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METHOD, APPARATUS AND ELECTRONIC
DEVICE FOR STEREO MATCHING

CROSS REFERENCE

This application is a continuation of International Appli-
cation No. PCT/CN2019/126040, filed on Dec. 17, 2019,
which claims priority to Chinese Patent Application No.
2018115441556 filed on Dec. 17, 2018, which is incorpo-
rated herein by reference in its entirety.

BACKGROUND
Technical Field

Embodiments of the present invention relate to the field of
computer vision technologies, and in particular, to a method,
apparatus and electronic device for stereo matching.

Related Art

Stereo matching is a technology in which a disparity map
is calculated from binocular views of the same scene, which
is used to recover depth information from a plane image. As
a key step in technologies such as three-dimensional recon-
struction, three-dimensional navigation, non-contact rang-
ing, the stereo matching technology has been widely used in
fields such as unmanned driving (ranging, navigation), 3D
display, security monitoring, remote sensing image analysis,
robot intelligent control and the like.

Currently, mainstream stereo matching algorithms may be
divided into two categories: a local stereo matching algo-
rithm and a global stereo matching algorithm. The local
stereo matching algorithm takes less time but the obtained
stereo matching effect is more ambiguous, while the global
stereo matching algorithm can be used to obtain a better
stereo matching effect but cannot achieve a real-time effect
due to a slow convergence optimization process. Accord-
ingly, in order to balance the speed and accuracy, some
scholars have proposed a method for stereo matching that
uses a disparity value of seed pixel points in a segmentation
region to perform disparity propagation. However, the early
segmentation work of the method is time-consuming, and it
is still difficult to balance the speed and accuracy.

Therefore, the existing method for stereo matching needs
to be improved and developed.

SUMMARY

In view of this, embodiments of the present invention
provide a method, apparatus and electronic device for stereo
matching, which can achieve an improvement in both a
speed and an accuracy of stereo matching.

To resolve the foregoing technical problem, the embodi-
ments of the present invention provide the following tech-
nical solutions:

According to a first aspect, an embodiment of the present
invention provides a stereo matching method, including:

calculating initial disparity values of pixel points in a left
view and a right view by using a local stereo matching
algorithm, to obtain an initial left disparity map of the left
view and an initial right disparity map of the right view;

selecting, from the initial left disparity map or the initial
right disparity map, a pixel point that meets a preset con-
dition as a seed point, and using the initial disparity value of
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the pixel point as a disparity value of the seed point, where
the preset condition includes: a left-right consistency check
is passed;

for each non-seed point, constructing a confidence propa-
gation region corresponding to the non-seed point in a
horizontal direction based on a color difference and a spatial
pixel-to-pixel distance;

determining a disparity value of the non-seed point based
on a disparity value of a left seed point or a right seed point
in the confidence propagation region that is immediately
adjacent to the non-seed point; and

forming a dense disparity map based on disparity values
of all seed points and disparity values of all non-seed points.

Optionally, the selecting, from the initial left disparity
map or the initial right disparity map, a pixel point that meets
a preset condition as a seed point includes:

scanning line-by-line the initial left disparity map or the
initial right disparity map to select the pixel point that meets
the preset condition as the seed point, where

for each scan line, rightward line segmentation is per-
formed starting from a leftmost pixel point of the scan line
based on the color difference and the spatial pixel-to-pixel
distance, to obtain a plurality of support regions, where each
of the support regions is searched starting from the leftmost
pixel point for the pixel point that meets the preset condition
as the seed point, and when the seed point is found in the
support region, a next support region is searched for a next
seed point.

Optionally, the preset condition includes:

during local stereo matching, a difference between a
second smallest cost and a smallest cost corresponding to the
pixel point is greater than or equal to a first preset threshold.

Optionally, the constructing a confidence propagation
region corresponding to the non-seed point in a horizontal
direction based on a color difference and a spatial pixel-to-
pixel distance includes:

with the non-seed point as a center, detecting a left
segmentation point and a right segmentation point of the
non-seed point respectively in a horizontally leftward direc-
tion and a horizontally rightward direction, and using a
region between the left segmentation point and the right
segmentation point as the confidence propagation region
corresponding to the non-seed point, where

the left segmentation point and the right segmentation
point meet the following condition:

a color difference with the non-seed point is greater than
a second preset threshold; or

a spatial pixel-to-pixel distance with the non-seed point is
greater than a third preset threshold.

Optionally, the determining a disparity value of the non-
seed point based on a disparity value of a left seed point or
a right seed point in the confidence propagation region that
is immediately adjacent to the non-seed point includes:

if only the left seed point that is immediately adjacent to
the non-seed point exists in the confidence propagation
region, using the disparity value of the left seed point as the
disparity value of the non-seed point;

if only the right seed point that is immediately adjacent to
the non-seed point exists in the confidence propagation
region, using the disparity value of the right seed point as the
disparity value of the non-seed point; or

if both the left seed point and the right seed point that are
immediately adjacent to the non-seed point exist in the
confidence propagation region, determining the disparity
value of the non-seed point according to a characteristic of
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a region in which the non-seed point is located and based on
the disparity value of the left seed point and the disparity
value of the right seed point.

Optionally, the determining the disparity value of the
non-seed point according to a characteristic of a region in
which the non-seed point is located and based on the
disparity value of the left seed point and the disparity value
of the right seed point includes:

if the non-seed point is in a blocked region or a depth-
discontinuous region, using a smaller one of the disparity
value of the left seed point and the disparity value of the
right seed point as the disparity value of the non-seed point;
or

otherwise, using a linearly interpolated value between the
disparity value of the left seed point and the disparity value
of the right seed point as the disparity value of the non-seed
point.

Optionally, after the step of forming the dense disparity
map based on the disparity values of all seed points and the
disparity values of all non-seed points, the method further
includes:

correcting a fringe effect in the dense disparity map based
on voting in a vertical direction.

Optionally, after the step of correcting the fringe effect in
the dense disparity map based on the voting in the vertical
direction, the method further includes:

updating the disparity value of each pixel point by bilat-
eral filtering in four adjacent regions of the pixel point.

In a second aspect, an embodiment of the present inven-
tion provides an apparatus for stereo matching, including a
matching unit, a seed point unit, a disparity propagation unit
and a disparity map generation unit.

The matching unit is configured to calculate initial dis-
parity values of pixel points in a left view and a right view
by using a local stereo matching algorithm, to obtain an
initial left disparity map of the left view and an initial right
disparity map of the right view.

The seed point unit includes a seed point selection module
and a seed point disparity determination module.

The seed point selection module is configured to select,
from the initial left disparity map or the initial right disparity
map, a pixel point that meets a preset condition as a seed
point, where the preset condition includes: a left-right con-
sistency check is passed.

The seed point disparity determination module is config-
ured to use the initial disparity value of the pixel point as a
disparity value of the seed point.

The disparity propagation unit includes a segmentation
module and a disparity propagation module.

For each non-seed point, the segmentation module is
configured to construct a confidence propagation region
corresponding to the non-seed point in a horizontal direction
based on a color difference and a spatial pixel-to-pixel
distance.

