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INTRODUCTION

The quality of underwater images plays a pivotal role in ocean engineering and scientific
research, such as monitoring sea life, accessing geological environment, and ocean rescue.
However, the absorption and scattering effects of the water limit the visibility of the underwater
objects. Consequently, the images captured by underwater cameras usually suffer from low
contrast, no uniform illumination, blurring, bright artifacts, diminished color, noise, and other
distortions. Many algorithms have been proposed for restoring colors and enhancing contrast for
observed underwater images. In the majority of these methods, visual inspection is used for
evaluating the image processing algorithms’ performances. However, subjective evaluation is
biased, and it is expensive with respect to time and resources. More importantly, subjective
evaluation cannot be automated. Therefore, it is important to have a reliable objective evaluation
measure. Generally, objective evaluation methods can be classified into two categories: no
reference measures and full-reference measures, depending on whether the images with the “true
color” and “ideal contrast” are available. In underwater image processing scenarios, such ideal
images are usually unavailable. Therefore, the non reference image quality measures are desired.
This challenge is further exacerbated by the need to develop an underwater image quality
measure that captures the objectivity and perception of the human visual system (HVS).

Contrast enhancement technique is widely used for underwater image processing to
improve the contrast performance. The development of the contrast enhancement technique for
underwater image has attracted considerable attention in recent years. Researchers are improving
the image contrast to extract as many information as possible by applying various algorithms.
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PROBLEM DEFINATION

Underwater images suffer from blurring effects, low contrast, and grayed out colors due
to the absorption and scattering effects under the water. Few image segmentation algorithms
have been developed for that image segmentation. Unfortunately, no well-accepted mechanism
exists that can segment the underwater images similar to human perception. A lot of fuzziness is
present in those images. Therefore, fuzzy concept based segmentation is more useful in that
situation. A human visual system concepts based segmentation will be more accurate. To address
the problem, a new non reference underwater image quality measure (UIQM) is presented. The
UIQM comprises three underwater image attribute measures: the underwater image
colourfulness measure (UICM), the underwater image sharpness measure (UISM), and the
underwater image contrast measure (UIConM).

The quality of underwater image is poor due to the properties of water and its impurities.
The properties of water cause attenuation of light travels through the water medium, resulting in
low contrast, blur, inhomogeneous lighting, and color diminishing of the underwater images.
Here a method of enhancing the quality of underwater image is proposed. The proposed method
consists of two stages: 1) Modified Von Kries hypothesis and 2) Global histogram stretching.
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LITERATURE SURVEY

From “Human-Visual-System-Inspired Underwater Image Quality Measurement” by Karen
Panetta et al., we have learned about image quality measurement. Measurements of an
underwater image are UICM (Underwater Image Colorfulness Measure), Underwater Image
Sharpness Measure (UISM), Underwater Image Contrast Measure (UIConM).

A. Underwater Image Colorfulness Measure (UICM)

Many underwater images suffer from a severe color-casting problem. As the depth of the water
increases, colors attenuate one by one depending on their wavelength. The color red disappears
first due to it possessing the shortest wavelength. As a result, underwater images usually
demonstrate a bluish or greenish appearance. Furthermore, limited lighting conditions also
causes severe color de-saturation in underwater images. A good underwater image enhancement
algorithm should produce good color rendition. The HVS captures colors in the opponent color
plane. Therefore, the two opponent color components related with chrominance RG and YB are
used in the UICM, as shown in

RG=R-G 1)

R+G
-

Underwater images usually suffer from heavy noise. Therefore, instead of using the regular

statistical values, the asymmetric alpha-trimmed statistical values are used for measuring
underwater image colorfulness. The mean is defined by:

YB =

B 2)

1 K-Tr ]
Hyre = Z Intensityq; 3
K - TaL - oR izT(xL +1

.. ) 2 .
The second-order statistic variance @  in:

1< .
O_Za,RG = WZ(IntenSItng,p _lua,RG)Z (4)
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The overall colourfulness metric used for measuring underwater image colourfulness is
demonstrated in

UICM = —0.0268+/ tt%w.r6 + 12wy +0.1586:0 w6 + 0 as (5)

B. Underwater Image Sharpness Measure (UISM)

Sharpness is the attribute related to the preservation of fine details and edges. For images
captured under the water, severe blurring occurs due to the forward scattering. This blurring
effect causes degradation of image sharpness. To measure the sharpness on edges, the Sobel edge
detector is first applied on each RGB color component. The resultant edge map is then multiplied
with the original image to get the grayscale edge map. By doing this, only the pixels on the edges
from the original underwater image are preserved. It is known that the enhancement measure
estimation (EME) measure is suitable for images with uniform background and shown non
periodic patterns accordingly; the EME measure is used to measure the sharpness of edges.

