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(7) ABSTRACT

A video is received of a region of a subject where a signal
corresponding to respiratory function can be registered by a
video device. Pixels in the region in each of the image
frames are processed to identify a respiratory pattern with
peak/valley pairs. A peak/valley pair of interest is selected.
An array of optical flow vectors is determined between a
window of groups of pixel locations in a reference image
frame corresponding to a peak of the pair/valley pair and a
window in each of a number of image frames corresponding
to the respiratory signal between the peak and ending at a
valley point. Optical flow vectors have a direction and a
magnitude. A ratio is determined between upwardly pointing
optical flow vectors and downwardly pointing optical flow
vectors. Based on the ratio, a determination is made whether
the respiration phase for that peak/valley pair is inspiration
or expiration.

20 Claims, 8 Drawing Sheets




US 9,721,180 B2
Page 2

(56) References Cited

PUBLICATIONS

Chen, L., et al.,, “Algorithms to qualify respiratory data collected
during the transport of trauma patients”, Physiological Measure-
ment, Jun. 2006, pp. 797-816, vol. 27, No. 9.

Baker, S., et al.,, “A Database and Evaluation Methodology for
Optical Flow”, International Journal of Computer Vision, Nov.
2010, pp. 1-31, vol. 92, No. 1.

Horn, B, et al,, “Determining Optical Flow”, 1981 Technical
Symposium East, Nov. 1981, pp. 1-28.

Lucas, B., et al., “An Iterative Image Registration Technique with
an Application to Stereo Vision”, Proceedings of the Seventh
International Joint Conference on Artificial Intelligence, Aug.
24-28, 1981, pp. 1-10.

Fleet, D, et al., “Optical Flow Estimation”, appears in Mathemati-
cal Models in Computer Vision: The Handbook, Chapter 15, N.
Paragios, et al., (editors), Springer, 2005, pp. 239-258.

Aires, K., et al., “Optical Flow Using Color Information: Prelimi-
nary Results”, Proceedings of the 23rd ACM Symposium on
Applied Computing, Mar. 16-20, 2008, pp. 1-5.

Barron, J.L., et al., “Performance of Optical Flow Techniques”,
International Journal of Computer Vision, Feb. 1994, vol. 12, No. 1,
pp. 1-60.

U.S. Appl. No. 14/742,233, filed Jun. 17, 2015, Xerox.

U.S. Appl. No. 14/044,043, filed Oct. 2, 2013, Xerox.

* cited by examiner



U.S. Patent Aug. 1,2017 Sheet 1 of 8 US 9,721,180 B2




U.S. Patent Aug. 1,2017 Sheet 2 of 8 US 9,721,180 B2

]
[
™0

200




U.S. Patent Aug. 1,2017 Sheet 3 of 8 US 9,721,180 B2

% ’ /
Led ded : {
- H H i /

1 ¢ s ,t'q
i / /
= H § ; {
< / ! { {
= k- { H H H
o o i H i { §

e 3 P

=L s s v _ g~ A A \
L] :
o I (:ﬂ T W W TN SN SN TN N NN SN NN SUN SN SN U S TN N S T N |
Iaa)



US 9,721,180 B2

Sheet 4 of 8

Aug. 1, 2017

U.S. Patent

Pt

!!!!!!!!!!!!!!!!! @
m&vvuuv,#v.nvnuw.&v.uwv&vvﬁ?w
§
fado o obo- chon Do o chom Do Do g
[}
-&gﬁﬁnﬂww&!%%%u

~TTT B e B o <be o oo cho Do

F1G. 4

TW!LV.!:..?.W!JV?&!..?“
“#fpﬂrp#?ﬁ'.ﬁ“
u.ﬂvﬁr????#.ﬁ??” iiiiiii ooy
ot o o e R e e B B | S

i ; -

- m W w % % RN R




U.S. Patent Aug. 1,2017 Sheet 5 of 8 US 9,721,180 B2

300~ T

RECEIVE AVIDEC OF AREGION OF A SUBJECT
B2~ WHERE A SIGNAL CORRESPONDING TO RESPIRATORY
FUNCTION CAN BE REGISTERED BY AT LEAST ONE
IMAGING CHANNEL OF A VIDEC IMAGING DEVICE
USED TO CAPTURE THAT VIDEO

;

PROCESS PIXELS IN THE IMAGE FRAMES OF THE

604~ VIDEQ TO IDENTIFY A BREATHING PATTERN FORTHE

SUBJECT. THE BREATHING PATTERN COMPRISES ARESPIRATORY
SIGNAL WITH TEMPORALLY SUCCESSIVE PEAK/VALLEY PAIRS

;

