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THE METHOD FOR OBJECTS DETECTION ON SATELLITE IMAGERY 

BASED ON THE FIREFLY ALGORITHM 
 

Abstract .  The subject matter of the article is the method for detecting of objects on satellite imagery based on the 

firefly algorithm. The goal is to develop a method for detecting of objects on satellite imagery based on the firefly 

algorithm. The tasks are: analysis of existing methods for detecting of objects of interest on satellite imagery, development 

of a method for detecting of objects on satellite imagery, practical verification of the method for detecting of objects on 

satellite imagery based on the firefly algorithm, and quantitative assessment of the quality of the proposed method. The 

methods used are: methods of digital image processing, methods of data clustering, mathematical apparatus of matrix 

theory, methods of swarm intelligence, methods of mathematical modeling, methods of optimization theory, analytical and 

empirical methods of image comparison. The following results are obtained. The advantages and disadvantages of the 

main methods and approaches to the processing of satellite imagery for the purpose of detecting objects of interest on them 

are determined. The general principle of operation of the firefly algorithm is considered. It presents a flowchart of the 

method for detecting of objects on satellite imagery based on the firefly algorithm in one color channel. The values of the 

input data and parameters for the operation of the algorithm were selected experimentally. Experimental studies were 

conducted on the operation of the method for detecting of objects on a real satellite imagery based on the firefly algorithm. 

The values of the errors of the first and second kind for the processed image using the proposed method and the method 

based on the particle swarm algorithm were calculated. Conclusions. Analysis of the calculated values showed that the 

proposed method for detecting of objects on satellite imagery compared to the method based on the particle swarm 

algorithm: reduces the error of the first kind by about 11% and the error of the second kind by about 9%. The directions of 

further research are the study of the problem of selecting input parameters and data for the operation of the method based 

on the firefly algorithm. 
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Introduction 

Formulation of the problem. Today, situational 

awareness is especially important for planning different 

actions, obtaining operational, reliable and detailed 

information. Therefore, the development of special 

platforms that provide situational awareness and are 

located "in the cloud" has been relevant [1, 2]. 

According to the plan, specialists are appointed 

who act according to the approved protocol. Their main 

task is to collect all possible primary information from 

various sources about the situation that aroused interest. 

Such sources of information are data from drones, from 

all radars, from satellites, from sta-tionary cameras, 

from sensors, from allies, from in-formants and scouts, 

from automated sources (for example, information 

systems, chatbots, etc.). 

Before loading useful information into the 

situational awareness system (for example, displaying it 

on a digital map), all information received from various 

sources must be analyzed, brought to a standardized 

form and processed. Processing is the most important 

stage for obtaining useful information for consumers. 

In this article, the main attention is paid to the 

processing of information received from the satellites. 

This is due to the fact that data from satellites in the 

centers of situational awareness is in great demand due 

to [3]: 

– the receiving data in real time; 

– the objectivity and reliability of the received data; 

– the availability in receiving and/or purchasing 

data through signed agreements with partner countries 

that own the satellites; 

– the possibility of obtaining information from the 

territories of a large area; 

– the absence of any restrictions on receiving data. 

This advantage is relevant when receiving information 

from enemy territory and/or temporarily occupied territory. 

The optical-electronic images are the input 

information from the satellites. Such input data is 

immediately "passed" through automatic processing 

with the subsequent issuance of the results of such 

processing. Image processing algorithms do not always 

cope well with such a task. Therefore, it is often 

necessary to involve decryptors. But the automatic 

processing of satellite images significantly increases the 

speed of processing incoming information and, as a 

result, affects the pace of hostilities. After all, the faster 

useful information is provided to the situational 

awareness system, the faster the commanders will make 

a decision [1]. 

Analysis of recent research and publications. 

Well-known software tools for processing data of remote 

sensing of the Earth to detect objects of interest on satellite 

imagery use well-known processing methods. Specialized 

software tools must use a limited list of image processing 
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methods and have the main disadvantage of using an 

individual data storage format [4]. 

