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7) ABSTRACT

Contactless blood pressure monitoring, includes: illuminat-
ing a blood vessel of a patient with infrared (‘IR”) light;
receiving, by an IR camera through a polarizing filter, IR
light reflected by the patient; capturing at a time based on a
heartrate of the patient, a first IR image of the blood vessel
of the patient when the blood vessel is distended; determin-
ing, from the first image, a maximum diameter of the blood
vessel;, capturing at a time based on the heartrate of the
patient, a second IR image of the blood vessel of the patient
when the blood vessel is contracted; determining, from the
second IR image, a minimum diameter of the blood vessel;
and calculating blood pressure of the patient in dependence
upon the maximum and minimum diameters of the blood
vessel.

102

Polarizing Fitter

108
Camera
\\ i
\\ RGBLght
@ Source
106
sk Video Computer 152
1 g() Y Adapter ‘
— 209
Video Bus
16 RAM 168
Processor Bus Adaple Blood Pressure
roc u r .

Monitoring Module 126

166 FSB 158 Mem. Bus g —

162 166 Operating System 154
Expansion Bus 160 :
— ;
Comm. 110 Drive i :

Adapter Adapter Adapter Drive
167 178 172 Ho

User Input Devices
181




Patent Application Publication May 17,2018 Sheet 1 of 7 US 2018/0132795 Al

Reflected Light
116
§ IR Light
\ Source

~ YD
Patient \ 102
100 \

Polarizing Fitter
108
\%\\x RGB Light
@ Source
106 )

Camera
/104

Display A\é?et?ar
160 2%

Video Bus

Computer 152 |

164

Processor Bus Adapter
|——— {———
156 FSB 158 Mem. Bus
162 166

RAM 168

Blood Pressure
Monitoring Module 126

Qperating System 154

Expansion Bus 160

Comm. 0]
Adapter Adapter
167 178

Drive
Adapler
172

User Input Devices
181

FIG. 1



Patent Application Publication May 17,2018 Sheet 2 of 7 US 2018/0132795 Al

fluminate, By A Blood Pressure Monitoring System, A Blood Vessel Of A Patient With IR
Light 202

v

Receive, By An IR Camera Of The Blood Pressure Monitoring System Through A
Polarizing Filter, IR Light Reflected By The Patient 204

v

Capture At A Time Based On A Heartrate Of The Patient, By The IR Camera Of The Blood
Pressure Monitoring System, A First IR Image Of The Blood Vessel Of The Patient When
The Blood Vessel Is Distended 206

/ FrstIR image 208 /

'

Determine, From The First Image, A Maximum Diameter Of The Blood Vessel 210

Y

Capture At A Time Based On The Heartrate Of The Patient, By IR Camera Of The
Contactiess Blood Pressure Monitoring System, A Second IR Image Of The Blood Vessel
Of The Patient When The Blood Vessel Is Contracted 212

Y

/ Second IR Image 214 /

Determine, From The Second IR Image, A Minimum Diameter Of The Blood Vessel 216

/ Min. Diameter 218 / / Max. Diameter 220 /Q—

Calculate, By The Blood Pressure Monitoring System, Blood Pressure Of The Patient In
Dependence Upon The Maximum And Minimum Diameters Of The Blood Vessel 224

/ Blood Pressure 226 /

FIG. 2



Patent Application Publication May 17,2018 Sheet 3 of 7 US 2018/0132795 Al

Patient
100

v
vamvasvasvamvasvasEseTaevaAvaRsaAsY SRRV AR RS Meraaraevasrantaarasraavaatanradvasvasvanranvanban

Time

to

Min. Diameter
218

Max. Diameter

220

t

Blood Vessel
202 Point Of Interest
206

FIG.3



Patent Application Publication = May 17,2018 Sheet 4 of 7 US 2018/0132795 Al

Calculate The Heartrate Of The Patient 402

Iuminate The Patient With IR Light And Visible Light 404 :l

|: Capture A Series Of RGB Images While The Patient Is liluminated With The IR Light 406

Identify From The RGB Images, Maximum RGB Intensity Values 408 ]

Determine, As The Patient's Heartbeat, A Frequency Of Recurring Maximum RGB
Intensity Values Over A Period Of Time 410

Hluminate A Blood Vessel Of A Patient With IR Light 202
Receive, By An IR Camera Through A Polarizing Filter, IR Light Reflected By The Patient
204
Capture At A Time Based On A Heartrate Of The Patient, A First IR Image Of The Blood
Vessel Of The Patient When The Blood Vessel Is Distended 206

/ First R Image 208 /

Y

Determine, From The First Image, A Maximum Diameter Of The Blood Vessel 210

L]

Capture At A Time Based On The Heartrate Of The Patient, A Second IR Image Of The
Blood Vesse! Of The Patient When The Blood Vessel Is Contracted 212

/ Second IR Image 214 /

Determine, From The Second IR Image, A Minimum Diameter Of The Blood Vessel 216

Y
/ Min. Diameter 218 / / Max. Diameter 220 /Q—
y Y

Calculate, By The Blood Pressure Monitoring System, Blood Pressure Of The Patient In
Dependence Upon The Maximum And Minimum Diameters Of The Blood Vessel 224

Y
/ Blood Pressure 226 / FIG. 4




Patent Application Publication May 17,2018 Sheet 5 of 7 US 2018/0132795 Al

Calculate A Blood Flow Rate Of The Patient 502

Huminate The Patient With IR Light And Visible Light 504 :l

Capture A Series Of RGB Images While The Patient Is llluminated With The IR Light 508

Identify, From The Series Of RGB Images, A First Image Of A Blood Vessel When An
Upstream Location In The Bloed Vessel Is Distended And A Downstream Location Is Not
Distended 508