SELECT APEAKNVALLEY PAIR OF INTEREST FOR WHICH
RESPIRATORY PHASE 15 DESIRED TO BE DETEREMINED

;

GENERATE ANARRAY OF OPTICAL FLOW VECTORS
BETWEEN AWINDOW OF PIXEL LOCATIONS INA REFERENCE
IMAGE FRAME CORRESPONDING TO APEAK OF THE
608~  SELECTEDPEAKNVALLEY PAIR AND A SUBSTANTIALLY SAME
WINDOW OF PIXEL LOCATION IN EACH OF A PRE-DEFINED
NUMBER OF IMAGE FRAMES CORRESFONDING TO THE
RESPIRATORY SIGNAL BETWEEN THE PEAK AND ENDING
AT APRE-SELECTED POINT IN THE VALLEY
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. DETERMINE ARATIO OF OPTICAL FLOWVECTORS

602~ HAVING AN UPWARD POINTING DIRECTIONTO

OPTICAL FLOW VECTORS HAVING A DOWNWARD
POINTING DIRECTION

L

. DETERMINE, BASED ON THE RATIO, THAT THE
512~] RESPIRATORY PHASE FOR THE SELECTED PEAKNALLEY
PAIR 1S EITHER INSPIRATION OR EXPIRATION

o1 COMMUNICATE THE DETERMINED RESPIRATORY PHASE
TN TOADISPLAY DEVICE
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1
ESTIMATING RESPIRATORY PHASE FROM
A VIDEO OF A SUBJECT

TECHNICAL FIELD

The present invention is directed to systems and methods
for estimating respiratory phase from a video of a subject for
respiratory function assessment.

BACKGROUND

Respiration is an important physiological activity that
helps facilitate metabolism. Monitoring respiratory function
is of great clinical significance. Continuous monitoring of
respiratory events is also an important clinical requirement
as it serves to detect potentially fatal events such as acute
respiratory failure as well as pulmonary diseases. Existing
methods to obtain patient data relating to respiratory func-
tion include devices such as spirometers, chest-belts, imped-
ance pneumography which are contact-based devices. Such
devices can be associated with discomfort and psychological
dependence. In many diagnosis and therapeutic applications,
it is desirable to know the precise intervals of both inspira-
tion and expiration phases of respiration for reasons which
include: assessment and intervention prediction for asth-
matic and pulmonary patients where the analysis is to be
carried out during the expiration phase; respiratory gated
acquisition of radiological images where the X-ray device is
triggered at a pre-defined phase of the respiratory cycle; and
respiratory gated therapeutic shock delivery systems where
acoustic shocks are delivered in-phase with the respiratory
cycles.

Accordingly, what is needed in this art is a system and
method for estimating respiratory phase from a video of a
subject.

BRIEF SUMMARY

What is disclosed is a system and method for estimating
respiratory phase from a video of a subject for respiratory
function assessment. One embodiment of the present
method involves performing the following. First, a video of
a subject is received. The video comprises image frames of
a region of the subject where a signal corresponding to the
subject’s respiratory function can be registered by at least
one imaging channel of a video imaging device used to
capture the video. Next, the pixels in the region in each of
the image frames are processed to identify a respiratory
pattern which comprises a respiratory signal with temporally
successive peak/valley pairs. A peak/valley pair of interest is
selected for which respiratory phase is desired to be deter-
mined. An array of optical flow vectors is determined
between a window of pixel locations in a reference image
frame which corresponds to the peak of the selected pair/
valley pair and a similarly sized window in each of a
pre-defined number of image frames which correspond to
the respiratory signal occurring between the peak and ending
at the valley point. The optical flow vectors have a direction
corresponding to motion caused by temporal variations in
intensity and a magnitude corresponding to an amount of the
variation. A ratio is determined between optical flow vectors
having a upwardly pointing direction to optical flow vectors
having a downwardly pointing direction. Based on the ratio,
a determination is made whether the respiration phase for
the selected peak/valley pair is inspiration or expiration.
Features and advantages of the above-described method will
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2

become readily apparent from the following detailed
description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantages of the
subject matter disclosed herein will be made apparent from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG. 1 shows an anterior view of an adult human as well
as a posterior view;

FIG. 2 shows an example video imaging device capturing
image frames of a region of interest of the subject of FIG.
1

FIG. 3 shows an example breathing pattern identified for
the subject in FIG. 2 which is associated with normal
breathing;

FIGS. 4 and 5 are images with optical flow vectors having
been computed thereon;

FIG. 6 is a flow diagram which illustrates one embodi-
ment of the present method for respiratory phase estimation
from a video of a subject;

FIG. 7 is a continuation of the flow diagram of FIG. 6 with
flow processing continuing with respect to node A;

FIG. 8 shows a functional block diagram of one example
video processing system 800 for processing a video in
accordance with the embodiments described with respect to
the flow diagrams of FIGS. 6-7; and

FIG. 9 shows a sample overlay between the pneumo-
graphic signal and the signal generated using video and
phase compensation.