The disparity propagation module is configured to deter-
mine a disparity value of the non-seed point based on a
disparity value of a left seed point or a right seed point in the
confidence propagation region that is immediately adjacent
to the non-seed point.

The disparity map generation unit is configured to form a
dense disparity map based on disparity values of all seed
points and disparity values of all non-seed points.

Optionally, the seed point selection module is specifically
configured to:

scan line-by-line the initial left disparity map or the initial
right disparity map to select the pixel point that meets the
preset condition as the seed point, where
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for each scan line, rightward line segmentation is per-
formed starting from a leftmost pixel point of the scan line
based on the color difference and the spatial pixel-to-pixel
distance, to obtain a plurality of support regions, where each
of the support regions is searched starting from the leftmost
pixel point for the pixel point that meets the preset condition
as the seed point, and when the seed point is found in the
support region, a next support region is searched for a next
seed point.

Optionally, the preset condition includes:

during local stereo matching, a difference between a
second smallest cost and a smallest cost corresponding to the
pixel point is greater than or equal to a first preset threshold.

Optionally, the segmentation module is specifically con-
figured to:

with the non-seed point as a center, detect a left segmen-
tation point and a right segmentation point of the non-seed
point respectively in a horizontally lefiward direction and a
horizontally rightward direction, and use a region between
the left segmentation point and the right segmentation point
as the confidence propagation region corresponding to the
non-seed point, where

the left segmentation point and the right segmentation
point meet the following condition:

a color difference with the non-seed point is greater than
a second preset threshold; or

a spatial pixel-to-pixel distance with the non-seed point is
greater than a third preset threshold.

Optionally, the disparity propagation module is specifi-
cally configured to:

if only the left seed point that is immediately adjacent to
the non-seed point exists in the confidence propagation
region, use the disparity value of the left seed point as the
disparity value of the non-seed point;

if only the right seed point that is immediately adjacent to
the non-seed point exists in the confidence propagation
region, use the disparity value of the right seed point as the
disparity value of the non-seed point; or

if both the left seed point and the right seed point that are
immediately adjacent to the non-seed point exist in the
confidence propagation region, determine the disparity value
of the non-seed point according to a characteristic of a
region in which the non-seed point is located and based on
the disparity value of the left seed point and the disparity
value of the right seed point.

Optionally, if both the left seed point and the right seed
point that are immediately adjacent to the non-seed point
exist in the confidence propagation region, the disparity
propagation module is specifically configured to:

if the non-seed point is in a blocked region or a depth-
discontinuous region, use a smaller one of the disparity
value of the left seed point and the disparity value of the
right seed point as the disparity value of the non-seed point;
or

otherwise, use a linearly interpolated value between the
disparity value of the left seed point and the disparity value
of the right seed point as the disparity value of the non-seed
point.

Optionally, the apparatus further includes a correction
unit, where

configured to correct a fringe effect in the dense disparity
map based on voting in a vertical direction.

Optionally, the correction unit is further configured to:

update the disparity value of each pixel point by bilateral
filtering in four adjacent regions of the pixel point.
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According to a third aspect, an embodiment of the present
invention provides an electronic device, including:

at least one processor; and

a memory communicatively connected to the at least one
processor, where

the memory storing instructions executable by the at least
one processor, the instructions being executed by the at least
one processor, to enable the at least one processor to perform
the stereo matching method described above.

According to a fourth aspect, an embodiment of the
present invention provides non-transitory computer-read-
able storage medium, the non-transitory computer-readable
storage medium storing computer executable instructions,
and the computer executable instructions being configured
to enable the electronic device to perform the stereo match-
ing method described above.

In a fifth aspect, an embodiment of the present invention
further provides a computer program product that includes a
computer program stored in a non-transitory computer-
readable storage medium, the computer program including
program instructions that, when executed by an electronic
device, cause the electronic device to perform the method
for stereo matching described above.

The beneficial effects of the embodiments of the present
invention are as follows. Different from the situation in the
prior art, according to the method, apparatus and electronic
device for stereo matching provided in the embodiment of
the present invention, initial disparity values of pixel points
in binocular views are first calculated by using a local stereo
matching algorithm, to obtain an initial left disparity map
and an initial right disparity map. Then a pixel point that
meets a preset condition (which includes: a left-right con-
sistency check is passed) is selected as a seed point from the
initial left disparity map or the initial right disparity map,
and an initial disparity value of the pixel point is used as a
disparity value of the seed point. For each non-seed point, a
confidence propagation region corresponding to the non-
seed point is constructed in a horizontal direction based on
a color difference and a spatial pixel-to-pixel distance, a
disparity value of the non-seed point is determined based on
a disparity value of a left seed point or a right seed point in
the confidence propagation region that is immediately adja-
cent to the non-seed point, and finally a dense disparity map
with a higher accuracy can be quickly formed based on
disparity values of all seed points and disparity values of all
non-seed points, so as to achieve an improvement in both a
speed and an accuracy of stereo matching.

BRIEF DESCRIPTION OF THE DRAWINGS

To describe the technical solutions in the embodiments of
the present invention more clearly, the following briefly
describes the accompanying drawings required for describ-
ing the embodiments of the present invention. Obviously,
the accompanying drawings in the following descriptions
are merely some embodiments of the invention, and a person
of ordinary skill in the art may further obtain other accom-
panying drawings according to the accompanying drawings
without creative efforts.

FIG. 1 is a schematic flowchart of a stereo matching
method according to an embodiment of the present inven-
tion.

FIG. 2 is a schematic diagram of an example of selecting
a seed point according to an embodiment of the present
invention.
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FIG. 3 is a schematic diagram of an example of construct-
ing a confidence propagation region of a non-seed point
according to an embodiment of the present invention.

FIG. 4 is a schematic flowchart of another stereo matching
method according to an embodiment of the present inven-
tion.

FIG. 5 is a schematic structural diagram of a stereo
matching apparatus according to an embodiment of the
present invention;

FIG. 6 is a schematic diagram of a hardware structure of
an electronic device according to an embodiment of the
present invention.

DETAILED DESCRIPTION

To make the objectives, technical solutions, and advan-
tages of the present disclosure clearer and more comprehen-
sible, the following further describes the present disclosure
in detail with reference to the accompanying drawings and
embodiments. It should be understood that the embodiments
herein are provided for describing the present invention and
not intended to limit the present invention.

It should be noted that, if no conflict occurs, features in
the embodiments of the present invention may be combined
with each other and fall within the protection scope of the
present invention. In addition, although functional module
division is performed in the schematic diagram of the
apparatus, and a logical sequence is shown in the flowchart,
in some cases, the shown or described steps may be per-
formed by using module division different from the module
division in the apparatus, or in a sequence different from the
sequence in the flowchart. Further, terms such as “first”,
“second”, or the like used in the present invention do not
limit data or an execution order, but are only used to
distinguish the same objects or similar objects whose func-
tions and purposes are basically the same.

The embodiments of the present invention provide a
method, apparatus and electronic device for stereo matching,
which can be applied to any application scenario that require
stereo matching to obtain a disparity map, for example,
three-dimensional reconstruction, binocular vision ranging,
unmanned driving, and three-dimensional display, robot
intelligent control and the like.

