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Abstract:

The restoration of aerial images is a crucial process for ex-
posing ground features of interest to users. This is particu-
larly important in applications concerned with the surveillance
or remote sensing of the land. In this work, an efficient frame-
work was developed that aims at providing a higher quality
image of balanced tonal rendering, vivid colouring, and ob-
ject boundary sharpening. These goals were achieved by pro-
cessing the aerial image through an integration of colour chan-
nel mean value exponent alignment, pixel based min—-max shift-
ing and scaling, and object edge emphasizing. Real-world
aerial images were used in experiments. Satisfactory results,
evaluated both qualitatively and quantitatively, were obtained
and verified the effectiveness of the proposed method.
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1 Introduction

Vision based technology is a feasible and economic means
for surveillance or monitoring of the environment. For exam-
ple, it can be applied in road traffic regulation using cameras
installed at elevated locations or aerial vehicles [1]. Such vi-
sion systems will be in great demand for managing emergency
rescue and disaster relief [2].

Satellite images are also frequently used when a larger area
or it is of interest in longer periods, such as during tropical
cyclones, that have to be monitored [3]. However, hurdles that
hinder their performances often arise from attenuation and scat-
tering in optical transmission through the atmosphere [4]. Fur-
thermore, occlusions from clouds may appear when a satellite
image is captured [5], and shadows may cast on objects [6].

Other than using satellite images for surveillance purposes,
aerial images captured from aeroplanes are also valuable
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sources of information. Unfortunately, these images still suffer
from the same atmospheric degradation source as those satellite
counterparts [7]. Problems including colour casting, reduced
saturation, and loss of contrast have to be solved before a high
quality aerial image can be made useful.

Here, an integrated framework is developed that aims to re-
store a degraded aerial image. The purpose is to balance the
colour cast, increase the colour vividness, and to enhance the
contrast. It contains stages involving the application of the
grey-world assumption to align the mean values of the tri-
stimuli channels for colour cast removal, then follows by a
shift and scale operation on the minimum and maximum com-
ponents of each pixel to improve colour saturation. Finally,
the unsharp masking strategy is adapted to emphasis the object
edges to improve the image contrast.

The rest of the paper is organized as follows. In Section 2, re-
lated work on aerial image restoration is briefly reviewed. The
development of the proposed framework is detailed in Section
3. Section 4 describes the experiment and evaluates the results.
A conclusion is drawn in Section 5.

2 Related Work

An aerial image is captured where objects are located on the
ground while the camera is at an elevated altitude. The incident
light onto the object, in most cases, is the sun light that passes
through the atmosphere. Similarly, the reflected light also trav-
els to the camera through the atmosphere [4].

Due to attenuation and scattering, in accordance with the
light wavelength, the colour of the captured object may drift
and has to be restored. In the work reported in [7], the colour
tone discrepancy was eliminated by estimating the atmosphere
characteristics from a reference image if available. Other ap-
proaches based on the grey world assumption [8][9][10] had
produced satisfactory results. In essence, these methods align
the mean values of each colour channel to a reference level,
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usually taken as the mean brightness value of the image. These
two methods differ in the manner whether alignment is con-
ducted linearly or exponentially, where the latter strategy is free
of the over-range problem.

It is observed that because of scattering, sun light reaching
particles in the atmosphere is deflected to the camera with-
out reaching the object. This phenomenon results in a dilu-
tion of the saturation of the captured image. In order to im-
prove the saturation, manipulations were made on the maxi-
mum pixel magnitude among tri-stimuli channels [11]. This
method makes use of a retinex filter to separate the incident il-
lumination and the reflected light from objects. However, the
computation cost may be expensive. In addition, colours may
be rendered into invalid regions and introduces the gamut prob-
lem [12].

Further to the enhancement of aerial image contrast, a num-
ber of approaches can be employed. The basic strategy involves
globally processing the image in terms of relocating its bright-
ness to a uniform or smoothed distribution [13]. In some cases,
localized manipulation on the object edges is more effective to
highlight the contrast around regions of interest. The unsharp
masking filer is an attractive choice in this regard [14][15].

The above mentioned methodologies, although providing
satisfactory results in specific problem domains, may not per-
form well when it is required to restore an aerial image that
can satisfy a multiple of performance measures. An integrated
framework is thus developed here addressing wider objectives
including colour drift reduction, saturation increment and con-
trast enhancement.

