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Abstract—In this paper, we propose a framework of video
news system using image segmentation and augmented reality
scheme. The goal of proposed system is to provide users with
realistic audio-visual contents when they are interested in
reading some topics on newspapers. In our approach, pictures
on the newspapers were used as markers of augmented reality.
Users can pick up these pictures to watch the corresponding
video news to obtain more information. The proposed system
consists of image segmentation, image recognition and
augmented reality engine with audio-visual contents. In image
segmentation, skew angle detection and Hough transform
techniques are applied to extract pictures on newspapers. In
image recognition, image calibration using four-point mapping
and Harris corner detection are proposed to identify different
pictures on the newspapers. In augmented reality, four-point
transformation is reused to add video image frame on the
captured image by camera. We expect that the proposed system
is popular and can be applied as a kind of advertisement of
products in business applications.

Index Terms— augmented reality, Hough Transform,
document image, image segmentation.

I. INTRODUCTION

ANY studies were proposed into developing

Augmented Reality technologies for entertainment,

education and advertisement. These applications allow
the user to view and manipulate images or virtual 3D objects
in a real-world environment. There are two major approaches
in camera tracking augmented reality, marker and
marker-less methods. Camera tracking systems based on
placing markers in the scene have been highly
successful[1][2]. Markers are constructed so that they are
easily detected in each image frame and given some a priori
information about the shapes or positions of the markers, the
relative pose of the camera can be easily determined.
However, these markers traditionally consist of a set of small
white and black squares and are not good looking. In
addition, camera tracking can be easily lost as it is only based
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on a few features and there is a limited range of camera
viewpoints from which the markers are visible. In
comparison, systems based on natural features, e.g., corner
points in the scene extend the tracking range and are typically
more stable as there are more features available to track the
camera pose from. But it costs much time in computing the
large features.
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Fig. 1. An example of animated newspapers in Harry Potter
films.

In this work, we have developed a framework of video
news system based on augmented reality techniques. The
system can play video films like the animated newspapers in
Harry Potter films. Figure 1 shows the example in Harry
Potter films. The pictures on newspapers were regarded as
augmented reality markers and we can continuously add a
video image frame using image segmentation and augmented
reality techniques. Image segmentation operations include
thresholding, distorted angle detection and window Hough
transform are applied to figure out the shapes and positions of
pictures. We divided the picture with many sub-blocks of the
same size and compute the image features in each block to
form a feature histogram. The frequencies of corner points
appeared in different regions in pictures are used as features
to identify different pictures. Then an efficient corner
tracking with HMMD descriptor is performed to dynamically
figure out the position of the distorted picture and add the
video news image frame on the captured image by camera on
real time.

The overall structure of the proposed system including
skew angle detection of newspapers, corner detection,
four-point mapping, image recognition and picture tracking
is described in Section 2. The related experiments are shown
in Section 3. Section 4 shows the conclusion of the proposed
system.
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Il. OVERVIEW OF PROPOSED VIDEO NEWS SYSTEM

A. Diagram of the proposed video news system
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Fig. 2. The block diagram of the proposed video news
system.

The proposed system can be divided into two phases: the
recognition phase and the tracking phase. Figure 2 shows the
block diagram of the proposed system, each captured image
frame by the webcam will be applied as input to do an image
segmentation procedure. This procedure includes a
skew-angle detection and windowed Hough transformation
to figure out the boundaries of pictures on a specified
newspaper. The four corner points for each extracted picture
are determined and a four-point transformation is performed
to normalize the extracted picture. Then the picture features
are computed according to those extracted feature points.
Therefore, we can find the most similar picture in the
database and determine the corresponding video news to be
played. Once the picture is identified, the system will track
the four corner points of this picture to add the corresponding
video image frame on it. In the tracking algorithm, a small
region R around each corner point is defined and the HMMD
color feature is computed for pixels in R. Finally, we
transform the video clips by an inverse mapping and put these
image frames onto the projected screen of camera to achieve
the augmented reality purpose. The image segmentation
procedure and other related operations are described in
following sections.