Identify, From The Series Of RGB Images, A Second Image Of The Blood Vessel When
The Downstream Location Is Distended 510

Calculate A Difference In Time Between The Capture Of The First And Second Image 512 ]

Calculate, Based On The Difference In Time, A Blood Flow Rate 514
|

y
lluminate A Blood Vessel Of A Receive, By An IR Camera Through A Polarizing
Patient With IR Light 202 Filter, IR Light Reflected By The Patient 204

Capture At A Time Based On A Heartrate Of The Patient, A
First IR Image 208 /Q-— First IR Image Of The Blood Vessel Of The Patient When
The Blood Vessel Is Distended 206

Determine, From The First Image, A Maximum Diameter Of The Blood Vessel 210 —

Y

Capture At A Time Based On The Heartrate Of The Patient,
Second IR Image 214 /Q-—— A Second IR Image Of The Blood Vessel Of The Patient
When The Blood Vessel Is Contracted 212

Determine, From The Second IR

fmage, A Minimum DiameterOfThe—v/ Min. Diameter 218 / / Max. Diameter 220 /4—
Blood Vessel 218

Calculate Blood | Calculate Blood Pressure Of The Patient In Dependence Upon The Blood Flow
Pressure 224 | Rate And The Maximum And Minimum Diameters Of The Blood Vessel 516

v
/ Blood Pressure 226 / FIG. 5




Patent Application Publication May 17,2018 Sheet 6 of 7 US 2018/0132795 Al

Patient
100

Downstreain Location
606

i Distension Blood Vesel
) 602 Time g
i F N i
§ F%OW _18_ —_—— tO §
: Vv |
Upstream Location
E 605 |
Distension
: 20 §
é Flow 618 —» 3y g



Patent Application Publication = May 17,2018 Sheet 7 of 7 US 2018/0132795 Al

lluminate, By A Blood Pressure Monitoring System, A Blood Vessel Of A Patient With IR
Light 202

'

Receive, By An IR Camera Of The Blood Pressure Monitoring System Through A
Polarizing Filter, IR Light Reflected By The Patient 204

'

Capturs At A Time Based On A Heartrate Of The Patient, By The IR Camera Of The Blood
Pressure Monitoring System, A First IR Image Of The Blood Vessel Of The Patient When
The Blood Vessel Is Distended 206

'

/ First IR Image 208 /

Determine, From The First Image, A Maximum Diameter Of The Blood Vessel 210

'

Capture At A Time Based On The Heartrate Of The Patient, By IR Camera Of The
Contactless Blood Pressure Monitoring System, A Second IR Image Of The Blood Vessel
Of The Patient When The Blood Vessel Is Contracted 212

/ Second IR Image 214 /

Determine, From The Second IR Image, A Minimum Diameter Of The Blood Vessel 216

/ Min. Diameter 218 / / Max. Diameter 220 /<—

Calcutate Blood Pressure Of The Patient In Dependence Upon The Maximum And
Minimum Diameters Of The Blood Vessel 224

Reduce, By A Source Separation Algorithm, Influence Of Background Radiation
102

FIG. 7

/ Blood Pressure 226 /




US 2018/0132795 Al

CONTACTLESS BLOOD PRESSURE
MONITORING OF A PATIENT

BACKGROUND

Field of the Invention

[0001] The field of the invention is data processing, or,
more specifically, methods, apparatus, and products for
contactless blood pressure monitoring of a patient.

Description of Related Art

[0002] Current medical technology for gathering various
blood related metrics such as blood pressure, heart rate, and
blood flow rate, generally require physical contact between
a patient and a medical device. For example, blood pressure
is generally measured with a sphygmomanometer (also
called a blood pressure meter or monitor) that includes an
inflatable cuff. Such a cuff constricts the blood flow through
a patient’s veins when inflated and contracts in a controlled
manner to measure the blood pressure of the vein when
constricted and when unconstricted. Such a constriction may
be uncomfortable for many patients.

SUMMARY

[0003] Methods, apparatus and products for A method of
contactless blood pressure monitoring of a patient are dis-
closed in this specification. Such contactless blood pressure
monitoring includes: illuminating, by a blood pressure
monitoring system, a blood vessel of a patient with infrared
(‘IR*) light; receiving, by an IR camera of the blood pressure
monitoring system through a polarizing filter, IR light
reflected by the patient; capturing at a time based on a
heartrate of the patient, by the IR camera of the blood
pressure monitoring system, a first IR image of the blood
vessel of the patient when the blood vessel is distended;
determining, by the blood pressure monitoring system from
the first image, a maximum diameter of the blood vessel;
capturing at a time based on the heartrate of the patient, by
IR camera of the contactless blood pressure monitoring
system, a second IR image of the blood vessel of the patient
when the blood vessel is contracted; determining, by the
blood pressure monitoring system from the second IR
image, a minimum diameter of the blood vessel; and calcu-
lating, by the blood pressure monitoring system, blood
pressure of the patient in dependence upon the maximum
and minimum diameters of the blood vessel.

[0004] The foregoing and other objects, features and
advantages of the invention will be apparent from the
following more particular descriptions of exemplary
embodiments of the invention as illustrated in the accom-
panying drawings wherein like reference numbers generally
represent like parts of exemplary embodiments of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 sets forth a block diagram of a system
configured for contactless blood pressure monitoring of a
patient according to embodiments of the present invention.
[0006] FIG. 2 sets forth a flow chart illustrating an exem-
plary method for contactless blood pressure monitoring of a
patient according to embodiments of the present invention.
[0007] FIG. 3 sets forth a diagram of a blood vessel of a
patient.
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[0008] FIG. 4 sets forth a flow chart illustrating a further
exemplary method for contactless blood pressure monitor-
ing of a patient according to embodiments of the present
invention that includes calculating the heartrate of the
patient.

