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ABSTRACT

The results of a systematic study made by using a Coherent Oprical Spatial Frequency
1 rocessor (COSEP) about the information content in the various barmonics of the spatial frequency
spectra of halftone images are discussed. It is observed that ‘the circular shape of the halftone
dot gets corrupted in undersampled images, whereas it is preserved to a large extent in correctly
sampled images. It is also found that from these studies the correctly sampled images can be

identified rather effortessly.

1 It is envisaged that studies of this kind could lead to the development of new methodo-
logies for Image Quality assessmentand Video Information transmission.

INTRODUCTION

ALFTONE process is commonly employed in
graphic arts and printing industry for the
reproduction. of continuous tone images. Halftone
images are produced by photographing the con-
tinuous tone image through a screen (known as
halftone screen) with a high contrast film. Such
screens are commercially available and they consist
of a periodic array of black dots. The blackness
variation across a dot i more or less Gaussianl.
A halftonz screen, in the ultimate analysis, is
nothing but a two-dimensional grating and it can easily
be obtained in the laboratory by the approprate
superposition of two one-dimensional gratings of
esired periodicity. The period of the dot array
can be so manipulated (by a proper selection of
the halftone screen) as to make the halftone image
appear as a cootinuous tone image at normal viewing
distances. Recently interest in the age-old halftone
technique has been revived because of its potential
utility in the achievement of nonlinear operations
with coherent optical computing systems?8 and in
ather applicationst™?,

It is an experimentally observable fact that a
continuous tone image located at the input of o
Coherent Optical Spatial Frequency Processor
(COSFP) will yield a nondiscrete (or continuous)
spectrum in the so-called Fourier (or diffraction or
spatial frequency) plane ; whercas @ halftons
version of it will yield a discrete spectrunt.

In the language of communication systems and
image processing, it can be stated that the super-
position of halflone dot strucClure on a contnuous
tone image will resuwlt in, (a) the sampling of the

* To whom all correspondence should b
addressed.
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object distribution ; {(b) the accentuation of higher
frequencies in the object and (¢) the spatial separa-
ticn of various harmonics from the c:ntral region i
the spatial frequency spectrum of the object.

The aspect (¢) mentioned above allows the
facility to handle the harmonics either individually
or collectively in order to determine th2 information
conient in them. This m turn is intimately connec-
ted with the aspect, (a) (i.e. the sampling) vig the
Whittaker-Shannon theorem8. Both these aspects
are important im so far as video information
transmission 1§ concerned.  And th:  aspect,
(b) mentioned above can lead to a better under-
standing of image quality. In view of these
advantages, it appears that a systematic study of
the spatial frequency spectra of halftone pictures
is warranted. As we are pursuing R & D programmes
in the areas of image quality assessment, Video
Information transmission using optical  fibers,
spatial fraquency analysis, for image processing iad
remote sensing, we have undertaken a study of the
information content in the apatial frequency spectry
of halftone images. Seviral jnteresting  tesulls
obtained from this study ate prosented here,

To the best of our knowledge only Marquet unid
Tsujuichi® have done some work along these lines
tong time ago. They attempled to explain thoer
results on dot removal in terms of diffracbhon
theory by assuming the shape of halftone dot to be
circular., Qur studies reveal that this ussumption
is of conditional validity,

EXPERIMEN I'AL

The cxperiments have been carried out using «
COSFP system shown schematically in Fig. 1 and
the system s poweted by a  spectra  physics
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Fig. 1. Schematic of a Coherent Optical

model 155 He-Ne laser. The selective transmis-
5108 Of the desizred harmonics, ftom the frequency
plane to the image plane, is achievied by the
location of a swtable aperture in the Fourier plane,
The spectrum is magnified sufficiently so that
apertures of appropriate dimensions could be u<ed
as spatial frequency filters without themselves ¢ausing
diffraction effects of their own., All the inputs 1o
the COSFP system are in the format of 35 mm.

The spectra of a good number of halftone
pictures have been looked at and from amongst
them three representative pictures have been
chosen for ths present study. The three pictures
are categorized as Coarse {(C), Medium (M) and
Fine (F), based on the period of their dots array.
The three pictores along with their spectra are
shown in Fig. 2. Also the sketches of the spectra
are shown in Fig. 3 with the approptiate nomen-
clature for the varigus harmonics written. therein,
As the diffraction pattern is symmetrical about the
central spot we have indicated the nomenclature .n
only one quadrant,

RESULTS AND DISCUSSION

1. The shape of the diffraction spols obtaind
from the C, M and F type piclures 15 diamond,
hexagonal and circular respectively. This difference
is attributed to the corruption of the halftone dots
from their original circular shape in the cases of
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Spatial Frequency Processor (COSFP).