In paper [5] proposed a method for detecting 

objects of interest based on simple linear iterative 

clustering. The advantage of the method [5] is the high 

speed of image processing and the reduction of the 

number of initial values for the operation of the method. 

The main disadvantage of [5] is the low quality of 

processing for complexly structured images and large-

sized images. 

In paper [6] proposed an improved segmentation 

method based on the ESEG spectral-texture approach. 

The advantage of the method [6] is the use of a single 

metric for both textural features and spectral features in 

a heterogeneous space. The disadvantage of [14] is good 

processing results only for multispectral images with 

ultra-high spatial resolution. 

The paper [7] proposed a method of morphological 

segmentation of satellite imagery. This method based on 

a graph approach. The advantage of [7] is the 

elimination of the effect of impulse noise, which affects 

the quality of the image processing result. The 

disadvantage [7] is the need for careful selection of 

markers, because the quality of the segmentation result 

depends on the correct selection. 

The paper [8] proposed the processing of satellite 

imagery using the convolutional neural network U-

HardNet with the additional function of Hard-Swish 

activation. The disadvantages [8] are significant time 

costs for obtaining a training sample and working with 

transformed images to reduce binary cross-entropy 

losses. The main advantage of method [8] is the 

detection of different data sets. 

In paper [9] proposed a method for detecting urban 

buildings on satellite imagery using deep learning. The 

advantage of [9] is the high accuracy of detection of urban 

objects. The disadvantage [9] is the impossibility of 

detecting other objects in the image, except for urban 

buildings. 

In paper [10] proposed a method of processing 

aerial photographs using a fully convolutional artificial 

neural network. The advantage of [10] is the 

convenience of obtaining high-quality image processing 

results. The main disadvantage [10] is the need to 

involve a graphics accelerator due to large volumes of 

computing operations. 

In paper [11] proposed a method of automatic 

processing of ultra-high resolution images on new lines. 

Lines are applied with the highest entropy value to 

obtain initial values and edges. The advantages of [11] 

are the automatic processing of all types of images of 

remote sensing of the earth without the involvement of a 

specialist decipherer. The main disadvantage of [11] is 

the low accuracy of detection on the imagery of small 

objects of interest. 

In paper [12] proposed a method of image 

segmentation by watershed based on gradient values. 

The advantage of [12] is the segmentation of remote 

sensing images of the earth with high resolution of 

different color spaces. The disadvantage [12] is the 

mandatory intervention of a specialist to adjust the input 

parameters of the method. 

The paper [13] proposed a method for processing 

satellite imagery using the TL-ResUNet residual 

architecture model. The advantage of the method [13] is 

the combination of the advantages of residual network, 

U-Net architecture and transfer learning. The 

disadvantage of [13] is the processing and analysis of 

satellite imagery of agricultural land. 

The paper [14] proposed the detection of objects 

using short connections with a known data set with a 

division into a simple or complex case. The advantage 

of [14] is the high quality of processing complexly 

structured images with a complex background. The 

disadvantage of [14] is the detection of only one type of 

object of interest on the images - an aircraft. 

Thus, the goal of the article is to improve a method 

for detecting of objects on satellite imagery. 

Main results 

In these latter days swarm intelligence algorithms 

have shown good results in solving both continuous and 

discrete optimization problems. Swarm intelligence 

algorithms are successfully used to solve problems with 

the following features, namely, with a high dimension 

of the search space and computational complexity, with 

a complex topology of the region of acceptable values 

and the absence of an analytical expression [15]. As 

well as non-linear, multi-extremal and non-

differentiable problems [16]. The problem of image 

segmentation has precisely these features. 

Swarm intelligence algorithms describe the 

collective behavior of an artificial or natural decentralized 

self-organizing system. Swarm intelligence is a set of 

agents (particles) that simultaneously interact with each 

other in the swarm and with the environment. One of the 

representatives of swarm intelligence algorithms is the 

Firefly Algorithm [15]. 