[0009] FIG. 5 sets forth a flow chart illustrating a further
exemplary method for contactless blood pressure monitor-
ing of a patient according to embodiments of the present
invention that includes calculating the heartrate of the
patient.

[0010] FIG. 6 sets forth another diagram of a blood vessel
of a patient.
[0011] FIG. 7 sets forth a flow chart illustrating a further

exemplary method for contactless blood pressure monitor-
ing of a patient according to embodiments of the present
invention that includes calculating the heartrate of the
patient.

DETAILED DESCRIPTION

[0012] Exemplary methods, apparatus, and products for
contactless blood pressure monitoring of a patient in accor-
dance with the present invention are described with refer-
ence to the accompanying drawings, beginning with FIG. 1.
FIG. 1 sets forth a block diagram of a system configured for
contactless blood pressure monitoring of a patient according
to embodiments of the present invention. The system of FIG.
1 includes an example of a contactless blood pressure
monitoring system according to various embodiments of the
present invention. Such a blood pressure monitoring system
may be implemented with automated computing machinery
in the form of a computer (152), a camera (104), and a
several light sources (106, 102).

[0013] The example computer (152) of FIG. 1 includes at
least one computer processor (156) or ‘CPU” as well as
random access memory (168) (‘RAM”) which is connected
through a high speed memory bus (166) and bus adapter
(158) to processor (156) and to other components of the
computer (152).

[0014] Stored in RAM (168) is a blood pressure monitor-
ing module (126), a module of computer program instruc-
tions for contactless blood pressure monitoring in accor-
dance with embodiments of the present invention. To that
end, the blood pressure monitoring module (126) may
illuminate, through use of the IR light source (102), one or
more blood vessels of a patient (100) with IR light. In some
embodiments of the present invention, illuminating the
patient (100) with IR light may include illuminating the
patient’s face. The face includes many blood vessels in the
form of veins, capillaries, and so on as will occur to readers
of skill in the art. A blood vessel, as the term is used in this
specification, may refer to any or all of: a vein, a capillary,
and an artery.

[0015] The blood pressure monitoring module (126) may
also receive, by an IR camera (104) through a polarizing
filter (108), IR light reflected (110) by the patient (100). The
camera (104) in the example of FIG. 1 may be implemented
in a variety of ways. For example, the camera may be a
digital video camera configured to capture IR light, visible
light, or both. In some embodiments, multiple cameras may
be implemented. In such an embodiment, one camera may
be an RGBa camera and another an IR camera. A polarizing
filter generally blocks polarized light from passing through
the filter. Various types of polarizing filters maybe utilized in
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the example system of FIG. 1 such as a linear polarizer, a
circular polarizer, or a combination of the two.

[0016] The blood pressure monitoring module (126),
through the camera (104) may also capture at a time based
on a heartrate of the patient a first IR image of the blood
vessel of the patient when the blood vessel is distended—
that is, fully dilated. Readers of skill in the art will recognize
that such a ‘capture’ of an image may be carried out by
capturing many images, by capturing a stream of frames in
a digital video for example, and sampling the image data
from the many images. In fact, each time the term ‘capture’
is used in this specification, readers of skill in the art will
recognize that the term may refer to capturing many images
and sampling the image data from those images.

[0017] A heart beat occurs in a cardiac cycle. The cardiac
cycle begins in systole in which the ventricles of the heart
contract, pumping blood out to the cardiovascular network.
The cycle continues with an intervening pause, finally
followed by diastole in which the ventricles of the heart
relax. Responsive to the systole period in the cardiac cycle
vessels experience increased pressure and thus distend. At
this point, based on a known or calculated heart rate (de-
scribed below), the blood pressure monitoring module cap-
tures an IR image of the blood vessel. Readers of skill in the
art will recognize that capturing an IR image of a blood
vessel refers generally to capturing an image of a portion of
the vessel, rather than the entire vessel.

[0018] From the first IR image, the blood pressure moni-
toring module (126) may determine a maximum diameter of
the blood vessel. The diameter may be calculated based on
image processing of the image where edges of the vessels
may be identified and the distance between the edges at the
point of maximum distension may be calculated in a variety
of ways.

[0019] The blood pressure monitoring module (126),
through the camera (104), may then capture at a time based
on the heartrate of the patient, a second IR image of the
blood vessel of the patient when the blood vessel is con-
tracted. The same portion of the blood vessel previously
captured in an IR image when at full distension may be
captured when the vessel is fully contracted, that is during
the diastole period of the cardiac cycle of the heart. Like-
wise, the blood pressure monitoring may determine, from
the second IR image, a minimum diameter of the blood
vessel.

[0020] From these maximum diameters, the blood pres-
sure monitoring module may then calculate blood pressure
of the patient. Blood pressure is generally directly propor-
tional to the product of the blood flow rate and total
peripheral resistance. Total peripheral resistance is highly
variable based on the radius of the blood vessel. The blood
pressure monitoring module (126) may calculate blood
pressure in a variety of ways. Blood pressure generally is
measured at diastole and at systole. In some embodiments,
the blood pressure monitoring module (126) may calculate
the diastolic blood pressure by assuming or calculating a
blood flow rate, approximating the total peripheral resis-
tance based on the maximum diameter, and calculating the
product of the two. The blood pressure monitoring module
(126) may also calculate the systolic blood pressure by
assuming or calculating a blood flow rate, approximating the
total peripheral resistance based on the minimum diameter,
and calculating the product of the two. Readers of skill in the
art will recognize that this is but one way, among many
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possible ways, to calculate blood pressure from the maxi-
mum and minimum diameters of a blood vessel. Each such
possible way is well within the scope of the present inven-
tion.

