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Abstract: While removing noise, the loss of useful information is inevitable, especially the edge infor-
mation of linear images. To maximize the image and minimize the loss of useful information according
to the edge features of the testing image, a window with appropriate size and shape was selected to
perform median filtering and other operations. It is innovatively proposed to apply a Hough transform
to the filtering window shape selection of the wheel crack CT image, aiming at the image of the single
direction contour. The Hough transform was used to detect the direction of the contour, and the cor-
responding shape window was used to filter the crack. This method was compared with the traditional
method, and the image with better visual effect can be obtained after pre-processing by Hough trans-
form. In this paper, to improve the filtering effect for images with multi-direction edge contours, an

oblique filter is designed according to the pixel gradient. The data shows that the peak signal-to-noise
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ratio (PSNR) of the image after proposed filtering is improved by 4-6 compared with the traditional

median filter. The structure similarity (SSIM) is increased by approximately 1%-2%. Three-dimen-

sional images are obtained using the stack of CT images of buckwheat slices. The filtering result of

the proposed method is favorable by the contrast of before and after.

Key words: median filtering; shape of filter window; targeted filtering; Hough transform; pixel gra-

dient

1 31 =

FPE B e — R 7E — e FE L RE IR 4 K153k
A7 2. TR I SRE 25 B M A ) AR e v IR Oy 1, &%
I ok v R P ) RIOCR R G A P AR 0 i | 52 i A AR
AR B I R AT H R TE 2 BR R A Y [
MES A S BRI 2Rk R S A e
Kigih4E R . CT BIM& b i I A e =2 115 5
KRBT L W RO R Y B Y R R AR K
B A 2 /0 1 M P A, 2 DR R I AR P A5 5 L 5% i
Je SR AN G 53 ) 3 GG I AL 3 IS b B
e, 2B CT FUGR MRS & Ak 7 o 2 0y Ak B A2

N7 B TR BRI A A R A I R
T R 0 5 DX N R 0 G R L A
b fifp e T MR e A R A 2 M [ AL (SR DA AE
FR 1 3 N7 R0 BB X T SR B R B EDE L
FORDGACI RGeS 2B 54 G B0 B
DA, 4278 43 (TV) 825 iy Rudi, Osher #
Fatemi £ H A1 i b 57 Al i 12 oR S L2 R 4%
P R AR 43 SR R i E-L 5 F2 B 3T fRL {5 ok 2 ik
P ZBE N R E T I YL, e ORI IR G L
B AH R AR T3 X 25 7 A R ARG 2 L 5 ) 2 IR AL
W, 2005 4F i Baudes #2 H A9 Non-Local
Meanst , RIS Jo &6 5F- ¥ 38 0 v, 1% 550 1 R D &
Gorb B AEAE I TUAR AR B R K WR S 55 i X
2P I b L U O S ) P PRLAB R A R R B
AN TR) B 2 B0 R P A ik AT e M, DLIER B Oy B
AL G b SR AR AL DB, X0 3 28 IR - 3
3 2 Bk B 4% M 7, BM3D (Block-matching and
3D filtering, 3 2k DU i 38 3 ) B2 J2 224 {ip sk R A
U 2 — TR R T R R S R AR A B Y
FE AT ED . 5 NL-Means f7 S 2501 H2EHY
R JE NL-Means 1 3 152, 0 TR E 24,
FE 2017 4, 3T K-Means 3 BM3DM ) [
LM ITE AR X R AR — 2 B

(] 99 4 o (R SRS TR JE R S B ARk T
R Z N 45 (CNND I IR B 2 ) 3% %o BF 58 44
A0, ONNEY b 3 8K IR 1 2 e ) B, oft 2
IVH) 2 A5 760 3B B 1 R T R AR AR A M SRR 2 2] A G
T A v A B R L SR B R AR R A B H Y
2017 4F, Zhang" ™ S5 2 AR 2 19 CNN 9 ¢
Fr A DNCNN 2R FH B S — ok 22 24 30 19 7 s 0
M 5 TN 2 AR IE AT 2 2T, e D T I 45 2 300 T
BB B SR EORL N L T A5 E A 45 SR AL T AT
(B A 25 e 07 vk BM3D, 4B 2 > vk A A o5 O g
AR AR A B 45 2 B0 I s I 2
FF TR R I 25 B3040 R 38 o, A5 76 T A 1 96 F A 4%
Xt B A e B SR i I e AR e A e

