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Images captured underwater often suffer from quality 
degradation such as low contrast, non-uniform illumi-
nation, etc. due to the attenuation and backscattering 
of light by suspended underwater particles. To over-
come this, restoration-cum-enhancement techniques 
are necessary. Here we present the modified under-
water light attenuation prior (MULAP) model using 
supervised linear regression model to restore the  
degraded image. The image formation model (IFM)-
based restoration depends on dual factors: back-
ground light and transmission map. Initially, datasets 
are collected on the close-range point-of-interest. 
Then, experimental analyses are carried out for those 
images using the IFM-based methods. For the above 
techniques, both subjective analysis and objective 
analysis are done by considering dual metrics such as 
universal quality index and visual information fidelity 
factor. Finally, the proposed MULAP shows over-
whelming qualitative and quantitative results among 
other state-of-the-art techniques. 
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AUTONOMOUS underwater vehicles (AUVs) and remotely 
operated vehicles (ROVs) are extensively used in the 
scrutiny of submarine pipeline, seabed mapping, under-
water image analysis, etc.1. The key challenge for an un-
derwater vehicle is the usage of high-end cameras. Due to 
the physical and chemical characteristics of the under-
water environment, the captured images may be affected 
by poor visibility and uneven bright specks2. These arti-
facts can result in a distorted underwater image which  
affects image-based tasks such as object detection, track-
ing, classification, segmentation, etc. Thus, retrieval of 
clear information from underwater images can be done by 
efficient enhancement-cum-restoration techniques. Many 
researchers have worked on underwater image enhance-
ment and restoration. Song et al.3 proposed an effective 
underwater image enhancement method in combination 
with underwater image restoration and colour correction. 
The new underwater dark channel prior (NUDCP) model 
approximates the transmission map ™ of the red channel 

of underwater images and underwater light attenuation 
prior (ULAP) model estimates the depth map of the image. 
Yang et al.4 performed analysis using various dark chan-
nel prior (DCP) methods on different standard underwater 
image datasets which contained bluish, greenish, yellow-
ish, offshore and deep-sea images. It was concluded that 
the reality of colour restoration and the amount of detail 
retained in the dark areas were not in line with the subjec-
tive evaluation. Islam et al.5 proposed a conditional gen-
erative adversarial network (GAN)-based underwater 
image enhancement model on paired and unpaired (of 
poor and good quality) images. Li et al.6 presented a 
weakly supervised colour transfer method (modified  
Cycle GAN) to correct colour distortion in underwater 
images. Banerjee et al.7 proposed the RGB YCbCr pro-
cessing (RYPro) method and compared it with grey world 
(GW), white patch (WP), Adobe Photoshop equalization 
(APE) and unsupervised colour correction method 
(UCM). The RYPro improves the contrast, luminance and 
visual quality of the images without any loss of visual  
information. Existing work focuses on the enhancement 
of hazed images using a deep neural network. Due to 
computational complexity and system requirements, the 
authors focused on the image formation model (IFM)-
based technique than the deep-based technique. On con-
sidering the optical imaging model, the visual quality im-
provement techniques can be classified into two: IFM-
based image restoration methods8 and IFM-free image 
enhancement methods9–13. To the best of our knowledge, 
some of the issues are not addressed in previous works 
such as image restoration-cum-enhancement techniques 
for close-range point-of-interest (POI) datasets. This 
study addresses these issues using the modified under-
water light attenuation prior (MULAP) technique. Quali-
tative (subjective) analysis and quantitative (objective) 
analysis are done for the enhanced images by considering 
university quality index (UQI) and visual information  
fidelity (VIF) metrics with state-of-the-art techniques. 

IFM-based image restoration technique 

The underwater image restoration technique helps develop 
the degradation model by analysing underwater optical 



RESEARCH ARTICLES 
 

CURRENT SCIENCE, VOL. 121, NO. 1, 10 JULY 2021 104 

images and the properties of light propagation, then infers 
the key factors of the developed physical model from 
previous knowledge and finally retains the restored  
image. The IFM can be expressed as 
 
 Is(y) = zs(y)rs(y) + Bs(1 – rs(y)),  (1) 
 
where s is the RGB colour channel, Is the image captured 
by the optical camera, rs the residual energy, B is the  
homogeneous background light. zs(y), rs(y) and  
Bs(1 – rs(y)) denote the transmission and backscattering 
components respectively. IFM-based restoration depends 
on dual factors: background light (BL) and transmission 
map3. By considering the optical properties (light attenua-
tion, haze effect, etc.), different prior-based methods are 
used for restoration. 