Specifically, the method for stereo matching provided in
the embodiment of the present invention may be performed
by any electronic device and is a method for forming a dense
disparity map based on seed point propagation, specifically
including: first calculating initial disparity values of pixel
points in a left view and a right view by using a local stereo
matching algorithm, to obtain an initial left disparity map of
the left view and an initial right disparity map of the right
view; then selecting, from the initial left disparity map or the
initial right disparity map, a pixel point that meets a preset
condition as a seed point, and using the initial disparity value
of the pixel point as a disparity value of the seed point,
where the preset condition includes: a left-right consistency
check is passed; for each non-seed point, constructing a
confidence propagation region corresponding to the non-
seed point in a horizontal direction based on a color differ-
ence and a spatial pixel-to-pixel distance; determining a
disparity value of the non-seed point based on a disparity
value of a left seed point or a right seed point in the
confidence propagation region that is immediately adjacent
to the non-seed point; and finally forming a dense disparity
map based on disparity values of all seed points and dis-
parity values of all non-seed points. In the method for stereo
matching provided in the embodiment of the present inven-
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tion, on the one hand, since only local stereo matching and
disparity propagation are required, the dense disparity map
can be quickly formed. On the other hand, since a pixel point
with higher reliability during the local stereo matching is
selected as the seed point, and disparity propagation is
performed within the confidence propagation region formed
based on the color difference and the spatial pixel-to-pixel
distance, the accuracy of the disparity values of the pixel
points in the formed dense disparity map can be improved,
thereby achieving an improvement in both a speed and an
accuracy of stereo matching.

The apparatus for stereo matching provided in the
embodiment of the present invention may be a virtual
apparatus composed of a software program that can imple-
ment the method for stereo matching provided in the
embodiment of the present invention, which is based on the
same inventive concept as the method for stereo matching
provided in the embodiment of the present invention and has
the same technical features and beneficial effects.

The electronic device provided in the embodiment of the
present invention may be any hardware device that has a
certain logical computing capability and that can provide
one or more functions that can meet user requirements. For
example, the electronic device may include but is not limited
to: an unmanned aerial vehicle (UAV), a robot, an automo-
tive MCU, a smart phone, a tablet computer, a server and the
like. The electronic device can perform the method for
stereo matching provided in the embodiment of the present
invention or run the apparatus for stereo matching provided
in the embodiment of the present invention, which is based
on the same inventive concept as the method for stereo
matching provided in the embodiment of the present inven-
tion and has the same technical features and beneficial
effects.

The method, apparatus and electronic device for stereo
matching provided in the present invention are to be further
described below with reference to the various embodiments
and accompanying drawings.

Embodiment 1

FIG. 1 is a schematic flowchart of a method for stereo
matching according to an embodiment of the present inven-
tion. The method may be performed by an electronic device
such as a UAV, a robot, an automotive MCU and the like.

Specifically, referring to FIG. 1, the method for stereo
matching may include but is not limited to the following
steps.

Step 110: Calculate initial disparity values of pixel points
in a left view and a right view by using a local stereo
matching algorithm, to obtain an initial left disparity map of
the left view and an initial right disparity map of the right
view.

In this embodiment, the “left view” and the “right view”
refer to binocular views corresponding to the same shooting
scene, and the binocular view may be pre-stored in the
electronic device, or may be received from a certain data
source, or may be obtained through real-time shooting by
using a binocular camera or a monocular camera.

The “initial left disparity map” includes the initial dis-
parity values of the pixel points in the left view, where in the
initial left disparity map, the initial disparity value of a pixel
point specifically refers to a distance d1 between a position
in which the pixel point is located and a position in which
a corresponding point/matching point of the pixel point in
the right view is located. The “initial right disparity map”
includes the initial disparity values of the pixel points in the
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right view, where in the initial right disparity map, the initial
disparity value of a pixel point specifically refers to a
distance d2 between a position in which the pixel point is
located and a position in which a corresponding point/
matching point of the pixel point in the left view is located.

In this embodiment, the initial disparity values of the pixel
points in the given left view and right view may be calcu-
lated by adopting any local stereo matching algorithm such
as the sum of absolute differences (SAD), an adaptive
window algorithm, an adaptive weight algorithm and the
like, to obtain the initial left disparity map of the left view
and the initial right disparity map of the right view.

In some embodiments, in the process of local stereo
matching, for each pixel p in the left view, a sum of a color
difference between the pixel p and its corresponding point q
in the right view and a difference in structure coding may
constitute a cost equation of the pixel p, so that an initial
disparity value of the pixel p is determined by optimizing the
cost equation. Similarly, for each pixel q in the right view,
a sum of a color difference between the pixel q and its
corresponding point p in the left view and a difference of
structure coding may also constitute a cost equation of the
pixel q, so that an initial disparity value of the pixel q is
determined by optimizing the cost equation.

In the embodiment of the present invention, the initial
disparity value of each of the pixel points in the left view and
the right view is calculated by using a simple local stereo
matching algorithm, which can reduce a calculation amount
of the stereo matching process and increase the speed of the
stereo matching.

Step 120: Select, from the initial left disparity map or the
initial right disparity map, a pixel point that meets a preset
condition as a seed point, and use the initial disparity value
of the pixel point as a disparity value of the seed point.

In this embodiment, the “preset condition” includes: a
left-right consistency check is passed, that is, the initial
disparity value of the pixel point p in the initial left disparity
map is equal to the initial disparity value of the correspond-
ing point q of the pixel point p in the initial right disparity
map; alternatively, the initial disparity value of the pixel
point q in the initial right disparity map is equal to the initial
disparity value of the corresponding point p of the pixel
point q in the initial left disparity map. The “seed point™ is
a starting point of the disparity propagation process.

In practical application, disparity propagation may be
performed based on the initial left disparity map to form a
final dense disparity map; or disparity propagation may be
performed based on the initial right disparity map to form a
final dense disparity map.

Therefore, in this embodiment, a pixel point that meets
the preset condition may be selected as the seed point from
the initial left disparity map, a pixel point that does not meet
the preset condition is a non-seed point, and the disparity
values of all seed points and the disparity values of all
non-seed points are finally combined to form the dense
disparity map. Alternatively, a pixel point that meets the
preset condition may be selected as the seed point from the
initial right disparity map, a pixel point that does not meet
the preset condition is a non-seed point, and the disparity
values of all seed points and the disparity values of all
non-seed points are finally combined to form the dense
disparity map.

The pixel point that meets the preset condition is selected
as the seed point from the initial left disparity map by way
of example for detailed description below.

Specifically, a specific implementation in which the pixel
point that meets the preset condition is selected as the seed
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point from the initial left disparity map may be: determining
each of the pixel points in the initial left disparity map one
by one, and if a pixel point meets the preset condition,
marking the pixel point as a seed point.

Alternatively, in some other embodiments, a specific
implementation in which the pixel point that meets the
preset condition is selected as the seed point from the initial
left disparity map may be:

scanning line-by-line the initial left disparity map to select
the pixel point that meets the preset condition as the seed
point. Specifically, during the line-by-line scanning, for each
scan line, rightward line segmentation is performed starting
from a leftmost pixel point of the scan line based on the color
difference and the spatial pixel-to-pixel distance, to obtain a
plurality of support regions, where each of the support
regions is searched starting from the leftmost pixel point for
the pixel point that meets the preset condition as the seed
point, and when the seed point is found in the support region,
a next support region is searched for a next seed point.

