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(57) ABSTRACT

A method of generating a composite image from multiple
images captured for a subject is disclosed. In some embodi-
ments, the method may include receiving, via an image
capturing device, a plurality of sets of images of at least a
portion of a subject. The images within a set of images may
be captured at a plurality of vertical positions with respect to
an associated fixed section of a horizontal plane. The method
may further include generating a plurality of focus-stacked
images corresponding to the plurality of sets of images, for
example, by combining the images in the associated set of
images. The method may further include aligning the plu-
rality of focus-stacked images in the horizontal plane based
on a horizontal coordinate transformation model to generate
a composite image representing the subject.
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Receive, via an image capturing device, a plurality of sets of images
of at least a portion of a subject 602

Generate a plurality of focus-stacked images corresponding to the
plurality of sets of images 606

Generate a plurality of surface depth maps corresponding to the
plurality of sets of images 608

Align the plurality of focus-stacked images in the horizontal plane
based on a horizontal coordinate transformation model to generate a
composite image representing the subject 610

FIG. 6
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Select an image from the images in the associated set of images as
a reference image 702

l

Perform affine transformation between the reference image and
each of the images in the associated set of images, using the one or
more calibration parameters of the microscope, to generate a set of

translation and scale corrected images 704

FIG. 7
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Receive an initial X offset and an initial Y offset between a pair of
adjacent focus-stacked images from the image capturing device,
based on user input overlap percentage 802

l

Refine the initial X offset and the initial Y offset 804
Blend the overlapped region with non-overlapped region of the pair

of adjacent focus-stacked images from the plurality of focus-stacked
images 806

FIG. 8



Patent Application Publication

Jun. 16, 2022 Sheet 8 of 8

US 2022/0189048 A1

Receive a plurality images of at least a portion of a subject 902

'

Align the images in the plurality of sets of images, based on vertical

coordinate transformation model 904

4

Perform illumination correction 906

\

Downsample corrected images by a factor of two 908

 J

Decomposit images using a complex wavelet filter bank 810

'

Apply arithmetic operations on high frequency components to

generate single energy matrix 912

'

Compare energy matrices

4

to generate index 914

Depth Interpolation
924

y

Normalization to 16
926

Update index 816

Y

Remove out of focus
noise 928

Y

Over fitting 930

Perform

Y

Focus accuracy map
generation 920

focus-stacking 918

'

'

Generate depth map
932

Generate composite
image 922

FIG. 9




US 2022/0189048 Al

GENERATING COMPOSITE IMAGE FROM
MULTIPLE IMAGES CAPTURED FOR
SUBJECT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is complete specification
with respect to Indian provisional specification bearing
application number 201941009522, filed on 12 Mar. 2019.
Further, the present application is a continuation of U.S.
patent application Ser. No. 16/817,081 titled “GENERAT-
ING COMPOSITE IMAGE FROM MULTIPLE IMAGES
CAPTURED FOR SUBIJECT?, filed on 22 Mar. 2020. The
entirety of the aforementioned applications are incorporated
herein by reference for all purposes.

TECHNICAL FIELD

[0002] This disclosure relates generally to image process-
ing, and in particular, to generating a composite image from
multiple images captured for a subject.

BACKGROUND

[0003] Inspection of large and thick specimens (also called
subjects) under an optical microscope poses a major chal-
lenge. Firstly, due to limited depth of field, it becomes
necessary to obtain multiple images from different vertical
positions of the subject. Secondly, as in some cases the
subject size may be larger than the field of view (FOV) of
the microscope, it further becomes necessary to obtain
multiple image tiles in a horizontal plane capturing different
portions of the subject, in order to cover the entire subject.
As such, a number of image processing techniques have to
applied for capturing and analyzing the entire subject. For
example, one image processing technique, like extended
depth of field (EDF), may have to be applied to combine
multiple images obtained from multiple vertical positions,
so as to generate an all-in-focus image and a depth map.
Further, another image processing technique may have to be
applied to stich the multiple image tiles capturing portions of
the subject, to create a large panoramic view of the subject.
[0004] However, these existing image processing tech-
niques (i.e. EDF and stitching) have to be applied indepen-
dently of each other. This may result in a final image with
various defects, for example, missing information between
image tiles, scale variations across image tiles, and improper
alignment. Further, a significantly high volume of image
data needs to be processed which poses challenges in terms
of memory and execution speed.

SUMMARY

[0005] In one embodiment, a method of generating a
composite image from multiple images captured for a sub-
ject is disclosed. the method may include receiving, via an
image capturing device, a plurality of sets of images of at
least a portion of a subject. It may be noted that images
within a set of images from the plurality of sets of images
may be captured at a plurality of vertical positions with
respect to an associated fixed section of a horizontal plane.
Further, the associated fixed section of the horizontal plane
for each of the plurality of sets of images may be unique.
The method may further include generating a plurality of
focus-stacked images corresponding to the plurality of sets
of images, for example, by combining the images in the
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associated set of images. The method may further include
aligning the plurality of focus-stacked images in the hori-
zontal plane based on a horizontal coordinate transformation
model to generate a composite image representing the
subject.

[0006] In another embodiment, a system for generating a
composite image from multiple images captured for a sub-
ject is disclosed. The system may include an image captur-
ing device configured to capture a plurality of sets of images
of at least a portion of a subject. The image capturing device
may be further configured to capture the images within a set
of images from the plurality of sets of images at a plurality
of vertical positions with respect to an associated fixed
section of a horizontal plane. The associated fixed section of
the horizontal plane for each of the plurality of sets of
images may be unique. The system may further include an
image processing device configured to receive the plurality
of sets images from the image capturing device, and gen-
erate a plurality of focus-stacked images corresponding to
the plurality of sets of images, for example, by combining
images in the associated set of images. The image process-
ing device may be further configured to align the plurality of
focus-stacked images in the horizontal plane based on a
horizontal coordinate transformation model to generate a
composite image representing the subject.

