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Abstract. Aerial and satellite photographs suffer from uncontrollable
weather conditions. Frequently, illumination of the same region can
be totally different. This is usually due to shadowing self-obstruction
or light reflection. Existing image enhancement methods fail to
improve hidden details and local contrast at the same visualization
level. They are not developed to enhance through local dark or light
regions simultaneously. Also, the current aerial and satellite image
enhancement methods have several limitations. For instance, these
include intensity saturation, non-uniform brightness, halo effect,
blur edges, and so on. This article introduces a fractional contrast
stretching concept for aerial and satellite image enhancement based
on a novel automated non-uniform luminance normalization that is
not provided by the user as input parameters. The introduced
approach contains several new techniques: (i) no reference
non-linearly fractional contrast stretching with automatic non-uniform
luminance normalization and (ii) non-linearly local contrast stretching
for spatial details and edge sharpening. The proposed algorithm
was tested on the orthorectified aerial photograph database with a
pixel resolution of 1 meter or finer from across the United States
during 2000–2016. The simulation results illustrate the efficiency of
the proposed algorithm and its advantages for cutting-edge aerial
and satellite image enhancement, resulting in visualization quality.
c© 2019 Society for Imaging Science and Technology.
[DOI: 10.2352/J.ImagingSci.Technol.2019.63.6.060411]

1. INTRODUCTION
Remote digitally captured imagery and its various formats
try to lay the foundation of the current technology on image
enhancement. It is quite absolute that the indispensability
of image quality enhancement, recognizable information,
and detailed restoration is a primary concern. Since the last
decade, satellite remote sensing imagery has been playing
an important role in different scientific-based applications
in the field of weather, agriculture, aquaculture, resource ex-
ploration, etc. Multi-spectral satellite imagery (information
within specific wavelength ranges across the electromagnetic
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spectrum, e.g., Landsat 5, Landsat 7, Landsat 8, WorldView-
2, etc.) [1] consisting of high-resolution information (e.g.,
aerial photographs, panchromatic imagery, etc.) reveals
surface geology. Classical explorations are time-consuming
and the cost of the investigation in related geological fields
is expensive and complex. Modernized remote sensing
techniques offer much more efficient and less cost for
preliminary geological explorations.

The quality of aerial and satellite photographs before
processing is not in good condition for visual interpretation.
The poor image quality may come from analog sensing
with its corrections in illumination, geological conditions,
lens settings, and sensor characteristics. The imagery is still
not be optimized for human visualization [2]. In order
to enhance poor aerial and satellite photographs, digital
image processing allows users to deal with image quality
in the pixel-level. Remote sensing devices, especially those
managed from satellite platforms, have to be designed to
deal with various levels of target illumination/reflection
intensities, which are typical for those conditions likely to
be found in common use. With large-scale diversification in
spectral reflection from various targets, analog corrections
cannot optimally account for and display optimal luminance
and contrast for all targets. When applying acquired images
for different applications, their luminance distributionsmust
be considered.

Contrast stretching (CS) and enhancement are regularly
offered to be an important method of digital image process-
ing, used to highlight features in an input image. There are
several traditional techniques (global histogram equalization
(GHE), local histogram equalization (LHE), linear and non-
linear CS families) and existing image enhancement tech-
niques [3–8]. Those enhancement techniques occasionally
generate side effects such as over-enhancement, washed-out
details, noise magnifications, and several artifacts. To resolve
those issues, GHE frequently generates over-enhancement
and over-brightness. LHE sometimes produces unpleasant
details and blocking effects in a compressed image. However,
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Figure 1. Comparison of existing classical contrast enhancements and contrast stretching techniques. (a) Original image; (b) GHEed image; (c) LHEed
image; (d) linear stretched image; (e) piecewise non-linear stretched image.

CS families are the simplest tool for organizing luminance
and slightly increasing contrast. CS can be classified into two
large-scale methods: (i) the global CS method is beneficial
for low contrast images and can preserve luminance in
the case where the original distribution is almost fully
distributed; (ii) the piecewise CS method considers the
distribution of luminance in a specific range and can be
applied to non-uniform luminance applications such as
backlit images and underwater images including hazy images
(see Figure 1). The contrast stretching classes of aerial and
satellite photograph enhancements can be classified into two
classes: classical contrast stretching class and implemented
contrast stretching class.