[0021] Readers of skill in the art will recognize the blood
pressure monitoring system depicted in FIG. 1, including the
computer (152), the camera (104), and the light sources
(102, 106) may be implemented in a variety of different
manners. The system may be implemented in a kiosk in
which a user may approach the kiosk, request blood pressure
monitoring through use of user input devices, and receive on
a display (180) the results of the monitoring. Readers will
also recognize that such monitoring may be dynamic and
continuous. Many cameras, for example, may be configured
to capture 24 frames each second, and the capture of IR
images followed, determination of maximum and minimum
vessel diameters, and calculation of blood pressure may be
carried out many times in a short period of time.

[0022] Also stored in RAM (168) is an operating system
(154). Operating systems useful in computers configured for
contactless blood pressure monitoring of a patient according
to embodiments of the present invention include UNIX™,
Linux™, Microsoft Windows™, ATX™, IBM’s {™ operat-
ing system, and others as will occur to those of skill in the
art. The operating system (154) and blood pressure moni-
toring module (126) in the example of FIG. 1 are shown in
RAM (168), but many components of such software typi-
cally are stored in non-volatile memory also, such as, for
example, on a disk drive (170).

[0023] The computer (152) of FIG. 1 includes disk drive
adapter (172) coupled through expansion bus (160) and bus
adapter (158) to processor (156) and other components of
the computer (152). Disk drive adapter (172) connects
non-volatile data storage to the computer (152) in the form
of disk drive (170). Disk drive adapters useful in computers
configured for contactless blood pressure monitoring of a
patient according to embodiments of the present invention
include Integrated Drive Electronics (‘IDE’) adapters, Small
Computer System Interface (‘SCSI’) adapters, and others as
will occur to those of skill in the art. Non-volatile computer
memory also may be implemented for as an optical disk
drive, electrically erasable programmable read-only
memory (so-called ‘EEPROM’ or ‘Flash’ memory), RAM
drives, and so on, as will occur to those of skill in the art.
[0024] The example computer (152) of FIG. 1 includes
one or more input/output (‘I/O’) adapters (178). I/O adapters
implement user-oriented input/output through, for example,
software drivers and computer hardware for controlling
output to display devices such as computer display screens,
as well as user input from user input devices (181) such as
keyboards and mice. The example computer (152) of FIG. 1
includes a video adapter (209), which is an example of an
/O adapter specially designed for graphic output to a
display device (180) such as a display screen or computer
monitor. Video adapter (209) is connected to processor (156)
through a high speed video bus (164), bus adapter (158), and
the front side bus (162), which is also a high speed bus.
[0025] The exemplary computer (152) of FIG. 1 includes
a communications adapter (167) for data communications
with other computers and for data communications with a
data communications network (not shown here). Such data
communications may be carried out serially through RS-232
connections, through external buses such as a Universal
Serial Bus (‘USB’), through data communications networks
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such as IP data communications networks, and in other ways
as will occur to those of skill in the art. Communications
adapters implement the hardware level of data communica-
tions through which one computer sends data communica-
tions to another computer, directly or through a data com-
munications network. Examples of communications
adapters useful in computers configured for contactless
blood pressure monitoring of a patient according to embodi-
ments of the present invention include modems for wired
dial-up communications, Ethernet (IEEE 802.3) adapters for
wired data communications, and 802.11 adapters for wire-
less data communications.

[0026] The arrangement of computer components, cam-
eras, and light sources making up the exemplary system
illustrated in FIG. 1 are for explanation, not for limitation.
Data processing systems useful according to various
embodiments of the present invention may include addi-
tional servers, routers, other devices, and peer-to-peer archi-
tectures, not shown in FIG. 1, as will occur to those of skill
in the art. Networks in such data processing systems may
support many data communications protocols, including for
example TCP (Transmission Control Protocol), IP (Internet
Protocol), HTTP (HyperText Transfer Protocol), WAP
(Wireless Access Protocol), HDTP (Handheld Device Trans-
port Protocol), and others as will occur to those of skill in the
art. Various embodiments of the present invention may be
implemented on a variety of hardware platforms in addition
to those illustrated in FIG. 1.

[0027] For further explanation, FIG. 2 sets forth a flow
chart illustrating an exemplary method for contactless blood
pressure monitoring of a patient according to embodiments
of the present invention. The example method of FIG. 2 may
be carried out by a system similar to that depicted in the
example of FIG. 1.

[0028] The method of FIG. 2 includes illuminating (202),
by a blood pressure monitoring system, a blood vessel of a
patient with IR light. Illuminating (202) a blood vessel (or
many blood vessels) may be carried out by projecting IR
light, from an IR light source, on the face or other exposed
skin of a patient.

[0029] The method of FIG. 2 also includes receiving
(204), by an IR camera of the blood pressure monitoring
system through a polarizing filter, IR light reflected by the
patient. The IR camera may include one or more lens filters
to block incoming light in the visible light spectrum while
allowing IR light to reach a CCD (charged-couple device)
sensor or CMOS (complementary metal oxide semiconduc-
tor) sensor.

[0030] The method of FIG. 2 also includes capturing (206)
at atime based on a heartrate of the patient, by the IR camera
of the blood pressure monitoring system, a first IR image
(208) of the blood vessel of the patient when the blood
vessel is distended. In an embodiment when the IR camera
is a 24 FPS (frame per second) digital video camera,
capturing a first IR image may be carried out by storing a
stream of frames for a period of time and identifying one,
based on the heartrate, that includes the vessel at full
distension.