[0007] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restrictive of
the invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are incorpo-
rated in and constitute a part of this disclosure, illustrate
exemplary embodiments and, together with the description,
serve to explain the disclosed principles.

[0009] FIG. 1 is a block diagram of a system for gener-
ating a composite image from multiple images captured for
a subject, in accordance with an embodiment.

[0010] FIG. 2 is a functional block diagram of the system
for generating the composite image from multiple images
captured for a subject, in accordance with an embodiment.
[0011] FIG. 3 is a functional block diagram of an image
processing device, in accordance with an embodiment.
[0012] FIG. 4 illustrates a calibration process with image
tiles having an overlap between adjacent image tiles, in
accordance with an embodiment.

[0013] FIG. 5 illustrates a perspective view of a subject
having a first portion and a second portion, in accordance
with another embodiment of the present disclosure.

[0014] FIG. 6 is a flowchart of a method of generating a
composite image from multiple images captured for a sub-
ject, in accordance with another embodiment of the present
disclosure.

[0015] FIG. 7 is a flowchart of a method of performing
translation and scale correction for images, in accordance
with an embodiment of the present disclosure.

[0016] FIG. 8 is a flowchart of a method of performing
position correction on a plurality of focus-stacked images, in
accordance with an embodiment of the present disclosure.
[0017] FIG. 9 is a flowchart of a process overview of
generating a composite image from multiple images cap-
tured for a subject, in accordance with an embodiment.
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DETAILED DESCRIPTION

[0018] Exemplary embodiments are described with refer-
ence to the accompanying drawings. Wherever convenient,
the same reference numbers are used throughout the draw-
ings to refer to the same or like parts. While examples and
features of disclosed principles are described herein, modi-
fications, adaptations, and other implementations are pos-
sible without departing from the spirit and scope of the
disclosed embodiments. It is intended that the following
detailed description be considered as exemplary only, with
the true scope and spirit being indicated by the following
claims.

[0019] Referring to FIG. 1, a block diagram of a system
100 for generating a composite image from multiple images
captured for a subject is illustrated, in accordance with an
embodiment. The system 100 may include an image pro-
cessing device 102 for generating a composite image from
multiple images captured for a subject. The system 100 may
further include an image capturing device 104 and a data
storage (not shown in FIG.1). In some embodiments, the
data storage may store multiple images captured for the
subject. By way of an example, these multiple images may
be captured for the subject by the image capturing device
104. In other words, upon capturing the multiple images of
the subject, the image capturing device 104 may store these
multiple images in the data storage.

[0020] The image processing device 102 may be commu-
nicatively coupled to the image capturing device 104 and the
data storage via a communication network 108. The com-
munication network 108 may be a wired or a wireless
network and the examples may include, but are not limited
to the Internet, Wireless Local Area Network (WLAN),
Wi-Fi, Long Term Evolution (LTE), Worldwide Interoper-
ability for Microwave Access (WiMAX), and General
Packet Radio Service (GPRS).

[0021] As will be described in greater detail in conjunction
with FIG. 2 to FIG. 9, in order to generate the composite
image from the multiple images captured for the subject, the
image processing device 102 may receive a plurality of sets
of images of at least a portion of the subject captured by the
image capturing device. It may be noted that the images
within a set of images (from the plurality of sets of images)
may be captured at a plurality of vertical positions with
respect to an associated fixed section of a horizontal plane.
Further, the associated fixed section of the horizontal plane
for each of the plurality of sets of images may be unique.
The image processing device 102 may further generate a
plurality of focus-stacked images corresponding to the plu-
rality of sets of images. It may be further noted that
generating the focus-stacked image may include combining
the images in the associated set of images. The image
processing device 102 may further align the plurality of
focus-stacked images in the horizontal plane based on a
horizontal coordinate transformation model to generate a
composite image representing the subject.

[0022] In order to perform the above discussed function-
alities, the image processing device 102 may include a
processor 110 and a memory 112. The memory 112 may
store instructions that, when executed by the processor 110,
cause the processor 110 to generate a composite image from
multiple images captured for the subject, as discussed in
greater detail in FIG. 2 to FIG. 9. The memory 112 may be
a non-volatile memory or a volatile memory. Examples of
non-volatile memory, may include, but are not limited to a
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flash memory, a Read Only Memory (ROM), a Program-
mable ROM (PROM), Erasable PROM (EPROM), and
Electrically EPROM (EEPROM) memory. Examples of
volatile memory may include, but are not limited to
Dynamic Random Access Memory (DRAM), and Static
Random-Access memory (SRAM). The memory 112 may
also store various data (e.g., image data, horizontal coordi-
nate transformation model data, surface depth map data,
calibration parameters data, etc.) that may be captured,
processed, and/or required by the system 100.

[0023] The image processing device 102 may further
include one or more input/output devices 114 through which
the image processing device 102 may interact with a user
and vice versa. By way of an example, the input/output
device 114 may be used to display the composite image to
a user. The system 100 may interact with one or more
external devices 106 over the communication network 108
for sending or receiving various data. Examples of the one
or more external devices 106 may include, but are not
limited to a remote server, a digital device, or another
computing system.

[0024] Referring now to FIG. 2, a functional block dia-
gram of the system 100 for generating a composite image
from multiple images captured for a subject is illustrated, in
accordance with an embodiment. The system 100 may
include an image capturing device 104. By way of an
example, the image capturing device 104 may be a camera,
for example, a Complementary Metal Oxide Semiconductor
(CMOS) camera. In some embodiments, the image captur-
ing device 104 may be an electronic microscope. However,
in alternate embodiments, the image capturing device 104
may be fitted to a microscope. In such embodiments, the
system 100 may include a stage 202 of the microscope. It
may be understood that the multiple images of the subject
may be captured upon positioning the subject on the stage
202.

