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Abstract. [llumination 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].
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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:

H(x,y) = L(x,y)R(x,y). )]

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:

H(x,y) = A(x,y)h(x,y) + B(x,y). 2

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:

G(x, y) — ﬁe—(xz+yz)/20'2. (3)
where o defines the width of the distribution used to delimit the low frequencies. The
larger the value of o, 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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Where A(x,y), B(x,y) are the estimate of A(x,y), B(x,y) respectively and « is a
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:

A(x,y) = exp (LPF <ln (h(x, y) — B(x, y)))). )

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:

Y(x,y) = X (x,y) — min). (6)

max—min
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:

ACx,y) = 22 (ACoY) = pa) + . ™
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where u4 and up are the mean luminances, and o4 and op are the deviations of the
luminances, both taken with respect to the luminance distributions in A and B,
respectively. The result, if applied an all three colour channels, is that image A will
have similar looking colours as image B. The result is shown in Fig. 1 where the
original Lena and Mandrill images are to the left and the luminance mapped images to
the right where Lena has got the colours from the Mandrill and vice versa. This
method has not got any obvious connection to illumination correction, however it is
the basis for the proposed method discussed in the next section.

Fig. 1. The original Lena and Mandrill images to the left and the luminance mapped images to
the right, where Lena has got the colours from the Mandrill and vice versa.

2 The Proposed Method

In the approach by Zhu et al the low frequencies are removed first by subtracting
B(x,y), which is an estimation of the background lighting and then the contrast is
increased by multiplication of k/A(x,y) (Note that they use a more elaborated
version of this factor in their paper, including eq. 5). This implies that B(x,y)
contains the low frequencies in the image. If eq. 7 is applied using, not an overall
estimate of the mean but an estimate of the local mean p it is possible to obtain a
similar result. Let us take the image of a checkerboard in the left of Fig. 2 as an
example, which has an obvious intensity variation. Looking at a horizontal cut section
taken from the centre, depicted to the right, we can see the intensity variation from
left to right. The local mean is the red curve that runs in the centre of the curve. If the
local mean is translated to the global mean, i.e. pushing down the curve so that it
becomes a line, then a big portion of the varying light is removed.

A low pass filter is used to remove an estimate of the illumination, which are the
lowest frequencies in the image and thus an approximation of the local mean p,(x,y).
This is done by using a Gaussian filter (eq. 3) modified in a way such as it also
compensates for the borders. However the mask must be quite large, up to a size of the
input image. Even with modern computers it becomes impractical for images of sizes
up to 5000x6000 pixels, which we are dealing with in the case of historical aerial
photos. This problem can be easily overcome by the fact that the estimate is a heavily
blurred version of the input image and therefore we can compute fi,(x,y) using a
downscaled and blurred version H(x,y) of the image and then upscale it to fi,(x,y)
using a bilinear interpolation. The resulting blurred image will be very close to what
the full scale Gaussian filter would produce and will not be detrimental for the final
quality, however in Fig. 2-4 a scale factor of 1 was use, i.e. no downscaling at all.
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Fig. 2. The image to the left has an obvious shading artefact visible as an intensity fall off away
from the centre. The diagram to the right shows a cut section in the middle in blue and the local
mean in red.

Fig. 3 shows how the image in Fig.2 have been processed by the simple method of
subtracting the local mean estimated by the blurred image and adding the global
mean, in order to correct the illumination. It can be seen that the curve is corrected,
however the contrast is low on the sides. In this case the image has been processed
three times with varying size of the Gaussian mask (in sizes of the whole image: Y, 2
and 1).

Fig. 3. After processing the illumination is corrected as also is shown to the left in the cut
section. However, the contrast is not yet corrected.

