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ABSTRACT

Natural images often contain useful information about the scene such as text or company logos placed on a rectangular shaped plane.
The 2D images captured from such objects by a camera are often distorted, because of the effects of the perspective projection
camera model. This distortion makes the acquisition of the text information difficult. In this study, we detect the rectangular object on
which the text is written, then the image is restored by removing the perspective distortion. The Hough transformis used to detect the

boundary lines of the rectangular object and a bilinear transformation is applied to restore the original image.
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1. INTRODUCTION

Images taken in a natural scene often contain tatalc
distortions or deformations. An obvious exampleafonlinear
distortion can be found in a photograph taken bgpraera at an
obligue angle. If the direction of the camera isppadicular to
the object plane, a rectangular digitized image hovit
perspective distortion is produced. However, thoadition is
not always satisfied and it is common for nonlindatorted
images to be generated.

Distortion in an image can result in a loss of imag
information such as text, which can be important fieany
applications. Therefore, we need to restore thosagés with
perspective distortions. The restoration phasebeaconsidered
as pre-processing steps for the detection and né@wyg of the
image information.

Several researchers have developed algorithms Her t
restoration of perspective images. G.K. Myeats al. [1]
proposed a method of extracting each text lineclviig then
rectified independently. C.R Danc# al. [2] estimates the
vanishing points by sets of parallel lines which &xt lines and
formatted column boundaries. These vanishing pangésthen
used for perspective correction.

rotate the original license plate image. For valtislant
correction, this method is based on rotation expenis with
various angles. Self-organizing feature maps (SQFM#&ich
are a type of Neural Network, along with the Coamsase are
employed to estimate the boundary of the distoiteage [5].
Then, a nonlinear transformation is used to remdve
perspective projection in the images. The studghefnonlinear
shape restoration by Y.Y. Tareg al. [6] based on the shape
transformation is one of the recent and succesgipfoaches.
The key idea of Tang's method is to find an appedipr
analytical shape transformation to model the nesalirdistortion
(distortion function) which transforms the origirialage to the
distorted one. Once we know the distortion shapetfon, we
can infer the inverse distortion function, whichrnsforms the
distorted image to the original one. However, tadfithe
distortion function, some a priori information, kuas the shape
of the original object or the corresponding poib&tween the
original distorted object and the restored objeutst be known.
Finding the exact distortion function for an araitty distorted
image is nearly impossible. Therefore, some teclesqequire
the shape of the object to be specified in advaecg, a
rectangular shape. When the shape function is ifaeht the
next step is to compute the reference points, uhefithe shape

S.J. Luet al. [3] used the character stroke boundaries and tipof the object, in the distorted image. The morecexhe

points to rectify document images when the docurhenhdary
and paragraph formatting information are not abééla

Lin Liu et al. [4] proposed a method of detecting the

distortion of a vehicle license plate by categoigzihe distortion
into two main types, which are the horizontal sland vertical
slant. For the horizontal slant, the connected @mapt on the
binarized image is used to select the digits inlitense plate
and then a technique called straight-line fittisgemployed to
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reference points are, the more correctly the desformage is
restored.

In this paper, we propose an algorithm to detedt rastore
the perspective rectangular object in the image. fldbw of the
proposed algorithm is illustrated in Fig. 1.
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+ Removing non line-like edge

4

Detect perspective rectangularimage
+ Detecting line candidates
+ Detecting fourlines

£

Resorting by bilinear transformation
+ Applying bilinear transformation

[ pre-processing step ]

Fig. 1. Flow of detection and restoration

The remainder of this paper is organized as follows
section 2, we analyze the problem of the perspegiiejection
camera based model. An overview of nonlinear sloligiertion
is given in section 3. In section 4, we describe timy to
remove noise in the edge image. The detection esiration
of the perspective rectangular image are presentsdctions 5
and 6, respectively. Some experimental resultsim®ussed in
section 7.

2. THE PROBLEM OF PERSPECTIVE PROJECTION

In this section, we analyze the cause of the exjgtiroblem
of the perspective projection in which digital cameesults.

There are many models of imaging devices that i@a&ted to
capture 3D scenes. The perspective projection medesimple
one that projects a 3D scene toward a single pmiified a
pinhole camera or centre of projection. The ligtavelling
toward the scene object passes through the pirdmalecreates
an image on the image plane.