[0025] It may be noted that in some cases, the size of the
subject may be large, so much so that the entire subject
cannot be captured in a field of view (FOV) of the image
capturing device 104. Therefore, in order to capture the
entire subject, multiple image tiles of different portions of
the subject may be captured. It may be desirable to obtain an
all-in-focus image of the subject, and it may be further
desirable to obtain a depth map of the image, so as to
generate a 3D map. Therefore, multiple images may need to
be taken from multiple vertical positions.

[0026] As such, in some examples, first a set of images of
the subject may be obtained such that images within a set of
images may be captured at a plurality of vertical positions
with respect to an associated fixed section of a horizontal
plane. In other words, first, multiple images along a vertical
axis (z-axis) may be obtained for a fixed section of a
horizontal plane. It may be understood that due to a limited
DOF of the image capturing device 104, multiple images
along a vertical axis (z-axis) may be obtained to obtain an
all-in-focus image. Upon obtaining multiple images along a
vertical axis for one fixed section of a horizontal plane, a
next fixed section of the horizontal plane may be selected
and multiple images may be obtained along a vertical axis
corresponding to this next selected fixed section of the
horizontal plane. Accordingly, the process may be repeated
for all the fixed sections of the horizontal plane. However, in
alternate examples, first, a plurality of images may be
captured for each of the fixed sections of the horizontal
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plane, in a single vertical plane, i.e. the vertical position of
the image capturing device remains constant with respect to
the horizontal plane. Once images of all the fixed sections of
the horizontal plane in a vertical plane are captured, then
another plurality of images may be captured for each of the
fixed sections of the horizontal plane, in a next vertical
plane, and the process may be repeated. It may be noted that
in some examples, the image capturing device 104 may be
fixed and the stage 202 may be movable vertically as well as
horizontally. In other words, the stage 202 may move along
the z-axis as well and in various x-y planes.

[0027] As mentioned earlier, in some cases, size of the
subject may be too large to be captured in the FOV of the
image capturing device 104. As such, the stage 202 on which
the subject is positioned may be divided into a plurality of
sub-regions. In other words, a horizontal plane 202 on which
the subject is positioned may be divided into a plurality of
fixed sections (it may be noted that the terms “stage 202”
and “horizontal plane 202” may have been used interchange-
ably in this disclosure). By way of an example, as shown in
FIG. 2, the horizontal plane 202 may be divided into nine
fixed sections 204, 206, . . . 220. Accordingly, nine sets of
the images may be obtained by the image capturing device
104 corresponding to the nine fixed sections 204, 206, . . .
and 220 of the horizontal plane 202. In other words, these
associated fixed sections of the horizontal plane 202 for each
of the plurality of sets of images may be unique. It may be
noted that focal length of the image capturing device 104
may be kept fixed for obtaining images within each of the
plurality of sets of images.

[0028] It may be noted that the images within each set of
images (from the plurality of sets of images) may be
captured at a plurality of vertical positions with respect to an
associated fixed section of the horizontal plane 202. For
example, as shown in FIG. 2, these vertical positions may be
z(1), z(2) . . . z(n) along the z-axis. In some embodiments,
the position of the image capturing device 104 may be fixed,
while the stage 202 of the microscope may be vertically
movable. As such, in order to obtain the images within each
set of images at a plurality of vertical positions with respect
to an associated fixed section of the horizontal plane 202, the
horizontal plane 202 (i.e. the stage 202 of the microscope)
may be vertically moved.

[0029] However, in alternate embodiments, the position of
the horizontal plane 202 (i.e. the stage 202 of the micro-
scope) may be fixed, and the image capturing device 104
may be vertically movable with respect to the horizontal
plane 202. As such, in order to obtain the images within each
set of images, the image capturing device 104 may be
vertically moved.

[0030] For example, images within a first set correspond-
ing to the section 204 may be obtained at vertical positions
z(1), z(2), . . . Z(n) of the horizontal plane 202 with respect
to the image capturing device 104. Similarly, images within
a seventh set corresponding to the section 216 may be
obtained at vertical positions z(1), z(2), . . . z(n) of the
horizontal plane 202 with respect to the image capturing
device 104. It may be understood that in order to obtain
images within another set corresponding to another section
(from the sections 206-220), one of the image capturing
device 104 and the horizontal plane 202 may be moved in a
horizontal (x-y) plane. This movement in the horizontal
(x-y) plane may also be termed as horizontal translation.
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Accordingly, in the similar way as described above, images
within each of the nine sets may be obtained.

[0031] Once the plurality of sets of images are obtained by
the image capturing device 104, these plurality of sets of
images may be received by the image processing device 102
(not shown in FIG. 2). It may be noted that, in some
embodiments, the image capturing device 104 may imple-
ment the image processing device 102. The image process-
ing device 102 may generate a plurality of focus-stacked
images corresponding to each the plurality of sets of images.
It may be noted that generating a focus-stacked image (from
the plurality of focus-stacked images) may include combin-
ing the images in the associated set of images. For example,
the images within the first set corresponding to the section
204 may combined to generate a first focus-stacked image.
Similarly, the images within the rest of the sets correspond-
ing to each of the sections 206-220 may be combined to
generate the plurality of focus-stacked images.

[0032] As it will be appreciated by those skilled in the art,
for generating a focus-stacked image, the images in each of
the plurality of sets may be aligned correctly with respect to
each other to account for translation and scale variations. As
such, generating a focus-stacked image (from the plurality of
focus-stacked images) may include performing a translation
and scale correction for the images in the associated set of
images. In some embodiments, the translation and scale
correction for the images may be performed using one or
more calibration parameters of the microscope.

