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Adaptive Moving Wide Line Detection Algorithm
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Abstract In this paper.a fast implementation of wide line detector was proposed to eliminate its computation redundan-
cy and improve its computational speed,namely adaptive moving wide line detector. Instead of moving the circular mask
pixel by pixel as done in the basic implementation,the adaptive moving wide line detector determines its step adaptively
according to the current type of pixel under test. In this way.the computational redundancy can be decreased to a large
extent so as to accelerate the detector. Simulated and real images were adopted for performance test of the proposed

adaptive moving wide line detector. Experimental results demonstrate that the fast implementation accelerates the wide

line detector significantly while keeping its detection performance unaffected.
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RSN S BU Y AT E5 X ORI WREN 279

A

/— USAN USAN
a a

i 1 i I
CSL CcsL

olo+1 ... oHar| = 0+10+2.. z
.

= =
ag - 2RIV
1 §'$ Y . o 9% By
wEEN__ Y g OF
Vi B ¥ on-USAN
B

(b) Wi 2 W I 75 5t

B4 HRRRM AN CSL A RSL i) E
Fig. 4 Determining of adaptive step length CSL and RSL for
background pixels

D#iE CSL., FERHR L S g # O Frfe 4T 4 3
Non-USAN X3 P 5 USAN X 8 (938 F AL 13 & (LA 3
(b)Y B 3Ce) B 4(b)), A HB P RE O MKT-FEE N
d emin 3 TEAE LA 3Ca) B 4C)) U dein = 70 5 demin >
N2r/2. W4 CSL=y2r/2; %5 M CSL=d i -

2% RSL, 5 CSL 2, R RE w2 2wl & 5 5 4%
Non-USAN K38 4 5 USAN X 35 i 58 5 4b i 1% £ (WL A 3
(a) & 3(b) B 4(b) , A HBIh L BREMEEERN dran s
Fr A L 3Ca) B 4()) W dipin =70 5 digmin >N27/2,
M4 RSL=+2r/2; %W RSL=dgu .

£i | ,CSL M RSL 7] i1 F 2L & -

N21r/2)
RSL=min(dgmm /2 7/2)

e B 8 K/l MX N, AM-INF 58 28 55+ 19 52 31
TEAF .

BB witntk. B X RALN O EER P — 1718 E M
FTEER K RSL.WIGAIE RALjI=1.j=1,,N; & X
RSL H— 4T B8/ RSL NI AL RSL i =2 7/ 25 5 X
S B BW[M][W]T»E%LH% 2% K 45 S w0 bR Ak S BWL ]
[j1=0,i=1,2,~,M,j=1,2,-+,N,

B2 PRAEE, NERE - NBREFRIFEA L
A7 B LR T AR B 3B R A BB, HE R
Bha — 1R E.

B3 FIHENA ., BB RCE SR AT
%B#Ej L: D% RALJ]>RSLuw» WA B S 1112 E ) RC it
LB RALj]=RA[j]—RSLuu - MR ATH 1 MMEER 24
RA[GI<RSL i » FIH R (D) — R RC,RGEE j Y2
AR H USAN X, #H1G R j 98 LRk, W b5 ic BWL:i+

CSL=min(dcmin

plj+tql=1.G+p.j+q) CUSANE&O<p.q<r—1, FH
KDOBEBRE jMIIAER LK CSL UL RBRER jMj+
CSL—1 Z [ MR AT A& N F K, 908 Hoid Sk 78 RA W,
RA[k]=RSL, k=j.j+1,,j+CSL—1, RJFHERAL#H
CSL M &R,

HUR A fTAENBY ., YERBDES ATWRE
MR E R R RA PR /ME. 4 RSLuw =
1D RFIEHERB N E i+ RSL,. (W — AR,

HUR S JEAbEE, AIEABREGE . HTES
AR T 7 A5 A, AT A5 8] e 2 10 G T 45
2.2 ZEESH

A MY Oy USAN XA TR Z IR IV AR E A
B, 0 AM-INF SRR E T A0 2 T MY MR R #4T 1 IR RC
HE LB ERYNIEAR INF GLE T 0 1/MEY, 3£,
MY (1 BCME BB T 244 R AR O 45 3R A 28 TR BT AL L
PLF L LuF (WE 3, MPN € [1./2rw/2]s i FHE LA
USAN X 340 & AR B 2 B TV iF L 4Ca)) s MPAN =52/
2 F R 1 H USAN X8R 58 46 & AR 1 B TV A
LB 4D MPY € (1,77 /2), Hi,w RRTELMTEE