The coordinate systen©O( i, j, k) attached to the pinhole
camera, whose origi® coincides with the pinhole, and vectors
andj form a basis. The basis vectois orthogonal to the image
plane. When vector k is not orthogonal to the scanject, a
perspective effect will occur, in which the imagdshe parallel
lines intersect with each other in the image plaRr. 2
illustrates the case where the upper and lowers liogé a
rectangle in the image plane are not parallel th egher.

Seen Jbeechien

Image plane

Punhele camera

Fig. 2. The effect of perspective projection

In the process of capturing a scene image usinggitald
camera, we assume that the position of the careaginhole.
The direction of the camera toward the scene olidhe
optical axis, which is regarded as vector k. Whas direction
is not orthogonal to the scene object, the abowsppetive
effect occurs. Therefore, if the scene object hascegangular
shape, the received image in the image plane dutdsave the
same shape. In general, the shape of the receivagkiin the
image plane is changed from its original shap¢higpaper, we
regard this problem as shape distortion.

3. APPROACH FOR RECTIFICATION OF
PERSPECTIVE PROJECTION IMAGE

As mentioned in section 2, the shape distortionblem
always occurs in the data acquisition phase, dyetspective
projection. Shape distortion can be divided into tategories:
linear and nonlinear. Linear shape distortion sastrotation,
scaling, translation and reflection was successfdlved in [7].
However, the correction of nonlinear shape distartemains a
challenging topic [6]. Many approaches to the adiom of
nonlinear shape distortion have been proposechignsection,
we outline some of them.

3.1 Rectification by the Orientation Angles

Assuming the text is detected, the orientation be t
perspective angles of the text is analyzed by neicotg text
that lies on a planar surface in 3-D space [1]. &a¢hors
modeled the orientation angle of such text relaivéhe camera
in terms of three angles, as illustrated in Figp) 3These angles
are

+ 0, the rotation in the plane perpendicular to theea's

optical axis, and

+ ¢ andy, the horizontal (azimuth) and vertical (elevation)
components, respectively, of the angles formechbynbrmal to
the text plane and the optical axis.

These three angles represent the extent of rottitairihe text
plane must change relative to the camera in eadts dhree
axes to yield a frontal, horizontal view of the m@ain the
camera’s field of view. However this method asssintiee
detection of text before the rectification, so rectification
performance is heavily depends on the performarfcéexa
detection.

(a) ' (b)
Fig. 3. Café scene[l] : (a) captured image.
(b) Orientation angles of text
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3.2 Vanishing Point based Approach

Studying the vanishing pointprovides a strong clue for
inferring some information about the 3D structufeaoscene.
With a perfect perspective projection of the imagilevice, e.g.
with a pinhole, the parallel lines in the 3D sceme projected
onto lines in the image plate that meet at a comp@int. This
point of intersection is called the vanishipgint. The blue
point in Fig. 4 is an example of a vanishing peihien a box is
projected onto an image plate.

Vanishing
point

Fig. 4. Vanishing point

There are many studies on establishing the 3Dtameibased
on the vanishing point. A. Criminigt al. [9] employed texture
information to find the vanishing points of a plan€. Rother
et al. [10] detected the vanishing points by finding threetual
orthogonal directions. For document images, a nietod
locating a horizontal vanishing point based on afBection
profile was proposed [11]. However, the primarygédrof this
method is the document image which contains meltijeixt
lines of similar orientation. So this method canhetused for
the rectification of text lines in natural scenegas.

3.3 Nonlinear Shape Restoration Approach

Y.Y Tang et al. [6] defined various models for perspective
correction such as the bilinear, biquadratic anduliic
transformation models. In this paper, the bilinteansformation
model is used to correct the perspective probleheréfore,
some of terminologies are also employed.

A shape function can represent the shape of actolijeh as
a rectangle or quadrangle. The shape transformatioves to
transform the shape function of a perspective distoto the
original shape function.

Restoration based on shape transformation is a ssfate
approach to perspective distortion. Some studieshimntopic
can be found in [12]. The main idea of restoratitased on
shape transformation can be described as follows.

- First, the type of shape function of the origin,iethis
bilinear, biquadratic, or bicubic, is identified.