This algorithm is based on simulating the natural 

behavior of fireflies and the process of bioluminescence. 

The process of bioluminescence is responsible for the 

emission of the light and is the mechanism of 

communication between fireflies in a swarm. Each 

firefly has the ability to emit light. The light intensity 

for each firefly depends on the amount of special 

pigment [17]. So, the Firefly Algorithm is based on 

three basic rules, namely [18]: 

1. All fireflies have the property of one-to-one 

attraction. The firefly will move to something more 

bright. The higher the level of the light of a firefly, the 

more other fireflies it will attract. 

2. The brightness of a firefly, which is visible to 

other fireflies, decreases as the distance between them 

increases. This is due to the fact that air absorbs light. 

That is, a firefly with a lower level of the light will 

move towards a firefly with a higher level of the light. It 

will move chaotically if there is no firefly with a higher 

level of the light than its own. 

3. The intensity of the light emitted by the firefly is 

determined by the value of the fitness function of the 

problem. 

4. The radius of the search of each firefly depends 

on the number of fireflies in this area. If a large number 

of fireflies have gathered in the area of the search, then 
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the radius of the search decreases. If there are a small 

number of fireflies in the area of the search, then the 

radius of the search, on the contrary, increases. 

Thus, the Firefly Algorithm includes four main 

stages: the formation of an initial swarm of fireflies and 

its distribution in the search space, updating the level of 

the light for each firefly, moving each firefly according 

to the established rule, and searching for the optimal 

solution throughout the algorithm iterations. 

The search principle in the algorithm is based on a 

nonlinear decrease in the brightness of a firefly with 

increasing distance between them. In the absence of 

such a nonlinear relationship, each firefly would move 

deterministically towards the firefly with the highest 

level of light. And under this condition, the firefly will 

choose not the brightest neighbor (after all, its light will 

be absorbed by the environment as the distance 

increases), but the less bright one in the general swarm, 

but the brightest one in its surroundings [17-18].  

This fact explains the ability of the algorithm to 

divide a general swarm into smaller ones. This property 

of the algorithm is fulfilled precisely because of the 

nonlinear function of firefly light absorption versus 

distance. Thus, we can assume that this algorithm can 

show good results for clustering problems. 

In this paper, it is proposed to use the Firefly 

Algorithm to solve the problem of segmenting satellite 

imagery in order to detect objects on them. 

It is proposed to consider the input image for each 

color channel in the form of a data matrix in a method for 

detecting of objects on satellite images based on the Firefly 

Algorithm. In such a data matrix, each element is an image 

pixel with coordinates ( , )i ix y  and a corresponding 

brightness value in the range [0...255] [16]. 

The proposed method for detecting of objects on 

satellite imagery based on the Firefly Algorithm in one 

color channel is shown in Fig. 1. 

The method consists of the following stages [17, 18]: 

1. Entering input data and parameters of the 

proposed method: 

( )F X  – the input color satellite image; 

( )f X  – the image in a separate color channel, where 

( , )i ix yX  – are the coordinates of the pixel on ( )f X ; 

K  – the number of segments; 

Т  – the maximum number of iterations of the 

algorithm; 

І  – the number of agents (fireflies) used in the 

algorithm; 

ir  – the initial value of the radius of the search for 

each agent; 

  – the coefficient that determines the 

attractiveness of the agent; 

  – the coefficient that determines the level of 

absorption and attenuation of the light ( 0 1  ); 

0l – the initial level of the light of the agent. 

2. Separation of color channels on the input color 

satellite image ( )F X  and converting the brightness 

intensity of the image pixels into a code in each ( )f X .  

y

yes 

н

no 

 

Entering input data 

 

Start 

Distribution of agents on the image f(X) 

Determination of the radius of the search for each agent ri 

 

Calculation of the light level of each agent 

j j jl (t 1) (1 )l (t) J (t 1)+ = − +  +  
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radius ri 
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End 

fs(X) 

Detection of segments on the image 

Checking the stop condition 

алгоритму 

Moving agents 

 

Fig. 1. The flowchart of the method for detecting  

of objects on satellite imagery based on the  

Firefly Algorithm in one color channel 

 

Further stages of operation of the proposed method 

are applied to the image in each brightness channel. 