The UISM is formulated as shown in

3
UISM = Z/ICEME(grayscale edge, ) (1)
k1 k2 kl
EME=—2_ ! o )
RO

C. Underwater Image Contrast Measure (UIConM)

Contrast has been shown to correspond to underwater visual performance such as stereoscopic
acuity. For underwater images, contrast degradation is usually caused by backward scattering.
The contrast is measured by applying the logAMEE measure on the intensity image as shown in

UlIConM = log AMEE (Intensity)

The logAMEE in

|Og AMEE __@ d i Imax kI mn,k,l % |Og( Irmx,k,l®|m'n,k,l ) (1)
kik2 T maxkl ® Im'n,k,l Imax,k,l ® Im'n,k,l
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Underwater image quality enhancement through Rayleigh-
stretching

A. Modified of Von Kries hypothesis

Image channels are applied with modified VVon Kries hypothesis. First of all, the average values
of each channel, Ravg, Gavg, Bavg are calculated

Ravg:MXNiZ_;;IR(ivj) (1)
1 3 -

Gavg = M XN ;;IG(LJ) (2)
1 E3 -

Bavg:MXNiZ_l:jZl:IB(IYJ) (3)

M x N indicates the number of pixels in a channel and Idbj) s the pixel value of respective
channel at position of (i,j).

The median value is determined from these three average values and used as the
reference or target value. The remaining color channels are determined with multipliers
(A and B) in order to produce a balanced image. The equations are used to calculate the
multipliers for maximum and minimum average values, respectively.

A_median(Ravg,G B..)

avg ' ~avg
mln( Ravg ! Gavg’ Ban) (4)
~ median(R,,,G,yg1 Bayg)
= maX( Ra\/g , Gavg , Bavg) (5)

Based on the calculation in equations, the color channel with a minimum intensity value is
multiplied with multiplier A whereas the color channel with a maximum intensity value is
multiplied with multiplier B.
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B. Global histogram stretching

In order to spread the pixels values of the image, the histogram of the image channels are applied
with global stretching, where the histogram are stretched over the whole dynamic range of [0,
255]. This is also as preparation of the next step where the histogram will be divided into two
regions based on its average value. The stretched-histogram will provide a better pixel
distribution of the image channels and thus gives a more accurate average value of the channel
which represents the average value of the channel for the whole dynamic range.

The following equation is used to stretch the histogram of respective color channel to the whole
dynamic range.

P = (P — iy )Cme —2miny g (6)
|

mex  'min
Pin and Pout are the input and output pixels, respectively, and imin, imax, omin, and omax are
the minimum and maximum intensity level values for the input and output images, respectively.

C. Division and stretching of image histogram with respect to Rayleigh distribution

The histogram is then divided into two regions based on this average value. By dividing the
histogram at its average point, two regions are produced namely lower and upper regions. The
lower region should have the intensity range between O to the average value of the image
histogram whereas the upper region should have the intensity range between the average value to
the maximum intensity range of 255.

For the next step, these two regions of histogram are stretched independently to produce
two separated histograms. In addition to this step, these regions are stretched to follow the
Rayleigh distribution over the entire dynamic range of [0, 255]. The lower region which has the
intensity value between 0 to the average value will be stretched to the entire dynamic range of [0,
255]. The same process is applied to the upper region, where the initial range of the region,
which lies from average value to 255 is stretched to the entire dynamic range of [0, 255].

The probability distribution function of Rayleigh distribution is given by the equation

I:)DFRayleigh = (LJe[%‘z] for x>0 yoa=0 (7)

2
o

where a is the distribution parameter of Rayleigh distribution and x is the input data which is, in
this case, the intensity value.

Rayleigh-stretched distribution in equation
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Rayl.— stretched = ' e 24" (8)

Original
histogram

“Global
stretching
Lower : Upper
region region

}erage point

Lower region: Rayleigh-stretched \
distribution _ Upper region: Rayleigh-stretched
distribution

taa o = ey = %0 102 120 ] =0

L Figure 5 Original histogram is applied with global stretching and divided into two separate histograms at its average point.

The output histogram is stretched over the entire dynamic range of [0, 255]. Therefore,
the values of omax and omin can be substituted with the values of 255 and 0, respectively. Thus,
previous equation can be simplified as below equation:

H 7[255(Pin7imin ) §

255(P, —1 . 25 2
Rayl . — Stretched = M e 2a ('max"min)
o’ (i

max _In’in)
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where imin and imax indicate the minimum and maximum intensity level values for input image in
each region, respectively. For the lower region, imin indicates the minimum intensity level value
of the image histogram, and imax indicates the maximum intensity level value in the region, which
is equivalent to the average-value of the histogram. For the upper region, imin indicates the
minimum intensity level value in the region which is equivalent to the average-value of the
image histogram, and imax indicates the maximum intensity level value in the region which is
equivalent to the maximum intensity level of the image.
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SRS (Software Requirement Specification)

Operating System | Processor Disk Space RAM
Windows 10 Any Intel or AMD x | 2GB for MATLAB | 2GB
86-64 processor only
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PLANNING

Software Life Cycle Model which one we have used is Iterative Waterfall Model
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Results

Quality Measurement Table:

Images Underwater Image Quality Measure
UICM UISM UlConM
Image 1 -3.3947 0.5940 -6.4732
Image 2 -5.6569 3.0707 -8.8825
Image 3 -4.6389 4.7524 -9.4221
Image 4 -8.2311 5.2647 -9.587
Image 5 -4.7714 5.2405 -9.3524
Image 6 -2.7894 3.0245 -7.2689
Image 7 -3.3154 1.0780 -10.3718
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GUI Design:

Image Segmentation

Input Panel Output Panel
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Image Improvement:

Original Image Output Image

Original Image Output Image

Original Image Output Image
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