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ABSTRACT

This paper proposes a new approach for edge detec-
tion using steerable filters and cellular neural net-
works (CNNs) where the former yields the local direc-
tion of dominant orientation and the latter, provides
iterative filtering. For this purpose steerable filter
coefficients are used in CNN as a B template. The
results are compared to the results where only CNN
or steerable filters are used. As a result of this study,
the performance of the system can be improved since
iterative filtering property of CNN and the ability of
steerable filters for edge detection are used.

1. INTRODUCTION

In the image processing literature all of the methods
dealing with the detection of discontinuities in an im-
age, are normally classified under the general edge
detection where the traditional techniques are based
on the computation of local derivative [1]-[3]. The
traditional filters used for edge detection have to be
optimized for different kinds of edges. For instance,
when the Canny edge filter [4] is applied to a line
rather than an edge, it produces two extremum in its
output rather than one, each appearing at each side
of line. If the filter is optimized for detecting lines it
will give spurious responses to edges.

However, another approach for edge detection is
the use of orientation techniques. The structures
where these techniques are used are known as steer-
able filters and have been used for image processing
tasks, such as texture analysis, edge detection, image
data compression, motion analysis, image enhance-
ment and hand-written character recognition [5]-[7].
But these techniques suffer from some drawbacks. For
instance, undesired edges may occur in an image. An-
other disadvantage is that the locations of detected
edges are changed by the process.

Also several authors used CNN for the same pur-
pose [8]. In the case of determination of edges ro-
tated at specific orientation, it is necessary to train
the CNN. If steerable filter coefficients are used in

CNN, this training process can be avoided. Thus the
computation time can be decreased.

In this paper, our proposed approach exploits the
use of steerable filters as a B template in CNN. The
motivation of this approach is that the filtering prop-
erty of CNN and the ability of steerable filters can be
used to improve the system performance. However,
the CNN outputs can be computed in less time than
required by serial digital computer implementations.

The organization of this paper is as follows: Sec-
tion 2. presents brief definition of steerable filters.
In Section 3. our proposed approach is described.
Simulation results of this approach are presented in
Section 4. Finally, conclusions and discussions are
given in Section 5.

2. BRIEF DEFINITION OF STEERABLE
FILTERS

Steerable filters basically provide directional edge de-
tection since they behave as band-pass filters in a par-
ticular orientation [5], [9]. The edge located at differ-
ent orientations in an image can be detected by split-
ting the image into orientation sub-bands obtained
by basis filters having these orientations. These ba-
sis filters represented by hθi(tx, ty), 1 ≤ i ≤ M are
the rotated versions of impulse response h(tx, ty) at
θi, the filter orientation and ki(θa), 1 ≤ i ≤ M , are
called interpolation functions which control the filter
orientations.

Definition: h(tx, ty) is said to be steerable if it
can be expressed at an arbitrary rotation θa, as a lin-
ear sum of fixed rotated versions of itself, hθi(tx, ty),
i.e.

hθa(tx, ty) =
M∑

i=1

ki(θa)hθi(tx, ty) (1)

where hθa(tx, ty) is the rotated version of h(tx, ty) at
θa direction and ki(θa), 1 ≤ i ≤ M , are interpolation
functions.

The following theorem ensures the steering condi-
tion [5]:



Theorem: The steering condition (1) holds for
functions that can be expanded into Fourier series
(i.e., periodic or compactly supported) in the follow-
ing way:

h(ρ, θ) =
N∑

n=−N

an
h(ρ)ejnθ (2)

where ρ =
√

x2 + y2 and θ = arg(x, y), if and only
if there exists a set of interpolation functions ki(θa)
satisfying the matrix equation:




1
ejθa

...
ejNθa


 =




1 1 · · · 1
ejθ1 ejθ2 · · · ejθM

...
...

. . .
...

ejNθ1 ejNθ2 · · · ejNθM







k1(θa)
k2(θa)

...
kM (θa)




(3)
The number of nonzero coefficients an

h(ρ) gives the
minimum number of basis functions required for steer-
ing condition.

It is well known that the directional derivative op-
erator is steerable [10], [11]. We consider the first
derivative of the Gaussian function in this study. Af-
ter obtaining first derivative of the Gaussian function
rotated at the required orientation, the steerable filter
coefficients are evaluated by sampling it.

3. THE PROPOSED APPROACH

In this study, we introduce a new approach which
is based on the use of steerable filters and CNN for
edge detection. As introduced in Section 2., steerable
filters can be used for edge detection. But some un-
desired edges may appear in an output image. This
drawback can be avoided by using dynamic and iter-
ative filtering property of CNN.

