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ABSTRACT

This thesis presents a technique for straight line detection from a heavily noise-corrupted image. It
1s based on, a standard Hough transform method applied to a binary image, which is converted
from a gray scale image by thresholding. After computing a Hough transform, a ratio of each peak
value and an averaged value of surrounding point is calculated. If a ratio value is higher than a
threshold,. A line is detected. The technique was applied to detect a line from high-noise image.
Performance was evaluated by counting the number of detection errors. The proposed method was

found to offer better result.
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[m,n]=size(f);
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theta_d=theta*pi/180;
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x=x-1;

y=y-1;

x_m=repmat(x,1,181);

y_m=repmat(y,1,181);

val_m=repmat(val,1,181);

theta_m=repmat(theta,size(x_m,1),1);
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rho_m=round(rho_matrix});
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for i=1:size(rho_m,1)
for j=1:size(rho_m,2)
h(rho_m(i,j),theta_m(i,j))=h(rho_m(i,j),theta_m(i,j))+val _m(i,j);
end

end
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Technique for Straight Line Detection from High-Noise Images

Akom Tipmarnee, Nopporn Chotikakamihom
Faculty of Information Technalogy. King Mongkut's Institvie of Technology Ladkrabang
Akom_30_Armi@hotmail.com

Abstract

This paper describes a technigue for siruight line
detection from o nolve-corrupted imoge. Under this
situentton, o stondurd Hough truesform method for
ttraight line detertion pedform: poorly. Here, o
modified versiva of s Hough trussform-bused line
detection hus been developed for use under this
condition. The method mokes uste of we wleptive
threzhald for gray-svale i binary image conversion,
in combirgtion with an evoluating function for
deciding which accumulaior cell (n o Howgh space
belongy o a stralght line. The technigue wos applied
1o detert scratoh on smugnetic dise surfoces in hord
divk munufoceuring  defect diegneast procen The
results were compared with these obrained b the
stundurd method.

Kevwords: [mage Processing. Hough Trangform, Line

Detectioa. Hard disk manufacturing defect diagnosis.

1. Introduction

The peoblemn of line detection from a digital ihage
appears it numerdus image processing and compuier
vigion applications. Sundard methods and  their
variationz exist such as Hough wansforn and a leasi-
tquare line flng methads [1.2]. Mehods for
improving accuracy of effictency of these sundard
methods have also been developed [3-4]. However,
thage methods generally apply to an edge image of the
original pdcture. They work well far images with mild-
to-moderate noise level. With high-noise images, their
detection results become unreliable due 1o numenius
spontanecus edges. In our casa, the need for lme
detection from high-noise images arises in the peoblem
af magnetic disc surface defeer diagnosis,. The
diagnosis is performed using a digital image of a disc
surface taken by an slacron micredcope. It is pant of a
magnetic stoeage device (hard disk) nunufdeturing
process.

i

Techaiques for sraight line deection from ncigy
wmages have been developed for some application
areas [3-6). These mehods are not appropriate or
applicable in our case. They are either lumied 1o
moderste  aoise  condinon  or applicable  under
applicaton-spacitic conditiongd.

I this paper, 4 medification 16 & standard Hough
transform-based line detection method i described.
The methed 19 applied 10 3 binary version of an
original image, instead of an edge unage used 1o most
Hough wransform-based methads. Criveria and decision
function were developed 10 differemtiate straight ling
scealeh from other forms of disc surface defect,

2, Procedure fur a Hough-Transform Line
Detection Method

Here, 3 general procecture for swraight line detecuon
based on a Hough ranziomm 12 descnbed. Normally, a
Hough transfoem is applied 1o an edge mage of an
original picture. Criterion for straight line Jetection is
o compane a paak value w Hough space with a pre-
defined threshold. A general provedure 15 explained
below.

o 1 pecessary, apply a low-pass fiher to eliminate

a0ige

2. Calculare an edge image from the one phlained

from Siep |

. Perfarm a Hough transform on the binary edge
image. For esch edge picture. acconwiae a
Hough space on the locatnon calculated from
the following equatian.

L

pwxcos B+ ysing il

where 1z, 31 13 the edge pixel location in the
image space, and (@, #1 i8 the correspanding
polar coardinate.

4, Locate accumulator cells in & Hough space with
the accumulated values above the predefined
threshoid.
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S Hy uwing prior knowledge (iff any) on the
feagible number and location of 3 hme. For
example, for our applicaven, i1 & not possible
for 4 line w be located near either side of the
image border.  Therefore.  those  cells
corresponding 10 lines located near image
borders are removed from those chosen in Step
4.

& For each of the celis mained in Siep $.
calculate the length and locanon of the
corresponding lne.

For images heavily cacruptad by noige, it iz very
difficult to get edge images with not 100 many
gpontangous edges dug 10 nodsa. Ba the next section, the
line detection method for  high-nomse images
described. It uses a binary wversion of the ariginal
image instead of an edge image 10 avoid this problem.

3. A Method for Thin Line Detection from
Noisy Images,

Basad on the assumption that a siraight line in 2
naigy image. if exima, i thin and bies approximarely
sround the image center, the procedure for line
deection is desenbed belaw.

1. Staning from an inittal threshold (for example,
by using the Otgu's methad [ 7)), conven a gray-
scale image o a binary image.

2. Perfoer a Hoogh tramsform on the binary
unage.

3. idemity cells with the accumulator values
above the predefined threshald. Here, let N be
the number af chogen cells. In addinen, let (g,
Aoand g, i=1, ..V be defined as the Hough
space conrdination indices and accumulator
values of those cells.

