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Improvement and Application of Knutsson Filter for
Texture Image Segmentation
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Abstract

This paper is to improve the 2-D Quadrature Polar Separable(QPS) filter, which uses an exponential attenuation

function as the orientational function and the algebraically shifted radial weighting function. It is easier to control

the frequency characteristics of the improved filter compared with Knutsson's,

In order to estimate the orientation and the frequency component of local texture in the frequency domain, a series

of experiments have been carried out. The maximum error of orientational angle estimates in Knutsson filter is about

7 degrees, whereas the maximum error in the improved filter is 4 degree and the RMSE is only 2. 67 degree. And

segmentation results show that it can be used as an efficient tool in texture processing.
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I. Introduction

Texture image analysis has been considered
using various approaches, One approach
performs processing directly upon the grey
levels(e. g. , in spatial domain) in texture image.
The second approach is based on the spatial fre-
quency spectrum. The prime aim of the process
Is to smooth or restrict the frequency
components of the data.

Various methods designing the digital filters
have been reported and applied to a range of
aspects in texture image processing."z’ Among
them Gabor filter is one of the most commonly
used. Gabor filter can be easily implemented and
exhibits the interesting characteristics for
achieving optimal joint resolution in space and
spatial frequency.” However, since the contour
of the frequency response of a Gabor filter is in
elliptical shape, it cannot effectively tessellate
the frequency plane when strongly directional
textures are considered. For example, it requires
many Gabor filters occupying different radial fre-
quency bands in the same orientation in order to
achieve effective discrimination of directional
textures,

Knutsson has suggested a filter to tackle this
problem, which means that directional textures
can be discriminated using a small number of
wider bandwidth filters." Knutsson proceeds the
design procedures 1in Fourier domain, In his
method a quadrature kernel pair is generated
which are separable in polar coordinates in the
Fourier domain. The filter response is
characterised by two functions: a radial
weighting function and an orientational
weighting function.

However Knutsson filter is not optimal in
terms of energy loss. Zhao et al. have developed
a guadrature polar separable(QPS) filter with
near optimal characteristics in terms of energy

57)
loss, ”

The purpose of this work is to improve
Knutsson filter using an exponential attenuation
function as the orientational function, and shift-
ing algebraically the central frequency. In Sec-
tion II, we briefly describe Knutsson’s method.
In Section I, we derive the exponential attenu-
ation function for the orientation tuning and then
introduce the improved Knutsson filter. In Sec-
tion IV, we demonstrate that the new filter can
be used as an efficient tool for the estimation of
the frequency and orientation of local image
textures, Finally we conclude with Section V,

II. Knutsson Filter

The frequency response of a Knutsson filter is
characterised by two independent kernel
functions, The kernel functions which suggested
by Knutsson are separable in polar coordinates in
the Fourier domain, The kernel functions are

expressed as in equation(1) and (2).

Fe(p,p)=Vx(p) - Velop) (1)
Fo(p,¢)=Vk(p) - Vo(e) (2)
where,

p : the polar variation of frequency,

¢ : the angle variation of frequency,

Vik{p) : aradial weighting function and
Ve(p) and Vo(g) : even and odd symmetrical
orientational weighting

functions

The radial weighting function Vk(p) is given
as

Vik(p)=exp[1— 10482 -B7z. Ln’(-;:—)] (3)

where pi, the central frequency, denotes the
peak value of the function along the radial axis,
and B is the frequency bandwidth. And Ve(o),
Vo(¢), the orientational weighting functions, are

expressed as
663
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Ve(p) =COS™ (¢ — k) (4)
VU((/?):‘VG(([)) : Sin[COS((p'—(pk)J (5)

where A is the bandwidth of the orientational
angle, andek specifies the preference orientation
the function has been tuned. Thus the frequency

response of a Knutsson filter is given as
Flp,p)=Fe(p,p)+j - Folp,o) (6)