DETAILED DESCRIPTION

What is disclosed is a system and method for estimating
respiratory phase defined as intervals of inspiration and
expiration from a video of a subject for respiratory function
assessment.

It should be understood that one of skilled in this art
would readily understand various aspects of image process-
ing, and methods for generating time-series signals from
pixels obtained from batches of image frames in a video.
One skilled in this art would also be readily familiar with
optical flow techniques and algorithms.

Non-Limiting Definitions

A “subject” refers to a living being. Although the term
“person” or “patient” may be used throughout this disclo-
sure, it should be appreciated that the subject may be
something other than a human such as, for example, a
primate. Therefore, the use of such terms is not to be viewed
as limiting the scope of the appended claims strictly to
human beings with a respiratory function. FIG. 1 shows an
anterior (frontal) view 101 of an adult human as well as a
posterior (rear) view 102. The subject in the video can be
any distance away from the medical practitioner with the
video of the subject being communicated to a workstation
over a wired or wireless network.

“Respiratory function” is a process of inspiration of air
into the lungs (inhalation) and expiration of air out of the
lungs (exhalation) followed by a brief post-expiratory pause.
The expansion and contraction of the lungs and chest walls
induces a movement in the subject’s body which is captured
in a video of the subject.

A “video”, as is generally understood, refers to a plurality
of time-sequential image frames captured of a region of a
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subject where a signal corresponding to respiratory function
can be registered by at least one imaging channel of the
video imaging device used to capture that video. The video
may also contain other components such as, audio, time,
date, reference signals, frame information, and the like.

A “video imaging device” refers to a video camera such
as, for example, a color video camera, a monochrome video
camera, an infrared video camera, a multispectral video
imaging device, a hyperspectral video camera, and a hybrid
device comprising any combination hereof. FIG. 2 shows an
example video imaging device 200 capturing image frames
(individually at 201) of a region 103 of the subject of FIG.
1. The video imaging device is shown having a communi-
cation element 202, shown as an antenna, which effectuates
communication with a remote device such as a workstation
over a wireless network where the image frames are
received for processing in accordance with the methods
disclosed herein. The video imaging device may incorporate
memory, a storage device, and a video analysis module
comprising one or more microprocessors for executing
machine readable program instructions for processing the
video. Such a video analysis module may comprise, in
whole or in part, a software application working alone or in
conjunction with one or more hardware resources. Software
applications may be executed by processors on different
hardware platforms or emulated in a virtual environment and
may leverage off-the-shelf software.

“Receiving a video” is intended to be widely construed
and includes retrieving, capturing, acquiring, or otherwise
obtaining video image frames. The video can be received or
retrieved from a remote device over a network, or from a
media such as a CDROM or DVD. Video may be down-
loaded from a web-based system or application which makes
video available for processing in accordance with the meth-
ods disclosed herein. Video can also be received from an
application such as those which are available for handheld
cellular devices and processed on the cellphone or other
handheld computing device such as an iPad or Tablet-PC.
The video can be received directly from a memory or storage
device of the video imaging device used to capture that
video.

A “region of the subject” refers to at least a partial view
of the subject as seen through the aperture of the video
imaging device where a respiratory signal corresponding to
respiratory function can be registered by at least one imag-
ing channel of the video imaging device used to capture that
video. Regions which move during respiration include the
thoracic region such as the chest and abdomen, and facial
regions such as nostrils, lips, and cheeks. In FIG. 1, regions
103 and 104 outline the subject’s anterior thoracic region
and posterior thoracic region, respectively. Signals associ-
ated with respiratory function can also be sensed by the
video imaging device in a facial region 105. The region may
be an area of exposed skin or an area covered by a sheet or
an article of clothing. Regions can be identified in image
frames of the video by a user input or selection. For
example, an operator or technician may use a mouse or a
touchscreen display to draw a rubber-band box around one
or more areas of the video of the subject displayed on a
monitor thereby defining a region of pixels to be processed
to obtain a respiratory pattern for the subject.

