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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

Reduced mis—matching
(parallax discontinuous
regions)

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

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

Window interior point
weighting value

Improve parallax
accuracy and reduce
false matching rate

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

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

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

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

Texture control over
center pixel

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

Change the center pixel value ~ The color information of neighborhood
to the neighborhood harmonic  pixels is used to reduce the error caused
mean by pixel mutation

Color control over
center pixel

The binary string from the

Gradient control on comparison eray value is The change of gray value of neighborhood How to select gradient
central/ el chan pe dto t}i Cyom arison pixels is used to reduce the error of operators with low time
P & P parallax discontinuous region complexity and high accuracy

gradient value
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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 ) L
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
) ) i 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
Cost aggregation of filtering by optimizing the edge
information

The parallax discontinuity

. . High time complexit
region error is improved 5 p ¥

Optimize the generation value

S . The error of weak texture
by using information such as

Four / eight path cost High time complexity

aggregation color distance region is improved
*6 ETBAHEEN Census Bt E LIS EE
Tab.6 Comparison of improved Census algorithm based on fusion algorithm
Improvement method Core idea Advantage Shortcoming
AD can improve the ambiguity The false matching rate of In the area of parallax
AD-Census of census on repeated texture repeated texture and weak discontinuity, the accuracy
scenes texture is reduced needs to be improved

It reduces the error of parallax ~ The gradient calculation time
discontinuous scene and weak  complexity is high and needs
texture scene subsequent optimization

Adaptive weights can improve

Gradient—-Census
® the census boundary blur
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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

Transform window

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

discontinuity area

Neighborhood pixel averaging center pixel

The mismatching caused by the mutation
of the central pixel is solved

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

Solve the loss of other information of

Other information of neighborhood pixels

neighborhood pixels and improve the
matching accuracy

The accuracy of specific areas in the scene
needs to be improved

Make full use of other information of

Binary string

Cost aggregation

Fusion algorithm

neighborhood pixels, improve the lack of
information, and weaken the central pixels
as the only decisive factor

Improve the accuracy of Census algorithm
in specific areas

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

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

The whole needs to be optimized to meet
the required conditions
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Tab.8 Time comparison of the improved Census
algorithm effect diagram

Matching cost
Improvement method 8

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

A R AR PRI TR B e AR T ) B[] A2 2% 2

4 Census YA EEZNNAINLZEGER

XH PEEC S T S 8 th— DR AR AR (1 [R)
Bz —  FUH VL& — > &7 R, & A 3T 40 4F
1 SE B SY . Z24F ok, ST AR DT FE Ak A 42 R Bk
B Jry FR G 1k DL AR ZR ) & i e AR O i S A R
B AL R Census Jy & 37 142 DT E 53 05 A AT >F 156
Ji BT B 3B AT B PR DG HCORS B A e AT T P
5, 115 Census 33057 51 SC ) 58 BV =4k 5014

Z—1E FPCA | HcH R Census B EW & 2h
T, B TORAT AL, A2 i o 2% TR B2 & OF BT
T FEL SIS ) SR AT B e AR o DX I DR O 2
XF 55 80 5RO BN — B0 S ig 1R B AR
KO0 AO AL 22 1 [l B 3 F Census 7 AR VG i 8072 v]
T B FANREF AR M JC N 472 Bl i B 2 JL Rl
H b S5l 0 A T PR R 3 S AR X g DL e, {3
& Census 37 ARV Be Sk A7 7F — 5 09 Jm B : , BRI ke
HUHE ) Census 37 742 DT JC 58 325 AT DAAE 45 548 19 a7 4K
D PEAGOX (184 B T v

7 AR VG PSR 0 S it 5 IR 2 R I L
THE AR E M RS % B2 4 SR PR 98 b Ok A B Bk
1A B AT AT AT L DR X F A58 Census 7 AR DT L
TRV VDN R G Y A R 23 AT, AR Y e T s et L
FE LA JL7 T A )