The “color difference” is used to describe the color
difference between two pixel points, which may specifically
be: an absolute value of differences between the two pixel
points on a color channel with the largest difference in color
channels. For example, in an RGB space, if an absolute
value of differences between a pixel point p0 and a pixel
point p1 on a channel R is I1, an absolute value of differ-
ences on a channel G is 12, an absolute value of differences
on a channel B is I3 and 11>12>13, then the color difference
between the pixel point p0 and the pixel point p1 is I1. In this
embodiment, the color difference between the two pixel
points is measured with the absolute value of the differences
on the color channel with the largest difference, which can
erroneous determination caused by simultaneous great
changes in the color channels due to changes in conditions
such as illumination, thus reflecting a real edge of the scene
more accurately.

The “spatial pixel-to-pixel distance” refers to a pixel
distance between two pixel points. For example, the spatial
pixel-to-pixel distance between the pixel point p0 and the
pixel point pl is X pixel points.

The “performing rightward line segmentation based on
the color difference and the spatial pixel-to-pixel distance
starting from a leftmost pixel point of the scan line, to obtain
a plurality of support regions™ may specifically be: as shown
in FIG. 2, using the leftmost pixel point p0 in the scan line
as the starting point, determining, one by one rightward,
whether a color difference between the pixel points and the
starting point p0 and the spatial pixel-to-pixel distance are
both within a corresponding predetermined range; if so,
determining that the pixel point and the starting point p0 are
in the same support region; and if not, using the pixel point
as a starting point pl of a next support region, and continu-
ing rightward linear segmentation and so on, so as to obtain
a plurality of support regions on the scan line.

Further, since adjacent pixel points with similar colors
have similar disparity, it may be considered that disparity
changes between pixel points in the same support region are
continuous and slow. Therefore, during selection of a seed
point, as long as a seed point S0 is found in a certain support
region (for example, a support region 1), the next support
region (for example, the support region 2) may be searched
for a next seed point S1 starting from the starting point p1
of the next support region (for example, a support region 2),
and so on. In this way, there is no need to determine all of
the pixel points one by one (for example, perform a left-right
consistency check), so as to reduce the calculation amount
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of stereo matching and increase the speed of stereo matching
without damaging the accuracy of stereo matching.

Furthermore, since the seed point is a pixel point that has
passed the left-right consistency check at least, and the
left-right consistency check being passed indicates that the
initial disparity value of the pixel point has high confidence,
the initial disparity value may be considered as a correct
disparity value, so that the initial disparity value of the pixel
point may be directly used as the disparity value of the seed
point/pixel point.

Certainly, in order to further improve the confidence of
the disparity value of the seed point and improve the
accuracy of subsequent calculation, some additional restric-
tions may also be added to the “preset condition”. For
example, in some embodiments, the “preset condition” may
further include: during local stereo matching, a difference
between a second smallest cost and a smallest cost corre-
sponding to the pixel point is greater than or equal to a first
preset threshold. The first threshold may be a fixed value, or
may be a value greater than 50% of the second smallest cost,
as long as the minimum cost corresponding to the pixel point
is significantly less than the second smallest cost.

Step 130: For each non-seed point, construct a confidence
propagation region corresponding to the non-seed point in a
horizontal direction based on a color difference and a spatial
pixel-to-pixel distance.

In this embodiment, the “non-seed point” refers to other
pixel points in the initial left disparity map (or the initial
right disparity map) except for the seed point. The “confi-
dence propagation region” is a linear segmentation region of
the non-seed point, which is used for disparity propagation
to determine the disparity value of the non-seed point. The
disparity value in each confidence propagation region
changes slowly.

In this embodiment, linear segmentation may be per-
formed for each non-seed point along the scan line direction
to obtain the confidence propagation region corresponding
to each non-seed point.

During the linear segmentation, as shown in FIG. 3, a
non-seed point P may be used as a center to respectively
detect a left segmentation point P1 and a right segmentation
point Pr of the non-seed point P in a horizontally leftward
direction and a horizontally rightward direction, and a
region A (exclusive of the left segmentation point P1 and the
right segmentation point Pr) between the left segmentation
point Pl and the right segmentation point Pr is used as the
confidence propagation region corresponding to the non-
seed point. The left segmentation point Pl and the right
segmentation point Pr meet one or all of the following
conditions:

(1) a color difference with the non-seed point P is greater
than a second preset threshold; and

(2) a spatial pixel-to-pixel distance with the non-seed
point P is greater than a third preset threshold.

The second preset threshold and the third preset threshold
may be set according to actual application scenarios, as long
as the region A between the left segmentation point Pl and
the right segmentation point Pr satisfies the characteristic
that the disparity values slowly change.

In this embodiment, the confidence propagation region of
each non-seed point is determined based on the color
difference and the spatial pixel-to-pixel distance, and dis-
parity propagation is performed within the confidence
propagation region, which can avoid the blur caused by
crossing the foreground and the background in the disparity
propagation process, thus improving the accuracy of stereo
matching.
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Step 140: Determine a disparity value of the non-seed
point based on a disparity value of a left seed point or a right
seed point in the confidence propagation region that is
immediately adjacent to the non-seed point.

In this embodiment, for each non-seed point, the disparity
value of the non-seed point is determined based on the
disparity value of the left seed point or the right seed point
in the corresponding confidence propagation region that is
immediately adjacent to the non-seed point.

During specific implementation, disparity propagation of
the seed points may be performed in the direction of the scan
line. For each non-seed point, the left seed point SI and the
right seed point Sr that are immediately adjacent to the
non-seed point may be first found in the corresponding
confidence propagation region of the non-seed point.

If only the left seed point Sl that is immediately adjacent
to the non-seed point P exists in the confidence propagation
region, the disparity value of the left seed point Sl is used as
the disparity value of the non-seed point P according to the
characteristic that the pixel points in the same confidence
propagation region have a similar disparity value. Similarly,
if only the right seed point Sr that is immediately adjacent
to the non-seed point P exists in the confidence propagation
region, the disparity value of the right seed point Sr is used
as the disparity value of the non-seed point P.

If both the left seed point Sl and the right seed point Sr
that are immediately adjacent to the non-seed point P exist
in the confidence propagation region, in some embodiments,
a linearly interpolated value between the disparity value of
the left seed point S1 and the disparity value of the right seed
point Sr may be directly used as the disparity value of the
non-seed point P.

Alternatively, in some other embodiments, if both the left
seed point Sl and the right seed point Sr that are immediately
adjacent to the non-seed point P exist in the confidence
propagation region, the disparity value of the non-seed point
P may also be determined based on the disparity value of the
left seed point Sl and the disparity value of the right seed
point Sr according to the characteristic of the region in
which the non-seed point P is located.

