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ABSTRACT In this paper, I propose a No black pixel constraints algorithm. This algorithm to remove the haze and light

scattering from underwater images. Light scattering is caused by light incident of object reflected and deflected
multiple times by particles present in water before reaching the camera. This the reason for turn lower visibility and color deviation
of the image captured by camera. Color change caused by light travelling in the water for different wavelength. This paper propose a
novel systematic approach to enhance the underwater images by NBPC algorithm.NBPC algorithm to calculate PSNR and MSE.NBPC
algorithm output more efficient compare to (WCID)Wavelength compensation and image dehazing approach.

1. INTRODUCTION

Underwater photography is a more important for ocean engi-
neering [1].It is used to scientific research such as census of
population, assessing geological environments, monitoring the
sea life. Capturing image in underwater is challenging due to
haze caused by light that is reflected from surface and is deflect-
ed and scattered by water particles. Color change due to light
attenuated for different wavelength [2]-[3].

Haze is caused by suspended particles such as sand, minerals,
plankton. Light reflected from object propagate into camera,
light meets these suspended particles.
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Fig. 1 Natural light enters from air to underwater scene point x.
reflected light propagation distance d(x) to camera.

Scatters the light illustrated in Fig.1. Underwater image en-
hancement only focuses the object and image in NBPC. Tech-
niques for remove the light scattering and color change effect.
To compensate for visibility degradation [4], using image de-
hazing to restore the clarity of the underwater images [5].In
both RGB and HSI color space to balance luminance distribu-
tion of color[6],dynamically mixing the illumination of object in
distance-dependent way by using a multicolour light source to
compensate color loss[6].

PRIVISIOUS WORK

The algorithm for wavelength compensation and image dehaz-
ing (WCID) existing work combines techniques of WCID to re-
move distortions caused by light scattering and color change.
Dark-channel prior [7], an existing scene-depth derivation
method, is used first to estimate the distances of the scene ob-
jects to the camera. The low intensities in the dark channel are
mainly due to three factors:

1) shadows, e.g., the shadows of creatures, plankton, plants,
or rocks in seabed images; 2) colorful objects or surfaces, e.g.,
green plants, red or yellow sands, and colorful rocks/minerals,
deficient in certain color channels; and 3) dark objects or sur-
faces, e.g., dark creatures and stone [8]. Based on the depth map
derived, the foreground and background areas within the image
are segmented. The light intensities of foreground and back-
ground are then compared to determine whether an artificial
light source is employed during the image acquiring process. If
an artificial light source is detected, the luminance introduced

by the auxiliary lighting is removed from the foreground area
to avoid overcompensation in the stages followed. Next, the
dehazing algorithm and wavelength compensation are utilized
to remove the haze effect and color change along the underwa-
ter propagation path to the camera. The residual energy ratio
among different color channels in the background light is em-
ployed to estimate the water depth within an underwater scene.
Energy compensation for each color channel is carried out
subsequently to adjust the bluish tone to a natural colorWith
WCID, expensive optical instruments or stereo image pairs are
no longer required. WCID can effectively enhance visibility and
restore the color balance of underwater images, rendering high
visual clarity and color fidelity.
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Fig.2 light travel in the water at different wavelength

PROPOSED WORK

Image enhancement in No black pixel constraints.NBPC (No
black pixel constraints) algorithm used to improve the image
quality for underwater images. It is able to detect the presence
of fog and to estimate the visibility distance which is directly re-
lated to the k in Koschmieder’s law. This algorithm, also known
as the inflection point algorithm.

KOSCHMIEDER’S LAW

Law relating the apparent contrast Cd of an object against a sky
background, at a given distance of observation d,to the inherent
contrast CO and to the atmospheric transmissivity T, which is
assumed to be uniform Cd = C0 .Td/d

FOG MODELING

Fog is an accumulation of water droplets or ice crystal fines ac-
companied by hygroscopic, water-saturated fine particles that
act to reduce visibility. Its composition is thus identical to that of
a cloud whose base would actually touch the ground. Whenever
horizontal visibility has been diminished to less than one kilo-
metre, the term fog gets employed. Should the level of visibility
reach or surpass this threshold, the appropriate.