The important feature on the filter function for
such a kernel pair is that they should have a
smooth variation and unimodal property, and
that it is quadrature and polar separable in fre-
quency domain. Therefore estimates of local
orientation and frequency are produced by com-
bining the output from quadrature filters with
different  frequency characteristics,  These
estimates are shown to provide good discrimi-

nation of different textures,
II1. Improved Knutsson (1K) Filter

We proceed to describe the suggested
Improved Knutsson Filter. Qur filter also has the
property that its frequency response is polar sep-
arable, Equation(7) characterises the filter re-

sponse.
Fix(p,@)=Fike(p,0)-+] * Fikolp,p) (7

where the quadrature function pair Fike(p,¢) and
Flke are given by

Fike(p, )= Vik(p) + Vike(o) (8)
Fiko(p,p)=Vik(p) + Vike(¢) (9)

The first part of the 1K filter, the radial
weighting function Vik{p), is similar to the one
used in Knutsson filter(equation(3)). Recall
equation(3), the radial bandwidth of the

664

Knutsson filter will be increased as increasing
the central frequency pi with a fixed value for
paramecter B, Then the Knutsson filter will not
be appropriate to use in the case of discriminant
textures with high dominant frequency contents,
So we suggest an alternative method to obtain a
radial function profile to deal with the situation
mentioned above, We substitute some fixed
value for the parameters pi and B in equation(3)
to obtain a radial function with the desirous
radial bandwidth. Then we shift the radial profilc
to the required central frequency. The new radial

weighting function is formulated as follows:

Vik(p)=Vk(p—po), p = po
0 p < po (10}

where po is a radial frequency offset. Thus the

real central frequency pj is given by:
pi=potpi (1)

The second part of the IK filter is two
orientational weighting functions, Vike(y) and
Viko(¢@) and which form a quadrature pair. The
orientational weighting function is obtained by
combining two exponential attenuation functions

Vile) and Vz(¢) and given as

Vikelp)=Vi(p) + V(o) (12)
Vike(@)=Vi{@) — Vz(p) (13)

The two exponential attenuation functions,
which approximate the Fourier transform of the
first order Prolate Spheroidal function, are

expressed as follows.

Vi( )__{e("kc((p_(pk)z), @ <180+ ¢k (14)
T e~ ke(360— oK) ?), 0 > 180+ok
—kc - (180—gk+¢)?), p<
Vz((p)z{e( (180— pkt+¢)?), p <ok

e{ —kclo—@k—180)?), ¢ ) ¢k (15)
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where @k is the primary phase and kc is the at-
tenuation coefficient which controls the
orientational bandwidth of the filter. An
asymtotic representation of the Fourier trans-
form of the first order prolate spheroidal function
obtained from Zhao et al.” is expressed,

Ui{c, 0T/20:)=(c/2)** (uT/a,) (16)
exp(-c’T? /80, )

The optimal value for the attenuation coef-
ficient ke 1s evaluated using a least square
method by approximating function Vi and V2 to
equation{16).

The filter response can be considered by the
kernel functions. Fig.1 shows the plots of the
functions VIK(p), V'ik(p), Vike(ep), and ViKo(¢)
with the filter parameters: NF=48(filter
length). B=1.0, kc=0.0026, ¢-22.5 °, pi=2" 12,
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and po=-5. Fig.2 shows the perspective view of

the frequency response of an IK filter, which is

composed of equation(7), and Fig.3 shows the
contour plot of the filter response, with the
above parameters,

The new filter has the lollowing properties:

% As the new filter is based on the Knutsson fil-
ter, it is quadrature and polar separable,

% the central frequency can be shifted algebraic-
ally in contrast to the Knutsson filter,

% As the exponetial attenuation function is used
as the orientational weighting function, it is
more convenient to design the optimal filter,

% As it uses the shift parameter of the central
frequency and the exponetial attenuation
function of the angle, it is not only easy to de-
sign, but also easy to estimate local orien-

tation and frequency components.