For example, if the non-seed point P is in the blocked
region (if the absolute value of the difference between the
initial disparity value of the non-seed point P and the initial
disparity value of the corresponding point Q of the non-seed
point P in the initial right disparity map is greater than or
equal to a fourth preset threshold (for example, 1 or 2 pixel
points), it may be considered that the non-seed point P is in
the blocked region), it indicates that the non-seed point P is
in a switching region between the foreground and the
background, and the characteristic of the switching region is
that some parts of the switching region are visible to one
view (for example, the left view) but not to an other view
(for example, the right view). Therefore, there is no accurate
disparity calculation. In this case, it may be considered that
the non-seed point P is located far away, and a smaller one
of the disparity value of the left seed point Sl and the
disparity value of the right seed point Sr is used as the
disparity value of the non-seed point P.

For another example, if the non-seed point P is in a
depth-discontinuous region (if the absolute value of the
difference between the disparity value of the left seed point
Sl1 that is immediately adjacent to the non-seed point P and
the disparity value of the right seed point Sr is greater than
a fifth preset threshold, it may be considered that the
non-seed point P is in the depth-discontinuous region), it
indicates that the non-seed point P is on the edge of some
rapid changes. In this case, it may also be considered that the
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non-seed point P is located far away, and the smaller one of
the disparity value of the left seed point S1 and the disparity
value of the right seed point Sr is used as the disparity value
of the non-seed point P.

In addition, if the non-seed point P is located neither in the
blocked region nor in the depth-discontinuous region, it may
be considered that the non-seed point P is located in a
smooth region in which the disparity changes slowly. At this
point, the linearly interpolated value between the disparity
value of the left seed point and the disparity value of the
right seed point is used as the disparity value of the non-seed
point.

In this embodiment, the disparity value of the non-seed
point P is determined based on the disparity value of the left
seed point Sl and the disparity value of the right seed point
Sr according to the characteristic of the region in which the
non-seed point P is located, so as to further improve the
confidence of the disparity values of the non-seed points,
thus improving the accuracy of stereo matching.

Step 150: Form a dense disparity map based on disparity
values of all seed points and disparity values of all non-seed
points.

In this embodiment, all of the pixel points in the initial left
disparity map (or, the initial right disparity map) are divided
into two categories, that is, seed points and non-seed points.
Therefore, the disparity values of all of the seed points and
the disparity values of all of the non-seed points are inte-
grated according to corresponding coordinate positions to
form a dense disparity map.

It may be learned from the above technical solutions that,
the beneficial effects of the embodiments of the present
invention lie in that, according to the method for stereo
matching provided in the embodiment of the present inven-
tion, initial disparity values of pixel points in binocular
views are first calculated by using a local stereo matching
algorithm, to obtain an initial left disparity map and an initial
right disparity map. Then a pixel point that meets a preset
condition (which includes: a left-right consistency check is
passed) is selected as a seed point from the initial left
disparity map or the initial right disparity map, and an initial
disparity value of the pixel point is used as a disparity value
of the seed point. For each non-seed point, a confidence
propagation region corresponding to the non-seed point is
constructed in a horizontal direction based on a color
difference and a spatial pixel-to-pixel distance, a disparity
value of the non-seed point is determined based on a
disparity value of a left seed point or a right seed point in the
confidence propagation region that is immediately adjacent
to the non-seed point, and finally a dense disparity map with
a higher accuracy can be quickly formed based on disparity
values of all seed points and disparity values of all non-seed
points, so as to achieve an improvement in both a speed and
an accuracy of stereo matching.

Embodiment 11

Further, on the basis of Embodiment I above, Embodi-
ment II of the present invention further provides another
method for stereo matching.

Specifically, referring to FIG. 4, the method may include
but is not limited to the following steps.

Step 210: Calculate initial disparity values of pixel points
in a left view and a right view by using a local stereo
matching algorithm, to obtain an initial left disparity map of
the left view and an initial right disparity map of the right
view.
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Step 220: Select, from the initial left disparity map or the
initial right disparity map, a pixel point that meets a preset
condition as a seed point, and use the initial disparity value
of the pixel point as a disparity value of the seed point.

Step 230: For each non-seed point, construct a confidence
propagation region corresponding to the non-seed point in a
horizontal direction based on a color difference and a spatial
pixel-to-pixel distance.

Step 240: Determine a disparity value of the non-seed
point based on a disparity value of a left seed point or a right
seed point in the confidence propagation region that is
immediately adjacent to the non-seed point.

Step 250: Form a dense disparity map based on disparity
values of all seed points and disparity values of all non-seed
points.

Step 260: Correct a fringe effect in the dense disparity
map based on voting in a vertical direction.

Since the confidence propagation region is constructed in
the horizontal direction for disparity propagation during the
determining the disparity values of the non-seed points in
above steps 230 and 240, horizontal stripes may be gener-
ated. Therefore, in this embodiment, the fringe effect in the
dense disparity map is further corrected based on the voting
in the vertical direction.

Specifically, for each pixel point p in the dense disparity
map, a histogram with (0, d max) as a horizontal axis range
may be first constructed, where d max is a given maximum
disparity value. Then, the pixel point p is used as the center,
and pixel points within adjacent regions are selected in the
vertical direction. If a color difference between a certain
pixel point p1 in the adjacent regions and the pixel point p
is less than a threshold, then the disparity value correspond-
ing to the pixel point p1 is marked on the horizontal axis of
the histogram, and 1 is added to a vertical axis correspond-
ing to the disparity value. Finally, the disparity value (that is,
the disparity value with the largest number of votes) corre-
sponding to the maximum value on the vertical axis in the
histogram is selected as the disparity value of the pixel point
p. Therefore, adverse effects in the horizontal direction can
be offset, and real-time performance is better.

Further, in some embodiments, in order to further improve
the accuracy of stereo matching, the method may further
include: updating the disparity value of each pixel point by
bilateral filtering in four adjacent regions of the pixel point.
The “four adjacent regions” refer to four pixel points on the
top, bottom, left and right that are immediately adjacent to
the pixel point. The disparity value of the pixel point is
updated by bilateral filtering in four adjacent regions of each
of the pixel points, so as to filter out noise generated by the
above disparity propagation and/or vertical voting process.

It should be noted that the foregoing steps 210 to 250
respectively have the same technical features as steps 110 to
150 in the stereo matching method shown in FIG. 1. There-
fore, for specific implementations of steps 401 and 402,
reference may be made to a corresponding description in
steps 110 to 150 in the foregoing embodiment. Details are
not described again in this embodiment.

It may be learned from the above technical solutions that,
the beneficial effects of the embodiments of the present
invention lie in that, after the dense disparity map is
obtained, the fringe effect in the dense disparity map is
corrected based on the voting in the vertical direction, which
can further improve the accuracy of stereo matching.

Embodiment I11

FIG. 5 is a schematic structural diagram of an apparatus
for stereo matching according to an embodiment of the
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present invention. Referring to FIG. 5, the apparatus 50
includes a matching unit 51, a seed point unit 52, a disparity
propagation unit 53 and a disparity map generation unit 54.

The matching unit 51 is configured to calculate initial
disparity values of pixel points in a left view and a right view
by using a local stereo matching algorithm, to obtain an
initial left disparity map of the left view and an initial right
disparity map of the right view.