A “respiratory pattern” refers to a pattern of breathing.
Respiratory patterns include: Eupnea, Bradypnea, Tachyp-
nea, Hypopnea, Apnea, Kussmaul, Cheyne-Stokes, Biot’s,
Ataxic, Apneustic, Agonal, and Thoracoabdominal, as are
understood in the medical arts. Methods for determining a
respiratory pattern from a video are disclosed in: “Deter-
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mining A Respiratory Pattern From A Video Of A Subject”,
U.S. patent application Ser. No. 14/742,233, by Prathosh A.
Prasad et al., and “Breathing Pattern Identification For
Respiratory Function Assessment”, U.S. patent application
Ser. No. 14/044,043, by Lalit K. Mestha et al. FIG. 3 shows
an example breathing pattern 300. The respiratory pattern
comprises a respiratory signal 301 which contains tempo-
rally successive peak/valley pairs.

A “peak/valley pair” refers to a peak in the respiratory
signal and a valley point, as is widely understood in the
signal processing arts. A first peak/valley pair is shown at
302 and 303, respectively. Methods for identifying or oth-
erwise detecting a peak/valley pair in a signal include a
manual selection by a user and the use of any of a wide array
of automatic peak detection methods that are well estab-
lished. In accordance with the methods disclosed herein, a
peak/valley pair is processed along with corresponding
image frames of the video of the subject to generate optical
flow vectors.

Introduction to Optical Flow

The concept of optical flow was introduced by James .
Gibson in the 1940’s to help understand and describe the
role visual stimulus plays in the perception of movement in
the mind of an observer. Gibson postulated that sequences of
ordered images allow the estimation of motion as either
instantaneous image velocities or discrete image displace-
ments. A tutorial is disclosed in: “Handbook of Mathemati-
cal Models in Computer Vision”, Paragios et al., Springer
(2006), ISBN-13: 9780387263717, [See, chapter entitled:
“Optical Flow Estimation”, by David J. Fleet and Yair
Weiss, which provides an introduction to gradient based
optical flow analysis].

Optical flow analysis tries to calculate motion between
two image frames which are taken at times t and t+At at
various pixel locations common to both images or at loca-
tions of groups of pixels common to both images. These
methods are often referred to as differential methods since
they are based on local Taylor series approximations, i.e.,
they use partial derivatives with respect to the spatial and
temporal coordinates.

Generally, for a 2D+t dimensional case (3D or n-D cases
are similar) values in the image at location (x,y,t) having
intensity I(x,y,t) will have moved an amount given by Ax, Ay

and At between two image frames, such that:
I(e, 3, 0=I(x+AX, y+Ay, 1+AD) €3}

Assuming the movement is small, the respective Taylor
series can be given as:

al al al 2
Ix+Ax, y+ Ay, t+ A =1x, y, D+ —Ax+ —
ax dy

From Egs. (1) and (2), it follows that:

LNELILI 3)
e x+a—y v+ 5 A=

which results in:

a1
ax

ar_ al
n+$w+

@
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where V,, V are the x and y components of the velocity or
optical flow of I(x,y,t) and

al
s

a1
dy

and

al
a1

are the derivatives of the image at (x,y,t) in the correspond-
ing directions.
Given the above, I, I

y L I, and I, can be written for the
derivatives. Thus:

LY ALY, =1, )

Alternatively,

VItV =1, (6)

Eq. (6) has two unknowns. This is known as the aperture
problem of optical flow algorithms. To find the optical flow,
another set of equations is needed, given by some additional
constraint. All optical flow methods introduce additional
conditions for estimating the actual flow. A result of having
performed optical flow analysis on an image or a window
within an image produces an array of optical flow vectors.

An “optical flow vector” is a vector, as is generally
understood, having a direction and a magnitude. In general,
optical flow refers to a pattern of apparent motion of an
object in a scene caused by the relative motion between an
observer (an eye or a camera) and the object. Example
images 400 and 500 with optical flow vectors generated
therefrom are shown in FIGS. 4 and 5, respectively. The
optical flow vectors are shown having been generated for
pixels within windows 401 and 501, respectively.

Methods for optical flow analysis include: the Lucas-
Kanade Method as disclosed in: “An Iterative Image Reg-
istration Technique with an Application to Stereo Vision”,
Bruce D. Lucas and Takeo Kanade, Proc. of Imaging Under-
standing Workshop, pp. 121-130, (1981), the Horn-Schunck
Method as disclosed in: “Determining Optical Flow”,
Berthold K. P. Horn and Brian G. Schunck, Vol 17, pp
185-203, Artificial Intelligence, (1981), and the Black-Jep-
son Method as disclosed in: “Computation of Optical Flow”,
S. 8. Beauchemin, J. L. Barron, ACM Computing Surveys,
Vol. 27, No. 3, (September 1995). It should also be appre-
ciated that discrete optimization methods can also be
employed.