V' ir(0)
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Fig. 1 Piots of the functions VIK(p )}, V'IK(p), Vike(p) and Vike(@)
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Fig.2 3—D frequency responses of the new filter function Vike(p,¢) and Vike(p,p)

° # The frequency response is similar to the

Knutsson filter's,

B IV. Applications

it

In order to estimate the orientation and the

frequency components of a local texture in the

° Fourier domain, we can form a set of the narrow

bandwidth filters. When a random noisy image is

) o X )

Fray aen v passed through the filter, the synthetic texture

v
iA

Fig. 3 Contour plot of Fiko{ p,¢) with the corresponding texture orientation is

(a) image 1 (b) image 2

Fig.4 Synthetic texture images
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produced. In our experiments we have drived a
set of the narrow bandwidth orientational filters
which have orientation angle k=0 °, 22.5 °,
45 °, 67.5 °, 90 °, 112.5 °, 135 °, and 157.5 °.
Two synthetic texture images which consist of
seven different local textures are given in Fig.4
As the QPS filter can extract information on
texture orientation and frequency, it may be
used for feature description and segmentation as
the following steps.
1. Choose four bandpass QPS filter with the
same bandwidth but different orientations. In our

experiment we have used the flollowing

parameters: NF=10, kc=0,0026, pi=2"", po=-1,
B=1.2 and four orientation angles gx=0 °, 45 °,
90 °, and 135 °. The frequency domain contour
plot of the orientational filter based on four
bandpass filters is shown in Fig 5, These filters
are much wider than the filters used to created

the test texture images.

B A ]

< w-=o

Fig 5. contour plot of four bandpass filters

Table 1 shows the estimated orientation angles
to these 1-D synthetic textures after they have
been analyzed by these orientational filters, the
equation used to estimate the RMSE is as

follows.

k
RMSE = /l/k 2 (9is -~ 9ie)’ (7

The maximum error is 6,23 ° and the mininum

error is only 2.67 °

Table 1:Results of estimated local texture orientation

para. | B=1.4{ B=1.2 [ B=1.0 | B=1.4| B=1.0| B-1.0
\ =1 | A1 |p=1 | p=0 | P0 | £>1
True | K= | K= | K& | Ko | Ko | Ke

ang. | 0.0026{ 0.0026f 0.05 | 0.05 | 0.003 | 0.008

0 |176(4) 176(4)|178(2) | 2 2 1 177(3)

22.5 20 19 13 21 28 16

45| 4 45 4 44 44 45

67.5 1 66 65 68 7 64 70

0 94 93 92 88 87 94

1125 110 | 113 | 112 98 99 118

135 | 134 | 134 | 135 140 | 135 135

157.5] 154 | 154 | 160 168 | 166 157

RMSerr| 2.74 | 2.67 | 3.64 | 473 | 6.23 | 3.60

2. Filter the synthetic texture image using the
four filter pairs,

3. For each pixel form a vector whose
components are energy values computed from
the filter outputs,

f(x,y) = [fo(x,¥), fi{x,y), fa(x.y),
fa(x,y)1"

fi(X,Y)=((8(X.Y)""F1uei(x.)’))2
+(g(%, ¥ ) F e ((x,¥))%)*® (19)
vhere i=0,1,2,3

where g(x.y) is the input image, the asterisk (%)

(18)
with

denotes convolution. FiK denotes impulse re-

667
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sponse of the new filter after changing the Car-
tesian coordinates,

4. Segment the synthetic image using the non
parametric classification method proposed by
Spann and Wilson. This method includes
quadtree smoothing or Gaussian smoothing.“"m
This includes quadtree smoothing, local centroid
clustering and boundary estimation. the segmen-
tation flowchart followed by the above process 1s

shown in Fig.7.

Results of texture segmentation and classifi-
cation of the Fig.4 based on four QPS filter pairs

are shown in Fig.6
V. Conclustions

An improved 2—D QPS filter has been
proposed in this paper. As the filter uses the
exponetial attenuation function of the angle and

the central frequency can be shifted algebraic-

(b) image2

Fig6. Segmentation results of synthetic texture images
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ally in contrast to the Knutsson filter, the filter
characteristics is simple to control, In our
experiments using the eight orientation angles,
the estimated maximum error is 4.0 ° and the
RMS error is only 2.67 °. It appears the accurate
estimation. And the segmentation results to syn-
thetic texture images describe that it is ex-
tremely good. Further work is in progress to test
the filter on real image data.
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Fig.7 Feature description and segmentation step

References

1. D. W.Tufts and J. T. Francis, "Designing Digi-
tal Low-pass Filters-Comparison of some
methods and criteria,”" IEEE Trans, on Audio,
Electroacoust, vol, AU-18, pp. 487-494, 1970.