B DA B30 W R T R INF 8-, AMCINF 58 2%
RAFIENBHEERRTEBRNE. BT HWSH R K
FRERK LT B ERGMX N P, HERBRR
KBERRARNT ¢, % JEF] AM-INF & ¥t B0z 19 % 3h i ¥
FELR M T AR Z A NE 5 iR AR P+ U w)r,

W G b 5 A% BB N, = Klw, 58 & MHE T 242 £ B8

max ( min R/\

=j=

331N

it N, =K+ U+w)r . B RBRNIE N, =MXN—
N, =N,
-« R F
¥
[ 3 K
"
Y
W
g ]

Pl 5 B2k BT X B 7

Fig. 5 Image region near the wide lines

AR5, AM-INF 87 5 INF 57 198 5 it g
maR 1A, IR R 1o MY R [E] AL R O T
HAGHE IRl TELRBE MPY =1 +2wr/2)/2, TELRIE

T RGE MPY=0"+2)/4, 54, AM-INF 5848 5 1 3%
Jm T K CSL MRSL W358 . 7EHH 8 RC M BAMR R A Bl
FHE 1K CSL A T RSL, Hi v RSL (31 8 I B0 BUCF
BIE AR BN (V2 r+2) /4,

#TLid

# 1 AM-INF 57534 INF 57 8938 5 5 - i

Table 1 Complexity comparison of AM-INF detector and INF detector
4 & M & ¥ F _
% it & BEEE
*¥ (RO) K 5 (RC) K # (RC) PRAK wE
INF N/ =Klw Ny N O(MN72)
, 2K! Nu , N, ke (W2r/4+1.5) ,
AM-INF N/ = Ny =——"— N, =— OCk(r2+r)
1+42r/2 LT /4 PTG k=(N;'+Nu'+Ny') o
/ 2 -2
BHEEZW %7“”21 g o - K/MN




280 AN I A =

2018 4F

1 AT, AMFINF B F I BB 82 k=N'+N,/ +
N,/ (R<MX N)R RCHH RS KA., Bl 5 W .k BUHE
/NS AM-INF BF 9548 1 RC WU £, 32 55 1 8/, 41 H 2
A INF 55EF 1 i et gt ok . M PRS0 25 AR b R
FEARAT i 28 4 1E L ERR 5 St KRR DN F ¢, WA k=
(MN)/(r?/2) 837 » AM-INF B 7 i ek 1 B S i, 20k 4
KT SR R KO LT 3k 7 /2,

3 SRS

9T A AM-INF 53 F (9 P 68, SR P9 41 56 98 #4743
Bro S8 1 40T AM-INF 557 0 3RS KO b S5 58 2 43
Hr AM-INF B F 0 6 D 4 e Al B M fiB . 000 FR 3R . P4
3.0GHz CPU,4GB M 1% . Windows XP Z& %t , Matlab 2014,
3.1 =1

SH 143 HT IR B E AM-INF AR X B INF 2 F 19 & K
JGE E . AR RC AR 7 e

N 6 Ca) JiT 7% o 52 30 RO BE Ol B —fE, R/ R 256 X
256 , 1 A 55 T AR TR) AR, 242 - 4390k 7,9,11,13, 15,
&l 6(b) FE 6C) 4B 45tk T »=7,15 B} AM-INF &+ 7£ &
BB R S B R BEL, 5EAR INF BT RGRBE IR
[, AM-INF 57k I B & R # sh i 77 20, A e T 8- 1R R 1)
JUA RCITH.

(b)) AM-INF(r=17)

Ca) 5 LR B

6  AM-INF 5 F AR A ER i R AL S
Fig. 6 Sampling location of AM-INF detector in picture

ANFRBLA 2T, AMFINF 8 F A% INF 5 F (% RC 5
BAEE 7 e FIGE L 7o WO 7 7R . AT LA 76 B — K
B b B4R - K, AMEINF 8 7 A0 6 A INF 8735
B RCZHE BB L, DTN 3 Lb gk B K. 2 r=15 B,
AM-INF B RC s KA REEGAE) 97, s KINMH L 7. 20
K50 5. HE AM-INF 5 F 0 ree /N F rove - X2 B3 F 1
BN EE RN,

150

() AM-INF(r=15)

[ ESEL O
W

100

¥

0 ‘
r=7 r=9 r=11 r=13 r=15

7 PIRREL AR B — K TR L i AR LU
Fig. 7 Performance comparision of INF detector and AM-INF

detector on smgle grayscale image

T UL X T B — R JRE P 5 B A AR B R B Y
AR A T 1 RC 5t O . AM-INF 557 1 i
HAERE AL X 5 2. 2 P OC TR B B EE o M — B
3.2 EW?2

P RE ST A FE AR

F =max(]\}; N2 H—lsd?