B. Skew angle detection

Chou et, al[3] proposed a fast method to detect the skew
angle of document images. In their method, a document
image was divided into a number of non-overlapping regions,
called slabs. One can draw scan lines at all the angles. The
lines are further divided into as many sections as the number
of slabs, where a section is defined as the part of a scan line
that lies within a slab. Then, we can examine each section of
these scan lines. If a section S contains at least one black
pixel, we change S to gray; otherwise, it stays white. By
doing o, we cover all textual and non-textual objects in a slab
i" parallelograms that skew at the given angle. Finally, we
can count the pixels of white sections of the scan lines drawn
at angle 6. The optimal skew angle will be determined if the
white area in the obtained image is the largest. Figure 2(a)
shows a newspaper image, Figure 2(b) and Figure 2(c) are the
result images when6=0"and 6=-4". We can find that the white
area in Figure 3(c) is larger than in Figure 3(b), it means
that0=-4" is a better skew angle than 6=0".

Fig. 3. Skew newspaper image and the obtained results
using Chou’s method with different scanning angles.(a)
original image (b) result image at angle -3.6 (c) result image
at angle 2.

C. Corner detection with windowed Hough transform

In order to detect the corner points of pictures, a fast
rectangle detection algorithm wusing windowed Hough
Transform is applied. Most rectangle detection techniques
reported in the literature are based on edge and line primitives.
Jung et, al[4] proposes a new technique for rectangle
detection using a windowed Hough Transform. Every pixel
of the image is scanned, and a sliding window is used to
compute the Hough Transform of small regions of the image.
Peaks of the Hough image are then extracted, and a rectangle
is detected when four extracted peaks satisfy certain
geometric conditions.

Assume that a rectangle with vertices P1 = (x1, y1), P2 = (x2,
y2), P3 = (x3, y3) and P4 = (x4, y4), with P1P2 and P3P4
being parallel sides with length a, as well as P2P3 and P4P1
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with length b. Also, let us assume that the origin of the
coordinate system is located in the center of the rectangle, as
shown in Figure 4(a). The corresponding result after Hough
Transform is shown in Figure 4(b).

(@) (b)
Fig. 4. Anexample of windowed Hough Transform.

It can be observed that these four peaks satisfy the
following geometric relations:

1. They appear in pairs: the first one is formed by peaks L1
and L2, at 8 = al; the second one is formed by peaks L3
and L4, at 0 = a0.

2. Two peaks belonging to the same pair are symmetric with
respect to the 8 axis, i.e., pl + p2 =0 and p3 +p4 = 0.

3. The two pairs are separated by A6 = 90 in the 0 axis, i.e.,
lal — a0] = 90",

4. The heights of two peaks within the same pair are exactly
the same, and represent the length of the respective line
segment, i.e., C(pl, 1) = C(p2, 62) = b and C(p3, 03) =
C(p4, 64) = a.

5. The vertical distances (p axis) between peaks within each
pair are exactly the sides of the rectangle, i.e., pl —p2=w
and p3 — p4 =h.

However, in our application, a picture shape in the captured
image frame by the camera will become a distorted rectangle.
To solve this situation, we modified the above geometric
relations as |al —a0|=90"+ Ty, pl —p2=w= T, and p3 —
p4 =h = Ty, where Ty, T, and T, are threshold values for
distortion tolerance. Finally, we can decide the four corner
points from the obtained four lines of a distorted rectangle.
Figure 5 is an example of A distorted rectangle and the result
after Hough Transform.

(b)

Fig. 5. A distorted rectangle and the result after Hough
Transform.

D. Four-point transformation

The quality of the calibration step has a significant
influence on the image overlay of video news. In order to
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achieve the augmented reality goal to show the video news
pasted on the captured distorted picture of a camera, a
four-point transformation[5] to convert a video image frame
to fit the shape of distorted picture is performed using the
following equations.