1.1 Classical Contrast Stretching Class
An important first step is to initially normalize the luminance
in an image. This increases the accuracy of brightness-based
features which helps in computer-aided detection systems.
This section will give a brief overview of classical contrast
stretching classes in terms of their advantages, limitation,
and applications. Linear contrast stretching classes arrange
luminance distribution into a low dynamic range. They try
to efficiently improve low contrast images. If the considered
images are fully distributed (95%–100% distribution) in a
permitted range, the luminance results are slightly improved
or preserved. To enhance the contrast and brightness
(visibility) of interested regions, the luminance distribution
can be considered by a specific low dynamic range (LDR)

and performed on a high dynamic range (HDR) [9, 10].
Due to the limitation of the high dynamic distribution, un-
considered LDRs are automatically condensed by expanding
the luminance on HDR. The non-linear contrast stretching
classes attempt to generate high contrast by unevenly shifting
luminance levels [9] and organizing brightness at the same
time. Although these methods are very powerful for improv-
ing visualization, over-enhancement, over-brightness, and
wash-out effects are among frequently occurring side effects.
Piecewise non-linear contrast stretching is one of the smart
methods to handle these limitations [11]. However, optimal
non-linear parameters are used to avoid undesired artifacts
and present the best image quality [12–19] (see Table I).

1.2 Implemented Contrast Stretching Class
In the last decade, Tarel et al. [20] introduced fast visibility
restoration from a single color or gray level image for
surveillance, intelligent vehicles, and remote sensing systems.
His approach has complexity of a linear function of a number
of input image pixels. The primary problemwith thismethod
is that it does not perform well when the image’s appearance
is occluded by weather conditions such as haze and fog
or environmental factors such as smoke. The algorithm
strives to remove hazy effects. Thus, hazy regions become
darker regions. As a result of configuring highly restored
visibility parameters, colors in the enhanced image may
appear over-saturated and extremely dark.
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Table I. Cutting-edge image enhancement of satellite and aerial photographs.

Recently, Jadhav et al. [21] focused on satellite im-
age enhancement based on interpolation of the high-
frequency sub-bands obtained by discrete wavelet trans-
form and a low-resolution input image. The limitation of
LANDSAT8TMmulti-spectral sensor is that it provides a total
of 11 banks of data with a 30-square-meter resolution. That
image resolution is not sufficient for specific applications.
The algorithm uses a bilinear interpolation by a factor of two
for upscaling the original resolution on wavelet sub-bands.
The resulting images are quite dark, lack contrast, and suffer
from blocking effects due to wavelet composition.

Daway et al. [22] implemented the fast visibility
restoration algorithm for aerial image enhancement based
on a sigmoid function. The main focus of this method is
to attempt to normalize a luminance distribution using a
non-linear function before applying image enhancement.
Their implementation improves luminance and contrast in
aerial images with poor visibility and provides a better visual
representation and edge information. However, it generates
artificial colors in over-exposed regions.

Last year, Chandra et al. [23] presented an effective
method for improving the contrast of hazed aerial images
by computing its dark channel image, calculating the

atmospheric luminance, recovering the scene radiance, and
refining enhanced details by gamma correction. Their
resulting images are effectively de-hazed, and contrast
is improved with a high structural similarity value. The
drawback of this approach is that the results become darker.

Although these methods are attractive, classes of meth-
ods suffer from well-known weaknesses in equalization
methods: some regions become over-enhanced, have in-
creased brightness saturation, and are unnatural looking.
Also, they suffer from increases in blocking effects, the
halo effect, and noise. Contrast stretching families perform
well on low contrast images and non-uniform luminance
images by addressing luminance distribution, but stretched
results lack contrast. These cutting-edge image enhancement
methods for aerial and satellite photographs (see Table II)
attempt to incorporate the advantages inherent in contrast
stretching concepts. Notwithstanding, they also gener-
ate various undesirable artifacts. Commonly used remote
sensing applications of various image contrast stretching
methods have been implemented over the last decades. These
classical stretching functions have various limitations and
challenges. There currently exists no research on using a
fractional contrast stretching function to resolve such issues.
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Table II. Cutting-edge image enhancement of satellite and aerial photographs.