PIFEAR INF 878 20 78 48 b 26 kK AM-INF
BFHREMZE RS Z W, d Fm K02 5 3 i 45 1 Xt
REAR ] PR S, 6€ (0,1 A AT R, — i . 6=1/9, N,
NN 435 A 356 o 5 S R0 AG O 2% SR AR B A, AR 0<
F<1, HE8EE T 1, 0 e oy,

PEA N P BE A F8 AR RC A9 R B N e Aliz B0 [E]
T » FEELL INF 8 F B 5250 25 5 o 36 115 AM-INF &7
B RC 5 A58 7 o FUMBE LL 70, o
3.2.1 A BA%

AR ERIE S dEL K 8 Fran. /8 B4R W SE R A K
g6, I PR INF 52 F iR 242 =147,

5

+ X

X |

(a)No. 1(256 X256)

(b)No. 2(256 X 256) (e)No. 3(256 X256)

(d)No. 4(344X282)

(e)No. 5(356 X 356)

B8 akEg

Fig. 8 Simulated images

B o g5t 7 ARGE 7R 4 TR MR Lo 45 SRR 3.

(o) AM-INF B 6 ] 9 £k (d) AM-INF 574 ) 9 £k o 2%

(e) AM-INF 57 BEH RS 3l {07 8% 2

B9 WA FEEER No. 4 AR 25 SRR & E
Fig. 9 Detection result of INF detector and AM-INF detector on

simulated image No. 4



503 4

RSN S BU Y AT E5 X ORI WREN 281

P9 Ca) — &1 9Cd) 43 531l oAy 195 ol 88— A6 0 14 B 4 A S 4R B
B TEL g 9 i LI L BIRR T HUS TS AR T
455 9Ce) i AM-INF 5 F 78 B G 1 15 AR 8% 3h 7 8 R
. i E g AMEINF 87 MR 76 B g 1 35 0 7 sl i
Bl FE 3 50T e X AR RS B A0 K KL DUR AT BE 2 b T
BRIUAY RC M A8 56 26 45 1 BT A9 B4R RS 3h 45 1 s
VLB DR 2R SRR IEAR 2

PRI T 5 IR IEMR SR 25 A 10 iR, B 10
Ca) 55 B 8 R R HE e PR 10 Ch) S K Tk i b e, T LA
B R H A E S L AM-INT 557 76 AR UEAG I 1 i 5 3
A INF 55EF LT A R A RTER T L T BR T 364 INF 557 1 704
RC 8BS T 85 1 i B BB RC 35 A5 8K ree 29K 40,
TN L 7 2950 20 435 TR, bl 45 3 b B 3 38 7 76 B #5 No. 1—
No.5 FEHERERT L& B, ER 358 R £, AM-INF 8
T I AR . HR BT Y B P8 R KR
Z it , AM-INF 8 776 8 sh B AR i 25 K A kst #5 £2 . 35
B RC I FAB AR L, M i v /st 4

'm'i'-‘m}m;,__ i

mil:l‘h:iﬁ.ﬂ’.rm

14 I INE
1} CJAMANE

u -

Fii
£EBE

0z
oL W1 Wl R’
Nal NoZ Nod Nod Nob

(b)) iz 30 14 g

Mol Mo2 Nod Nod NaS MNob

Ca) U P ik

10 PHFNEEF 75 A LR R LAY PERE L
Fig. 10 Performance comparison of INF detector and AM-INF

detector on simulated iamges

3.2.2 EHRALEER

bR AR L 6 0. A& 11 () — & 11CH fiT R, 5
FELNH DL 5 A No. 1—No. 6. [&] 582k i 58 1 fe K 6,
Al INF 557 BB AR r=1417,

(a)No. 1(280X280)