To map from an arbitrary sequence of four 2D points
(Xn,y1, (X2.¥2, (X3Y3).(Xays) to a set of corresponding
points(X;”,y1’y, (X2”,y2y, (X3,y3"), (Xa,y4’), the transformation
requires eight degrees of freedom. The projective
transformation can be expressed as a linear mapping in
homogeneous coordinates:

x' h'x’ a;; a2 13\ /X
(y') = (h'y') = <321 az az3> (y) (1)
h’ h' azy as; 1 1

We can find the eight unknown transformation parameters
ai1,...,as by solving a system of linear equation.

X[ =y, X; +ay,Y; + a5 — 8y XX — a5, Y X,

Yi = 50X + a5, + 8y~ 83X Y —83,Y; Vi, (2)
An alternative method for finding the eight parameters for a
given set of image points is to use a two-stage mapping
through the unit square, which can avoid iteratively solving a
system of equations.

0,0 -x; (1L,0)->x; (1,1)—-x3 (0,1) > x5
X) =as

y1 = azs ’

X, =ay; taj;z—az *¥Xy

Yy = ap1 + 853 — a3, %Y, ’ ,

X3 = a1 +a;;, +a;3 —as; *X§—a32 *X§
Y's,:321+322+323_5}31*Y3_a32*Y3

X} =a;p taj;z3—as *Xg

Yy =ax taz —az *y, 3)

The set of equations has the following solution for the eight
unknown transformation parameters:
2y, = BT (aya) (1Yo sy (i)
) ’(Xz_3‘3)*(}’4—3’3)’_("4’_"3)*(}’2 —Yg) ) i ) )
(y1— Y2 +y3 —ya) * (X —X3) — (X, — Xz + X3 — Xg) * (Y2 — ¥3)
(xy —x3) * (v, — y3) — (x4 —x3) * (y5 — y3)
aj; = Xp —X; +a3; ¥ X,
Ay =Xy — X1 +ag; ¥ X,
a3 = X1 ) )
a1 =Y2 —Y1 taz *y;
a2 =Ya Y1t Az *y,
A3 =Y1 (4)

dzz =

Figure 6 shows an example to convert a distorted image into a
square shape image using the above four-point mapping.

(b)

Fig. 6. An example of four-point transformation. (a) the
image taken by a webcam (b) the calibrated image using the
four-point transform.
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E. Image recognition and corner tracking

The Harris corner detector[6] is a popular interest point
detector due to its strong invariance to rotation, scale,
illumination variation and image noise. In this proposed
system, Harris corner features are applied to identify different
pictures on newspapers. We divide the calibrated image into
M sub-blocks with the same size and count the corner points
obtained by Harris corner detection algorithm for each
sub-block. These values of corner counts in each sub-block
consist of a corner feature histogram H. Let A, B be two
images and their corresponding corner feature histograms are
Ha and Hy,. The distance of two images can be defined as

[Ha()-Hp @)

Distance(A,B) = ¥ M, Max(Ha (O Hn ) (5)

The distance value will be small if image A and B are similar.

In contrast, if A and B are not similar, the distance value
will be large. We can recognize different pictures in
newspapers using the distance measure.

Once the picture is identified, the system will track the four
corner points of this picture to add the corresponding video
image frame on it. In the tracking algorithm, a small region R
around each corner point is defined and the HMMD color
feature is computed for pixels in R. HMMD color model
(MPEG-7-compatible) is a descriptor for quantized colors,
which is claimed to be more uniform than the HSV color
space, was proposed by Kim et al. [7]. The HMMD color
model was developed from the RGB and the HSV color
spaces. We use 128 bins color histogram as the feature for
tracking the corner point in the next frame. In the next frame
tracking process, we move a window around the corner point
with the same size of R and compute the corresponding color
histogram of pixels in R. The minimum distance measure of
two histograms is used to decide the new locations of the four
corners in the next frame. Once the new four corner points are
determined, an inverse four-point transformation is applied t )
an image frame of video news. This transformation ca
convert a rectangle shape of image frame into a quadrilateral
shape determined by the coordinates of the four corner points.
Figure 7 shows an example of corner point tracking.

