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Study on the deblurring algorithm of off-focus microscopic
images of coke optical tissue

LIU Huaiguang, DONG Yuan, TANG Bo, HUANG Qianwen

(Hubei Key Laboratory of Mechanical Transmission and Manufacturing Engineering,
Wuhan University of Science and Technology, Wuhan 430081, China)

[ Abstract] Microstructure is an important basis for determining the quality of coke, which usually requires polarized light
microscopy to image the coke light sheet, but the special characteristics of the microscope head make the image clear in the middle
and out—of —focus blurring around, which reduces the image quality and affects the determination of coke tissue composition.
Therefore, this paper proposes a local deblurring algorithm by combining the local fuzzy segmentation algorithm and the out—of-
focus deblurring network. First, LBP—based blur detection is performed on the coke image to obtain the blurred metric map; then the
metric map is segmented by the Alpha matting algorithm to obtain the alpha template matrix; finally, the original image and the fully
processed image were linearly fused with the alpha template matrix as the fusion ratio to obtain the final deblurred image. Through
experimental comparison, the method in this paper achieves significant improvement over four quality criteria such as cumulative
probability (CPBD), and has better deblurring effect compared with traditional methods.
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Fig. 1 Images of coke optical tissue
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Fig. 2 Algorithm flow of coke image deblurring
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Fig. 3 Nine Uniform Pattern LBP textures with rotation invariance
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Fig. 4 Fuzzy detection based on LBP
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Fig. 5 The blurred metric map of coke
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Fig. 7 Alpha—matting algorithm based fuzzy region segmentation
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Fig. 9  Comparison before and after direct processing of coke
images
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Fig. 10 Coke processing results graph
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Fig. 11 Four images of coke acquired
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Fig. 12 Comparison of different algorithms before and after

blurred area processing
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Tab. 1 Comparison no—reference image quality evaluation
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Tab. 2 Comparison no—reference image quality evaluation

BIOLFALEG  CPBD SSAD SSIM SVD
B 1 deghagd 05207 3.5460  1.2758  1.4015
BM3D  0.5594 34829 12517 1.3743
AHEHE 06601 39123 13551  1.4883
E% 2 dignikdi 04935 35856  1.3709  1.4116
BM3D 05367 37192 13292  1.3923
AEHE 05483 39867 14351 1.4469
FMR 3 ZEgigEdy 04803 34423 12672  1.3672
BM3D  0.5432 3.467 12501  1.3555
AEHE 05917 39114 13704 1.4427
Flf% 4 ZE409E0% 05009 34517  1.1656  1.2888
BM3D 05536  3.5698  1.1614  1.2727
AXEHE 05799 40592 12131 13294

3 SRiE
B £ 02 2H A R B R 1) Jmy 7

IRV, AR SCHRE Y — o oy i g AR PR ) LB 30
Shy fifp LR A 1 PR A5 Uy ¥ S SRS, AS SCR 46T LBP
ARPASERMI RGN 75705 | 2 ) LR ASORN DX Jol5 ~{EAA) DX S
TR X I A S Rl A AR A P N Je it Y TFAN
LA A 454, fiff phe T A% 58 A Rk X A2 2R
A (] A ORI AZ A T A9 IR M ; S 3 alpha 41X 10 53032
PHRVBEARAE RS o, Rl AR IR R A5 b BREIAR: i
YT IFAN 28 06F JEASOR) DX I rr) o Ak 3R ), 283k
ARSCRAE A B £ 7 P 5] RS X Sl 235 4 S0 B
FHEIER , KR AE 4 RS 2% B A R EHR
IR

S Sk

[1] LI J, WANG Y, ZHU L, et al. Experimental study on co—
pyrolysis of petroleum coke and coals: synergy effects and co—
gasification reactivity[ J]. Fuel,2020, 279, 118368.

[2] WANG S, WANG C, WANG Q, et al. Optimization and
microstructure study of the reduction of nickel smelting slag mixed
with calcium carbide slag and coke dust for recovering iron[ J].
Chemical Engineering Transactions,2017, 62: 55-60.

[3] BP0 M BE P BT ST RE . BEa ke i il 4 07k [ S]. R
A N RSN 1 R B M A A SR ;o I I R bR A

FAZE 7 23,2008 ; 20.

[4] AaEHe, BAFR, B8, % KU &Ik 1], PEK
wHBIT,2020, 32 (10): 1-3.

[5] 8/NF, BRI R, BAET, 45 B RO PR ) dE g ki 52 5T
FELT]. AR, 2007 (3) : 479-482.

[6] ZFfk, ZRdl, WKL, 5. BT U miAh 25 o 2 e AR e
PUERORI TR ISR T]. %224, 2018, 39 (5) : 909-916.

[7] INAEAL, XA, 9%, 6T 2k PSF S THI AL R B
GRS )], RS S5MARSE, 2022, 41 (9): 109~
112,120.

[8] ZHANG X, WANG R, JIANG X, et al. Spatially variant defocus
blur map estimation and deblurring from a single image [ J].
Journal of Visual Communication and Image Representation,2016,
35, 257-264.

[9] DABOV K, FOI A, KATKOVNIK V, et al. Image restoration by
sparse 3D transform —domain collaborative filtering [ C |//Image
Processing: Algorithms and Systems VI, 2008 62-73.

(101 VERRER, BN, 2R R, 45, =5 (0] 72 Ak o SRR 21 0 B4t
WAL T]. LLOMER 2021, 43 (4) ; 378-384.

[11] OJALA T, PIETIKAINEN M, HARWOOD D. A comparative
study of texture measures with classification based on featured
distributions[ J ] .Pattern recognition, 1996, 29 (1) . 51-59.

[12]7YI X, ERAMIAN M. LBP-based segmentation of defocus blur
[J].IEEE transactions on image processing,2016, 25 (4) : 1626—
1638.

[13]LEVIN A, LISCHINSKI D, WEISS Y. A closed—form solution to
natural image matting [ J ]. IEEE transactions on pattern analysis
and machine intelligence,2007, 30 (2) . 228-242.

[14]LEE J, SON H, RIM J, et al. Iterative filter adaptive network for
single image defocus deblurring [ C]//Proceedings of the IEEE/
CVF Conference on Computer Vision and Pattern Recognition,
2021, 2034-2042.

[15] ABUOLAIM A, BROWN M S. Defocus deblurring using dual -
pixel data[ C]//European Conference on Computer Vision,2020:
111-126.

[16] NARVEKAR N D, KARAM L J. A no —reference image blur
metric based on the cumulative probability of blur detection
(CPBD) [ J].1EEE Transactions on Image Processing, 2011, 20
(9) : 2678-2683.

[17]ZHANG S-Q, WU T, XU X, et al. No—Reference Image Blur
Assessment Based on SIFT and DCT[J].J. Inf. Hiding Multim.
Signal Process.,2018, 9 (1) 219-231.

[18 ] WANG Z, BOVIK A C, SHEIKH H R, et al. Image quality
assessment; from error visibility to structural similarity [ J].IEEE
Transactions on Image Processing,2004, 13 (4) . 600-612.

[19]SANG Q, QI H, WU X, et al. No-reference image blur index
based on singular value curve [ J ]. Journal of Visual
Communication and Image Representation,2014, 25 (7). 1625-
1630.



