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Abstract
The MTF describes how the sensor optics and electronics modulate 
the original signal (image). X. Y. Li et.al used a two-image 
comparison approach to determine the MTF, with three pairs of 
images acquired on different dates. The method needs all images 
at same illumination conditions. Thus, it was necessary to do 
illumination normalization. It introduced a method which was 
combination of gradient domain method and improved singular 
value equalization; it achieved a good result of illumination 
normalization. In this method the illumination consistency was 
assessed by a parameter named p(rho). First, contrast was modified 
through gradient domain method then the mean of each image 
was adjusted to the mean of all images using improved SVE. It 
was showed experimentally by comparing the histograms and p 
values, it was found that the bigger p was, the more consistent 
the images were and the method can normalize illumination of 
any amount of images.
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I. Introduction
Illumination is depends upon the source of light. Changes of the 
illumination cannot only affect the brightness of the image, but 
also lead to details lost and distortion. So it plays major role for 
image quality. Comparison of high and low resolution images 
based method [2] estimates the MTF of low resolution image by 
computing the MTF of high resolution image on the condition that 
the two images to be compared have a same state of illumination. 
However, it is hard to meet the requirements.Therefore, illumination 
normalization is needed for these kindsof remote-sensing images, 
especially in rough terrain, important for improving analysis of 
remote sensing data (e. g. image classification).
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Fig. 1: Flow Chart of Method

Although numerous illumination normalization methods have 
been proposed in the past, none ofthem has been found to be 
universally applicable, and therefore topographic normalization 
is still a pre-processing issue rarely used. Histogram equalization 
[3], gamma correction [3] and Retinex [4] are traditional methods, 
which are popular but cannot maintain average brightness level and 
may result in either under or over saturation in processed images. 
Majumder’s [5] and Fattal’s [5] gradient domain method have 
a good performance on contrast enhancement. Simultaneously 
they can achieve the effect of correcting uneven illumination. 
However, these methods can only normalize illumination in a 
single image and cannot make illumination consistent among 
multiple images. To solve the problem there are two ways. One 
is histogramspecification [3], which is simple and practical, but 
may cause problems as traditional methods mentioned before. 
The other wayis to extract characteristics that are not sensitive to 
illumination, such as Scale-Invariant Feature Transform (SIFT) 
[7]. SIFT has been proven to be the most robust local invariant 
feature descriptor. However, this way just avoids the problem 
and does not solve it.

Demirelet al. [9] proposed an improved method
(DWT-SVD) combined discrete wavelettransform
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Fig. 2: Images of Different Places and Same Time (Solid Line 
is the First Image and Dashed Line is the Second Image). (a) 
Original Images (p = 0.7663). (b) SVE(p = 0.8974). (c) DWT-
SVD (p = 0.8941). (d) Gradient domain (p = 0.9576). (e) Zhang 
et al’s method (p = 0.9628).

and singular value decomposition, which has abetter effect on 
contrast enhancement. But when the images have a big difference 
in contrast and brightness, the result may not turn out satisfactory. 
Pedro et al.[10] proposed the affine illumination model can be 
applied to compensation of illumination variations in a series of 
multispectral images of a static scene. However, it does not meet 



IJECT Vol. 5, IssuE 4, oCT - DEC 2014

w w w . i j e c t . o r g InternatIonal Journal of electronIcs & communIcatIon technology  155

 ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

our requirement. The satellite images to be normalized are random. 
The senses of the images may be different and the number of the 
images is arbitrary.

This letter presents a review on general illumination normalization 
method proposed by Zhang et al. [1] that can normalize 
illumination of multiple remote sensing images. As shown in 
fig. 1, they used gradient domain method to adjust contrasts of the 
images firstly. This process can bring their contrasts to the same 
level and eliminate uneven illumination in each image. Then the 
brightness is adjusted by improved singular value equalization 
which one is a combination of discrete wavelet transform and 
singular value decomposition (DWT-SVD).They also suggested 
a parameter named p to assess the illumination consistency. So 
they canevaluate the performance of the method visually and 
quantitatively. Finally, the illumination of the output images will 
look consistent.

II. Contrast Adjustment by Gradient Domain Method
Gradient domain methods of image enhancement can capable of 
drastic dynamic range compression, while preserving fine details 
of and avoiding common artifacts, such halos, gradient reversals, 
or loss of local contrast. The method is also able to increase contrast 
and enhance fine details in darker regions, thus providing visual 
improvement of images. They choose gradient domain methods 
to eliminate uneven illumination of an image.