In proposed work to improve the image quality and to improve
the PSNR and MSE by using NBPC. NBPC to detect the fog and
remove the fog affect this process more efficient compare to
WCID. All image capture in light source manner for underwa-
ter images. This image affected in the light sattering and color
change distortion. This two distortion overcome by existing
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work WCID, but we proposed work done in solve this two dis-
tortion output more efficient compare to WCID. Image quality
also improved. Performance improved.

Underwater model

The background light in an underwater image can be used to
approximate the true in-scattering term in the full radiative
transport equation to achieve the following simplified hazy im-
age formation model.

L(x) =],(x) + (1-t,(x).B, , Ae{red,green,blue} (1)

Where x is a point in the underwater scene, Ly 1s the image cap-
tured by the camera, ], ™ is the scene radlance at point, X b 1S

the residual energy ratio of T after reflecting from point x in
the underwater scene and reaclanng the camera, B, is the homo-
geneous background light, and A is the light wavelength. Note
that the residual energy ratio tisa function of both wave-
length A and the object-camera distance d[x)_th summarizes
the overall effects for both light scattering and color change
suffered by light with wavelength A traveling the underwater
distance d( o .The direct attenuation term ] o b )descrlbes the
decay of scene radiance in the water. The residual energy ra-
tio t, | can be represented alternatively as the energy of a light
beam with wavelength A before and after traveling distance d(x)
within the water E, ™" (x) and, E," ® respectlvely, as follows

E)‘residual(x)
t(x) =mrmmremmnenneeeeeee =10FWPE)=Nrer(A)4®
E)‘mtlal(x) (2)

Where the normalized residual energy ratio Nrer (A)
corresponds to the ratio of residual to initial energy for every
unit of distance propagated and f(A) is the medium extinction
coefficient.The normalized residual energy ratio Nrer (A)
depends on the light wavelength transmitted, as illustrated in
Fig. 2, where red light possesses longer wavelength and lower
frequency and thereby attenuates faster than the blue counter-
part. This results in the bluish tone prevalent in underwater im-
ages.For every meter of ocean type I that a light beam passes
through, the values of normalized residual energy ratio Nrer (A)
inred (700 m) light, green (520 m) light, and blue (440 m) light
are 82%, 95%, and 97.5%, respectively. Based on the water type
considered, the normalized residual energy.

underwater image formation model

The proposed NBPC algorithm proceeds in a direction inverse
to the underwater image formation path discussed above, as
depicted in Fig.4. First, consider the possible presence and in-
fluence of the artificial light source. Next, remove the light scat-
tering and color change that occurred along the course of prop-
agation d(x) from the object to the camera. Finally, compensate
the disparities of wavelength attenuation for traversing the wa-
ter depth D to the top of the image and fine-tune the energy loss
by deriving a more precise depth value for every point within an
image. Fig 1 illustrates an underwater image formation model.
Homogeneous skylight entering above into the water is the ma-
jor source of illumination in an underwater environment. Inci-
dent light traverses from the surface of water reaching the im-
age scene, covering a underwater scene point with depth range
from depth D through D+R, where R corresponds to the image
depth range. During the course of propagation, light with differ-
ent wavelengths is subjected to varying degrees of attenuation.
The color change of ambient lighting makes the underwater en-
vironment tinted with a bluish hue. As airlight incident from air
to the water reaches the underwater scene point x with D(X) i.e..
D<(X ) D+R, amount of residual light W(X) formed after wave-
length attenuation can be formulated according to the energy
attenuation model in (2) as follows:

E"(x) =E,*(x).Nrer(A)°® Ae{red ,green ,blue). (3)

At point x, the light reflected again travels distance d(x) to the
camera forming pixel I, (X), A € {red, green, blue}. Along this un-
derwater object-camera path, two phenomena occur, i.e., light
scattering and color change. Note that color change occurs not
only along the surface-object propagation path but also along

the object-camera route. Light ], . emanated from point x is
equal to the amount of illuminating ambient light E,"(x) reflect-
ed,