Figure 2. The framework of our fractional contrast stretching for the image enhancement of aerial and satellite photographs.

Consequently, the non-linearly fractional contrast stretching
advancements in image processing applications are still an
open research area.

In this article, we address the above-stated problems.
The rest of the article is organized as follows: Section 2
presents a new fractional contrast stretching concept for
image enhancement of aerial and satellite photographs.
Section 3 presents a computer simulation and illustrates the
performance of the proposed method along with the results.
Section 4 offers our conclusions.

2. PROPOSEDMETHOD
In this section, we present a fractional contrast stretching
concept for the image enhancement of aerial and satellite
photographs through a luminance domain. The proposed
concept consists of four main steps (see Figure 2).

2.1 Fractional Contrast Stretching
In general, most aerial and satellite photographs have a dif-
ferent average brightness. The application of image enhance-
ment methods without a luminance normalization process
results in unwanted artifacts. Therefore, the proposed
luminance normalization is carried out by non-linearly
fractional stretching functions applied to its brightness scale,
at which the average luminance of the transformed image is
close to the middle permitted range.

FCSi,j = FCSmax

(
Si,j− Smin

FCSmax− FCSmin

)
+ FCSmin (1)

Si,j =


Si,j− Smin

|Smin| + Smax
, Smin < 0

Si,j, Smin ≥ 0
(2)

Si,j =
1
N

N∑
k=1

ωk �

( Ii,j− Imin

Imax− Imin

)γk
(3)
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γk =


{0.1≤ γ ≤ 1.0} , µI ≤

L− 1
2

{1.0≤ γ ≤ 2.0} , µI >
L− 1

2
,

(4)

where � is a fractional weighing operator (a fractional
weighing operator can be set as a dot operator and the
condition can be written as ωk ≤ 1,

∑N
k=1 ωk = 1). Ii,j is

a considered image. ()min and ()max are, respectively, the
minimum and maximum luminance of the function in a
bracket. L and µI are the total luminance level in the
permitted range and the mean brightness of Ii,j.

2.2 Local Contrast Stretching
A local contrast stretching (LCS) method performs on a low
dynamic range and maps the considered intensities onto a
high dynamic range. LCS locally performs on a luminance
domain by adjusting each pixel intensity to improve the thin
edges and finely detailed visualization of regions in both dark
and light components simultaneously. LCS operates on the
visualization by sliding blocks (kernels) over the considered
image and modifying the center pixel intensity.

LCSi,j = (L− 1)

(
Ii,j− [Imin]m,ni,j

[Imax]m,ni,j − [Imin]m,ni,j

)δi,j
, (5)

where Ii,j is a considered image; Imin and Imax are the
minimum and maximum luminance of Ii,j; L is the total
luminance level in the high dynamic range; m, n is the size
of a sliding block; and δi,j is an exponential weightingmetric.

2.3 Contrast Stretching Fusion
A contrast stretching fusion method attempts to fuse several
distinguished features into the same visualization. Also, the
fusion function enables us to adjust the best outstanding
feature by using a weighting fusion.

Fi,j = αFCSi,j+ (α− 1) LCSi,j; 0≤ α ≤ 1, (6)

where FCSi,j is a fractional contrast stretched image; LCS is a
local stretched image; and α is a weight.

3. COMPUTER SIMULATION
Our computer simulation tests orthorectified aerial pho-
tographs with a pixel resolution of 1 meter or finer
from across the United States during 2000–2016 [24].
Experimental computer simulation results with comparative
performance and evaluation are done by a reimplementation
of various state-of-the-art methods.

