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Improved MASK dodging method based on wavelet
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Abstract: Aimed at the uneven illumination phenomena in the remote sensing image, this paper puts forward an improved
MASK dodging method based on wavelet. According to the process of MASK dodging method, this method proposed improves
the modulus of wavelet self-adaptively and non-linearly in the process of the background image obtaining. Finally the experi-
ments are given, which show that this improved dodging method can avoid the disadvantages of the method using mean in
blocks as the modulus of wavelet directly, and they also show that this method in this paper can resolve the uneven illumination

in remote sensing image. It can be applied in many cases.
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1 INTRODUCTION

When capturing the remote sensing image, due to the factors
of sensor and the outer conditions, the luminance and contrast
would be different in different parts within an image. These

differences make it difficult for image interpretation and mosaic.

Therefore, it has an important practical application value to
study and process such uneven illumination phenomenon.

At present, the methods to remove the uneven illumination
phenomenon include two categories in general: The first one is
to use a mathematical model to fit the luminance change within
an image, and then to compensate the difference of luminance
in different parts according to the fitting result (Wang & Pan,
2004), such as “Mask” technology (DMC), background simula-
tion (Zheng, 2003), the dodging method based on self-adaptive
template proposed by Zhang (2003) and Li (2005), and top-hat
based on mathematical morphology. However, there are so
many reasons that cause the uneven distribution of luminance
within an image. Some anomaly luminance changes or isolated
luminance aberrances may lead such method fail to fit the lu-
minance change, and finally greatly affect the quality of
processing. The other one is using low-pass filter, such as the
MASK dodging method proposed by Wang and Pan (2004), Li
(2006), etc. This kind of method uses an appropriate low-pass
filter to get the background image with uneven illumination
phenomenon, and then the result image will be obtained by
subtracting the background image from original image. This
method does not need the concrete luminance function, so it has
great practicability. However, how to choose a proper filter is a
difficult problem.

Since the wavelet has the characteristic in both the spatial
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domain and the frequency domain, using wavelet transform as
low-pass filter to remove the background image can receive
good effects. Based on the MASK dodging principle, this paper
introduces how to use wavelet transform to remove the back-
ground image. Finally an improved MASK dodging method
based on wavelet is proposed. The examples show that this
method can get an excellent dodging effect.

2 THE MASK DODGING PRINCIPLE BASED ON
WAVELET TRANSFORM

2.1 The MASK dodging principle for single image

The MASK dodging technique was presented to deal with
optical photos when printing off. Based on the MASK dodging
principle, the following formula can depict the mathematical
model for images with uneven illumination phenomenon:

'(x,y)=1(xy)+B(xY) 1)

where 1I'(x, y) denotes image with uneven illumination phe-
nomenon, I(x, y) denotes image in ideal conditions, and B(x, y)
denotes background image. According to Eq.(1), image with
uneven illumination phenomenon can be regarded as the result
of overlapping an ideal image with a background image. So the
uneven background is the reason for an image with uneven
illumination phenomenon. If background image can be fitted
well, image with even illumination can be obtained by sub-
tracting background image from original one, and then the un-
even illumination phenomenon can be removed (Wang & Pan,
2004).

How to get the background image is very important. In the
frequency domain, the luminance changes in overall image can
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be reflected mainly by the low-frequency components. So the
approximate background image can be acquired by low pass
filter (Pilu & Pollard, 2002). Then, It is critical to choose an
appropriate low-pass filter to use it to obtain a good background
image. In general, a better filter has both small spatial position
error and small frequency domain error. Considering the good
characteristic of wavelet as well as its low calculation and small
error, this paper uses wavelet as low-pass filter to obtain the
background image.

2.2 Remove the background image using wavelet
transform

Wavelet transform developed from Fourier transform. Be-
cause of its multi-resolution analysis and excellent frequent
characteristic, wavelet transform can make up the shortcoming
of Fourier transform in many case of digital image processing.

