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Abstract. Illumination correction is a method aiming at removing the influence 
of light from the environment and other distorting factors in the image capture 
process. A novel algorithm based on luminance mapping is proposed that both 
removes the low frequency variations in intensity as well as increases the 
contrast in low contrast areas. Moreover, it avoids the common problems with 
homomorphic filters. This algorithm is being applied on historical aerial photos 
with good results. 
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1   Introduction 

In many disciplines dealing with images the problem of varying illumination of the 
scene or object must be faced. Hence both the problem and the remedy have got 
different names depending on discipline. Vignetting [24, 26] occurs due to different 
mechanisms [7], which causes a brightness falloff away from the image centre and 
this is prevalent in photography. Non uniform illumination or even dirty lenses and 
dust [23] causes problems in Microscopy [11]. Such procedure is often called 
illumination or shading correction and in this paper we will refer to it as Illumination 
Correction. In Magnetic Resonance Imaging (MRI) the varying shade is known as 
RF-inhomogeneity or bias [1,2]. In Face Recognition the varying illumination is a 
challenging problem [25, 27] and the method is, besides illumination correction also 
called illumination normalization. The illumination itself is often referred to as 
background light. In Mammography contrast-limited adaptive histogram equalization 
(CLAHE) has been used [17]. 

In aerial and satellite photos the physical lighting also affects the relief presentation 
[19, 20]. However it is also a problem for image stitching and mosaicing of 
panoramas where the focus often is put on making the transition from one image to 
the other as smooth as possible [4, 12, 15]. 

                                                           
* This work was carried out during the tenure of an ERCIM "Alain Bensoussan" Fellowship 
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In this paper we will focus on a method that we developed for retrospective 
illumination correction of greyscale historical aerial photos that will not only 
minimize the variance in illumination over the image but can also be used to increase 
contrast in low contrast areas in the image.  

1.1   Main Methods 

As mentioned in the introduction the same problem of uneven illumination occurs in 
many fields and the referenced papers suggest different methods specialized for the 
application in question. However there are some fundamental aspects that will be 
shortly discussed here.  

Theoretically, the intensity in the image can be divided into two components, the 
illumination of the object and the amount of light reflected by the object [14]. The 
homomorphic filter [13] aims at removing the illumination, characterized by low 
spatial variations, from the image and keeping reflectance, characterized by high 
frequency changes. In terms of the illumination L(x,y) and reflectance R(x,y), the 
intensity H(x,y) of a pixel can be modelled as: ܪሺݔ, ሻݕ ൌ ,ݔሺܮ ,ݔሻܴሺݕ  ሻ.                                          (1)ݕ

The homomorphic filter makes use of the Fourier transform to remove the intensity 
and hence it is necessary to convert the multiplication to addition, which can be done 
by taking the log of the functions, as the Fourier transform only can be used when the 
noise is an additive term. This approach has some disadvantages, for instance the 
necessary image size padding when the image size is not a power of 2, which can lead 
to distortions in the boundary regions [5]. Another problem with this approach is that 
it will merely increase contrast in low contrast regions while the main low frequencies 
remains. A better way to look at the problem [27] is to model the lighting change as a 
local affine transformation (AT) of the pixel value: 

,ݔሺܪ  ሻݕ ൌ ,ݔሺܣ ,ݔሻ݄ሺݕ ሻݕ ൅ ,ݔሺܤ  ሻ.                                (2)ݕ

where h(x,y) is the original image and H(x,y) is the captured image as a result of the 
local lighting, which thus have both and multiplicative and additive effect on the  
result. Zhu et al [27] removes the low spatial variations caused by B(x,y) using a multi 
resolution low pass filter that estimates the background lighting. Leung et al [11] 
takes the same approach using a Gaussian filter: ܩሺݔ, ሻݕ ൌ ଵଶగఙమ ݁ି൫௫మା௬మ൯ ଶఙమ⁄ .                                     (3) 

where σ defines the width of the distribution used to delimit the low frequencies. The 
larger the value of σ, the greater the smoothing effect. Others, for an example Yu [24] 
handle the background light using a reference picture acquired in a controlled 
environment with known lighting conditions and a white object. This is of course not 
always possible, especially not in retrospect. 

