THREE-DIMENSIONAL OBJECT MODELING METHOD, IMAGE PROCESSING
METHOD, AND IMAGE PROCESSING DEVICE

CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application claims priority of Chinese Patent Applications No.
201910296077.0, No. 201910296079.X, and No. 201910295558.X, filed on April 12, 2019,
and the entire contents disclosed by the Chinese patent applications are incorporated herein

by reference as part of the present application.

TECHNICAL FIELD
[0002] The present invention relates to a field of image processing and
three-dimensional object modeling, and in particular to a three-dimensional object modeling

method and device, an image processing method, an image processing device, and a medium.

BACKGROUND
[0003] In a field of object modeling, how to make a generated object model have high
resolution and/or high accuracy is a goal that the industry is striving to pursue.
[0004] Object modeling can enable a user to browse a 2D and/or 3D structure of a
three-dimensional object without leaving home (for example, via the Internet), and the 3D
modeling of an object can achieve an immersive effect, which is a very important application
in the field of virtual reality.
[0005] There are currently two main methods to model a three-dimensional object.
[0006] One method is to use an ordinary image acquisition device to shoot a plurality
of images from different angles, and then combine/splice the plurality of images shot from
different angles to form a three-dimensional model of a three-dimensional object. However,
in this method, when the plurality of images are shot, a shooting angle and position generally
need to be fixed. This shooting method has great defects, and is often impossible to shoot a
large three-dimensional object that cannot be moved, especially when there is a need to
model a plurality of such three-dimensional objects (such as indoor rooms or outdoor

complex spaces) that are fixed in their respective positions, have closed spaces, and are



difficult to shoot in all directions and a plurality of angles; moreover, this method requires
complex image splicing, which is hard to obtain a high-accuracy three-dimensional object.
[0007] The other method is to directly use a three-dimensional scanning device to
obtain three-dimensional point clouds of the three-dimensional object, and then splice the
three-dimensional point clouds to generate a three-dimensional model. However, the
accuracy of the image acquisition device of the three-dimensional scanning device is not high,
such that the resolution of the captured image is low, and the resolution of the generated
three-dimensional model is not high enough.

[0008] Therefore, the present invention considers to solve technical problems of how
to obtain captured images with high resolution, how to efficiently process the captured
images to provide high-precision and high-resolution modeling preparation data for object
modeling, and even how to make the provided data simplify the subsequent model generating
process, how to effectively improve the resolution and/or accuracy of the generated object

model, and how to accurately splice images to obtain a realistic three-dimensional model.

SUMMARY

[0009] In order to solve one of the above problems, the present invention provides a
three-dimensional object modeling method and device, an image processing method, an
image processing device and a medium.

[0010] According to an embodiment of the present invention, a three-dimensional
object modeling method is provided, and comprises: a plane contour extraction step, in which
for at least one panoramic image shot for each three-dimensional object of at least one
three-dimensional object to be processed, a plane contour of the at least one panoramic image
of each three-dimensional object in a three-dimensional space is extracted; a scale
normalization step, in which a scale of the plane contour of the at least one panoramic image
of each three-dimensional object in the three-dimensional space is normalized based on a
camera position, to obtain normalized plane contours of respective panoramic images in the
three-dimensional space; and a multi-object splicing step, in which based on the camera
position, rotation and translation operations are performed on three-dimensional point

coordinates of the normalized plane contours of the respective panoramic images in the



three-dimensional space, so as to unify the three-dimensional point coordinates in same one
coordinate system, to splice plane contours of respective three-dimensional objects into a
multi-object plane contour.

[0011] Optionally, the plane contour extraction step comprises: a camera position
acquisition step, in which by using a geometric relationship of at least two panoramic images
shot for each three-dimensional object of the at least one three-dimensional object to be
processed, the camera position of a panoramic camera when shooting each panoramic image
of the at least two panoramic images of each three-dimensional object and three-dimensional
point coordinates of matching feature points on each panoramic image are obtained; a
single-image plane contour generation step, in which for each panoramic image of the at least
two panoramic images of each three-dimensional object, a plane contour of the panoramic
image in the three-dimensional space is generated based on a contour surrounded by edge
pixels in pixels, whose contour features belong to a specific category, on the panoramic
image, the specific category comprises at least a top portion, a bottom portion, and a support
portion of a three-dimensional object in the panoramic image.

[0012] Optionally, the single-image plane contour generation step comprises: based
on a feature similarity among pixels on each panoramic image of the at least two panoramic
images of each three-dimensional object, determining the edge pixels in the pixels, whose
contour features belong to the specific category, on each panoramic image of the at least two
panoramic images of each three-dimensional object, a feature similarity of two pixels is an
absolute value of a difference between features of the two pixels, and features of each pixel
comprise grayscale and color.

[0013] Optionally, the plane contour extraction step comprises: a camera position
acquisition step, in which by using a geometric relationship of at least two panoramic images
shot for each three-dimensional object of the at least one three-dimensional object to be
processed, the camera position of a panoramic camera when shooting each panoramic image
of the at least two panoramic images of each three-dimensional object and three-dimensional
point coordinates of matching feature points on each panoramic image are obtained; and a
single-image plane contour generation step, in which for each panoramic image of the at least

two panoramic images of each three-dimensional object, a plane contour of the panoramic



image in the three-dimensional space is extracted through a deep learning model used for
extracting an image contour.

[0014] Optionally, the deep learning model is trained in a following manner: by
manually labeling contour features of three-dimensional objects of a type of interest on a
plurality of panoramic images serving as training images, generating a contour feature
training data set of the three-dimensional objects of the type of interest; and training the deep
learning model using the contour feature training data set of the three-dimensional objects of
the type of interest, to obtain a trained deep learning model. An output of the deep learning
model comprises categories of the contour features of the three-dimensional objects of the
type of interest.

[0015] Optionally, the single-image plane contour generation step comprises:
inputting the at least two panoramic images of each three-dimensional object into the trained
deep learning model to obtain a category of a contour feature corresponding to each pixel in
the at least two panoramic images of each three-dimensional object; extracting edge pixels
that are at edges among pixels, whose contour features belong to a specific category, on each
panoramic image of the at least two panoramic images of each three-dimensional object as
specific category edge pixels; assuming that all specific category edge pixels on each
panoramic image of the at least two panoramic images of each three-dimensional object have
the same height h, that serves as an assumed contour height of a contour of the specific
category, projecting the specific category edge pixels on each panoramic image onto a
three-dimensional plane to obtain specific category three-dimensional points corresponding
to each panoramic image, and then forming a plane contour of each panoramic image in the
three-dimensional space based on the specific category three-dimensional points
corresponding to each panoramic image. The specific category comprises a top portion of a
three-dimensional object in the panoramic image.

[0016] Optionally, the camera position is obtained in the camera position acquisition
step, the camera position acquisition step comprises: obtaining a video stream and a
timestamp corresponding to at least one panoramic image of each three-dimensional object;
determining at least one video frame corresponding to the at least one panoramic image of

each three-dimensional object in the video stream based on the timestamp; and determining



the camera position of the panoramic camera when shooting the at least one panoramic image
of each three-dimensional object according to a position of the at least one video frame.
[0017] Optionally, the camera position is predetermined or obtained in the camera
position acquisition step, the camera position acquisition step comprises: using a geometric
relationship of at least two panoramic images shot for each three-dimensional object of the at
least one three-dimensional object to be processed, performing feature point matching
between the at least two panoramic images of each three-dimensional object, and recording
feature points that match with each other in the at least two panoramic images of each
three-dimensional object as the matching feature points; and for each panoramic image of the
at least two panoramic images of each three-dimensional object, reducing reprojection errors
of the matching feature points on each panoramic image to obtain the camera position of the
panoramic camera when shooting each panoramic image and the three-dimensional point
coordinates of the matching feature points on each panoramic image.

[0018] Optionally, the scale normalization step comprises: in a case where the camera
position is obtained in the camera position acquisition step, sorting from small to large height
values of all three-dimensional point coordinates, which are obtained when the camera
position is obtained, on at least one panoramic image of each three-dimensional object, and
taking a median value or an average value of the height values sorted in front as an extracted
contour height h¢’ of the contour of the specific category; and by using a ratio of the assumed
contour height hc of the contour of the specific category to the extracted contour height he” of
the contour of the specific category, generating normalized plane contours of at least two
panoramic images of each three-dimensional object in the three-dimensional space based on
the plane contours of the at least two panoramic images of each three-dimensional object in
the three-dimensional space. The assumed contour height he of the contour of the specific
category 1s an arbitrarily assumed height.

[0019] Optionally, the scale normalization step comprises: in a case where the camera
position is a camera definition height H¢’ that is predetermined, by using a ratio of a camera
assumed height H. that is assumed to the camera definition height H¢’, generating normalized
plane contours of at least two panoramic images of each three-dimensional object in the

three-dimensional space based on the plane contours of the at least two panoramic images of



each three-dimensional object in the three-dimensional space. The camera assumed height Hc
is an arbitrarily assumed height.

[0020] Optionally, after the scale normalization step, the three-dimensional object
modeling method further comprises a single-object plane contour generation step, which
comprises: for at least two panoramic images shot for the at least one three-dimensional
object to be processed, determining whether there are a plurality of panoramic images belong
to the same three-dimensional object one by one in a following method: if there are matching
feature points, a ratio of which is more than a specific ratio, between two panoramic images,
then it is determined that the two panoramic images belong to a same three-dimensional
object; and if it is determined that the plurality of panoramic images belong to the same
three-dimensional object, for respective plane contours of the same three-dimensional object
obtained according to the plurality of panoramic images, a union of all the plane contours of
the same three-dimensional object is taken as a plane contour of the three-dimensional object
in the three-dimensional space.

[0021] Optionally, in the multi-object splicing step, the multi-object plane contour in
the three-dimensional space can be obtained by splicing based on the plane contours of
respective single three-dimensional objects in the three-dimensional space.

[0022] Optionally, the multi-object splicing step comprises: assuming that there are N

plane contours of all panoramic images in the three-dimensional space, a p-th
three-dimensional point of an n-th plane contour is indicated as X, , and the camera position

where a panoramic image corresponding to the n-th plane contour is shot is indicated as {Rn,
ta}, where R is a rotation matrix used to represent a rotation parameter of the camera position,
and t, is a translation vector used to represent a translation parameter of the camera position,
where N is an integer greater than 1, and n is an integer greater than or equal to 1, selecting
the camera position where a panoramic image corresponding to an i-th plane contour is shot
as a reference coordinate system, and unifying the three-dimensional points of other plane

contours under the reference coordinate system through a formula below:
n—>i __ -1 n
X =RR (X7 —t, )+,

converting all the three-dimensional points of the plane contours after the scale normalization



except the i-th plane contour through the formula, to unify the three-dimensional points of all
the plane contours under the same coordinate system, so as to splice the plane contours of the
respective three-dimensional objects into the multi-object plane contour.

[0023] Optionally, the three-dimensional object modeling method further comprises:
a multi-object contour optimization step, in which a distance between adjacent edges of two
single-object contours in a multi-object contour is calculated, and if the distance is non-zero
and less than a certain threshold, the two single-object contours are shifted to make the
distance between the adjacent edges become to zero.

[0024] Optionally, the three-dimensional object modeling method further comprises:
a 3D model generation step, in which after the multi-object splicing step, the multi-object
plane contour obtained by splicing in the three-dimensional space is converted into a
multi-object 3D model.

[0025] According to an exemplary embodiment of the present invention, a
three-dimensional object modeling equipment is provided and comprises: a plane contour
extraction device, configured to: for at least two panoramic images shot for each
three-dimensional object of at least one three-dimensional object to be processed, extract
plane contours of the at least two panoramic images of each three-dimensional object in a
three-dimensional space; a scale normalization device, configured to: based on a camera
position, normalize scales of the plane contours of the at least two panoramic images of each
three-dimensional object in the three-dimensional space to obtain normalized plane contours
of respective panoramic images in the three-dimensional space; and a multi-object splicing
device, configured to: based on the camera position, perform rotation and translation
operations on three-dimensional point coordinates of the normalized plane contours of the
respective panoramic images in the three-dimensional space, so as to unify the
three-dimensional point coordinates in the same coordinate system, thereby splicing plane
contours of respective three-dimensional objects into a multi-object plane contour.

[0026] Optionally, the camera position is predetermined or obtained in a following
method, which comprises: using a geometric relationship of the at least two panoramic
images shot for each three-dimensional object of the at least one three-dimensional object to

be processed, performing feature point matching between the at least two panoramic images



of each three-dimensional object, and recording feature points that match with each other in
the at least two panoramic images of each three-dimensional object as the matching feature
points; and for each panoramic image of the at least two panoramic images of each
three-dimensional object, reducing reprojection errors of the matching feature points on each
panoramic image to obtain the camera position of the panoramic camera when shooting each
panoramic image and the three-dimensional point coordinates of the matching feature points
on each panoramic image.

[0027] Optionally, the scale normalization device is further configured to: in a case
where the camera position is extracted, sort from small to large height values of all
three-dimensional point coordinates, which are obtained when the camera position is obtained,
on at least one panoramic image of each three-dimensional object, and take a median value or
an average value of the height values sorted in front as an extracted contour height h.’ of the
contour of the specific category; and by using a ratio of the assumed contour height h. of the
contour of the specific category to the extracted contour height he’ of the contour of the
specific category, generate normalized plane contours of the at least two panoramic images of
each three-dimensional object in the three-dimensional space based on the plane contours of
the at least two panoramic images of each three-dimensional object in the three-dimensional
space. The assumed contour height hc of the contour of the specific category is an arbitrarily
assumed height.

[0028] Optionally, the scale normalization device is further configured to: in a case
where the camera position is a camera definition height H¢’ that is predetermined, by using a
ratio of a camera assumed height Hc that is assumed to the camera definition height Hc’,
generate normalized plane contours of the at least two panoramic images of each
three-dimensional object in the three-dimensional space based on the plane contours of the at
least two panoramic images of each three-dimensional object in the three-dimensional space.
The camera assumed height Hc is an arbitrarily assumed height.

[0029] Optionally, a single-object plane contour generation device is configured to:
for the at least two panoramic images shot for the at least one three-dimensional object to be
processed, determine whether there are a plurality of panoramic images belong to the same

three-dimensional object one by one in a following method: if there are matching feature



points, a ratio of which is more than a specific ratio, between two panoramic images, then it
is determined that the two panoramic images belong to a same three-dimensional object; and
if it is determined that the plurality of panoramic images belong to the same
three-dimensional object, for respective plane contours of the same three-dimensional object
obtained according to the plurality of panoramic images, a union of all the plane contours of
the same three-dimensional object is taken as a plane contour of the three-dimensional object
in the three-dimensional space.

[0030] Optionally, the multi-object splicing device is further configured to: splice to
obtain the multi-object plane contour in the three-dimensional space based on the plane
contours of respective single three-dimensional objects in the three-dimensional space.

[0031] Optionally, the multi-object splicing device is further configured to: assume

that there are N plane contours of all panoramic images in the three-dimensional space, a p-th
three-dimensional point of an n-th plane contour is indicated as X ;, and the camera position

where a panoramic image corresponding to the n-th plane contour is shot is indicated as {R,,
t.}, where R, is a rotation matrix used to represent a rotation parameter of the camera position,
and t, is a translation vector used to represent a translation parameter of the camera position,
where N is an integer greater than 1, and n is an integer greater than or equal to 1, selecting
the camera position where a panoramic image corresponding to an i-th plane contour is shot
as a reference coordinate system, and unifying the three-dimensional points of other plane
contours under the reference coordinate system through a formula below:

X7 = Ri&l(X; —tn)+ti

b

converting all the three-dimensional points of the plane contours after the scale normalization
except the i-th plane contour through the formula, to unify the three-dimensional points of all
the plane contours under the same coordinate system, so as to splice the plane contours of the
respective three-dimensional objects into the multi-object plane contour.

[0032] Optionally, the three-dimensional object modeling equipment further
comprises: a multi-object contour optimization device, configured to calculate a distance
between adjacent edges of two single-object contours in a multi-object contour, and if the

distance is non-zero and less than a certain threshold, move the two single-object contours to
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make the distance between the adjacent edges become to zero.

[0033] Optionally, the three-dimensional object modeling equipment further
comprises: a 3D model generation device, configured to: convert the multi-object plane
contour obtained by splicing in the three-dimensional space into a multi-object 3D model.
[0034] According to an embodiment of the present invention, an image processing
method is provided, and the image processing method comprises: a camera position
acquisition step, in which using a geometric relationship of at least two panoramic images
shot for each three-dimensional object of at least one three-dimensional object to be
processed, a position of a panoramic camera when shooting the at least two panoramic
images of each three-dimensional object and three-dimensional point coordinates of matching
feature points on the at least two panoramic images of each three-dimensional object are
obtained; a single-image plane contour generation step, in which for each panoramic image of
the at least two panoramic images of each three-dimensional object, a plane contour of the
panoramic image in the three-dimensional space is generated based on a contour surrounded
by edge pixels in pixels, whose contour features belong to a specific category, on the
panoramic image; and a scale normalization step, in which a scale of the position that is
obtained of the panoramic camera when shooting the at least two panoramic images of each
three-dimensional object and scales of the plane contours of the at least two panoramic
images of each three-dimensional object in the three-dimensional space are normalized, to
obtain normalized plane contours of respective panoramic images in the three-dimensional
space.

[0035] Optionally, the specific category comprises at least a top portion, a bottom
portion, and a support portion of a three-dimensional object in the panoramic image.

[0036] Optionally, the camera position acquisition step comprises: using a geometric
relationship of the at least two panoramic images shot for each three-dimensional object,
performing feature point matching between the at least two panoramic images of each
three-dimensional object, and recording feature points that match with each other in the at
least two panoramic images of each three-dimensional object as the matching feature points;
and for each panoramic image of the at least two panoramic images of each

three-dimensional object, reducing reprojection errors of the matching feature points on each
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panoramic image to obtain the camera position of the panoramic camera when shooting each
panoramic image and the three-dimensional point coordinates of the matching feature points
on each panoramic image.

[0037] Optionally, the single-image plane contour generation step comprises: based
on a feature similarity among pixels on each panoramic image of the at least two panoramic
images of each three-dimensional object, determining the edge pixels in the pixels, whose
contour features belong to the specific category, on each panoramic image of the at least two
panoramic images of each three-dimensional object, a feature similarity of two pixels is an
absolute value of a difference between features of the two pixels, and features of each pixel
comprise grayscale and color.

