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ABSTRACT. The purpose of this study is to introduce a novel prior, and demonstrate its
effectiveness in underwater image enhancement. In this paper, we propose a prior that
the minimum and mazimum values of each of RGB color channels in a scene under a
white light source are almost the same as the minimum and maximum values of possible
pizel values, and call it color channel prior (CCP). We also combine the proposed CCP
with gray world assumption (GWA), and use it for color correction of underwater images.
Ezperimental results demonstrate that the proposed method can enhance the contrast of
underwater images by using CCP, and reduce bluish color deviation by using GWA.
Keywords: Color correction, Underwater images, Color channel prior, Gray world as-
sumption

1. Introduction. Image enhancement is one of the most important technologies in image
processing and related fields, and has been comprehensively reviewed by researchers [1, 2.
General-purpose methods for image enhancement such as histogram equalization [3] and
gamma correction [4] may fail to enhance some exceptional images such as underwater
images [5] and haze images [6].

For example of those specific image enhancement, He et al. [6] proposed dark channel
prior (DCP) for single image haze removal. Owing to the effectiveness of DCP in dehazing,
the majority of recent dehazing techniques, including video dehazing [7], have adopted
the DCP [8]. In spite of the effectiveness of DCP in dehazing, it is difficult to use DCP
directly for underwater image enhancement, because DCP assumes that the backscatter
component is white, which is true in air, but the heavy attenuation underwater causes
the red wavelength to disappear very quickly [9]. There are attempts to adjust DCP to
underwater images such as underwater DCP (UDCP) [10], red-DCP (RDCP) [11] and
underwater-ready DCP [9]. However, the estimated transmission maps are still not cor-
rect. Moreover, those DCP-based methods are patch-based ones. Therefore, it is necessary
to refine the transmission maps to reduce artificial block effects by using soft matting [12]
and bilateral filter [13].

Inspired by the success and drawbacks of the DCP, in this paper, we propose a novel
prior for scene images taken under a white light source, and call it color channel prior
(CCP). We apply the proposed CCP to underwater image enhancement, where a given
underwater image is assumed to not satisfy CCP because we know by experience that
underwater images often have bluish appearance. Then we transform the given under-
water image into another that satisfies CCP. Our preliminary experiments revealed that
the resultant images were sometimes still bluish. To reduce the remaining bluish color
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deviation, we combine gray world assumption (GWA) [14] to the CCP procedure. As a
result, we obtain the final image that satisfies both CCP and GWA.

The rest of this paper is organized as follows. Section 2 proposes CCP and CCP-based
method for image enhancement. Section 3 proposes a method for combining GWA to the
above method. Section 4 shows experimental results. Finally, Section 5 concludes this

paper.

2. Color Channel Prior. Let F; = [f;;| for i = 1,2,...,n be n scene images taken
under a white light source, where f;; denotes the RGB color vector of the jth pixel in
F; as fi; = [rij, gij, bij] for j =1,2,...,m;, where m; denotes the number of pixels in F;.

Assume that each element of f;; is in the interval [0,1]. Then we denote the minimum
and maximum values in each color channel as follows:

min

ri™™ = min{r;; }, gt = min{g;; }, bt = min{b;;}, (1)
J J J
ri ™ =max{ry;}, g™ = max{g;}, b = max{b;}. (2)
J J J
If a scene of wide area is photographed under a white light source, then it is likely that a
variety of colors are recorded in a color image with high contrast. This experience can be
formulated as

r;ﬂln ~ g;‘ﬂln ~ b;;nll'l ~ O’ (3)
T;nax ~ g;nax ~ b?laX ~ 17 <4)

and is called color channel prior (CCP).
From an RGB color image F' = [f;] with f; = [r;, g;,b;], we can make the color-

corrected image that satisfies CCP as follows: Let F = [ fj} with f; = [fj, Jj, ZA)J} be the

resultant color-corrected image computed from F. Then a component z; € {fj, J;, bj} in
fj is given by

~ Lj — Tmin

T, =—— 5

! Tmax — Lmin ( )

where z; € {r},9;,b;}, T = min;{z;} and Ty = max;{z;}. We can confirm that F
satisfies CCP as min;{#;} = f==twin = () and max;{3;} = foa—fon — 1,
3. Combining Gray World Assumption. The gray world assumption (GWA) states
that the average illumination reflected by the objects in a scene under white light source is
achromatic [14]. More specifically, if a color image F' = [f;] with f; = [r;, g;, b;] satisfies
GWA, then we have ¥ = g = b, where 7 = W%Z;n:l x; for each = € {r,g,b} where m
denotes the number of pixels in F'.

Generally, the color-corrected image F' satisfying CCP does not satisfy GWA, because
(5) is unrelated to the mean values of RGB color channels. In this section, we propose
a method for generating a color image satisfying both CCP and GWA by using gamma
correction [15].

