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(t=-8.31, p<0.05), &1 Ti¥, ZEMTH 2.971.40
TIREHR Y 3.5£1.21 (t=-3.96, p<0.05), FkL b
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BEF1E, RENMTY 2.511.29 TREZTE 2.9+1.30
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R-3 REAMBOTEDA A — KOk

No. ERHIEE il n ERT MR t filf p f&
. T ik Bt 645 3.0+1.32 3.3+1.33 -6.16 0.000 *
Q = R - 102 3.1£1.25 3.4+1.23 -1.72 0.089
Br 645 3.241.32 3.6+1.32 -8.31 0.000 *
2 SER =TI
Q FiH v - 102 2.9+1.40 3.5+1.21 -3.96 0.000 *
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3 SER =GR AN
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. Bt 645 2.8+1.20 2.3+1.12 11.09 0.000 *
Q8 ZaEix TmAV
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BT, RENTY 211115 TR¥E%TY 22+1.15
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iﬂVCi,ﬁ@mﬁqﬁELXW\é;ﬁz@&571&5&%)
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ETOFEEIZBNT, EEHEICHTR L TWANEEN LT
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K4 HEHITRET A N R RO SRR ik

i FENEBD
LN 7268 + 1345 " 7028 + 12.97
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Tablel Machining condition

Spindle speed 8000 mint
Feed rate 1000 or 3000 or 5000 mm/min
Pick feed 0.15mm
Cutting depth 0.03mm
Work material NAKS0 (125 X 80X 50mm)
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1. After rotating ccw., offset of the rotary
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Fig.7 Measurement method

Fig.8 Mathematical model
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DN Z R U7 R BB IS A 5 ON Sl & eV e
WA U7 ICBUBIE A+ 5 OFF Sl AN # IcHE i L T D
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5. ELICEME AR LZK-6 IR THRE 10-20 1 1V
HdH 5. AHMMEIECIE, L EmE 2o, ThE
01, O2(ChLE L7z, 01, O2 1M % 7 A % EAHEIC AL
BT 5. £72, GND & & 2REME ZNEIEMNDE
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FAWT, FEBR 1, 2 OREREN S Rl 22 5kt TR 2 1R
Liz & OHBIEO ;G ZITo 72, FEiR 4 T, AR K
LZHUMECHES THIHERBEOHBENK T2 &ET S
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— =D 1w AOKEEN Sm], vIFIBRHATHS.

EJ = P  —
> ]
 — *
] 4P' &l
K-9 RN T a2 XA T TS5 A
(LabVIEW)

_31_



ROy THREBEFFFAE 5§62 % CPRL2TH 11 H)

PRI v &2 6 90D 486 YD TE{L &5,
L 72k Xid 11 FE T 6 45,12 47,20 43,24 47,42 45,

54 4y, 78 47,88 47,120 43, 252 47,486 Sy OKRE X & HE
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GENERATION OF STONE-STRIPE-LIKE COLOR IMAGES
BY BILATERAL MINIMUM AND MAXIMUM FILTERS
FOR NON-PHOTOREALISTIC RENDERING

Toru HIRAOKA

Dept. of Information Eng., National Institute of Technology, Oita College

In the past, a number of non-photorealistic rendering methods that generate stone-stripe-like images
from gray-scale photographic images have been proposed. In this paper, the conventional method is
extended to a non-photorealistic rendering technique that generates stone-stripe-like color images from
color photographic images. In order to validate the effectiveness of the proposed method, examination is
conducted using several color photographic images, and the attractiveness of the stone-stripe-like color
images generated by the proposed method is evaluated visually.

Key Words : non-photorealistic rendering, bilateral minimum and maximum filters, stone stripe

1. INTORODUCTION

Among the various image processing techniques
currently in use”®, non-photorealistic rendering
(NPR) is a field of computer graphics in which
photographed images are processed and converted
to images that resemble paintings, illustrations, or
sketches. Such NPR-converted images are
frequently seen in our daily lives in television
programming, magazines, and web pages.

Among the available NPR techniques, this paper
focuses in particular on a method of generating
stone-stripe-like® color images. Images of this type
imitate the striped patterns that appear when natural
rock like malachite or Laguna Agate is cut, as
shown in Figure 1. Since striped layers appear along
the contour lines of such photographic images as
stone-striped patterns, the resulting image allows the
viewer to imagine, to some extent, what the original
image was like. Moreover, stone-stripe-like images
show concentric stone-striped patterns generated at
locations other than the contour-line portions of the
images (Figure 1, right). The conventional method,
which generates stone-stripe-like images through
iterative processing employing bilateral minimum
and bilateral maximum filters®, has previously been
applied to gray-scale photographic images.

