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" GENERATING A COMPOSITE IMAGE FROM MULT!PLE IMAGES CAF 1 URED FORA B
' SUBJECT

ABSTRACT

A method (600) of generating a composite image fror;g multiple images captured for a subject
is disclosed. In some embodiments, the method (600) may in?lude receiving, via an image capturing
device (104), a plurality of sets of images of at least a portion of a subject. The images within a set of
i.r'nages may be captured at a plurality of vertical positions with réspecl to an associated fixed section of
a horizontal plane (202). The method (600) may further include 'generating a plurality of focus-stacked

‘Pimages corresponding to the plurality of sets of images, for e.\*'lample, by combining the images in the
associated set of images. The method (600) may further include aligning the plurality of focus-stacked

images in the horizontal plane (202) based on a horizontal coordinate transformation model to generate

& composite image representing the subject. 1
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We claim; B R
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A

i 1. A method (600j of generating a composife image from muitiple irriages captured for a subje'ct, the

; method (600) comprising: ;

3

receiving, via an image capturing device (104), a plur"-élity 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 captured at
" a plurality of vertical positions with respect to an associated fixed section of a horizontal plane (202},

and wherein the associated fixed section of the horizontal plane (202) for each of the plurality of sets

of images is unique;

generating a plurality of focus-stacked images corres;j!onding to the plurality of sets of images,
wherein generating a focus-stacked image from the plurality of focus-stacked images comprises
combining the images in the associated set of images; and
\ \
aligning the plurality of focus-stacked images in the horizontal plane (202} based on a

1, ,
horizontal coordinate transformation model to generate a composite image representing the subject.

2. The method (600) as claimed in claim 1, comprising:

generating 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.

3. The method (600) as claimed in claim 1, 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 calibration parameters of a microscope.

4. The method (600) as claimed in claim 3, 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.
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5. The method (600) as claimed in claim 4, wherein the one or more calibration parameters of the

: microscope comprise one or more of a focal length of an obje:tive lens of the microscope, an angular

. aperture of the objective lens, and a function of a stage position of the microscope.

P

" 6. The method (600) as claimed in claim 1, wherein generating the composite image comprises

performing position correction on the plurality of focus-stacked images and performing the position

carrection 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, wherein the refining comprises identifying
£n 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.

7. A system (100) for generating a composite image from multiple images captured for a subject, the

system (100) comprising:

an image capturing device (104) configured to capture a plurality of sets of images of at least
a portion of a subject, wherein the image capturing device (104) is 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 (202), and wherein the associated fixed

section of the horizontal plane (202) for each of the plurality of sets of images is unique; and
an image processing device (102) configured to:
receive the plurality of sets images from the image capturing device (104},

generate a plurality of focus-stacked images corresponding to the plurality of sets of images, wherein
generating a focus-stacked image comprises combining images in the associated set of images; and
align the plurality of focus-stacked images in the horizontal plane (202) based on a horizontal coordinate

transformation model to generate a composite image representing the subject.

8. The system (100) as claimed in claim 7, 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 calibration parameters of a microscope, and wherein

performing the translation and scale correction comprises:
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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 c;;tlibration parameters of the microscope
; comprise one or more of a focal length of an objective lens o—if the microscope, an angular aperture of

" the objective lens, and a function of a stage position of the microscope.

9. The system (100) as claimed in claim 7, wherein generating the composite image comprises
p'erforming position correction on the plurality of focus-stacked images, wherein performing the
1 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 oflset, wherein the refining compriscs identifying an
overlapped region between the pair of adjacent focus-stacked images upon aligning the plurality of
f!gcus-stacked images, using the horizontal coordinate transformation model, based on the one or more
calibration parameters. 5
10. The system (100) as claimed in claim 9, wherein generating the composite image further comprises
blending the overlapped region with non-overlapped region of the pair of adjacent focus-stackcd images
from the plurality of focus-stacked images, wherein the blending is one of an alpha blending and a

pyramidal blending.

Dated this 12% day of March 2019

MohammedHaisal (INPA No: 1941)
Head, [PR Dept.,

L&T Technology Services Limited,
DLF 3rd Block, 2nd Floor,
Manapakkam, Chennai, TN, 600089.
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[061] This disclosure relates generally to }image processing, and in particular, to
generating a composite image from multiple images c'.aptured for a subject.
1

Background

[002] Inspection of large and thick specimens (also called subjects) under an optical

»

microscope poses a major challenge. 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 v,i;ew (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 Isubject. 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

]
i
-
M
=z

11-Mar-2020/24178/201941009522/Description(Complete)

bt

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.