[0031] The method of FIG. 2 also includes determining
(210), by the blood pressure monitoring system from the first
image (208), a maximum diameter (220) of the blood vessel.
The diameter may be calculated through image processing in
which edge detection is employed to identify the edges of
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the vessel. The distance between two points on opposite
detected edges may be determined as the diameter.

[0032] The method of FIG. 2 also includes capturing (212)
at a time based on the heartrate of the patient, by IR camera
of the contactless blood pressure monitoring system, a
second IR image (214) of the blood vessel of the patient
when the blood vessel is contracted. The method of FIG. 2
also includes determining, by the blood pressure monitoring
system from the second IR image, a minimum diameter
(218) of the blood vessel.

[0033] The method of FIG. 2 also includes calculating
(224), by the blood pressure monitoring system, blood
pressure of the patient in dependence upon the maximum
and minimum diameters of the blood vessel. Calculating
(224) blood pressure may be carried out by calculating both
a diastolic and a systolic pressure and such calculation may
be carried out in a variety of ways. In some embodiments,
each diameter (220, 218) may be used to determine or
assume a total peripheral resistance. With a known or
calculated blood flow rate, calculating diastolic and systolic
blood pressure may be carried out by determining the
product of the total peripheral resistance (at each diameter)
and the blood flow rate. After calculation, the blood pressure
may be displayed or otherwise provided to the patient or
electronically provided (via email, or other messaging) to a
physician.

[0034] For further explanation, FIG. 3 sets forth a diagram
of ablood vessel of a patient. One vessel (202) of the patient
is blown up for clarity. The vessel is shown at two times: t,
in which the heart is a diastole period and the vessel is
contracting and t; in which the heart is in the systole period
and the vessel is distended. At each time, while the patient
is illuminated with IR light, the blood pressure monitoring
system may capture an IR image that includes a point of
interest (206). From the images the blood pressure moni-
toring system may determine, at the point of interest at t,, the
minimum (218) diameter and at the point of interest at t,, the
maximum diameter (220).

[0035] As mentioned above, the heartrate of the patient,
which may be used to determine the timing of capturing the
IR images of the patient’s blood vessel at distension and
contraction, may be assumed or otherwise calculated. To that
end, the method of FIG. 4 sets forth a flow chart illustrating
a further exemplary method for contactless blood pressure
monitoring of a patient according to embodiments of the
present invention that includes calculating the heartrate of
the patient.

[0036] The method of FIG. 4 is similar to the method of
FIG. 2, in that the method of FIG. 4 also includes illumi-
nating (202) a blood vessel of a patient with infrared IR
light; receiving (204) IR light reflected by the patient;
capturing (206) at a time based on a heartrate of the patient
a first IR image (208) of the blood vessel of the patient when
the blood vessel is distended; determining (210) a maximum
diameter (220) of the blood vessel; capturing (212) at a time
based on the heartrate of the patient a second IR image (214)
of the blood vessel of the patient when the blood vessel is
contracted; determining (216) a minimum diameter (220) of
the blood vessel; and calculating (224) blood pressure (226)
of the patient in dependence upon the maximum and mini-
mum diameters of the blood vessel.

[0037] The method of FIG. 4 differs from the method of
FIG. 2, however, in that the method of FIG. 4 includes
calculating (402) the heartrate of the patient. In the method
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of FIG. 4, calculating (402) the heartrate of the patient is
carried out by: illuminating (404) the patient with IR light
and visible light; capturing (406) a series of RGBa (‘Red,
Green, Blue, Alpha’) images while the patient is illuminated
with the IR light; identifying (408) from the RGBa images,
maximum RGBa intensity values; and determining (410), as
the patient’s heartbeat, a frequency of recurring maximum
RGBa intensity values over a period of time.

[0038] When the heart beats, blood flows more quickly
through the vessel, and the vessel distends. Upon doing so,
the color of the vessel varies. The variation is periodic (or
semi-periodic) based on the regular periodic heart beat of the
patient. As such, the periodicity, or frequency, of the vari-
ance of the color may be utilized as the heartbeat.

[0039] Each image in the series of images includes a
plurality of pixels. Each pixel is defined by intensity values
for red, intensity values for green, and intensity values for
blue. As the color of the vessel varies, the pixel in each
image varies in intensity values. As such, identifying (408)
maximum RGBa intensity values from the images may be
carried out in a variety of ways. In one example, the blood
pressure monitoring system may calculate for each of a
number of pixels and for each color, average intensity
values. The blood pressure monitoring may then calculate a
score based on the sum of the average intensity values of the
colors and compare those sums to sums of other images in
the series. Those having the highest intensity values within
a range of one another may be determined to be images
containing maximum RGBa intensity values.

[0040] Not only may the heartrate of the patient be cal-
culated for later use in capturing IR images for blood
pressure calculation, but the heartrate may be a diagnostic
provided to the patient or doctor.

[0041] For further explanation, the method of FIG. 5 sets
forth a flow chart illustrating a further exemplary method for
contactless blood pressure monitoring of a patient according
to embodiments of the present invention that includes cal-
culating the heartrate of the patient. The method of FIG. 5
is similar to the method of FIG. 2, in that the method of FIG.
5 also includes illuminating (202) a blood vessel of a patient
with infrared IR light; receiving (204) IR light reflected by
the patient; capturing (206) at a time based on a heartrate of
the patient a first IR image (208) of the blood vessel of the
patient when the blood vessel is distended; determining
(210) a maximum diameter (220) of the blood vessel;
capturing (212) at a time based on the heartrate of the patient
a second IR image (214) of the blood vessel of the patient
when the blood vessel is contracted; determining (216) a
minimum diameter (220) of the blood vessel; and calculat-
ing (224) blood pressure (226) of the patient in dependence
upon the maximum and minimum diameters of the blood
vessel.