» Then, the corresponding inverse transformationtfang
which is used to transform the distorted shapetfanc
to the original shape function defined in the poesi
step, is applied on distorted shape function.

In this paper, we also follow the above process.asgime
that the nonlinear shape function is a rectangherdfore, the

corresponding transformation  function is a bilinear

transformation.

4. REMOVING NOISE IN THE EDGE IMAGE

Because of the complex background, a lot of noidachwv
does not constitute the four sides of the rectanglproduced.
This step aims to remove this noise in the edggéntsy using
some morphological operations. First, the edge imatained
by applying a particular edge detector to a grdgsoput image.
This edge map is the combination of the useful ssidkthe
rectangle and noise, which are represented by Hiee wixels.
This type of image can be formulated by the follogvequation.

gx, y) =f(x,y) +n(x,y) 1)

Where g(x, y) is the function of the edge map. f{xandz(x,
y) are functions of the rectangular sides and noespectively.
f(X, y) is generated from the sides of the rectéagobject and
n(x, y) is generated by the surrounding small oljethis kind
of noise is more likely to be of the salt-and-papppe.

In the morphological approach, there are four irgodr
algorithms: dilation, erosion, opening, and closiDgation is a
kind of white-pixel extension, while erosion is wéipixel
reduction. The opening and closing algorithm isomlgination
of the dilation and erosion algorithms. The streedtelement is
used as the input of the morphological operatiar. éxample,
the erosion of image A by a structural element Resoted by
the following equation.

I=AOR )

The result of the erosion operation is heavily Hase the
design of the structural elements. In this paper,ds&sign the
structural elements for erosion operations to elate the noise,
whose length of connected edge pixels is less ¢hparticular
number. The extension of the erosion algorithmafoimage A
is formulated as follows.

I=(AOR)[(AOR,) | (AORs) | (AORy) |
(AORs) | (AOR)

®)

WhereRy, Ry, Rs, Ry, Rs, andRg are designed as shown in Fig.
5. The size of each structural element is a 5x5ixndthe gray
cells represent the 1's and the white cells reptetbe 0's of the
matrix. The purpose of using such structural elgmeés to
remove noises while preserving lines which coulgae of the
boundary of rectangular object.

There could be numerous other methods for remaviriges,
but in this particular application the erosion witructuring
elements in Fig. 5 are appropriate. For examplegiameor
Gaussian filtering are not proper in this problem.

The experimental results demonstrate that the grIpo
method for eliminating noise is effective. Fig. J7&iows the
edge map including noise, and the result obtairfted applying
erosion is shown in Fig. 7(b).
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Rl RZ
Rs Ry
R5 RG

Fig. 5. Some basic structuring elements

5.DETECTING THE LINE CANDIDATES OF A
DISTORTED RECTANGULAR OBJECT

(b)

Fig. 6. (a) color image (b) grayscale image

In this section, we describe how to detect the tiardidates
which can be the sides of a rectangular objectt,Rine input
color image is converted into grayscale image asvatin Fig 6.
Then, a Sobel edge detector is applied on graystalge to get
edge image in the Fig 7 (a). The noise removapdied on
edge image by a method described in section 4llitéough
transform is applied to detect the line candidates.

(@) (b)
Fig. 7. (a) Edge map (b) After noise removal

5.1 Hough Transform

The Hough Transform plays an important role in imag
processing. Generally, the Hough Transform is used
transform an image from Cartesian coordinates tdarPo
coordinates. Duda and Hagtal. [13] analyze the Hough space
to detect lines and curveés shown in Fig. 8(a), a line in
Cartesian coordinates is transformed to the Houghespn Fig.
8(b). In the new space, there are many curves whtehsect at
one point g, 6). p represents the normal distance from the origin
to the line and is the normal angle between the x-direction and
the line in the xy coordinates.