[0038] Optionally, the scale normalization step comprises: sorting from small to large
height values of all three-dimensional point coordinates, which are obtained in the camera
position acquisition step, on at least one panoramic image of each three-dimensional object,
and taking a median value or an average value of the height values sorted in front as an
extracted contour height h.’ of the contour of the specific category; and by using a ratio of the
assumed contour height h, of the contour of the specific category to the extracted contour
height h.’ of the contour of the specific category, generating normalized plane contours of at
least two panoramic images of each three-dimensional object in the three-dimensional space
based on the plane contours of the at least two panoramic images of each three-dimensional
object in the three-dimensional space. The assumed contour height h, of the contour of the
specific category is an arbitrarily assumed height.

[0039] According to an exemplary embodiment of the present invention, an image
processing method is provided and comprises: a camera position acquisition step, in which
using a geometric relationship of at least two panoramic images shot for each
three-dimensional object of at least one three-dimensional object to be processed, a camera
position of a panoramic camera when shooting each panoramic image of the at least two
panoramic images of each three-dimensional object and three-dimensional point coordinates
of matching feature points on each panoramic image are obtained; a single-image plane
contour generation step, in which for each panoramic image of the at least two panoramic

images of each three-dimensional object, a plane contour of the panoramic image in the
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three-dimensional space is extracted through a deep learning model used for extracting an
image contour; and a scale normalization step, in which a scale of the position, which is
obtained, of the panoramic camera when shooting the at least two panoramic images of each
three-dimensional object and scales of the plane contours of the at least two panoramic
images of each three-dimensional object in the three-dimensional space are normalized, to
obtain normalized plane contours of respective panoramic images in the three-dimensional
space.

[0040] Optionally, the deep learning model is trained in a following manner: by
manually labeling contour features of three-dimensional objects of a type of interest on a
plurality of panoramic images serving as training images, generating a contour feature
training data set of the three-dimensional objects of the type of interest; and training the deep
learning model using the contour feature training data set of the three-dimensional objects of
the type of interest, to obtain a trained deep learning model. An output of the deep learning
model comprises categories of the contour features of the three-dimensional objects of the
type of interest.

[0041] Optionally, the single-image plane contour generation step comprises:
inputting the at least two panoramic images of each three-dimensional object into the trained
deep learning model to obtain a category of a contour feature corresponding to each pixel in
the at least two panoramic images of each three-dimensional object; extracting edge pixels
that are at edges among pixels, whose contour features belong to a specific category, on each
panoramic image of the at least two panoramic images of each three-dimensional object as
specific category edge pixels; assuming that all specific category edge pixels on each
panoramic image of the at least two panoramic images of each three-dimensional object have
the same height h. that serves as an assumed contour height of a contour of the specific
category, projecting the specific category edge pixels on each panoramic image onto a
three-dimensional plane to obtain specific category three-dimensional points corresponding
to each panoramic image, and then forming a plane contour of each panoramic image in the
three-dimensional space based on the specific category three-dimensional points
corresponding to each panoramic image.

[0042] Optionally, the specific category is a top portion of a three-dimensional object
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in the panoramic image.

[0043] Optionally, the camera position acquisition step comprises: using a geometric
relationship of at least two panoramic images shot for each three-dimensional object of the at
least one three-dimensional object to be processed, performing feature point matching
between the at least two panoramic images of each three-dimensional object, and recording
feature points that match with each other in the at least two panoramic images of each
three-dimensional object as the matching feature points; and for each panoramic image of the
at least two panoramic images of each three-dimensional object, reducing reprojection errors
of the matching feature points on each panoramic image to obtain the camera position of the
panoramic camera when shooting each panoramic image and the three-dimensional point
coordinates of the matching feature points on each panoramic image.

[0044] Optionally, the scale normalization step comprises: sorting from small to large
height values of all three-dimensional point coordinates, which are obtained when the camera
position is obtained, on at least one panoramic image of each three-dimensional object, and
taking a median value or an average value of the height values sorted in front as an extracted
contour height h.’ of the contour of the specific category; and by using a ratio of the assumed
contour height h, of the contour of the specific category to the extracted contour height h,’ of
the contour of the specific category, generating normalized plane contours of at least two
panoramic images of each three-dimensional object in the three-dimensional space based on
the plane contours of the at least two panoramic images of each three-dimensional object in
the three-dimensional space. The assumed contour height h, of the contour of the specific
category is an arbitrarily assumed height.

[0045] According to an embodiment of the present invention, a three-dimensional
object modeling method is provided. The three-dimensional object modeling method
comprises: an image processing step, in which using one of the image processing methods
described above, image processing is performed on at least one panoramic image of each
three-dimensional object, to obtain normalized plane contours of respective panoramic
images in the three-dimensional space; and a multi-object splicing step, in which based on the
normalized plane contours of the respective panoramic images in the three-dimensional space,

a multi-object plane contour is obtained by splicing.
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[0046] Optionally, the three-dimensional object modeling method further comprises:
a single-object plane contour generation step, in which plane contours of respective single
three-dimensional objects in the three-dimensional space are obtained based on the
normalized plane contours of the respective panoramic images obtained in the image
processing step.

[0047] Optionally, the single-object plane contour generation step comprises: for at
least two panoramic images shot for the at least one three-dimensional object to be processed,
determining whether there are a plurality of panoramic images belong to the same
three-dimensional object one by one in a following method: if there are matching feature
points, a ratio of which is more than a specific ratio, between two panoramic images, then it
is determined that the two panoramic images belong to a same three-dimensional object; and
if it is determined that the plurality of panoramic images belong to the same
three-dimensional object, for respective plane contours of the same three-dimensional object
obtained according to the plurality of panoramic images, a union of these plane contours is
taken as a plane contour of the three-dimensional object.

[0048] Optionally, in the multi-object splicing step, the multi-object plane contour in
the three-dimensional space can be obtained by splicing based on the plane contours of
respective single three-dimensional objects in the three-dimensional space.

[0049] Optionally, the three-dimensional object modeling method further comprises:
a 3D model generation step, in which after the multi-object splicing step, the multi-object
plane contour obtained by splicing in the three-dimensional space is converted into a
multi-object 3D model.

[0050] Optionally, the 3D model generation step comprises: performing
three-dimensional point interpolation on an inside of a top plane contour of the multi-object
plane contour obtained by splicing, and projecting all obtained three-dimensional point
coordinates on respective top plane contours into a corresponding panoramic image
coordinate system to obtain a top texture; performing the three-dimensional point
interpolation on an inside of a bottom plane contour of the multi-object plane contour
obtained by splicing, and projecting all obtained three-dimensional point coordinates on

respective bottom plane contours into the corresponding panoramic image coordinate system
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to obtain a bottom texture; connecting three-dimensional vertices on the same plane position
between the top contour and the bottom contour to form a plane contour of a support portion,
performing the three-dimensional point interpolation on an inside of the plane contour of the
support portion, and projecting all obtained three-dimensional point coordinates of the plane
contours of respective support portions into the corresponding panoramic image coordinate
system to obtain a support portion texture; and generating a 3D texture model of the entire
three-dimensional object based on the top texture, the bottom texture, and the support portion
texture.

[0051] Optionally, in the 3D model generation step, a height value of an extracted
height, which is taken as the extracted contour height h.’ of the contour of the specific
category, from the camera to a top portion of a corresponding three-dimensional object in all
the obtained three-dimensional point coordinates on the top plane contour of each
three-dimensional object is replaced by an extracted height h¢’ from the camera to a bottom
portion of the corresponding three-dimensional object and length values and width values in
all the obtained three-dimensional point coordinates on the top plane contour of each
three-dimensional object remain unchanged, to obtain the bottom plane contour of each
three-dimensional object, the extracted contour height h.’, which is a height from the camera
to the top portion of the corresponding three-dimensional object, of the contour of the
specific category is obtained in a following manner: sorting from small to large height values
of all three-dimensional point coordinates, which are obtained when the camera position is
obtained, on at least one panoramic image of each three-dimensional object, and taking a
median value or an average value of the height values sorted in front as the extracted contour
height h.’, which is the height from the camera to the top portion of the corresponding
three-dimensional object, of the contour of the specific category, and the extracted height hy’
from the camera to the bottom portion of the corresponding three-dimensional object is
obtained in a following manner: sorting from small to large the height values of all
three-dimensional point coordinates, which are obtained when the camera position is obtained,
on the at least one panoramic image of each three-dimensional object, and taking a median
value or an average value of the height values sorted in rear as the extracted height hy” from

the camera to the bottom portion of the corresponding three-dimensional object.



16

[0052] According to an embodiment of the present invention, an image processing
equipment is provided, and the image processing equipment comprises: a camera position
acquisition device, configured to: using a geometric relationship of at least two panoramic
images shot for each three-dimensional object of at least one three-dimensional object to be
processed, obtain a position of a panoramic camera when shooting the at least two panoramic
images of each three-dimensional object and three-dimensional point coordinates of matching
feature points on the at least two panoramic images of each three-dimensional object; a
single-image plane contour generation device, configured to: for each panoramic image of the
at least two panoramic images of each three-dimensional object, generate a plane contour of
the panoramic image in the three-dimensional space based on a contour surrounded by edge
pixels in pixels, whose contour features belong to a specific category, on the panoramic
image; and a scale normalization device, configured to normalize a scale of the position that
is obtained of the panoramic camera when shooting the at least two panoramic images of
each three-dimensional object and scales of the plane contours of the at least two panoramic
images of each three-dimensional object in the three-dimensional space, to obtain normalized
plane contours of respective panoramic images in the three-dimensional space.

[0053] Optionally, the specific category comprises at least a top portion, a bottom
portion, and a support portion of a three-dimensional object in the panoramic image.

[0054] Optionally, the single-image plane contour generation device is further
configured to: based on a feature similarity among pixels on each panoramic image of the at
least two panoramic images of each three-dimensional object, determine the edge pixels in
the pixels, whose contour features belong to the specific category, on each panoramic image
of the at least two panoramic images of each three-dimensional object, a feature similarity of
two pixels is an absolute value of a difference between features of the two pixels, and features
of each pixel comprise grayscale and color.

[0055] Optionally, the scale normalization device is further configured to: sort from
small to large height values of all three-dimensional point coordinates, which are obtained by
the camera position acquisition device, on at least one panoramic image of each
three-dimensional object, and take a median value or an average value of the height values

sorted in front as an extracted height h,’, which serves as an extracted contour height h,” of
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the contour of the specific category, from the camera to a top portion of the corresponding
three-dimensional object; and by using a ratio of the assumed height h, from the camera to
the top portion of the corresponding three-dimensional object to the extracted height h,” from
the camera to the top portion of the corresponding three-dimensional object, generate
normalized plane contours of at least two panoramic images of each three-dimensional object
based on the plane contours of the at least two panoramic images of each three-dimensional
object in the three-dimensional space. The assumed height h, from the camera to the top
portion of the corresponding three-dimensional object is an arbitrarily assumed height.

[0056] According to an embodiment of the present invention, an object modeling
equipment is provided, and the object modeling equipment comprises: one of the image
processing equipment described above, which is configured to perform image processing on
at least one panoramic image of each three-dimensional object to obtain normalized plane
contours of respective panoramic images in the three-dimensional space; and a multi-object
splicing device configured to splice to obtain a multi-object plane contour in the
three-dimensional space based on the normalized plane contours of the respective panoramic
images in the three-dimensional space.

[0057] Optionally, the object modeling equipment further comprises: a single-image
plane contour generation device, configured to: obtain the plane contours of respective single
three-dimensional objects in the three-dimensional space based on the normalized plane
contours of respective panoramic images in the three-dimensional space.

[0058] Optionally, the single-object plane contour generation device is further
configured to: for at least two panoramic images, determine whether there are a plurality of
panoramic images belong to the same three-dimensional object one by one in a following
method: if there are matching feature points, a ratio of which is more than a specific ratio,
between two panoramic images, then it is determined that the two panoramic images belong
to a same three-dimensional object; and if it is determined that the plurality of panoramic
images belong to the same three-dimensional object, for respective plane contours of the
same three-dimensional object obtained according to the plurality of panoramic images, a
union of the respective plane contours is taken as a plane contour of the three-dimensional

object in the three-dimensional space.
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[0059] Optionally, the multi-object splicing device is further configured to splice to
obtain the multi-object plane contour in the three-dimensional space based on the plane
contours of the respective single three-dimensional objects in the three-dimensional space.
[0060] Optionally, the object modeling equipment further includes: a 3D model
generation device configured to convert the multi-object plane contour obtained by splicing
in the three-dimensional space into a three-dimensional object 3D model.

[0061] According to an exemplary embodiment of the present invention, an image
processing equipment is provided and comprises: a camera position acquisition device,
configured to: using a geometric relationship of at least two panoramic images shot for each
three-dimensional object of at least one three-dimensional object to be processed, obtain a
position of a panoramic camera when shooting the at least two panoramic images of each
three-dimensional object and three-dimensional point coordinates of matching feature points
on the at least two panoramic images of each three-dimensional object; a single-image plane
contour generation device, configured to: for each panoramic image of the at least two
panoramic images of each three-dimensional object, extract a plane contour of each
panoramic image in the three-dimensional space through a deep learning model used for
extracting an image contour; and a scale normalization device, configured to: normalize a
scale of the position, which is obtained, of the panoramic camera when shooting the at least
two panoramic images of each three-dimensional object and scales of the plane contours of
the at least two panoramic images of each three-dimensional object in the three-dimensional
space, to obtain normalized plane contours of respective panoramic images in the
three-dimensional space.

[0062] Optionally, the deep learning model is trained in a following manner: by
manually labeling contour features of three-dimensional objects of a type of interest on a
plurality of panoramic images serving as training images, generating a contour feature
training data set of the three-dimensional objects of the type of interest; and training the deep
learning model using the contour feature training data set of the three-dimensional objects of
the type of interest, to obtain a trained deep learning model. An output of the deep learning
model comprises categories of the contour features of the three-dimensional objects of the

type of interest.



19

[0063] Optionally, the single-image plane contour generation device is further
configured to: inputting the at least two panoramic images shot for each three-dimensional
object of the at least one three-dimensional to be processed into the trained deep learning
model to obtain a category of a contour feature corresponding to each pixel in the at least two
panoramic images of each three-dimensional object; extracting edge pixels that are at edges
among pixels, whose contour features belong to a specific category, on the at least two
panoramic images of each three-dimensional object as specific category edge pixels;
assuming that all specific category edge pixels on each panoramic image of the at least two
panoramic images of each three-dimensional object have the same height h, that serves as an
assumed contour height of a contour of the specific category, projecting the specific category
edge pixels on each panoramic image onto a three-dimensional plane to obtain specific
category three-dimensional points corresponding to each panoramic image, and then forming
a plane contour of each panoramic image in the three-dimensional space based on the specific
category three-dimensional points corresponding to each panoramic image.

[0064] Optionally, the specific category comprises a top portion of a
three-dimensional object in the panoramic image.

[0065] Optionally, the camera position acquisition device is configured to: using a
geometric relationship of at least two panoramic images shot for each three-dimensional
object, performing feature point matching between the at least two panoramic images of each
three-dimensional object, and recording feature points that match with each other in the at
least two panoramic images of each three-dimensional object as the matching feature points;
and for each panoramic image of the at least two panoramic images of each
three-dimensional object, reducing reprojection errors of the matching feature points on each
panoramic image to obtain the camera position of the panoramic camera when shooting each
panoramic image and the three-dimensional point coordinates of the matching feature points
on each panoramic image.

[0066] Optionally, the scale normalization device is further configured to: sort from
small to large height values of all three-dimensional point coordinates, which are obtained by
the camera position acquisition device, on at least one panoramic image of each

three-dimensional object, and take a median value or an average value of the height values
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sorted in front as an extracted contour height h.’ of the contour of the specific category; and
by using a ratio of the assumed contour height h. of the contour of the specific category to the
extracted contour height h.’ of the contour of the specific category, generate normalized plane
contours of at least two panoramic images of each three-dimensional object in the
three-dimensional space based on the plane contours of the at least two panoramic images of
each three-dimensional object in the three-dimensional space. The assumed contour height h,
of the contour of the specific category is an arbitrarily assumed height.

[0067] Optionally, the specific category comprises a top portion of a
three-dimensional object in the panoramic image.

[0068] According to an exemplary embodiment of the present invention, a
three-dimensional object modeling equipment is provided and comprises: an image
processing device, configured to use one of the image processing equipment described above
to perform image processing on at least one panoramic image of each three-dimensional
object, to obtain normalized plane contours of respective panoramic images in the
three-dimensional space; and a multi-object splicing device, configured to: splice to obtain a
multi-object plane contour based on the normalized plane contours of the respective
panoramic images in the three-dimensional space.

[0069] Optionally, the three-dimensional object modeling equipment further
comprises: a single-object plane contour generation device, configured to obtain plane
contours of respective single three-dimensional objects in the three-dimensional space based
on the normalized plane contours of the respective panoramic images obtained by the image
processing device.

[0070] Optionally, the single-object plane contour generation device is further
configured to: for at least two panoramic images, determine whether there are a plurality of
panoramic images belong to the same three-dimensional object one by one in a following
method: if there are matching feature points, a ratio of which is more than a specific ratio,
between two panoramic images, then it is determined that the two panoramic images belong
to a same three-dimensional object; and if it is determined that the plurality of panoramic
images belong to the same three-dimensional object, for respective plane contours of the

same three-dimensional object obtained according to the plurality of panoramic images, a
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union of the respective plane contours is taken as a plane contour of the three-dimensional
object.

[0071] Optionally, the multi-object splicing device is further configured to splice to
obtain the multi-object plane contour in the three-dimensional space based on the plane
contours of respective single three-dimensional objects in the three-dimensional space.

[0072] Optionally, the three-dimensional object modeling equipment further
comprises: a 3D model generation device, configured to convert the multi-object plane
contour obtained by splicing in the three-dimensional space into a multi-object 3D model.
[0073] According to still another embodiment of the present invention, an image
processing device is provided and comprises: a processor; and a memory, having executable
codes stored thereon. When the executable codes are executed by the processor, the processor
is caused to execute one of the image processing methods described above.

[0074] According to another embodiment of the present invention, a non-transitory
machine-readable storage medium 1is provided, executable codes are stored on the
non-transitory machine-readable storage medium, and when the executable codes are
executed by a processor, the processor is caused to execute one of the image processing
methods described above.