[0033] By way of an example, performing the translation
and scale correction may include selecting an image from
the images in a set of images as a reference image. Upon
selecting the reference image, an affine transformation may
be applied between the selected reference image and each of
the remaining images in the associated set of images. The
affine transformation may be performed using the one or
more calibration parameters of the microscope, so as to
generate a set of translation and scale corrected images. In
some embodiments, the one or more calibration parameters
of the microscope may include a focal length of an objective
lens of the microscope, or an angular aperture of the
objective lens, or a function of a stage position of the
microscope.

[0034] As it will be further appreciated, for a constant
magnification and angular aperture of the objective lens, and
no rotation of image capturing device 104 and the stage 202,
the scale and translation component may follow almost a
linear relationship with vertical position, (i.e. z stage posi-
tion). Further, translation between different fixed sections of
the horizontal plane 202 may have a linear relationship with
their corresponding positions in the horizontal plane 202
(i.e. positions in the x-y plane of the stage 202).

[0035] In some embodiments, performing translation and
scale correction may include applying a vertical coordinate
transformation model (T). To this end, a one-time calibration
procedure may be performed to derive coordinate transfor-
mations. As it will be appreciated, the coordinate transfor-
mations may include introducing known transformations in
space, such as checker board. Further, coordinate transfor-
mation coeflicients may be derived which may govern
transformation as a function of stage positions in z plane. By
way of an example, a transformation between different
horizontal planes (i.e. different x-y planes along different
vertical positions) may be calculated by the vertical coor-
dinate transformation model (T). This vertical coordinate
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transformation model (T) may be a function of calibration
parameters of focal length of an objective (f), angular
aperture of the objective (0), and a stage position of the
microscope. By way of an example, the vertical coordinate
transformation model (T) may be as given below:

T=F(/, 6, 2)

[0036] The vertical coordinate transformation model (T)
may be derived from the microscope hardware and optics
parameters.

[0037] In some embodiments, upon generating the plural-
ity of focus-stacked images, the image processing device
102 may align the plurality of focus-stacked images in the
horizontal plane 202, based on a horizontal coordinate
transformation model to generate a composite image repre-
senting the entire subject, by stitching the plurality of
focus-stacked images.

[0038] In some embodiments, in order to stitch the plu-
rality of focus-stacked images, a position correction may be
performed on the plurality of focus-stacked images. It may
be noted that in order to perform the position correction, the
image processing device 102 may receive an initial X offset
and an initial Y offset between a pair of adjacent focus-
stacked images from the image capturing device 104, based
on user input overlap percentage. However, the initial X
offset and the initial Y offset values may not be accurate, due
to one or more errors like errors associated with the stage
202 and errors associated with view point variations due to
non-tele centric lenses. To this end, upon determining, initial
X offset and an initial Y offset, the image processing device
102 may further refine the initial X offset and the initial Y
offset. By way of an example, refining the initial X offset and
the initial Y offset may include identifying an overlapped
region between the pair of adjacent focus-stacked images
upon aligning the plurality of focus-stacked images, using
the horizontal coordinate transformation model, based on
the one or more calibration parameters like stage position
and reference image.

[0039] In some embodiments, stitching together the plu-
rality of focus-stacked images may further include blending
the overlapped region with non-overlapped region of the
pair of adjacent focus-stacked images (from the plurality of
focus-stacked images). For example, the blending may be
one of an alpha blending and a pyramidal blending.
[0040] Insomeembodiments, the image processing device
102 may further generate a plurality of surface depth maps
corresponding to the plurality of sets of images. It may be
noted that generating a surface depth map (from the plurality
of surface depth maps) may be based on combining the
images in the associated set of images. It may be further
noted that a three-dimensional (3-D) panorama reconstruc-
tion may be later generated from the plurality of surface
depth maps, using any conventional technique.

[0041] Referring now to FIG. 3, a functional block dia-
gram of the image processing device 102 is illustrated in
accordance with an embodiment. The image processing
device 102 may include a vertical transformation correction
module 302, a focus-stacking module 304, a horizontal
transformation correction module 306, a global correction
module 308, and a blending module 310.

[0042] In some embodiments, the vertical transformation
correction module 302 may receive image data sets 312. For
example, the image data sets 312 may include the plurality
of sets of images captured by the image capturing device
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104. As mentioned earlier, one image from each set of
images may be selected as a reference image. Further, one or
more calibration parameters may be used to derive an affine
transformation between a reference image and an image that
needs to be corrected. The vertical transformation correction
module 302 may therefore receive calibration data 314. As
such, the vertical transformation correction module 302 may
generate a plurality of sets of translation and scale corrected
images.

[0043] The focus stacking module 304 may receive the
plurality of sets of translation and scale corrected images
from the vertical transformation correction module 302. In
some embodiments, the focus stacking module 304 may
apply focus fusion technique to the plurality of sets of
translation and scale corrected images, so as to generate the
plurality of focus-stacked images. In other words, the focus
stacking module 304 may receive a set of translation and
scale corrected images and generate an all-in-one focus
image corresponding to that set of translation and scale
corrected images. It may be noted that for focus stacking,
any conventional techniques of extending depth of focus
(EDF) may be applied, as discussed in detail in conjunction
with FIG. 9. Further, in some embodiment, an energy value
may be computed for each pixel, and may be compared
against corresponding pixel locations in each set of images
during vertical focus stacking.

[0044] The horizontal transformation correction module
306 may receive the plurality of focus-stacked images from
the focus stacking module 304. The horizontal transforma-
tion correction module 306 may align the plurality of
focus-stacked images based on a horizontal coordinate trans-
formation model. The horizontal transformation correction
module 306 may further stitch the plurality of focus-stacked
images to render a seamless composite image.

[0045] It may be noted that the plurality of focus-stacked
images may need to be corrected for horizontal translation
(in the (x-y) plane). To this end, the horizontal transforma-
tion correction module 306 may receive an initial X offset
value and an initial Y offset value between a pair of adjacent
focus-stacked images from the image capturing device,
based on user input overlap percentage.