[003] However, these existing image processing techniques (i.e. EDF and stitching)
have to be applied independently 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

[004] In one embodiment, a method of generating a composite image from multiple
images captured for a subject 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 associated set of images. The method may further include aligning 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.
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[005] In another embodiment, a system for generating a composite image from

multiple ihagcs captured fora squect is disclosed. The 'sy_stem may include an imége capturing
device configured to capture a plurality of sets of imagff:s of at least a portion of a subject. The
image capturing device may be further configured to cf':pture 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 generate a plurality of focus-Stacked images corresponding (o the
plurality of sets of images, for example, by combining images in the associated set of images.
The image processing device may be further configured to align the plurality of focus-stacked

images in the horizontal plane based on a horizontalicoordinate transformation model to

. generate a composite image representing the subject.

[006] 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 DESC OF THE GS

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

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

[009] 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.

[010]) FIG. 3 is a functional block diagram of an image processing device, in
accordance with an embodiment.

[011]  FIG. 4 illustrates a calibration process with image tiles having an overlap
between adjacent image tiles, in accordance with an embodiment.

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

[013] FIG. 6 is a flowchart of a method of generating a composite image from

multiple images captured for a subject, in accordance with another embodiment of the present

disclosure.
3
NITEDT L LS ELE AT B SR S e ATy 5T T . s
[N I R T N LS R B U I B B I O B oL Sl N 2 A Z




11-Mar-2020/24178/201941009522/Description(Complete)

[014] FIG. 7 is a flowchart of a method of performing translation and scale
correction for imageé, in accordance with an embodimént of the preéent disclosure. '

[015] FIG. 8 is a flowchart of a method ¢f performing position correction on a
plurality of focus-stacked images, in accordance with an embodiment of the present disclosure.

[016} TIG. 2 i5 a flowchart of a process overview of generating a composite image
from multiple images captured for a subject, in accordance with an embodiment.

DETAILED DESCRIPTION

[017] Exemplary embodiments are described: with reference to the accompanying
drawings. Wherever convenient, the same reference nurﬁbers are used throughout the drawings
to refer to the same or like parts. While examples and features of disclosed principles are
described herein, modifications, adaptations, and other‘implementations are possible without

departing from the spirit and scope of the disclosed lésmbodiments. It is intended that the

. following detailed description be considered as exemplar:y only, with the true scope and spirit

“being indicated by the following claims.

[018] 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 processing 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.

[019] The image processing device 102 may be communicatively coupled to the
image capturing device 104 and the data storage via a communication network 108. The
communication 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 Interoperability for Microwave Access (WiMAX),
and General Packet Radio Service (GPRS).

[020]  As will be described in greater detail in conjunction with FIG. 2 te 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
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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 furt‘gfler generate a plurality of focus-stacked

images corresponding to the plurality of sets of imageé. 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 transfor_mation model to generate a composite
image representing the subject.

[021] In order to perform the above discussed functionalities, 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 theisubject, as discussed in greater detail

-

. in FIG. 2 to FIG. 9. The memory 112 may be a non-vélatile memory or a volatile memory.

- Examples of non-volatile memory, may include, but are not limited to a flash memory, a Read
Only Memory {(ROM), a Programmable 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
coordinate transformation model data, surface depth map data, calibration parameters data,
etc.) that may be captured, processed, and/or required by the system 100.

[022] 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.

[023)  Referring now to FIG. 2, a functional block diagram 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 capturing device 104 may be an electronic microscope. However, in alternate

embodiments, the image capturing device 104 may be fitted to a microscope. In such
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embodiments, the system 100 may include a stage 202 of the microscope. It may be understood
that the multiple ifnages of the subject méy be capturzd upon pdsitioning the subject on the
stage 202.

[024] 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 i'p 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.

|025)  Assuch, in some examples, first a set of images of the subject may be obtained
such that images within a set of images may be ca.pturedi'.‘lt 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 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.

[026] 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
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interchangeably in this disclosure). By way of an example, as shown in FIG. 2, the horizontal
plane'202 may be divided into nine fixed sections 20'4, 206, ... 220. Accordfngly, 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 ofithe plurality of sets of images may be
unique. [t 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.

[027]

of sets of images) may be captured at a plurality of: vertical positions with respect to an

It may be noted that the images within each set of images (from the plurality

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 thi: 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.
[028])

{i.e. the stage 202 of the microscope) may be fixed, and the image capturing device 104 may

However, in alternate embodiments, the position of the horizontal plane 202

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.
[029]

be obtained at vertical positions z(1), z(2), ... z(n) of the horizontal plane 202 with respect to

For example, images within a first set corresponding to the section 204 may

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. Accordingly, in the similar way as described above, images within each of the nine
sets may be obtained.