DCP-based image restoration 

DCP is a statistical prior based on methodology14. It is 
observed that the clear images can exhibit dark pixels in a 
square image patch and identified that at least a single 
colour channel has zero intensity pixel value. Due to  
the following factors, the low-intensity value can occur in 
the dark channel: shadows, colourful objects and dark  
objects. DCP can be defined as 
 
 Rdark(y) = minx∈ϕ(y)(mins∈RGBRs(x)),  (2) 
 
where Rs is the image radiance of all colour channels and 
ϕ(y) is the square patch centred at y. An enhanced image 
model can be defined as 
 
 I(y) = R(y) ⋅ t(y) + A(1 – t(y)),  (3) 
 
where y represents the pixel coordinates and I denotes the 
image retained in a participating medium. It is valid to 
assume that the model is in homogeneous background 
light. The isolation of transmission in a local patch can be 
done by considering eqs (2) and (3). The transmission 
map, ( )t y  can be estimated by applying the minimum 
operation on both sides 
 

 ( ) RGB
( )( ) 1 min min ,x y s

I yt y
Aϕ∈ ∈

⎛ ⎞= − ⎜ ⎟
⎝ ⎠

  (4) 

 
( )t y  is the approximation of the transmission component 

and its performance can be affected by local patches.  

Underwater DCP-based image restoration 

Due to difficulty in capturing real underwater images in 
water-out environments, it is also difficult to estimate the 
statistical relationship of a dark channel in haze-free  

images. Though the dark channel works well, wavelength 
independence issues are not properly addressed. DCP 
fails due to the red channel and affects the transmission 
estimation. Thus, underwater DCP is applied only to the 
green (G) and blue (B) channels. UDCP can be expressed 
as 
 
 RUDCP(y) = minx∈ϕ(y)(mins∈GBRs(x)),  (5) 
 
The air–light constant A is calculated by finding the highest 
pixel in the underwater dark channel. The spectral  
matting technique is used to improve the estimated 
transmission. Here, ϕ(y) is a 15 × 15 square patch.  
 

 ( ) GB
( )( ) 1 min min .x y s

I yt y
Aϕ∈ ∈

⎛ ⎞= − ⎜ ⎟
⎝ ⎠

 (6) 

 
Saturation information of blurred images was used to  
adjust TM to improve the artificial light areas and  
enhance the overall colour fidelity of the images. How-
ever, the restored images exhibit unnatural colour. 

Other prior-based image restoration techniques 

New optical model (NOM) uses UDCP to estimate the 
scattering rate and transmission of blue and green tones15. 
Then the effective light attenuation difference method is 
used to estimate the background light of an underwater 
scene. GBdehazingRCorrection (GBRC) removes the  
attenuation of blue-green channels from scattering and 
corrects the red channel16. To obtain the differences 
among the three colour channels, the maximum intensity 
of the red channel is compared with that of the green and 
blue channels as 
 
 D(y) = maxx∈ϕ,s∈rIs(y) – maxx∈ϕ,s∈{g,b}Is(y).  (7) 
 
D(y) denotes the major transformations among three dis-
similar colour channels. The green and blue channels of 
blur-free image can be obtained by 
 

 ( )( ) , { , }.
( )

s s
s I y BJ y s g b

t y
−= ∈   (8) 

 
Here Bs denotes the background light that can be esti-
mated based on the fact that the red channel weakens 
much faster than green and blue channels in an under-
water image16. The red light absorption rate is difficult to 
obtain. With the assumption of grey world theory17, that 
the colour in each channel average to be grey, and then 
the red channel can be corrected by 
 

 avg R avg B avg G 0.5.
3

+ + =  (9) 
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Image blurriness and light absorption (IBLA) is the depth 
estimation method for underwater images based on image 
blurriness and light absorption18. Let I(y) be the input  
image filtered by the k × k spatial Gaussian filter. The 
image blurriness can be computed by 
 

 ,

1

1( ) | ( ) ( ) | .i i

n
r r

i

P y I y G y
n =

= −∑  (10) 

 
Then the max-filter is applied to find the rough blurriness 
and light absorption is corrected by the image formation 
model.  