[0046] It may be noted that the initial X offset and the
initial Y offset values may not be accurate, due to one or
more errors. For example, the one or more errors may
include errors associated with the stage 202, and errors
associated with view point variations due to non-tele centric
lenses. To this end, upon determining, the horizontal trans-
formation correction module 306 may further refine the
initial X offset and the initial Y offset. In some embodiments,
the horizontal transformation correction module 306 may
further refine the initial X offset and the initial Y offset. It
may be noted that the refining may include identifying an
overlapped region between the pair of adjacent focus-
stacked images using the horizontal coordinate transforma-
tion model, based on the one or more calibration parameters.
The horizontal transformation correction module 306 may
receive the one or more calibration parameters in form of
calibration data 314.

[0047] The global correction module 308 may receive
input images which may be the plurality of horizontal
transformation corrected focus-stacked images from the
horizontal transformation correction module 306, and may
apply color correction to remove any color-inconsistences.
For example, the global correction module 308 may nor-
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malize the illumination across the plurality of input images.
By way of an example, the global correction module 308
may compute a reference value from a selected image and
further apply an appropriate correction transformation to all
other images.

[0048] The blending module 310 may receive the color
corrected images from the global correction module 308 and
may blend the overlap regions using conventional blending
techniques, such as, but not limited to, alpha blending and
pyramidal blending. The blending module 310 may further
apply a similar procedure for the individual depth maps to
create a panoramic 3D surface.

Horizontal Coordinate Transformation Model

[0049] It may be noted that the horizontal coordinate
transformation model may be derived to find the correct
overlap percentage to stitch composite images accurately. As
it will be appreciated, in order perform stitching between
adjacent images, some common region (e.g. a set of pixels)
between adjacent images—which can be specified by the
user during image acquisition—may be identified. An over-
lap percentage (O,,) may be provided as input to the
microscope, so that the stage movement may be set accord-
ingly. To this end, a calibration process may be performed
with image tiles to derive the horizontal coordinate trans-
formation model, based on which images may be stitched to
generate a composite image. By way of an example, a
calibration process 400 with image tiles 402 having an
overlap between adjacent image tiles is illustrated in FIG. 4.
As shown in FIG. 4, multiple image tiles 402 may be
obtained from different vertical positions along z axis, for
example, z(1), z(7), and z(15). For example, as shown in
FIG. 4, four image tiles may be obtained from each of
different vertical positions like z(1), z(7), and z(15). It may
be noted that during the calibration process, these image tiles
may be stitched (for example, as shown, the multiple image
tiles 402 may be stitched into a single image tile 404.) to
derive the horizontal coordinate transformation model,
which can be later used to stitch a plurality of focus-stacked
images to generate a composite image.

[0050] It may be noted that the stitching may yield inac-
curate results, because of the non-telecentric property of the
lens. It may be further noted that the FOV of the non-
telecentric lens varies linearly with the vertical distance of
the image capturing device 104 with respect to the horizon-
tal plane 202. For example, as the vertical distance of the
image capturing device 104 increases with respect to the
horizontal plane 202, the FOV increases in a linear relation-
ship with this vertical distance. As such, the overlap (i.e.
common region) between the adjacent images in a horizontal
plane also varies accordingly. Further, it is observed that the
overlap between adjacent images also varies linearly with
the vertical distance and an input overlap percentage (O,,,).
Therefore, for a given input overlap percentage (O,
optimal overlap (O,, O,, O;, . . . ) between adjacent image
tiles for different vertical positions (for example, z(1), z(2),
7(3)) may be calculated using constrained optimization
techniques like gradient descent and expectation-maximiza-
tion (EM) algorithm. Similarly, the optimal overlap (O, O,,

O;, . . . ) may be calculated for other input overlap
percentage (O,,,, O,,5, . . . ) as well.
[0051] Insome embodiments, a computed optimal overlap

percentage (O, O,, O5, . . . ) between two image tiles for
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different vertical positions for a particular overlap percent-
age (O,,;) may be derived using a linear equation, as given
below:

Y=M. Z+C . .. (1
[0052] where,
[0053] Y=computed overlap percentage between two

image tiles
[0054] M=slope value obtained from different input
overlaps (m,, m,, my .. .)
[0055] C=intercept value obtained from different input
overlaps (¢;, ¢5, €5 ... )
[0056] Z=vertical position of the stage.
[0057] It may be noted that the slope values (m,, m,, m,
... ) and intercept values (c,, c,, ¢ . . . ) of the Equation (1)
may vary linearly with respect to the input overlap set by the
user O,,,. Further, factors m,,,,, and c;,,, may be derived
using (m,, m,, m; . . . ), and factors my,,..,c.,, 804 Cyperie
may be derived using (¢, €5, C5, . . . ). A linear model is
derived to compute the slope and intercept as given below in
Equation (2) and Equation (3), respectively for any input
overlap percentage (O,_,) set by the user, using a horizontal
coordinate transformation model, as given below.

Computed M=, * Ot Copope « - - 2)
Computed—czmintercept*Oset+cintercept' . (3)
[0058] where,
[0059] m,,. and m,,,,..~slope with respect to user

set input overlap percentage
[0060] O, ~user set overlap percentage
[0061] c,,,. and c,,,,..,,~I;otercept with respect user

set input overlap percentage.

