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Abstract 

Automation and telecommunication systems are increasingly improving and becoming more easily integrated 
thanks to wireless communication technology, in which the essential component is the antenna. Designing 
and optimizing antenna structures still takes a lot of time, especially for complex structures with multiple 
operating frequency bands or complex material layers. With modern computing power, the speed of 
computation is increasingly efficient, and combining automated computation for optimization and design is 
entirely feasible. Many research groups around the world have implemented automated antenna design 
through optimization algorithms, genetic algorithms, swarm algorithms, collectively referred to as evolutionary 
algorithms. These algorithms simplify the antenna design process, making it more automated and optimized. 
In this paper, the Improved Black Hole algorithm is proposed and used to optimize the design of a CPW-Fed 
slot microstrip antenna. 

Keywords: Nature-inspired optimization, Black Hole algorithm, antenna design, 5G communication, multi-band 
antenna, Sub-6 GHz band 

 

1. Introduction 

The*development of information and 
communication technologies with an increasing 
number of users and the demand for high flow rates 
has led to in-depth research on fifth-generation (5G) 
mobile communications. Technologies for the 5G 
systems have been studied to determine and 
standardize telecommunication protocols, modulation, 
bandwidth, and communication frequencies, as well as 
to design antennas and antenna systems that support 
the requirements of the 5G system. With well-defined 
criteria, the systems which operate on multiple 
frequencies need to be augmented. Therefore, applying 
algorithms to optimize antenna designs is crucial. 

Optimization is necessary in all engineering 
fields to address diverse issues. Optimization methods 
with high-intensity computations become more useful 
as the scale of the problem increases. This is highly 
relevant to antenna design requirements, and 
algorithms inspired by natural processes have been 
applied to antenna design optimization, including the 
genetic algorithm (GA) [1, 2], particle swarm 
optimization (PSO) [3, 4], and their variants [5, 6]. In 
this paper, an algorithm based on the Black Hole (BH) 
phenomenon and a Multiband Coplanar-Fed 
Microstrip Antenna is proposed. 

In this paper, a typical representation of the 
nature-inspired evolved antenna is investigated and 
developed. The Black Hole (BH), a space-operated 
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phenomenon, is used as an evolutionary algorithm to 
optimize the antenna structure. The concept of the 
Black Hole algorithm (BHA) is described in Section 2 
with the modified mechanism applied for antenna 
design optimization. The multiband antenna structure 
is introduced and calculated in Section 3. Finally, the 
algorithm as well as antenna structure are verified by 
simulation and then validated by measurement results.  

2. Black Hole Algorithm 

2.1. Introduction 

The Black Hole algorithm was first introduced by 
Abdolreza Hatamlou in 2013 [7]. This algorithm is 
inspired by the phenomenon of black holes (BHs). In 
the real world, a BH is an object with an extremely 
high density and a strong gravitational force. The 
gravitational force of a BH devours any object that 
comes close enough. This algorithm and its variants 
have been used to solve many technical, medical, 
biological, and optimization problems, such as the 
multi-objective reactive power dispatch problem [8], 
optimal coordination of digital overcurrent relays 
problem [9], feature selection and classification on 
biological data [10] and optimizing extreme learning 
machine soft-sensor model [11]. 

BHA is a new population-based optimization 
algorithm that serves as a novel mechanism for Particle 
Swarm Optimization (PSO). In BHA, stars play the 
role of the population, and the best individual is chosen 
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as the BH, which starts absorbing the surrounding 
population. The movement process of BHA involves 
the motion of stars by updating their positions to a new 
location closer to the BH, as follows: 

𝑋𝑋𝑛𝑛,𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑋𝑋𝑛𝑛 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(. )(𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑘𝑘 − 𝑋𝑋𝑛𝑛);   
                    𝑟𝑟 = 1, … ,𝑁𝑁𝑁𝑁     (1) 

where 𝑋𝑋𝑛𝑛 and 𝑋𝑋𝑛𝑛,𝑛𝑛𝑛𝑛𝑛𝑛  are the respective position of the 
target and updated agent 𝑟𝑟. 𝑁𝑁𝑁𝑁 is the number of 
learners in the population. 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(. ) is the random 
generator function in the range [0,1]. 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑘𝑘  is the 
position of the best solution in each iteration k. During 
the movement process of each candidate's solution 
toward the BH 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑘𝑘, there is a probability of crossing 
the event horizon. 

