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ABSTRACT

Depending on technological developments, the use of Unmanned Aerial
Vehicles (UAVs) is increasing day by day and is a valuable source of data for
different applications. Generally, low-cost and lightweight non-metric digital
cameras are used in UAV systems. During the data collection phase, exposure
parameters such as camera shutter speed, aperture value, ISO value, and various
weather and light conditions have significant effects on image quality. Image
enhancement methods can be used to increase image quality in accordance with
the desired purpose. In this study, image enhancement is considered as an
optimization problem and Weighted Differential Evolution (WDE) Algorithm is
used to solve it. The image quality is enhanced by using an objective function in
which performance measures of entropy value, sum of edge density and number
of edge pixel are maximized. In the proposed color image enhancement method,
aerial images defined in RGB color space are transformed into HSV color space
images. the brightness component (V) of HSV color space is modified for image
improvement with WDE algorithm. The performance of the proposed method
has been compared with other existing techniques such as histogram
equalization, linear contrast stretching and evolutionary computing-based image
enhancement method like Artificial Bee Colony (ABC) Algorithm in terms of
fitness value and image quality.

Keywords Enhancement,
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I. INTRODUCTION

purposes such as 3D documentation of archaeological

sites and buildings [2], post-disaster response and

The fact that unmanned aerial vehicles can produce a
wide range of cheap and fast solutions is considered
suitable for many potential application areas in
different disciplines [1]. UAVs are also used for

control, surveillance, mapping and 3D modelling

mapping [3], monitoring environmental soil and
water changes [4], deformation tracking [5], volume
calculations for excavation areas [6] and recording

natural resources [7].
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UAVs with limited payload capacity cannot carry
high-end image capture equipment, so non-metric
cameras with small sensor and limited lens quality
can be used [8]. Besides the quality of the image
capture equipment, a variety of reasons such as the
inability to selecting ideal exposure parameters,
weather and light conditions and hardware stability
affects the contrast and clarity of the obtained images
[9]. As a result of these conditions, high-quality
images cannot be captured and the images need to be
improved. Image enhancement algorithms are clearly

required for a properly usable image.

The aim of image enhancement is to increase the
perceptibility or interpretability of images for visual
analysis or to provide a "better" input image to other
automatic image processing techniques [10]. Image
divided

frequency domain and spatial domain categories. The

enhancement techniques can be into
frequency domain includes operating techniques in
transforming the image frequency, while the spatial
domain technique improves the contrast and
brightness of the image pixels [11]. Some of the well-
known spatial domain image enhancement
techniques are histogram equalization [12], contrast
stretching [13], intensity transformation functions
[14-16], intensity level slicing, etc. As a result of
these enhancements, the pixel value (densities) of the
output image is updated by changing the brightness,

contrast, or gray level distribution of the input image.

The ability of heuristic optimization methods to
converge to global optimum provides advantages over
classical methods in solving different problems. For
image enhancement in the spatial domain,
transformation functions are used that generate a
new intensity value for each pixel of the original
image. Optimum parameters for the objective
functions that will minimize or maximize the desired
features for image enhancement can be achieved very

successfully with heuristic algorithms [17]. In [14], a

cost function based on entropy value, sum of edge
densities and increasing the number of edges is
defined and

maximized with Particle Swarm Optimization (PSO).

three performance measures are
In different image enhancement studies, Genetic
Algorithm (GA) [18], Differential
Algorithm (DE) [19], Dragonfly Algorithm (DA) [20],
Ant Colony Optimization (ACO) [21], Cuckoo Search
Algorithm (CS), Backtracking Search Algorithm (BSA)
[17] and Differential Search Algorithm (DSA) [22]

were used.

Evolution

Weighted Differential Evolution Algorithm (WDE) is
a new iterative, evolutionary search algorithm
developed to solve real valued numerical
optimization problems [23]. The structure of the
WDE algorithm, which does not require pre-
adjustment and has no parameters, makes it easy to
use in different problems [24]. WDE was preferred in
this study because it gave successful results for
different problems in comparison studies in the

literature [25].