(b)No. 2(280 X 280) (e)No. 3(372X372)

(d)No. 4(350X270)

(e)No. 5(360X270) (f)No. 6(256 X 256)

11 ShRRAERE G

Fig. 11

B 12 4 T BRI T 58 1 IR R L ARG I 25 SRR B
P 12 Ca) — L 12.CdD 43 590 S 19 b B ARG T 19 8 2% A i L
HI T 12(e) B T AM-INF 51 76 B & h i
WESh A &R EIE, WAE T s g RmE 13 iR,

Real images

Pl 13 Ca) S 35 1o 0 1 1 R EL B 1 13 (o) i A T B HL 3K

N S S

\
(0 INFH T (b)INF %74

] 9 £k L Lk

() AM-INF 5F  (d) AM-INF £l

A6 9 2%

oL L2

(e) AMFINF 87 BEARS 3l {07 88 2

Bl 12 WA R TS BR EIR No. 1 b i ke il 25 s &
Fig. 12 Detection result of INF detector and AM-INF detector

on real image No. 1

| RUSELE S 14| =
B0 [T posbb 2
1
60 : 4
bl 'ﬂ s
e &

Hod Nad Nob Mol Ne2 Nod Nod Nob Nob

Ca) 7 B 1 g Ch) A6 0 £ g

13 WIRP SR T 7 S B R S IRLR L B 1 RE LR
Fig. 13 Performance comparison of INF detector and AM-INF

detector on real iamges

A LAFE B eIk AR BHR L IRAR T 5 05 B R AR [F)
W45 534 INF 574, AM-INF 5 FRAERIE T
A 4 R R A 38 L B JL ST A T A G 0 1 i

25 L ik , AM-INF 557 MR 45 UG S ai g R EE 5 8
3 0 b 2 AR RS Al 2B K 7R T S X iR B K DL T
RIS TE SRR AR X, 4 0 5 K DUBRIE R e RE . B
ST 3E RS B B AR . AM-INF 8 T4 4 i s /b 7 A INF
BT PR IUA RC 8B 1 AR EAR I M fE L A K K A% 1] B

R TS HEE,
SWIE WFRITEA INF 5L 5 F o BB AR 19 5

FHIr AR T — M SRR T P S B B — AMEINF
W U HIRRAR T A AR INF 55 T T0A RC 854, L
IrHTER, S A INF 5528 T A1 L. A SCHR Y AMEINF
SE MU T I 0 R OIS T ELAG I A BE L PR R R

2 % X #

[1] LINDEBERG T. Edge Detection and Ridge Detection with Au-
tomatic Scale Selection[ J]. International Journal of Computer
Vision,1998,30(2) : 117-156.

[2] JACOB M, UNSER M. Design of Steerable Filters for Feature

Detection Using Canny-Like Criteria[ J]. IEEE Transactions on



282

it B LR

2018 4F

[3]

[4]

[5]

(6]

Pattern Analysis and Machine Intelligence, 2004, 26 (8) ; 1007~
1019.

EBERLY D,GARDNER R, MORSE B, et al. Ridges for Image
Analysis[ ]]. Journal of Mathematical Imaging and Vision, 1994,
4(4).353-373.

AGGARWAL N,KARL W C. Line Detection in Images through
Regularized Hough Transform [J]. IEEE Transactions on Image
Processing,2006,15(3) :582-591.

LI S X,CHANG H X,ZHU C F. Fast Curvilinear Structure Ex-
traction and Delineation Using Density Estimation [J]. Compu-
ter Vision and Image Understanding,2009,113(6):763-775.
LIU L,ZHANG D,YOU ]. Detecting Wide Lines Using Iso-
tropic Nonlinear Filtering[ J]. IEEE Transactions on Image Pro-

cessing,2007,16(6) :1584-1595.

[7]

[8]

[9]

[10]

[11]

LIU L,NGADI M O,PRASHER S O, et al. Objective determi-
nation of pork marbling scores using the wide line detector [J].
Journal of Food Engineering,2012,110(3) :497-504.

SMITH S M,BRADY J M. Susan—-a New Approach to Low
Level Image Processing [ J]. International Journal of Comput
Vision,1997,23(1) :45-78.

KNUTH D E,MORRIS ] H,PRATT V R. Fast Pattern Matc-
hing in Strings[ J]. SIAM Journal of Computing, 1977,6(2) .
323-350.