Fattal et al. [6] proposed a method that compresses the dynamic 
range by using a gradient manipulation process of multiplying the 
gradient magnitude with a function of local gradient magnitude, 
expecting to enhance the fine details in darker regions while 
compressing the dynamic range. Besides a new low dynamic 
range image is 

(a) Original Images 

(p=0.7727) 

(b) SVE 

(p=0.9065) 

(c) DWT-SVD 

(p=0.9051) 

(d) Gradient domain 

(p=0.9188) 

(e) Zhang et al’s 

   (p=0.9758) 

 

Fig. 3: Images of Same Place and Different Time. (a) Original 
Images (p = 0.7727). (b) SVE (p = 0.9065). (c) DWT-SVD (p 
= 0.9051). (d) Gradient Domain(p = 0.9188). (e) ) Zang et al’s 
method (p = 0.9758).

reconstructed from the modified gradient field in least mean 
square sense. The method takes the following basic steps: obtain 
the gradient field of the original image, treat the field using a 
manipulation function, and reconstruct the enhanced image from 
the modified field. It needs to be pointed out here that all the steps 

stated above are carried out in the logarithmic domain.
The function of gradient domain method is to adjust contrast to 
the same level. The results of this method can be seen in Figs. 
2(d), 3(d), and 4(d) in Section V. When the contrast is low or 
inconsistent, the effect is obvious as Fig. 2 shows.

III. Brightness Adjustment by Improvedsingular Value 
Equalization
The Singular Value Equalization (SVE) technique is based on 
the Singular Value Decomposition (SVD). Each image can be 
represented by a matrix which contains the pixel intensity values. 
Generally speaking, for any image matrix I, the SVDcan be defined 
as

I = UI ΣIVI
T     (1)

where U and V are orthogonal square matrices and ΣImatrix 
contains the sorted singular values on itsmain diagonal. ΣI contains 
the intensity information of the given image, which means that 
the maximum singular value of ΣI contributes more than other 
singular values. The original SVE equalize a dark image and a 
bright image in such away that the mean intensity values of the two 
images increase or decrease toward then neighbourhood of gray 
value 128, respectively. To make the method satisfy requirements, 
they improve the method by, replacing the gray value 128 with 
the intensity mean, M.of all images to be normalized so that the 
mean of each image will get close to M.

For a group of images to be normalized (I1, I2, . . . In), M is the 
intensity mean of all images. They introduce a new image, IM, 
with the single value M. The SVD of this new image is calculated 
andthe maximum singular value (max(ΣIM)) is used to calculate 
the transformation factor, ξ, as follows:

   (2)
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Fig. 4: Images of different places and different time. (a) Original 
Images (p = 0.7468). (b) SVE (p = 0.9066). (c) DWT-SVD (p = 
0.9046). (d) Gradientdomain (p = 0.8939). (e) Zanget al’s method 
(p = 0.9631).
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It is straight forward that ξ is greater than 1 if the image Ii’s mean 
intensity value is lower than M. Otherwise, if the image Ii’s mean 
intensity value is greater than M, ξ is lower than 1. Now a new 
singular value matrix, ΣIi, can be defined as

                              (3)

 can be referred as singular value matrix of the equalized image. 
Using this equalized matrix, a new image Iι̅ can be constructed by 
using these three matrices of  by applying the following 
equation:

     (4)

The intensity of the image has been adjusted by the singular value 
matrix. Section V will show the results of this method.

IV. Quantitative Assessment of Illumination Normaliz-
ation
This section introduces a parameter, p, to quantitatively assess 
illumination consistency. The main idea of p is to measure the 
similarity of multiple images’ histograms. Because the more their 
histograms match, the better their illumination consistency is.
As the scenes of images are different, it is hard to compare 
illumination among different images. If it is possible to evaluate 
illumination of images, it is more supportive to compare 
illumination directly. Now there are two mainmethods to evaluate 
illumination:Retinex theory [12] and homomorphic filtering [3]. 
They adopted the first one.

A.Extracting Illumination Image
According to Retinex theory, an image can be decomposed into 
illumination and reflection. For an image S
S(x, y) = R(x, y)L(x, y)               (5)
where R is reflection and L is illumination. The R is computed 
as
R(x, y) = log S(x, y) −log [F(x, y) ∗S(x, y)]  (6)
where S(x, y) is the input image. F(x, y) is a Gaussian function

    (7)
The illumination image is the Gaussian filtering result, namely 
F(x, y) ∗S(x, y).