The gain A(x,y) in eq. 2 is handled by a homomorphic filter and this will increase 
the contrast. The approach by Zhu gives better results but the main disadvantages 
with the homomorphic filtering remains. The resulting image computed by AT is: 
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ෘ݄ሺݔ, ሻݕ ൌ ச஺ෘሺ௫,௬ሻ ቀܪሺݔ, ሻݕ െ ,ݔෘሺܤ  ሻቁ.                                   (4)ݕ

Where ܣሙሺݔ, ,ݔෘሺܤ ,ሻݕ ,ݔሺܣ ሻ are the estimate ofݕ ,ݔሺܤ ,ሻݕ  ሻ respectively and κ is aݕ
constant. Zhu et al modifies this equation further but the equation shown here is the 
basis. Yucong et al [25] have improved the AT by computing the estimated gain as a 
low pass filtered estimate: ܣሙሺݔ, ሻݕ ൌ exp ቆLPF ൬ln ቀ݄ሺݔ, ሻݕ െ ,ݔෘሺܤ  ሻቁ൰ቇ.                      (5)ݕ

where LPF is a low pass filter. They elaborate further on his approach using 
histogram equalization and also combining with ICR [9] explained shortly in next 
subsection, however these are the basic ideas. 

1.2   Other Approaches 

Others have developed methods for finding the vignetting function from a single 
image [26] or from multiple images, with or without the response curve [7]. The ICR 
(Illumination Compensation based on Multiple Regression Model) [9] is aiming to 
find the plane that best fits the intensity distribution of the image using the multiple 
regression model. Then this plane is used to remove the illumination of face images. 
The Local Range Modification (LRM) [6] , finds the interpolated minimum and 
maximum pixel values in a neighbourhood (contextual region) and stretches them to 
the desired range via the equation: ܻሺݔ, ሻݕ ൌ െ݉݅݊ݔܽ݉ܥ ሺܺሺݔ, ሻݕ െ ݉݅݊ሻ.                                 (6) 

where C is a constant. Similarly the contrast-limited adaptive histogram equalization 
method (CLAHE) [16], stretches the histogram in its contextual region. This improves 
the image in such way that the contrast is enhanced. Young et al [25] make use of 
homomorphic filters and Morphological filtering in order to correct images in 
microscopy. Here the morphological filter is used to obtain an estimate of the 
background illumination. 

Wavelet based approaches for image and contrast enhancement are also popular 
[18]. Laine et al [10] use wavelets to enhance contrast in digital mammography. Yet 
others make use of a combination of methods as wavelets and the homomorphic filter 
[3,22]. 

1.3   Luminance Mapping 

Colour correction can be used to both correct and filter colours in an image  [21]. One 
important method is Luminance mapping [8]. The idea is to apply a linear map that 
matches the means and variances of the luminance distributions, i.e. the intensity. If 
A(x,y) is the luminance of a pixel in image A, then it is remapped using the 
distribution of image B: ܣሺݔ, ሻݕ ൌ ఙಳఙಲ ሺܣሺݔ, ሻݕ െ ஺ሻߤ ൅  ஻.                                    (7)ߤ
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4   Conclusions 

The proposed use of luminance mapping for illumination correction has not to our 
knowledge been done before. The other main contributions in this paper is that we 
propose a modification where both the local mean and deviation  is obtained by a 
Gaussian filter, where both can be computed from downscaled versions of the original 
image and then upscaled by bilinear interpolation. This will decrease computation 
time as the Gaussian interpolations in computationally expensive, however it will not 
affect the result for moderate downscales. Moreover, it was shown that the contrast 
can easily be enhanced only where needed. The example images shows that the 
proposed approach of using a modified version of luminance mapping for 
illumination correction works very well for retrospective illumination correction of 
historical aerial photos. 
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