[0042] The method of FIG. 5 differs from the method of
FIG. 2, however, in that the method of FIG. 5 includes
calculating (502) a blood flow rate of the patient. In the
method of FIG. 5, calculating the blood flow rate of the
patient is carried out by: illuminating (504) the patient with
IR light and visible light; capturing (506) a series of RGBa
images while the patient is illuminated with the IR light;
identifying (508), from the series of RGBa images, a first
image of a blood vessel when an upstream location in the
blood vessel is distended and a downstream location is not
distended; identifying (510), from the series of RGBa
images, a second image of the blood vessel when the
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downstream location is distended; calculating (512) a dif-
ference in time between the capture of the first and second
image; and calculating (514), based on the difference in
time, a blood flow rate.

[0043] Blood flow rate may be determined by the time it
takes for blood to flow from one point, an upstream location,
to a second point in the blood vessel, a downstream location.
The blood pressure monitoring system may be configured or
calculate a distance between the upstream and downstream
location, then identify in the images when the blood flows
through each location. The blood pressure monitoring may
identify a time when the blood flows through a location as
the time at which the vessel distends at that location. That is,
at a first time, the blood flows through the upstream location,
distending the vessel at that location. Later, at a second time,
the blood flows through the downstream location distending
the vessel at that location. The ratio of the difference in times
between the two distensions and the distance between the
two locations is the blood flow rate.

[0044] As mentioned above, the blood flow rate may be
utilized in the calculation of blood pressure. To that end,
calculating (224) blood pressure of the patient may be
carried out by calculating (516) blood pressure of the patient
in dependence upon the blood flow rate and the maximum
and minimum diameters of the blood vessel.

[0045] For further explanation, FIG. 6 sets forth another
diagram of a vessel of a patient. One vessel (602) of the
patient is blown up for clarity. The vessel (602) is shown at
two times: t, in which an upstream location (605) is dis-
tended (620) due to blood flow (618) and t; in which the
downstream location (606) of the vessel 1s distended due to
blood flow. Over a period of time, while the patient is
illuminated with IR light, the blood pressure monitoring
system may capture a series of IR images that includes the
vessel at t, and t,. From the images the blood pressure
monitoring system may identify the image containing the
upstream location distended and the image containing the
downstream location distended. The blood pressure moni-
toring system may then calculate or determine the time
between the capture of those images. Finally, the blood
pressure monitoring system may divide the difference in
time by the distance between the two locations (605, 606).
[0046] For further explanation, the method of FIG. 7 sets
forth a flow chart illustrating a further exemplary method for
contactless blood pressure monitoring of a patient according
to embodiments of the present invention that includes cal-
culating the heartrate of the patient. The method of FIG. 7
is similar to the method of FIG. 2, in that the method of FIG.
7 also includes illuminating (202) a blood vessel of a patient
with infrared IR light; receiving (204) IR light reflected by
the patient; capturing (206) at a time based on a heartrate of
the patient a first IR image (208) of the blood vessel of the
patient when the blood vessel is distended; determining
(210) a maximum diameter (220) of the blood vessel,
capturing (212) at a time based on the heartrate of the patient
a second IR image (214) of the blood vessel of the patient
when the blood vessel is contracted; determining (216) a
minimum diameter (220) of the blood vessel; and calculat-
ing (224) blood pressure (226) of the patient in dependence
upon the maximum and minimum diameters of the blood
vessel.

[0047] The method of FIG. 7 differs from the method of
FIG. 2 in that in the method of FIG. 7, calculating (224) the
blood pressure (226) of the patient also includes reducing
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(702), by a source separation algorithm, influence of back-
ground radiation. In some embodiments, stray, ambient, or
background radiation may reach the IR camera of the blood
pressure monitoring system. Such background radiation may
include IR and RGBa sources other than those controlled by
the blood pressure monitoring system. To that end, a source
separation algorithm may be applied to filter some or all of
the background radiation from the image data provided by
the camera. A source separation algorithm attempts to iden-
tify distinct components that have been combined and
remove all but the desired component. To aid the source
separation algorithm, the camera may capture images when
no patient is present to identify background radiation that is
present and likely to be captured by the camera. Then, when
applying the source separation algorithm the previously
identified background radiation may be taken into account
when removing components that may be undesirable for
blood pressure monitoring calculations. Further, multiple
known light sources may be projected on the user to limit the
amount of stray radiation that can be received by the camera.

[0048] The present invention may be a system, a method,
and/or a computer program product. The computer program
product may include a computer readable storage medium
(or media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present invention.

[0049] The computer readable storage medium can be a
tangible device that can retain and store instructions for use
by an instruction execution device. The computer readable
storage medium may be, for example, but is not limited to,
an electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going, A computer readable storage medium, as used herein,
is not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

[0050] Computer readable program instructions described
herein can be downloaded to respective computing/process-
ing devices from a computer readable storage medium or to
an external computer or external storage device via a net-
work, for example, the Internet, a local area network, a wide
area network and/or a wireless network. The network may
comprise copper transmission cables, optical transmission
fibers, wireless transmission, routers, firewalls, switches,
gateway computers and/or edge servers. A network adapter
card or network interface in each computing/processing
device receives computer readable program instructions
from the network and forwards the computer readable
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program instructions for storage in a computer readable
storage medium within the respective computing/processing
device.

[0051] Computer readable program instructions for carry-
ing out operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written in any combination
of one or more programming languages, including an object
oriented programming language such as Smalltalk, C++ or
the like, and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
readable program instructions by utilizing state information
of the computer readable program instructions to personalize
the electronic circuitry, in order to perform aspects of the
present invention.