4 Check whether any of the chosen & cells
correspond 1o a tine locazed ar oe near any
image border, 1€ %0, exclude those cells from
considerntion in subsaquent xieps.

S Let R, be the s of accumulator cells
surrounding the @ cell as chosen from Swep 3.
Its members may be chasen, for example, by
placing a window of gize MxM with 115 center
ofn (g, @) (see Fig. 1). Every cell inside the
window excluding those within the guard zone
[shaded area in Fig. 1) 18 a member of R, From
cells in R, compute the referance value &,

1t

ITCLCRCC 20100, June 1922, 1611, Gyeomgu, Karee

b. For each {p. #). calculate the Tollowing
decision fumction
S poa 123

Then. compare each ) with 3 decision threshold
{obtained theaugh empieical means). if it s
higher than the threshald. the pou (s, 8)
indicates a possthle exisience of a scraight line.
I7 none of the powts g, #) passes the test i
Step &, g back 1w Swp owith the higlher
theeshold used for grav-scaie w binasy image
conversion, Subsequent sieps are repeated
8. After certan iterauons, if nane of the points (g,

&) passes the 1est it 13 decded that theee 15 no

sinright line found in the reat umage.

The main purpodes of the reference value @, are
wo foids Fisy ois used, aloag with Eq. {21 10
difterentiaze a straight line from other defect shapes.
Second, 11 i1 wsed 1 represent a contnhunon of
background noase to each cell's accumulator value
Along with Eq. (2}, such contributian can be weighted
on py, this reducming false line detection. Two mechods
for calculating o, were conssdesed in this study. The
first method. denoted by Metlxxi=1, caloulate @ using
the following equation

o, = "l‘?

{2
' 3y
=
where g, . & = 1. . . [ are accumulator values
corresponding 10 the cells in Re
For the gecond methad, denoted by Method=2, a; 15
caleulared uzing the follewing equation ingtead.

@ m mineg L q ) 14}
whete
I i
a, = o=3g (%)
L qu.i
1<
al,.’. 2 —zq:) L6i
Sl-l

From the above equanions. ¢, are accumwlator
values corresponding w thage cells in R, whose p

indices are smaller than p. Similerly, q;, are
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accunulator values corresponding to those cells in R
whose pindices are larger than p,

ITCLSCC 2011, June 1922, 2011, Gyeangju, Koree

Standard-HT was of size Tx7. Foe Methad#1 and
Method®2, the window size of 21x21 was used. For
both methads. the guard width g = 9. The false positive
and false negative detection rates for these methods are
shown in Table |. Decision threshold used mn each
methad was obtaned guch that it produced best result
in terms of combined false detection rate

Table |: The number of false negative and false
positive detection for each of the three methods, when

applied w images with straight line defect

B)

Fig. 1 An MxAf window, for the case of M = 7 and the
guard width g =3, 3) Method#1, b) Method#2

4. Experiments

Three methods for swaight line detection fram
images of defected magnetic disc surface were wsed in
the experiments. The first method, denoted by
Standard-HT, is a sandard line detection method based
on a2 Hough transform as outlined in Secuion 2. The
second and third methods, denoted by Method#!l and
Maethod#2, are the proposed line detection echnigues
as described in Secticn 3. Foe the Standard-HT
method, a Gaussian low-pass filier was first performed
w reduce background noise. Then, a Sobe! edge
detection was performed on a filtered image o get an

edge image.

EXP#1: In thiz experiment, thirty images of magnetic
disc surface with straight line defect were used to test
the three methods. There was oae straight line
contained in each image. A low-pass filter used for

T2

Types of lalse Na, of false detection

. Sancarc.HT Methoad Mathod
3 =2

Fales Positve 4 o u

False Negaive i il ]

Fig. 2 An example of disc images cortaining straight
line defect.

EXP=2.  This experiment was similar o EXP#i,
except that the thuty test wmages used are these
contaiting non-hne defects. Resuhis ame shown i
Table 2.

Table 2! The number of false posiuve detectica for
each of the three methods, when applied o images
with non-line defect.

Types of Taise Na. of false dececrion

detecilon

Smncarc.HT Methac Mahod
[ 3 =2
False Posiove ? 0 L]
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Fig. 3 An example of disc images contaming non-line
detect.

EXP#3: In thizs experiment, the Siandard-HT method
was performed uging different filter sizes. The results
are shown in Tables 34

Table 3: The number of false negarive and false
positive detection with different filter sizes. when
applied 10 images with straight line defect.

Types of false | Na. of false decection Tor differen fllter see
. T t1x1} 1318
Fals: Positive < 12 26
Falsz Negarive H | 14 13

Table 4: The number of fhise positive detecuon with
different filter sizes, when applied to images with pon-
line defect.

Types of fake | No. of false detecilen for differen flter stze
™7 1Ix1Y 13x1%
False Posrive T » 3

From EXP=| and EXP22, the proposed Method=2
provided an overall best result. It gave a slightly beuer
performance than a standard Hough transform-based
method. Note, however, that performamce of the
standand method depends somewhal on a cheice of
filter size, as shown in EXP#1.

S. Summary

In this paper, & method for siraight line detection
from high-noise image has been described. Resulis of
its application to magnetic disc defect diagnosis have
been provided and compared with those of a standard
method. Improvement in terms of false negative and
false positive detection rates was obsesved.

ki)
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