In the proposed color image enhancement method,
aerial images defined in RGB color space are
transformed into HSV color space images. Hue (H)
and saturation (S) components keep constant, the
brightness component (V) is modified for image
improvement with WDE algorithm. Finally, it is
converted to an image in RGB color space using the
modified brightness component (V) and the original
Hue (H) and Saturation (S) The

performance of the proposed method has been

components.

compared with other existing techniques such as
histogram equalization, linear contrast stretching and
evolutionary computing-based image enhancement
method like Artificial Bee Colony (ABC) Algorithm

in terms of fitness value and image quality.

The organization of this document is as follows. In

Section 2 (Image Enhancement), Some approaches
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used for color image enhancement and enhancement
function are In Section 3 (Heuristic
The WDE and ABC

algorithms used in the study are introduced. In

given.

Optimization Methods),

Section 4 (Experimental Results and Discussion), The
performance of the proposed method has been
compared with different methods and the results

have been shown.

II. IMAGE ENHANCEMENT

Different approaches can be applied in RGB color
image enhancement. Image enhancement functions
can be applied to each R, G, B component image
independently [26]. In these methods, since each R,
G, B image component is developed independently,
the color components in each pixel may vary at a
different rate. For this reason, color change may

occur in the output image [27].

Another approach is to transform RGB color images
into HSV, LHS, YIQ or etc. color spaces, and modify
color components that contain only the desired
properties [28, 29]. HSV color space is frequently
used in the enhancement of color images. After
transforming original images to HSV color images,
Hue (H) and saturation (S) components keep constant,
the brightness component (V) is modified for image
improvement. In literature some studies in which
saturation (S) and brightness component (V) are

changed together for image enhancement [30].

A. Enhancement Function

The basic equation of image enhancement is defined
asin (1) [15]:

9(x,y)=TLf(x,y)] (1)

Here f (x, y) is the input image, g (x, y) is the output
image. T is the operation applied to f defined in the
neighbourhood of the (x, y) point. Transformation
function defined for adjusting contrast and brightness

calculates a new pixel value for each pixel in the

input image by processing the neighbourhoods of this

pixel. The transformation function used is defined in

Q).
a(i, =K@, LT j)—cxm(, PI+md, j)*  (2)

m (i, j) is the local mean of the (i,j)th pixel of the
input image over an n x n window. Expression for
local mean function is given as (3):

o 1 n-1n-1
m(i, j)=—— f (X, 3
(i) nxn;; (x,y) 3)
K (i, j) is known as the enhancement function that
considers both local and global information. This

enhancement function is calculated according to (4):

- k.D
KA, )=——— (4)
o(i, j)+b
Where "D" is the global mean value calculated for the
entire image area and expression is calculated
according to (5):

M-1N-1

1 -
D= 2 ) ©)

o(i, j) is the local standard deviation. This expression

is calculated according to (6):

"(”):JnTln S (F (% y)—m(i, i) 6)

x=0 y=0

Thus, the transformation function looks like (7):

o(i, ) = —<2__

o5l @ D-exml. Dl+ma. ) (@)

By this transformation (7), contrast of the image is
stretched considering local mean as the centre of
stretch. Four parameters are wused in the
transformation function, namely a, b, ¢, and k. In the
proposed method, the WDE algorithm is applied to
these values of the

optimize 4 parameter

transformation function.
B. Enhancement Objective Function

Objective evaluation criterion was used to measure

the quality of the images improved as a result of the
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proposed method. This evaluation criterion, (x),
which considers the entropy value of the images, the
number of edge pixels and the density (sobel value) of
the pixels, is expressed as follows (8) [14, 16, 31]:

xH(1(2)) (8)

F(2) = log(log(E(1(Z)))) x %

F(Z) is the cost function. I(Z) indicates the original I
image with the T transform applied according to (1).
E(1(Z)) is the intensity of the edges detected with a
Sobel edge detector, n_edges is the number of edge
pixels as detected with the Sobel edge detector, E(I) is
the sum of intensities of the edges included in the
enhanced image and H(I(Z)) refers to the entropy
value of the I(Z) image.

III.HEURISTIC OPTIMIZATION METHODS

The concept of optimization is expressed as finding
the conditions that give the maximum and minimum
of a function. One type of well-known Optimization
algorithm is evolutionary algorithms, also called
heuristic algorithms [32]. Due to their advantages
such as heuristic algorithms, high convergence speed
to solution, global search capability, low parameter
precision, and ease of application, they are widely
used for solving problems in many different fields
[32-34].