[0062] A final overlap percentage may be calculated using
Equation (4), as given below:
Finaly,,,,,~Computed_m*z_pos+Computed_c . . . 4
[0063] where,
[0064] Final,,,,,,,~Computed overlap percentage

between two image tiles at a vertical position

[0065] Computed_m=Slope
[0066] Computed_c=Intercept
[0067] z_pos=vertical position of the stage.
[0068] The above calculated Finaly,,,,;,, may be verified

and validated by capturing images with different magnifi-
cations, for example, 40x and 160x. The Images captured
with 160x magnification may be stitched using the overlap
obtained from the horizontal coordinate transformation
model and validated using algorithms like Structural Simi-
larity Index (SSIM), Cross Correlation etc. to verify that the
horizontal coordinate transformation model has given accu-
rate overlap percentage for stitching. The horizontal coor-
dinate transformation model may perform stitching accu-
rately for planar objects. In order to stitch specimen with
complex surface topology, depth offset needs to be calcu-
lated. This problem may be addressed by finding the depth
offset by calculating the stage vertical position where the
background and foreground of the object is focused. It may
be understood that usually background is the surface of the
stage (reference vertical position at which planar object on
the stage is focused). The depth offset is further explained in
detail in conjunction with FIG. 5.

[0069] Referring now to FIG. 5, a perspective view of a
subject 500 having a first portion 502 and a second portion
504 is illustrated in accordance with an embodiment. The



US 2022/0189048 Al

first portion 502 and the second portion 504 may be captured
in different images obtained from different vertical posi-
tions, for example, z(5) focusing on the background and
7(10) focusing on the foreground, and having different
DOFs. As such, the depth offset with respect to the two
images may be difference in the respective DOFs. The depth
offset for foreground may be calculated by finding the
absolute difference between these stage vertical positions,
using Equation (5) as given below:

1
2 =24abS (2 pergroundZporegrownd) -+ - - &)

[0070] where,
[0071] z=stage position of the final composed image
[0072] 7, 14r0mma—Stage position where background is
in focus
[0073]  Zg,ep0uma—Stage position where foreground is in
focus
[0074] A final overlap percentage may be calculated using
a new z' position instead of stage position z at which
foreground is focused, using Equation (6), as given below:

Final Overlap percentage=Computed_m *z'+Com-
puted_c. .. (6)

[0075] Referring now to FIG. 6, a flowchart of a method
600 of a method of generating a composite image from
multiple images captured for a subject is illustrated, in
accordance with an embodiment of the present disclosure. In
some embodiments, at step 602, a plurality of sets of images
of at least a portion of a subject may be received. It may be
noted that these plurality of sets of images may be received
from the image capturing device 104, which may be CMOS
camera. It may be further noted that images within a set of
images may be captured at a plurality of vertical positions
with respect to an associated fixed section of the horizontal
plane 202. Further, the associated fixed section of the
horizontal plane 202 for each of the plurality of sets of
images may be unique.

[0076] At step 604, illumination correction may be per-
formed on the images within the set of images. At step 606,
a plurality of focus-stacked images may be generated cor-
responding to the plurality of sets of images. A focus-stacked
image may be generated by combining the images in an
associated set of images. In some embodiments, generating
a focus-stacked image may include performing translation
and scale correction for images in the associated set of
images using one or more calibration parameters of a
microscope. This is further explained in detail in conjunction
with FIG. 7.

[0077] Referring now to FIG. 7, a flowchart of a method
700 of performing translation and scale correction for
images is illustrated, in accordance with an embodiment of
the present disclosure. In some embodiments, at step 702, an
image may be selected as a reference image from the images
in the associated set of images. At step 704, affine transfor-
mation may be performed between the reference image and
each of the images in the associated set of images, using the
one or more calibration parameters of the microscope, to
generate a set of translation and scale corrected images. It
may be noted that the one or more calibration parameters of
the microscope may include a focal length of an objective
lens of the microscope, an angular aperture of the objective
lens, or a function of a stage position of the microscope.
[0078] Returning back to FIG. 6, in some embodiments, at
step 608 a plurality of surface depth maps may be generated
corresponding to the plurality of sets of images. It may be
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noted that generating a surface depth map may be based on
combining the images in the associated set of images. At
step 610, the plurality of focus-stacked images may be
aligned in the horizontal plane based on a horizontal coor-
dinate transformation model to generate a composite image
representing the subject. In some embodiments, generating
the composite image may include stitching together the
plurality of focus-stacked images and performing position
correction on the plurality of focus-stacked images. This is
further explained in conjunction with FIG. 8.

[0079] Referring now to FIG. 8, a flowchart of a method
800 of performing position correction on the plurality of
focus-stacked images is illustrated, in accordance with an
embodiment of the present disclosure. In some embodi-
ments, at step 802, an initial X offset and an initial Y offset
between a pair of adjacent focus-stacked images may be
received from the image capturing device 104, based on user
input overlap percentage. At step 804, the initial X offset and
the initial Y offset may be refined. In some embodiments, the
refining may include identifying an overlapped region
between the pair of adjacent focus-stacked images upon
aligning the plurality of focus-stacked images, using the
horizontal coordinate transformation model, based on the
one or more calibration parameters. At step 806, the over-
lapped region may be blended with non-overlapped region
of the pair of adjacent focus-stacked images from the
plurality of focus-stacked images. The blending may be
alpha blending or a pyramidal blending.

[0080] Referring now to FIG. 9, a flowchart of a process
overview 900 of generating a composite image from mul-
tiple images captured for a subject is illustrated, in accor-
dance with an embodiment of the present disclosure. In
some embodiments, at step 902, a plurality of images of at
least a portion of a subject may be received. At step 904, the
plurality of images may be aligned based on the vertical
coordinate transformation model. At step 906, illumination
correction may be performed on the images to generate
corrected images. At step 908, the corrected images may be
down sampled by a factor of two. It may be noted that in
some embodiments, complex wavelet decomposition may
be used for energy content calculations. In such embodi-
ments, first, each color image in a stack may be converted to
gray scale, and reduced to a lower resolution. Then, wavelet
decomposition may be performed using a complex wavelet
filter bank. An absolute sum of the detail coefficients in each
image may be chosen as the focus measure. For example, a
raw index map may be generated by picking index of the
stack with highest focus measure for a particular pixel,
across the stack. As such, at step, 910, the images may be
de-composited using a complex wavelet filter bank. At step
912, arithmetic operations may be applied on high frequency
components to generate single energy matrix.

