Generating Striped Animations by Inverse Line Convergence Index Filter

Toru Hiraoka
Department of Information Systems, University of Nagasaki
1-1-1, Manabino Nagayo-chou, Nishisonogi-gun, Nagasaki-ken, 815—2195, Japan
E-mail: hiraoka@sun.ac.jp

Ryosuke Takaki
Division of Computer Science, Graduate School of Regional Design and Creation, University of Nagasaki
1-1-1, Manabino, Nagayo-chou, Nishisonogi-gun, Nagasaki-ken, 815-2195, Japan
E-mail: mc220002@sun.ac.jp

Abstract

A non-photorealistic rendering method has been proposed for generating a striped image which is overlaid striped
patterns in a photograph. The conventional method generates the striped image by an iterative process using an
inverse line convergence index filter. When a striped animation is generated by converting each frame of a video by
the conventional method, flickering occurs in the generated striped animation. In this paper, we propose a method for
generating a striped animation that has characteristic with less flicker from the video. The effectiveness of the
proposed method is investigated experimentally. As a result of the experiments, the proposed striped animation had

less flicker than the conventional striped animation.
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1. Introduction

Various non-photorealistic rendering methods for a
photograph have been proposed'>3*>¢, These methods
are used in a wide range of applications, for examples,
applications embedded in a personal computer and a
portable terminal. Applying these methods to a video is
to improve the visual appearance. A Study on non-
photorealistic rendering of the video has also been
conducted’, but the conventional method was been
known that flickering occurs in the non-photorealistic
rendering animation.

In this paper, we focus on the non-photorealistic
rendering method for generating a striped image® from
the photograph. Also we apply the conventional method
to the video. The striped image is overlaid the striped
patterns in the photograph as shown in Fig. 1. The
conventional method generates the striped image by an
iterative process using an inverse line convergence index

(a) Lena image
Fig. 1. Lena image and striped image

filter, and is characterized by the ability to automatically
generate the striped patterns in accordance with the
shading and the edge of the photograph. When a striped
animation is generated by converting each frames of the
video by the conventional method, flickering occurs in
the generated striped animation. Therefore, we suppress
flicker by using the forward and backward frames of the
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video. The effectiveness of the proposed method is
investigated  experimentally. By visually and
quantitatively comparing the proposed striped animation
to the conventional striped animation, we show that the
proposed method can suppress flicker better than the
conventional method.

2. Method

Let input pixel values of RGB on coordinates (i, j) in o-
th frame of the video be fr; ., fg.ij0 and fpijo (i =
1,2,...5;j=12,..,J;0=12,..,0), and let output
pixel values after processing with a line convergence
index filter® be LF (fz ;o) LF (fz1j0) and LF (fz ;)

The line convergence index filter is executed in the
following manner. Consider the straight line [,,, ,(m =
1,2,..,M) inclined 6,,(=0,n/M,2n/M,...,(M—
1) /M) degrees from the x-direction of the target pixel
(i,j). Let the length of the straight line I,,,, in each
direction around the target pixel (i,j) be W; pixels.
Consider the inclined rectangle which has the center at
(i,j) and the length of sides are W;, W,. Let N be the
number of pixels (k, l) inside the rectangle (Conceptual
diagram for W, , W, and N are shown in Fig. 2).
Compute a cosine of the angle between a vector
perpendicular to a straight line l,,, , from a neighboring
pixel (k,I) and a vector (( Sk4z1420 T Sk+2i410 T
Sk+2,0 T Sk+21-1,0 T Sk421-2,0) ~(Sk-2,142,0 T Sk-2,141,0
Sk-2,10 T Sk—2,-1,0 T Sk-2,1-2,0),( Sk+2,1420 T Sk+1,142,0 +
Ski+2,0 TSk-1,142,0 T Sk-2142,0) ~(Sk+2,1-2,0FSk+1,1-2,0F
Ski-20 F Sk—11-2,0 T Sk—21-2,0)) calculated from the
density variation. Let the cosine of the angle be
Cmno(Mm=12,..,N). The term s, j , is calculated as the
following equation.

fRijotfGijotfBijo
dijo= 3 : (1)
P 1
_ Zp:—P1+|p|di,j,O+p 2
Sijo = " yp_ 3 2)
==P1+]p]|

Where P is a positive constant. Next, compute Cp, , that
is the average of the absolute value of ¢y, of N
neighboring pixels (k, I) in each straight line [, , as the
following equation.

€)

1yn
Cm,o - ﬁZn=1|C‘m,n,O|'

.
.
.
’

. " N pieces of pixel (k.1

~

Fig. 2. Conceptual diagram for W;, W, and N

With the maximum value of C,, , in all straight lines I, ,
in each pixel (i, ), denote as g; ;,. With the minimum
and maximum values of g;; in all pixels, denoted as
Imin,o A Grmax, o, respectively. Transform g; ;, to by,
and thus to the pixel values had from 0 to 255 by
thefollowing equation.