[0075] According to still another embodiment of the present invention, an image
processing device is provided and comprises: a processor; and a memory, having executable
codes stored thereon. When the executable codes are executed by the processor, the processor
is caused to execute one of the three-dimensional object modeling methods described above.
[0076] According to another embodiment of the present invention, a non-transitory
machine-readable storage medium is provided, executable codes are stored on the
non-transitory machine-readable storage medium, and when the executable codes are
executed by a processor, the processor is caused to execute one of the three-dimensional
object modeling methods described above.

[0077] The present invention performs 2D modeling and 3D modeling of a
three-dimensional object based on a plurality of panoramic images of a three-dimensional
object to be processed shot by a panoramic camera, which overcomes the defect of low model

resolution caused by using 3D scanning equipment to generate an object model in the prior
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art.

[0078] In the present invention, by using a panoramic camera to shoot panoramic
images of at least one object (for example, a room), high-resolution captured images are
provided for multi-object modeling (for example, modeling of a house or a vehicle, etc.).
[0079] Further, in the present invention, an efficient three-dimensional object
modeling method and an efficient image processing method are used to provide
high-resolution modeling data for multi-object modeling (for example, modeling of a house, a
vehicle or the like); moreover, the provided data required for modeling can simplify the
subsequent model generation process.

[0080] Furthermore, by the modeling method of the present invention, the resolution
and/or accuracy of the generated model (for example, a 2D and/or 3D model of a house or a
vehicle or the like) can be effectively improved.

[0081] The present invention is applicable to single-object 2D modeling and
single-object 3D modeling, and is also applicable to multi-object 2D modeling and
multi-object 3D modeling. The present invention can perform 2D modeling and 3D modeling
based on the panoramic image of each three-dimensional object, that is, the present invention
does not limit application scenes of modeling; for example, the present invention may be
applied to various scenes of modeling based on images such as house modeling, vehicle
modeling, etc. The present invention actually provides an innovative and comprehensive
image processing solution, which can be applied to many VR (Virtual Reality) scenes of
object modeling based on panoramic images, such as house modeling (VR house viewing),

vehicle modeling (VR car viewing), shopping place modeling (VR shopping), etc.

BRIEF DESCRIPTION OF THE DRAWINGS
[0082] Through a more detailed description of exemplary embodiments of the present
invention in conjunction with the accompanying drawings, the above and other objectives,
features, and advantages of the present invention will become more apparent, in the
exemplary embodiments of the present invention, the same reference numerals generally
represent the same components.

[0083] FIG. 1A shows a schematic flowchart of a three-dimensional object modeling
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method according to an exemplary embodiment of the present invention;

[0084] FIG. 1B shows a schematic diagram of planar contours of a plurality of
panoramic images of a three-dimensional object in a three-dimensional space according to an
exemplary embodiment of the present invention;

[0085] FIG. 1C shows a schematic diagram of a plane contour of a three-dimensional
object in a three-dimensional space according to an exemplary embodiment of the present
invention;

[0086] FIG. 2 shows a schematic flowchart of an overall process of three-dimensional
object modeling according to another exemplary embodiment of the present invention;

[0087] FIG. 3 shows a schematic block diagram of a three-dimensional object
modeling equipment according to an exemplary embodiment of the present invention;

[0088] FIG. 4A shows a schematic flowchart of an image processing method
according to an exemplary embodiment of the present invention;

[0089] FIG. 4B shows a schematic flowchart of an overall process of image
processing and object modeling according to an exemplary embodiment of the present
invention;

[0090] FIG. 4C shows a schematic block diagram of an image processing equipment
according to an exemplary embodiment of the present invention;

[0091] FIG. 4D shows a schematic block diagram of an object modeling device
according to an exemplary embodiment of the present invention;

[0092] FIG. 5A shows a schematic flowchart of an image processing method
according to another exemplary embodiment of the present invention;

[0093] FIG. 5B shows a schematic flowchart of a method for training a deep learning
model as a semantic segmentation model according to an exemplary embodiment of the
present invention;

[0094] FIG. 5C shows a schematic flowchart of a process of extracting a plane
contour of a panoramic image based on a semantic segmentation model according to an
exemplary embodiment of the present invention;

[0095] FIG. 5D shows a schematic flowchart of an overall process of image

processing and modeling according to an exemplary embodiment of the present invention;
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[0096] FIG. 5E shows a schematic block diagram of an image processing equipment
according to another exemplary embodiment of the present invention;

[0097] FIG. 5F shows a schematic block diagram of a three-dimensional object
modeling equipment according to another exemplary embodiment of the present invention;
[0098] FIG. 6 shows a schematic block diagram of an image processing device

according to an exemplary embodiment of the present invention.

DETAILED DESCRIPTION
[0099] Hereinafter, preferred embodiments of the present disclosure will be described
in more detail with reference to the accompanying drawings. Although the drawings show
preferred embodiments of the present disclosure, it should be understood that the present
disclosure can be implemented in various forms instead of being limited by the embodiments
set forth herein. On the contrary, these embodiments are provided to make the present
disclosure much clearer and more complete, and to fully convey the scope of the present
disclosure to those skilled in the art. It should be noted here that the numbers, serial numbers,
and reference numerals in this application are presented only for convenience of description,
and do not constitute any restriction on steps, sequences, and the like of the present invention,
unless it is clearly indicated in the specification that the steps are executed in a specific order.
[00100] In the field of object modeling, especially 2D and 3D modeling, domestic and
foreign technical solutions are mainly divided into two categories: manual production and
automated modeling.
[00101] For the manual production method, a large amount of manual operations is
required to identify a three-dimensional structure of the object, and a plurality of object
models are manually spliced. It takes a long time to manually produce a set of 3D models of
the three-dimensional object. Therefore, a large amount of three-dimensional object data
requires many people to manually produce, which is high in personnel cost and is difficult to
practically apply.
[00102] For the automated 3D modeling method, at present, many users use
professional 3D scanning equipment to obtain a three-dimensional point cloud of a single

object directly, and then the three-dimensional point cloud is spliced to generate a 3D model.
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However, the accuracy of an image acquisition device of the 3D scanning equipment is not
high, such that the resolution of the captured image is not high, and the resolution of the
generated three-dimensional model is not high enough. Moreover, such 3D scanning
equipment is usually expensive, which is difficult to meet the needs of consumer
applications.

[00103] The present invention provides a three-dimensional object modeling method, a
three-dimensional object modeling equipment, an image processing method, an image
processing equipment, an image processing device, and a computer medium.

[00104] First, in the present invention, an ordinary panoramic camera is used to shoot
each three-dimensional object to obtain a high-resolution panoramic image of the
three-dimensional object, which overcomes the defect that the resolution of the image
captured by the 3D scanning camera as described in the background art is not high.

[00105] Then, using the plurality of panoramic images shot, a plane contour of a single
panoramic image (which may be referred to as a "single-image plane contour") in the
three-dimensional space may be extracted.

[00106] Further, through scale normalization, the unity between a scale of the
single-image plane contour and a scale of the camera position may be achieved, and a
normalized single-image plane contour is generated, which provides high-resolution and
sufficient data preparation for subsequent three-dimensional object modeling, and reduces
difficulty of subsequent processing.

[00107] Furthermore, an accurate single-object plane contour may be obtained by
merging respective single-image plane contours belonging to the same three-dimensional
object.

[00108] Furthermore, the respective single-object plane contours may be spliced in the
three-dimensional space to obtain a multi-object model (in this case, a 2D model).

[00109] In addition, the multi-object model may be modified to obtain a more accurate
model, which makes the model display effect better.

[00110] Finally, by a 3D model generation, a complete, high-resolution, and accurate
3D model is obtained.

[00111] In the following, for ease of understanding and description, a house modeling



26

will be taken as an example to describe various processing procedures of the present
invention in detail.

[00112] Here, the panoramic camera will be first introduced briefly. The panoramic
camera differs from an ordinary camera in that the ordinary camera usually uses one lens to
shoot, while the panoramic camera uses two or more lenses to shoot, so that the panoramic
camera may implement 360-degree shooting.

[00113] FIG. 1A shows a schematic flowchart of a three-dimensional object modeling
method according to an exemplary embodiment of the present invention.

[00114] In the three-dimensional object modeling method according to an exemplary
embodiment of the present invention, based on at least one panoramic image shot for a
three-dimensional object (for example, in a room) (one panoramic image corresponds to only
one room (three-dimensional object), but a plurality of panoramic images may be shot in one
room, that is, one room may correspond to a plurality of panoramic images), the plane
contour of each panoramic image of the three-dimensional object in the three-dimensional
space is extracted, the extracted plane contours are then normalized to obtain the plane
contour required for modeling, and then through coordinate transformation, the splicing of a
plurality of plane contours is implemented to obtain a multi-object plane contour (2D model),
and next, a 3D model of the three-dimensional object may be generated from the multi-object
plane contour.

[00115] As shown in FIG. 1A, in step S110, for at least one panoramic image shot for
each three-dimensional object of at least one three-dimensional object to be processed, a
plane contour of the at least one panoramic image of each three-dimensional object in a
three-dimensional space is extracted.

[00116] It should be noted that a three-dimensional object (such as a room in an indoor
scene) may correspond to a plurality of panoramic images. The three-dimensional object may
be considered to be composed of a bottom surface (i.e., a bottom portion), a top surface (i.e.,
a top portion) and a wall surface (i.e., a support portion). Then, the plane contour of the
panoramic image in the three-dimensional space refers to a contour of the bottom surface of
the three-dimensional object corresponding to the panoramic image, that is, the plane contour

of the panoramic image in the three-dimensional space is a two-dimensional contour. As
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shown in FIG. 1B, three panoramic images are shot for a three-dimensional object at different
positions (i.e., position A, position B, and position C); the plane contours of respective
panoramic images correspond to different rectangular frames (or contours of other types), for
example, a plane contour of a rectangle corresponding to the panoramic image shot at
position A is largest, while a plane contour of a rectangle corresponding to the panoramic
image shot at position C is smallest. It should be noted that three black dots in the three
panoramic images in FIG. 1B represent the camera positions when the panoramic images are
shot.

[00117] It should be noted that at each camera position, at least one panoramic image
may be shot for the same three-dimensional object.

[00118] In this step, the extraction of the plane contour may be implemented in many
ways. One example will be briefly given below to illustrate the extraction method of the
plane contour.

[00119] Taking at least one three-dimensional object being an indoor house as an
example, each room may be regarded as a three-dimensional object, and at least one
panoramic image is shot for each room, so one panoramic image corresponds to a room, but
each room may correspond to a plurality of panoramic images.

[00120] In this case, because a ceiling must be above the camera, pixels on the top of
the captured panoramic image must belong to the ceiling. Further, because most of the pixels
belonging to the ceiling have similar features, all pixels belonging to the ceiling may be
finally obtained according to feature similarities of the pixels.

[00121] For example, firstly, all pixels in a first row of the panoramic image are
regarded as pixels belonging to the ceiling; for each pixel in a second row, a feature similarity
between the pixel and a pixel, which is in the same column as the pixel in the second row, in
the first row is calculated (the features here may be color, grayscale, and other features; and
the feature similarity between two pixels may be for example an absolute value of a
difference between the features of the two pixels (such as a difference in grayscale or color,
etc.). If the feature similarity is within a certain threshold (if the grayscale values of 0-255 are
used, the threshold may be set to 10, for example), the pixel also belongs to the ceiling, and

then a similarity between a pixel in a third row and a pixel in the second row in this column
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and a similarity between a pixel in a fourth row and a pixel in the third row in this column are
calculated, ..., until a feature similarity exceeds the threshold, and the pixel at this time is an
edge pixel of the ceiling.

[00122] The edge pixels of the ceiling form an edge of the ceiling. Therefore, by
projecting these edge pixels into the three-dimensional space, a plane contour of the ceiling

may be formed.

[00123] The projection of pixels into the three-dimensional space will be described
below.
[00124] Assuming that a panoramic image has a width 7 and a height H, and a

coordinate of an obtained edge pixel ¢ of the ceiling in an image coordinate system is

(p.., q.) . Because the panoramic image is obtained by spherical projection, the coordinate of

an obtained edge pixel ¢ is expressed as (0., 4) in a spherical coordinate system, where

0, € [-a,m] is longitude and ¢, € [-1/2,7/2] is latitude.

[00125] Therein, a relationship between the spherical coordinate system and the image
coordinate system may be obtained through formula 1 below:
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[00126] Because the ceiling may be regarded as a plane, the pixels on the edge of the
ceiling may be considered to have a uniform height h. to the camera (here h, may be assumed
to be any value, e.g., 100), and the uniform height h, may be referred to as "an assumed
height from the ceiling to the camera" h.. In order to avoid misunderstandings, it needs to be
noted that the assumed height h, from the ceiling to the camera is not an ordinate in the image
coordinate system, but a height in the three-dimensional coordinate system (i.e., a value of a

y-axis in the three-dimensional coordinate system).
[00127] Formula 2 below is used to project the coordinates (6., ¢.) of the pixel ¢ at

the edge of the ceiling in the spherical coordinate system onto the three-dimensional point

coordinates (x., V., z.) on the three-dimensional plane:
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v, =h,

X = —h./tan (¢.) *sin(@.)
Z.= —hc/.tan () *cos(8,) 2)

[00128] In this specification, the term "image coordinate system" refers to a coordinate
system where pixels of the image are located, and is mainly used to describe positions of the
pixels of the image. Therefore, the panoramic image coordinate system refers to a coordinate
system where pixels of the panoramic image are located, and is mainly used to describe
positions of the pixels of the panoramic image.

[00129] Please note that it is only provided above an example of generating a plane
contour of the panoramic image in the three-dimensional space based on the similarity of the
features points of the ceiling in the panoramic image, but the method that may be used in the
present invention is not limited to this example.

[00130] Because the ceiling can be regarded as a plane; and because the panoramic
camera is generally supported by a tripod, the height of the panoramic camera is generally
fixed when shooting a house; therefore, it may be considered that all the pixels on the edge of
the ceiling obtained from the processed panoramic image have a uniform height to the camera,
and the uniform height may be referred to as "a height from the camera to the ceiling".
[00131] Here, because the panoramic camera is generally supported by a tripod and the
height of the panoramic camera is fixed, it may also be considered that the height from the
camera to the ceiling and the height from the camera to a floor are fixed.

[00132] For the plane contour (the plane contour of the ceiling) in the
three-dimensional space obtained in this step, a height value may be assumed for each
three-dimensional point on the contour; for example, it is assumed that the height from the
camera to the ceiling is h, (which may be referred to as "the assumed height from the camera
to the ceiling" h.), and the assumed height may be any value, e.g., 100 (an actual height from
the camera to the ceiling may be obtained through subsequent processing, and the height
obtained later may be referred to as "an extracted height from the camera to the ceiling"). In
order to avoid confusion, the height h, from the camera to the ceiling assumed herein will be
referred to as "the assumed height from the camera to the ceiling" h, in the following.

[00133] In the above embodiments, the plane contour of the image may be
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automatically obtained based on the panoramic image, without manual participation in the
production, and without using expensive 3D scanning equipment.

[00134] For example, in some embodiments, in step S110, a plane contour extraction
step includes: a camera position acquisition step, in which by using a geometric relationship
of at least two panoramic images shot for each three-dimensional object of the at least one
three-dimensional object to be processed, a camera position of the panoramic camera when
shooting the at least two panoramic images of each three-dimensional object and
three-dimensional point coordinates of matching feature points on the at least two panoramic
images of each three-dimensional object are obtained; and a single-image plane contour
generation step, in which for each panoramic image of at least two panoramic images of each
three-dimensional object, based on a contour surrounded by edge pixels in pixels, whose
contour features belong to a specific category, on the panoramic image, a plane contour of the
panoramic image in the three-dimensional space is generated.

[00135] For example, the specific category includes at least the top portion, the bottom
portion, and the support portion of the three-dimensional object in the panoramic image.
[00136] For example, the single-image plane contour generation step includes: based
on a feature similarity among pixels on each panoramic image of the at least two panoramic
images of each three-dimensional object, determining edge pixels in pixels, whose contour
features belong to a specific category, on each panoramic image of at least two panoramic
images of each three-dimensional object. Herein, the feature similarity of two pixels is an
absolute value of a difference between the features of the two pixels, and the features of each
pixel include grayscale, color, and so on.

[00137] For example, in some other embodiments, in step S110, a plane contour
extraction step includes: a camera position acquisition step, in which by using a geometric
relationship of at least two panoramic images shot for each three-dimensional object of the at
least one three-dimensional object to be processed, a camera position of the panoramic
camera when shooting each panoramic image of the at least two panoramic images of each
three-dimensional object and three-dimensional point coordinates of matching feature points
on each panoramic image are obtained; and a single-image plane contour generation step, in

which for each panoramic image of the at least two panoramic images of each
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three-dimensional object, a plane contour of the panoramic image in the three-dimensional
space is extracted through a deep learning model used for extracting an image contour.
[00138] For example, in some examples, the deep learning model is trained in the
following method: by manually labeling contour features of three-dimensional objects of a
type of interest on a plurality of panoramic images as training images, a contour feature
training data set of the three-dimensional objects of the type of interest is generated; the
contour feature training data set of the three-dimensional objects of the type of interest is
used to train the deep learning model, thereby obtaining a trained deep learning model.
[00139] For example, an output of the deep learning model comprises categories of the
contour features of the three-dimensional objects of the type of interest.

[00140] For example, in some examples, the single-image plane contour generation
step includes: inputting the at least two panoramic images of each three-dimensional object
into the trained deep learning model to obtain a category of a contour feature corresponding
to each pixel in the at least two panoramic images of each three-dimensional object;
extracting edge pixels at the edges among pixels, whose contour features belong to a specific
category, on each panoramic image of the at least two panoramic images of each
three-dimensional object as specific category edge pixels; and assuming that all specific
category edge pixels on each panoramic image of the at least two panoramic images of each
three-dimensional object have the same height h, that serves as the assumed contour height of
the contour of the specific category, and projecting the specific category edge pixels on each
panoramic image onto a three-dimensional plane to obtain specific category
three-dimensional points corresponding to each panoramic image, and then forming a plane
contour of each panoramic image in the three-dimensional space based on the specific
category three-dimensional points corresponding to each panoramic image.

[00141] For example, the specific category includes the top portion of the
three-dimensional object in the panoramic image.

