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ABSTRACT

Digital image processing refers to the process of digital
images by means of digital computer. The main application
area in digital image processing is to enhance the pictorial
data for human interpretation. In image acquisition some of
the unwanted information is present that will be removed by
several preprocessing techniques. Filtering helps to enhance
the image by removing noise. The aim of this paper is to
demonstrate the lowpass and highpass filtering techniques,
however they are the filtering techniques used in Fourier and
Wavelet Transformations. In Wavelet Transform these two
filters play an important role in reconstructing the original
image by using subband coding. Lowpass filter will produce a
Gaussian smoothing blur image, in the other hand, high pass
filter will increase the contrast between bright and dark pixel
to produce a sharpen image.
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1. INTRODUCTION

Interest in digital image processing strategies stems from two
principal application areas, improvement of pictorial data for
human interpretation and process of image knowledge for
storage, transformation and illustration for autonomous
machine perception. the target of image improvement is to
enhance the standard of image as perceived by human beings
through improvement algorithms. Image enhancement is
performed each within the spatial domain in addition as in
time domain [6].

An image is also outlined as a two-dimensional function f(x,
y) where x and y area unit spatial coordinates, and the
amplitude of f at any combine of coordinates (x, y) is named
the intensity or gray level of the image at the purpose. When
X, y and the amplitude values of f are all finite discrete
quantities we have a tendency to call them as digital images.
The sector of digital image process refers to process digital
images by means that of digital computers [1] [2]. However,
some digital images are blurred attributable to noise and
henceforward images are required to be enhanced for more
process. Thus filtering technique is wide accustomed
enhancing the images by reducing the noise and more
sharpening them. The filters are to reduce digital image
improvement technique accustomed sharper the image and to
cut back the noise in the image [1-9].

2. LITERATURE SURVEY

Randall B [5] High frequency introduced noise in image that
decrease image quality and lowpass will smooth the image
and reduction noise. Omeed [16] proposed lowpass and
highpass filters using java, explained how to implement
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kernel structure to generate lowpass and highpass filters.
Handley [18] showed that the low-pass used for image
smoothing and noise reduction. Lowpass effect is to calculate
the average of a pixel and all of its eight neighbors. Kenny
Hunt [4] proposed that lowpass filtering is convolution that
attenuates high frequency of an image while allowing low
frequency passing. By the literature review we come to know
that lowpass and highpass filters are performing convolution
between two array sets which are image elements and filtering
mask. By this property lowpass and highpass filters are good
to use in image transformation.

3. FAST FOURIER TRANSFORM

Fourier Transform is an integral transform of one function
into another. Jean Baptiste Joseph Fourier (1768-1830), a
French mathematician and physicist introduced Fourier
transform. The FFT has played an important role in image
processing for many years [1] [2] [6]. The 2D Fourier
Transform is a powerful tool and is used to enhance, restore,
encode and describe the images. The FFT version is also
available and is used in a number of image processing
applications to reduce computational cost. The FFT is easy to
implement by employing successive doubling technique and
hence it finds an important place in image processing
applications.

Let f(x) is a continuous function of a real variable x. The
Fourier Transform of f(x), denoted by F (u) is defined as

F(u) = [f(x)e7?™*dx  wherej=+—1 ()
Inverse Fourier Transform:
f(x) = [Fwe 2™ du @)

The two dimensional Fourier transform and its inverse.
Fourier transforms in continuous case.

F(u,v) = [f f(x,y)e 2705+ dxdy )
Inverse Fourier Transforms:

fOo,y) = [[ F(u,v)e/2 @) dudy 4)
3.1 Filters

There are two types of enhancement techniques called spatial
domain and frequency domain techniques which are
categorized again for smoothing and sharpening the images[1-
9]. We considered the filtering in frequency domain using
FFT, use of the terms frequency domain and frequency
components is really no different from the terms time domain
and time components, which we would use to express the
domain and values of f(x) if x where a time variable [1].
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Fig 1: Frequency Domain Filtering Operation

3.1.1 Lowpass filter (smoothing)

A low-pass filter is a filter that passes low-frequency signals
and attenuates signals with frequencies higher than the cut-off
frequency. The actual amount of attenuation for each
frequency varies depending on specific filter design.
Smoothing is fundamentally a lowpass operation in the
frequency domain [1] [6] [20]. There are several standard
forms of lowpass filters are Ideal, Butterworth and Gaussian
lowpass filter.

Ideal Lowpass Filters

The simplest lowpass filter is a filter that “cuts off” all high-
frequency components of the Fourier Transform that are at a
distance greater than a specified distance D from the origin of
the Transform [17].

The transfer function of an ideal lowpass filter

1 if D(u,v) < DO
H(u,v) = { ®)
0if D(u,v) > DO
where D(u,v) : the distance from point (u,v) to the center of
their frequency.

D(u,v) = [(u - %)2 + (17 - g)z]g (6)

Butterworth Lowpass Filters: Design frequency-domain
filter to remove high-frequency noise with minimal loss of
signal components in the specified pass-band with order n

1
D (u,v) 2n (7)

[ Do
Gaussian Lowpass Filters: The transfer function of a
Gaussian lowpass filter is defined as:

H (u’v) _ esz(u,v)IZDOZ (8)

H(u,v) =

3.1.2 Highpass filters (sharpening)

A high-pass filter is a filter that passes high frequencies well,
but attenuates frequencies lower than the cut-off frequency.
Sharpening is fundamentally a highpass operation in the
frequency domain.

There are several standard forms of highpass filters such as
Ideal, Butterworth and Gaussian highpass filter. All highpass
filter (Hp,) is often represented by its relationship to the
lowpass filter (Hy,):

Hhp =1 _Hlp C)]
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4. EXPERIMENTAL RESULTS
(b)Gaussian highpass

(a) Original Image

(c) Butterworth highpass (d)ldeal highpass

Fig 2: High-pass filters result

In experimental, it shows in figure 4 that RMSE of Gaussian
lowpass filter is 15.9687, Butterworth is 15.9687 and Ideal
is 15.9687 and in figure 5 the PSNR of Gaussian is 36.1321,
butter worth is 36.1321 and ideal is 36.1321. By these values
we can say that lower RMSE and higher PSNR is of Gaussian
lowpass filter, which is good to sharpen the image while
transformation.

(a)Original Image (b)Gaussian Lowpass

Fig 3: Low-pass filters result

In experimental shown in figure 4. RMSE of Gaussian
lowpass filter (fig3 (b)) is 7.7957, Butterworth is 8.5645 and
Ideal is 8.6164 and PSNR (figure 5) of Gaussian is 39.2463,
butterworth is 38.8378 and ideal is 38.8115. By these values
we can say that lower RMSE and higher PSNR is of Gaussian
lowpass filter, which is good to smoothen the image while
transformation.
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5. CONCLUSION

In this paper Lowpass and Highpass filters are implemented to
show the importance of both filters in Fourier and Wavelet
Transform. The experimental results show that, highpass filter
preserves the edge details and lowpass filter denoises the
image by preserving details, therefore highpass and lowpass
filters are basic filters used in the image transformations. In
both lowpass and highpass filters, Gaussian filter is more
suitable for transformation because it has minimum possible
group daily and processes in the ideal time domain. It has
minimum RMSE and maximum PSNR values which tells
about the goodness of it as shown in the result. This method
further can be implemented for enhancement of reflectance
and illumination effects.
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