E= P —— e 5 ] '_‘
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Fig. 7. An example of corner point tracking. (a)front
image frame and a blue square R centered at a corner point
(b)current image frame and a red square R’ centered at the
corner point was detected using mean shift tracking
algorithm..
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I1l. EXPERIMENTAL RESULTS AND DISCUSSIONS

A. Image segmentation

To evaluate the proposed image segmentation method,
different newspapers are applied for image segmentation.
Figure 8 shows some examples and the pictures in
newspapers can be segmented very completely.

(b)

Fig. 8. Picture extraction results surrounded with red lines
using the proposed image segmentation method. (a) picture
extraction from two images captured by a webcam in
different views; (b) picture extraction from four different
newspapers captured by a webcam.

B. Image recognition

To evaluate the performance of proposed features using
Harris corner histograms, six images of size 512 by 512 are
used for tests. There are one of ten pixels (2621 pixels) were
marked as Harris corner points and the feature histogram to
count the number of Harris corners located in 16 different
regions is derived. Figure 8 shows the images and the
computed Harris corner histograms. It is clear that the
histograms of Lena image, its blur image and the calibrated
image are very similar. The distances between different
images were listed in TABLE 1. It shows that Harris corner
histogram can achieve a good performance for identifying
different images.
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400 TABLE |
300 THE DISTANCES BETWEEN DIFFERENT IMAGES
200
100 4 A B C D E F
o J Lol LEELTLHNEY A 0 434 459 1156 7.12 6.20
135 7 9 1113 15 B 434 0 137 1120 642 6.64
C 459 137 O 1121 6.07 6.92
D 1156 1120 1121 O 929 953
E 712 642 6.07 929 O 6.35
400 F 620 664 692 953 635 0
300
200 The histogram of Baboon seems to be very different to
100 il Ii I other histograms. Figure 9 shows the locations of Harris
o ALLLARELLLELERY corner points which are divided into 16 blocks. The
135 7 9111315 distribution of corners are not uniform, most corner points
' appeared at the upside of image. If we order these blocks in
(B) Blur image by Gaussian filter (6=3) horizontal scan from up to down, most points are located in
the first and fourth blocks and just few points are located in
300 the fifth and sixth blocks.
200
100
o LI,
135 7 9111315
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100 it i i Fig. 9. The locations of Harris corne
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(E) Girl C. Augmented reality video news
Feg=.., t" ‘ 300 Once the picture is identified, the system will track the four
corner points of this picture to add the corresponding video
200 image frame on it. Figure 10 is an example to display the AR
100 i video news using the proposed system. Figure 10(b) shows
o MANNRNRRNTN L I i the picture extraction using the proposed image segmentation
135 7 9 1113 15 method. Figure 10(c) is the calibrated image converted from
the distorted image of Figure 10(b) using four-point mapping.

Figure 10(d) is the Harris corner point histogram of the
Fig. 8. Test images and their corresponding Harris corner ~ gray-level image in Figure 10(c). Figure 10(e) is the video
point histograms using the proposed method. image frame and the image is converted into distorted form
after inverse four-point mapping and add to the original
captured picture. The result of augmented reality is shown in
Figure 10(f).
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Fig. 10. Anexample of the proposed AR video news system.
(a) the newspaper image; (b) picture extraction using image
segmentation; (c) calibrated image of (b) using four-point
mapping; (d) the corresponding Harris corner point
histogram of the image in (c); (e) the video new image
frame;(f) the final result of the system by adding the video
image frame of (e) onto the picture of (a),

IV. CONCLUSION

We have proposed a framework of video news system
using image segmentation and augmented reality scheme. In
our approach, pictures on the newspapers were used as
markers of augmented reality. Users can pick up these
pictures to watch the corresponding video news to obtain
more information. The proposed system consists of image
segmentation, image recognition and image calibration. We
presented a new image feature using four-point mapping for
image calibration and corner point histogram to identify
different pictures and performed good performance. We
expect that the proposed system is popular and can be applied
as a kind of advertisement of products in business
applications.
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