The seed point unit 52 includes a seed point selection
module 521 and a seed point disparity determination module
522. The seed point selection module 521 is configured to
select, from the initial left disparity map or the initial right
disparity map, a pixel point that meets a preset condition as
a seed point. The preset condition includes: a left-right
consistency check is passed. The seed point disparity deter-
mination module 522 is configured to use the initial disparity
value of the pixel point as a disparity value of the seed point.

The disparity propagation unit 53 includes a segmentation
module 531 and a disparity propagation module 532. The
segmentation module 531 is configured to, for each non-
seed point, construct a confidence propagation region cor-
responding to the non-seed point in a horizontal direction
based on a color difference and a spatial pixel-to-pixel
distance. The disparity propagation module 532 is config-
ured to determine a disparity value of the non-seed point
based on a disparity value of a left seed point or a right seed
point in the confidence propagation region that is immedi-
ately adjacent to the non-seed point.

The disparity map generation unit 54 is configured to
form a dense disparity map based on disparity values of all
seed points and disparity values of all non-seed points.

In this embodiment, the matching unit 51 may be first
used to calculate initial disparity values of pixel points in a
left view and a right view by using a local stereo matching
algorithm, to obtain an initial left disparity map of the left
view and an initial right disparity map of the right view.
Then the seed point unit 52 selects, from the initial left
disparity map or the initial right disparity map, a pixel point
that meets a preset condition as a seed point, and uses the
initial disparity value of the pixel point as a disparity value
of'the seed point. Then for each non-seed point, the disparity
propagation unit 53 constructs a confidence propagation
region corresponding to the non-seed point in a horizontal
direction based on a color difference and a spatial pixel-to-
pixel distance, and determines a disparity value of the
non-seed point based on a disparity value of a left seed point
or a right seed point in the confidence propagation region
that is immediately adjacent to the non-seed point. Finally,
the disparity map generation unit 54 forms a dense disparity
map based on disparity values of all seed points and dis-
parity values of all non-seed points.

In some embodiments, the seed point selection module
521 is specifically configured to:

scan line-by-line the initial left disparity map or the initial
right disparity map to select the pixel point that meets the
preset condition as the seed point. For each scan line,
rightward line segmentation is performed starting from a
leftmost pixel point of the scan line based on the color
difference and the spatial pixel-to-pixel distance, to obtain a
plurality of support regions, where each of the support
regions is searched starting from the leftmost pixel point for
the pixel point that meets the preset condition as the seed
point, and when the seed point is found in the support region,
a next support region is searched for a next seed point.

In some embodiments, the preset condition further
includes: during local stereo matching, a difference between
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a second smallest cost and the smallest cost corresponding
to the pixel point is greater than or equal to a first preset
threshold.

In some embodiments, the segmentation module 531 is
specifically configured to:

with the non-seed point as a center, detect a left segmen-
tation point and a right segmentation point of the non-seed
point respectively in a horizontally lefiward direction and a
horizontally rightward direction, and use a region between
the left segmentation point and the right segmentation point
as the confidence propagation region corresponding to the
non-seed point, where the left segmentation point and the
right segmentation point meet the following condition:

a color difference with the non-seed point is greater than
a second preset threshold; or

a spatial pixel-to-pixel distance with the non-seed point is
greater than a third preset threshold.

In some embodiments, the disparity propagation module
532 is specifically configured to:

if only the left seed point that is immediately adjacent to
the non-seed point exists in the confidence propagation
region, use the disparity value of the left seed point as the
disparity value of the non-seed point;

if only the right seed point that is immediately adjacent to
the non-seed point exists in the confidence propagation
region, use the disparity value of the right seed point as the
disparity value of the non-seed point; or

if both the left seed point and the right seed point that are
immediately adjacent to the non-seed point exist in the
confidence propagation region, determine the disparity value
of the non-seed point according to a characteristic of a
region in which the non-seed point is located and based on
the disparity value of the left seed point and the disparity
value of the right seed point.

Further, in some other embodiments, if both the left seed
point and the right seed point that are immediately adjacent
to the non-seed point exist in the confidence propagation
region, the disparity propagation module 532 is specifically
configured to:

if the non-seed point is in a blocked region or a depth-
discontinuous region, use a smaller one of the disparity
value of the left seed point and the disparity value of the
right seed point as the disparity value of the non-seed point;
or otherwise, use a linearly interpolated value between the
disparity value of the left seed point and the disparity value
of the right seed point as the disparity value of the non-seed
point.

In addition, in some embodiments, the apparatus 50
further includes a correction unit 55. The correction unit 55
is configured to correct a fringe effect in the dense disparity
map based on the voting in the vertical direction.

In some other embodiments, the correction unit 55 is
further configured to update, the disparity value of each
pixel point by bilateral filtering in four adjacent regions of
the pixel point.

It should be noted that, Since the apparatus for stereo
matching and the method for stereo matching in the fore-
going method embodiment are based on the same inventive
concept, the corresponding content of the foregoing method
embodiment is also applicable to the apparatus embodiment,
and the details are not described herein again.

It may be learned from the above technical solutions that,
the beneficial effects of the embodiments of the present
invention lie in that, in the apparatus for stereo matching
provided in the embodiment of the present invention, the
matching unit 51 is first used to calculate initial disparity
values of pixel points in a left view and a right view by using
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a local stereo matching algorithm, to obtain an initial left
disparity map of the left view and an initial right disparity
map of the right view. Then the seed point unit 52 selects,
from the initial left disparity map or the initial right disparity
map, a pixel point that meets a preset condition as a seed
point, and uses the initial disparity value of the pixel point
as a disparity value of the seed point. Then for each non-seed
point, the disparity propagation unit 53 constructs a confi-
dence propagation region corresponding to the non-seed
point in a horizontal direction based on a color difference
and a spatial pixel-to-pixel distance, and determines a dis-
parity value of the non-seed point based on a disparity value
of a left seed point or a right seed point in the confidence
propagation region that is immediately adjacent to the
non-seed point. Finally, the disparity map generation unit 54
forms a dense disparity map based on disparity values of all
seed points and disparity values of all non-seed points. The
dense disparity map with a higher accuracy can be formed
quickly, so as to achieve an improvement in both a speed and
an accuracy of stereo matching.

It should be noted that the foregoing described apparatus
embodiments are merely examples. The units described as
separate parts may or may not be physically separated and
may be located in one position, or may be distributed on a
plurality of network units. Some or all of the modules may
be selected according to actual needs to implement the
objectives of the solutions of the embodiments.

Embodiment IV

FIG. 6 is a schematic diagram of a hardware structure of
an electronic device according to an embodiment of the
present invention. The electronic device 600 may be any
type of hardware device, for example, a UAV, an automotive
MCU, a smart phone, a robot, a personal computer, a
wearable smart device or the like, capable of performing the
method for stereo matching provided in the foregoing
method embodiment or running the apparatus for stereo
matching provided in the foregoing apparatus embodiment.

Specifically, referring to FIG. 6, the electronic device 600
includes:

one or more processors 601 and a memory 602. One
processor 601 is used as an example in FIG. 6.

