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A fast dehazing method with high color fidelity
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In this paper, we present a fog image degradation model with the combination of HSI color space
and the atmosphere scattering model. Based on the model, a fast dehazing method with high color
fidelity has been proposed. The main advantage of the proposed method compared with others is
its speed. This speed allows the method to be applied within real-time processing applications as
a step of preprocessing. Another advantage is the possibility to handle both color images and gray
level images. The algorithm depends only on on two parameters, and both are easy to set. Exper-
iments on haze images demonstrate that the proposed method can achieve wonderful image visi-
bility with a higher computing speed.
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1. Introduction

Images of outdoor scenes taken on foggy days are greatly degraded by suspended par-
ticles in the atmosphere. It affects normal function of outdoor imaging equipment. So
the haze removal algorithm is highly desired in outdoor imaging.

Early dehazing methods need multiple images of the same scene under different
weather conditions [1-3] or some additional information [4—6]. Due to the harsh con-
dition requirements, these methods are difficult to be applied in real-time equipment.

Recently, single image haze removal [7, 8] has achieved significant progresses.
Tan’s method, Fattal’s method and He’s method [9—11] are the most popular algorithms.
All these methods take a prior or assumption to obtain haze-free images. Compared with
other methods, He’s method based on a data statistical prior is more reliable with a better
visual result. However, a soft matting, an important step in He’s method, is time-con-
suming. Many improved algorithms appeared to increase the efficiency of dark channel
prior. And KAIMING HE et al. also proposed an efficient guided image filter [12] to re-
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place soft matting. Although much progress has been done to improve the computing
speed of the algorithm, the step of figuring out the medium transmission item is still
time-consuming. Furthermore, the methods cannot process gray level images.

In this paper, a novelty fog image degradation model in HSI color space has been
proposed. The medium transmission item has been eliminated in the model. Moreover,
the model shows a close relationship between the intensity component and saturation
component. So based on the model, we can remove haze efficiently with a vivid result.
In addition, the method can also handle gray level images.

2. A novelty fog image degradation model in HSI color space

The degradation process in foggy days can be described as follows [10, 11]:

I(x) = J(x)t(x) + A(1 —t(x)) (1)

where I(x) is the observed intensity of the input foggy image, J(x) is the underlying
haze-free image, 4 is the global atmospheric light, and #(x) is the medium transmission.

The HSI color space is based on the cylindrical coordinate system, and the con-
version from RGB color space to HSI color space is described as:

1 [(R —G)+ (R —B)}/2
H = cos” 2)
J(R = G)2+ (R —-B)(G—B)

B 3 .
§ = 1-—————min(R. G, B) 3)
;- R+§+B 4)

Actually, the value of medium transmission #(x) and the global atmospheric light 4
are almost the same for all RGB channels. In this paper, we assume #(x) and 4 are the
same for all RGB channels.

To obtain the relationship of a hue component between the hazy image and the
underlying haze-free image, we combined Eq. (1) and Eq. (2):

H, = H, )

where H, is the hazy image’s hue component and Hj is the underlying haze-free image’s
hue component. Equation (5) proves that the haze cannot affect the hue component.
Here we separate Eq. (1) into the R, G, B channels and sum them up

Ig+1+1I, = (Jg+Jg+Jg)t+34(1-1) (6)
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According to Eq. (4), Eq. (6) can be transformed into
I = Iit+A(1-1) (7)

where [ is the hazy image’s intensity component, /; is the underlying haze-free image’s
intensity component. Then we take the minimum operation among three color channels
in Eq. (1) and get

Lnin(r, 6,8) = Imin(r, 6,3yt T A1 =1) ®)
By subtracting Eq. (8) from Eq. (7):

L =Thing, 6,8y = Uy =Jmin(r, 6, ) t 9)
Actually, compared with Eq. (3), Eq. (9) can be simplified as

o Sht 10
R L
II

Finally, we get a series of equations which has been proposed by XIANG et al. [13]:

Hy = Hj
S It

S, = st (11)
Iy

I = Lit+A(1 1)

Based on Eqgs. (11), Xiang proposed a dehazing method. In fact, Xiang’s method
is very similar to He’s method. He’s method is based on the dark channel prior while
Xiang’s method is based on the full-saturation assumption. The former describes that
the minimum intensity in an outdoor haze-free image within a local patch should
have a very low value close to 0. The latter describes that the maximum saturation in
a macroblock of an image should have a very high value close to 1. It can be viewed
as different forms in RGB color space and HSI color space of the same property.
And both methods need to figure out medium transmission #(x), which is time-con-
suming.