Proposed methodology 

ULAP is based on underwater light attenuation19. It is an 
effective linear model to obtain the scene depth map, BL, 
and TM for RGB channels to retain the original radiance 
underwater. Light attenuation prior is the change between 
the high-intensity value of green and blue and the red  
intensity value per pixel is highly correlated to the differ-
ence of the scene depth. To estimate scene depth, the  
linear model can be defined as 
 
 g(y) = β0 + β1l(y) + β2r(x),  (11) 
 
where y denotes the pixel coordinates, g(y) the underwa-
ter scene depth at point y, l(y) the maximum green–blue 
intensity value and r(x) is the red intensity value. Using 
supervised linear regression, the coefficients β0, β1 and β2 
can be learned from the reference trained model which 
contains 24 million depth points19. The samples are ran-
domly partitioned in a k-fold cross-validation technique, 
i.e. part of the sample is assigned as validation points and 
the k – 1 residual points are considered as training points 
and the swapping of the process is repeated. Using the 
constants β0 = 0.53214, β1 = 0.51309 and β2 = –0.91066, 
the model can be defined to restore the depth maps. The 
background light s

lB  can be estimated by considering the 
maximum intensity value after removal of the 0.1% dis-
tant point. This is because the foreground object pixel 
contains the brighter (higher) pixel values than the back-
ground pixel. The transmission component can be com-
puted from the actual scene depth map dm(y) it is defined as 
 
 dm(y) = Sc × g(y).  (12) 
 
Here Sc is a scaling constant. Then the transmission map 
is estimated as 
 
 tλ(y) = rgr(λ)dm(y). (13) 
 
Here, rgr is assigned as 0.83, 0.95 and 0.97. The scene 
radiance can be computed from background light s

lB  and 

transmission map tm(y) as follows 

 1 ( ( ) ) .
min(max( ( )0.1),0.9)

s s s
r l lS I y B B

t yλ
= − +  (14) 

 
Though the image is well restored, it suffers from con-
trast completeness. So, the image undergoes an enhance-
ment technique called automated multi-scale retinex  
with colour restoration21. Basically, the retinal theory is 
defined as 
 
 Retinex = R(y) * L(y),  (15) 
 
where R denotes the reflectance component and L denotes 
the illuminance. The illumination can be done with a low-
pass filter. Then multi-scale retinex is defined as 
 

 MSR(y) = 
1

.
M

m mj
m

w y
=
∑  (16) 

 
Here, M is the number of scales, ymi the jth component of 
the mth scale and wm is the assigned weight. Though the 
image is enhanced, it may have halo-artifacts. Hence the 
colour restoration in multi-scale retinex can be done by 
 
 MSRCRautomated = G[Cj(y)MSR(y) + d], (17) 
 

 Cj(y) = [ ( )].jf I y′  (18) 
 
Ci(y) is a function for the colour restoration factor and G 
is the gain value20. Finally, the enhanced image is ob-
tained from the restored image with the complete infor-
mation. 
 

 Cj(y) = log[ ( )],jI yμ λ ′  (19) 
 

 Cj(y) = 
1

log[ ( )] log ( ) .
S

j m
j

I y I yμ λ μ
=

⎡ ⎤
′ ′− ⎢ ⎥

⎢ ⎥⎣ ⎦
∑  (20) 

 
Here μ is the improvement constant and λ deals with the 
nonlinearity issue of the algorithm. G and d are the abso-
lute gain factor and offsets respectively. The values are 
obtained by computation of variance and histogram-
plot20. Figure 1 shows the workflow of MULAP. 

Results and discussion 

Due to the properties of the underwater environment, the 
acquired images can be affected by poor visibility, absorp-
tion and scattering of light. Thus, restoration-cum-
enhancement techniques are required for the degraded 
images. The datasets ‘I1 to I5’ were captured in close-
range (CR) POI on 10 April 2019 from 12°04′54.3″N, 
79°41′11.2″E at a depth of 50 m. Using a low-light HD
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USB camera, data were collected at different depths from 5 
to 15 m in the shallow area. To test the adaptiveness of the 
algorithm, sample ‘I6’ from the SUN standard dataset was 
also considered20. The proposed technique was compared 
with IFM-based techniques such as GBRC, NOM, UDCP 
and IBLA. Then qualitative (subjective) analysis and quan-
titative (objective) analysis were carried out (Table 1). 

Quantitative analysis 

Quantitative analysis was carried out to quantify informa-
tion, noise and similarity of underwater images. The  
metrics used were UQI and VIF. 
 
 

 
 

Figure 1. Workflow of the modified underwater light attenuation 
prior model. 

UQI 

This is the measure of the loss of correlation, luminance 
distortion and contrast distortion22. 
 