C and M type pictures a2nd we have confirmed this
to be true by micrascapic examination of the
halftone pictires. In this context it may be recalled
that it is a well established fact that the shape aad
the size of halftone dot is dependent upon the gray
level distribution in the continuous tons Image,
From these observations we conclude that the
assumption of Marquet and Tsujuichi® about the
balftone spet being circular 15 only condituonally
valid.

2. A uniformly illuminated patch is obtained as
the image when the DC alone is passed with a
25 wum pinhole as spatia] filter (s¢e Fig, 4 a). This
1s  consivtent  with  the theoretical prediction
that the Fourier transform of DC should lead to0
no information,

3. The resulty of the passage of the central spot
f00) is the famuhiar low pass image (see Fig. 48).

4. The F type picture bas a much wider spectrum
and 1ts harmonics are all almost of the same
intenstty when compared with the specira of C and M
type pictures. In the case of C and M pictures,
the intensity falls off rather rapidly as we move
away fram the central (0Q) spot,

These results, we interpret, are suggestive of
lhe facts that the information content n the
various harmonics of the F type picture must he
nearly the same, whereas it 18 not so in the case
of the spectra of the C and M type pictures. Io
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Fic. 3. Sketches with nomenclature of spatial frequency spectra for {a) C-type, (b) M-type and
{c) F-type halftone inputs.

)

b

Fic. 4. (a) Image obtained when DC alone ispassed. (b) Image obtained when central spot (00!
1s passed. The result is similar to all pictlures,
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other words. the F type piclure comes close to
bemng  sampled according to Whittaker<Shannon
thcorem® ; while the C and M type pictures are
undersaropled. The validity of these inferences ;s
estabhished by the following results, which are
oblained by the method of imase reconstruction via
the route of the passage of desired harmonics using
the COSFP setup shown in Fig, 1.

For instance the passace of barmonics such as
10. 20, etc., individually has yielded very noisy
ymages in the case of C and M type pictuies. In
the case of F type picture, however, the image is
as good as the low pass image., Further the resulis
obtained with C and M pictures in repard to the
passage of columns (C, to C.) and rows (R, to R,)
of harmonics are similar, For example the informa-
tion content degraded and the images became very
noisy as we move away from C, to C, (or from
R, to R,). In addition, the results for the passage
of harmonics in column C, (or from row R,)
similar to that obtained from passing the (00) spot.
This 1s to be expected m view of the fact that in
columm C, (and in row R,) the (00) spot is
included. In the case of F type picture, however,
the degradation of information content as we move
from column C, to C, (or from row R, to R,)
is not ar ¢ll as severe as in the case of the C and
the M type pictures (see Fig. 5).
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halfione images can be effortlessly made using a

COSFP system. Such studies can be utlised fo
the

purpose of
ampled pictures,

the dentfication of correctly
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FiG. 6. Image obtained in the case of M-typs

halftone picture when only the harmoric (11) is
passed,

Our study indicates that the circular shape of

the halftone dot is preserved to a large extent only
in correctly sampled pictures.

We suggest that a possible method of transmitting
the desired video information is by recording
holographically the information in the barmonics.
It is proposed that an integration of the COSFP
with a holographic system might be the right thing

Yet another result in support of the above-
mentioned inference i1s obtained by the passage of
all the barmonics from a quadrant. The result
agam is poisy 1mages in the case of C and M
type pictures, while the F type picture vielded an
image as good as the low pass image.

5. Only in the case of M type picture, an
intriguing result by way of an edge-enhanced
picture is obtained when the diffraction spot (11) is
passed (see Fig. 6). It is believed that this result
is due to some artefact of the particular halftons
structure ; smce similar result could not be obtained
with the other two types of pictures studied here.

EPILOGUE

The halftone method appears fo be an easy and
cfficient way of sampling images for purposes of
applications such as Video Information transmis-
s101.

A systematic study of the information content
in the harmonics of the spatial frequency spectra of

to do to achieve this,
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