Jiio—Imi
hijo = 255 JiioImino
2 Imax,0~9min,o

“

LF(fR,i,j,O) R LF(fR,i,j‘o) and LF(fg;;jo) are the same
value as h; j .

© 0 by

Compute the pixel value fp'; . 517 5
using the inverse line convergence index filter as

and fB(t)

JL,J,0

t t—1 t—1

0,0 = alif&7D = LEGFETDN + faijo- (9
t -1 t—-1

fG(,i?j,o = a(f(;(,ti,j,o) - LF(fG(,i_j,o))) + f6,ij0- (6)
t -1 t—-1

fB(,i?j,o = a(fB(,ti,j,o) - LF(f(_i,j_o))) + faij,0- (7)

Where a is a positive constant and t is the number of

iterations. Let the initial value fR((L.))j 0 fc;(?)] , and fB(?)j o

. t t
be frijo» f6ij0 and fp )0, respectively. fR(,L',)j,o’ f G(,i,)j,o
®)
and fp; o
to 255 if their values are greater than 255.
Finally, the N striped images are obtained after
processing of the inverse line convergence index filter of

T generated from these striped images.

set to 0 if their values are less than 0, and set
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3. Experiments

We applied the proposed method to the Yuzenzome
video® which consists of 703 frames, 30 frames / second,
352 x 240 pixels and 256 tone. The 100, 101, 387 and
388th frames of the Yuzenzome video are shown in Fig.
3. The 387 and 388th ftames are the scene change
frames. In the following experiments, referring to the
literature 6), we set the values of the parameters M, W,
W,, aand T to 8, 4, 4, 0.4 and 30, respectively.

First, we visually compared the proposed striped
animation to the conventional striped animation. The
100, 101, 387 and 388th frames of the conventional
striped animation and the proposed striped animation are

(c) 387th (d) 388th
Fig. 3. The frames of the Yuzenzome video

(c) 387th (d) 388th
Fig. 4. The frames of the conventional striped animation

Generating Striped Animations by

(c) 387th (d) 388th
Fig. 5. The frames of the proposed animation

shown in Fig. 4 and Fig. 5, respectively. We set the value
of the parameter P to 3. Observing these animations, the
proposed striped animation were suppressed flicker more
than the conventional striped animation. Observing Fig.
4 and Fig. 5, the proposed striped animation had less
changes in the striped patterns than the conventional
striped animation.

Next, we quantitatively compared the proposed
striped animation to the conventional striped animation.
We calculated the average of the absolute difference
value of pixel values between front and rear frames of
these animations. As the average become smaller,
flickering is less. The average of the conventional striped
animation is shown in Table 1. On the other hand, the
average of the proposed striped animation is shown in
Table 2, when we changed the values of parameter P
from 1 to 10. Observing Table 2, as the values of
parameter P became bigger, the average became small.
Observing Table 1 and Table 2, the average of the
proposed striped animation were smaller than the average
of the conventional striped animation. Thus, the proposed
method can suppress flicker better than the conventional
method.

Lastly, we compared the calculation time of the
proposed method to that of the conventional method. The
calculation time of the conventional method is shown in
Table 3. On the other hand, the calculation time of the
proposed method is shown in Table 4, when we changed
the values of parameter P from 1 to 10. The calculation
time in Table 3 and Table 4 is one iteration calculation

© The 2021 International Conference on Artificial Life and Robotics (ICAROB2021), January 21 to 24, 2021

302



Toru Hiraoka, Ryosuke Takaki

Table 1. The average of the conventional striped animation

Average
23.856

Table 2. The average of the proposed striped animation when
the value of the parameter P is changed

P | Average
1 20.403
2 20.264
3 20.190
4 20.151
5 20.118
6 20.100
7 20.087
8 20.075
9 20.067
10 | 20.062

Table 3. The calculation time of the conventional method
[second]

Average
4.377

Table 4. The calculation time of the proposed method when the
value of the parameter P is changed [second]

P | Average
1 4.381
2 4.390
3 4.394
4 4.399
5 4.401
6 4.405
7 4.410
8 4.413
9 4.420
10 4.426

[second]. Observing Table 4, the calculation time became
big as the values of parameter P became bigger, but there
are no big differences in these calculation times.
Observing Table 3 and Table 4, there was no big
difference in the calculation time between the proposed
method and the conventional method. Thus, the proposed
method is considered to be an effective method compared

with the conventional method on the calculation time.
However, considering real-time use on portable terminals,
it is necessary to speed up the proposed method.
Thecomputing environment of the experiment is
Windows 7 Professional for OS, 3.40 GHz for CPU,
8.00 GB for RAM and C language.

4. Conclusion

We proposed a method for generating a striped
animation that has characteristic with less flicker from
the video. The effectiveness of the proposed method was
investigated experimentally. As a result of the
experiments, the proposed striped animation had less
flicker than the conventional striped animation. The
future tasks are to speed up the proposed method and to
apply the proposed method to other videos.
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