 2 2 2 2
1

41UQI .
( )[( ) ( ) ]

M
xy

x yj

x y
M x y

σ
σ σ=

=
+ +∑  (21) 

 
Let x and y be the original blurred image and enhanced 
image respectively. UQI can be computed in M steps 
within the sliding window moves pixel-by-pixel in both 
horizontal and vertical direction until bottom-right corner 
pixel is reached. For optimal UQI, the computed value 
must be high. 

VIF 

This is the image quality measure to evaluate the natural 
scene statistics as follows23 
 

 subbands

subbands

( ; ) | ))

VIF .
( ; ) | ))

j

j

I C F S

I C E S
∈

∈

=
∑
∑

 (22) 

 
Table 1 shows the quantitative evaluation of IFM-based 
image restoration techniques. It is observed that the pro-
posed technique gives a higher score and proves to retain 
the information well. Other techniques blindly intensify 
the unwanted information, i.e. noises and show lower 
scores. Compared to them, MULAP achieves the best as-
sessment in terms of VIF and UQI. Table 1, also shows 
that the total running time of the proposed method is 
much lower than the others. This proves that the IFM-
based methods can retain the actual scene but take more 
time to compute the optical parameters, while MULAP 
can rapidly enhance the images. Overall, the proposed 
technique enhances the images with good contrast, com-
plete information and low time complexity.  

Qualitative analysis 

Underwater image restoration/enhancement is necessary 
to improve the visual clarity of blurred images and  
expose complete information, for the purpose of feature  
extraction and computer vision analysis. Figure 2 shows 
the qualitative results of the proposed and other image 
restoration methods. The image enhanced by the NOM 
method shows a large amount of red tone compared to the 
original image. GBRC and NOM do not perform the 
blind redistribution of pixels. Both methods are based on 
adaptive constraints to prevent overall histogram stretching. 
Thus their results are over-enhanced. GBRC and NOM 
restore the image by overwhelming of R component and 
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Table 1. Quantitative analysis of the proposed technique with other techniques 

Metric Image UDCP NOM      GBRC IBLA Proposed 
 

UQI I1_WHOLE_TYRE 0.2387 0.5811 0.5169 0.5835 0.8043 
 I2_FERN 0.5629 0.5714 0.5175 0.7757 0.7940 
 I3_PARTIAL_TYRE 0.4260 0.6362 0.4877 0.5377 0.7885 
 I4_DIVER 0.1124 0.5671 0.4559 0.1871 0.7029 
 I5_ROCK 0.4703 0.5369 0.4172 0.4454 0.7811 
 I6_FISH 0.5785 0.5361 0.4980 0.7006 0.7165 

VIF I1_WHOLE_TYRE 0.8134 0.6799 1.0144 1.2869 1.288 
 I2_FERN 1.2548 0.7508 1.0430 1.1160 1.262 
 I3_PARTIAL_TYRE 0.9220 0.5908 0.8558 0.8920 0.9769 
 I4_DIVER 0.6784 0.8933 0.9143 0.7117 0.9529 
 I5_ROCK 1.3676 0.8585 0.9366 1.3214 1.3951 
 I6_FISH 0.8752 0.5013 0.7836 0.7430 0.8886 

Total running time (min) 3.48 8.13 5.49 8.42 1.16 
      

 

 
 

Figure 2. Qualitative comparison of the proposed technique with other techniques. 
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produce enormous noise and distortion. MULAP builds a 
strong relationship between the RGB channels and gives 
the best restoration results compared to the others. It also 
retains the edge and texture information in a clear man-
ner. Comprehensively, MULAP achieves superior per-
formance compared to the other techniques. 

Conclusion 

This study presents the MULAP model with retinex and 
analyses the experiment-based comparison of image visi-
bility improvement methods using quality evaluation  
metrics (UQI and VIF). It then provides a discussion on 
the shortcomings of each of these techniques. IFM-based 
methods can retain the actual scene but takes more time 
to compute the optical parameters, while MULAP can  
rapidly enhance the images. It also improves the visibility 
of the hidden structures compared to the source. Overall, 
this study outlines the challenges and issues of the quality 
improvement methods using both qualitative and quantit-
ative evaluation. MULAP has achieved better quantitative 
results among the image enhancement and restoration 
techniques. It is also noticed that NOM and GBRC resul-
tants are over-enhanced which are against the subjective 
preference to naturalness. Hence, future research can be 
carried out using networks with low complexity to 
achieve a smart combination of both qualitative and 
quantitative assessments to improve the quality of under-
water images with complete edge details. 
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