Let 7 = % Z;”:l &; for x € {r, g,b} be the average pixel value of each color channel in

F. Then we select the maximum value v = max {f, g, l;} as the target gray value of the

resultant image satisfying GWA. For each color channel z; € {fj, Jj, 13]} of F, we solve

the following minimization problem:

2
. I
min (E Zl i — U) (6)
o
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to obtain an optimum v value. Let E(v) be the objective function in (6). Then we have
OF 1o~ L v
W:Q<E;x;—v> (E;lenxj), (7)

which is used for the following gradient method:

oF
7(t+1) = fy(t) — 5 , (8)
V= ®
where « denotes a positive constant, ‘?3—];3 " denotes a value of (7) into which v = ~{)
Y=y
is substituted, and the superscript t = 0, 1,2, ... denotes the number of iterations, which

2)

produce a sequence ¥V, v®) . from a given initial value .

4. Experimental Results. We examined the validity of CCP with the VOC 2005 Data-
base: Testset 2 [16], which includes 859 images as shown in Figure 1.

FIGURE 1. Examples in the VOC 2005 Database: Testset 2 [16]

Figure 2 shows the existence probabilities of minimum and maximum RGB values in
the dataset, where the vertical and horizontal axes denote the probability and pixel value
represented by 8-bit integers ranging from 0 to 255, i.e., 28 — 1. Figures 2(a), 2(c) and 2(e)
in the left column show the distribution of the minimum values in R, G and B channels,
respectively, where the respective peaks are located at 0 on the horizontal axes. On the
other hand, Figures 2(b), 2(d) and 2(f) in the right column show the distribution of the
maximum values in R, G and B channels, respectively, where the respective peaks are
located at 255 on the horizontal axes. These results support that CCP in (3) and (4) is
valid for the dataset.

Next, we show a result of color correction given by the proposed method applied to an
image in the Underwater Image Enhancement Benchmark (UIEB) Dataset [17] in Figure 3,
where Figure 3(a) shows an original image, the color of which is corrected to satisfy CCP
by (5) as shown in Figure 3(b). Although the color-corrected image in Figure 3(b) has
higher contrast than the original image in Figure 3(a), it seems to be still bluish. To
reduce such color deviation to blue, we also combine GWA as described in Section 3.
Figure 3(c) shows the final result, where the bluish color deviation is reduced compared
with Figure 3(b).

In this example, B channel is selected as the maximum average pixel value as v =
max {f, g, l;} = b. Then we apply gamma correction to R and G channels to achieve
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FIGURE 2. Existence probabilities of minimum and maximum values in
RGB channels

(a) Original (b) CCP (c) CCP+GWA

F1GURE 3. Color correction of an underwater image in UIEB [17]

GWA. Figure 4 shows the change of the gamma values for R and G channels by the
iterations in the gradient method in (8), where we used a = 1 and ¥(©) = 1. The gamma
values sufficiently converged in 10 iterations.
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FIGURE 4. Value of v® vs. number of iterations ¢

Table 1 shows average pixel values of the images in Figure 3, where the original image
in Figure 3(a) corresponding to the first row satisfies neither CCP nor GWA as denoted
by two ‘x’s in the right two columns having headers ‘CCP’ and ‘GWA’. On the other
hand, the color-corrected image in Figure 3(b) corresponding to the second row satisfies
CCP but not GWA as denoted by ‘o’ and ‘x’, and further improved image in Figure 3(c)
corresponding to the third row satisfies both CCP and GWA as denoted by two ‘o’s. The
satisfaction of both CCP and GWA indicates the successful results of underwater image
enhancement.

TABLE 1. Average pixel values

R G B | CCP | GWA
Original (Figure 3(a)) 459 1162.8 | 1714 | x X

CCP (Figure 3(b)) 77.6 | 100.3 |116.6 | o

CCP+GWA (Figure 3(c)) || 116.6 | 116.6 | 1166 | o | o

X

Figure 5 shows additional results of color correction with UIEB [17], where we observe
that the contrast of original images in 5(a) are enhanced by using CCP as shown in 5(b),
and the bluish color deviation remaining in 5(b) is reduced by combining GWA as shown

1n5

Orlgmal

() CCP+GWA

F1GURE 5. Color correction of underwater images in UIEB [17]

5. Conclusions. In this paper, we proposed a method for correcting the color of un-
derwater images by using color channel prior (CCP), which was demonstrated with a
publicly available dataset (VOC 2005 [16]). By the proposed method, a given image is
linearly transformed to satisfy CCP, which can reduce bluish color deviation observed in
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underwater images. We also combined gray world assumption (GWA) with CCP, where a
gamma correction method is applied to each color channel of given image. The parameter
of gamma correction is optimized with a gradient method to ensure GWA. This combi-
nation of CCP and GWA further improves the visibility of underwater images. In our
experiments with an underwater image dataset (UIEB [17]), we observed that the contrast
of underwater images was enhanced, and bluish color deviation was reduced with both
CCP and GWA.

Our future work will include the application of the proposed method to low-light image
enhancement [18].
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