To eliminate medium transmission #(x), we put Eq. (7) into Eq. (10) and obtain

(A—GJ
S, =k (12)
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Combining Eq. (3) and Eq. (12)

kA + Jnin(r, 6, B)

- 13
! 1+k (13)
Then we get a novelty fog image degradation model in HSI color space:
Hy = H,
s, = k|20
e 1, (14)
_ kA + Jwinr 6.8
! 1+k

The nice property of this model is that once Jiyz ¢, 5 18 figured out, we can use
Eq. (14) to obtain the whole haze-free image without the process of solving #(x).

In a traditional atmospheric scattering model, we recover a hazy image in RGB
color space. The process of recovery is independent in each channel. Deviation of #(x)
might lead to independent deviation among three channels, furthermore, the results
may appear as serious color distortion. So the accuracy of medium transmission #(x)
is very important in the traditional model. According to Eq. (14), the hue component
is only decided by haze image’s hue component in our model, moreover, the saturation
component and intensity component are closely related. The saturation component
would change with the change of intensity, and the results can still be natural. So the
accuracy of Jyinr ¢, gy 18 less significant in our model. The relationship between the
saturation component and the intensity component ensures that the results can still keep
visually-pleasant even when J,;,z ¢, 5y has a large deviation. As in Fig. 1, we use an-
other Jiinr, ¢, 5y With a totally different histogram to replace original Jyiyz ¢, 5), the
results are almost the same as the original image.

3. Haze removal using our fog image degradation model

3.1. Estimating the intensity component

In this paper, the histogram matching method, a simple but efficient algorithm, is taken
to estimate Jy,inz_ g, y- TO estimate the object histogram 200 outdoor photos (100 photos
without sky area, 100 photos with sky area) were used. Because the sky in a hazy day
is always white not blue, we only selected photos with the white sky as statistical sam-
ples. The statistical results were used as the matching objects in histogram matching
process. As shown in Fig. 2a and 2b, some intensity value’s probability in the statistical
histogram were extremely high. This might lead to less gray level of results’ histogram
and concentrated distribution in some gray level. Moreover, the results would lose lots
of details. The revise has been taken on the statistical histogram in Figs. 1f and 1h. In
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Fig. 1. Original “non-sky” image (a), and the histogram of its Ji,;iyz. ¢, 5) (P); the result “non-sky
image (c¢), and the histogram of its Jyiy ¢, 5) (d); original “sky” image (e), and the histogram of its
Imin(r, G, ) (£); the result “sky” image (g), and the histogram of its Jyiwz ¢, 5) (h)-
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Fig. 2. Histogram of 100 non-sky photos (a), histogram of 100 outdoor photos with sky (b), the revised
histogram of a (c¢), and the revised histogram of b (d).

fact, the area of sky would also influence the distribution of histogram. By changing
the proportion of the high gray level, we can eliminate the influence.

In practice, after being processed by the histogram matching algorithm, the image
is still blurred in a distant scene. Equation (8) shows that the influence of haze can be
regarded as two parts. One is the direct attenuation Jii g, ¢, 5yt and the other is the
air-light A(1 — ¢). Because the air-light is an additive component, the histogram
matching algorithm cannot remove it thoroughly. So before 7z, g, 5y 1S processed by
the histogram matching algorithm, we need to estimate the air-light and remove it
from Zy,inz, G, ).

Here we choose Gaussian filter to estimate the air-light and remove it from

Lin(r, 6, 5) as follows:

m

2
Imin(r. 6. 5% V) = Lin(r, G,B)_Cl(lmin(R, 6B * F(x,y)) (15)

where F(x, y) is the Gaussian filter function, which can be replaced by other low-pass
filter function; symbol * denotes the convolution operator; ¢, is the correction coeffi-
cient which needs to be corrected according to the thickness of fog. After the removal



A fast dehazing method with high color fidelity 521

Fig. 3. Original image (a), the result only uses the histogram matching algorithm (b), and final result (¢).

of the air-light, the results of histogram matching will be much clear. Combined with
Eq. (15), Eq. (13) can be transferred into

2
k4 + Hm|:1min(R, G,B)~ cl(lmin(R, 6.5 *Fx, J’)) }

1+k

I, = (16)
where H,, means the process of the histogram matching algorithm. Figure 3 shows the
result.