[030]

104, these plurality of sets of images may be received by the image processing device 102 (not

Once the plurality of sets of images are obtained by the image capturing device

shown in FIG. 2). It may be noted that, in some embodiments, the image capturing device 104
may implement the image processing device 102. The image processing device 102 may

generate a plurality of focus-stacked images corresponding to each the plurality of sets of
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images. It may be noted that generating a focus-stacked image (from the plurality of focus-
stacked images)'may include combiniﬁg the images :n the associated set of imagcé. For
example, the images within the first set corresponding to the section 204 may combined to
generate a first focus-stacked image. Similarly, therimages within the rest of the sets
corresponding to each of the sections 206-220 may beicombined to gencratc the plurality of
focus-stacked images.

[031]  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 pefformed using one or more calibration
parameters of the microscope. )

[032] 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.

[033] 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 position). 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).

[034] 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 transformations. As it will be
appreciated, the coordinate transformations may include introducing known transformations in
space, such as checker board. Further, coordinate transformation coefficients may be derived

which may govern transformation as a function of stage positions in z plane. By way of an -
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- example, a transformation between different horizontal planes (i.e. different x-y planes along

. different vertical positions) hay be calculated by the veittical coordinate transformation modet

(T). This vertical coordinate transformation model (::l‘) may be a function of calibration
parameters of focal length of an objective (f), angular ap:erture of the objective (8), 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(f, 8,2

[035] The vertical coordinate transformation nodel (T) may be derived from the

: microscope hardware and optics parameters.

-

[036] In some embodiments, upon generating the plurality 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
icomposite image representing the entire subject, by stitching the plurality of focus-stacked
images.
[037] Insome embodiments, in order to stitch the plurality 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 {ocus-stacked finages 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.
[038] In some embodiments, stitching together the plurality 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.
[039] In some embodiments, 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
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: based on combining the images in the associated set of images. It may be further noted that a
: three-dimensional (3-D) panorama reconstruction may be later generated from the plu-rality of
surface depth maps, using any conventional technique.
[040] Referring now to FIG. 3, a functional tlock diagram 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.

[041] 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 104. As mentioned earlier, one image
1from each set of images may be selected as a reference imhge. 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.

[042]  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 bc
computed for each pixel, and may be compared against corresponding pixel locations in each
set of images during vertical focus stacking.

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

[044] 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 -
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-

transformation correction module 306 may receive an initial X offset value and an initial Y
: offset value between a pai'r of adjacent focus-stacked images from the imége capturing device,
based on user input overlap percentage.

{045] [t 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 transformation correction module
306 may further refine the initial X offset and the initial ;Y offset. In some embodiments, the
i 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
itransformation model, based on the one or more califration parameters. The horizontal
transformation correction module 306 may receive the ong or more calibration parameters in
form of calibration data 314.

[046] 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 normalize 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.

[047] 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 biending 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

[048] 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 (¢.g.
a set of pixels) between adjacent images - which can be specified by the user during image
acquisition - may be identified. An overlap percentage (Ose) may be provided as input to the

microscope, so that the stage movement may be set accordingly. To this end, a calibration
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- process may be performed with image tiles to derive the.horizontal coordinate transformation

' model, based on which images may be stitched to genen’ate'é 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.i 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

simage 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 horizoﬁtal coordinate transformation model,

.

3 [049] It may be noted that the stitching may yiéld inaccurate results, because of the

J

1
-
r

-

which can be later used to stitch a plurality of focus-stacked images to generate a composite

image.

non-telecentric property of the lens. It may be further noted that the FOV of the non-telecentric
tens varies linearly with the vertical distance of the image capturing device 104 with respect to
the horizontal 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
relationship 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 (Oset). Therefore, for a given input overlap percentage (O, optimal
overlap (01, Oz, Os, ...) between adjacent image tiles for different vertical positions (for
example, z(1), z(2), z(3)) may be calculated using constrained optimization techniques like
gradient descent and expectation—maximization (EM) algorithm. Similarly, the optimal overlap
{0y, Oz, O3, ...) may be calculated for other input overlap percentage (Oinz, Oin3, ...) as well.
[050] In some embodiments, a computed optimal overlap percentage (Or, O3, O3,
...) between two image tiles for different vertical positions for a particular overlap percentage
(Oin1) may be derived using a linear equation, as given below:
Y=M.Z+C ............. Equation (1)
where, Y =computed overlap percentage between two image tiles.
M = slope value obtained from different input overlaps (m1, mz, ms...)
C = intercept value obtained from different input overlaps (c1, c2, ¢c3...)

