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Abstract

This paper discusses a simple but e�ective tech-
nique to extract edge information from an im-
age. The method uses pulse amplitude modulation
(PAM) together with di�erential phase shift keying
(DPSK).

1 Introduction

Modulation techniques [1, 2] are used to change
the properties of the signal associated with its fre-
quency. In case of amplitude modulation the orig-
inal signal behaves as an envelope for the high fre-
quency signal, while for frequency and phase mod-
ulation the contents are saved in frequency or phase
change respectively. In case of digital modulation
pulse amplitude modulation corresponds to ampli-
tude modulation. Phase shift keying corresponds
to phase modulation in continuous domain.

In the present paper we introduce a technique to
extract edges from an image using PAM modula-
tion and DPSK demodulation techniques.
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2 Procedure

Let us assume that the image under consideration
is represented byI . Every pixel of the image is
represented by 8 bits; that is, the range of values
for grey scale image is from 0 to 255 (though the
procedure is general in nature but for simplicity we
consider a gray scale image).

Image I is shown in Figure 1. The �gure is show-
ing image in terms of matrix coe�cients.

Figure 1: Image as matrix coe�cients.

PAM modulation is applied on the image thus
obtained. PAM modulation reassigns the ampli-
tude of the image coe�cients to newer ones. Figure
2 shows a comparison between original image and
PAM modulated image. It is clear from the �gure
that matrix coe�cients are assigned new values. To
�nd out what changes after PAM modulation we
have to look at the PAM modulation procedure.

An image can be represented as a 1D signal by



Figure 2: Original and PAM modulated image.

replacing all the rows as one row. This gives us our
image as a 1D signal. Supposex(t) is the 1D signal
with amplitude values varying between 0� 255.

If we apply PAM modulation on this signal, the
resulting waveform will be represented by

xP AM (t) = < [Am x(t)ej 2�f c t ]

= Am x(t) cos(2�f ct)

where m = 1 ; 2; 3; : : : ; M ; Am is the set of M
possible amplitude corresponding toM = 2 k pos-
sible k-bit blocks of symbols.

We know that the shape of x(t) in
uences the
spectrum of the transmitted signal , because of the
mapping or Gray encoding operation.

Similarly, if we apply PAM modulation on an
image with symbol order 2 or higher; we shall re-
ceive an image with new spectrum of the signal. A
part of image after PAM modulation is shown in
Figure 3. The image is considered to be 1D signal
for comparison purpose. Modulated and original
images are shown in Figures 4 and 5, respectively.
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Figure 3: Image as 1D signal.

DPSK is a noncohorent communication tech-
nique and thus does not require and estimation of

Figure 4: Original image.

Modulated Image

Figure 5: Modulated image.

phase of the carrier. To regenerate the original sig-
nal received signal is compared, at any given signal-
ing interval, with the phase of the received signal
from preceding signaling interval. Therefore, we
can demodulate any received signal using DPSK
irrespective of how it was modulated. After per-
forming DPSK demodulation the image becomes
as shown in Figure 6. Corresponding 1D signal to-
gether with original and PAM modulated signal is
shown in Figure 7.

De-modulated Image without Noise

Figure 6: Demodulated image.