B. Histogram Similarity of Illumination Images
Then they were compare illumination images for evaluating 
illumination consistency. For a group of images, they firstly 
compute the mean histogram of them, and then compare each 
histogram to the mean histogram. The formulation is

   (8)
wherek is the number of the images.Gi is a vector indicating the 
histogram of ith image. Gi (j) is the number of pixels whose value 
is j. A is the mean histogram. A(j) is the number of pixels whose 
intensity value is j. Wj = |M−j| + 1.N is the size of images. Wmax 
= max(|M−j|) is the weight when illumination difference is huge, 
such as black image and white image. In their experiments Wmax 
is set to be 128. The parameter p is between 0 and 1, which can 
quantitatively evaluate illumination consistency of images. The 
bigger p is, the more consistent images are.

V. Experiments and Analysis
This part will show the results of experiments and analyse 
the effects of method through visualization and quantitative 
assessment parameter p.The images used in the experiment come 
from Resource Satellite 2th 02C and Resource Satellite 3th.
This method can normalize illumination of any amount of images. 
Because of the limitation of letter, they only show 3 three results 
of 2, 3, and 4 images as group, including three conditions:same 
time different places, same place differenttime and different time 
different places.They show the results of SVE [8],DWT-SVD [9], 
gradient domain method [6] and there method.

Fig. 5: Scatter Diagram of 280 Groups of Images (Blue and Red 
Dots Representoriginal and Processed Images, Respectively). (a) 
Changes of p Values.(b) Changes of Variance of Brightness

Fig. 2 is two images at the same imaging time but in different 
places. The first column is the original images and their histograms. 
The other columns are the results of SVE, DWT-SVD method, 
gradient domain method and Zhang et al’s method, respectively. 
It is obvious that the histograms of the images are better matching 
than before. Comparing the histograms and p values, they founded 
that the bigger p is, the more consistent the images are. Fig. 3 
is three images in the same place but at different time. Their 
illumination is different. From visualization and p values they 
founded that the effect of their method is better than others. Fig. 
4 is four images at different time and in different places. The third 
image is over exposed while the fourth image is under exposed. 
Their method hasnormalized the illumination of the 4 images.

The SVE, DWT-SVD and gradient domain method focus on image 
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contrast enhancement. But they can bring us illumination changes 
in visualization. In Zhang et al.’s [1] experiment they make 
comparisons with the three methods. The DWT-SVD method 
applies SVD to low-low subband image after discrete wavelet 
transform. Fig. 5 is the statistic data of their method.There are 
280 groups of images. Every group has four images. In Fig. 5(a) 
p values of theprocessed images, represented by red dots, are 
almost higher than the original ones, represented by blue dots. In 
Fig. 5(b) red dots is lower than blue ones. In conclusion their p 
values rise and variances of brightness descend, which indicates 
that their illumination is normalized.

Table 1: Parameters of Images in fig. 2. 
Brightness Contrast p

Original images
73.3 5.7

0.7663
15.0 6.5

SVE
127.0 9.9

0.8974
123.2 41.4

DWT-SVD
130.8 10.0

0.8641
128.7 42.8

Gradient domain
71.8 24.9

0.9576
61.6 17.6

Zhang et al.’s 
method

94.5 27.5
0.9628

93.8 28.8
Table 1 shows brightness, contrast and p of each column in fig. 
2. We can find that SVE method can keep the brightness close 
and Gradient domain method is good at adjusting contrast to the 
same level. Zhang et al’s method can correct both brightness and 
contrast to achieve illumination consistency.

VI. Conclusion
Were viewed different types of illumination normalization method 
and focus on Zhang et al.’s method. We found that gradient domain 
method concentrate on image contrast enhancement. But they 
can bring us illumination changes in visualization. DWT-SVD 
pursues good performance in contrast enhancement and does 
not care consistency. Zhang et al.’s method based on gradient 
domain method and improved singular value equalization. They 
combined advantages of both the methods to get illumination 
consistency. Quantitative assessment for illumination consistency 
of images was done by comparing the histograms and p values. 
By observing experimental results we found that Experimental 
results demonstrate that Zhang et al.’s method can correct both 
brightness and contrast to achieve illumination consistency. This 
method is available to normalize illumination of images.
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