3 Aerial Image Restoration Framework

The proposed aerial image restoration framework is depicted
in Figure 1. It contains a collection of processes structured in a
pipeline as shown. The cascaded stages include colour channel
alignment to the global mean value for colour balancing, min—
max pixel magnitude stretching for improved saturation, and an
unsharp masking filter based contrast enhancement process. In
particular, the procedures are efficient in the sense that no time
consuming colour space transformation is needed.

3.1 Colour Balancing

Let the input aerial image Z be given in the tri-stimuli, red
(R), green (G), and blue (B) colour channels

T ={I(u,v)} = {R(u,v),G(u,v), B(u,v)} € [0, 1], (1)

where (u, v) is the pixel coordinate and the magnitudes are nor-
malized in the range [0, 1]. The coordinates may be dropped in
the rest of the paper if it is clear from the context.

The grey-world assumption is invoked which states that the
averaged image colour is grey thus removing the colour cast.
This assumption holds if the mean values of the tri-stimuli
channels are aligned. Based on the work reported in [8], the
colour values are exponentially adjusted to satisfy this require-
ment. Furthermore, the use of exponent ensures that all ma-
nipulated pixel values are closed in the range [0, 1]. Here, the
minimum of mean brightness of each input colour channel is
first calculated, that is

} )

Iu—mcln{

where N is the total number of pixels, and the pixel colour
magnitude is given by I¢ for C € {R, G, B}. For an image of
size U-by-V (width by height), N = U x V. The summation
is carried out for the three colour components for all pixels.
Then the average values of each channel are determined as

%ZIC. (3)

Each colour channel is further aligned to the image mean
brightness by raising each pixel to an exponent. We have
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where ¢ is the exponent for each individual colour.

3.2 Saturation Improvement

After removing the colour cast, the interim image is pro-
cessed for saturation improvement. The method developed is
motivated by examining the definition of colour saturation S
in both the hue-saturation-intensity (HSI) and hue-saturation-
value (HSV) colour spaces. From the definitions

3 x min{R, G, B}

Sust =1 = —p7"p G ©)
_ . min{R,G, B}
Sasv =1 71113)({& G, BY (6)

it can be seen that the saturation in both spaces can be increased
if min{ R, G, B} is compressed while R + B + G, or equiva-
lently max{ R, G, B}, is amplified. The procedure for satura-
tion improvement contains two stages. First, the pixel magni-
tudes are globally aligned to cover [0, 1]. That is

I€ — ming 4, {1}
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Figure 1: Aerial image enhancement framework

where the minimum and maximum are determined over all
colour channels and all pixels. After this process, there is at
least one pixel with the minimum colour at zero, and at least
one pixel whose maximum colour is at unity. Thus, accord-
ing to the definition of saturation, pixel saturations are partially
improved.

The second stage involves sorting the colours of each pixel
into the minimum (¢), middle (), and maximum () elements
such that ¢ < ¢ < . Note that these three sets of elements
are colour independent. Furthermore, a magnitude variable «
defining the ratio of the middle element to the min—max range
is calculated for post-normalization purpose. We have

¢ —&
p—¢€

o= ®)
Then the minimum and maximum elements are compressed
and expanded according to

(€))

This operation is, in fact, a shift-and-scale process depending
on the parameter . It is worth to point out that the operation is
magnitude closed where the resultant elements are kept in the
range [0, 1], thus, the gamut problem is avoided.

In order to reduce colour shift due to changes in the mini-
mum and maximum element magnitude, the middle element is
restored to its original ratio between the minimum and maxi-
mum elements. That is

e 1=y, p=7+{1—7)p, 0<y<1.

s+—ax(p—e¢)+te. (10)

Finally, the elements are re-mapped to the corresponding colour
channels according to their respective sorting index. At this
stage, an image of improved saturation is obtained.

3.3 Contrast Enhancement

Following the improvement in image saturation, a contrast
enhancement process focusing on the image brightness is car-
ried out. The principle from unsharp masking filter [16] is em-
ployed in this stage.

