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Review of Improved Census Stereo Matching Algorithm
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Abstract ; Stereo matching algorithm plays an important role in binocular vision. Census stereo matching algo-
rithm based on nonparametric transformation has been widely used in recent years, but there are some shortcom-
ings in the process of disparity calculation. In view of the shortcomings of census stereo matching algorithm,
there have been many improvements of census stereo matching algorithm. Firstly, the basic principle of disparity
calculation based on census stereo matching algorithm is introduced, and the limitation of disparity calculation
based on census stereo matching algorithm is analyzed. Then,the improved census stereo matching algorithm is
summarized in the form of classification, and the improved census stereo matching algorithms are divided into six
categories. Finally, the advantages, disadvantages and core ideas of each kind of improved census stereo match-
ing algorithms are summarized, and six kinds of improved census stereo matching algorithms are compared and
analyzed, and the application and development trend of census stereo matching algorithms are summarized.
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Tab.1 Comparison of Census improved algorithms based on transform window

Improvement method Core idea

Advantage

Shortcoming

Sobel, Prewitt, Roberts
operator to detect the edge of
image

Change the window
size

Contrast relationship
neighborhood information and
central pixel, select an
appropriate function to give the
neighborhood pixel weight

Window interior point
weighting value

Reduced mis—matching
(parallax discontinuous
regions)

Improve parallax
accuracy and reduce
false matching rate

Under the condition of noise, the gradient
operator will produce error in detecting image
edge information, and different gradient
operators will produce different effects

The choice of function affects the parallax
accuracy. Different functions give different
weights to pixels
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Tab.2 Comparison of improved algorithm based on neighborhood pixel averaging center pixel census

Improvement method Core idea Advantage Shortcoming

The average gray value of
neighborhood pixels replace
the gray value of central pixels

Loss of other information of
neighborhood pixels

Average the gray value of
central pixel

Solve errors by sudden change
of central pixel

Different threshold selection
and function selection will have
a great impact on the results

The information of neighborhood
pixels judge whether the central
pixel has sudden change

Check the gray value of central
pixel

Reduce error by sudden change
of central pixel
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Tab.3 Comparison of improved Census algorithm based on other information of neighborhood pixels

Improvement method Core idea

Advantage

Shortcoming

Change the center pixel value
to the average value plus the
local texture contrast term

Texture control over
center pixel

Change the center pixel value
to the neighborhood harmonic
mean

Color control over
center pixel

The binary string from the
comparison gray value is
changed to the comparison
gradient value

Gradient control on
central pixel

The cross—correlation information of
neighborhood pixels is used to reduce the
error caused by the sudden change of
central pixel

The color information of neighborhood
pixels is used to reduce the error caused
by pixel mutation

The change of gray value of neighborhood
pixels is used to reduce the error of
parallax discontinuous region

The overall mismatch rate in
the parallax discontinuous
region needs to be improved

The smoothness of parallax is
relatively poor, and there are
small bright spots in the
parallax map

How to select gradient
operators with low time
complexity and high accuracy

4 BEFHUPOBESAE—REMEEE Census B EEFTLE
Tab.4 Comparison of improved Census algorithm based on weakening center pixel as the only decisive factor

Improvement method Core idea Advantage Shortcoming

Through the neighborhood pixels and the ) )
o . Weakening the central pixel ) o
Improvement of Census average value, it is compared again ) o The time complexity is
) ) ) i ) o is the only decisive factor )
based on binary string By increasing the noise control amount, it is ) greatly increased
Increased robustness to noise

compared with the neighborhood pixels
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Tab.5 Comparison of improved Census algorithm based on cost aggregation

Improvement method Core idea

Advantage

Shortcoming

The false matching is reduced
by optimizing the edge
information

The parallax discontinuity

Cost aggregation of filtering region error is improved

Optimize the generation value
by using information such as
color distance

The error of weak texture
region is improved

Four / eight path cost
aggregation

High time complexity

High time complexity

x6 ETmAE XM Census B E LT

Tab.6 Comparison of improved Census algorithm based on fusion algorithm

Improvement method Core idea Advantage

Shortcoming

The false matching rate of
repeated texture and weak
texture is reduced

AD can improve the ambiguity
of census on repeated texture

AD-Census

scenes

It reduces the error of parallax
discontinuous scene and weak
texture scene

Adaptive weights can improve

Gradient=Census the census boundary blur

In the area of parallax
discontinuity, the accuracy
needs to be improved

The gradient calculation time
complexity is high and needs
subsequent optimization
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Tab.7 Comparison of various improved Census algorithms

Improvement method Advantage

Shortcoming

Reducing the "influence of useless points
on the value of matching generation" and
improving the accuracy of parallax
discontinuity area

Transform window

. . . . The mismatching caused by the mutation
Neighborhood pixel averaging center pixel of the central pixel is solved
Solve the loss of other information of
neighborhood pixels and improve the
matching accuracy

Other information of neighborhood pixels

Make full use of other information of
neighborhood pixels, improve the lack of
information, and weaken the central pixels
as the only decisive factor

Binary string

The accuracy of parallax map obtained by
different gradient operators and functions

is different

The selection of threshold and control
quantity will affect the accuracy of

matching

The accuracy of specific areas in the scene

needs to be improved

Although the neighborhood information is
used in the comparison, the time of the
comparison process is doubled

Cost aggregation

Fusion algorithm

The time complexity is high, and the

The accuracy of Census algorithm in some accuracy of parallax map obtained by the
specific areas is optimized

selection of aggregation function with
different costs is different

Improve the accuracy of Census algorithm  The whole needs to be optimized to meet
in specific areas

the required conditions
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Tab.8 Time comparison of the improved Census
algorithm effect diagram

Matching cost

Improvement method .
time/s

Census improvement of transform window 1.482
Neighborhood pixel averaging center pixel 1.391
Local texture contrast term 1.395

Binary string 1.578

Four path cost aggregation 4.205
AD—-Census fusion 6.162
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