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Abstract

In general, images of outdoor scenes often contain degradation due to dust, water drop, haze, fog, smoke and so on, as
a result they cause the contrast reduction and color fading. Haze removal is not easier problem due to the inherent
ambiguity between the haze and the underlying scene. So, we propose a novel method to solve single scene dehazing
problem using the region segmentation based on graph algorithm that has used a gradient value as a cost function. We
segment the scene into different regions according to depth-related information and then estimate the global atmospheric
light. The medium transmission can be directly estimated by the threshold function of graph-based segmentation algorithm.
After estimating the medium transmission, we can restore the haze—free scene. We evaluated the degree of the visibility
restoration between the proposed method and the existing methods by calculating the gradient of the edge between the
restored scene and the original scene. Results on a variety of outdoor haze scene demonstrated the powerful haze removal
and enhanced image quality of the proposed method.
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Fast Bilateral Filter

1. Initialize all w | ¢ | and w | values to 0.
2. Compute the minimum intensity value:
Jnin—( X,myl)ne Gl(XY)
3. for each pixel (X, Y)E.S with an intensity (X, V) ER
(a) Compute the homogeneous vector (wi,w):
(X, v),1)

(b) Compute the downsampled coordinates
X Y ]()(7 Y) - ]min
w0 o (|2 e

s,
(c) Update the downsampled S R
(wiii(x,y,@) - (wiii(xyy,g")
wi (Z’,Zho wl (x’y,C)

(wi,w) <«

space

(
w
4. Convolve (w i ,w ) with a 3D gaussian g whose
parameters are o,/s,and o,/s,
(wii%,wll) <« (will,wl)(@g
5. For each pixel (X, Y)E.S with an intensity /(z,Y)ER
(a) Tri-linearly interpolate the functions wbi ibi and wbi

to obtain W'I’and W®

WX, Y) < interpolte(wiibi,s%,s%, I(XS;Y) )
(X, Y) < interpolte(wtl,s%,s%, I(XS;Y) )
(b) Normalize the result
: WX,
fn - Y
O 30 #HE fdbek H oAlRE
Fig. 3. Fast Bilateral Filter Pseudo code.
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Table 1. Comparison of Running Time (sec).
o3 Fattal Tan He Proposed
441x450 29.83 324.43 15.82 0.605
576x769 64.95 527.56 32.15 1.403
835x557 67.92 746.73 42.38 1.386
1000x327 4724 249.30 23.15 1.06
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Fig. 4. Test Haze Images.
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Fig. 5. Haze Removal Results.

X 2 M=Z EoX|l= ofx|e] H[E e
Table 2. Rate e of new visible edges.

e Fattal He Tan Tarel Proposed
v16 0.058 0.131 0.016 0.241 0.110
nyl2 | 0.0x4 0.048 0.083 0.145 0.023
nyl7 | 0.106 0.023 0.041 0.110 0.037
y01 0.08 0.143 0.122 0.209 0.099

E 3 EoX|= o X|e TC|MES HHA H|E »
Table 3. Mean ratio » of the gradients at visible edges.

r Fattal He Tan Tarel Proposed
v16 1.203 1.367 2.060 1.958 1.147
nyl2 1.288 1.398 2.180 1.762 1.189
nyl7 1535 1.630 2.190 1.706 1172
y01 1.215 1.313 2.228 1.990 1.134

E 4. AXS| M s HYMOZ dHiyE HIE
Table 4. Percentage of pixels which becomes completely
black or white after restoration.

o Fattal He Tan Tarel Proposed
v16 0.149 0.152 0.447 0.000 0.239
nyl2 | 0.641 0 1.836 0.000 0.493
nyl7 | 1.699 0.014 0.765 0.000 3.329
y01 0.113 0.014 0.387 0.000 0.000
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.
(f)
a3 6. (@) 3 WALy, ny12, nyl7, yo1), (b)
Fattal, (c) He et al,, (d) Tan, (e) Tarel et al, (f)
Hok=l dhof st MY Zmf
Fig. 6. (a) Input haze images(from left to right, y16,

ny12, ny17, y01), (b) Fattal, (c) He et al, (d

Tan, (g) Tarel et al.,, (f) Proposed method.
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