First, then pixel-wise average values are calculated to repre-
sent the brightness. We have

1
B:§;IC.

Then an 8-connected Laplacian kernel X is used to extract
edges I from the brightness. That is

(1)

E=B®K, (12)

where ® is the convolution operator. Furthermore, the ex-
tracted edge is modulated by the brightness to avoid the over-
enhancement problem. We have

E + E x (05— |B—0.5]). (13)
Thus, when B is near the extreme ends of range [0, 1], the cor-
responding modulated edges are reduced towards zero. On the
other hand, when B = 0.5, the extracted edge magnitude ap-
proaches 0.5 and is the largest. The modulated edge is further
scaled and superimposed onto the saturation improved image
to produce a restored higher contrast output. That is

I « I° + \E, VC € {R,G, B}, (14)

where A is a control parameter determining the strength of
enhancement. In addition, it also limits the amount of over-
enhancement.
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Figure 3: Test image 2: (a) input, (b) colour balanced, (c¢) saturation improved, (d) contrast enhanced.

4 Experiments

Experiments were conducted to verify the effectiveness of
the proposed aerial image restoration framework. Test aerial
images were obtained from the USC-SIPI image database
http://sipi.usc.edu/database/database.php?volume=aerials&ima
ge=36#top. These images were originally stored in the TIFF
colour format. A total of 30 images, generated from cropping
different regions on the downloaded images and resized to
480 x 640 pixels width-by-height, were used in the experiment.
Parameters were set to v = 0.05 (Eq. 9), and A = 0.35 (Eq.
14) after some pilot experiments. Results were assessed both
qualitatively and quantitatively according to several widely
used criteria [17].

4.1 Qualitative Evaluation

Two sample test aerial images and their results are shown in
Figures 2 and 3. It is observed that input images, Figures 2a
and 3a, contain colour shifts due to colour selective absorption
in the atmosphere. Furthermore, due to attenuation, saturation
and contrast are both low. For those input images, users may
find difficulties in identifying the objects captured.

Results from colour cast removal are given in Figures 2b
and 3b. It is obvious that the bluish cast, due to transmis-
sion through nitrogen particles, has been removed and the true
colours are recovered. The saturation improvement process
produced images of better colour vividness and are illustrated
in Figures 2¢ and 3c verifying the effectiveness of the process.
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Figure 4: Results statistics; (a) colourfulness, (b) saturation, (c) contrast, (d) sharpness, (e) entropy, (f) brightness.

The final contrast enhancement stage outputs aerial images
are shown in Figures 2d and 3d. Obviously, details of fine
textures are being highlighted especially over the infrastructure
and built areas on the ground. For aerial images, the enhance-
ment on fine details is a very desirable feature.

4.2 Quantitative Evaluation

Statistics were collected from the 30 test image results
against performance criteria including; colourfulness, average
saturation, contrast, sharpness, entropy and average brightness.
These metrics are depicted in box plots and shown in Figure 4.
The mean (1) and median () values are included as annota-
tions above the plots.

Results for colourfulness are shown in Figure 4a. Because
the colour cast in the input image biases the colour tone, the
colourfulness is higher than the processed results. On the other
hand, a reduction or averaging out the colour tone indicates a
desirable cast-free aerial image. Figure 4b shows the statistics
concerning the average saturation. Since the input images are
dominated by a relatively purer and saturated bluish tone, an
improvement on the overall saturation is indicated by a lower-

ing of averages resulted from the restoration stages.

Measures related to fine object details, include the contrast,
sharpness and entropy are plotted in Figures 4c, 4d and 4e.
Since these performance metrics are independent of colour
tone, increases as compared to the input image, show that both
local and global measures of contrast indicate that higher qual-
ity images are obtainable from the proposed restoration frame-
work. The box plot of image brightness is given in Figure 4f. It
is observed that the brightness is relocated to the mid-range of
the permitted brightness magnitudes. This indicates that illu-
mination bias due to atmospheric scattering has been removed
and allows the resultant image for a better representation of the
scene captured.

In summary, colour balancing has contributed to a significant
mitigation of atmospheric caused colour tone casting. Subse-
quent processes for saturation improvement and contrast en-
hancement have further increase the aerial image quality.

5 Conclusion

An integrated framework was presented that aims at restor-
ing atmospheric degraded aerial images with regard to the re-
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moval of colour cast, improvements on image saturation and
enhancements on contrast. Staged procedures were developed
including aligning the mean values of each colour channel to
the global pixel average for colour balancing. It was followed
a compression on the minimum colour channel and an amplifi-
cation on the maximum colour channel to improve image sat-
uration. Then edge based emphases were superimposed to en-
hance the image contrast. Experimental results had shown that
high quality aerials could be obtained so that subsequent user
or computer based operations can be satisfactorily carried out.
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