3.1 Contrast Stretching Function for Normal Luminance
Distribution
We experiment with the performance of the proposed
stretching algorithm in the orthorectified aerial photographs.
In Figure 3, we make a comparison with aerial and satellite
images that are computed by the proposed non-linearly
fractional stretching functions with various cutting-edge
stretching algorithms. It is evident that the new non-linearly

fractional stretching functions, by a spatial pixel-based
intensity method, achieve a uniform brightness with all
parts of the image suitably projected, leading to superior
details. The other existing resulting images lose some
significant details (see Fig. 3(d)) and luminance details (see
Fig. 3(f)). The rest cannot normalize overall luminance
brightness into the normal distribution. Before applying any
image enhancement algorithms, the normalization of the
luminance distribution process is very important because
(1) if dark parts are enhanced, the enhanced regions will
be darker. Occasionally, it is very difficult to recognize
what details are present. (2) If bright parts are enhanced,
the enhanced regions will become over-enhanced. Hence,
significant information might be lost by intensity saturation.

3.2 Contrast Enhancement for Aerial Photographs
We tested the proposed satellite image enhancement method
on several aerial and satellite photographs. In this experi-
ment, we present our enhanced results and make a compar-
ison with existing satellite image enhancement [20–23] and
traditional contrast enhancement methods.

As the results in Figure 4, the proposed images along
with the existed enhancement approaches the in-depth
detailed investigation. The traditional image enhancement
techniques (histogram equalization: HE (Fig. 4(b)) and
bi-brightness histogram equalization: BBHE (Fig. 4(c)))
commonly tend to generate intensity saturation on both
dark and bright components. Meanwhile, the state-of-
the-art enhancement techniques (Chandra’s method [23]
(Fig. 4(d)), Jadhav’s method [21] (Fig. 4(e)), Tarel’s method
[20] (Fig. 4(f)), andDaway’smethod [22] (Fig. 4(g))) attempt
to avoid the such unpleasant effects, but still some parts
of dark components remain in the enhanced images. The
proposed enhancement technique achieves the best image
enhancement in an adaptivemanner on both dark and bright
components. The first row and the fourth row of Fig. 4(h)
illustrate more details in the dark components (the red
square) by reducing an intensity saturation. In addition, the
third row of Fig. 4(h) presents more details and sharp edges.

In order to prove the visual quality of the proposed
technique, Figure 5 (the red squares are extracted from
Fig. 4) illustrates the challenged regions. They highlight
excellent perceptual image quality in terms of sharpness,
edges boundaries, contrast, and luminance features and
also tend to enhance adaptively the luminance without
introducing unwanted effects.

4. CONCLUSION
Wepresent a novel non-linearly fractional contrast stretching
method for aerial and satellite photographic enhancement,
with spatially automatic luminance normalization for con-
trast enhancement. The proposed method: (1) normalizes
global luminance (pre-enhancement) by shifting estimated
luminance to the middle scale of a permitted range;
(2) produces a sharp edge feature (feature enhancement) by
generating local linear stretching functions; and (3) enhances
normalized luminance image by applying a multiscale
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(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 3. Stretched images. (a) Original image; (b) Sergei’s image [25]; (c) Murinto’s image [26]; (d) piecewise non-linear stretched image [27]; (e) linear
stretched image; (f) local linear stretched image [28]; (g) sigmoid stretched image [29]; (h) non-linearly fractional stretched image.

Retinex algorithm. Empirical results are presented to exhibit
the efficacy of the proposed method.

Moreover, the proposed method is a spatial-based
image enhancement and a simple method to implement for
image enhancement of aerial and satellite photographs. It
can be applied to the image fusion and reconstruction of
panchromatic and multi-spatial images.
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Figure 4. Continued on next page.
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(e) (f) (g) (h)

Figure 4. Enhanced images. (a) Original image; (b) HE’s method; (c) BBHE’s method; (d) Chandra’s method [23]; (e) Jadhav’s method [21]; (f) Tarel’s
method [20]; (g) Daway’s method [22]; (h) proposed image.
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Figure 5. Continued on next page.
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(e) (g) (h)(f)

Figure 5. Extracted images of Fig. 4. (a) Original image; (b) HE’s method; (c) BBHE’s method; (d) Chandra’s method [23]; (e) Jadhav’s method [21];
(f) Tarel’s method [20]; (g) Daway’s method [22]; (h) proposed image.
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