B I3 ) L R SCAIE M 4 HKE Hough
A 4 o7 FH 21 B g P R Hough 284X B E
{7 27 11 B4 0 5 T IR AR A 0 A7 4 B, AR 9 R AE
AT R B 0k e A O R AT A AT R uE . B
A T B — BB B2 4 D T Y Rt T v B
TG SR L BT Ry ) T LAY U
i X 2P 2 (M RDE 558) SR B g i L 15 B A
W NLIEE A AL SR HEART T B S X L s
B WX TR TR L BT A I LA S
F14) (I 308 U8 U0 R R B A RS RO A L b4,
S G 3K 3 e Ty 1k S B W A B CT B b, K
Y CT UG v 2250 S48 T2 IR 5 10 428 7 2R 1) 308 O
FRUEYE XA B AR FEE CT Fg &
T ) 908 O U0 L 8 B A O U Y R L S
s e B AR SO KM A FE CT v 15 21 )47 Y g
T AR S B Y08 ok TR 7 1 () IF i R R E A
FAAS BOR 324851, R h G 58 3 A B, I L fifi % %
T AR TR LA S I T AR IR FL T S A

2 Mk ek

2.1 HEIER
F V0 R R T D R T I P % R A 4 /N )



3030 ﬁ[ﬁ%

5 26

KHEF - 2k HEF Ja 77 50 0 P (B e 7 01 b R
BEAE S — Rl AR M i UE e Ty vk . e (E IR Uk
R 0 T MR PR A A5 25 K B A P L LA H A
BE PO —AFHIEE D, FHEEE D&
DA i, v AR AR 75 SR B HL 3 X3 (5 X5 &, Xf
TR 00 10 oA A48 3% B 4k e U 4 v (B S H
PR R BRI BE AR Gl H B0 R B AR R AL E 2
JEAF 5 AL

O R R EL A A bR 2R

(a)Cartesian coordinate grid

2.2 Hough Tk

Hough 78 4 )2 KIMGRRAE S BUAy —Fh o7 ik, 38
b PP SR L B R R I A e TR R Y BE .
ot R RAES RS W) 5 Rt A5 R )R 38
KEH A S ERIEMEATIES ER
Hough ZE§fe 45 2120 . M AR bR R R A9 ELER AT L)
HZHT7 18 p= xcos O+ ysin 0 KRN, p Fm M
B B E R R L 0 RN o BlE 3 A IE
BBz BRI LR P 48k 0 AR R 0 0 BU(E Y TR
+90°BY i 1) PR

p=x;sin9+y;cos 9

(po:60)

p=x;sind+y;cos

»

p

(b) e A bR 2

(b) Polar coordinate system

1 PR RS R T HE S A RR

Fig. 1

mEL FroR B 1) B RAREMLIRRT
B RS B E R & 1(b) B4k Hough 22
5 TR 2R AR A bR s ) AR e BB Al bR RN Y
T, TEMCARFR T WA 1 Ca) H R OR B A Ak AR
23 [ AR 2R B P AN A5 Cas i) s (s ) BRST 21 /]
1(b) e AR A 2 80 s [] o 9 2k i 48, OF B ZE T
Mo s 0

Line and point representation in two coordinate systems

3 RErwmBEmEERE

T R E Y UE A 1L AR S5 A Hough
AR A, AR I A7 PR R (Y A AN [R] A L AT [
Bl Xt A [a] B9 TR T SR R BIE TR AR 8 7 10 30 L B
AN LA K B R AR AN 2 R

A i s FIRBHIE

B B : [ ey
: - DS ‘ 1

i PREES R — ﬂﬁfﬁﬁ " R T
& s e

F Hough 78 SR IR X ARAE 46 I 1 42 6 B2k
PR EFEAH I AR B D8I 77 171 HEAT P (L 08 8 7]

P2 A R ki v A R

Fig. 2 Flow chart of detection and filtering
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(a) Tilt angle 45° and 45 ° of intersection line (b) Tilt angle 60 ° and 60 ° of intersection line
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Fig. 3 Cartesian coordinates transformed to polar coordinates by Hough transform
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Fig. 5 CT images of three different tire slices
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Tab.1 Quantitative evaluation of different methods
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Fig. 6 Comparison between proposed method and the general filtering method
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Fig. 8 Schematic diagram of improvement method
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Fig. 10 Comparison of filter effect and rectangular window filter with multi-angle line
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Fig. 11 Two-dimensional slices of buckwheat
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Fig. 12 3-D rendering graph of buckwheat

Sy T B S B g A 2 R e ik A T S
DL R AR R T A FEM T B CT B, 57
FHBRAN 4.0 mm, ZEAE— A BRI AR 45
FH CD-5BX Blfif g8 CT #4744, 20k B & 4
He L — A 4 1) AR B = e R, RS R SE R
800X 800X 683, B MAR AT R 6. 52 pm, H
1 45 W4 v (R 0k ik AR gk B4 O ek o L A T U D
AhEE L 11 BoR T 4 5k FFEEE YR R UE AT B
ROR . W LUE B2 otk Jr g R 1 4 sk U0 R
G35 T, I L2 100 0 B A L 3R B T R A Y Ak
FRAKCR, [ BE, ADE iy i is B S B s e
e, DR 35 32 N S A AL S S AR B Y T I B Ak A
AR R R s F 20 (8 U b IR AR R A
BEE T 550 3 0 A R 1] DR 2 L 0 B R U A
X 683 ikFE# CT FURUENE . B o ¥ 0B 5 1Y 683