Other methods are discussed in: “A Database and Evalu-
ation Methodology for Optical Flow”, Simon Baker, Daniel
Scharstein, J. P. Lewis, Stefan Roth, Michael J. Black,
Richard Szeliski, International Journal of Computer Vision,
Vol. 92, pp. 1-31 (2011). It should be understood that the
optical flow methods listed herein are representative and not
exhaustive. Therefore the scope of the appended claims
should not be limited to only these techniques.

“Respiratory phase”, as used herein, refers to either the
inspiration phase of the respiratory signal (i.e., when air is
being drawn into the lungs) or the expiration phase of the
respiratory signal (i.e., when air is being expelled from the
lungs) for a given peak/valley pair. Respiratory phase is
determined by a ratio of optical flow vectors.
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A “ratio of optical flow vectors” is determined between
the number of upwardly pointing optical flow vectors to the
number of downwardly pointing optical flow vectors. Based
on the ratio, the respiration phase for the selected peak/
valley pair is determined to be either inspiration or expira-
tion. In one embodiment, if the ratio is above 1 then it is
determined that the respiration phase of the selected peak/
valley pair is at inspiration, and at expiration otherwise.

Tt should be appreciated that the method steps of: “receiv-
ing”, “isolating”, “extracting”, “processing”, “selecting”,
“generating”, “determining”, “performing”, “filtering”,
“locating”, “computing”, and the like, include the applica-
tion of any of a variety of signal processing techniques as are
known in the signal processing wherein, in response to said
ratio being higher than one, determining that the respiration
phase of the selected peak/valley pair is inspiration, and
expiration otherwise arts, as well as a variety of mathemati-
cal operations according to any specific context or for any
specific purpose. It should be appreciated that such steps
may be facilitated or otherwise effectuated by a micropro-
cessor executing machine readable program instructions
such that an intended functionality can be effectively per-
formed.

Example Flow Diagram

Reference is now being made to the flow diagram of FIG.
6 which illustrates one embodiment of the present method
for respiratory phase estimation from a video of a subject.
Flow processing begins at step 600 and immediately pro-
ceeds to step 602.

At step 602, receive a video of a region of a subject where
a signal corresponding to respiratory function can be regis-
tered by at least one imaging channel of a video imaging
device used to capture that video.

At step 604, process pixels in the image frames to identify
a respiratory pattern for the subject. The respiratory pattern
comprises a respiratory signal with temporally successive
peak/valley pairs. An example respiratory signal is shown in
FIG. 3.

At step 606, select a peak/valley pair of interest for which
respiratory phase is desired to be determined. One exampled
selected peak/valley pair is shown at 302 and 303 of FIG. 3.

At step 608, generate an array of optical flow vectors
between a window of pixel locations in a reference image
frame corresponding to a peak of the selected pair/valley
pair and a substantially same window of pixel locations in
each of a pre-defined number of image frames correspond-
ing to the respiratory signal between the peak and ending at
a pre-selected point in the valley. Images with optical flow
vectors are shown in FIGS. 4 and 5. As shown, the optical
flow vectors have a direction corresponding to motion
caused by temporal variations in intensity and a magnitude
corresponding to an amount of the variation.

Reference is now being made to the flow diagram of FIG.
7, which is a continuation of the flow diagram of FIG. 6 with
flow processing continuing with respect to node A.

At step 610, determine a ratio of optical flow vectors
having an upward pointing direction to optical flow vectors
having a downward pointing direction. Such a determination
can be made either manually or automatically using, for
example, a processor executing machine readable program-
ming instructions to perform this.

At step 612, determine, based on the ratio, that the
respiration phase for the selected peak/valley pair is one of:
inspiration and expiration.

At step 614, communicate the determined respiration
phase to a display device. The result of the determination
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based on the ratio can also be stored to the storage device
such as a memory or a hard drive.

At step 616, a determination is made whether to select
another peak/valley pair for respiration phase determination.
If so, then processing repeats with respect to node B
wherein, at step 606, a next peak/valley pair of interest is
selected for processing. Processing repeats in a similar
manner until no more peak/valley pairs are desired to be
selected. Thereafter, in this embodiment, further processing
stops.

The flow diagrams depicted herein are illustrative. One or
more of the operations illustrated in the flow diagrams may
be performed in a differing order. Other operations may be
added, modified, enhanced, or consolidated. Variations
thereof are intended to fall within the scope of the appended
claims.

Block Diagram of Video Processing System

Reference is now being made to FIG. 8 which shows a
block diagram of one example video processing system 800
for processing a video in accordance with the embodiments
described with respect to the flow diagrams of FIGS. 6-7.