[00142] As shown in FIG. 1A, in step S120, based on the camera position, a scale of
the plane contour of at least one panoramic image of each three-dimensional object in the
three-dimensional space is normalized to obtain normalized plane contours of the respective

panoramic images in the three-dimensional space. That is, the scale of the camera position
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and the scale of the three-dimensional spatial plane contour of the panoramic images obtained
in step S110 are normalized (scale normalization).

[00143] It should be noted that the purpose of the scale normalization is to unify the
scales of the camera positions and the scales of the plane contours of the respective
panoramic images, and the scale of the camera position and the scale of the plane contour
may be actual scales, such as meter. In other words, the coordinate of the camera position and

the size of the plane contour must be in a uniform unit of measurement.

[00144] For example, the camera position includes the coordinate and direction of the
camera.
[00145] Because the assumed height h. from the camera to the ceiling is used to obtain

the three-dimensional spatial plane contour of the room in step S110 (the camera height is not
known at that time), the scale of the camera position (the actual height of the camera) and the
scale of the three-dimensional spatial plane contour of the three-dimensional object are not
uniform, which causes certain difficulties in subsequent splicing of the room contour.

[00146] In step S110, the scale of the camera position when shooting at least one
panoramic image of each three-dimensional object and the scale of the plane contour of at
least one panoramic image of each three-dimensional object in the three-dimensional space
are normalized, so that the subsequent multi-object splicing process can be performed.
[00147] In this normalization step, there may be two cases: a first case is that there is a
certain camera position (actual camera height), and a second case is that the camera position
is still uncertain.

[00148] In a case where the camera position is a camera definition height Hc’ that is
predetermined, using a ratio of the assumed height hc, which is assumed in the plane contour
extraction step S110, from the camera to the ceiling to the camera definition height H’,
normalized plane contours of the at least two panoramic images of each three-dimensional
object in the three-dimensional space is generated based on the plane contours of the at least
two panoramic images of each three-dimensional object in the three-dimensional space. Here,
the assumed contour height he of the contour of the specific category may be an arbitrarily
assumed height, for example, the coordinate value of the assumed contour height hc is 100 or

any other value.
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[00149] In a case where the camera position is obtained in the camera position
acquisition step, firstly, the camera position may be obtained through the camera position
acquisition step. The camera position acquisition step includes: using a geometric relationship
of at least two panoramic images shot for each three-dimensional object of the at least one
three-dimensional object to be processed, performing feature point matching between the at
least two panoramic images of each three-dimensional object, and recording feature points
that match with each other in the at least two panoramic images of each three-dimensional
object as the matching feature points; and for each panoramic image of the at least two
panoramic images of each three-dimensional object, reducing reprojection errors of the
matching feature points on each panoramic image, to obtain the camera position of the
panoramic camera when shooting each panoramic image and the three-dimensional point
coordinates of the matching feature points on each panoramic image.

[00150] Then, in step S120, in the case where the camera position is obtained in the
camera position acquisition step, the scale normalization may be achieved in the following
manner: sorting from small to large height values of all three-dimensional point coordinates,
which are obtained when the camera position is obtained, on at least one panoramic image of
each three-dimensional object, and taking a median value or an average value of the height
values sorted in front as an extracted contour height h.’ of the contour of the specific category;
and by using a ratio of the assumed contour height h, of the contour of the specific category
to the extracted contour height h.’ of the contour of the specific category, generating
normalized plane contours of at least two panoramic images of each three-dimensional object
in the three-dimensional space based on the plane contours of the at least two panoramic
images of each three-dimensional object in the three-dimensional space. Similarly, the
assumed contour height h. of the contour of the specific category may be an arbitrarily
assumed height, such as 100 or any other value.

[00151] For example, in some other embodiments, the camera position may be
determined in real time based on a video stream when the panoramic image is shot; for
example, the camera position is obtained in the camera position acquisition step. The camera
position acquisition step includes: obtaining a video stream and a timestamp corresponding to

at least one panoramic image of each three-dimensional object; determining at least one video
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frame in the video stream corresponding to the at least one panoramic image of each
three-dimensional object based on the timestamp; and determining the camera position of the
panoramic camera when shooting the at least one panoramic image of each three-dimensional
object according to a position of the at least one video frame. Each video frame in the video
stream has determined position information, and the camera position of the panoramic
camera when shooting a panoramic image is the position corresponding to the video frame
corresponding to the panoramic image.

[00152] In the present invention, a method based on multi-view geometry may be used
to obtain (estimate) the camera position, which will not be described in detail here due to
space limitations.

[00153] FIG. 2 shows a schematic flowchart of an overall process of three-dimensional
object modeling according to another exemplary embodiment of the present invention.
[00154] Optionally, as shown in FIG. 2, after the scale normalization step, the
three-dimensional object modeling method further includes a single-object plane contour
generation step S125, and the step S125 includes: for at least two panoramic images shot for
at least one three-dimensional object to be processed, determining whether there are a
plurality of panoramic images belong to the same three-dimensional object one by one in the
following method: if there are matching feature points, a ratio of which is more than a
specific ratio, between two panoramic images, then it is determined that the two panoramic
images belong to the same three-dimensional object; and if it is determined that the plurality
of panoramic images belong to the same three-dimensional object, for respective plane
contours of the same three-dimensional object obtained according to the plurality of
panoramic images, a union of all the plane contours of the same three-dimensional object is
taken as a plane contour of the three-dimensional object in the three-dimensional space.
[00155] For example, in step S125, plane contours of respective single objects in the
three-dimensional space may be obtained based on the normalized plane contours of
respective panoramic images in the three-dimensional space.

[00156] In the present invention, a corresponding plane contour in a three-dimensional
space obtained from a panoramic image may be referred to as a "single-object plane contour".

[00157] For example, taking each room as a three-dimensional object of the type of
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interest as an example, as described above, because the panoramic images shot may comprise
a plurality of panoramic images of the same room, in this case, the same room will
correspond to a plurality of plane contours in the three-dimensional space, resulting in that
for a multi-room plane contour obtained in the following multi-room splicing process, the
plane contours obtained from the respective different panoramic images of one or more
rooms may not coincide, which leads to overlapping or chaotic phenomenon of the spliced
contours. Therefore, it may be considered that contours of the same room (object) (it may be
referred to as "single-object merging'") are merged first to avoid such phenomenon. Moreover,
the single-object merging (for example, the merging of the contours of the same room) may
also eliminate a phenomenon of an incomplete contour of the single-object.

[00158] In view of the above-mentioned case where the single-object merging is
required, the following exemplary method will be provided by taking a room as a

three-dimensional object as an example.

[00159] First, it is determined whether two panoramic images belong to the same
room.
[00160] The method based on feature point matching may be used here. If there are

matching feature points, a ratio of which are more than a certain ratio (a specific ratio, such
as 50%, etc.), between two panoramic images, it may be determined that the two panoramic
images belong to the same room.

[00161] Then, if the plurality of panoramic images belong to the same room, that is,
for the plane contours of the same room obtained from different panoramic images, a union
of these plane contours is taken as a single-room plane contour in the three-dimensional space
(one contour per room, to avoid the case that one room has a plurality of single-image
contours), thereby implementing the merging of the contours of the same room in the
three-dimensional space.

[00162] Therein, the above-mentioned ratio of the matching feature points may be set
in the following manner: assuming that an image 1 has n; feature points, an image 2 has n,
feature points, and the number of matching feature points of the two images is n, then the
ratio of matching feature points may be n/min (nj, ny).

[00163] Optionally, it may be set that if the ratio of matching feature points between
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two panoramic images is greater than, for example, 50%, the two images are considered to
belong to the same room.

[00164] Here, the setting of the ratio of the matching feature points and the actual
value of the ratio may be tested according to actual conditions or determined by experience,
which is not additionally limited in the present invention.

[00165] As mentioned above, in the present invention, for the above-mentioned at least
two panoramic images, the following single-room merging method can be used to determine
whether there are a plurality of panoramic images belonging to the same room: if there are
matching feature points, a ratio of which is more than a specific ratio, between two
panoramic images, it may be determined that the two panoramic images belong to the same
room.

[00166] If it is determined that a plurality of panoramic images belong to the same
room, for respective plane contours of the same room obtained from the plurality of
panoramic images, a union of these plane contours is taken as a plane contour of the room.
[00167] In addition, after the contours of the same room are merged, because there
may be noises on edges of the obtained contours, for example, there may be phenomenon that
the edges may not be straight or the edges are not perpendicular to each other. Therefore, the
present invention may further perform right-angle polygon fitting on the contour of each
room to obtain a more reasonable plane contour of the room.

[00168] Through the above-mentioned optimization processing specifically for single
objects, such as single-object merging and/or right-angle polygon fitting, etc., a more
accurate single-object plane contour may be obtained, which facilitates subsequent generation
of 2D and 3D models and improves resolution and accuracy of the models.

[00169] Note that this step is not a necessary step for two-dimensional or
three-dimensional modeling of a three-dimensional object, but a preferred processing method
that may improve the accuracy of the models.

[00170] As shown in FIG. 1A, in step S140, based on the camera position, rotation and
translation operations are performed on the three-dimensional point coordinates of the
normalized plane contours of respective panoramic images in the three-dimensional space, so

as to unify the three-dimensional point coordinates in the same coordinate system, to splice
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the plane contours of respective three-dimensional objects into a multi-object plane contour.
[00171] In this step S140, after the scale normalization, the normalized plane contours
of respective three-dimensional objects are spliced into a multi-object plane contour, which
can be implemented manually; moreover, the multi-room splicing may also be implemented
in an automatic method. In the present invention, the automatic method is adopted to
implement the multi-object splicing.

[00172] For example, in the multi-object splicing step S140, it is also possible to
obtain the multi-object plane contour in the three-dimensional space by splicing based on the
plane contours of respective single three-dimensional objects in the three-dimensional space.
[00173] It should be noted that the plane contour of a three-dimensional object (for
example, a room in an indoor scene) refers to a plane contour of the three-dimensional object
that may be formed by splicing plane contours of a plurality of panoramic images. The
splicing process includes rotating and translating the three-dimensional point coordinates of
the scale-normalized plane contours of the panoramic images belonging to the
three-dimensional object, and then unifying the three-dimensional point coordinates into the
same coordinate system to obtain the spliced plane contour of the object. As shown in FIG.
1C, the three plane contours corresponding to three panoramic images for the same
three-dimensional object at different positions (i.e., A position, B position, and C position) in
FIG. 1B are spliced to obtain an overall plane contour of the three-dimensional object in the
three-dimensional space, and the overall plane contour of the three-dimensional object is also
a two-dimensional contour. Then, the plane contours of a plurality of three-dimensional
objects are spliced (for example, operations, such as scale normalization, rotation and
translation, and splicing, are performed on the three-dimensional point coordinates of the
plane contours of respective three-dimensional objects) to obtain the multi-object plane
contour.

[00174] An automated multi-object splicing scheme proposed by the present invention
will be given below.

[00175] The following will take a room as a three-dimensional object as an example to
describe specific operations on the three-dimensional object in detail.

[00176] Assuming that there are contours of N rooms, a p-th three-dimensional point
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of a contour of an n-th room is indicated as X, the camera position of the room is indicated

as {R,, t,}, where R,, is a rotation matrix used to represent a rotation parameter of the camera
position, and t, is a translation vector used to represent a translation parameter of the camera
position.

[00177] In this case, the camera position of a first room may be selected as a reference
coordinate system. This is because the contours of the rooms obtained currently are at
contour positions in respective coordinate systems and should be unified under one
coordinate system. Thus, a reference coordinate system needs to be selected. To be precise,
the coordinate system where the camera position of the first room is located may be selected
as the reference coordinate system. Then, the three-dimensional points of the contours of

other rooms may be unified under the coordinate system through formula 3 below:

Xt = re e - 1)+ G

[00178] All the three-dimensional points (for example, the three-dimensional points on
the edge of the ceiling, the edge of the wall, and the edge of the floor) of the contours after
the scale normalization except the first room are transformed through formula 3, so that the
three-dimensional points of all rooms are unified in the same coordinate system (i.e., the
reference coordinate system of the first room), thereby implementing splicing of plane
contours of a plurality of rooms.

[00179] Here, the coordinate system of any room may be selected as the reference
coordinate system (for example, the coordinate system of an i-th room is used as the
reference coordinate system; at this time, n—1 becomes n—1, R becomes R;, and t; becomes
t; in formula 3). The present invention does not make any limitation thereto, because what is
needed in the present invention is a relative position relationship instead of an absolute
position relationship. For example, in a case where the camera position where the panoramic
image corresponding to an i-th plane contour is shot is selected as the reference coordinate
system, the three-dimensional points of other plane contours may be unified under the

reference coordinate system through the formula below:

X = RR(X -t )+t

[00180] All the three-dimensional points of the plane contours after the scale
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normalization except the i-th plane contour are transformed through the above formula, so as
to unify the three-dimensional points of all the plane contours under the same coordinate
system, thereby splicing the plane contours of respective three-dimensional objects into a
multi-object plane contour.

[00181] Here, the multi-object plane contour obtained after the multi-object splicing in
this step may be output as a 2D model (for example, a 2D floor plan) of the at least one
three-dimensional object (including a plurality of three-dimensional objects).

[00182] According to another exemplary embodiment of the present invention,
optionally, the three-dimensional object modeling method of the present invention may also
include modifying the multi-object contour in the multi-object contour optimization step
S145, in other words, optimizing the multi-object contour. For example, a distance between
adjacent edges of two single-object contours in the multi-object contour is calculated, and if
the distance is non-zero and less than a certain threshold, the two single-object contours are
shifted to make the distance between the adjacent edges become to zero.

[00183] Note that this step is not a necessary step for two-dimensional or
three-dimensional modeling of a three-dimensional object, but a preferred processing method
that may improve the accuracy of the models.

[00184] In the present invention, after the multi-object contour is obtained by splicing,
the multi-object contour may be further modified to obtain a more accurate multi-object
contour.

[00185] Taking a room as a three-dimensional object of the type of interest as an
example, due to influence of accuracy in extracting the single-image plane contours and
accuracy in extracting the camera positions, the contours of adjacent multi-dimensional
objects (such as a set of indoor houses) may have overlapping areas or gaps after splicing, so
the contour may be further corrected for these two cases.

[00186] The correcting method may be, for example, as follows. Firstly, a distance
between adjacent edges (these adjacent edges should be coincident theoretically, that is,
should be regarded as a coincident edge of the contours of a plurality of rooms in theory) of
any two contours is calculated. If the distance is less than a certain threshold, then it may be

determined that the two edges are adjacent. At this time, the contour may be shifted
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accordingly, so that the distance between the adjacent edges becomes 0 (that is, the adjacent
edges become coincided with each other and become a coincident edge), thereby modifying
the overlap or gap between adjacent edges.

[00187] For the above threshold, for example, an average length L of the adjacent
edges that should be a coincident edge may be calculated, and a certain ratio of the average
length is used as the threshold. For example, 0.2*L may be used as the distance threshold.
[00188] Note that the above is only an exemplary threshold for ease of understanding.
In fact, the present invention does not impose additional limitations on the threshold, which
may be determined by test and experience.

[00189] Therefore, the multi-room contour after the single-room contour merging and
multi-room contour modification mentioned above may be used as a complete and accurate
2D floor plan (a 2D model of the set of houses) of the set of houses.

[00190] Further, in step S150, a 3D model is generated, that is, the generated
multi-object plane contour is converted into a 3D model of at least one three-dimensional
object. After the multi-object splicing step, the spliced multi-object plane contour in the
three-dimensional space is converted into a multi-object 3D model.

[00191] For example, the 3D model generation step includes:

[00192] 1) Three-dimensional point interpolation is performed on an inside of a top
plane contour of the multi-object plane contour obtained by splicing, and all the obtained
three-dimensional point coordinates on respective top plane contours are projected into a
corresponding panoramic image coordinate system to obtain a top texture;

[00193] 2) Three-dimensional point interpolation is performed on an inside of a bottom
plane contour of the multi-object plane contour obtained by splicing, and all the obtained
three-dimensional point coordinates on respective bottom plane contours are projected into
the corresponding panoramic image coordinate system to obtain a bottom texture;

[00194] 3) Three-dimensional vertices on the same plane position between the top
contour and the bottom contour are connected to form a plane contour of a support portion,
the three-dimensional point interpolation is performed on an inside of the plane contour of the
support portion, and all obtained three-dimensional point coordinates of the plane contours of

respective support portions are projected into the corresponding panoramic image coordinate



41

system to obtain a support portion texture; and

[00195] 4) A 3D texture model of the entire three-dimensional objects is generated
based on the top texture, the bottom texture, and the support portion texture.

[00196] In addition, optionally, in the 3D model generation step S150, the height value
of the extracted height, which is taken as the extracted contour height h,’ of the contour of the
specific category, from the camera to a top portion of a corresponding three-dimensional
object in all the obtained three-dimensional point coordinates on the top plane contours of
respective three-dimensional objects is replaced by an extracted height h¢’ from the camera to
the bottom portion of the corresponding three-dimensional object, and length values and
width values in all the obtained three-dimensional point coordinates on the top plane contours
of respective three-dimensional objects remain unchanged, to obtain the bottom plane
contours of the respective corresponding three-dimensional objects.

[00197] For example, the above-mentioned "extracted contour height h.’ , which is a
height from the camera to the top portion of the corresponding three-dimensional object, of
the contour of the specific category" is obtained in the following manner: sorting from small
to large height values of all three-dimensional point coordinates, which are obtained when the
camera position is obtained, on at least one panoramic image, and taking a median value or
an average value of the height values sorted in front as the extracted contour height h.’ ,
which is the height from the camera to the top portion of the corresponding three-dimensional
object, of the contour of the specific category.

[00198] In addition, similarly, the above-mentioned "extracted contour height h¢’ from
the camera to the bottom portion of the corresponding three-dimensional object" is obtained
in the following manner: sorting from small to large the height values of all
three-dimensional point coordinates, which are obtained when the camera position is obtained,
on at least one panoramic image, and taking a median value or an average value of the height
values sorted in rear as the extracted contour height hy” from the camera to the bottom portion
of the corresponding three-dimensional object.

[00199] In order to facilitate understanding and description, house modeling will be
taken as an example below for illustration.

[00200] For the multi-object plane contour (such as the multi-room plane contour)
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obtained in the previous steps, the three-dimensional point interpolation is performed on the
inside of the multi-object plane contour, and then all the three-dimensional point coordinates
are projected onto the corresponding panoramic image to obtain a ceiling texture (color
value).