This paper proposes an extended method that
can be used to apply the conventional method to
color photographic images. Using this technique, the
stone-stripe-like color images show multiple

Fig.1 Examples of stone-striped patterns.

naturally colorful and overlapping stone-striped
patterns that have their contour-line portions well
preserved, and which are considerably more
attractive than gray-scale stone-stripe-like images.
In order to validate the effectiveness of the proposed
method, examination is conducted with several
color images, and attractiveness of the color images
generated by the proposed method is evaluated
visually.

2. METHOD

Red, green, and blue pixel values in 256
gradations (integer values from 0 to 255) of a color
image of I xJ pixels are defined as fy;;, fo;;,
foi; (=121, j=12,--,J), respectively.

First, the mean f;; of red, green, and blue

pixel values is determined as
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(fei; +fei; + fs;)/3, and then, after applying the
bilateral minimum and bilateral maximum filters,
the pixel values of the image f.;, ., and f_, ., are
respectively determined by Equations (1) and (2).

e_Mi+k,j+l_ﬁ(kz+|z)_7(fi‘j_fi+k,j+l)2 f
i+k, j+

_ k=—wl
fmin,i,j - - w 2 12 2 (1)
Ze—dfnk,jn—ﬂ(k H) =y (F = Fiak 1)

M=
M=

M=

—wW=—w

edfi+k,j+|_ﬁ(k2+lz)_7( fi‘j_fi+k‘j+l)2 f
i+k, j+

. )

Z i eafi+k‘j+l ~BKZH?)—( i fik, gl )
k=—wWl=—w

In these equations, a, g, and y are positive

M=
M=

=~
I

—wl

f

max,i, j =

constants, and w is the window size. With
frinij— frexij @S d;;, and the minima and maxima
within d;; as d, and d., respectively, f,; is
updated using Equation (3).
fo.o—d_
f —opg_hi “min 3
" dmax _dmin ( )

Gaussian noise is applied selectively to the red,
green, and blue pixels of a color image if f,; is
less than S (sites where variation in luminance
value of image is_small). Following, fq;;, fe:;,
and fg;, respectively represents the red, green,
and blue pixel values of color images augmented
with Gaussian noise. Gaussian noise is applied in
order to produce stone-striped patterns even at sites
where variation in luminance value of image is
small. The reason for extracting sites with small
luminance variations by employing the mean of red,
green, and blue pixel values rather than the
respective red, green, and blue of the color image is
as follows. Since contour-line portions are different
for red, green, and blue, extraction of the mean
reduce the possibility of disruption to the
contour-line portions when stone-striped patterns are
generated.

Next, f;, is changed respectively to
frijr feij. and fg;, in Equations (1) and (2), and
then derive fo iy Trmmijs fomingi s Tomai s
fomnij, and fg 5. dg;i,dg;;, and dg;; were
respectively derived from  fo o= famini; o
fommij— fomni;» and  fg i —fomn; - Finally,
frijr feij, and fg;; are updated with Equation
(3). By repeating this iterative calculation T times,
the stone-stripe-like color image is generated.

Furthermore, to improve the reproducibility of
the colors in the stone-stripe-like color image at the
time of the conversions of red, green, and blue using
Equation (4) in place of Equation (3), the smaller
sum of the absolute pixel value differences between

the generated and original images are adopted.
fo.—d.
f, = 255[1—(1”—"“"] (4)
The image generated in this way is called a modified
stone-stripe-like color image.

3. EXPERIMENTS

The proposed method is applied to six color
images, each 512 x 512 pixels with 256 color levels,
as shown in Figure 2. The following examinations
are based on Reference 5), using the values « =0.1,
£=01, A=0.001, w=5, S=1, and T=5. The
standard deviation for Gaussian noise is 20.

First, the stone-stripe-like color images
generated according to the proposed method are
shown in Figure 3.As we can be seen in this figure,
stone-striped patterns are generated as striped layers
along the contour lines of the photographs, while
concentric stone-striped patterns are generated at
other places in the images. Furthermore, the
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Fig.3 Stone-stripe-like color images.

stone-stripe-like color images appear colorful since
patterns are naturally overlapping.

As a final examination, we compare
stone-stripe-like image generated from a gray-scale
image (Figure 5) and stone-stripe-like color images
at the upper right of Figure 3 and Figure 4. We
conclude that colorizing stone-stripe-like images
could improve image attractiveness.

4. CONCLUSION

In this paper, a NPR method that generated
stone-stripe-like  color images from color
photographic images was proposed. In order to
validate the effectiveness of the proposed method,
examination was conducted with several color
images and the attractiveness of the color images
generated by the proposed method was evaluated
visually. We found that the color images generated
by the proposed method had natural overlapping
multiple stone-striped patterns, were colorful, and
had their contour-line regions preserved. In future

Fig.5 Stone-stripe-like image.

work, we intend to study the changes in the
generated stone-stripe-like color images by varying
the parameter values.
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