Z = vertical position of the stage
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[051] It may be noted that the slope values (my, mz, ms...) and intercept values (ci,
: bz, c3...) of the Equatioﬁ (1) may vary linearly with respect to the inputooverlap set by the user

¢ Ose. Further, factors msiepe and csiope may be derived using (my, mz, ms ...), and factors Mintercept

v and Cintercep may be derived using (), €2, ¢3, ...). A linearmodel is derived to compute the slope

. and intercept as given below in Equation (2) and Equation (3), respectively for any input
« overlap percentage (Ose) set by the user, using a horizontal coordinate transformation model,
as given below.
Computed_m = Mgiope® Oser + 05|op;: i, Equation (2)

! Computed__c = Mintercept * Oser + Cintercept - e Equation (3)

where, Msiope and Minercepr = slope with respect to user set input overlap percentage
5 Oset = user set overlap percentage 3
Cslope and Cimercep = Intercept with respect user set input overlap percentage
[052] A final overlap percentage may be calculated using Equation (4), as given
below:
Finaloverap = Computed_m * z_pos + Computed ¢ ....... Fquation (4)
where, Finaloverap = Computed overlap percentage between two image tiles at a vertical
position
Computed m = Slope
Computed_c = Intercept
z_pos = vertical position of the stage
[053] The above calculated Finalovensp may be verified and validated by capturing
images with different magnifications, 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 Similarity Index (SSIM),
Cross Correlation etc. to verify that the horizontal coordinate transformation model has given
accurate overlap percentage for stitching. The horizontal coordinate transformation model may
perform stitching accurately for planar objects. In order to stitch specimen with complex
surface topology, depth offset needs to be calculated. 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.
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_ [054]  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 a-cordance with an embodiment. The

first portion 502 and the second portion 504 may be captured in different images obtained from

different vertical positions, for example, z(5) focusing ¢n the background and z(10) focusing

i 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. Thedepth offset for foreground may be

calculated by finding the absolute difference between these stage vertical positions, using

-Equation (5) as given below:

ZI =z + abS(Zbackground - ZFQrcgruund) ....... fennn Equa’ion (5)
where,

z = stage position of the final composed image

h Zvackground = Stage position where background is in focus

: Zforeground = Stage position where foregroundijs in focus

[055) 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' + Computed_c
...... Eguation (6)

[056] 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. [t may be noted
that these plurality of sets of images may be received from the image capturing device 104,
which may be CMQOS camera. It may be further noted that images within a set of imagcs 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.

[057] At step 604, illumination correction may be performed on the images within
the set of images. At step 606, a plurality of focus-stacked images may be generated
corresponding to the plurality of sets of images. A focus-stacked image may be generated by
combining the images in an associated set of images. [n some embodiments, generating a focus-

stacked image may include performing translation and scale correction for images in the
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: associated set of images using one or more calibration parameters of a microscope. This is

! further explained in detail in conjunction with FIG. 7.

[058] Referring now to FI1G. 7, a flowchart ofag:method 700 of performing translation

i and scale correction for images is illustrated, in accordance with an embodiment of the present

3=
i
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disclosure. In some embodiments, at step 702, an image imay be selected as a reference image

from the images in the associated set of images. At step 704, affine transformation 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.

X [059] Returning back to FIG. 6, in some embddiments, at step 608 a plurality of
surface depth maps may be generated corresponding to the, plurality of sets of images. It may
be noted that generating a surface depth map may be based on combining the images in the
associated set of images.

[060] At step 610, the plurality of focus-stacked images may be aligned in the
horizontal plane based on a horizontal coordinate 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.

[061] 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 embodiments, at step 802, an initial X offset
and an initial Y offset between a pair of adjacent focus-stackcd 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.

[062] At step 806, the overlapped 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.
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[063] Referring now to FIG. 9, a flowchart of a process overview 900 of generating

" a composite image from multip'le images captured for P subject is illustrated, in accordance

¢ with an.embodiment of the present disclosure. In some zmbodiments, 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 tzansformation 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 embodiments, 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
vhosen as the focus measure. For example, a raw index majx may be generated by picking index
of the stack with highest focus measure for a particular pixgl, across the stack. As such, at step,
610, 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.

[064] [t 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
interpolated 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 compared 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 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.

[065]  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 méasured 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 determined 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
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determined with respect to original complex coefficient curve, and divided by square of the

; maximum value for normalization. This may give a sing'e 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
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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
wverlapping masked index map on blurred output. Furtherjout of focus regions may have low
frequency content in the focus accuracy map. As such,iin 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. Furthermore, smoothing
may be performed to remove impulse noises. At step 932, surface depth map may be generated.

{066]  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 execution speed,
thereby expediting the image processing process, and making the process time efficient and |
cost efficient.

[067] Furthermore, one or more computer-readable storage 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
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instructions for execution by one or more processors, including instructions for causing the
proces;sor(s) to perform steps or stages consistent with thé embodiments described herein. The
term “computer-readable medium” shouid be understood;to include tangible items and exclude
carrier waves and transient signals, i.e., be non-transitary. Examples include random access
memory (RAM), read-only memory (ROM), volatile :memory. nonvnlatile memory, hard
drives, CD ROMs, DVDs, flash drives, disks, and any other known physical storage media.
[668] 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. :
/
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