[00201] Here, the method of three-dimensional point interpolation will be exemplified.
For example, it is assumed that the obtained ceiling contour of the multi-room plane contour
is a rectangle with a length H and a width W, then the length may be divided into N intervals
and the width may be divided into N intervals, and a total of N*N interpolation points may be
obtained. Then, a vertex of the rectangle (assuming that the three-dimensional point
coordinate of the vertex is (x, y, z)) is selected as the origin, then it may be obtained that the
coordinates of the N*N points are sequentially (x+H/N,y,z), (x+2*H/N,y,z)... (X,y+W/N,z)
(X,y+2*W/N,z),... (x+H/N,y+W/N,z)...). It can be seen that after the three-dimensional point
interpolation, dense three-dimensional point coordinates of the inside of the contour are
obtained.

[00202] Note that the above is a specific example of the three-dimensional point
interpolation for ease of understanding. In fact, many three-dimensional point interpolation
methods may be used in the present invention and the present invention is not limited to this
example.

[00203] In addition, for example, the specific projection method may be as follows.
Assuming that an interpolated three-dimensional point coordinate is (x; y; z;) , and the

latitude and longitude of the interpolated three-dimensional point coordinate projected onto

the panoramic image is (6, ¢.), then the projection formula may be expressed as formula 4

below:
6; =arctan (x;,z;)
{q.’;z =arctan (— V; )
).
[00204] After obtaining the latitude and longitude from the above formula (4), the

coordinate of the three-dimensional point in the panoramic image plane may be obtained
according to formula 1, and the color value at this point indicated by the coordinate may be

used as a texture of the three-dimensional point.
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[00205] For most scenes, the contour of the ceiling and the contour of the floor may be
assumed to be parallel and the same. Therefore, using the corrected ceiling plane contour of
each room obtained above, together with the extracted height hy” from the camera to the floor
obtained above, the three-dimensional points of the multi-room floor plane contour may also
be generated by formula 2.

[00206] Here, the shape of the plane contour of the floor is assumed to be the same as
that of the ceiling, that is, the three-dimensional coordinates x and z of the horizontal plane
are the same. The difference is the height, that is, y value in the vertical direction (for
example, the plane contour of the ceiling is above the camera, while the plane contour of the
floor is below the camera, so the heights are different). Therefore, it is only necessary to
replace the y value (the extracted height h.,” from the camera to the ceiling) in the
three-dimensional point coordinates of the ceiling contour obtained above with the extracted
height h¢’ from the camera to the floor.

[00207] Similar to the three-dimensional point interpolation of the ceiling plane
contour, for the floor plane contour, the three-dimensional point interpolation is performed on
the inside of the floor plane contour, and then all the obtained three-dimensional point
coordinates on respective floor plane contours are projected onto the corresponding
panoramic image by using formula 4 to obtain a floor texture.

[00208] Then, three-dimensional vertices on the same plane position between the
ceiling contour and the floor contour are connected to form plane contours of a plurality of
walls. Similarly, the three-dimensional point interpolation is performed on insides of these
plane contours, and then all the obtained three-dimensional point coordinates on these plane
contours are projected onto the corresponding panoramic image by using formula 4 to obtain
a wall texture.

[00209] Thus, a 3D texture model of the entire house may be generated.

[00210] Through the above-mentioned three-dimensional object modeling method of
the present invention, the resolution and accuracy of the generated model can be effectively
improved.

[00211] Moreover, it should be pointed out that for ease of understanding and

description, house modeling is taken as an example above to illustrate the image-based
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modeling method of the present invention. In fact, the present invention should not be limited
to the application scenes of house modeling, but can be applied to a variety of image-based
modeling scenes, such as modeling a vehicle to achieve VR (Virtual Reality) car viewing, etc.
The present invention actually provides an innovative and comprehensive image processing
scheme.

[00212] FIG. 3 shows a schematic block diagram of a three-dimensional object
modeling equipment according to an exemplary embodiment of the present invention.

[00213] As shown in FIG. 3, a three-dimensional object modeling equipment 100
according to an exemplary embodiment of the present invention may include a plane contour
extraction device 110, a scale normalization device 120, and a multi-object splicing device
140.

[00214] The plane contour extraction device 110 may be configured to: for at least one
panoramic image shot for each three-dimensional object of at least one three-dimensional
object to be processed, extract a plane contour of the at least one panoramic image of each
three-dimensional object in a three-dimensional space.

[00215] Here, as described above, at least one panoramic image is shot for one
three-dimensional object, and each three-dimensional object corresponds to one or more
panoramic images.

[00216] The scale normalization device 120 may be configured to normalize a scale of
the camera position and a scale of the plane contour of the at least one panoramic image of
each three-dimensional object in the three-dimensional space, to obtain a normalized plane
contours of respective panoramic images in the three-dimensional space.

[00217] The multi-object splicing device 140 may be configured to perform rotation
and translation operations on the three-dimensional point coordinates of the normalized plane
contours of respective panoramic images in the three-dimensional space, so as to unify the
three-dimensional point coordinates in the same coordinate system, to splice the plane
contours of respective panoramic images in the three-dimensional space into a multi-object
plane contour.

[00218] Therein, optionally, the above-mentioned camera position may be

predetermined.
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[00219] Alternatively, the above-mentioned camera position may also be obtained in
the following method:

[00220] 1) By using a geometric relationship of at least two panoramic images shot for
each three-dimensional object of the at least one three-dimensional object to be processed,
performing feature point matching between these panoramic images, and recording feature
points that match with each other in these panoramic images as matching feature points; and
[00221] 2) For each panoramic image of the at least two panoramic images of each
three-dimensional object, reducing reprojection errors of the matching feature points on each
panoramic image, to obtain the camera position of the panoramic camera when shooting each
panoramic image and the three-dimensional point coordinates of the matching feature points
on each panoramic image.

[00222] Here, in a case where the camera position is obtained in the camera position
acquisition step, height values of all three-dimensional point coordinates, which are obtained
when the camera position is obtained, on at least one panoramic image of each
three-dimensional object may be sorted from small to large, and a median value or an average
value of the height values sorted in front is taken as an extracted contour height he’ of the
contour of the specific category; and by using a ratio of the assumed contour height h. of the
contour of the specific category to the extracted contour height he’ of the contour of the
specific category, normalized plane contours of at least two panoramic images of each
three-dimensional object in the three-dimensional space are generated based on the plane
contours of the at least two panoramic images of each three-dimensional object in the
three-dimensional space.

[00223] Therein, the camera assumed height Hc here (i.e., the assumed height from the
camera to the ceiling) is an arbitrarily assumed height.

[00224] In addition, in a case where the camera position is a camera definition height
H¢’that is predetermined, by using a ratio of a camera assumed height Hc that is assumed in
the plane contour extraction step S110 to the camera definition height H.’, normalized plane
contours of respective panoramic images of each three-dimensional object in the
three-dimensional space are generated based on the plane contours of the at least two

panoramic images of each three-dimensional object in the three-dimensional space. Similarly,
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the camera assumed height Hc here (i.e., the assumed height from the camera to the ceiling) is
also an arbitrarily assumed height. It should be noted that in this application, the camera
assumed height is the same as the assumed contour height of the contour of the specific
category. Similarly, the camera definition height is the same as the extracted contour height of
the contour of the specific category.

[00225] Optionally, the three-dimensional object modeling equipment 100 further
includes a single-object plane contour generation device 125, which is configured to:

for the at least two panoramic images, determine whether there are a plurality of panoramic
images belong to the same three-dimensional object one by one in a following method: if
there are matching feature points, a ratio of which is more than a specific ratio, between two
panoramic images, it can be determined that the two panoramic images belong to the same
three-dimensional object; and

if it is determined that a plurality of panoramic images belong to the same three-dimensional
object, a union of the plane contours of the plurality of panoramic images in the
three-dimensional space is taken as the plane contour of the three-dimensional object in the
three-dimensional space.

[00226] In addition, optionally, the multi-object splicing device 140 is further
configured to be able to obtain the multi-object plane contour in the three-dimensional space
by splicing based on the plane contours of respective single three-dimensional objects in the
three-dimensional space.

[00227] In addition, optionally, the multi-object splicing device 140 may implement the
splicing of a plurality of plane contours through the following coordinate transformation:
[00228] Assuming that there are N plane contours of all panoramic images in the

three-dimensional space, a p-th three-dimensional point of an n-th plane contour is indicated

as X, and the camera position where the panoramic image corresponding to the n-th plane

contour is shot is indicated as {Rn, ta}, where R, is a rotation matrix used to represent a
rotation parameter of the camera position, and t, is a translation vector used to represent a
translation parameter of the camera position, where N is an integer greater than 1, and n is an

integer greater than or equal to 1. In this case, the camera position where the panoramic
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image corresponding to an i-th plane contour is taken may be selected as the reference
coordinate system, and the three-dimensional points of other plane contours may be unified
under this reference coordinate system through the formula below:
n—oi __ -1 n
XP _RiRn (Xp _tn)+ti

[00229] All the three-dimensional points of the plane contours after the scale
normalization except the i-th plane contour are transformed through this formula, so as to
unify the three-dimensional points of all the plane contours under the same coordinate system,
thereby splicing the plane contours of respective panoramic images in the three-dimensional
space into a multi-object plane contour, i.e., splicing the plane contours of respective
three-dimensional objects into a multi-object plane contour.

[00230] In addition, optionally, the three-dimensional object modeling equipment 100
may further include a multi-object contour optimization device 145, which is configured to
calculate a distance between adjacent edges of two single-object plane contours in the
multi-object plane contour, and if the distance is non-zero and less than a certain threshold,
the two single-object plane contours are shifted to make the distance between the adjacent
edges become to zero.

[00231] In addition, optionally, the three-dimensional object modeling equipment 100
may further include a 3D model generation device 150, which is configured to convert the
multi-object plane contour obtained by splicing in the three-dimensional space into a
multi-object 3D model.

[00232] Here, the devices 110, 120, 125, 140, 145, and 150 of the above-mentioned
three-dimensional object modeling equipment 100 respectively correspond to the steps S110,
S120, S125, S140, S145, and S150 described in detail above, and similar portions will not be
repeated here.

[00233] Thus, through the above-mentioned three-dimensional object modeling
equipment of the present invention, the resolution and accuracy of the generated model can
be effectively improved.

[00234] Moreover, it should be pointed out that for ease of understanding and

description, the modeling of the three-dimensional object (e.g., house) is taken as an example
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above to illustrate the technical scheme of image-based modeling of the present invention. In
fact, the present invention should not be limited to the application scenes of
three-dimensional object (e.g., house) modeling, but can be applied to a variety of
image-based three-dimensional object modeling scenes, such as vehicle modeling and so on.
Therefore, the present invention actually provides an innovative and comprehensive image
processing scheme.

[00235] FIG. 4A shows a schematic flowchart of an image processing method
according to an exemplary embodiment of the present invention.

[00236] An image processing method according to an exemplary embodiment of the
present invention will be introduced in the following with reference to FIG. 4A, to make
sufficient data preparation for subsequent modeling and simplify the subsequent processing
procedure. As shown in FIG. 4A, the image processing procedure includes three steps: a
camera position acquisition step S410, a single-image plane contour generation step S420,
and a scale normalization step S430. The modeling process may include a plurality of
subsequent steps.

[00237] The image processing method according to an exemplary embodiment of the
present invention may include the following steps.

[00238] In step S410, by using a geometric relationship of at least two panoramic
images shot for each three-dimensional object of at least one three-dimensional object to be
processed, a position of the panoramic camera when shooting the at least two panoramic
images of each three-dimensional object and three-dimensional point coordinates of matching
feature points on the at least two panoramic images of each three-dimensional object are
obtained.

[00239] For example, the at least two panoramic images are shot for one
three-dimensional object, and each three-dimensional object corresponds to one or more
panoramic images.

[00240] In step S420, for each panoramic image of the at least two panoramic images
of each three-dimensional object, a plane contour of the panoramic image in the
three-dimensional space is generated based on a contour surrounded by edge pixels in pixels,

whose contour features belong to a specific category, on the panoramic image.
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[00241] Therefore, in the present invention, the plane contour of the image may be
automatically obtained based on the panoramic image, without manual participation in the
production, and without using expensive 3D scanning equipment.

[00242] In step S430, the scale of the obtained position of the panoramic camera when
shooting at least two panoramic images of each three-dimensional object and the scales of the
plane contours of the at least two panoramic images of each three-dimensional object in the
three-dimensional space are normalized, to obtain normalized plane contours of respective
panoramic images in the three-dimensional space.

[00243] Here, optionally, for the step S410, reference may be made to the description
of the camera position acquisition step in the embodiment of the above-mentioned
three-dimensional object modeling method; for the step S420, reference may be made to the
description of the single-image plane contour generation step in the embodiment of the
above-mentioned three-dimensional object modeling method; and for the step S430,
reference may be made to the description of the scale normalization step in the embodiment
of the above-mentioned three-dimensional object modeling method, and similar portions will
not repeated here.

[00244] The above-mentioned image processing procedure provides a high-resolution
basis for subsequent model generation. Moreover, through the above-mentioned image
processing procedure, the normalized plane contours of respective panoramic images in the
three-dimensional space are provided for subsequent model generation, which simplifies the
subsequent model generation operation, reduces processing time, and improves processing
efficiency.

[00245] After the above-mentioned image processing, the plane contour data required
for model generation is provided for object modeling.

[00246] FIG. 4B shows a schematic flowchart of an overall process of image
processing and object modeling according to an exemplary embodiment of the present
invention.

[00247] FIG. 4B includes the image processing portion described above and the object
modeling portion described next.

[00248] Hereinafter, a three-dimensional object modeling method according to an
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exemplary embodiment of the present invention will be described with reference to the object
modeling portion of FIG. 4B.

[00249] The object modeling process according to an exemplary embodiment of the
present invention may include the following steps.

[00250] In the image processing step, using any one of the above-mentioned image
processing methods, image processing is performed on at least one panoramic image of each
three-dimensional object, to obtain normalized plane contours of respective panoramic
images in the three-dimensional space.

[00251] As shown in FIG. 4B, in the multi-object splicing step S440, based on the
above-mentioned normalized plane contours of the respective panoramic images in the
three-dimensional space, the multi-object plane contour is obtained by splicing.

[00252] In addition, optionally, the above-mentioned object modeling method may
further include a single-object plane contour generation step S435 for obtaining the plane
contours of respective single three-dimensional objects in the three-dimensional space based
on the normalized plane contours of respective panoramic images obtained in the
above-mentioned image processing step. For the single-object plane contour generation step
S435, reference may be made to the description of the single-object plane contour generation
step S125 in the embodiment of the above-mentioned three-dimensional object modeling
method, and similar portions will not be repeated here.

[00253] In addition, optionally, in the multi-object splicing step S440, it is also
possible to obtain the multi-object plane contour in the three-dimensional space by splicing
based on the plane contours of respective single three-dimensional objects in the
three-dimensional space.

[00254] That is, in the present invention, it is possible to obtain a multi-object plane
contour in the three-dimensional space by splicing directly based on the plane contours of
respective panoramic images in the three-dimensional space; or it is also possible to firstly
obtain the plane contours of single three-dimensional objects in the three-dimensional space,
and then obtain a multi-object plane contour in the three-dimensional space by splicing based
on the plane contours of respective single three-dimensional objects in the three-dimensional

space.
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[00255] In addition, optionally, the three-dimensional object modeling method may
further include a 3D model generation step S450, for converting the multi-object plane
contour obtained by splicing in the three-dimensional space into a multi-object 3D model,
after the multi-object splicing step S440. For the 3D model generation step S450, reference
may be made to the description of the 3D model generation step S150 in the embodiment of
the above-mentioned three-dimensional object modeling method, and similar portions will
not be repeated here.

[00256] In the following, in order to facilitate understanding and description, a house
image processing and a house modeling will be taken as an example to describe various
processing procedures of the present invention in detail.

[00257] In the example given here, the aforementioned house may include a plurality
of rooms, each room may be regarded as a three-dimensional object, and the modeling of the
house may be regarded as the modeling of a plurality of three-dimensional objects. For
example, an overall model of the house may be constructed by splicing the plurality of rooms,
which are regarded as the plurality of three-dimensional objects, in the house.

[00258] For the terms in the above-mentioned overall image processing and object
modeling method, for example, the "top portion" may be the "ceiling" of the room in this
example, and the "bottom portion" may be the "floor" of the room in this example, and the
"support portion" may be a “wall surface" in this example. In addition, "a contour surrounded
by edge pixels in pixels, whose contour features belong to a specific category" may refer to
"a ceiling contour surrounded by edge pixels in pixels belonging to the ceiling" in this
example. The "extracted contour height of the contour of a specific category" may be the
"extracted height from the camera to the ceiling" in this example; similarly, the "assumed
contour height of the contour of the specific category" may be the "assumed height from the
camera to the ceiling" in this example.

[00259] In the image processing method according to an exemplary embodiment of the
present invention, based on at least one panoramic image shot in a house (one panoramic
image corresponds to only one room, but a plurality of panoramic images may be shot in one
room, that is, one room may correspond to a plurality of panoramic images), the positions of

the panoramic camera where the panoramic camera shot these images are obtained, and the
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plane contour of the panoramic image is extracted based on the obtained camera position, and
then the extracted plane contour is normalized to obtain the plane contour required for
modeling.

[00260] Therefore, as shown in FIG. 4A, in step S410, the geometric relationship of at
least two panoramic images shot in one room is used to obtain the positions of the panoramic
camera where the panoramic camera shot these panoramic images.

[00261] In the present invention, optionally, a method based on multi-view geometry

may be used to solve this problem.

[00262] Specifically, the step S410 may include, for example, the following
operations:
[00263] 1) Performing feature point matching between these panoramic images, and

recording the feature points that match with each other in these images; and

[00264] 2) For each panoramic image, reducing reprojection errors of the matching
feature points on the panoramic image, to obtain the camera position of each panoramic
image and the three-dimensional point coordinates of the matching feature points on the
panoramic image.

[00265] For the above step 1), in the image processing technology, the image feature
point refers to a point where the grayscale value of the image changes drastically or a point
with larger curvature on an edge of the image (i.e., an intersection of two edges). The image
feature point can reflect an essential characteristic of the image and can identify a target
object in the image.

[00266] How to efficiently and accurately match the same object in two images with
different viewing angles is a first step in many computer vision applications. Although the
image exists in the form of a grayscale matrix in the computer, the grayscale of the image
cannot be used to accurately find the same object in the two images. This is because the
grayscale is affected by light, and when the image viewing angle changes, the grayscale value
of the same object will also change. Therefore, it is necessary to find a feature that can remain
unchanged when the camera moves and rotates (the viewing angle changes), and use these
invariable features to find the same object in images with different viewing angles.