Video Receiver 801 wirelessly receives the video via
antenna 802 having been transmitted thereto from the video
imaging device 200 of FIG. 2 using communication element
202. Respiratory Pattern Generator 803 generates a respira-
tory pattern for the subject from the received video of the
subject. Peak/Valley Detector receives the generated respi-
ratory pattern and proceeds to detect peak/valley pairs in the
respiratory signal. Results are communicated to storage
device 805. Peak/Valley Selector Module 806 retrieves the
stored peak/valley pairs and selects a peak/valley pair of
interest for which respiratory phase is desired to be deter-
mined. Peak/valley pairs of interest may also be selected by
a user using, for instance, the keyboard, mouse and display
device of the workstation 820. Optical Flow Module 807
receives the selected peak/valley pair of interest and pro-
ceeds to generate optical flow vectors for image frames in
the video corresponding to the selected peak/valley pair, in
a manner as disclosed herein. Vector Counter 808 receives
the optical flow vectors for the processed images frames and
proceeds to count the number of optical flow vectors having
an upwardly pointing direction and the number of optical
flow vectors having a downwardly pointing direction. Ratio
Determinator 809 receives the count of upwardly and down-
wardly pointing optical vectors and proceeds to determine
whether the respiratory phase for the selected peak/valley
pair is one of inspiration or expiration.

Central Processing Unit 810 retrieves machine readable
program instructions from a memory 811 and is provided to
facilitate the functionality of any of the modules and pro-
cessing units of the system 800. CPU 810, operating alone
or in conjunction with other processors, may be configured
to assist or otherwise perform the functionality of any of the
modules or processing units of the system 800, as well as
facilitating communication between the video processing
system 800 and the workstation 820.

Workstation 820 is shown generally comprising a com-
puter case which houses various components such as a
motherboard with a microprocessor and memory, a network
card, a video card, a hard drive capable of reading/writing to
machine readable media 822 such as a floppy disk, optical
disk, CD-ROM, DVD, magnetic tape, and the like, and other
software and hardware as is needed to perform the func-
tionality of a computer workstation. The workstation
includes a display device 823, such as a CRT, LCD, or
touchscreen display, for displaying information, image
frames, vector magnitudes, vector intensities, optical flow
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vectors, computed values, patient medical information, and
the like, which are produced or are otherwise generated by
any of the modules or processing units of the video pro-
cessing system 800. A user can view any such information
and make a selection from various menu options displayed
thereon. Keyboard 824 and mouse 825 effectuate a user
input or selection. It should be appreciated that the work-
station has an operating system and other specialized soft-
ware configured to display alphanumeric values, menus,
scroll bars, dials, slideable bars, pull-down options, select-
able buttons, and the like, for entering, selecting, modifying,
and accepting information needed for performing various
aspects of the methods disclosed herein.

A user may use the workstation to identify a set of image
frames of interest, set various parameters, and other facili-
tate the functionality of any of the modules or processing
units of the video processing system 800. A user or techni-
cian may utilize the workstation to select peak/valley pairs
of interest, modify, add or delete vectors or move the
window around or re-size the window as is deemed appro-
priate. The user may adjust various parameters being utilized
or dynamically adjust in real-time, system or settings of any
device used to capture the video images.

User inputs and selections may be stored/retrieved
to/from any of the storage devices 805, 822 and 826. Default
settings and initial parameters can be retrieved from any of
the storage devices. The system 800 may communicate to
one or more remote devices over network 828, utilizing a
wired, wireless, or cellular communication protocol.
Although shown as a desktop computer, it should be appre-
ciated that the workstation can be a laptop, mainframe,
tablet, notebook, smartphone, or a special purpose computer
such as an ASIC, or the like. The embodiment of the
workstation is illustrative and may include other function-
ality known in the arts.

The workstation implements a database in storage device
826 wherein records are stored, manipulated, and retrieved
in response to a query. Such records, in various embodi-
ments, take the form of patient medical history stored in
association with information identifying the patient (collec-
tively at 827). It should be appreciated that database 826
may be the same as storage device 805 or, if separate
devices, may contain some or all of the information con-
tained in either device. Although the database is shown as an
external device, the database may be internal to the work-
station mounted, for example, on a hard drive.

