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IMAGES OF PERIODIC TRIANGULAR WAVE OBJECTS THROUGH -
SEA WATER
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The imagery of a general periodic and incoherent triangular wave grating has been investi-
gated when sea water is considered to be the image degrading medium. Results in the form of
curves have been presented for the irradjance distribution and contrast in the images.

1. Introduction

Recently, a lot of interest has been shown [1-7] in the studies of the optical properties
of sea water. The modulation transfer function (MTF) approach has also been applied [8-11]
to study these properties. The MTF of sea water is helpful when predicting the underwater
visibility and has been computed by Zaneveld and Beardsley [9]. Goodell [10] has given
a method for calculating the reflection and emission characteristics of the ocean surface
as an MTF whose characteristics are functions of downlook. Wells [11] has studied the loss
of resolution in water as a result of multiple small angle scattering.

These investigations [8-11], however, make use of objects with sinusoidal and rectangular
wave profiles and no investigations seem to have been carried out with the use of triangular
wave objects. The use of triangular wave objects has recently become quite popular for
MTF studies. Singh and Chopra [12-14] have considered the triangular wave gratings for
their investigations, in which they have also discussed the superiority of such objects over
other types of objects. In view of the increasing use of this type of objects, we have investigated
the degradation of the images of general periodic triangular wave objects through sea water,
and this paper presents the results of our investigations. Knowledge of these results should
prove useful in physical oceanography..
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2 Theory

For our investigations, we have considered a general periodic object of triangular
wave form. The Fourier series representation of this object function G (z) Fig. 1 and the
image irradiance distribution H(z') are given [12] by
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where n = 1,2,3 —ap and (1—a)p are the widths of the bright and dark portions at the
mean irradiance a, and b denotes the modulation. @ is the angular frequency and is given

lrradiance G(z) —»
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Fig. 1. lustration of symbols

:by' o = 27t[p where p is the period. f(nw) is a function which for n = 1 reduces to the MTF
of the system. The number n’ of the components transmitted through the system decreases
as the value of w increases. In writing Eq. (2) the conditions of isoplanatism and unit
magnification have been assumed. '

In our study, we consider a simple viewing situation. The hydrosol occupies, a volume
extending from X =0 to X = +o00; —o0 <z < 003 —oo <y < oo. The observing
system is located on the X axis at X = + X, The target is effectively located at X = — oo.
The results obtained for other viewing situations are, however, expected to be quite similar
in functional form to those obtained for this simple viewing situation.
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Considering the hydrosol as a set of thin horizontal plane parallel slabs of equal thickness,
the edge gradient response of the system is the intersection of the image radiance solid with
the @ = 0°, 180° plane when the object radiance Ny(0, @) is given [9] by

Ny(0, D) = Ny; 0° < 0 <90°, —90° < @ < +90°
=0; 0°< 6 <90°, +90 < & < 4270° 3)

The edge gradient response can be approximately represented in the region
—20° < 0 < 20° by an arc — tangent function. The MTF is the Fourier transform of the
derivative of this arc — tangent function and is given [9] by

flw) = exp ( — wﬁ) (4)

where  is the angular frequency in cycles/degree and w, is a complicated function of the
range, scattering albedo and shape of the scattering phase function, and is given by

= ()= (02| ®

Here, 0 denotes the angle, NV is the radiance and j is the number of layes from the surface.
The pertinent optical properties of sea water are the beam extinction coefficient ¢/, the
total scattering coefficient b’ and the shape of the scattering indicatrix (). The constant
wg of the MTF is a function of the scattering indicatrix paremeters ef and eb’ and the scattering
albedo b’[c’. The values of f(nw) to be used in Eq. (2) can be obtained by replacing by nw
in Eq. (4). It should be noted here that in writing Eq. (4), the light collector has been assumed
to be perfect. If the effect of the light collecting system is also considered, then Eq. (4)
should be multiplied by the appropriate MTF.

Assuming the contrast in the object equal to inity, the image contrast can be computed
by calculating the maximum and minimum values of H(z') from Eq. (2).

3. Results and discussion

The irradiance distribution in the images has been computed for & = 0.10, 0.25 and
0.50. In these calculations, the values of @ have been taken equal to 0.20, 0.90 and 1.80
and the constant wy = 0.05, 0.30 and 0.50. The parameters ¢ and b have been taken so that
a = b= 0.50.

Fig. 2 shows the dependence of irradiance on the reduced distance wz’. The dot-dash
lines (-+-+-+-+-) represent the edges of the geomeltrical images. Fig. 3 shows the effect of the
change in the value of w, on the normalized irradiance for w == 0.60 and 1.20. It is seen
that a decrease in w, results in the ‘deterioration of the image contrast at all frequencies.

The sequence of curves in Fig. 4 shows the contrast in the images of the triangular
wave grating for wy = 0.20 and 0.50. The curves marked S give the contrast in the images
of the sine wave grating and have been drawn for comparison purposes. Fig. 5 shows the
effect of the change in the value of w, on the contrast in the images. It is observed that
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Fig. 3. Comparison of normalized irradiance distribution in the imagés for wy = 0.20 and 0.30 @) wy = 0.60
(———) 8) 0= 120~ == )
= 0.10, 0.25-and 0.50 in each case for a)
© 77T 77 @=0.10 and 0.50 in each case for b) -

a decrease in w, results in a decrease of image contrast at all values of w i.e. the image is
degraded. Also, this decrease in the value of wj results in the decrease-of the value of the
cut-off frequency.

The authors wish to thank Professor P. K. Katti and Professor M. S. Sodha for encoura-
gement. Dr J. B. Goodell of Westinghouse Defence and Space Center, Maryland, sent us
a copy of his manuscript in advance of publication and this is gratefully acknowledged.
The suggestions of an anonymous referee contributed substantially toward improvements
in the manuscript.
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Fig. 4. Contrast in the images of the trianguler wave object for @) wy = 0.20 and b) w, = 0.50.¢z = 0.10,25
and 0.50 in each case. Curvos marped S bive the contrast in the images of the sine wave object for correspondinh
value of w,
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Fig. 5. Comparison of contrast in the images of the triangular wave object (= 0.50) for wy = 0.05, 0.20,
0.30 and 0.50
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