3.2. Calculate the saturation component

After figuring out the intensity component, the value of the saturation component can
be acquired by Eq. (12). Since the estimated intensity component is usually brighter
than the actual value, we corrected the intensity component by a correction coeffi-
cient c,. Because the intensity component can be very close to zero in some areas, the
recovered saturation component Sy is prone to noise. So we restricted the intensity com-
ponent by setting a lower bound /. The saturation component can be calculated as fol-
lows:

Y . S
5= k( max(c, I}, 1) IJ a7

The typical value of ¢, is between 0.5 and 0.8, depending on the thickness of fog.
And the typical value of 1, is 0.03.

3.3. Recover the hazy image

In our model, there are only two unknown items, one is Jmin(r, G, B) €stimated by the
histogram matching method and the other is atmosphere light 4. If the value of atmos-
phere light A, which we estimated, is lower than the actual value, the results will appear
as serious color distortion. But when the value is higher than the actual value, the results
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Fig. 4. Original image (a), the result with 4 = 0.6 (b), with 4 = 0.9 (¢), and with 4 = 1 (d).

keep a nice visual effect. So we simply choose 1 as the value of atmosphere light.
Figure 4 shows the results in different values of atmosphere light.
The final image is recovered by

Hy = H,
A
S = kl—A4
! (max(czlj,lo) ] (18)
2
kA +Hm{lmin(R, G,B)_Cl(]min(R, G B) ¥ F(x,y)) }
I = 1+k

In fact, when we recover a hazy image without the sky area, the image after the re-
moval of haze will look dim. So we can increase the exposure of /; for display. Figure 5
shows some final recovered images.

4. Experimental results

In our experiments, we used our dehazing method and the dark channel prior method
to process different size images on a PC with a 3.3 GHz Intel Core 15-4590 CPU in
Matlab. Compared with the dark channel prior, our method keeps a nature visual effect
with a faster computing speed. Here we choose a guided filter to replace soft matting
in the dark channel prior, which can increase the efficiency significantly and we take
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Fig. 6. original images (a), dark channel prior (b), and our results (c).
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Table. The time cost of two methods.

Image size Time [s]
Images [pixel] Dark channel prior Our method
Fig. 6a 1024 x 768 8.9683 0.254185
Fig. 6b 800 x 600 5.3612 0.160658
Fig. 6¢ 1024 x 768 8.9900 0.256236

15 x 15 patches to calculate the dark channel. The comparisons of two methods are
shown in Fig. 6, and the cost time is shown in the Table. The results of both two meth-
ods are vivid, but the proposed method is much faster than the dark channel prior.

Figure 7 shows the results processed by different values of ¢,. Apparently, the low
value of ¢, might lead to over-saturation, and the high value of ¢, might lead to under
-saturation. Actually, when the value of ¢, is between 0.5 and 0.8, we can achieve nat-
ural results. Figure 8 shows the results processed by different values of ¢;. The results
prove that the value of ¢, is related with the definition of distant area. A low value
means an unclear scene while a high value means more details. However, color dis-
tortion may appear when the value is improperly high. The natural results will be
achieved when c| is in the interval between 0.2 and 0.6.

Fig. 8. Original image (a), with ¢; = 0 (b), with ¢; = 0.5 (¢), and with ¢; = 1 (d).
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In Figure 9 the influence of varying size of Gaussian filter has been taken into con-
sideration. We conclude that the small size of Gaussian filter could lead to more thor-
ough results, but it might cause an over enhancement in some area, and the halo effect
would also appear in the sky area. Although the large size of Gaussian filter would
reduce the halo effect and get a better overall visual effect, it would also lose lots of

a Hb

Fig. 9. Original image (a), our result with 30 x 30 size Gaussian filter (b), with 75 x 75 size Gaussian
filter (¢), and with 300 x 300 size Gaussian filter (d).

Input hazy images Haze removal results

Fig. 10. Haze removal results in gray level images.
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details. Because the halo effect only appears on the edge of the sky area, we can just
ignore it, and choose a middle size Gaussian filter, such as a 75 x 75 size.

In fact, Eq. (17) can be taken separately to remove haze in gray level images.
Figure 10 shows some processed results in gray images.

5. Conclusion

In this paper, we proposed a novel fog image degradation model in HSI color space.
Based on this model, we used a statistical way to estimate the intensity component,
and further got a haze-free image. The main advantage of the proposed method is its
speed and vivid color. With its high efficiency, this method can be used as pre-pro-
cessing in many systems. Actually, our method can be further promoted by using the
improved histogram matching algorithm and some particular low-pass filters. More-
over, as our model shows a closely relationship between the intensity component and
the saturation component, we plan to take our model as a standard to evaluate the color
fidelity of a dehazing method.
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