JZU1 R HERR S A B = 4E A B 12 s, 12
() A UE P AT I 2 = HEER 8 12 (b) N E PR 57
A ZYEIRE X FC B BCAT JE =4 1A AN XE R BT
EAEIERR CT EIGR A R 5] A By W R Y [a)
REAR Gf sl /A FIAR BB G L T Sk v 229%07
BB B = 4 R 8 BOR R4

Bt X e SR K o B — 7 1) 0F B 4 0 U 4R
A Hough AR5 i (ELIE I 8 11 J7 1), FiFR
7 e R 8 H BEAT B U B . K Hough 7228 4
I LGB B 1008 07 vk A B 0 R
FEX LG IR SR 2 Tl CT b, e R
F B = 2 PR A S 30 3 W] 1 B R DB B R AT AT



3038 ﬁ[ﬁ%

K% TR

5 26 &

GROF-RF IBUE it fUP0E =i RNk
B R R B AR 2 B BT B B AR A 7 1
T FH A5 A T AR 08 X AR R AT U . X
HA RN FEE CT AT T E a8
SH AR R WA SO R B A R EF L SR AR AT 1
Mo AL W T AR D7 VA AR S BRI R
AE T Ly 4 8 B MR 7S M A A TS B A R
Hough A8k () k 3 75 T 98 I 77 11 B4R 7 22 2 iy
WA U L 1~ 2 A A S5 A 300 58 TG, A5 A A JEE A
G A JE ) i 22 2 X 4 3 LR I 5 52
AT 1) AP ANATAE LR B B ARSI B

S % Uk

(1) KA. AR A2 4 R 4. R T FL 38 07 DY 7 o
T TBE 018 g ABUER IR 7R B R O k[0 ot FEAL R R L 2017,
37(3):832-838.

ZHANG X M,KANG Q,CHENG ] F, etal.. A-
daptive four-dot midpoint filter for removing high
density salt-and-pepper noise in images[J]. Journal
of Computer Applications,2017,37(3):832-838.
(in Chinese)
[2] KHAN S, LEE D H. An adaptive dynamically
weighted median filter for impulse noise removal
[J]. Eurasip Journal on Advances in Signal Pro-
cessing s 2017, 2017(1):67.

[3] RakmE,#ABLAE, KR K. —Fh B IE N AU E H(E 38

eIk L1 o A AL 3 AL & %, 2017, 38(7)
1642-1647.
ZONG Y SH. HU X H,ZHANG R G. Adaptive
dual-threshold median filtering method[J]. Journal
of Chinese Computer Systems,2017,38(7):1642-
1647. (in Chinese)

[4] NASRI M. SARYAZDI S. NEZAMABADI-POUR
H. A fast adaptive salt and pepper noise reduction
method in images[J]. Circuits Systems & Signal
Processing ., 2013, 32(4):1839-1857.

[5] SA P K, MAJHI B. An improved adaptive impul-
sive noise suppression scheme for digital images[J].
AEU - International Journal of Electronics and
Communications, 2010, 64(4) :322 -328.

(6] EZEZE, T3, 5. F. —F P E B
Bompm R k)] e 5 e T F 3 Rk,
2017,54(12) :148-154.

WANG ZH J.YU ZH J.MA K. et al.. An image

filtering algorithm based on adaptive median and

D7 A1 U 52 2% » FLAF 76 2 4 {2 R 1 1R 22, (EL AT
PAXE 224> 1) [] B 30 0 6 M M 1, ol o R R
XoF P10 10 T S ) D {15 T EE (PSINIRO 11 465 A4 AH AL 2
(SSIM) & WP 8 I RS B0 Hh 45 5 2 B ele iF
0 PSNR H— 7 K 4~6, ek 77 B i) SSIM
— Mk R 1% ~2% A4 . ARSCHATH ST
14 Hough 28 # F1 45 2 86 B 11 552 21 o (6 8 %
X B AR R S B AN T AT A K L B S
A 0T A D8 U AN R AR 0 ih 2 e
JE E D I MR 7 ) [ o e o e e 2 A R it
2 s INTHTIA 1) K4 1 Tl 5 10 Ak RS SR

gradient inverse weigh[]]. Laser & Optoelectronics
Progress,2017,54(12) ;148 -154. (in Chinese)

(7] X msF vb g, 3 k. SO A & N B8

B BRI ). A6 £k K % 4 4,2017,43(4) : 581~
586.
LIU P Y,HA R,JIA K CH. Improved adaptive me-
dian filter and Its” application[ J]. Journal of Bei-
jing University of Technology,2017,43(4):581-
586. . (in Chinese)

[8] ROY A, LASKAR R H. Non-casual linear predic-
tion based adaptive filter for removal of high density
impulse noise from color images[J]. AEU - Inter-
national Journal of Electronics and Communica-
tions, 2017, 72.114-124.