The simplest CNN is an analog circuit which con-
sists of units called cells. The dynamics of CNN are
described by

d

dt
xi,j(t) = −xi,j(t) +

∑

p,q∈(N×N)

Ap+i,q+jyp,q(t)

+
∑

p,q∈(N×N)

Bp+i,q+jup,q + I, −N1 ≤ i, j ≤ N1

y(x) = 0.5(|x + 1| − |x− 1|) (4)

where ui,j , xi,j(t) and yi,j(t) represent input, state
and output, respectively [12], [13]. N1 is radius and
N1 = (N − 1)/2. Also AN×N is called as feedback
template while BN×N is called as feedforward tem-
plate. N represents dimension of CNN and I is bias
term.

In the linear region i.e. |xi,j | < 1, yi,j(t) = xi,j(t),
whole system behaves as a linear system. Therefore
the linearized template masks can be defined as:

a(n1, n2) ==





A0,0 (n1, n2) = (0, 0)
A−n1,−n2 (−n1,−n2) ∈ N ×N

0 otherwise
(5)

b(n1, n2) ==
{

B−n1,−n2 (−n1,−n2) ∈ N ×N
0 otherwise

(6)

for simplicity while obtaining the dynamics in the
convolution form. In this case, since 4 is indepen-
dent of initial values as time goes infinity and also
bias term I, is dropped from 4. The transfer function
of the central linear system can be written as

H(w1, w2) = −B(w1, w2)
A(w1, w2)

(7)

where B(w1, w2) and A(w1, w2) are discrete space
Fourier transform of B and A templates, while w1

and w2 are spatial frequencies. This transfer func-
tion have two important properties; zero-phase and
infinite impulse response (IIR). If the A template has
radius zero with A0,0 = α, 7 becomes

H(w1, w2) = − 1
α− 1

B(w1, w2) (8)

This transfer function is equivalent to the FIR filter-
ing of B template with a weight −1/(α− 1).

In this study, steerable filter coefficients which are
obtained from the first derivative of Gaussian func-
tion are used as a BN×N template in CNN.

4. SIMULATIONS

In this section, the simulation results for edge detec-
tion by using proposed approach are given. Here we
consider edge rotated at 45o.

The steerable filter coefficients are evaluated by
sampling h45o

(tx, ty) from -3 to +3 with 0.67 sam-
pling rate. As a result of this sampling process, 9 co-
efficients are obtained and these coefficients are used
to construct 2D separable filter coefficients. This 2D
filter is used as a B9×9 template in CNN. The choose
of the coefficient at the center point of A9×9 as 1.3
guarantees that the range of output image is between
-1 and 1 [13]. Also I is chosen as -3.05.

Fig.2 illustrates the edge detection results of this
approach. Fig. 1 shows a test image whose size is
256× 256. As shown in this figure, only the edge
rotated at θ = 45o is detected, other edges are filtered.
The same input image is filtered by only steerable
filters. As illustrated in Fig. 3, while desired edge is
detecting, some unwanted edges has occurred at the
output image. Fig. 4 shows the difference between
test image and the output of steerable filter. It can
be seen in this figure, the locations of detected edges



are changed by the process. It is observed in Fig. 5
that this drawback can be avoided by using steerable
filter+CNN.

In the case of filtering by CNN, the results are
the same as those obtained by using steerable fil-
ters+CNN as illustrated in Figs. 6 and 7. But it
is necessary to train CNN to detect the edges rotated
at 45o. This time consuming problem can be avoided
by using our proposed approach, since steerable filter
coefficients which are obtained to detect edges rotated
at 45o are used as a B template in CNN.

Fig. 8 and 9 show rotation-energy histograms for
an image which contains only a line rotated at 45o

by using steerable filter and steerable filter+CNN. In
Fig. 8, total energy of the image in terms of rotation if
only steerable filter is used. In this case total energy
smears which is not required. But if our proposed
approach is used, the energy reaches its maximum
value around 45o as shown in Fig. 9.

5. CONCLUSIONS

In this paper, we have proposed a new approach for
edge detection application by combining steerable fil-
ters and CNNs. As a result of this study, the use of
steerable filters as a B template in CNN provides to
improve the system performance. Here we use the
iterative filtering property of CNN and the ability of
steerable filters for edge detection.

Another important point to be considered, the
choose of threshold value for I. If it is chosen as very
small, all edges might disappear in the output image.
Also the value of A0,0 effects the threshold level and
convergence time.
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Figure 1: A test image.
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Figure 2: The output of steerable filter+CNN.

50 100 150 200 250

50

100

150

200

250

Figure 3: The output of steerable filter.
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Figure 4: The difference between test image and
steerable filter output.
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Figure 5: The difference between test image and
steerable filter+CNN output.
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Figure 6: The output of CNN.
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Figure 7: The difference between test image and CNN
output.
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Figure 8: Rotation-energy histogram obtained by us-
ing steerable filter.
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Figure 9: Rotation-energy histogram obtained by us-
ing steerable filter+CNN.