1) Census 7 {4 VT fig 8. 0k FH & 7 1 59 A 24l
Ho W ARVEREZ— A 287 R R, B — Pk

TEAN R Y37 SRR & A BBk 5, Census SZARDE L
SRR AT R BB AR AT RS AR IC I, B = 2 R R
B T Census S AR DE it 530k il & 3] 4 J&y a7 AR
DG e B30 12 HE S v R A 7 R A g

2) $25 Census 7 /A VT Jig 5 7R R AL G = &
PRE A P MANES K ZER S, BT
SR AEAEME S S AT oS DL R 2 O % Sk
EAHIMHEER, REICRASBRPES - AERE,
7 30 45 DI 2 K A0 2% 18] 72 Census 57 1A VL i
B AR B R R,

3) LR R B SEH B Census 37 DT
T A A 8 v AR T G FCORG E A [R] Bsf, BefJi) 5 2%
JERIE A EE B — R . H AT R ZHO R
JEFE RS B3 6 Census B3k HEAT A BCHE | AL I
TERAPRHG BE 1 258 T, 32D Census 7 M4 DT R 33 7E AR
Wi G aek A v I R] A2 2% B R R R 1 R R A Y fif
5 Census 7 /K VG RC 5375 78 52 P H 3 A5 2 1z 19
BT

4) Census . ARUC FLR VL FINR B 5 2] Bk 45 6
N T AR B3V MOk 78 22 1 1o T Mgk e S7 A4 DG e [
L e HIL AR 2 T ) 4 RITR 2 2 > 1) e 3t B 3
ST TR T 0 K ke RN X TE JL AR HI 2
TG, AR X P ] Y OC R 2
AU o HLs > HOR IR ) M3 1Ak DT
T 4 A 1) ¢ Ji& T S7 AR DR FE 5 R A B SUTT1 1 385 10
Tiid o EAERHE T &SR AT I R G A IR 3
FHMEZE o] DL A Rl 3 57 2 584k Census 7. R DC
5 #XRiE

Census 7% UG fic 80y A0 X5 A 158, VG Bie kG B 4 i
PrrHvEEsR B2 AR —E kG, AXE
FLER T Census VARVC B A BREG, A9 T
Census 7 14 VT e 575 0 0k 7 1) DL Ko b 45 A el i
M BRETEAT T XL, 200 T e TR O Bk A &2
HEREE A RBOR B LA St (8] 52 2% e R ST AR VG PR 5
B RC A%t TIRZAE {0 /& Census 7 & VT L
R TCIR AR IS ik S 52 bR v 5 T ER A —
) JRy B o X F Census Sz AR VE BRI VA AR Ok EZH IR
B AR BE RN (] A2 2 B ) ik — 2D A AL . FESR AR
DC FSC A 2 A [) AR Af ) A % R, 0 20T 2 2% ) —
S



5130

KB E 5 0 Census 3714 DG it 5595 0F 58 25 34 123

S 3K

[1] MARR D C. A Computational investigation into the human
representation and processing of visual information[M]. San
Francisco: W.H.Freeman and Company, 1982.

(2] B Sk, S IR 3. N7 A DC 0 Rk BIF 5T 255 (], L A R 2
Bi“#42,2018,35(2) :43-48.

ZENG W X,GUO Z K. Review of stereo matching algo-
rithms|J]. Journal of Hebei Academy of Sciences,2018,35
(2):43-48.

[RY NS ERVAC BV L N UM TR 72 1 DTS | M % NS R
2020,30(2):157-165.

CHEN H,WANG L J. Review of stereo matching algorithms
[J]. High tech communication,2020,30(2):157-165.

[4] 20k Vel E ik BUE S E TR SR 2R R[],

PRHT RS54l (A AR B R) ,2015,29(2) : 70-75.
CAO Z Y,YAN Z H,WANG H. Review of binocular stereo
vision matching technology[J]. Journal of Chongging Uni-
versity of Technology (Natural Science Edition),2015,29
(2):70-75

[5] MR4 A, FARMG. 3CH 958 (1 VG e 5 ik 2R )], B2
=4 ,2020,41(5):702-708.