3. Initialization of the population and random 

distribution of agents at initial positions throughout the 

image in the color channel ( )f X  according to the 

expression (1): 

 1 ( ( ))i rand f=X X , (1) 

where 1 1 1( , )i i ix y=X  – the vector of positions of the 

agents on the first iteration of the operation of the 

method. 

This operation is performed only on the first 

iteration of work of the proposed method, that is, when 
1t = . 

4. Determination of the radius of the search for 

each agent ir  randomly. 

The beginning of the iterative process. 

5. Calculation of the level of the light of each 

agent from the number І . All agents have the same 

level of the light 0l  at the first iteration of the proposed 

method. The level of the light of the agent is calculated 

according to the expression (2) starting from the next 

iteration: 

 (t 1) (1 ) ( ) ( 1)i i il l t t  + = −  +  + , (2) 
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where   – the value of the fitness function; t  – the 

current number of the iteration; і  – the current number 

of the agent. 

We calculate the fitness function according to the 

expression: 

 

( )0

1
( )

1 exp ( )
i m

i

t
D t D

 =
+

; (3) 

where 

 (t) (t) (t) k (t)m m m m
i i i iD x y f=  +  +  , (4) 

( )m
ix t  – moving the agent along the axis х  in another 

m -th pixel of the image at the t -th iteration; ( )m
iу t  – 

moving the agent along the axis у  in another m -th 

pixel of the image at the t -th iteration; (t)m
if  – the 

difference in values of the brightness at the t -th 

iteration; 0D  – the coefficient that takes into account 

the scale of the input image; k  – the coefficient that 

takes into account differences in units of measurement, 

scales, brightness of pixels, etc. 

6. Determination for each agent of that neighbor 

within the specified radius ir , whose the level of the 

light il  is higher than its own. 

For this, the probabilities of movement of the і -th 

agent in the direction of the j -th agent are calculated 

according to the expression: 

 
( )

(t)

(t) (t)
(t 1)

(t) (t)

i

j i
ij

n i
n I

l l
Р

l l



−
+ =

−
, (5) 

where j  – an agent with the level of the light il  higher 

than that of і - th agent; (t)iI  – the set of neighboring 

agents for the і -th agent at the t -th iteration. 

An agent ( )ij I t  and is determined according to 

the expression: 

 ( )( ) : ( ) ( )d
i ij іI t j d t r t=  , (6) 

where ijd  – is the Euclidean distance between agents і  

and j  at the t -th iteration; ( )d
іr t  – the updated 

measurement value of the radius of the search for the і -

th agent at the t -th iteration. 

7. Determination of the coordinates of the updated 

position of the agent і , provided that this agent moves 

in the direction of the agent j  according to the 

expression: 

 
( ) ( )

( 1) ( )
( ) ( )

j i
i i

j i

t t
t t

t t

 −
 + = +  
 −
 

X X
X X

X X
, (7) 

where   – the size of the movement step, measured in 

pixels. 

8. Calculation of the updated value of the radius of 

the search of the agent і  according to the expression: 

 
( )

( 1)

min , 0, ( ) ( ) ,

d
і

d
s і i i

r t

r  max  r t n І t

+ =

  = + −
   

 (8) 

where in  – the coefficient affecting the number of 

possible neighboring agents for the і -th agent;   – the 

adjustable coefficient determined experimentally. 

9. Checking of the condition for stopping the 

operation of the iterative process. 

The only condition for stopping the operation of 

the algorithm is to reach a given number of iterations 

Т . If the condition is met then it move to the next point. 

In case of non-execution then it move to point 5 of the 

next iteration of the work ( 1t + ). 

10. Division of the image into segments according 

to the value of the brightness in the updated positions of 

the agents. The result of the work is ( )fs X . 