[00267] Therefore, in order to perform image matching better, it is necessary to select
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representative regions in the image, such as corner points, edges, and some blocks in the
image, in which the corner points have a highest degree of recognition. In many computer
vision processing, corner points are usually extracted as feature points to match images.
Methods that can be used include SFM (Structure Form Motion), SLAM (Simultaneous
Localization and Mapping), etc.

[00268] However, simple corner points do not meet the needs well. For example, a
corner point of the image shot by the camera from a far distance may not be a corner point of
the image shot by the camera at a close distance; or when the camera rotates, the corner point
changes. For this reason, computer vision researchers have designed many more stable
feature points that will not change with the movement and rotation of the camera or with the
change of the illumination. Methods that can be used include SIFT (Scale-Invariant Feature
Transform), SURF (Speed Up Robust Features), etc.

[00269] A feature point of an image is composed of two parts: a keypoint and a
descriptor. The keypoint refers to a position of the feature point in the image, and some
keypoints also have direction and scale information; the descriptor is usually a vector that
describes information of the pixels around the keypoint. Generally, when matching, as long as
the descriptors of two feature points are close in the vector space, the two feature points can
be regarded as the same feature point.

[00270] The matching of feature points usually requires the following three steps: 1)
extracting the keypoints in the image; 2) calculating the descriptors of the feature points
according to the positions of the obtained keypoints; and 3) matching according to the
descriptors of the feature points.

[00271] Optionally, the related processing of feature point matching in this step can be
implemented by, for example, an open source computer vision library OpenCV. In order to be
concise and not obscure the subject matter of the present invention, a more detailed
processing process of this section will not be repeated here.

[00272] After the feature point matching between these panoramic images is
performed, the feature points that match with each other in these panoramic images (also
referred to as "matching feature points") should be recorded. For example, the matching

feature points can be recorded in the following manner.
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[00273] For example, a feature point a on an image 1 matches with a feature point b on
an image 2, the feature point b on the image 2 matches with a feature point ¢ on an image 3,
and the feature point c on the image 3 also matches with a feature point d on an image 4, then
a piece of feature point matching data (a, b, c, d) (also referred to as "feature point tracking
trajectory") can be recorded. As a result, the recorded data related to the feature points that
match with each other in these panoramic images input are obtained.

[00274] For the above step 2), the image reprojection therein refers to generating a new
image by projecting a reference image of any viewpoint, that is, the image reprojection can
change the direction of the line of sight of the generated image.

[00275] Specifically, in the present invention, the image reprojection refers to
projecting a three-dimensional point coordinate corresponding to a feature point pl on the
image 1 to another image 2 through the current camera parameters. A position difference
between an obtained projection point q2 on the image 2 and a matching feature point p2 of
the feature point pl of the image 1 on the image 2 constitutes a reprojection error; the
matching feature point p2 on the image 2 is an actual position, and the projection point q2
obtained by reprojection is an estimated position; by minimizing the position difference
between the projection point q2 and the matching feature point p2, that is, making the
projection point g2 coincide with the matching feature point p2 as much as possible, the
camera position is obtained.

[00276] Therein, variables included in a target function for optimizing (reducing) the
reprojection error include a camera position and a three-dimensional coordinate of a feature
point. In the process of gradually reducing (optimizing) the reprojection error, the camera
position and the three-dimensional coordinate of the feature point are obtained.

[00277] Optionally, in the present invention, in conjunction with a gradient descent
algorithm and a Delaunay triangulation algorithm, the reprojection error may be reduced to
achieve the purpose of optimization.

[00278] Therein, when the gradient descent algorithm is used, the three-dimensional
point coordinates of the matching feature points are regarded as constants, and the camera
position is used as a variable. Conversely, when the Delaunay triangulation algorithm is used,

the three-dimensional point coordinates of the matching feature points are used as variables,
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and the camera position is used as a constant.

[00279] Optionally, in the present invention, a progressive solution can be used to
improve the accuracy of the solved camera position and three-dimensional point coordinates,
that is, during the solution process, the camera position and the three-dimensional point
coordinate of the matching feature point are solved by adding one image each time; the
methods of the progressive solution include, for example, ISFM (Incremental SFM).

[00280] In addition, further optionally, bundle adjustment may be used to further
reduce the reprojection error. Specifically, after each panoramic image is processed to reduce
the reprojection error to obtain the camera position and the three-dimensional point
coordinates, finally, the bundle adjustment is used to optimize all the camera positions and all
the three-dimensional point coordinates at the same time. Or, in the process of reducing the
reprojection error to obtain the camera position and the three-dimensional point coordinates,
after the camera position and the three-dimensional point coordinates of any panoramic
image are obtained, the bundle adjustment may be added to optimize the obtained camera
position and three-dimensional point coordinates.

[00281] Here, the bundle adjustment refers to optimizing all the camera positions and
all the three-dimensional point coordinates at the same time, and is different from the method
of optimizing only the current camera position and the three-dimensional point coordinates
on the current image in the progressive solution.

[00282] Moreover, in addition to the progressive solution described above, a method of
global solution can also be used.

[00283] In step S420, based on the contour surrounded by edge pixels belonging to the
ceiling on each panoramic image of the at least two panoramic images of each
three-dimensional object, a plane contour of each panoramic image of the at least two
panoramic images of each three-dimensional object in three-dimensional space is generated.
It should be noted that, for the description of determining the edge pixels, reference may be
made to the related description in the foregoing embodiment.

[00284] In step S430, the scales of the camera positions when shooting the at least two
panoramic images of each three-dimensional object obtained in step S410 and the scales of

the plane contours of the at least two panoramic images of each three-dimensional object in
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the three-dimensional space obtained in step S420 are normalized.

[00285] In one aspect, due to uncertainty of the scale of the camera position obtained
in step S410, the actual height from the camera to the ceiling contour cannot be determined.
In another aspect, the assumed height h, from the camera to the ceiling is used to obtain the
plane contour of the room in the three-dimensional space in step S420. Therefore, the scale of
the obtained camera position and the scale of the obtained plane contour of the room in the
three-dimensional space are not uniform, which causes certain difficulties for subsequent
room contour splicing.

[00286] In this step, the scale of the camera positions where every two panoramic
images are shot and the scales of the plane contours of respective panoramic images in the
three-dimensional space are normalized, so that the subsequent multi-object splicing process
can be performed.

[00287] Optionally, in this step, the height coordinate values (values on the Y-axis) of
all three-dimensional points obtained in step S410 are sorted from small to large, and a
median value (or an average value or any other value obtained in a reasonable method) of the
first a height coordinate values is taken as the extracted height h.’ from the camera to the
ceiling.

[00288] Finally, by using a ratio of the assumed height h, from the camera to the
ceiling and the extracted height h.’ from the camera to the ceiling, a normalized single-room
plane contour is regenerated.

[00289] For example, by multiplying the ratio of the assumed height h, to the extracted
height h.’ and the coordinates of edge points on the plane contour obtained in step S420, the
coordinates of the edge points on the scale-normalized plane contour can be obtained, thereby
obtaining the scale normalized plane contour.

[00290] In another aspect, a median value (or an average value, or any other value
obtained in a reasonable method, etc.) of the last b height coordinate values may also be taken
as the extracted height hy’ from the camera to the floor (the extracted height will be used in
the subsequent 3D model generation step, etc).

[00291] After the above-mentioned image processing, the plane contour data required

for model generation is provided for modeling. Next, an example will be further given to
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describe the house modeling method.

[00292] Optionally, as shown in FIG. 4B, in step S435, plane contours of respective
single rooms (i.e., single objects) in the three-dimensional space may be obtained based on
the normalized plane contours of respective panoramic images in the three-dimensional space.
For the description of step S435, reference may be made to the related description of step
S125.

[00293] In step S440, based on the camera position obtained in step S410 and the
normalized plane contours of respective rooms obtained in step S430, the contours of a
plurality of rooms (i.e., a plurality of objects) are spliced.

[00294] Optionally, in this step S440, based on the obtained camera position, rotation
and translation operations may be performed on the three-dimensional point coordinates of
the contour after the scale normalization of each room, so as to unify the three-dimensional
point coordinates of respective rooms in the same coordinate system, thereby implementing
splicing of a multi-room plane contour.

[00295] Optionally, as shown in FIG. 4B, the above-mentioned object modeling
method may further include a contour optimization step S445, in which the contours of the
plurality of objects (for example, the plurality of rooms) are modified. For the contour
optimization step S445, reference may be made to the description of the multi-object contour
optimization step S145 in the embodiment of the above-mentioned three-dimensional object
modeling method, and similar portions will not be repeated here.

[00296] Optionally, in step S450, the generated multi-room plane contour may further
be converted into a 3D model of the house.

[00297] Firstly, for a plane contour of a specific category (such as a plane contour of a
ceiling of a room) in the multi-object plane contour (such as the multi-room plane contour)
obtained in the previous step, a three-dimensional point interpolation is performed on the
inside of the plane contour of the specific category, and then all the three-dimensional point
coordinates of the plane contour of the specific category are projected onto a corresponding
panoramic image to obtain a ceiling texture (color value). For the method of the
three-dimensional point interpolation, reference may be made to the above-mentioned related

description about the three-dimensional point interpolation.
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[00298] Then, three-dimensional vertices on the same plane position between the
ceiling contour and the floor contour are connected to form plane contours of a plurality of
walls. Similarly, the three-dimensional point interpolation is performed on insides of these
plane contours, and then all the three-dimensional point coordinates of these plane contours
are projected onto the corresponding panoramic image by the above formula 4 to obtain a
wall texture.

[00299] Thus, a 3D texture model of the entire house may be generated.

[00300] FIG. 4C shows a schematic block diagram of an image processing equipment
according to an exemplary embodiment of the present invention.

[00301] As shown in FIG. 4C, an image processing equipment 400 according to an
exemplary embodiment of the present invention may include a camera position acquisition
device 410, a single-image plane contour generation device 420, and a scale normalization
device 430.

[00302] The camera position acquisition device 410 may be configured to: by using a
geometric relationship of at least two panoramic images shot for each three-dimensional
object of the at least one three-dimensional object to be processed, obtain a position of the
panoramic camera when shooting the at least two panoramic images of each
three-dimensional object and three-dimensional point coordinates of matching feature points
on the at least two panoramic images of each three-dimensional object.

[00303] The single-image plane contour generation device 420 may be configured to:
for each panoramic image of the at least two panoramic images of each three-dimensional
object, generate a plane contour of the panoramic image in the three-dimensional space based
on a contour surrounded by edge pixels in pixels, whose contour features belong to a specific
category, on the panoramic image.

[00304] For example, the specific category includes at least the top portion, the bottom
portion, and the support portion of the three-dimensional object in the panoramic image.
[00305] The scale normalization device 430 may be configured to normalize the scales
of the obtained positions of the panoramic camera when shooting the at least two panoramic
images of each three-dimensional object and the scales of the plane contours of the at least

two panoramic images of each three-dimensional object in the three-dimensional space, to
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obtain normalized plane contours of respective panoramic images in the three-dimensional
space.

[00306] Optionally, the single-image plane contour generation device 420 may be
further configured to: based on a feature similarity between pixels on each panoramic image
of the at least two panoramic images of each three-dimensional object, determine edge pixels
in pixels, whose contour features belong to a specific category, on each panoramic image of
the at least two panoramic images of each three-dimensional object.

[00307] Therein, the feature similarity of two pixels is an absolute value of a difference
between the features of the two pixels. Here, the features of the pixel may include grayscale,
color, and so on.

[00308] Optionally, the scale normalization device 430 may be further configured to:
sort from small to large height values of all three-dimensional point coordinates, which are
obtained by the camera position acquisition device, on at least one panoramic image of each
three-dimensional object, and take a median value or an average value of the height values
sorted in front as the extracted height h.’, which serves as the extracted contour height h,’ of
the contour of the specific category, from the camera to the top portion of the corresponding
three-dimensional object; and by using a ratio of the assumed height h, from the camera to
the top portion of the corresponding three-dimensional object to the extracted height h.’ from
the camera to the top portion of the corresponding three-dimensional object, generate
normalized plane contours of at least two panoramic images of each three-dimensional object
in the three-dimensional space based on the plane contours of the at least two panoramic
images of each three-dimensional object in the three-dimensional space.

[00309] The assumed height h. from the camera to the top portion of the corresponding
three-dimensional object is an arbitrarily assumed height.

[00310] In the present invention, using a panoramic camera to shoot panoramic images
of a room, high-resolution captured images are provided for three-dimensional object
modeling (for example, housing modeling, etc.).

[00311] Further, in the present invention, the efficient image processing equipment is
used to provide high-resolution modeling preparation data for three-dimensional object

modeling (for example, house modeling); moreover, the provided modeling preparation data
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can simplify the subsequent model generation process.

[00312] FIG. 4D shows a schematic block diagram of an object modeling equipment
according to an exemplary embodiment of the present invention.

[00313] As shown in FIG. 4D, an object modeling equipment 4000 may include the
image processing equipment 400 as shown in FIG. 4C and a multi-object splicing device 440.
[00314] The image processing equipment 400 may be configured to process at least
one panoramic image of each three-dimensional object, to generate normalized plane
contours of respective panoramic images in the three-dimensional space.

[00315] The multi-object splicing device 440 may be configured to obtain a
multi-object plane contour by splicing based on the normalized plane contours of the
respective panoramic images.

[00316] Optionally, the three-dimensional object modeling equipment 4000 may
further include: a single-object plane contour generation device 435, which may be
configured to obtain plane contours of respective single three-dimensional objects (for
example, rooms) based on the normalized plane contours of the respective panoramic images.
[00317] Optionally, the single-object plane contour generation device 435 may be
further configured to: for at least two panoramic images shot, determine whether there are a
plurality of panoramic images belong to the same three-dimensional object one by one in the
following method: if there are matching feature points, a ratio of which is more than a
specific ratio, between the two panoramic images, then it is determined that the two
panoramic images belong to the same three-dimensional object; and if it is determined that a
plurality of panoramic images belong to the same three-dimensional object, for respective
plane contours of the same three-dimensional object obtained based on the plurality of
panoramic images, a union of all plane contours of the same three-dimensional object is taken
as a plane contour of the three-dimensional object in the three-dimensional space.

[00318] In addition, optionally, the multi-object splicing device 440 may be further
configured to obtain a multi-object plane contour in the three-dimensional space by splicing
based on the plane contours, which are generated by the single-object plane contour
generation device 435, of respective single three-dimensional objects in the

three-dimensional space.
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[00319] In addition, optionally, the three-dimensional object modeling equipment 4000
may further include a multi-object contour optimization device 445, which may be
configured to perform contour modification on the multi-object plane contour obtained by the
multi-object splicing device 440.

[00320] Optionally, the three-dimensional object modeling equipment 4000 may
further include a 3D model generation device 450, which may be configured to convert the
multi-object plane contour obtained by splicing in the three-dimensional space into a
three-dimensional object 3D model.

[00321] Here, the devices 410, 420, 430, 435, 440, 445, and 450 of the
above-mentioned object modeling equipment 4000 respectively correspond to the steps S410,
S420, S430, S435, S440, S445, and S450 described above, and similar portions will not be
repeated here.

[00322] Thus, through the above-mentioned object modeling equipment of the present
invention, the resolution and accuracy of the generated model can be effectively improved.
[00323] FIG. 5A shows a schematic flowchart of an image processing method
according to an exemplary embodiment of the present invention.

[00324] In the following, for ease of understanding and description, house image
processing and house modeling will be taken as examples of the image processing method
and three-dimensional object modeling of the present invention to describe respective
processing procedures of the present invention in detail.

[00325] As shown in FIG. 5A, the image processing method according to an
exemplary embodiment of the present invention may include three steps: a camera position
acquisition step S510, a single-image plane contour generation step S520, and a scale
normalization step S530. The modeling process may include a plurality of subsequent steps,
but it should be noted that these subsequent steps are not all necessary.

[00326] An image processing method according to an exemplary embodiment of the
present invention will be introduced first in the following, to make sufficient data preparation
for subsequent modeling and simplify the subsequent processing procedure.

[00327] As shown in FIG. 5A, in step S510, using a geometric relationship of at least

two panoramic images shot for each three-dimensional object of the at least one
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three-dimensional object to be processed, a camera position of the panoramic camera when
shooting each panoramic image of the at least two panoramic images of each
three-dimensional object and three-dimensional point coordinates of matching feature points
on each panoramic image are obtained.

[00328] In the present invention, optionally, a method based on multi-view geometry
may be used to solve this problem.

[00329] For step S510, reference may be made to the description of step S410 in the
foregoing embodiment, and the repetitions will be omitted here.

[00330] In step S520, for each panoramic image of the at least two panoramic images
of each three-dimensional object, through the deep learning model for extracting an image
contour, a plane contour of each panoramic image of at least two panoramic images of each
three-dimensional object in the three-dimensional space is extracted; that is, for at least two
panoramic images of each three-dimensional object, the plane contours of the at least two
panoramic images of each three-dimensional object in the three-dimensional space are
generated through the deep learning model that serves as a semantic segmentation model.
[00331] In this step, the deep learning model can be trained in the following manner as
shown in FIG. 5B:

[00332] 1) In step S521, classification data is labeled on the panoramic images and is
used as a training data set; that is, by manually labeling contour features of three-dimensional
objects of a type of interest on a plurality of panoramic images serving as training images, a
contour feature training data set of the three-dimensional objects of the type of interest is
generated.

[00333] Here, taking a case that each room in an indoor house is taken as a
three-dimensional object of the type of interest as an example, the furniture in the room is not
a three-dimensional object of the type of interest.

[00334] In addition, the aforementioned contour feature may be, for example, a
contour or boundary that reflects an overall composition of a three-dimensional object, such
as a ceiling contour and a floor contour of a room.

[00335] 2) In step S522, the deep learning model is trained, that is, the deep learning

model is trained using the contour feature training data set of the three-dimensional objects of
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the type of interest, thereby obtaining a trained deep learning model.

[00336] For example, the output of the deep learning model comprises categories of
the contour features of the three-dimensional objects of the type of interest. Here, taking
house modeling as an example, the categories of the contour features of the three-dimensional
objects of the type of interest may be the ceiling, the wall and the floor of each room.

