame 44 is held constant. If however, the patient contorts in some way as to
cause the boundary 50 to change shape, the position of the centroid 60 will be recalculated based on the new boundary
50. In either case, the change in the position of the centroid 60 is monitored at step 78 of process 72.

[0051] At the step 80 of process 72 an alarm signal is generated if the movement of the centroid 60 exceeds a
predetermined threshold. The threshold may be established as a static boundary for the location of the centroid 60 within
the frame 44, such that if the centroid 60 moves outside of some limit in either the x-axis or y-axis, an alarm is generated
by the controller 40. When the static position alarm approach is used, it may be indicative of a patient who is attempting
to egress from the bed 10 or it may be indicative that the patient has moved to an improper position on the bed and
needs to be repositioned by a caregiver.

[0052] The controller 40 may also monitor the velocity of movement of the centroid 60 to determine if a threshold
condition has been met. For example, if the centroid 60 is moving back and forth within the frame 44 at an excessive
rate, an alarm may be activated to indicate that the patient is agitated or stressed. Such a condition may also exist if the
patient is convulsing. The controller 40 monitors the movement of the centroid 60 within the frame 44 to determine if the
velocity or changes in direction exceeded and allowable threshold, thereby indicating that an alarm signal should be
generated. It should be understood that the alarm level may be adjustable depending on the expected level of patient
activity or the patient risk for fall is the patient is detected to be exiting from the bed 10. In one example, the movement
of the centroid 60 may be calculated using a number of samples to determine the mean of the magnitude of movement
of the centroid 60 over the sample period as represented by Equation (1) below. In another approach, movement of the
centroid 60 may be translated as the mean movement from a starting calibration point over the sample as represented
by Equation (2) below.

EQUATION (1)

Y= ‘\,/(xl _xz)z + (¥ ")"2)2 +\/(x2 _x3)2 +(y, “3"3)2 +\/(x4 "xa)z +(¥s "J"z)l +\/(x5 "'x4)2 + (¥, _y4)2
4

EQUATION (2)

7o VG =0+ 0= 20+ =50t + 0= 0) G =50+ 0=y G %) 0 =9
4

[0053] The controller 40 may also correct for variations between the image plane and the surface of head section 18
supporting the patient. For example, the support plane 84 shown in Fig. 6 is representative of the support surface of the
head section 18 while the image plane 82 is representative of the plane from which the first detector 32 or second
detector 34 acquires data. The angle 86 between support plane 84 and image plane 82 is variable as the head section
18 is moved to raise the upper body of the patient as is well known in the art. Because the first detector 32 is mounted
on the side rail 28 and the second detector 34 is mounted on the side rail 30, the first detector 32 and second detector
34 do not move as the head section 18 is moved relative to the remainder of the bed 10. The bed 10 includes an angle
sensor 90 and the signal from the angle sensor 90 is transmitted to the controller 40 to inform the controller 40 of the
angle 86 of the support plane 84 relative to the image plane 82. Reference numeral 88 represents a point on the patient
parallel to the support plane 84 and the reference numeral 88’ represents the position of the reference 88 on the image



10

15

20

25

30

35

40

45

50

55

EP 2 460 469 A1

plane 82. The angle 100 shown in Fig. 6 represents the deviation of the reference 88 to the reference 88’ between the
planes 82 and 84. As the angle 86 decreases, the angle 100 increases such that the image detected on the image plane
82 is distorted as the position of the head section 18 changes. The known relationship between the location of the first
detector 32 and second detector 34 as compared to the head section 18 and monitoring of the angle sensor 90 allows
the controller 40 to compensate for this distortion so that the image detected may be evaluated at any angle 86. This
allows the boundary 50 to be determined at any angle 86 so that repositioning of the head section 18 does not cause
the loss of position data in the time series.

[0054] Referring now to Fig. 7, the monitoring system 12 includes the controller 40, the first detector 32, and the
second detector 34. The monitoring system 12 also includes a local alarm 94 and a user interface 102 that are each
coupled to the controller 40. The user interface 102 includes user inputs that allow information regarding the patient
position on the bed to be entered so that the monitoring system 12 may compensate for variations in expected patient
movement. A user may also verify certain monitoring parameters during a setup process. For example, the user may
enter a patient’s temperature so that the monitoring system 12 may use the patient temperature to as part of an algorithm
to compensate for the actual patient temperature as compared to the temperature sensed by the monitoring system 12.
The controller 40 includes a processor 96 and a memory device 98 coupled to the processor 96. The memory device
98 includes the software accessed by the processor 96 and used by the processor 96 to perform the algorithms discussed
herein. The local alarm 94 is coupled to the processor and receives any alarms signals generated by the controller 40
directly from the processor 96. In addition, the monitoring system 12 may communicate alarms to a remote station 92.
When present, the remote station 92 is positioned away from the bed 10 at a central location such as a nurse’s station,
for example.