11. Combining the results of the algorithm on 

individual brightness channels. 

12. Determination of the resulting segmented 

image ( )Fs X . 

A color RGB image from the environment-monitoring 

satellite WorldView-2 was chosen as a test for the 

experimental study [19]. Such an initial image is 

presented in Fig. 2. The size of the input satellite image 

(1894×1367) pixels. Objects of interest in Fig. 2 are the 

objects, namely auxiliary facilities, equipment, etc. 
 

 
Fig. 2. The input color satellite image [19] 

 

Experimentally, the following values of input data 

and parameters were selected for the operation of the 

Firefly Algorithm. They are constant at each iteration 

and are equal to:  

50І = ; 5К = ; 200ir = ; 0,1 = ; 0, 2 = ; 0 0,01l = .  

The number of iterations is selected 20. 

Experimental researches were carried out using the 

high-level programming language and interactive 

environment for programming, numerical calculations 

and visualization of results – MATLAB R2017b. 

The result of the method for detecting of objects 

on satellite imagery based on the Firefly Algorithm for 

the test image (Fig. 2) with the above parameters is 

shown in Fig. 3. Visual analysis of the resulting image 

(Fig. 3) showed that the proposed method allows 

segmentation of the color satellite presented in the RGB 

color space. The number of segments is five. They are 

detected in pseudo-colors. 
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Fig. 3. The segmented input color satellite image (Fig. 1)  

by the proposed method 

 

Let's calculate errors of the first kind and errors of 

the second kind for quantitative assessment of the 

quality of the resulting image using the proposed 

method. The error of the first kind for evaluating the 

quality of the resulting image by the proposed method is 

calculated according to expression [20]: 

 
( )( )
( )( )

1
1

2

S fs

S f
 =

X

X
, (9) 

where ( )( )1S fs X  – the total area of the background 

that falsely detected to objects on the segmented 

satellite image; ( )( )2S f X  – the real area of the 

background on input satellite image. 

The error of the second kind for evaluating the 

quality of the resulting image by the proposed method is 

calculated according to expression [20]: 

 
( )( )
( )( )

3
2

4

1
S fs

S f
 = −

X

X
, (10) 

where ( )( )4S f X  – the real area of the objects on input 

satellite image; ( )( )3S fs X  – the total area of correctly 

segmented objects on the segmented satellite image. 

We will choose the segmentation method based on 

the particle swarm algorithm for comparison [21]. 

The values of the error of the first kind and the 

error of the second kind were calculated according to 

expressions (9) and (10). Fig. 4 and Fig. 5 show the 

dependence of the calculated value of the error of the 

first kind and the value of the error of the second kind, 

respectively, for 10 iterations of work of the algorithm 

(Fig. 1). 

In Fig. 4 and Fig. 5 the yellow curve indicates the 

values of the error of the first kind and the values of the 

error of the second kind when processing the input 

image (Fig. 2) using the improved method. The green 

curve indicates the values of the error of the first kind 

and the values of the error of the second kind when 

processing the input image (Fig. 2) by the method based 

on the particle swarm algorithm. 

The analysis of the calculated values clearly shows 

(Fig. 4 and Fig. 5) that the proposed method for 

detecting of objects on satellite imagery in comparison 

with the method based on the particle swarm algorithm:  
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Fig. 4. The dependence of calculated value of the first kind  

of error for the two methods of segmentation 
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Fig. 5. The dependence of calculated value of the second 

 kind of error for the two methods of segmentation 

 

– reduces the error of the first kind by 

approximately 11 %;  

– reduces the error of the second kind by 

approximately 9 %. 

Conclusions and  

the directions of further research 

The article examines the issue of automatic 

processing of satellite images as one of the main sources 

of operational, reliable and detailed information about 

the enemy that enters the situational awareness centers. 

Methods and approaches to automatic processing of 

satellite images are analyzed. Their main advantages 

and disadvantages are established.  

