


3. Divide the histogram B into two parts by the point xg. We define that the low
intensity part B1 presents foreground distribution and the high intensity part B2 presents
background distribution.

4. Rebuilt B2. We use the increase convex expression B2%in place of B2, in order
to strengthen the contrast as well as eliminate the sharp points. In this paper, we use
quadratic function to replace B2. We set xp and x4 as start point and end point respec-
tively, and the function value is adaptively determined by histogram B.

5. Combine B1 and B2 and we get the rebuilt histogram B® Finally, do the his-
togram specification with rebuilt histogram B% and then we get the result image.

Note that we don’t rebuild foreground part B1, this is because when rebuilding B2,
we strengthen the probability of high intensity, and at the same time,we reduce the
probability of low intensity, which essentially strengthen the contrast of the foreground.

3.2 Improve on General Haze Image

As we mentioned in section 2.1, in practice, the foreground in haze-free image usually
has higher contrast than haze image. On the contrary, the image contrast after DCP
method becomes lower. Although this influence of the image contrast is not strong, it

Fig. 4: The haze removal example of the general haze image: (a) haze image (b) DCP result with
w=0.85n =1 (c) DCP result withw = 0.85n = 2 (d) our result (e) histogram of (a) (f) histogram
of (b) (e) histogram of (c) (f) histogram of (d)
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does decrease the image quality. So, based on the approach stated in section 3.1, we
propose an alterative method for general haze image by rebuilding the histogram of
haze removal image. This method strengthens the contrast of the haze remove image,
and makes the improve image more close to the real image without haze.

By experimenting a lot of haze image, we find that, the cleaner haze is removed,
the lower contrast of the scene will become. In order to show the relative between the
effective of haze remove and the contrast of foreground, we apply two parameters to
present the degree of haze removal. The one parameter is ® in DCP method, the other
parameter is the times of haze removal n. Obviously, the degree of haze removal and
the parameter has positive correlation, namely, when we increase the parameter @ or n,
the haze in the image will have the tendency to become rarefaction. Figure 4 shows an
example.

Comparing the histogram of haze removal in different degree, we have two conclu-
sion which is similar to the observation in section 3.1.

Firstly, the histogram of haze removal image tend to left, in other words, tend to low
intensity region with the degree of haze removal increasing.

Secondly, the histogram of haze removal image tend to shrinking with the degree of
haze removal increasing, namely, the edge of the histogram tend to cliffy.

Based on the observation above, we proposed an approach to improve the haze
removal image: (relevant flow chart is showed in Figure 5 )

haze image

<
<

., 4

eliminate haze by He’s method

haze completely

build histogram of the haze removal image

)

rebuild histogram

I

our result

Fig. 5: The flow chart of our improvement on general haze removal image

1. Choose an image with high degree of haze removal. This is because the intensity
of haze is higher than foreground in practice, so the haze area will be enlarged while
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the contrast of high intensity region in histogram is strengthen. If we choose an image
with some haze remained, the improve image will be merged with more haze.

2. Select the right edge of the foreground distribution in histogram, and stretch the
edge to high intensity region (See Figure 4.). So we obtain the rebuilt histogram and
then use it to do the histogram specification.

There are two key points that we have to explain below as the additional remark.

Firstly, the method which we mentioned above need to extract the foreground dis-
tribution from whole histogram of haze removal image. If the image has small area of
background, the foreground distribution is easy to be detected (See Figure 4(e-g)), but
if there is large area of background occurring on image, distribution of the foreground
and the background may not easy to be distinguished. In this case, as we know that after
DCP method, there will appears sharp points on the histogram of image, we can use the
start position of the sharp points to detect the distribution of foreground.

Secondly, we only stretch the right edge of the foreground distribution, but not op-
erate the whole foreground distribution. This is because that the operating of whole
foreground distribution will cause the serious anamorphose. On the other hand, similar
to what we have explained in section 3.1, the stretching transformation either strengthen
the contrast of the foreground, or increase the intensity of whole image, so the operation
of one edge is enough to improve the haze removal image. We can see in Figure 4 that
our improve is better than DCP result, and more close to the real image without haze.

4 Experiment Results

4.1 Experimental on Image with Much Background Area and Low Contrast

Figure 6 shows part of our experimental results. We can observe that when the haze
image has low contrast, DCP result will become indistinct or even anamorphose. The
middle column shows the haze removal image by DCP method. We can see on the image
of tree, the intensive difference between the branch and the background is low and the
whole image is dark; on the image of ice-mountain, the color becomes deeper, and
there appears some black noise on the snow; on the image of city, the color in the sky is
discontinuous. Our haze remove result showed on the right column demonstrate that our
method improves the anamorphose above. On the image of tree, our result enhance the
foreground by increase the intensity of the background; on the image of ice-mountain,
our image strengthen the contrast compared with DCP result, and decrease the noise
on the ice; on the image of city, our result brighten the image, moreover, smooth the
discontinuous of the sky color. In a word, compared with DCP haze removal image, our
result brighten the background and smooth the noise, which make the image more close
to the real one.

Meanwhile, our method also has limitations. When the foreground and the back-
ground have high contrast, our method can not improve DCP result well. See Figure 7,
because of the background has high intensity, our result lead to serious anamorphose.