BOYER R S, MOORE ] S. A fast string searching algorithm
[J]. Communications of the ACM,1977,20(10) :762-772.
ABDOU I E,PRATT W K. Quantitative Design and Evaluation
of Enhancement/Thresholding Edge Detectors [J]. Proceedings
of the IEEE,1979,67(5):753-763.

(L% 276 )

[1]

(2]

(3]

(4]

(6]

(7]

(8]

(9]

& % X

HAUTIERE N, TAREL ] P, HALMAOUI H, et al. Enhanced
fog detection and free-space segmentation for car navigation[ ] ].
Machine Vision and Applications,2014,25(3):667-679.

TANG Z X. Image Dehazing Based on Haziness Analysis[J]. In-
ternational Journal of Automation and Computing,2014,11(1):
78-86.

OAKLEY J P,SATHERLEY B L. Improving image quality in
poor visibility conditions using a physical model for contrast
degradation[ J]. IEEE Transactions on Image Processing, 1998,
7(2):167-179.

TAN R. Visibility in bad weather from a single image [C] //
Proceeding of IEEE Conference on Computer Vision and Pattern
Recognition. Washington, DC: IEEE Computer Society, 2008
2347-2354.

HE K,SUN J,TANG X. Single image haze removal using dark
channel prior[ C] // IEEE Conference on Computer Vision and
Pattern Recognition, 2009 (CVPR 2009). IEEE, 2011: 1956~
1963.

LEVIN A,LISCHINSKI D, WEISS Y. A Closed Form Solution
to Natural Image Matting[ C] // IEEE Computer Society Confe-
rence on Computer Vision and Pattern Recognition. IEEE Com-
puter Societys2006:61-68.

HE K.SUN J.TANG X. Guided Image Filtering [M]// Compu-
ter Vision — ECCV 2010. Berlin: Springer Berlin Heidelberg,
2010:1397-1409.

NARASIMHAN S G,NAYAR S K. Contrast Restoration of
Weather Degraded Images[ J]. IEEE Transactions on Pattern
Analysis & Machine Intelligence,2003,25(6) :713-724.

ZHOU L,BI D Y, HE L Y. Single color image dehazing using

[10]

[11]

[12]

[13]

[14]

[16]

[17]

variational partial differential equation [J]. Optics and Precision
Engineering,2015,23(5) :1465-1472. (in Chinese)

JEI B, BE AT BRE . A AR Bl 43 T R Y B R € TR R 2%
F 1. e HE % T, 2015,23(5) :1465-1472.

SCHECHNER Y Y.NARASIMHAN S G,NAYAR S K. In-
stant dehazing of images using polarization[ C] // Proceedings of
the 2001 IEEE Computer Society Conference on Computer Vi-
sion and Pattern Recognition, 2001 (CVPR 2001). IEEE, 2001 .
325-332.

SCHECHNER Y Y.NARASIMHAN S G,NAYAR S K. Polari-
zation-based vision through haze [ J]. Applied Optics,2003,
42(3):511-525.

YANG J,YIN W,ZHANG Y.,et al. A fast algorithm for edge-
preserving variation multichannel image restoration[]]. SIAM
Journal on Imaging Science,2009,2(2) :569-592.

BRESSON X,CHAN T F. Fast minimization of the vectorial to-
tal variation norm and application to color image processing [ ]].
Inverse Problems and Imaging,2008,2(4) :455-484.

AUJOL J F.KANG S H. Color image decomposition and resto-
ration [ J]. Journal of Visual Communicationand Image Repre-
sentation,2006,17(4) :916-928.

DUVAL V,AUJOL J F,VESE L. A projected gradient algo-
rithm for color image decomposition[ J/OL]. https://www.
math. u-bordeaux. {r/ ~jaujol/PAPERS/CMLA2008-21. pdf.
ZACH C,POCK T,BISCHOF H. A Duality Based Approach for
Realtime TV-L1 Optical Flow[ C]// Proceedings of DAGM’07.
Berlin, Germany : Springer, 2007.

POCK T,URSCHLER M.ZACH C,et al. A Duality Based Al-
gorithm for TV-L1-Optical-Flow Image Registration [ M] // Me-
dical Image Computing and Computer-Assisted Intervention-
MICCATI 2007. Berlin: Springer Berlin Heidelberg, 2007 511~
518.