(9] K&, 2EAIEE.F.RFABMCIEBEHN A

W HARRER )] k¥ A& T4, 2016, 24
(2):448-459.
ZHANG L,WANG Y J,SUN H H, et al.. Adap-
tive scale object tracking with kernelized correlation
filters[J]. Opt. Precision Eng. » 2016, 24 (2): 448-
459. (in Chinese)

[10] #&, ALA. 2%, % REMEIPUE S S5

TV EGEMAEAIL]] & F a3 54808 FR,
2017,31(10) :1659-1666.
HUANG J,ZHOU X CH,WU T, et al.. Image
denoising model of hybrid wiener filtering and im-
proved TV [J]. Jowrnal of electronic measure-
ment and instrumentation. 2017, 31 (10): 1659 -
1666. (in Chinese)

[(11] #vwra, ik, E4EE JE 58 2 (WS 50 5
Mr TR RS LT]. R F B A,
2018,26(2):511-516.

SUNJ Y,YU CH Y.DONG SH J. Independent

component analysis and noise reduction for non-lo-



12

] ARZKCTE L A I N T R 8 b (E B

3039

[12]

[13]

[14]

[15]

[16]

cal mean noise prediction [J]. Opt. Precision
Eng., 2008,26(2):511-516. (in Chinese)

DANIELYAN A. KATKOVNIK V., EGIAZARI-
AN K. BM3D frames and variational image deblur-
ring[J ].
ing, 2012, 21(4):1715-1728.

CHEN G, LUO G, TIAN L, etal.. Noise reduc-

IEEE Transactions on Image Process-

tion for images with non-uniform noise using adap-
tive block matching 3D filtering[ J]. Chinese J our
nal of Electronics, 2017, 26(6):1227-1232.
MW, EAVE T F. BARGS R A ERR
AP IR ], b5 % T42.2016.24(4) . 865-
872.

CHU G L.WANG Y J.DI N, et al.. Fast identifica-
tion of spacecraft target in complex scene [ J]. Opt
Precision Eng. , 2016,24(4) :865-872. (in Chinese)
X A Sh A, M k. Al e ROBE TR B A B 4
AT PRI ], b5 % T42.2017,25(3)
799-805.

LIU ZH,HUANG J T,FENG X. Construction of
multi-scale depth convolution neural network be-
havior recognition model [J]. Opt Precision
Eng., 2017,25(3) :799 -805. (in Chinese)

KANDI H, MISHRA D, GORTHI SR K S. Ex-
ploring the learning capabilities of convolutional

neural networks for robust image watermarking

EE B AT :
SRk T (1974 —), B VLV IR %N Al
2 & CT MG E 2 CT M8 v Ak L 1%

FA7 AL B 7 1 A WF5E . E-mail: zynlxu

(@sina. com

[17]

[18]

[19]

[20]

[21]

[J]. Computers & Security, 2017, 65:247 -268.
CHONG B, ZHU Y K. Speckle reduction in opti-
cal coherence tomography images of human finger
skin by wavelet modified BM3D filter[J]. Optics
Communications, 2013, 291(6) :461-469.
ZHANG K, ZUO W, CHEN Y, et al.. Beyond a
Gaussian denoiser: residual learning of deep CNN
for image denoising [J]. IEEE Transactions on
Image Processing, 2017, 26(7):3142 3155.
R, kA, T4 k. 2T Hough B4k HL K
W AT PP kbR [T ], &+ B & hu A2 5 3k, 2013,
33(19):165-173.

ZHANG G B,SHU H CH, YU ] L. Surge identifi-
cation for travelling wave based on straight lines
detection via Hough transform[J]. Proceedingsof
the CSEE,2013,33(19):165-173. (in Chinese)
NAVA F A. The intersective Hough transform for
geophysical applications[ J]. Geofisica Internacio-
nal, 2014, 53(3).:321-332.

B, WAk, 0B, iR CT EIE i B il e,
BEAR L B Sk i [J]. e 5 M 42,2016,
24(2):413-421.

QIAO K,CHEN J,LI ZH G, et al.. An automatic
detection method for printed circuit board conduc-
tors in conebeam CT images [J]. Opt. Precision

Eng. . 2016,24(2):413-421. (in Chinese)

PRINARC1995—) , B AW PR N L il
WFoE Az, 2017 4F F 0 g BHEE K 2% 1k A5
b, FEMNFET CT, B4 AL
PRAY BF 9% . E-mail: 617823648 @ qq.

com