A. Weighted Differential Evolution (WDE)

Algorithm
The Weighted Differential (WDE)

algorithm is a new variation of the Differential

Evolution

Evolution (DE) algorithm proposed by Civicioglu et
al. in 2018. In this algorithm, a new mutation
operator is defined that works with two population

sets in each iteration [23].

In the algorithm, firstly, two populations are formed,
the initial population (P) and the sub-population
(SubP) randomly generated in accordance with the

normal distribution. Next, the N-dimensional TempP,

called the trial vector, is generated by (9) presented
below using the remainder of the solution vectors

(Prest) not selected in the previous step.

v
W= n' - X A
TempP =Y (woP,,) wheres > "w

* 3
w = K(le)

)

«_»

Here, “” is the Hadamard operator, A is a (1x D)

dimensional vector whose elements are equal to 1,
and K(N x1)

up of random numbers.

is a (N x1) dimensional vector made

In the WDE algorithm,
(Mgn1py =0) » which will be updated during the

a control parameter

iterations, is defined based on the equations
presented to (10):
J=V@L:[KxD)

. (10)
V = permute( jO)

M gy = 1Where{

Here, K is calculated by (11):
If a<pthen K=xj else K=(1-xg) (11)

Here, @, f and x are randomly uniform numbers

between 0 and 1, and the presented x elements

define the size of this vector.

In the algorithm, a scale factor represented by F is

defined and is calculated according to (12):

F(lxD) = (3D) | Ifa' <p' 12
F(N><D) = (/1(3,\1) xA) | Otherwise

Here A is a vector consisting of uniform random

numbers between 0 and 1. Finally, the new

population (T') is produced according to (13):
T =SubP + F x M o (TempP - SubP, , )

m = permute(i) | m=[1: N]

(13)

Here it is defined as i=1:Nand ieZ"
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B. Artificial Bee Colony (ABC) Algorithm

The artificial bee colony algorithm (ABC), inspired
by the behaviours honey bees display to seek food,
models the unique behaviour of bees [35]. There are
three types of bees in a colony of ABC: employed,
onlookers and scouts. The quality of the nectar source
that the bees investigated depends on its proximity to
the hive, the extract and fullness of the nectar. Food
sources represent possible solutions. Employed bees
search for nectar sources and carry the results to the
hive. Onlookers bees search for nectar and select a
source of nectar by watching the dance of employed
bees. Scout bees are in charge of searching for new
sources of nectar by going to new sources randomly.

This process is low cost because it is done randomly
[36].

In ABC, employed bees do the research of the nectar

source with (14).
Vi =X + (Xij - ij) (14)

Here, N is the number of nectar sources, where
k e{l 2,3..., N}, j E{ZL 2,3..., K}, K is the problem size,

x is the current nectar source and v is the newly

determined nectar source.

When the

solutions / resources, they keep the new solution in

bees have access to more efficient

their memory. When all employed bees have finished
their search, they share the resource positions /
possible solutions with the onlooker bees. Onlookers
bees evaluate the amount of nectar and select new
sources based on information from employed bees.
The probability p: of each source “i” selected is
obtained by dividing the selected source by the
fitness value obtained from the total sources as shown

by (15) [37, 38]:

P (15)

=N
> fit,

IV. EXPERIMENTAL RESULTS AND DISCUSSION

In experimental studies, aerial images obtained from
UAV with two different cameras were used. Tests
were carried out with RGB images at 5472x3648
resolution recorded with DJI FC6310R model camera
and 4000x3000 resolution recorded with DJI FC330
model camera. The original images are shown in

Figure 1:

@) - (b)

Figure 1: (a) Image I (DJI FC330 (4000x3000 res.)) (b)
Image IT (FC6310R camera (5472x3648 res.))