[0052] Aspects of the present invention are described
herein with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems), and computer
program products according to embodiments of the inven-
tion. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer readable program instruc-
tions.

[0053] These computer readable program instructions may
be provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function in a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.

[0054] The computer readable program instructions may
also be loaded onto a computer, other programmable data
processing apparatus, or other device to cause a series of
operational steps to be performed on the computer, other
programmable apparatus or other device to produce a com-
puter implemented process, such that the instructions which
execute on the computer, other programmable apparatus, or
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other device implement the functions/acts specified in the
flowchart and/or block diagram block or blocks.

[0055] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods, and com-
puter program products according to various embodiments
of the present invention. In this regard, each block in the
flowchart or block diagrams may represent a module, seg-
ment, or portion of instructions, which comprises one or
more executable instructions for implementing the specified
logical function(s). In some alternative implementations, the
functions noted in the block may occur out of the order noted
in the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.

[0056] It will be understood from the foregoing descrip-
tion that modifications and changes may be made in various
embodiments of the present invention without departing
from its true spirit. The descriptions in this specification are
for purposes of illustration only and are not to be construed
in a limiting sense. The scope of the present invention is
limited only by the language of the following claims.

1. A method of contactless blood pressure monitoring of
a patient, the method comprising:

illuminating, by a blood pressure monitoring system, a
blood vessel of a patient with infrared (‘IR”) light with
an IR light source, wherein the blood pressure moni-
toring system comprises an IR camera, a polarizing
filter, and a computer processor;

receiving, by the IR camera of the blood pressure moni-
toring system through the polarizing filter, IR light
reflected by the patient;

capturing at a time based on a heartrate of the patient, by
the IR camera of the blood pressure monitoring system,
a first IR image of the blood vessel of the patient when
the blood vessel is distended;

determining, by the blood pressure monitoring system
from the first IR image, a maximum diameter of the
blood vessel, wherein determining, by the blood pres-
sure monitoring system from the first IR image, the
maximum diameter of the blood vessel comprises mea-
suring, from the IR image, a distance between points on
the blood vessel;

capturing at a time based on the heartrate of the patient,
by the IR camera of the contactless blood pressure
monitoring system, a second IR image of the blood
vessel of the patient when the blood vessel is con-
tracted;

determining, by the blood pressure monitoring system
from the second IR image, a minimum diameter of the
blood vessel;

calculating, by the computer processor of the blood pres-
sure monitoring system, blood pressure of the patient in
dependence upon the maximum and minimum diam-
eters of the blood vessel; and
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providing, by the blood pressure monitoring system, the
calculated blood pressure to one selected from a group
consisting of the patient and a physician.

2. The method of claim 1 further comprising calculating
the heartrate of the patient including:

illuminating the patient with IR light and visible light;

capturing a series of RGBa (‘Red, Green, Blue, Alpha’)

images while the patient is illuminated with the IR
light;

identifying from the RGBa images, maximum RGBa

intensity values; and

determining, as the patient’s heartrate, a frequency of

recurring maximum RGBa intensity values over a
period of time.

3. The method of claim 1 further comprises calculating a
blood flow rate of the patient, including:

illuminating the patient with IR light and visible light;

capturing a series of RGBa (‘Red, Green, Blue, Alpha’)

images while the patient is illuminated with the IR
light;

identifying, from the series of RGBa images, a first image

of a blood vessel when an upstream location in the
blood vessel is distended and a downstream location is
not distended;

identifying, from the series of RGBa images, a second

image of the blood vessel when the downstream loca-
tion is distended;

calculating a difference in time between the capture of the

first and second image; and

calculating, based on the difference in time, a blood flow

rate.

4. The method of claim 3 wherein calculating blood
pressure of the patient further comprises calculating blood
pressure of the patient in dependence upon the blood flow
rate and the maximum and minimum diameters of the blood
vessel.

5. The method of claim 1 wherein calculating the blood
pressure of the patient further comprises reducing, by a
source separation algorithm, influence of background radia-
tion.

6. The method of claim 1 wherein illuminating a blood
vessel of the patient with IR light further comprises illumi-
nating the face of the patient with IR light.

7. The method of claim 1, wherein the calculation of
blood pressure is updated periodically while the patient is
present.

8. An apparatus for contactless blood pressure monitoring
of a patient, the apparatus comprising a blood pressure
monitoring system comprising:

a computer processor, an IR camera, a polarizing filter,

and

a computer memory operatively coupled to the computer

processor, wherein the computer memory has disposed
within it computer program instructions that, when
executed by the computer processor, cause the appara-
tus to carry out the steps of:

illuminating, by the blood pressure monitoring system, a

blood vessel of a patient with infrared (‘IR’) light with
an IR light source;

receiving, by the IR camera of the blood pressure moni-

toring system through the polarizing filter, IR light
reflected by the patient;

capturing at a time based on a heartrate of the patient, by

the IR camera of the blood pressure monitoring system,
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a first IR image of the blood vessel of the patient when
the blood vessel is distended;

determining, by the blood pressure monitoring system

from the first IR image, a maximum diameter of the
blood vessel, wherein determining, by the blood pres-
sure monitoring system from the first IR image, the
maximum diameter of the blood vessel comprises mea-
suring, from the IR image, a distance between points on
the blood vessel;

capturing at a time based on the heartrate of the patient,

by the IR camera of the contactless blood pressure
monitoring system, a second IR image of the blood
vessel of the patient when the blood vessel is con-
tracted;

determining, by the blood pressure monitoring system

from the second IR image, a minimum diameter of the
blood vessel;

calculating, by the computer processor of the blood pres-

sure monitoring system, blood pressure of the patient in
dependence upon the maximum and minimum diam-
eters of the blood vessel; and

providing, by the blood pressure monitoring system, the

calculated blood pressure to one selected from a group
consisting of the patient and a physician.