Any of the components of the workstation may be placed
in communication with any of the modules of system 800 or
any devices placed in communication therewith. Moreover,
any of the modules of system 800 can be placed in com-
munication with storage device 826 and/or computer read-
able media 822 and may store/retrieve therefrom data,
variables, records, parameters, functions, and/or machine
readable/executable program instructions, as needed to per-
form their intended functionality. Further, any of the mod-
ules or processing units of the system 800 may be placed in
communication with one or more remote devices over
network 828. It should be appreciated that some or all of the
functionality performed by any of the modules or processing
units of system 800 can be performed, in whole or in part,
by the workstation. The embodiment shown is illustrative
and should not be viewed as limiting the scope of the
appended claims strictly to that configuration. Various mod-
ules may designate one or more components which may, in
turn, comprise software and/or hardware designed to per-
form the intended function.
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Performance Results

Data was collected from five human subjects who were
asked to breathe in a tidal breathing pattern while wearing an
impedance pneumographic device which would generate the
ground truth. Simultaneously, video was captured of the
subjects. Once the data was collected, it was processed using
the methods hereof to generate their respective respiratory
patterns. For each subject, a few peak/valley pairs were
identified randomly. The Lucas-Kanade Algorithm was used
for differential optical flow computation. The evaluation
metric was the percentage of cycles correctly determined by
the present method as compared to the ground truth. The
results are shown in FIG. 9 which is a sample overlay
between the pneumographic signal and the signal generated
using video and phase compensation. The expiration cycle is
the interval between lines 1001 and 1002 and the inspiration
cycle is the interval between lines 1003 and 1002. FIG. 9
demonstrates that the present method accurately identifies
respiratory phases from a video of the subject.

Various Embodiments

The teachings hereof can be implemented in hardware or
software using any known or later developed systems,
structures, devices, and/or software by those skilled in the
applicable arts without undue experimentation from the
functional description provided herein with a general knowl-
edge of the relevant arts. One or more aspects of the methods
described herein are intended to be incorporated in an article
of manufacture. The article of manufacture may be shipped,
sold, leased, or otherwise provided separately either alone or
as part of a product suite or a service.

The above-disclosed and other features and functions, or
alternatives thereof, may be desirably combined into other
different systems or applications. Presently unforeseen or
unanticipated alternatives, modifications, variations, or
improvements may become apparent and/or subsequently
made by those skilled in this art which are also intended to
be encompassed by the following claims. The teachings of
any publications referenced herein are hereby incorporated
in their entirety by reference being made thereto.

What is claimed is:

1. A computer implemented method for respiratory phase
estimation from a video of a subject for respiratory function
assessment, the method comprising:

receiving a video of a subject, said video comprising

image frames of a region of said subject where a signal
corresponding to said subject’s respiratory function can
be registered by at least one imaging channel of a video
imaging device used to capture said video;

processing pixels in said image frames to identify a

respiratory pattern for said subject, said respiratory
pattern comprising a respiratory signal with temporally
successive peak/valley pairs;

selecting a peak/valley pair of interest for which respira-

tory phase is desired to be determined,;

generating an array of optical flow vectors between a

window of pixel locations in a reference image frame
corresponding to a peak of said selected peak/valley
pair and a substantially same window of pixel locations
in each of a pre-defined number of image frames
corresponding to said respiratory signal between said
peak and ending at a preselected point in said valley,
said optical flow vectors having a direction correspond-
ing to motion caused by temporal variations in intensity
and a magnitude corresponding to an amount of said
variation;
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determining a ratio of optical flow vectors having an
upward pointing direction to optical flow vectors hav-
ing a downward pointing direction; and

determining, based on said ratio, that said respiration
phase for said selected peak/valley pair is one of:
inspiration and expiration.

2. The method of claim 1, wherein said video imaging
device is any of: a color video camera, an infrared video
camera, a monochrome video camera, a multispectral video
imaging device, a hyperspectral video camera, and a hybrid
device comprising any combination hereof.

3. The method of claim 1, wherein, in advance of deter-
mining said ratio, pre-selecting only those optical flow
vectors which have a magnitude that exceeds a pre-defined
threshold.

4. The method of claim 1, wherein identifying said
peak/valley pairs comprises:

filtering said respiratory signal with a moving average
filter to obtain a smoothed signal,

computing a derivative of said smoothed signal; and

locating positive and negative zero-crossings in said
derivative corresponding to peaks and valleys.

5. The method of claim 1, wherein identifying said
peak/valley pairs is performed by one of: a manual selection
method and an automatic peak detection method.

6. The method of claim 1, wherein said window has a size
that is at least equal to half a size of an image frame.

7. The method of claim 1, wherein said optical flow
vectors are generated between a pairs of frames with a given
frame corresponding to a peak as said reference frame.

8. The method of claim 1, wherein generating said optical
flow vectors utilizes a method comprising any of: a Lucas-
Kanade, a Horn-Schunck, and a Black-Jepson method.

9. The method of claim 8, further comprising aggregating
said resolved optical flow vectors using one of: a maximum
vote, and a mean value metric.

10. The method of claim 1, wherein, in response to said
ratio being higher than one, determining that said respiration
phase of said selected peak/valley pair is inspiration, and
expiration otherwise.