[00337] Then, based on the above-mentioned semantic segmentation model (i.e., deep
learning model), the step of generating the plane contours of respective panoramic images in
the three-dimensional space includes the following operations (see steps S523 to S525 in FIG.
5C).

[00338] 1) In step S523, a category to which each pixel of the panoramic image
belongs is classified by the deep learning model, that is, at least one panoramic image shot for
each three-dimensional object of the at least one three-dimensional object to be processed is
input into the trained deep learning model, to obtain the category of the contour feature
corresponding to each pixel in the panoramic image.

[00339] Taking a room as an example of a three-dimensional object of the type of
interest, the categories of the contour features of the three-dimensional object of the type of
interest may be the ceiling, the wall, and the floor of each room.

[00340] 2) In step S524, edge pixels in pixels, whose contour features belong to a
specific category, are extracted, that is, edge pixels at the edges among pixels, whose contour
features belong to a specific category, on each panoramic image of the at least two panoramic
images of each three-dimensional object are extracted as specific category edge pixels.
[00341] Taking a room as a three-dimensional object of the type of interest as an
example, the pixels of a specific category may be pixels on the ceiling, and the pixels of a
specific category, which are at the edges and serves as the specific category edge pixels, may
be ceiling edge pixels.

[00342] 3) In step S525, the specific category edge pixels are projected into the
three-dimensional space to generate the plane contours of respective panoramic images in the
three-dimensional space; that is, it is assumed that all specific category edge pixels on at least
one panoramic image of each three-dimensional object have the same height h, that serves as

the assumed contour height of the contour of the specific category, and all the specific
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category edge pixels on each panoramic image are projected onto a three-dimensional plane
to obtain specific category three-dimensional points corresponding to each panoramic image;
and then the plane contours of respective panoramic images in the three-dimensional space
are formed based on the specific category three-dimensional points corresponding to each
panoramic image.

[00343] For example, the specific category includes the top portion of the
three-dimensional object in the panoramic image. Taking a room as an example of a
three-dimensional object of the type of interest, the assumed contour height of the contour of
the specific category may be the height from the camera to the ceiling.

[00344] The specific content of this step will be described in detail below by taking an
indoor house as an example.

[00345] For example, for most scenes, the ceiling of the room is a plane, which can be
used to represent the floor plan of the room. Therefore, the method of extracting the ceiling
contour through the deep learning model as the semantic segmentation model is used in the
present invention to obtain the plane contour of the panoramic image.

[00346] Here, semantic segmentation refers to the classification of each pixel in an
image. Therefore, the semantic segmentation model of the present invention can be regarded
as a deep learning model used to classify the categories of the pixels in an image.

[00347] Those skilled in the art know that machine learning can be divided into
shallow learning and deep learning, in which hidden-layer nodes of the shallow learning
usually have fewer levels, and hidden-layer nodes of the deep learning usually have more
levels. For example, the deep learning model usually has 5 layers, 6 layers, and even 10 or
more layers of hidden-layer nodes.

[00348] In the semantic segmentation model, it is usually required to define the
categories of pixels in advance. For example, for an indoor house scene, the categories of
pixels can generally be defined as ceiling, floor, wall, door, cabinet, sofa, etc. For an outdoor
scene, for example, the categories of pixels can be defined as sky, road, tree, building, and so
on.

[00349] Traditional semantic segmentation techniques mostly use the method of

classifier in combination with graph model. Commonly-used traditional classifiers include
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classification algorithms such as Support Vector Machine (SVM) and Random Forest. The
input of the classifier is often artificially designed local features; and commonly-used features
include RGB, grayscale, SIFT, etc. The classifier judges the category of each pixel in the
image one by one. Commonly-used graph model technologies include Markov random fields
and conditional random fields, and the function of the graph model is to enhance the
consistency between categories of adjacent pixels.

[00350] With the application of deep learning technology in semantic segmentation,
deep learning methods have greatly surpassed traditional semantic segmentation
technologies.

[00351] Commonly-used deep learning models for semantic segmentation are mainly
based on a CNN (Convolutional Neural Network) framework. Because semantic
segmentation needs to output the category of each pixel (if the size of an input image is H*W,
and the size of the output is also H*W), on the basis of the traditional CNN, an up-sampling
method needs to be introduced to increase the resolution of a final output (the simplest
up-sampling method is nearest neighbor sampling). Therefore, according to different
up-sampling methods, common semantic segmentation models include DeepLab, UperNet,
PSPNet, and so on.

[00352] In these technologies, a large number of images shot by ordinary cameras are
collected, and manual semantic labeling is performed on each pixel of the images, for
instance, outdoor scenes are labeled as sky, road, tree, building, etc. When the deep network
is trained, these samples are sent to the deep semantic segmentation model, to output an
estimated probability matrix, and a target function of cross entropy loss is used to reduce an
error between the estimated value and the actual labeled value until a final error no longer
changes, and then the model training is completed.

[00353] For the image to be processed that is input, the image to be processed is input
into the trained deep learning model to obtain the output probability matrix, a dimension
corresponding to a maximum probability output value at each position is calculated and is
used as a category value corresponding to the pixel. For example, the size of the input image
is H*W, and the size of the probability matrix output by the model is H*W*C, where C

represents the quantity of categories. Each pixel in the image corresponds to a probability
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vector having C-dimensions (a sum of probability vectors is 1), and a position of the
maximum value is a category label corresponding to the pixel.

[00354] In the present invention, the semantic segmentation of the panoramic image is
implemented by labeling the panoramic data, which is different from the traditional method
of semantic segmentation using ordinary images.

[00355] In the present invention, specifically, for example, firstly, it is possible to
manually label a boundary line between the ceiling and the wall and a boundary line between
the floor and the wall on the panoramic image of the indoor house to generate training data
including the ceiling, the wall, and the floor (Because in the subsequent model generation
process, the boundary line of the ceiling, the boundary line of the wall, and the boundary line
of the floor will be automatically generated, there is no need to manually label these
information here).

[00356] Then, these training data are used to train a deep learning model whose output
includes three categories: ceiling, floor, and wall. That is, for each panoramic image, the
panoramic image is input into the trained deep learning model, and then the category
corresponding to each pixel in the panoramic image can be output therefrom. The category is
one of the above three categories of ceiling, floor, and wall.

[00357] Then, those pixels at the edge among the pixels, whose category belongs to the
"ceiling" (which can be referred to as "the pixels at the edge of the ceiling"), are extracted.
[00358] Assuming that these pixels on the edge of the ceiling have the same height
information (because they all belong to the ceiling), then these pixels are projected onto a
three-dimensional plane to obtain corresponding three-dimensional points, and based on these
three-dimensional points, the plane contour of the ceiling in three-dimensional space is
formed.

[00359] Specifically, for the method of projecting the pixels (i.e., the pixels at the edge
of the ceiling) onto the three-dimensional plane in this step, reference may be made to the
above-mentioned description of the projection of the pixels into the three-dimensional space,
for example.

[00360] Note that it is only provided above an example of generating a plane contour

of the panoramic image in the three-dimensional space through the deep learning model, but
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the methods that can be used in the present invention are not limited to this example.

[00361] In step S530, the scales of the obtained positions of the panoramic camera
when shooting at least two panoramic images of each three-dimensional object and the scales
of the plane contours of the at least two panoramic images of each three-dimensional object
in the three-dimensional space are normalized, to obtain normalized plane contours of
respective panoramic images in the three-dimensional space. That is to say, in step S530, the
scales of the camera positions, which are obtained in step S510, when shooting at least two
panoramic images of each three-dimensional object and the scales of the plane contours,
which are obtained in step S520, of the at least two panoramic images of each
three-dimensional object in the three-dimensional space are normalized.

[00362] Here, optionally, for step S530, reference may be made to the description of
step S430 in the foregoing embodiment, and similar portions will not be repeated here.
[00363] The specific process will be described in detail below by taking a room as an
example of a three-dimensional object of the type of interest.

[00364] Firstly, the sparse three-dimensional points obtained in step S510 are projected
into the panoramic image coordinate system in one-to-one correspondence to obtain
projection points in the panoramic image coordinate system.

[00365] Then, from the projection points in the aforementioned panoramic image
coordinate system, based on the semantic segmentation result of a panoramic image (by
inputting the panoramic image into the semantic segmentation model, after the semantic
segmentation process of the semantic segmentation model, the pixels on the panoramic image
have been classified into and labeled as three categories of ceiling, floor, and wall), projection
points that are consistent (or at the same position) with the pixels labeled as "ceiling" in the
semantic segmentation result are found from those projection points, and the heights (which
may be considered as the values on the y-axis in the three-dimensional coordinates) of the
sparse three-dimensional points corresponding to the projection points that are consistent
with the pixels labeled as "ceiling" are recorded, and then after sorting the heights, a median
value is taken or an average value of the heights of the three-dimensional points is directly
taken as the extracted height h.’ from the camera to the ceiling.

[00366] Finally, using a ratio of the assumed height h, from the camera to the ceiling
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and the extracted height h.’ from the camera to the ceiling, a scale-normalized single-room
plane contour is regenerated.

[00367] For example, by multiplying the ratio of the assumed height h, to the extracted
height h,” with the coordinates of boundary points on the plane contour obtained in step S520,
the coordinates of the boundary points on the scale-normalized plane contour can be obtained,
thereby obtaining the scale-normalized plane contour.

[00368] Similar to obtaining the extraction height h.’ from the camera to the ceiling
above, the extraction height h¢’ from the camera to the floor can be obtained (this extraction
height will be used in a subsequent step).

[00369] Note that the aforementioned scale normalization process is only an example,
and the present invention should not be limited to this example.

[00370] The above-mentioned image processing procedure provides a high-resolution
basis for subsequent model generation. Moreover, through the above-mentioned image
processing procedure, the normalized plane contours of respective panoramic images in the
three-dimensional space are provided for subsequent model generation, which simplifies the
subsequent model generation operation, reduces processing time, and improves processing
efficiency.

[00371] After the above-mentioned image processing, the plane contour data required
for model generation is provided for modeling. Next, a modeling method according to an
exemplary embodiment of the present invention will be described (for ease of understanding
and description, the house modeling is taken as an example).

[00372] FIG. 5D shows a schematic flowchart of an overall process of image
processing and object modeling according to an exemplary embodiment of the present
invention. FIG. 5D includes the image processing portion described above and the object
modeling portion described next.

[00373] Optionally, as shown in FIG. 5D, in step S535, the plane contours of
respective single objects may be obtained based on the normalized plane contours of
respective panoramic images.

[00374] In step S540, based on the camera position obtained in step S510 and the

normalized plane contours of respective objects obtained in step S530, the contours of a
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plurality of objects (i.e., rooms) are spliced to obtain a multi-object plane contour.

[00375] Optionally, in this step S540, based on the obtained camera position, rotation
and translation operations may be performed on the three-dimensional point coordinates of
the contour after the scale normalization of each object, so as to unify the three-dimensional
point coordinates of respective rooms in the same coordinate system, thereby achieving the
splicing of the multi-object plane contour.

[00376] Optionally, in step S545, the multi-object contour may be modified. Note that
this step is not a necessary step for two-dimensional or three-dimensional modeling of a
three-dimensional object, but a preferred processing method that can improve the accuracy of
the models.

[00377] In the present invention, after the multi-object contour is obtained by splicing,
the multi-object contour can be further modified to obtain a more accurate multi-object
contour.

[00378] Optionally, in step S550, the generated multi-object plane contour may further
be converted into a 3D model of the object (for example, a house). For the 3D model
generation step S550, reference may be made to the description of the 3D model generation
steps S150 and S450 in the embodiment of the above-mentioned three-dimensional object
modeling method, and similar portions will not be repeated here.

[00379] FIG. 5E shows a schematic block diagram of an image processing equipment
according to an exemplary embodiment of the present invention.

[00380] As shown in FIG. 5E, an image processing equipment 500 according to an
exemplary embodiment of the present invention may include a camera position acquisition
device 510, a single-image plane contour generation device 520, and a scale normalization
device 530.

[00381] The camera position acquisition device 510 may be configured to: using a
geometric relationship of at least two panoramic images shot for each three-dimensional
object of at least one three-dimensional object to be processed, obtain a position of the
panoramic camera when shooting each of these panoramic images, and three-dimensional
point coordinates of matching feature points on the panoramic image.

[00382] The single-image plane contour generation device 520 may be configured to:
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for each panoramic image, extract a plane contour of the panoramic image in the
three-dimensional space through the deep learning model for extracting an image contour.
[00383] The scale normalization device 530 may be configured to normalize the scales
of the obtained positions of the panoramic camera when shooting at least two panoramic
images of each three-dimensional object and the scales of the plane contours of the at least
two panoramic images of each three-dimensional object in the three-dimensional space, to
obtain normalized plane contours of respective panoramic images in the three-dimensional
space.

[00384] Optionally, the deep learning model is trained in the following manner: by
manually labeling contour features of three-dimensional objects of a type of interest on a
plurality of panoramic images serving as training images, a contour feature training data set
of the three-dimensional objects of the type of interest is generated; and the contour feature
training data set of the three-dimensional objects of the type of interest is used to train a deep
learning model, and the output of the deep learning model comprises categories of the
contour features of the three-dimensional objects of the type of interest.

[00385] Optionally, the single-image plane contour generation device 520 may be
further configured to: input at least one panoramic image into the trained deep learning model
to obtain the category of the contour feature corresponding to each pixel in the panoramic
image; extract edge pixels that are at the edges among pixels, whose contour features belong
to a specific category, on each panoramic image as specific category edge pixels; assume that
all the specific category edge pixels on the at least one panoramic image have the same height
he that serves as the assumed contour height of the contour of the specific category, and
project the specific category edge pixels on each panoramic image onto a three-dimensional
plane to obtain specific category three-dimensional points corresponding to each panoramic
image, and then form plane contours of respective panoramic images in the three-dimensional
space based on the specific category three-dimensional points corresponding to each
panoramic image.

[00386] Optionally, the camera position acquisition device 510 may be further
configured to: using a geometric relationship of at least two panoramic images of each

three-dimensional object, perform feature point matching between the at least two panoramic
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images of each three-dimensional object, and record feature points that match with each other
in the at least two panoramic images of each three-dimensional object as matching feature
points; and for each panoramic image of the at least two panoramic images of each
three-dimensional object, reduce reprojection errors of the matching feature points on each
panoramic image to obtain the camera position of the panoramic camera when shooting each
panoramic image and the three-dimensional point coordinates of the matching feature points
on each panoramic image.

[00387] Optionally, the scale normalization device 530 may also be configured to: sort
from small to large height values of all three-dimensional point coordinates, which are
obtained by the camera position acquisition device, on at least one panoramic image of each
three-dimensional object, and take a median value or an average value of the height values
sorted in front as the extracted contour height h.’ of the contour of the specific category; and
by using a ratio of the assumed contour height h, of the contour of the specific category to the
extracted contour height h.’ of the contour of the specific category, generate normalized plane
contours of at least two panoramic images of each three-dimensional object in the
three-dimensional space based on the plane contours of the at least two panoramic images of
each three-dimensional object in the three-dimensional space. The assumed contour height h,
of the contour of the specific category is an arbitrarily assumed height.

[00388] In the present invention, by using a panoramic camera to shoot panoramic
images of a room, high-resolution captured images are provided for two-dimensional or
three-dimensional modeling of a three-dimensional object (for example, housing modeling,
etc.).

[00389] Further, in the present invention, the efficient image processing equipment is
used to provide high-resolution modeling preparation data for modeling (for example, house
modeling); moreover, the provided modeling preparation data can simplify the subsequent
model generation process.

[00390] FIG. 5F shows a schematic block diagram of a three-dimensional object
modeling equipment according to an exemplary embodiment of the present invention.

[00391] As shown in FIG. SF, the three-dimensional object modeling equipment 5000

may include the image processing equipment 500 as shown in FIG. 5E and a multi-object
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splicing device 540.

[00392] Therein, the image processing equipment 500 may be configured to process at
least one panoramic image to generate a normalized plane contour of each panoramic image
in the three-dimensional space.

[00393] The multi-object splicing device 540 may be configured to obtain a
multi-object plane contour by splicing based on the normalized plane contours of respective
panoramic images.

[00394] Optionally, the three-dimensional object modeling equipment 5000 may
further include: a single-object plane contour generation device 535, which may be
configured to obtain plane contours of respective single three-dimensional objects (for
example, rooms) based on the normalized plane contours of the respective panoramic images.
[00395] Optionally, the single-object plane contour generation device 520 may be
further configured to: for at least two panoramic images shot, determine whether there are a
plurality of panoramic images belong to the same three-dimensional object one by one in the
following method: if there are matching feature points, a ratio of which is more than a
specific ratio, between the two panoramic images, then it is determined that the two
panoramic images belong to the same three-dimensional object; and if it is determined that a
plurality of panoramic images belong to the same three-dimensional object, for respective
plane contours of the same three-dimensional object obtained according to the plurality of
panoramic images, a union of these plane contours is taken as a plane contour of the
three-dimensional object.

[00396] In addition, optionally, the multi-object splicing device 540 may be further
configured to obtain a multi-object plane contour by splicing based on the plane contours,
which are generated by the single-object plane contour generation device 535, of respective
single three-dimensional objects in the three-dimensional space.

[00397] In addition, optionally, the three-dimensional object modeling equipment 5000
may further include a multi-object contour optimization device 545, which may be
configured to perform contour modification on the multi-object plane contour obtained by the
multi-object splicing device 540.

[00398] Optionally, the three-dimensional object modeling equipment 5000 may
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further include a 3D model generation device 550, which may be configured to convert the
multi-object plane contour obtained by splicing into a 3D model of a house.

[00399] Here, the devices 510, 520, 530, 535, 540, 545, and 550 of the
above-mentioned house modeling device 5000 respectively correspond to the steps S510,
S520, S530, S535, S540, S545, and S550 described in detail above, and similar portions will
not repeated here.

[00400] Thus, through the above-mentioned house modeling device of the present
invention, the resolution and accuracy of the generated model can be effectively improved.
[00401] FIG. 6 shows a schematic block diagram of an image processing device
according to an exemplary embodiment of the present invention.

[00402] Referring to FIG. 6, the image processing device 1 includes a memory 10 and
a processor 20.

[00403] The processor 20 may be a multi-core processor, or may include a plurality of
processors. In some embodiments, the processor 20 may include a general-purpose main
processor and one or more special co-processors, such as a graphic processing unit (GPU), a
digital signal processor (DSP), and so on. In some embodiments, the processor 20 may be
implemented using a customized circuit, such as an Application Specific Integrated Circuit
(ASIC) or Field Programmable Gate Arrays (FPGA).