A shape like a sphere exists around the BH called 
the event horizon and its radius is called Schwarzschild 
radius which can be calculated by using (2): 

𝑅𝑅 =
𝑓𝑓𝐵𝐵𝐵𝐵

∑ 𝑓𝑓𝑖𝑖𝑁𝑁
𝑖𝑖=1

  (2) 

where 𝑓𝑓i and 𝑓𝑓BH are the fitness values of the BH and 
its star. 𝑁𝑁 is the number of stars (candidate solutions). 

2.2. Improved Black Hole Algorithm 

Due to the characteristics of BHs, the Black Hole 
algorithm (BHA) has many advantages, such as 
powerful optimization, simple structure, easy 
implementation, few parameters, and fast 
convergence. However, on the other hand, it also has 
some disadvantages that make it unable to solve 
complex and high-dimensional problems. The main 
problem of BHA is that it cannot find a good balance 
between exploration and exploitation. It focuses more 
on the areas around the selected black hole, making it 
easy to get trapped in local optima. Furthermore, stars 
always follow a single path toward the best solution, 
which limits the algorithm's exploration ability. 

To cope with these limitations, an improved 
version of the Black Hole algorithm has been 
proposed. The combination of the Black Hole 
algorithm and mutation and crossover operators 
inspired by the GA algorithm has created the Improved 
Black Hole (IBH) algorithm [12, 13]. This 
combination allows the IBH algorithm to explore the 
space around the black hole better and achieve good 
results with fewer iterations. 

2.3. Stars Absorption 

During the progress of the algorithm, the stars 
progressively move closer to the black hole, and if any 
star crosses the event horizon, it gets swallowed by the 
black hole, resulting in its removal from the current 
population. A new star is regenerated in the search 
space using an appropriate method, and eventually, it 
is reintroduced into the current population. Whenever 

a star is swallowed by the BH, a new star is created 
using one of the following strategies: 

1. Randomly generate a new star with a probability 
of 0.7 (using a uniform distribution). 

2. Create a new star by randomly selecting two stars 
from the population and combining their 
attributes through a combination method using 
the GA algorithm. The best star resulting from 
the recombination process is then added to the 
population. The method is applied with a 
probability of 0.3. 

2.4. Pseudo Code for IBH Algorithm 

 
01. Input 
02. Number of starts (N), number of iteration 
03. Output  
04. Black hole 
05. The fitness value of black hole 
06. Begin  
07. Initialize a population of stars randomly 
08. For 𝑗𝑗 = 1 to numbers of stars 
09.             Evaluate the fitness value of star  
10. The star with the most remarkable fitness 

value is chosen as the black hole 
11. While (max iteration or convergence criteria is 

not met) do 
12.      For each star in the current population: 
13.            Move the star toward the black hole 
14.            Evaluate fitness value of the star 
15.            Set the star as a black hole if it’s better 

than the current black hole 
16.      End for 
17.      Calculate the radius of the event horizon for 

the new selected black hole 
18.      If round(iteration/max_iteration,1) * 10% 2 

== 0 
19.             Evolution_rate = 0.7 
20.      Else 
21.             Evolution_rate = 0.3 
22.      End if 
23.      For each star in the current population: 
24.             If the distance between the star and the 

black hole is less than the event horizon radius 
25.             Remove the star from the population 
26.             If random() <= Evolution_rate 
27.                   Split the current population into two 

equal sets (male and female sets)  
28.                   Select two stars randomly, one from 

each set. 
29.                   Perform two split point crossover 

between the selected stars.  
30.                   Select the better of the two generated 

stars to be the new star.  
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31.  Else 
32.  Generate new star randomly 
33.  End if 
34.  Add the generated star to the 

population. 
35.  End if 
36.  Set the star as a black hole of it’s better 

than the current black hole. 
37.  End for 
38.  End while 
39. Return the current black hole. 