Y (%), - B NrET ()P0, where p, is the reflectivity
of point x for light with wavelength A. By %ollowing the image
formation model in a hazy environment in (1), the image I, ®
formed at the camera can be formulated as follows:

L (x) = (E (x).Nrer(A)°® .p,(x)). t , (x)+(1-t, (x)). B, A e
{red,green,blue} 4)

The background light BA increases as the object is placed
farther away from the camera. Alternatively, the residual en-
ergy ratio t,(x) in the above equation can be represented in
terms of normalized residual energy ratio Nrer (A) using (2)
as follows:

L, (x) = (E,A(x).Nrer(A)°®. p, (X)). Nrer(A)*®+(1-Nrer(A)!™).B, A
€ {red,green,blue} (5) '

Equation (5) incorporates light scattering during the course of
propagation from object to the camera d(x), and the wavelength
attenuation along both the surface-object path D(x) and ob-
ject-camera route d(x), Once the scene depth, i.e., object- cam-
era distance d(x), is known through the dark-channel prior, the
value of residual energy ratio Nrer (A)!® after wavelength at-
tenuation can be calculated.

Thus, the direct attenuation term E; A Nrer M), pA(x) is
derivable through a dehazing procedure The surface-object
distance D(X) is calculated by comparing the residual energy
ratio of different color channels. Given the water depth D(X),
the amount of reflecting light E* (X).pA(X), i.e, free of light
scattering and color change, from point x illuminated by air-
light is determined. Moreoverthe artificial light source L is
often provided to overcome insufficient lighting commonly
encountered in an underwater photographic environment.
The luminance contributed by the artificial light source has to
be removed before the dehazing and wavelength compensa-
tion operations to avoid overcompensation. When the artifi-
cial light source L is detected, the light emitted EAL has first
to travel distance d(x) before reaching point x .The residual
energy after the course of propagation is E,". Nrer (A)'®.The
total amount of light impinges on point x is therefore the sum-
mation of ambient lighting

E™ (x) and the attenuated artificial light E,". Nrer(A)®.

The total amount of incident light E,* (x). Nrer (A) °® + E,". Nrer
(A) 9™ is reflected with reflectivity p,(x) and bounces back dis-
tance d(x) before reaching the camera. During both forward
and backward courses of propagation pertinent to d(x), color
change occurs. Accordingly, (5) can be further modified as the
hazy image formation equation.

L (x) =((E,*(x).Nrer(A)°® + (E"(x).Nrer(A)*® ). pA(X)) Nrer(})
d[x))+(1 NrerU\)d["J] B, A e{red,green,blue}

IMAGE DEPTH RANGE:

The image acquired covers a depth range of tan underwa-
ter scene from D to D+R, as shown in Fig.1. When light pen-
etrates through water covering the depth range, a disparate
amount of color change will be induced at the top and at the
bottom of the image. This phenomenon necessitates vary-
ing energy compensation adjusted according to the depth of
each underwater point to correctly rectify color change. Let
the top background pixel be the point at the top of the image
background with the underwater depth D,and let the bottom
point at the bottom of the image background with the un-
derwater depth D+R,where R represents the range of water
depth covered in an image.

PARAMETER WCID NBPC
PSNR 49.978832 58.234
MSE 0.65324 0.312
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I S .
Derivation of dx) by NEPC color
dark-channel prior & change along the
image matting course of
propagation D
depth map through D+R
Y
Segmentation of Estimation of scene
foreground and range from depth D CONCLUSION
background through DR NBPC algorithm proposed in this paper can effectively restore
the color balance and remove haze. This method efficient com-
pared to WCID method.NBPC performance evaluation is to im-
NBPC light prove the PSNR and MSE.
Artificial scattering & color
light change along the In future work to enhance images for no-black-pixel constraint
source L path d(x) NBPC and pa algorithm.
Removal of
artificial light
sonrree T,
_—

Fig.3 Flow chart of NBPC algorithm
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