[00404] The memory 10 stores executable codes. When the executable codes are
executed by the processor 20, the processor 20 is caused to execute one of the
three-dimensional object modeling methods described above. For another example, when the
executable codes are executed by the processor 20, the processor 20 is caused to execute one
of the image processing methods described above. Therein, the memory 10 may include
various types of storage units, such as system memory, read-only memory (ROM), and a
permanent storage device. The ROM may store static data or instructions required by the
processor 20 or other modules of the computer. The permanent storage device may be a
readable and writable storage device. The permanent storage device may be a non-volatile
storage device that does not lose stored instructions and data even after the computer is
powered off. In some embodiments, the permanent storage device is a large-capacity storage

device (such as a magnetic or optical disk, flash memory) for permanent storage. In some
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other embodiments, the permanent storage device may be a removable storage device (for
example, a floppy disk and an optical drive). The system memory can be a readable and
writable storage device or a volatile readable and writable storage device, such as dynamic
random access memory. The system memory can store some or all of the instructions and
data needed by the processor at runtime. In addition, the memory 10 may include any
combination of computer-readable storage media, including various types of semiconductor
memory chips (DRAM, SRAM, SDRAM, flash memory, programmable read-only memory),
and magnetic disks and/or optical disks may also be used. In some embodiments, the memory
10 may include a removable storage device that can be read and/or written, such as a compact
disc (CD), a read-only digital versatile disc (e.g., DVD-ROM, dual-layer DVD-ROM), a
read-only Blu-ray disc, an ultra-density disc, a flash memory card (such as SD card, min SD
card, Micro-SD card, etc.), a magnetic floppy disk, etc. The computer-readable storage
medium does not include carrier waves and instantaneous electronic signals transmitted in a
wireless or wired mode.

[00405] In addition, the method according to the present invention can also be
implemented as a computer program or computer program product. The computer program or
computer program product includes the computer program code instructions for performing
the above-mentioned steps defined in the above method (three-dimensional object modeling
method and/or image processing method) of the present invention.

[00406] Alternatively, the present invention may also be implemented as a
non-transitory readable storage medium (or computer-readable storage medium, or
machine-readable storage medium), having executable codes (or computer programs, or
computer instruction codes) stored thereon; when the executable codes (or computer
programs, or computer instruction codes) are executed by a processor of an electronic device
(or a computing device, a server, etc.), the processor is caused to execute respective steps of
the above method according to the present invention.

[00407] Those skilled in the art will also understand that the various exemplary logic
blocks, modules, circuits, and algorithm steps described in conjunction with the invention
herein can be implemented as electronic hardware, computer software, or a combination

thereof.
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[00408] The flowcharts, block diagrams, and the like in the drawings illustrate the
architecture, function, and operation that may be implemented by the system and method
according to a plurality of embodiments of the present invention. In this regard, each block in
the flowchart or block diagram may represent a part of a module, a program segment, or a
code, the part of the module, the program segment, or the code comprises one or more
executable instructions for implementing the specified logical function(s). It should be also
noted that, in some alternative implementations, the functions denoted in the blocks may
occur in an order different from that denoted in the drawings. For example, two contiguous
blocks may, in fact, be executed substantially in parallel, or sometimes the two contiguous
blocks may be executed in a reverse order, depending upon the functions involved. It will
also be noted that each block in the block diagram and/or flowchart and the combination of
blocks in the block diagram and/or flowchart can be implemented by dedicated
hardware-based systems performing the specified functions or operations, or can be
implemented by a combination of dedicated hardware and computer instructions.

[00409] Although the various embodiments of the present invention have been
described above, the above descriptions are merely exemplary, but not exhaustive, and the
present invention is not limited to the disclosed embodiments. Many variations and
modifications may occur to one skilled in the art without departing from the scopes and
spirits of the described embodiments. The terms used in the present invention are selected to
provide the best explanation on the principles and practical applications of the embodiments
and the technical improvements to the arts on market, or to make the embodiments described

herein understandable to other ordinary skilled in the art.
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WHAT IS CLAIMED IS:

1. A three-dimensional object modeling method, comprising:

a plane contour extraction step, wherein for at least two panoramic images shot for each
three-dimensional object of at least one three-dimensional object to be processed, a plane
contour of the at least two panoramic images of each three-dimensional object in a
three-dimensional space is extracted;

a scale normalization step, wherein a scale of the plane contour of the at least two
panoramic images of each three-dimensional object in the three-dimensional space is
normalized based on a camera position, to obtain normalized plane contours of respective
panoramic images in the three-dimensional space; and

a multi-object splicing step, wherein based on the camera position, rotation and
translation operations are performed on three-dimensional point coordinates of the
normalized plane contours of the respective panoramic images in the three-dimensional space,
so as to unify the three-dimensional point coordinates in same one coordinate system, to
splice plane contours of respective three-dimensional objects into a multi-object plane

contour.

2. The three-dimensional object modeling method according to claim 1, wherein the
plane contour extraction step comprises:

a camera position acquisition step, wherein according to a geometric relationship of at
least two panoramic images shot for each three-dimensional object of the at least one
three-dimensional object to be processed, the camera position of a panoramic camera when
shooting each panoramic image of the at least two panoramic images of each
three-dimensional object and three-dimensional point coordinates of matching feature points
on each panoramic image are obtained;

a single-image plane contour generation step, wherein for each panoramic image of the
at least two panoramic images of each three-dimensional object, a plane contour of the
panoramic image in the three-dimensional space is generated based on a contour surrounded

by edge pixels in pixels, whose contour features belong to a specific category, on the
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panoramic image,
wherein the specific category comprises at least a top portion, a bottom portion, and a

support portion of a three-dimensional object in the panoramic image.

3. The three-dimensional object modeling method according to claim 2, wherein the
single-image plane contour generation step comprises:

based on a feature similarity among pixels on each panoramic image of the at least two
panoramic images of each three-dimensional object, determining the edge pixels in the pixels,
whose contour features belong to the specific category, on each panoramic image of the at
least two panoramic images of each three-dimensional object,

wherein a feature similarity of two pixels is an absolute value of a difference between

features of the two pixels, and features of each pixel comprise grayscale and color.

4. The three-dimensional object modeling method according to claim 1, wherein the
plane contour extraction step comprises:

a camera position acquisition step, wherein according to a geometric relationship of at
least two panoramic images shot for each three-dimensional object of the at least one
three-dimensional object to be processed, the camera position of a panoramic camera when
shooting each panoramic image of the at least two panoramic images of each
three-dimensional object and three-dimensional point coordinates of matching feature points
on each panoramic image are obtained; and

a single-image plane contour generation step, wherein for each panoramic image of the
at least two panoramic images of each three-dimensional object, a plane contour of the
panoramic image in the three-dimensional space is extracted through a deep learning model

used for extracting an image contour.

5. The three-dimensional object modeling method according to claim 4, wherein the
deep learning model is trained in a following manner:
by manually labeling contour features of three-dimensional objects of a type of interest

on a plurality of panoramic images serving as training images, generating a contour feature
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training data set of the three-dimensional objects of the type of interest; and
training the deep learning model using the contour feature training data set of the
three-dimensional objects of the type of interest, to obtain a trained deep learning model,
wherein an output of the deep learning model comprises categories of the contour

features of the three-dimensional objects of the type of interest.

6. The three-dimensional object modeling method according to claim 5, wherein the
single-image plane contour generation step comprises:

inputting the at least two panoramic images of each three-dimensional object into the
trained deep learning model to obtain a category of a contour feature corresponding to each
pixel in the at least two panoramic images of each three-dimensional object;

extracting edge pixels that are at edges among pixels, whose contour features belong to a
specific category, on each panoramic image of the at least two panoramic images of each
three-dimensional object as specific category edge pixels;

assuming that all specific category edge pixels on each panoramic image of the at least
two panoramic images of each three-dimensional object have the same height h. that serves
as an assumed contour height of a contour of the specific category, projecting the specific
category edge pixels on each panoramic image onto a three-dimensional plane to obtain
specific category three-dimensional points corresponding to each panoramic image, and then
forming a plane contour of each panoramic image in the three-dimensional space based on
the specific category three-dimensional points corresponding to each panoramic image,

wherein the specific category comprises a top portion of a three-dimensional object in

the panoramic image.

7. The three-dimensional object modeling method according to any one of claims 2-6,
wherein the camera position is obtained in the camera position acquisition step,
the camera position acquisition step comprises:
obtaining a video stream and a timestamp corresponding to at least one panoramic
image of each three-dimensional object;

determining at least one video frame corresponding to the at least one panoramic
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image of each three-dimensional object in the video stream based on the timestamp; and
determining the camera position of the panoramic camera when shooting the at least
one panoramic image of each three-dimensional object according to a position of the at

least one video frame.

8. The three-dimensional object modeling method according to any one of claims 2-6,
wherein the camera position is predetermined or obtained in the camera position acquisition
step,

the camera position acquisition step comprises:

using a geometric relationship of at least two panoramic images shot for each
three-dimensional object of the at least one three-dimensional object to be processed,
performing feature point matching between the at least two panoramic images of each
three-dimensional object, and recording feature points that match with each other in the
at least two panoramic images of each three-dimensional object as the matching feature
points; and

for each panoramic image of the at least two panoramic images of each
three-dimensional object, reducing reprojection errors of the matching feature points on
each panoramic image to obtain the camera position of the panoramic camera when
shooting each panoramic image and the three-dimensional point coordinates of the

matching feature points on each panoramic image.

9. The three-dimensional object modeling method according to claim 8, wherein the
scale normalization step comprises:

in a case where the camera position is obtained in the camera position acquisition step,

sorting from small to large height values of all three-dimensional point coordinates,
which are obtained when the camera position is obtained, on at least one panoramic image of
each three-dimensional object, and taking a median value or an average value of the height
values sorted in front as an extracted contour height he’ of the contour of the specific category;
and according to a ratio of the assumed contour height he of the contour of the specific

category to the extracted contour height h.’ of the contour of the specific category, generating
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normalized plane contours of at least two panoramic images of each three-dimensional object
in the three-dimensional space based on the plane contours of the at least two panoramic
images of each three-dimensional object in the three-dimensional space; and

in a case where the camera position is a camera definition height H¢’ that is
predetermined,

according to a ratio of a camera assumed height H¢ that is assumed to the camera
definition height H¢’, generating normalized plane contours of at least two panoramic images
of each three-dimensional object in the three-dimensional space based on the plane contours
of the at least two panoramic images of each three-dimensional object in the
three-dimensional space,

wherein the assumed contour height he of the contour of the specific category is an

arbitrarily assumed height.

10. The three-dimensional object modeling method according to any one of claims 1-9,
after the scale normalization step, further comprising a single-object plane contour generation
step, which comprises:

for at least two panoramic images shot for the at least one three-dimensional object to be
processed, determining whether there are a plurality of panoramic images belong to the same
three-dimensional object one by one in a following method: if there are matching feature
points, a ratio of which is more than a specific ratio, between two panoramic images, then it
is determined that the two panoramic images belong to a same three-dimensional object; and

if it is determined that the plurality of panoramic images belong to the same
three-dimensional object, for respective plane contours of the same three-dimensional object
obtained according to the plurality of panoramic images, a union of all the plane contours of
the same three-dimensional object is taken as a plane contour of the three-dimensional object

in the three-dimensional space.

11. The three-dimensional object modeling method according to claim 10, wherein in the
multi-object splicing step, the multi-object plane contour in the three-dimensional space is

obtained by splicing based on the plane contours of respective single three-dimensional
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objects in the three-dimensional space.

12. The three-dimensional object modeling method according to any one of claims 1-11,
wherein the multi-object splicing step comprises:
assuming that there are N plane contours of all panoramic images in the

three-dimensional space, a p-th three-dimensional point of an n-th plane contour is indicated
as X, and the camera position where a panoramic image corresponding to the n-th plane

contour is shot is indicated as {Rn, tn}, where R, is a rotation matrix used to represent a
rotation parameter of the camera position, and t, is a translation vector used to represent a
translation parameter of the camera position, where N is an integer greater than 1, and n is an
integer greater than or equal to 1,

selecting the camera position where a panoramic image corresponding to an i-th plane
contour is shot as a reference coordinate system, and unifying the three-dimensional points of

other plane contours under the reference coordinate system through a formula below:

X = RRMX -t )+t and

converting all the three-dimensional points of the plane contours after the scale
normalization except the i-th plane contour through the formula, to unify the
three-dimensional points of all the plane contours under the same coordinate system, so as to
splice the plane contours of the respective three-dimensional objects into the multi-object

plane contour.

13. The three-dimensional object modeling method according to claim 12, wherein the
three-dimensional object modeling method further comprises:

a multi-object contour optimization step, wherein a distance between adjacent edges of
two single-object plane contours in the multi-object plane contour is calculated, and if the
distance is non-zero and less than a certain threshold, the two single-object plane contours are

shifted to make the distance between the adjacent edges become to zero.

14. The three-dimensional object modeling method according to any one of claims 1-13,
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further comprising:
a 3D model generation step, wherein after the multi-object splicing step, the multi-object
plane contour obtained by splicing in the three-dimensional space is converted into a

multi-object 3D model.

15. The three-dimensional object modeling method according to claim 14, wherein the
3D model generation step comprises:

performing three-dimensional point interpolation on an inside of a top plane contour of
the multi-object plane contour obtained by splicing, and projecting all obtained
three-dimensional point coordinates on respective top plane contours into a corresponding
panoramic image coordinate system to obtain a top texture;

performing the three-dimensional point interpolation on an inside of a bottom plane
contour of the multi-object plane contour obtained by splicing, and projecting all obtained
three-dimensional point coordinates on respective bottom plane contours into the
corresponding panoramic image coordinate system to obtain a bottom texture;

connecting three-dimensional vertices on the same plane position between the top plane
contour and the bottom plane contour to form a plane contour of a support portion,
performing the three-dimensional point interpolation on an inside of the plane contour of the
support portion, and projecting all obtained three-dimensional point coordinates of the plane
contours of respective support portions into the corresponding panoramic image coordinate
system to obtain a support portion texture; and

generating a 3D texture model of the entire three-dimensional object based on the top

texture, the bottom texture, and the support portion texture.

16. The three-dimensional object modeling method according to claim 15, wherein in
the 3D model generation step, a height value of an extracted height, which is taken as the
extracted contour height h’ of the contour of the specific category, from the camera to a top
portion of a corresponding three-dimensional object in all the obtained three-dimensional
point coordinates on the top plane contour of each three-dimensional object is replaced by an

extracted height hf from the camera to a bottom portion of the corresponding
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three-dimensional object and length wvalues and width values in all the obtained
three-dimensional point coordinates on the top plane contour of each three-dimensional
object remain unchanged, to obtain the bottom plane contour of each three-dimensional
object,

the extracted contour height he’, which is a height from the camera to the top portion of
the corresponding three-dimensional object, of the contour of the specific category is
obtained in a following manner: sorting from small to large height values of all
three-dimensional point coordinates, which are obtained when the camera position is obtained,
on at least one panoramic image of each three-dimensional object, and taking a median value
or an average value of the height values sorted in front as the extracted contour height h.’,
which is the height from the camera to the top portion of the corresponding three-dimensional
object, of the contour of the specific category, and

the extracted height hy from the camera to the bottom portion of the corresponding
three-dimensional object is obtained in a following manner: sorting from small to large the
height values of all three-dimensional point coordinates, which are obtained when the camera
position is obtained, on the at least one panoramic image of each three-dimensional object,
and taking a median value or an average value of the height values sorted in rear as the
extracted height hf from the camera to the bottom portion of the corresponding

three-dimensional object.

17. An image processing method, comprising:

a camera position acquisition step, wherein using a geometric relationship of at least two
panoramic images shot for each three-dimensional object of at least one three-dimensional
object to be processed, a position of a panoramic camera when shooting the at least two
panoramic images of each three-dimensional object and three-dimensional point coordinates
of matching feature points on the at least two panoramic images of each three-dimensional
object are obtained;

a single-image plane contour generation step, wherein for each panoramic image of the
at least two panoramic images of each three-dimensional object, a plane contour of the

panoramic image in the three-dimensional space is generated based on a contour surrounded
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by edge pixels in pixels, whose contour features belong to a specific category, on the
panoramic image; and

a scale normalization step, wherein a scale of the position that is obtained of the
panoramic camera when shooting the at least two panoramic images of each
three-dimensional object and scales of the plane contours of the at least two panoramic
images of each three-dimensional object in the three-dimensional space are normalized, to
obtain normalized plane contours of respective panoramic images in the three-dimensional

space.

18. An image processing method, comprising:

a camera position acquisition step, wherein using a geometric relationship of at least two
panoramic images shot for each three-dimensional object of at least one three-dimensional
object to be processed, a position of a panoramic camera when shooting the at least two
panoramic images of each three-dimensional object and three-dimensional point coordinates
of matching feature points on the at least two panoramic images of each three-dimensional
object are obtained;

a single-image plane contour generation step, wherein for each panoramic image of the
at least two panoramic images of each three-dimensional object, a plane contour of each
panoramic image in the three-dimensional space is extracted through a deep learning model
used for extracting an image contour; and

a scale normalization step, wherein a scale of the position, which is obtained, of the
panoramic camera when shooting the at least two panoramic images of each
three-dimensional object and scales of the plane contours of the at least two panoramic
images of each three-dimensional object in the three-dimensional space are normalized, to
obtain normalized plane contours of respective panoramic images in the three-dimensional

space.

19. An image processing device, comprising:
a processor; and

a memory, having executable codes stored thereon, wherein when the executable codes
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are executed by the processor, the processor is caused to execute the method according to any

one of claims 1-16.

20. A three-dimensional object modeling method, comprising:

an image processing step, wherein using the image processing method according claim
17 or 18, image processing is performed on at least one panoramic image of each
three-dimensional object, to obtain normalized plane contours of respective panoramic
images in the three-dimensional space; and

a multi-object splicing step, wherein based on the normalized plane contours of the
respective panoramic images in the three-dimensional space, a multi-object plane contour is

obtained by splicing.

21. The three-dimensional object modeling method according to claim 20, further
comprising:

a single-object plane contour generation step, wherein plane contours of respective
single three-dimensional objects in the three-dimensional space are obtained based on the
normalized plane contours of the respective panoramic images obtained in the image

processing step.