11. A system for respiratory phase estimation from a video
of a subject for respiratory function assessment, the system
comprising:

a processor in communication with a memory, the pro-
cessor executing machine readable instructions for per-
forming the steps of:

receiving a video of a subject, said video comprising
image frames of a region of said subject where a signal
corresponding to said subject’s respiratory function can
be registered by at least one imaging channel of a video
imaging device used to capture said video;

processing pixels in said image frames to identify a
respiratory pattern for said subject, said respiratory
pattern comprising a respiratory signal with temporally
successive peak/valley pairs;

selecting a peak/valley pair of interest for which respira-
tory phase is desired to be determined,;

generating an array of optical flow vectors between a
window of pixel locations in a reference image frame
corresponding to a peak of said selected peak/valley
pair and a substantially same window of pixel locations
in each of a pre-defined number of image frames
corresponding to said respiratory signal between said
peak and ending at a pre-selected point in said valley,
said optical flow vectors having a direction correspond-
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ing to motion caused by temporal variations in intensity
and a magnitude corresponding to an amount of said
variation;

determining a ratio of optical flow vectors having an

upward pointing direction to optical flow vectors hav-
ing a downward pointing direction;

determining, based on said ratio, that said respiration

phase for said selected peak/valley pair is one of:
inspiration and expiration; and

storing a result of said determination based on said ratio

to said memory.

12. The system of claim 10, wherein said video imaging
device is any of: a color video camera, an infrared video
camera, a monochrome video camera, a multispectral video
imaging device, a hyperspectral video camera, and a hybrid
device comprising any combination hereof.

13. The system of claim 10, wherein, in advance of
determining said ratio, pre-selecting only those optical flow
vectors which have a magnitude that exceeds a pre-defined
threshold.

14. The system of claim 10, wherein identifying said
peak/valley pairs comprises:

filtering said respiratory signal with a moving average

filter to obtain a smoothed signal,

20
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computing a derivative of said smoothed signal; and

locating positive and negative zero-crossings in said

derivative corresponding to peaks and valleys.

15. The system of claim 10, wherein identifying said
peak/valley pairs is performed by one of: a manual selection
method and an automatic peak detection method.

16. The system of claim 10, wherein said window has a
size that is at least equal to half a size of an image frame.

17. The system of claim 10, wherein said optical flow
vectors are generated between a pairs of frames with a given
frame corresponding to a peak as said reference frame.

18. The system of claim 10, wherein generating said
optical flow vectors utilizes a method comprising any of: a
Lucas-Kanade, a Horn-Schunck, and a Black-Jepson
method.

19. The system of claim 18, further comprising aggregat-
ing said resolved optical flow vectors using one of: a
maximum vote, and a mean value metric.

20. The system of claim 10, wherein, in response to said
ratio being higher than one, determining that said respiration
phase of said selected peak/valley pair is inspiration, and
expiration otherwise.

I S S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS

CPCH%E=

REA(F)
H b 237 32k
S\EReERE

BEG®)

BT R XER SR, H o Al BUBE SRR B B 13 BT R ZhRE RS
F5. LB E G a9 X H 63 LR B A /A% #Y R A&
Ko BERBANBHIE/AY, EXNNTXH/ANWIEENSE RGNS HE
RUBEANEASHETREZANFRESHSIMEGMHANE—D
THEOZEBEXZREOENES. HERRLER, XREOEERS
EAEE, BE[ LERNXREENSD TEQNREEZFE L
R, BT ZER , BEZE/AXHFRHRERSERFS,

i 3234 F Y S P R AR {2

US9721180 K (aH)A
US14/969147 % A
TN
)TN
/NG|

PRASAD PRATHOSH A
MESTHA LALIT KESHAV
MADHU HIMANSHU J

PRASAD, PRATHOSH A.
MESTHA, LALIT KESHAV
MADHU, HIMANSHU J.

patsnap

2017-08-01

2015-12-15

GO06K9/00 GO6K9/40 A61B5/113 A61B5/11 GO6K9/46 A61B5/00 A61B5/08

G06K9/4647 A61B5/0013 A61B5/0077 A61B5/08 A61B5/1128 A61B5/1135 GO6K9/0053 GO6K9/40
GO06K9/4661 A61B2576/00 GO6K2209/05 GO6K9/00751 GO6T7/269 G06T2207/10016

m3E/R , PHILIP E.
US20170169307A1

Espacenet  USPTO



https://share-analytics.zhihuiya.com/view/9210d27c-fe9d-46ea-8f3f-c439dc233036
https://worldwide.espacenet.com/patent/search/family/058994204/publication/US9721180B2?q=US9721180B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=9721180.PN.&OS=PN/9721180&RS=PN/9721180