3. Proposed Antenna

The use of coplanar waveguide in multi-band 
antennas as antenna feed is important so that the 
antenna will be compatible with monolithic 
microwave integrated circuits. Coplanar waveguide 
has several advantages such as easy integration with 
active and passive elements, low frequency dispersion, 
the extra design freedom through the ability to vary the 
characteristic impedance and phase constant by 
changing the slot and strip widths, and avoiding the 
excessively thin, and therefore fragile, substrates as in 
microstrip line [14, 15]. 

The design of CPW antennas for 5G has recently 
attracted much attention. Wei Hu et al [16], designed 
a dual-band eight-element MIMO array using multi-
slot decoupling technique for 5G terminals with 
multiple Printed Circuit Boards (PCBs). Abed and 
Jawad [17] proposed a compact size MIMO fractal slot 
antenna for 3G, LTE (4G), WLAN, WiMAX, ISM and 
5G communications using CPW feed. 

Some candidate bands have been investigated 
and used as 5G band in Vietnam, for example, 
2.5 - 2.6 GHz, 3.7 - 3.8 GHz, 6.4 - 7.1 GHz. In this 
paper, we propose a novel compact tri-band patch 
antenna fed by a coplanar waveguide (CPW) line for 
2.55 GHz, 3.75 GHz, and 6.6 GHz.  

The geometry and parameters of the proposed 
antenna fed by a CPW line are shown in Fig. 1. The 
patch antenna is printed on a dielectric substrate of a 
height equal to 1.6 mm and a relative permittivity of 
4.4. The width of the 50 Ω microstrip fed line is 
2.74 mm.  

The parameters and the variation intervals of the 
parameters for the antenna are listed in Table 1. 

    (a)                                 (b) 
Fig.  1. The proposed antenna structure: a) Front view, 
b) Side view.

Table 1. Geometrical parameters of the antenna 

Parameter LS HS WS Wp Hp W 

Value (mm) 40 40 1.6 0.035 35 2.74 

Parameter G H1 H2 L1 L2 L3 

Value (mm) 0.27 0.35 0.4 25 [6.8, 12.28] [0, L2] 

Parameter L4 L5 L6 L7 L8 Lm 

Value (mm) [0.2, 3.0] [1.0, 9.76] [2.0, 7.5] [4.74, 15.86] 19 16 

(a) (b) (c) 

Fig.  2. Development of proposed CPW fed triband antenna geometry; (a) single band 2.55GHz (b) 
2.55GHz, 3.75GHz and (c) triband 2.55GHz, 3.75Ghz and 6.6GHz. 
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In order to make the proposed antenna, we have 
to place the different branches for the antenna to 
investigate the development of antenna and integrate 
different frequency bands. The development is 
proposed in Fig. 2.  

The CPW-fed triband antenna geometry reported 
here is developed from the single band microstrip 
antenna in Fig. 2(a). The structure is converted into a 
dual band antenna with resonances at 2.55 GHz and 
3.75 GHz by introducing two “L” shaped slots as 
shown in Fig. 2(b). Another slot is introduced in  
Fig. 2(c) to produce the third resonance around 
6.6 GHz. The dimensions of the antenna development 
are based on Fig. 1 and Table 1. To obtain the design 
for the length of different branches, the reflection 
coefficient needed to be calculated and simulated. 
Fig. 3 exhibits the results after design and simulation 
for each step to make the whole antenna. 