The processor 601 and the memory 602 may be connected
by using a bus or in another manner. A connection by using
the bus is used as an example in FIG. 6.

As a non-transitory computer-readable storage medium,
the memory 602 may be configured to store a non-transitory
software program, a non-transitory computer executable
program and a module, for example, a program instruction/
module (for example, the matching unit 51, the seed point
unit 52, the disparity propagation unit 53, the disparity map
generation unit 54 and the correction unit 55 shown in FIG.
5) corresponding to the method for stereo matching in the
embodiments of the present invention. The processor 601
executes various functional applications and data processing
of the apparatus 50 for stereo matching by running the
non-transitory software program, an instruction and the
module stored in the memory 602, that is, the implements
the method for stereo matching in any of the foregoing
method embodiments.

The memory 602 may include a program storage area and
a data storage area. The program storage area may store an
operating system and an application program required by at
least one function. The data storage area may store data
created according to use of the stereo matching apparatus 50,
and the like. In addition, the memory 602 may include a
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high-speed random access memory, and may further include
a non-transitory memory, such as at least one magnetic disk
memory device, a flash memory device, or other non-
transitory solid-state memory devices. In some embodi-
ments, the memory 602 optionally includes memories
remotely disposed relative to the processor 601, and these
remote memories may be connected to the processor 601 by
using a network. Examples of the network include, but are
not limited to, the Internet, an intranet, a local area network,
a mobile communication network, and a combination
thereof.

The one or more modules are stored in the memory 602.
When executed by the one or more processors 601, the
method for stereo matching in any of the above method
embodiments is performed. For example, the above method
steps 110-150 in FIG. 1 and method steps 210-260 in FIG.
4 are performed to implement functions of the units 51-55 in
FIG. 5.

Embodiment V

An embodiment of the present invention further provides
a non-transitory computer-readable storage medium, storing
computer-executable instructions that are executed by one or
more processors, for example, executed by the processor
601 in FIG. 6, so that the one or more processors may
perform the method for stereo matching in any of the
foregoing method embodiments, for example, perform
method steps 110-150 in FIG. 1 and method steps 210-260
in FIG. 4 to implement functions of the units 51-55 in FIG.
5.

Based on the descriptions of the foregoing implementa-
tions, a person of ordinary skill in the art may clearly
understand that the implementations may be implemented
by software in addition to a universal hardware platform, or
by hardware. A person of ordinary skill in the art may
understand that all or some of procedures in the foregoing
embodiment methods may be implemented by a computer
program in a computer program product instructing relevant
hardware. The computer program may be stored in a non-
transitory computer-readable storage medium, and the com-
puter program includes program instructions. When the
program instructions are executed by an electronic device,
the electronic device may be enabled to execute the proce-
dures of the foregoing method embodiments. The storage
medium may be a magnetic disk, an optical disc, a read-only
memory (ROM), a RAM or the like.

The above products (including: the electronic device, the
non-transitory computer-readable storage media and com-
puter program products) may perform the method for stereo
matching provided in the embodiments of the present inven-
tion and has the corresponding functional modules for
performing the method for stereo matching and beneficial
effects. For technical details not described in detail in this
embodiment, reference may be made to the stereo matching
method provided in the embodiments of the present inven-
tion.

Finally, it should be noted that the foregoing embodiments
are merely used for describing the technical solutions of the
present invention, but are not intended to limit the present
invention. Under the concept of the present invention, the
technical features in the foregoing embodiments or different
embodiments may be combined, the steps may be imple-
mented in any sequence, and there may be many other
changes in different aspects of the present invention as
described above. For brevity, those are not provided in
detail. Although the present invention is described in detail
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with reference to the foregoing embodiments, a person of
ordinary skill in the art should understand that they may still
make modifications to the technical solutions described in
the foregoing embodiments or make equivalent replace-
ments to some technical features thereof, without departing
from the scope of the technical solutions of the embodiments
of the present invention.

What is claimed is:

1. A method for stereo matching, the method comprising:

calculating initial disparity values of pixel points in a left

view and a right view by using a local stereo matching
algorithm, to obtain an initial left disparity map of the
left view and an initial right disparity map of the right
view;

selecting, from the initial left disparity map or the initial

right disparity map, a pixel point that meets a preset
condition as a seed point, and using the initial disparity
value of the pixel point as a disparity value of the seed
point, wherein the preset condition comprises: a left-
right consistency check is passed;

for each non-seed point, constructing a confidence propa-

gation region corresponding to the non-seed point in a
horizontal direction based on a color difference and a
spatial pixel-to-pixel distance;
determining a disparity value of the non-seed point based
on a disparity value of a left seed point or a right seed
point in the confidence propagation region that is
immediately adjacent to the non-seed point; and

forming a dense disparity map based on disparity values
of all seed points and disparity values of all non-seed
points;

wherein the preset condition further comprises:

during local stereo matching, a difference between a

second smallest cost and a smallest cost corresponding
to the pixel point is greater than or equal to a first preset
threshold.

2. The method according to claim 1, wherein the select-
ing, from the initial left disparity map or the initial right
disparity map, a pixel point that meets a preset condition as
a seed point comprises:

scanning line-by-line the initial left disparity map or the

initial right disparity map to select the pixel point that
meets the preset condition as the seed point, wherein
for each scan line, rightward line segmentation is
performed starting from a leftmost pixel point of the
scan line based on the color difference and the spatial
pixel-to-pixel distance, to obtain a plurality of support
regions, wherein each of the support regions is
searched starting from the leftmost pixel point for the
pixel point that meets the preset condition as the seed
point, and when the seed point is found in the support
region, a next support region is searched for a next seed
point.

3. The method according to claim 1, wherein the con-
structing a confidence propagation region corresponding to
the non-seed point in a horizontal direction based on a color
difference and a spatial pixel-to-pixel distance comprises:

with the non-seed point as a center, detecting a left

segmentation point and a right segmentation point of
the non-seed point respectively in a horizontally left-
ward direction and a horizontally rightward direction,
and using a region between the left segmentation point
and the right segmentation point as the confidence
propagation region corresponding to the non-seed
point, wherein the left segmentation point and the right
segmentation point meet the following condition:
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a color difference with the non-seed point is greater than
a second preset threshold; or

a spatial pixel-to-pixel distance with the non-seed point is
greater than a third preset threshold.

4. The method according to claim 1, wherein the deter-
mining a disparity value of the non-seed point based on a
disparity value of a left seed point or a right seed point in the
confidence propagation region that is immediately adjacent
to the non-seed point comprises:

when only the left seed point that is immediately adjacent
to the non-seed point exists in the confidence propa-
gation region, using the disparity value of the left seed
point as the disparity value of the non-seed point;

when only the right seed point that is immediately adja-
cent to the non-seed point exists in the confidence
propagation region, using the disparity value of the
right seed point as the disparity value of the non-seed
point; or

when both the left seed point and the right seed point that
are immediately adjacent to the non-seed point exist in
the confidence propagation region, determining the
disparity value of the non-seed point according to a
characteristic of a region in which the non-seed point is
located and based on the disparity value of the left seed
point and the disparity value of the right seed point.