[0081] It may be noted that images may be processed at a
lower resolution (typically in powers of 2) to create an index
map. This lower resolution index map may then be inter-
polated back to original resolution via suitable interpolation
scheme (currently bi-linear). This may result in sufficient
quality for reconstructing the composite image and further
may reduce processing time. Moreover, processing at lower
resolution may help in reducing the impulse noises present
in the images. At step 914, energy matrices may be com-
pared to generate index. In some embodiments, at step 916,
the index may be updated, and at step 918, focus stacking
may be performed. At step 922, a composite image may be
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generated from the focus-stacked images. Further, in some
embodiments, after step 914, at step 920, a focus energy may
be generated, and the method 900 may once again proceed
to step 916.

[0082] Further, in some embodiments, after step 914, at
step 924, depth interpolation may be performed. At step 926,
images may be normalized to a factor of 16. it may be noted
that focus accuracy may be measured by comparing focus
measure behavior at a particular pixel against a reference
signal model. Here, the reference signal may be a Gaussian
curve. Considering the focus measure values at any pixel
across the stack is a one-dimensional signal, a peak of the
signal may be identified and local minima may be deter-
mined on both sides of the peak. At step 930, over fitting
may be analyzed. A Gaussian fitting may be performed to
obtain a Gaussian curve. Further, a mean square difference
of the estimated curve may be determined with respect to
original complex coefficient curve, and divided by square of
the maximum value for normalization. This may give a
single value for each pixel, the inverse of which is a
representation of accuracy with which focus selection is
done. Focus measure values in the regions where the object
is focused may follow Gaussian nature while other parts
having extensive smoothness in texture may follow random
nature. The pixels corresponding to focused part yield low
Gauss-fit values whereas smooth pixels yield high values. It
may be further noted that the index map may contain noise
(i.e. random index) wherever the scene is out of focus. This
noise needs to be removed and the index map needs to be
further processed to obtain a refined index. Therefore, at step
928, out of focus noises may be removed. By way of an
example, noise removal may be performed by masking
index map with focus accuracy map, expanding the masked
index map, blurring the result by a smoothing filter, and
overlapping masked index map on blurred output. Further,
out of focus regions may have low frequency content in the
focus accuracy map. As such, in some embodiments, a
suitable threshold may be applied on the focus accuracy map
to identify these regions. In the composite image, it may be
desirable to pick these out of focus regions from the last
image of the stack to avoid blotchiness. To this end, the
current index values in these regions may be changed to
maximum index (index of the last image), and the in-focus
region in the index map may be then expanded and blurred
in order to get a smooth transition between the object index
values and the highest index value of the out of focus region.
Finally, a masked index map may be placed on top of this
processed image to obtain the refined index map. Further-
more, smoothing may be performed to remove impulse
noises. At step 932, surface depth map may be generated.

Technical Advantages

[0083] The specification has described various techniques
for generating a composite image from multiple images
captured for a subject. The above disclosed techniques
provide for applying various image processing techniques,
like EDF and stitching in a homogeneous manner, i.e.
without need of applying them independently. As such, the
techniques provide for obtaining accurate results while
minimizing defects like missing information between image
tiles, scale variations across image tiles, and improper
alignment. Further, the techniques provide for processing
high volume of image data using low memory and low
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execution speed, thereby expediting the image processing
process, and making the process time efficient and cost
efficient.

[0084] Furthermore, one or more computer-readable stor-
age media may be utilized in implementing embodiments
consistent with the present disclosure. A computer-readable
storage medium refers to any type of physical memory on
which information or data readable by a processor may be
stored. Thus, a computer-readable storage medium may
store instructions for execution by one or more processors,
including instructions for causing the processor(s) to per-
form steps or stages consistent with the embodiments
described herein. The term “computer-readable medium”
should be understood to include tangible items and exclude
carrier waves and transient signals, i.e., be non-transitory.
Examples include random access memory (RAM), read-
only memory (ROM), volatile memory, nonvolatile
memory, hard drives, CD ROMs, DVDs, flash drives, disks,
and any other known physical storage media.

[0085] It is intended that the disclosure and examples be
considered as exemplary only, with a true scope and spirit of
disclosed embodiments being indicated by the following
claims.

What is claimed is:

1. A method of generating a composite image, the method
comprising:

receiving a plurality of sets of images of at least a portion

of a subject, wherein images within a set of images
from the plurality of sets of images are obtained at a
plurality of vertical positions of an image capturing
device relative to an associated fixed section of a
horizontal plane, and wherein the associated fixed
section of the horizontal plane for each of the plurality
of sets of images is unique;

combining the images associated with each of the plural-

ity of sets of images to generate a plurality of focus-
stacked images corresponding to the plurality of sets of
images;

aligning the plurality of focus-stacked images in the

horizontal plane; and

upon aligning, performing position correction on the

plurality of focus-stacked images to generate a com-

posite image representing the subject, wherein per-

forming the position correction comprises;

receiving an initial X offset and an initial Y offset
between a pair of adjacent focus-stacked images
from the image capturing device, based on user input
overlap percentage; and

refining the initial X offset and the initial Y offset by
identifying an overlapped region between the pair of
adjacent focus-stacked images upon aligning the
plurality of focus-stacked images using a horizontal
coordinate transformation model, based on one or
more calibration parameters.

2. The method of claim 1 further comprising:

generating a plurality of surface depth maps correspond-

ing to the plurality of sets of images, wherein gener-
ating a surface depth map is based on combining the
images in the associated set of images.