It is proposed to use swarm intelligence algorithms 

to detect objects of equipment on input satellite images. 

This is due to the assumption that this group of 

algorithms shows good results when solving problems 

with the following features, namely, with a high 

dimensionality of the search space and computational 

complexity, with a complex topology of the domain of 

admissible values, and the absence of an analytical 

expression. And precisely such features are inherent in 

the problem of image segmentation. 

In this paper, it is proposed to use one of the 

swarm intelligence algorithms, namely the Firefly 

Algorithm, to solve the problem of segmentation of 
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satellite images in order to detect objects on them. 

The basic operating principle of the Firefly 

Algorithm is discussed in detail. This article presents a 

flowchart of the method for detecting of objects on 

satellite imagery based on the Firefly Algorithm in one 

color channel.  

The following values of input data and parameters 

were selected for the operation of the Firefly Algorithm 

experimentally. 

This article presents the result of a method for 

detecting of objects on satellite images based on the 

Firefly algorithm on a real test image with selected 

values of parameters. The values of the error of the first 

kind and the error of the second kind were calculated to 

quantify the quality of the resulting image using the 

proposed method and using the method based on the 

particle swarm algorithm. The analysis of the calculated 

values clearly shows that the proposed method for 

detecting of objects on satellite imagery in comparison 

with the method based on the particle swarm algorithm:  

– reduces the error of the first kind by 

approximately 11 %;  

– reduces the error of the second kind by 

approximately 9 %. 

The directions of further research is to study the 

problem of selecting algorithm parameters, such that 

their value greatly influences the result of the algorithm. 

In this work, these parameters were chosen 

experimentally and such a choice does not have any 

mathematical justification. 
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Метод виявлення об’єктів на супутникових знімках на основі алгоритму світлячків 

Г. В. Худов, І. А. Хижняк, С. І. Глухов, Н. М. Шамрай, В. О. Павлій 

Анотація .  Предметом вивчення в статті є метод виявлення об’єктів на супутникових знімках на основі 

алгоритму світлячків. Метою є розробка методу виявлення об’єктів на супутникових знімках на основі алгоритму 

світлячків. Завдання: аналіз існуючих методів виявлення об’єктів інтересу на супутникових знімках, розробка методу 

виявлення об’єктів на супутникових знімках, практична перевірка роботи методу виявлення об’єктів на супутникових 

знімках на основі алгоритму світлячків та кількісна оцінка якості роботи запропонованого методу. Використовуваними 

методами є: методи цифрової обробки зображень, методи кластеризації даних, математичний апарат теорії матриць, 

методи ройового інтелекту, методи математичного моделювання, методи теорії оптимізації, аналітичні та емпіричні 

методи порівняння зображень. Отримані такі результати. Визначені переваги та недоліки основних методів та підходів 

до обробки супутникових знімків з метою виділення об’єктів інтересу на них. Розглянуто загальний принцип роботи 

алгоритму світлячків. Розроблено блок-схему алгоритму для методу виявлення об’єктів на супутникових знімках на 

основі алгоритму світлячків в одному кольоровому каналі. Експериментально підібрано значення вхідних даних і 

параметрів для роботи алгоритму. Проведені експериментальні дослідження щодо роботи методу виявлення об’єктів на 

реальному супутниковому знімку на основі алгоритму світлячків. Розраховано значення похибок першого та другого 

роду для обробленого зображення запропонованим методом та методом на основі алгоритму рою частинок. Висновки. 

Аналіз розрахункових значень показав, що запропонований метод виявлення об’єктів на космічних знімках у порівнянні 

з методом на основі алгоритму рою частинок: зменшує похибку першого роду приблизно на 11 % та похибку другого 

роду приблизно на 9 %. Напрямками подальших досліджень є вивчення проблеми підбору вхідних параметрів та даних 

для роботи методу на основі алгоритму світлячків. 

Ключові  слова :  супутникові знімки, об’єкт, сегментація, алгоритм ройового інтелекту, алгоритм  

світлячків. 
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