[0055] As described herein, the first detector 32 and second detector 34 may be used to make analysis of the patient
image determining a number of patient parameters including the patient body temperature, the respiration rate, the level
of patient activity, and the position of the patient on the bed 10. This information may be used to surmise whether a
patient is moving out of the bed, conscious, sleeping, or whether or not the patient is in pain. In addition, it should be
understood that the approach described herein may also be used to determine whether it is likely that a patientis bleeding,
whether the patient has experienced incontinence event, or if the patient is perspiring excessively. The monitoring system
12 may utilize a single or a time series of images to make certain evaluations of the patient. In addition to the camera
image analysis, detection of patient activity also incorporate an audio analysis that is considered along with the image
analysis to determine if the patient is vocalizing stress, is moaning, or otherwise providing audio indications of issues
treated this analysis may include the loudness of any localized stress as well as the duration of any localized stress.
[0056] Although the invention has been described with reference to the preferred embodiments, variations and mod-
ifications exist.

Claims

1. A patient support apparatus comprising
a monitoring system including
a first detector detecting electromagnetic radiation from a first field of view of the first detector and providing a signal
indicative of characteristics of the electromagnetic radiation
a second detector coupled to the processor, the second detector comprising an infrared detector detecting infrared
radiation from at least a portion of the first field of view, the second detector providing a signal indicative of charac-
teristics of the infrared radiation, and
a controller including a processor coupled to the first detector and a memory device including instructions that, when
executed by the processor, cause the processor to processes the signals from the first and second detectors,
translate the each of the signals into an array of data, and evaluate the data in the arrays to determine characteristics
of a patient positioned in the first field of view.

2. The patient support apparatus of claim 1, wherein a characteristic of the patient is a position of the body of the patient.

3. The patient support apparatus of either claim 1 or claim 2,
wherein the data from the first detector is used to identify a boundary for the data from the second detector that is
evaluated to determine the characteristic of the patient.

4. The patient support apparatus of any preceding claim, wherein the data array from the first detector is used to target
a boundary in the first field of view, the boundary in the first field of view being used to determine a target area for
the collection of data from the second detector.
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The patient support of any preceding claim, wherein the memory device includes instructions that, when executed
by the processor, cause the processor to monitor the signal from the second detector to translate the signal received
into a patient temperature.

The patient support apparatus of claim 4, wherein the translation of the signal into a patient temperature includes
calibrating the signal to compensate for heat loss at the patient’s skin.

The patient support apparatus of any preceding claim, wherein the memory device includes instructions that, when
executed by the processor, cause the processor to evaluate characteristics of the patient at a first time and evaluate
characteristics of the patient at a second time.

The patient support apparatus of claim 7, wherein a characteristic of the patient at a second time is compared to a
characteristic of the patient at the first time to determine if changes in the characteristics of the patient exceed a
threshold.

The patient support apparatus of claim 8, wherein the threshold is related to movement of the body of the patient.
The patient support apparatus of claim 9, wherein the patient movement compared to the threshold is determined
as (i) a mean of the magnitude of movements over a period of time, or (ii) a mean of the variation from a common

point over a plurality of time intervals.

The patient support apparatus of claim 7, wherein a characteristic of the patient at a second time is compared to a
characteristic of the patient at a first time to determine a respiration rate of the patient.

The patient support apparatus of claim 11, wherein the respiration rate is determined by calculating the time interval
between peak or minimum temperatures at a target location.

The patient support apparatus of any preceding claim, wherein a patient is supported on a support plane that
intersects an image plane of the detector.

The patient support apparatus of claim 13, wherein the controller corrects the data signal from a detector to com-
pensate for variations in the relationship between the support plane and the image plane.

The patient support apparatus of claim 14, wherein the patient support apparatus further includes an angle sensor
that provides a signal to the controller indicative of the relationship between the support plane and the image plane.
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