5. The method according to claim 4, wherein the deter-
mining the disparity value of the non-seed point according
to a characteristic of a region in which the non-seed point is
located and based on the disparity value of the left seed point
and the disparity value of the right seed point comprises:

when the non-seed point is in a blocked region or a
depth-discontinuous region, using a smaller one of the
disparity value of the left seed point and the disparity
value of the right seed point as the disparity value of the
non-seed point; or

otherwise, using a linearly interpolated value between the
disparity value of the left seed point and the disparity
value of the right seed point as the disparity value of the
non-seed point.

6. The method according to claim 1, wherein after the step
of forming the dense disparity map based on the disparity
values of all seed points and the disparity values of all
non-seed points, the method further comprises:

correcting a fringe effect in the dense disparity map based
on voting in a vertical direction.

7. The method according to claim 6, wherein after the step
of correcting the fringe effect in the dense disparity map
based on the voting in the vertical direction, the method
further comprises:

updating the disparity value of each pixel point by bilat-
eral filtering in four adjacent regions of the pixel point.

8. An apparatus for stereo matching, the apparatus com-
prising:

a processor, configured to: calculate initial disparity val-
ues of pixel points in a left view and a right view by
using a local stereo matching algorithm, to obtain an
initial left disparity map of the left view and an initial
right disparity map of the right view;

select, from the initial left disparity map or the initial right
disparity map, a pixel point that meets a preset condi-
tion as a seed point, wherein the preset condition
comprises: a left-right consistency check is passed;

use the initial disparity value of the pixel point as a
disparity value of the seed point;

for each non-seed point, constructing a confidence propa-
gation region corresponding to the non-seed point in a
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horizontal direction based on a color difference and a
spatial pixel-to-pixel distance;
determine a disparity value of the non-seed point based on
a disparity value of a left seed point or a right seed point
in the confidence propagation region that is immedi-
ately adjacent to the non-seed point; and
form a dense disparity map based on disparity values of
all seed points and disparity values of all non-seed
points;
wherein the preset condition further comprises:
during local stereo matching, a difference between a
second smallest cost and a smallest cost corresponding
to the pixel point is greater than or equal to a first preset
threshold.
9. The apparatus according to claim 8, wherein the
processor is specifically configured to:
scan line-by-line the initial left disparity map or the initial
right disparity map to select the pixel point that meets
the preset condition as the seed point, wherein
for each scan line, rightward line segmentation is per-
formed starting from a leftmost pixel point of the scan
line based on the color difference and the spatial
pixel-to-pixel distance, to obtain a plurality of support
regions, wherein each of the support regions is
searched starting from the leftmost pixel point for the
pixel point that meets the preset condition as the seed
point, and when the seed point is found in the support
region, a next support region is searched for a next seed
point.
10. The apparatus according to claim 8, wherein the
processor is specifically configured to:
with the non-seed point as a center, detecting a left
segmentation point and a right segmentation point of
the non-seed point respectively in a horizontally left-
ward direction and a horizontally rightward direction,
and using a region between the left segmentation point
and the right segmentation point as the confidence
propagation region corresponding to the non-seed
point, wherein
the left segmentation point and the right segmentation
point meet the following condition:
a color difference with the non-seed point is greater than
a second preset threshold; or
a spatial pixel-to-pixel distance with the non-seed point is
greater than a third preset threshold.
11. The apparatus according to claim 8, wherein the
processor is specifically configured to:
when only the left seed point that is immediately adjacent
to the non-seed point exists in the confidence propa-
gation region, use the disparity value of the left seed
point as the disparity value of the non-seed point;
when only the right seed point that is immediately adja-
cent to the non-seed point exists in the confidence
propagation region, use the disparity value of the right
seed point as the disparity value of the non-seed point;
or
when both the left seed point and the right seed point that
are immediately adjacent to the non-seed point exist in
the confidence propagation region, determine the dis-
parity value of the non-seed point according to a
characteristic of a region in which the non-seed point is
located and based on the disparity value of the left seed
point and the disparity value of the right seed point.
12. The apparatus according to claim 11, wherein if both
the left seed point and the right seed point that are imme-
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diately adjacent to the non-seed point exist in the confidence
propagation region, the processor is specifically configured
to:
when the non-seed point is in a blocked region or a
depth-discontinuous region, use a smaller one of the
disparity value of the left seed point and the disparity
value of the right seed point as the disparity value of the
non-seed point; or
otherwise, use a linearly interpolated value between the
disparity value of the left seed point and the disparity
value of the right seed point as the disparity value of the
non-seed point.
13. The apparatus according to claim 8, wherein
the processor is further configured to correct a fringe
effect in the dense disparity map based on voting in a
vertical direction.
14. The apparatus according to claim 13, wherein the
processor is further configured to:
update the disparity value of each pixel point by bilateral
filtering in four adjacent regions of the pixel point.
15. An electronic device, comprising:
at least one processor; and
a memory communicatively connected to the at least one
processor, wherein the memory stores instructions
executable by the at least one processor, the instruc-
tions, when executed by the at least one processor,
causing the at least one processor to:
calculate initial disparity values of pixel points in a left
view and a right view by using a local stereo matching
algorithm, to obtain an initial left disparity map of the
left view and an initial right disparity map of the right
view;
select, from the initial left disparity map or the initial right
disparity map, a pixel point that meets a preset condi-
tion as a seed point, and use the initial disparity value
of the pixel point as a disparity value of the seed point,
wherein the preset condition comprises:
a left-right consistency check is passed;
for each non-seed point, construct a confidence propaga-
tion region corresponding to the non-seed point in a
horizontal direction based on a color difference and a
spatial pixel-to-pixel distance;
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determine a disparity value of the non-seed point based on
a disparity value of a left seed point or a right seed point
in the confidence propagation region that is immedi-
ately adjacent to the non-seed point; and

form a dense disparity map based on disparity values of
all seed points and disparity values of all non-seed
points;

wherein the preset condition further comprises:

during local stereo matching, a difference between a
second smallest cost and a smallest cost corresponding
to the pixel point is greater than or equal to a first preset
threshold.

16. A non-transitory computer-readable storage medium,

storing computer-executable instructions used for causing an
electronic device to:

calculate initial disparity values of pixel points in a left
view and a right view by using a local stereo matching
algorithm, to obtain an initial left disparity map of the
left view and an initial right disparity map of the right
view;

select, from the initial left disparity map or the initial right
disparity map, a pixel point that meets a preset condi-
tion as a seed point, and use the initial disparity value
of the pixel point as a disparity value of the seed point,
wherein the preset condition comprises:

a left-right consistency check is passed;

for each non-seed point, construct a confidence propaga-
tion region corresponding to the non-seed point in a
horizontal direction based on a color difference and a
spatial pixel-to-pixel distance;

determine a disparity value of the non-seed point based on
a disparity value of a left seed point or a right seed point
in the confidence propagation region that is immedi-
ately adjacent to the non-seed point; and

form a dense disparity map based on disparity values of
all seed points and disparity values of all non-seed
points;

wherein the preset condition further comprises:

during local stereo matching, a difference between a
second smallest cost and a smallest cost corresponding
to the pixel point is greater than or equal to a first preset
threshold.