After wavelet decomposition, the spatial distribution of co-
efficient has excellent parallelism with original spatial distribu-
tion of image. Based on the multi-resolution analysis of wavelet,
we can remove all the coefficient of high-frequency and re-
serve the coefficient of low-frequency in the N™ layer, and then
reconstruct the wavelet. Finally the detail information is re-
moved and the background with luminance changes is reserved.
The processing flow is depicted in Fig. 1.
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Fig. 1 Filter to get background image based on wavelet transform
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In order to obtain a good background image, we need to deal
with the coefficient of low-frequence in some degree. Wang and
Long (2005) have proposed a method to deal with the wavelet
coefficient, there is the process as follows:

(1) Divide the original image to 2"x2" small parts. And esti-
mate the intensity of every part using the mean in it, so an im-
precise small image will be get, which size is the 1/(2"x2") of
original image.

(2) Wavelet decomposition of n layers will go on to original
image. And replace the wavelet coefficient in low-frequence
with the estimated value in Step (1), then set all coefficient in
high-frequence to zero. Finally restructure the wavelet to get
the background image.

(3) Subtract the background image from the original image,
and adjust the brightness and contrast appropriately.

The disadvantage of this method is that the estimate value
after divided has great distinction from the low-frequent coeffi-
cient of wavelet after decomposition, which lead to the back-
ground image not perfect. And it can not reflect the luminance
changes completely. So this paper improved the method by
stretching the coefficient of low-frequent adaptively to get the
better dodging effect.

2.3 The improved MASK dodging method based on
wavelet transform

Considering the disadvantage of the method above, this pa-
per improved it as follows:

(1) still divide the original image to 2"x2" small parts. But
regard the mean of every part as the rude estimate value of
low-frequent coefficient after wavelet decomposition of n lay-
ers, and then stretch the estimate value nonlinearly and adap-
tively, the formula is as follows:

Y=g x<Average @
Y:eA(X)(A(x) = A(x) J+InC, ;. x=Average
where,
A = DCmax “MCrin (G @)
Xmax ~ Xmin

And x,=Average in Eq.(3); Average stands for the average
gray value of original image, Cna and Cp, are the maximal
and minimal value of low-frequent coefficient after wavelet
decomposition respectively, Xmax and Xmin are the maximal and
minimal gray value of original image respectively, and x is the
transformed value, which is also the mean value of every small
part of process (1). And ¢ is the parameter of stretching. This
paper has given an experimental value for it, which can be ad-
justed for users.

Then set all the coefficient in high-frequence to zero. Finally
restructure the wavelet to get the background image.

(2) After subtracting the background image from the original
image, we take Eq. (4) (Wang & Pan, 2004) to stretch the over-
all contrast and to increase the adjacent fine contrast.

255x (f;, — value)

955 — 2 I value >0
fout = _exvale (4)
fin x(255+ 2x value)
T —value, value<0

In Eq.(4), value is the parameter of contrast stretching. Its
value ranges from —127 to 127.

After improving, the coefficient of original wavelet is
stretched adaptively, therefore, background image can hoth fit
the luminance change and remove most detail information of
original image. Finally the excellent effect can be obtained.

A method to deal with color image is from RGB channels
respectively. However, maybe this method will result in the
distortion of tone. So, this paper transforms the RGB space to
HIS space, and deal with the embranchment of luminance “I”
only in order to keep the color information.

3 RESULTS

To find an objective and uniform estimate criterion to the
results is still an unresolved problem. It highly requires hu-
man’s subjectivity. A good result needs a clear image, moderate
contrast, keeping the average luminance and main tone of local
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image, and keeping as much information as possible. In order to
test the advantage of the proposed method, this paper chooses a
remote sensing image with uneven illumination, and analyses
the effect in both visual aspect and qualitative aspect.