In the next step the local deviation is computed as the difference between the local
mean taken from the blurred image and the pixel values in a block region, whose size
is equal to the Gaussian kernel. The block size was chosen the same as for the
computation of the local mean for practical reasons, however there is nothing that
prevents for testing other sizes. The local deviation &, (x, y) is hence computed as the
absolute value of the difference between i, (x,y) and the downscaled version H (x, y)
of the original image (x,y) :

54(xy) = | Hxy) — i, (xy)| (8)

The result 3 ,(x, y) is then subsequently blurred using the Gaussian mask and then

upscaled to its full size 7 ,(x,y). Therefore this algorithm is doing something similar
as Yucong et al as it appears in eq. 5, however, with different mask sizes and without
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the logarithm and exponential function. Moreover it is used in a different and more
simple way as it is plugged in to eq. 7 and we get:

hx,y) = 22 (HGoY) = fa(, ) + g, ©)

This equation is used in three steps as before with the same sizes of the Gaussian
kernel and the result is shown in Fig. 4. The proposed contrast enhancement using
luminance mapping yields a straightened curve where the amplitude is almost the
same over the whole curve and the shading artefact is removed from the image.

Fig. 4. After further processing the contrast is enhanced and the two halves become almost
identical

3 Results

Let us examine some results of using the proposed method and look at some
necessary changes to the algorithm. A historical photo showing the river Arno close
to Pisa (Italy) taken during World War II is shown in Fig 5. On the top left is a cut out
from the original photo (3800x3400 pixels). The illumination is obviously unevenly
spread over the picture. On the top right is the process of pushing down the mean
done three times, in the same manner as for the checkerboard in Fig.2-4. Since the
light was either very low in the top or very high in the bottom, these regions will have
quite low contrast. The change in the local mean of the image does not affect the
contrast and therefore the contrast enhancement has been applied in the bottom row.
The contrast is now higher in the top and in the bottom right of the image. However,
in the same time as low contrast regions are getting increased contrast, the algorithm
will is also decrease the already high contrast areas. Hence it is often necessary to
avoid contrast enhancement in this areas. This can be easily done by not allowing &
to be larger than o, or not larger than some percentage of 0. In this manner we can
adjust the image to obtain the desired result. The bottom left shows the result when
high contrast regions are kept without lowering the contrast. A scale factor of 10 was
used processing these images.

Moreover, the reason for repeating the process three times, starting with a Gaussian
mask of size Y of the image and then doubling the size, is evident in this picture
because, if we would have taken a smaller size, let us say '/s of the image then the
river Arno would become much brighter as the local mean would be closer to the true
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Fig. 5. A historical photo showing the river Arno close to Pisa taken during WW- II. On the top
left is a cut out from the original photo (3400x3800 pixels), with unevenly spread illumination.
On the top right is the mean corrected three times. Low contrast regions are apparent in the top
and bottom of the image where the light was low or high. On the bottom row left, is the contrast
increased, which also means that high contrast regions will have lower contrast. The bottom
right shows the result when high contrast regions are kept without lowering the contrast.

value. This can be seen in Fig. 6, where the mask size is Y4 to the left and I/g to the
right. This is a vertical cross section of the top left image in Fig. 5. Clearly the red
curve in the right picture is a better approximation of the blue curve, however it will
lift up Arno, which is the dip in the curve to the right. Hence, it is necessary to use a
larger mask size resulting in an image that is not fully corrected. Therefore, it is often
necessary to repeat the process with a larger mask for each step to correct this
behaviour. Experimentally we found that doubling the mask is generally a good
approach for obtaining visually pleasing results.
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Fig. 6. A vertical cross section of the top left image in Fig. 5, where the mask size is % to the
left and '/ to the right. A smaller mask gives a local mean (in red), which is a better
approximation of the curve (in blue). However, it will also reduce the contrast in the image.

In fig. 7. There is another historical image taken during WW-II close to Pisa,
showing an open field in the bottom with a forest surrounding it. The illumination is
once again very uneven and the corrected result to the left has an even illumination.

© MIBAC-1CCD, Acrolotolcea Narzionale, londo RAF,

Fig. 7. A field close to Pisa during WW-II. To the left a cut out of the original image
(3300x3800 pixels) and the corrected image to the right.

One can note a couple of things, for instance that the cut was done wrong in the
sense that there is some parts of an arrow visible in the top that belongs to the border
of the original image. Without the illumination correction it would have been hard for
the human eye to see this. Moreover, the field becomes quite dark as the algorithm
tend to set the even light over the whole picture and the field occupies a substantial
part of it. Setting a smaller Gaussian mask helps a little but then the light will be less
even in the image.



Retrospective Illumination Correction of Greyscale Historical Aerial Photos 283

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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