In this paper, we use the Hough Transform to detexfour
sides of a rectangular object, from which we obthia four
reference points for the bilinear transformatiogoathm. To
detect the four sides of the perspective rectangidgect, first,
we detect all of the straight lines existing in theages. Then,
we select four sides by analyzing the geometriekdtionship
among them.

y

-
7o

| h

(a) (b)
Fig. 8. (a) Line in Cartesian coordinates (b) Cqroesling
Hough space in Polar coordinates

5.2 Detection of Straight Lines

This step is used to detect line segments in tharizied
image after removing the noise in section 4. Letleisote Cf,
) as the number of white pixels satisfying thedinequatiorp
=X*codl +y * sind. We extract all of the peaks wherep(X)
is larger than a particular threshold, ;TRiVe assume that the
length of each side of the detected object is tattggm or equal
to one-third of the width or height of the imagédefefore, we
can choose the value of the Tihlue to be about one-third of
the size of the width or height of the image. Rigghows some
segments of detected lines which are marked icot.

Fig. 9. Line segments detected by Houg Transform

5.3 Detecting Pairsof Line
The lines detected in section 5.2 can include giitalines
which are not the sides of a rectangular objecthis section,
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we describe a method which allows us to partly neamihese
lines. Let us consider a rectangle with four vesi& = (x4, y1),
P, = (X, Vo), P3 = (%3, ¥3) and R = (X4, y4) with centre point M.
These points have the following geometrical condki

1. The two opposite sides are parallel. For instatieesides
P.P, and RP, are parallel, as are and BP;.

2.Side RP, is opposite to sidesP, via the centre poinl.
Similarly, P,P; is opposite to side,P; via the centre point
M.

3. Let us denota@; andd, as the distances from the centre
point M to any two opposite sides. Then, the valde~
d,) is zero.

4.The difference in the angles between any two adjace

sides is 90 degrees.

5. The position of the intersection between any twaaeht

sides is in the range of the image size.

Let L; and |; be any two lines detected in section and,
which are also computed in the previous sub-seci@n the
angles of lines Land L, respectively. We remove the lingifL
we can't find any line | satisfying conditions 1, 2, and 3.
However, the rectangular object is not an ideaaregle which
conforms exactly to conditions 1 and 3. Therefave, must
make conditions 1 and 3 more practical by usingfaflewing
inequality (by adding a thresholding value).

|01 -0 <TH,
|di—dy < THy 4)

where6; andé, are the angles of two opposite lines. In
our experimental result, we set Tk 25, while TH is
based onhe width and height of the given image. The sample
image with boundary detection is given in Fig. 10.

Fig. 10. Detected boundary

6. RESTORATION BY BILINEAR SHAPE
TRANSFORMATION

Once the shape (or boundary) of perspective imaggaawn,
bilinear transformation can be used to restore iitdrmal image
as shown in Fig. 11. In this section, we describe ko detect
the boundary of perspective image.

By now, we have obtained the candidates of pairnet
which can be the two opposite sides of a rectangudgect. In
this section, we describe a way to choose the $aes (two

pairs of lines) of a rectangle. Then, the referepomts are
inferred from these sides. The selection of the pais of lines
is based on conditions 4 and 5. leetand o; be the average
angles of any two pairs of linesgnd p, respectively. To realize
condition 4 in the perspective rectangular objeat, find any
two pairs, namely jpand p, satisfying the condition that the
difference in their angles is within the range 6f-9TH, to 90 +
TH,. Fig. 11 shows an example of the detected peispect
rectangular object bounded with blue color.

6.1 Bilinear Transformation
A bilinear transformation is one kind of nonlinear
transformation. Eq. (5) shows the formula of thdinbar
transform from a distorted image to the originaté.on
Xp3

2 ]

where (¢, n) is the coordinate representing the normal image,
(X, Y) is the coordinate representing the distoitadge and P
P,, P;, and R are the four vertices of the distorted rectanigig.
11 illustrates the relation between the bilineaapghdistortion
and the original shape.

[y <

0 ] Xpg
[1—z &5
[—T].'E

(6)

- 7

i

P: P-z

M

P3
P4 X o P4 6:

Fig. 11. Some basic structuring elements

P

7. EXPERIMENTAL RESULTS

We tested our algorithm with input images taken eind
various camera directions. Fig. 12 shows the resoitthe
restoration operation, which demonstrate the perdmce of
the proposed methods. The comparison with existiethods
may be viable because either they are mostly pexpder
document images[2,3] or they detect text first athen
rectification is performed to the shape of the ¢himsages[1].
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the algorithm must be improved to work on a widange of

Eiﬂti input images.
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