CHEN Y,YANG L L. Review of binocular vision matching
algorithms [J] Journal of Graphics,2020,41(5):702-708.

[6] X R P, 2% SO, 5l BB . X0 H B SE 14 57 K DT g 55 6 F 50
HERE()). P HLRRE S R4 ,2020,14(7) : 1104-1113.
ZHAO C Y,LI W X,ZHANG Q X. The research progress
of stereo matching algorithm of binocular vision[J]. Comput-
er Science and Exploration,2020,14(7):1104-1113

(7] T ™, . B0 E 7 A DG e 5k i B 5T TR (). 4
il 5 P55 ,2008,23(7) : 721-729.

BAI M,ZHUANG Y ,WANG W. Research and development
of binocular stereo matching algorithm[J]. Control and Deci-
sion,2008,23(7):721-729.

[8] SHI C B,WANG G J,YIN X W, et al. High-accuracy stereo
matching based on adaptive ground control points|]J]. IEEE
Transactions on Image Processing,2015,24(4):1412-1423.

[9] GRANER G,POCK T,BISCHOF H. Online 3D reconstruc-
tion using convex optimization[C]//2011 IEEE International
Conference on Computer Vision Workshops. New York: [EEE
Press,2011:708-711.

[10] PRADEEP V,RHEMANN C,IZADI S, et al. Mono Fusion:
Real-time 3D Reconstruction of small scenes with a single
web camera[C]//IEEE International Symposium on Mixed
and Augmented Reality. New York:IEEE Press,2013:83-
88.

[11] ZABIH R,WOODFILL J. Non—parametric local transforms

for computing visual correspondence[C]//The 3rd European
Conference on Computer Vision. Heidelberg:Springer,
1994.151-158.

[12] B2 M. BUE AR 5E 37 4 DT 5 1 A AL F 52 (D).
W IR U L IR R I Tl K%, 2015.

LUO Y B. Optimization of stereo matching algorithm in
binocular stereo vision[D]. Harbin:Harbin Institute of Tech-
nology,2015.

[13] NGUYEN D M,HANCE J,LU S P,et al. Robust stereo
matching using census cost,discontinuity preserving dis-
parity computation and view-—consistent refinement|C]//
IEEE. 2015 International Conference on 3D Imaging,2016:
1-8.

[14] YANG Q X. A non-local cost aggregation method for stereo
matching[C]//2012 IEEE Conference on Computer Vision
and Pattern Recognition.2012 :1402-1409.

[15] FR2% 85, 22 0. TR i G K DN J vk Wt 5 ok e ()], B
A TR ,2018,41(23):32-37.

HU L,CHANG X,JI F. New Progress in Image Edge De
tection|J]. Modemn Electronic Technology,2018,41(23) .
32-37

[16] 5k F . 3 T 2tk Census 7ZE 46 1) Jay 35 37 44 DT fic 50 92 A
FE[D]. MR . AR b Mol K5, 2018.

ZHANG ] L. Research on local stereo matching algorithm
based on improved census transform[D]. Harbin: Northeast
Forestry University,2018.

[17] & &, HBVLIE R M. 3T 2 iF Census 72 # 11 57 4 VT
B VL[] dHEL FHAFSE ,2013,30(10) :3185-3188.
LEI L,ZHENG J B,SONG X M. Stereo matching algorithm
based on improved census transform|[J]. Computer Applica-
tion Research,2013,30(10):3185-3188.

[18] B, MXAeIR. ML IR (E AR B B & N K i 4R e
BC[)]. o B SR BB 4] ,2019,24(8) : 1381-1390.
HUANG C,ZHAO H Z. Semi global matching of adaptive
window based on gray value information [J]. Chinese Journal
of Image and Graphics,2019,24(8):1381-1390.

[19] MA L,LI J,et al. A modified census transform based on
the neighborhood information for stereo matching algorithm
[C)//2013 Seventh Internationl Conference on Image and
Graphics,2013:533-538.