2.

9.

K. S. Shanmugam, F. M. Dickey, and J. A.
Green, "An Optimal Frequency Domain Filter
for Edge Detection in Digital Pictures," IEEE
Trans. on Pattern Analysis and Machine Intel-
ligence, vol, PAMI-1, no. 1, pp. 37-49, January
1979.

. I. Fogel and D. Sagi, "Gabor Filter as Texture

Discriminator,” Biol. Cyb. , vol. 61, pp.
103-113,1989.

. H. Knutsson, "Filtering and Reconstruction in

Image Processing,"
Ph. D. dissertation, Linkoping University,
1982,

. R. C. Zhao, J. Kittler, J. Illingworth and I.

Ng, "An Improved 2-D Polar Separable Filter
for Texture Analysis,” Proc. of V European
Signal Processing Conf. , Barcelona, Sept.
18-21, 1990. '

. R. C. Zhao, J. Kittler, J. IHingworth and 1,

Ng, "A New Quadrature Polar Separable Filter
and its Application to Texture Analysis,"
IEEE Proc, of the Int, Symposium Circuit and
System, New Orleans, ILouisiana, Mayl-3,
1990.

. R. C. Zhao, J. Kittler, J. Illingworth and 1.

Ng. "A 2-D Asymptotically  Optimal
Orientational Filter for Texture Analysis,”
Proc, of Int, Conf. on New Trends in Com-
munication, Control and Siginal Processing,
Ankara, July 2-5, 1990.

. R. Wilson and M. Spann, "Finite Prolate Sphe-

roidal Sequences and Their Applicationll:Im-
age Feature Description and Segmentation,”
IEEE Trans. on Pattern Analysis and Machine
Intelligence, vol. 10, no. 2, pp. 193-203, March
1988.

M. Spann and R, Wilson, "A Quadtree Ap-
proach to Image Segmentation that Combines
Statistical and Spatial Information," Pattern
Recognition-vol, 18, pp. 257-269, 1985.

www.dbpia.co.kr



104

WER{Z SRR '95-3 Vol. 20 No. 3

Z2##(Tae Hong Ahn), H3|H
19874 : =AM el & 2 =)y 83,
SM}

bl

19923 - 2 Mol &k A aph gt

R (Tk Su Choy), M@

19854 - Agrh et A7) Zetzt,
[

1989 © o) = 3 A 5 o)

Ak AP ak sk, AA}b
199351 ~ A} - 2= gr g qAbgska ubabaA Lo~ 51 4] 5 ) o S A S uhAbE g
1993 ~ & A - Al oh g AR A4 3 A A g 3 Aol Al e A B Al ], o A 2

#%# = (Jae Seon Seo), H3|J
19819 - =AM & AR

278 (Jae Min Kim), M3l &

9619 - A sk M) Eak

aHA} A}
19839 2 A gt A =pg-gat, 19700 @ v &b ) 38,
A A} A AL
198041 ~ 19883 « A A F A AL 2F 19900 : 2 Ao & H 7] 3t what
1988 ~ & A ¢ (F - A HEA T 1967 ~1972 - 2 AR FARENE DY FA
xEQMA R T AE Az, Hudy, FEA 19729 ~ 19761 A EAA A719F o]A}
19763 ~1987+d - W5 THHFR Y 2a g
1987 ~ 814 - KA A2zt s
/\

= g 3 Al R
'I'Rt ko

#$8% (Jong An Park), H3| &l

19759 - A di g g 3hojs
Mg g, FEal

19861 : =AY 8 of &)
A7) s, Feubat

1983 ~1984'd : v] = Massachusetts F@lst A7) &
Axgeta Adas

199083 ~1991'd : &= Surrey & 7] & AAF e
bR

19759 ~ 8 2 st e AaAgey us

oA FolTING A5 M, g4, HEd

670

www.dbpia.co.kr

of: EV]"’ Az Ae], oy