9. The apparatus of claim 8 wherein the computer
memory has disposed within it further computer program
instructions that, when executed by the computer processor,
cause the apparatus to carry out the step of calculating the
heartrate of the patient including:

illuminating the patient with IR light and visible light;

capturing a series of RGBa (‘Red, Green, Blue, Alpha’)

images while the patient is illuminated with the IR
light;

identifying from the RGBa images, maximum RGBa

intensity values; and

determining, as the patient’s heartrate, a frequency of

recurring maximum RGBa intensity values over a
period of time.

10. The apparatus of claim 8 wherein the computer
memory has disposed within it further computer program
instructions that, when executed by the computer processor,
cause the apparatus to carry out the step of calculating a
blood flow rate of the patient, including:

illuminating the patient with IR light and visible light;

capturing a series of RGBa (‘Red, Green, Blue, Alpha’)

images while the patient is illuminated with the TR
light;

identifying, from the series of RGBa images, a first image

of a blood vessel when an upstream location in the
blood vessel is distended and a downstream location is
not distended;

identifying, from the series of RGBa images, a second

image of the blood vessel when the downstream loca-
tion is distended;

calculating a difference in time between the capture of the

first and second image; and

calculating, based on the difference in time, a blood flow

rate.

11. The apparatus of claim 10 wherein calculating blood
pressure of the patient further comprises calculating blood
pressure of the patient in dependence upon the blood flow
rate and the maximum and minimum diameters of the blood
vessel.

May 17, 2018

12. The apparatus of claim 8 wherein calculating the
blood pressure of the patient further comprises reducing, by
a source separation algorithm, influence of background
radiation.

13. The apparatus of claim 8 wherein illuminating a blood
vessel of the patient with IR light further comprises illumi-
nating the face of the patient with IR light.

14. The apparatus of claim 8, wherein the calculation of
blood pressure is updated periodically while the patient is
present.

15. A computer program product for contactless blood
pressure monitoring of a patient, the computer program
product disposed upon a non-transitory computer readable
medium, the computer program product comprising com-
puter program instructions that, when executed by a com-
puter processor of a blood pressure monitoring system,
cause the blood pressure monitoring system to carry out the
steps of:

illuminating, by the blood pressure monitoring system, a

blood vessel of a patient with infrared (‘IR”) light with
an IR light source, wherein the blood pressure moni-
toring system comprises an IR camera and a polarizing
filter;

receiving, by the IR camera of the blood pressure moni-

toring system through the polarizing filter, IR light
reflected by the patient;

capturing at a time based on a heartrate of the patient, by

the IR camera of the blood pressure monitoring system,
a first IR image of the blood vessel of the patient when
the blood vessel is distended;

determining, by the blood pressure monitoring system

from the first IR image, a maximum diameter of the
blood vessel, wherein determining, by the blood pres-
sure monitoring system from the first IR image, the
maximum diameter of the blood vessel comprises mea-
suring, from the IR image, a distance between points on
the blood vessel;

capturing at a time based on the heartrate of the patient,

by the IR camera of the contactless blood pressure
monitoring system, a second IR image of the blood
vessel of the patient when the blood vessel is con-
tracted;

determining, by the blood pressure monitoring system

from the second IR image, a minimum diameter of the
blood vessel;

calculating, by the computer processor of the blood pres-

sure monitoring system, blood pressure of the patient in
dependence upon the maximum and minimum diam-
eters of the blood vessel; and

providing, by the blood pressure monitoring system, the

calculated blood pressure to one selected from a group
consisting of the patient and a physician.

16. The computer program product of claim 15 further
comprising computer program instructions that, when
executed, cause the computer to carry out the step of
calculating the heartrate of the patient including:

illuminating the patient with IR light and visible light;

capturing a series of RGBa (‘Red, Green, Blue, Alpha’)
images while the patient is illuminated with the IR
light;

identifying from the RGBa images, maximum RGBa
intensity values; and
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determining, as the patient’s heartrate, a frequency of
recurring maximum RGBa intensity values over a
period of time.

17. The computer program product of claim 15 further
comprising computer program instructions that, when
executed, cause the computer to carry out the step of
calculating a blood flow rate of the patient, including:

illuminating the patient with IR light and visible light;

capturing a series of RGBa (‘Red, Green, Blue, Alpha’)
images while the patient is illuminated with the IR
light;

identifying, from the series of RGBa images, a first image

of a blood vessel when an upstream location in the
blood vessel is distended and a downstream location is
not distended;

identifying, from the series of RGBa images, a second

image of the blood vessel when the downstream loca-
tion is distended;

calculating a difference in time between the capture of the

first and second image; and
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calculating, based on the difference in time, a blood flow

rate.

18. The computer program product of claim 17 wherein
calculating blood pressure of the patient further comprises
calculating blood pressure of the patient in dependence upon
the blood flow rate and the maximum and minimum diam-
eters of the blood vessel.

19. The computer program product of claim 15 wherein
calculating the blood pressure of the patient further com-
prises reducing, by a source separation algorithm, influence
of background radiation.

20. The computer program product of claim 15 wherein
illuminating a blood vessel of the patient with IR light
further comprises illuminating the face of the patient with IR
light.

21. The computer program product of claim 15, wherein
the calculation of blood pressure is updated periodically
while the patient is present.

22. The computer program product of claim 15 wherein
the blood vessel comprises a capillary.
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