[20] CHANG Y C,TSAI T H,HSU B H,et al. Algorithm and
architecture of disparity estimation with mini —census
adaptive support weight|J]. IEEE Transactions on Circuits
and Systems for Video Technology,2010,20(6):792-805.

[217] xUEE iy S, 0 8 g 45 3 Tt Census A8 40 Fl1 2 R
JE 25 8] (4 SE AR DETE VR D], 4R p H TR o e (F AR



124 R R4

2022 4

2Eh),2017,45(12) :43-49.

LIU J G,YU L,LIU S J. Stereo matching algorithm bon

improved census transform and multi—scale space[J]. Jour

nal of South China University of Technology (Natural Science

Edition) ,2017,45(12) :43-49.

JARER, &30, — MR B H & W ALTE Census 28 57

PRVL RCBE L[] FHEMLT R 5 04, 2016,52(16) : 192~

197.

ZHOU W W,JIN W G. A novel adaptive weighted census

transform stereo matching algorithm[J]. Computer Engineer-

ing and Applications,2016,52(16):192-197.

[23] XI5, BRfEiz. 3 F e Census A5 e A1 WK 2R A 19 57 1K
VERCT7 VR[] M R 3 K 2424 41k, 2020, 25(2) :25-30.
LIU S,CHEN D Y. Stereo matching method based on im-

[22

—

proved census transform and mesh aggregation[J]. Journal
of Harbin University of Technology,2020,25(2):25-30.

[24] B S, KT R T O MAE B9 B0 HE Census 57
PRIC RS (T, AL TR, 2021,47(5) : 189-196.
HUANG B,HU L K,ZHANG Y. Improved census stereo
maltching algorithm based on adaptive weight [J]. Computer
Engineering,2021,47(5) : 189-196.

[25] AMBROSIO G,GONZALEZ J. Extracting and matching
perceptual groups for hierarchical stereo vision[C]//15th
International Conference on Pattern Recognition. Barcelona,
2000.542-545.

[26] BIRCHFIELD B,NATAR AJAN B,TOMASI C. Correspon-
dence as energy—based seg—mentation[J]. Image and Vision
Computing,2007,25(8) :1329-1340.

[27] Bk ARAEFY . ik i JE S 80 Census 48 4 57 {4 T Fit 55
] SRR (PR ,2019,57(5) : 1163-1168.
LIANG H B,ZOU ] L. Improved nonparametric census
transform stereo matching algorithm|J]. Journal of Jilin Uni-
versity (Science Edrtion),2019,57(5):1163-1168.

[28] ZHU S,YAN L. Local stereo matching algorithm with effi-
cient matching cost and adaptive guided image filter]J]. The
Visual Computer,2017,33(9):1087-1102.

[29] f4E, SF A B A AR, . BE T Census A8 e 1) #b (4 35 (8

Sz 8 A 7 fAR VG BE SRR [T, T 6 HL L I 4%, 2020, 27 (10) «
104-107.
HOU H,GUO S J,HUANG D S,CHENG M. Stereo match-
ing algorithm based on census transform with complemen-
tary color mean inversion[J]. Radio and Television Network,
2020,27(10) : 104-107.

[30] #2200 | (T . — iR B 1 Jr) 3 7 7R DE e 35 9% 1
W] BT AR 50 ,2018,36(12) : 102-103.

XU Y,LI X M,B Y. Research on a new local stereo

matching algorithm[J]. Digital Technology and Application,
2018,36(12):102-103.

[31] R, 38 W . 5T it Census B 7 R DT EEH L)) &
Tl K% 41,2020,41(2) : 168-174.

SONG Y,YANG Z M. Stereo matching algorithm based on
improved census[J]. Journal of Changchun University of
Technology,2020,41(2) :168-174.

[32] R, BT, Tk WA, 4. 56 A0 A ok B 22

R W 4 S VR DS E ()] 0 S0t i T4 R L 2021,58(2)
271-284.
SONG W,WEI X Y,ZHANG M H,et al. Stereo matching
based on improved cost calculation and parallax candidate
strategy|J]. Progress in Laser and Optoelectronics,2021,58
(2):271-284.