The objective evaluation criteria defined in (8) was
used to measure the quality of the improved images.
The parameters a, b, ¢ and k in the transformation
function have been optimized by WDE and ABC
algorithms. The lower and upper limit value ranges
for these parameters were determined as a € [0,2], b €
[0,1], ¢ € [0,0.5] and k € [0,2], considering previous
studies [14, 39, 40]. For heuristic optimizations, the
population size was determined as 20 and the number
of iterations as 250. The Weighted Differential
(WDE)

parameters and is proposed for the solution of

Evolution algorithm has mno control

numerical optimization problems since control
parameters are determined randomly [23]. The
control parameters for the Artificial Bee Colony ABC
Limit =NxD  and

Sizeofempoyedbee = Sizeofcolony/2 . Because heuristic

algorithm are used as

algorithms use random starting values and random

search processes, the algorithms were run 30 times
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and the average and standard deviation results of the

obtained evaluation criteria are given in Table 1.

Table 1: Statistics for the solutions of WDE & ABC

WDE ABC
Fitness Value Fitness Value
Image Mean Std Mean Std
2.08E-
Image I |0.6915881 | 5.00E-04 | 0.6810607 03
Image 4.46E-
11 0.6309580 | 3.78E-05 |0.6296347 03

Histogram Equalization aims to redistribute the
intensity of the image, to have a uniform distribution
and to have approximately the same number of pixels
for each brightness level [12]. Color histogram
equalization can be achieved by converting a color
image into HSV image and enhancing the Intensity
(V) while preserving hue (H) and saturation (S)
[41].

distributions of the original image and the histogram

components In Figure 2, the histogram

equalized image are shown.

=
- =

00 @ = « o v “o 0 00 (I;)

T H

o lNRMEAL | b

(c) (@

Figure 2: (a) Image I Histogram , (b) Image I
Equalized Histogram, (c) Image II Histogram , (d)
Image II Equalized Histogram

Histogram contrast stretching is a special case of
histogram modification. It involves defining the
lower and upper boundaries of images in which the
histogram spans a narrow area and applying a
transform to widen this range [42]. In this study, the
lower and upper limits for histogram stretching were
determined based on the image standard deviation
and the mean value. In Figure 3, the histogram
distributions of the original image and the histogram

contrast stretched image are shown.

. ) .
[ -
= =

(‘;l) . ’ ’ ’ (b)

=
;;;;;;;
|

|

Figure 3: (a) Image I Histogram , (b) Image I Contrast

F) 1 20 =) w o E 0

Stretched Histogram, (c) Image II Histogram , (d)
Image II Contrast Stretched Histogram

The performances of Weighted Differential Evolution
(WDE) Algorithm, Artificial Bee Colony (ABC)
Algorithm, histogram equalization and linear contrast
stretching techniques were compared with the

entropy value, edge density and sum of edge pixel
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count values. Experimental results are shown in
Table 2.
Table 2: Experimental Results

Imagel Image II
Mean Mean
Numbe Numbe
Methods | Entrop Edge | Entrop Edge
rof densit r of densit
ensi ensi
Y edgels Y edgels
y y
. 7.5980 0.3127 | 7.5059 0.2656
Original 393713 767146
6 7 1 5
7.7962 0.4260 | 7.9062 0.2761
WDE 423634 789622
6 9 4 5
7.7756 0.4252 | 7.8768 0.2702
ABC 422265 789316
9 7 6 6
) 7.7592 0.3750 | 7.7250 0.4121
Hist. Eq. 396355 772215
4 3 1 1
Contrast
.| 7.7648 0.3947 | 7.6788 0.3135
Stretchin 401916 770286
7 9 8 9
8

Comparison of the results in Table 2 shows that the

heuristic algorithm approach gives better results than

(d)

Figure 3: (a) Image_I (b) WDE (c) ABC (d) Histogram Equalization (e) Linear Contrast Stretching

classical ~histogram equalization and contrast
stretching methods. Enhanced images are shown in
Figure 3 and Figure 4. Despite the use of Weighted
Differential Evolution (WDE) Algorithm to solve
different problems according to the literature, the
image enhancement study was carried out for the
first time. Compared to the well-known Artificial Bee
Colony (ABC) Algorithm, the WDE algorithm has
been found to be more successful. Because WDE uses
completely random control parameters, it is more
useful than other heuristic algorithms. WDE has no
control parameters and since the control parameters

are determined randomly, it has been proposed for

the solution of image enhancement problems.

o B
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Figure 4: (a) Image_II (b) WDE (c) ABC (d) Histogram Equalization (e) Linear Contrast Stretching
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