4.2 Experimental on general haze image

Figure 8 shows part of our experimental results on the general haze image removal. The
images contained in second and third row are haze removal image by DCP method with
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different parameters. We can see that the images in second row have a good contrast
but remain some haze; the images in third row have the better work on haze removal,
but lose some contrast, so the whole images look dark and not real. Our result in fourth
row is based on rebuilding the histogram of the images in third row, and we can see that
compared with the image in third row, our result strengthen the contrast.

On the image of the mountain, our result strengthen the texture of the rock; on the
image of the haystack, our result makes the whole image more bright, and the details
of the haystack are more distinct; on the image of forest, the leaves are more vivid, and
the color is beautiful. All in all, comparing with DCP result, our result is more bright
and shows more details in scene, which makes the whole image more close to real.

But if the haze in the image is not removed cleanly, our method will increase the
thick of the haze. See the forest image in the third and fourth row, our method enlarge
the haze on the left.

Fig. 6: Some results of our experiment. The left column contains haze image, the middle column
contains haze removal image by DCP method, and the right column contains our result.
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Fig. 7: Failure case. The left is haze image, the middle is haze removal image by DCP result, and
the column is our result.

(a) (b) (c)

Fig. 8: Some results of our experiment. The first row is haze image. The second row is haze
removal image by DCP method(parameters: (a) @ = 0.65,n =1; (b) ® =0.88,n=1; (c) @ =
0.83,n = 1). The third row is haze removal image by DCP method(parameters: (a) @ = 0.85,n =
1; (b) @ =0.85,n =2; (c) @ = 0.83,n = 2). The fourth row is our result.
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5 Conclusion and Further work

We summarize our contributions as follows. We analyze DCP theory of haze removal,
and find that DCP method has the deficiency of the theory in dealing with the contrast
and intensity of haze image. Then a lot of observation on histogram of haze and haze
removal images demonstrate our analysis. First, aiming at the images with much back-
ground area and low contrast, which have not good result on DCP result, we propose a
single image haze removal by combining with dark channel prior and histogram speci-
fication, which strengthen the contrast and intensity of image after DCP method. Then,
we improve our approach to fit general haze image, and experiment result demonstrate
that our work make the scene more close to the real scene.

As further work, we would like to exploit our work in two directions:

1. Consider that the light with different frequency will suffer different attenuation
when passing through haze, we could rebuild histogram on RGB channel respectively;

2. We know that matrix S (saturation) in HSI presents how much the white light
merge into the pure color. In intuition, it is similar to Equation (1), and we will use this
similarity to do some work.

References

1. Seow, M.J., & Asari, V.K. (2006). Ratio Rule and Homomorphic Filter for Enhancement of
Digital Colour Image. Neurocomputing, 69(7), 954-958

2. Rahman, Z., Woodell, G.A., & Jobson, D.J.A. (1997). A Comparison of the Multiscale
Retinex with other Image Enhancement Techniques. Proceedings of 50th Annual Meeting of
the Society-of-Imaging-Science-and-Technology, Cambridge, MA, USA: SOC Imaging Sci-
ence & Technology, pp. 426-431

3. Tan, R. (2008). Visibility in Bad Weather from a Single Image. Proceedings of IEEE Con-
ference on Computer Vision and Pattern Recognition. Washington, DC: IEEE Computer So-
ciety, pp. 2347-2354

4. Fattal, R. (2008). Single Image Dehazing. ACM Transactions on Graphics, 27(3), 721-729

5. Kaiming He, Jian Sun, Xiaoou Tang. (2009). Single Image Haze Removal Using Dark Chan-
nel Prior. Proceedings of IEEE Conference on Computer Vision and Pattern Recognition.
Washington, DC: IEEE Computer Society, pp. 1956-1963

6. Michalewicz, Z.: Kim, T.K., Paik, J.K., Kang, B.S. (1998). Contrast Enhancement System
Using Spatially Adaptive Histogram Equalization with Temporal Filtering. IEEE Transac-
tions on Consumer Electronics, 44(1), 82-86

7. Stark, J.A., Fitzgeralid, W.J. (1996). An Alternative Algorithm for Adaptive Histogram E-
qualization. Graphical Models and Image Processing, 58(2), 180-185

8. Stark, J.A. (2000). Adaptive Image Contrast Enhancement Using Generalizations of His-
togram Equalization. IEEE Transactions on Image Processing, 9(5), 889-896

9. Joshi, K.R., Kamathe, R.S. (2008). Quantification of Retinex in Enhancement of Weather
Degraded Image. Proceedings of International Conference on Audio, Language and Image
Processing (ICALIP), Shanghai, China: Computer Society, pp. 1229-1233

10. Russo, F. (2002). An image enhancement technique combining sharpening and noise reduc-
tion. IEEE Transactions on Instrumentation and Measurement, 51(4), 824-828
11. Q. Zhu, Z. Song, Y. Xie, and L. Wang. A Novel Recursive Bayesian Learning based Method

for the Efficient and Accurate Segmentation of Video with Dynamic Background. /EEE
Transactions on Image Processing, Vol. 21, No.9, pp. 3865-3876. 2012.

292