[33] X4 A, 4596 0, BB 0E. JE T 0 ilE Census 722 8 1) 41 12
SEARDEFR VLD, 2 SR, 2021,42(1) : 100-105.
LIU Z Y,ZHENG X Y,CHENG S Y. Anti noise stereo
matching algorithm based on improved census transform
[J]. Semiconductor Optoelectronics,2021,42(1) :100-105.

[34] KESELMAN L,WOODFILL J I,et al. Intel real sense
stereoscopic depth cameras[C]//2017 IEEE Conference on
Computer Vision and Pattern Recognition Workshops
(CVPRW). IEEE,2017.

[35] Bl XK . AN sm s B A o = e @ R (). &
2222 41,2019,40(2) :364-371.

YANG S Y,LIU Y C. Small scene interactive dense 3D
reconstruction system[J]. Acta Graphics Sinica,2019,40
(2):364-371.

[36] YOON K J,KWEON I S. Adaptive support —weight ap-
proach for correspondence search|[J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence,2006,28 (4):
650-656.

[37] HE K,SUN J,TANG T. Guided image filtering[J]. IEEE
Transactions on Pattern Analysis & Machine Intelligence,
2013,35(6) : 1397-14009.

[38] MEI X,SUN X,ZHOU M, et al. On building an accurate
stereo matching system on graphics hardware[C}//2011 IEEE
International Conference on Computer Vision Workshops.
2011:467-474.

[39] M4, HI, 3k %k, 4. 3T 2t Census A8 3 586 1 il &

¥ 57 AR D O AT OGS e o 2, 2021, 58(2)
327-333.
XIAO H,TIAN C,ZHANG Y et al. Stereo matching algo-
rithm based on improved census transform and gradient
fusion[J]. Progress in Laser and Optoelectronics,2021,58
(2):327-333.



5130

HBEE S5 U Census 7 4 UG i 575 WF 98 2504 125

[40] 4BHE 5t , 798, T i g, —FPIEF HiE AL E SAD 5 Census
A (A UG PC B ). I 22 4, 2018 (11) - 11-15.
70U J G,WAN Y,MENG L Y. A matching algorithm
based on the fusion of adaptive weight SAD and census|]].
Bulletin of Surveying and Mapping,2018(11):11-15.

[41] SCHARSTEIN D,SZELISKI R,HIRSCHMULLER H. Mid-
dlebury stereo vision page[EB/OL]. [2020-5-19]. http ://vi-
sion Middlebury - edu/stereo.

[42] STEFANO M. Stereo vision:algorithms and applications.
[M]. Bologna:Department of Computer Science University,
2013.

[43] LAI X ,XU X ,ZHANG ] ,et al. An efficient implementa-
tion of a census—based stereo matching and its applications
in medical imaging[J]. Journal of Medical Imaging and
Health Informatics,2019,9(6):1152-1159.

[44] ZHAO C,LI W,ZHANG Q. Variant center—symmetric
census transform for real—time stereo vision architecture on
chip[J]. Journal of Real-Time Image Processing,2021:1-11.

[45] POGGI M, TOSI F,BATSOS K,et al. On the synergies be-
tween machine learning and binocular stereo for depth es
timation from images:a aurvey[J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence,2021,99:1-1.

[46] QIAO S,YANG J,MENG L,et al. Hardware implementa-
tion of census stereo matching algorithm[C]//IEEE Interna-

tional Conference on Electron Devices and Solid—State Cir-

cuits(EDSSC). IEEE, 2019.

F—1EE KRR E (1996—) , &, AR A K 2E FLAE BEAUE R
WA . WS TP L . E-mail 12192841180
@qq.com,

BIEMEE: LA 1969—), B, 28, 18 7R 58l K 2 B 2 g i
W5 A T 00, 1991 45 AR Bl 91 7 K28 I B Ll
2003 45 Kl VL PG I AL R 25 K S PL R 5 e &
v . 5T T g it BN K . E-mail :515613251@qq.

com,

(ViALSMR . & A& £490)