(1) In visual aspect: this paper mainly adopts visual inter-
pretation method. Observing the distribution of luminance
based on human visual system, and analyses the effect subjec-
tively. The dodging experiment is shown in Fig. 2. Fig. 2(a)
shows the image with uneven illumination, Fig. 2(b) shows the

result of the unimproved method, and Fig. 2(c) shows the result
using improved method.

From Fig. 2(a), we can see that it has obvious uneven illu-
mination phenomenon, the left-upper part is brighter than the
right-lower part; Fig. 2(b) has improved in some degree for
vision, but doesn’t remove the uneven illumination phenomenon
completely. However, the proposed method shown in Fig. 2(c)
almost removes the uneven illumination phenomenon, and the
image is clearer.

(b)

(c)

Fig. 2 The dodging experiment
(a) The original image; (b) The result of the unimproved method; (c) The result of the improved method (5=1.5)

(2) In qualitative aspect: we considered both the mean and
the average gradient in order to describe the quality of image.

The mean stands for the luminance information, and average
gradient stands for detail contrast and the character of texture
change. The ideal image should increase the average gradient
slightly, but not excessively.

The average gradient adopts the following formula (Li &
Guan, 2000):

M N
vé:M—ll\lZZ[Axf(i, B2+ A G, )2

i=1 j=1

®)

where, A, f(i, ) and A, f (i, j) denote the difference of first

order in x and y direction respectively.

In order to validate the dodging effect, Table 1 compares the
mean of every channel and the average gradient in four local
parts of Fig. 2(a), (b) and (c).

From the statistical data in Table (1), it is obvious that the
left upper part in Fig. 2(a) has big value of mean, but the right
lower has small value. That is to say, Fig. 2(a) has obvious
uneven illumination phenomenon. The unimproved method has
better effect than original image in some degree, but still has
uneven illumination phenomenon; And the improved method
shows that the mean in every part has improved obviously, the
luminance is almost even. At the same time, the average gradi-
ents of each part and the entire image increase a little, which
shows that using improved method, the adjacent fine contrast
and overall contrast of image are all enhanced in a certain ex-
tent.

Table 1 The quality of the images

Cha- Mean Average gradients
Pert | onel Fig.2(a) Fig.2(b) Fig.2(c) | Fig.2(a) Fig.2(b) Fig.2(c)
R | 167.04 15985 13970 | 3755 3844  40.25
Left | G | 17683 16885 15107 | 3693 37.31  39.42
UPper | B | 17393 16594 14335 | 36.77 3750 38.46
1 17260 164.88 14471 | 37.08 37.75  39.38
R | 14999 14645 136.06 | 41.19 4227 4468
Right | G | 16043 15620 14732 | 40.76 4136  44.08
upper |- g 15251 14924  139.26 | 40.62 4155  43.01
1 15431  150.63  140.88 | 40.86 41.73  43.92
R | 12049 12333 13001 | 4405 44.99  46.09
Left | G | 13328 13503 14107 | 4379 4438 4534
lower | g 126.19 12865 134.43 | 43.62 4447 4523
1 12665 129.00 13517 | 4382 4461 4555
R 8331 9426 11827 | 39.80 4073 4291
Right | © 9401 10448 13061 | 39.96 4069  42.90
lower | g 8575  97.26  122.94 | 3918 40.14  41.64
1 87.75 9867 12394 | 3965 4052 4248
R | 13116 13172 13126 | 4071 41.67 43.86
G | 14209 141.88 14275 | 4041 4098  43.23
Overall
B | 13566 13607 13523 | 40.10 4097 4210
1 136.30  136.89  136.41 | 4041 4121  43.06

4 CONCLUSIONS

The theory analysis and experiments show that the improved
method has obvious advantage to unimproved dodging method:
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(1) The uneven illumination phenomenon has been removed,
and it makes the need of visual interpretation.

(2) Based on maintaining the average luminance and tone,
the information of texture and details has been increased by
using the method proposed in this paper. And it has advantage
to the further processing of image.
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