3. The method of claim 1, wherein the image capturing
device is a Complementary Metal Oxide Semiconductor
(CMOS) camera.

4. The method of claim 1, wherein generating a focus-
stacked image from the plurality of focus-stacked images
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comprises performing translation and scale correction for
images in the associated set of images using the one or more
calibration parameters of a microscope.

5. The method of claim 4, wherein performing the trans-
lation and scale correction comprises:

selecting an image from the images in the associated set

of images as a reference image; and

performing affine transformation between the reference

image and each of the images in the associated set of
images, using the one or more calibration parameters of
the microscope, to generate a set of translation and
scale corrected images.

6. The method of claim 5, wherein the one or more
calibration parameters of the microscope comprise:

one or more of a focal length of an objective lens of the

microscope,

an angular aperture of the objective lens, and

a function of a stage position of the microscope.

7. The method of claim 1 further comprising normalizing
illumination for the plurality of focus-stacked images.

8. The method of claim 1, wherein generating the com-
posite image further comprises blending the overlapped
region with non-overlapped region of the pair of adjacent
focus-stacked images from the plurality of focus-stacked
images, wherein the blending is one of an alpha blending
and a pyramidal blending.

9. A system for generating a composite image, the system
comprising:

an image capturing device configured to capture a plu-

rality of sets of images of at least a portion of a subject,;
and

an image processing device configured to:

receive the plurality of sets images from the image
capturing device;

combine the images associated with each of the plu-
rality of sets of images to generate a plurality of
focus-stacked images corresponding to the plurality
of sets of images;

align the plurality of focus-stacked images in a hori-
zontal plane; and

upon aligning, perform position correction on the plu-
rality of focus-stacked images to generate a compos-
ite image by identifying an overlapped region
between the pair of adjacent focus-stacked images
upon aligning the plurality of focus-stacked images
using a horizontal coordinate transformation model,
based on one or more calibration parameters.

10. The system of claim 9, wherein the images within a set
of images from the plurality of sets of images are captured
at a plurality of vertical positions of the image capturing
device relative to an associated fixed section of the horizon-
tal plane, and wherein the associated fixed section of the
horizontal plane for each of the plurality of sets of images is
unique.

11. The system of claim 9, wherein performing the
position correction comprises:

receiving an initial X offset and an initial Y offset between

a pair of adjacent focus-stacked images from the image
capturing device, based on user input overlap percent-
age; and

refining the initial X offset and the initial Y offset.

12. The system of claim 9, wherein the image processing
device is further configured to:
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generate a plurality of surface depth maps corresponding
to the plurality of sets of images, wherein generating a
surface depth map is based on combining the images in
the associated set of images.
13. The system of claim 9, wherein generating a focus-
stacked image from the plurality of focus-stacked images
comprises:
performing translation and scale correction for images in
the associated set of images using one or more cali-
bration parameters of a microscope, and wherein per-
forming the translation and scale correction comprises:
selecting an image from the images in the associated set
of images as a reference image; and
performing affine transformation between the reference
image and each of the images in the associated set of
images, using the one or more calibration parameters
of the microscope, to generate a set of translation and
scale corrected images, and wherein the one or more
calibration parameters of the microscope comprise
one or more of a focal length of an objective lens of
the microscope, an angular aperture of the objective
lens, and a function of a stage position of the
microscope.
14. The system of claim 9, wherein generating the com-
posite image further comprises blending the overlapped
region with non-overlapped region of the pair of adjacent
focus-stacked images from the plurality of focus-stacked
images, wherein the blending is one of an alpha blending
and a pyramidal blending.
15. A non-transitory computer-readable medium storing
computer-executable instructions for generating a composite
image, the computer-executable instructions configured for:
receiving, via an image capturing device, a plurality of
sets of images of at least a portion of a subject;

combining the images associated with each of the plural-
ity of sets of images to generate a plurality of focus-
stacked images corresponding to the plurality of sets of
images;

aligning the plurality of focus-stacked images in the

horizontal plane; and

upon aligning, performing position correction on the

plurality of focus-stacked images to generate a com-
posite image representing the subject by identifying an
overlapped region between the pair of adjacent focus-
stacked images upon aligning the plurality of focus-
stacked images using a horizontal coordinate transfor-
mation model, based on one or more calibration
parameters.

16. The non-transitory computer-readable medium of
claim 15, wherein the images within a set of images from the
plurality of sets of images are captured at a plurality of
vertical positions of the image capturing device relative to
an associated fixed section of the horizontal plane, and
wherein the associated fixed section of the horizontal plane
for each of the plurality of sets of images is unique.

17. The non-transitory computer-readable medium of
claim 15, wherein performing the position correction com-
prises:

receiving an initial X offset and an initial Y offset between

a pair of adjacent focus-stacked images from the image
capturing device, based on user input overlap percent-
age; and

refining the initial X offset and the initial Y offset.
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18. The non-transitory computer-readable medium of
claim 15, wherein the computer-executable instructions are
further configured for:

generating a plurality of surface depth maps correspond-

ing to the plurality of sets of images, wherein gener-
ating a surface depth map is based on combining the
images in the associated set of images.

19. The non-transitory computer-readable medium of
claim 15, wherein generating a focus-stacked image from
the plurality of focus-stacked images comprises performing
translation and scale correction for images in the associated
set of images using the one or more calibration parameters
of a microscope, wherein performing the translation and
scale correction comprises:

selecting an image from the images in the associated set

of images as a reference image; and

performing affine transformation between the reference

image and each of the images in the associated set of
images, using the one or more calibration parameters of
the microscope, to generate a set of translation and
scale corrected images.

20. The non-transitory computer-readable medium of 15,
wherein generating the composite image further comprises
blending the overlapped region with non-overlapped region
of the pair of adjacent focus-stacked images from the
plurality of focus-stacked images, wherein the blending is
one of an alpha blending and a pyramidal blending.

#* #* #* #* #*
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