 
Fig.  3. Reflection coefficients of single band, dual 
band and triband antenna geometries shown in  
Fig. 2 (a) to (c). 

The parameters for optimal antenna design which 
are selected to achieve the compact dimension and 
possibly good features such as high radiation 
efficiency, etc., are presented in the next section. The 
antenna was simulated, and its prototype was 
fabricated and then measured. 

4. Optimizing Antennas by the Improved Black 
Hole Algorithm (IBH) 

The aim of this part is to minimize the average 
value of the S11 module (in dB) in the three bands of 
5G ([2.5 2.6] GHz, [3.7 3.8] GHz, [6.4 7.1] GHz) 

In this case, the multi-objective optimization 
function of the reflection coefficient must meet the 
following requirements: 

S11 ≤ -10 dB for 2.55 GHz, 3.75 GHz and 6.6 GHz 

The block diagram of the IBH optimizer for 
antenna has been presented in Fig. 4. 

The optimization procedure in this design has 
been summarized below: 

Step 1: The first generation of individuals was 
randomly generated to provide the starting point for 
the optimization process. Each individual was 
modeled in CST for computation of the return losses 
S11 over the ranges of each frequency band. The fittest 
individuals were selected for BH and calculating the 
Schwarzschild radius of a BH. 

Step 2: Update the position of individual stars 
approaching the BH position. Remove the star 
instances if the distance to the BH is less than the 
Schwarzschild radius and create a new one in one of 
two ways: Randomly generate or combine with GA 
algorithm. Fitness values of the offspring were 
computed. 

Step 3: Select a new BH and recalculate the 
Schwarzschild radius. 

  
Fig.  4.  The flowchart of IBH Algorithm. 

Steps 2 and 3 are repeated until the criterion ends 
are met. In the process of optimizing IBH, the number 
of population members plays a crucial role and 
remains constant throughout the optimization process 
of the algorithm. A larger population size can 
potentially lead to better solutions. However, if the 
population size is excessively large, it will increase the 
computation time and reduce the algorithm's 
efficiency. Therefore, it is crucial to choose an 
appropriate population size which is parameterized in 
Fig. 5. 

Yes  No 
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Fig.  5. The chart of the convergence characteristics 
with generations (GEN=15). 

Based on Fig. 5, it can be observed that if the 
number of population members is too small, the 
convergence capability of the algorithm is 
significantly poor and tends to improve as the number 
of individuals increases. However, once the number of 
population members reaches a value approximately 3 
to 6 times the optimal parameter, the convergence 
capability remains relatively stable. Therefore, it is 
advisable to choose the number of population 
members within the range of 3 to 6 times the optimal 
parameter. 

In this paper, we constructed an optimization 
algorithm with six parameters: L2, L3, L4, L5, L6 and 
L7. And the IBH used optimization process has the 
following properties: 

- Number of population members: 20,  

- Number of generations: 16, 
Table 2. The values of the reflection coefficient S11 for 
the BH optimization process for each generation 

Generation 2.55Ghz 3.75Ghz 6.6GHz 
1-S11 (dB) -4.81 -9.73 -16.26 
2-S11 (dB) -4.97 -9.91 -16.48 
3-S11 (dB) -4.84 -10.35 -17.17 
4-S11 (dB) -4.91 -10.85 -15.31 
5-S11 (dB) -7.78 -13.73 -13.19 
6-S11 (dB) -15.39 -8.51 -15.90 
7-S11 (dB) -17.58 -9.13 -14.35 
8-S11 (dB) -16.89 -9.47 -14.58 
9-S11 (dB) -18.99 -10.55 -13.61 
10-S11 (dB) -19.02 -11.85 -10.94 
11-S11 (dB) -14.21 -12.97 -12.51 
12-S11 (dB) -15.70 -17.65 -15.14 
13-S11 (dB) -15.55 -19.19 -16.23 
14-S11 (dB) -16.050 -21.690 -17.02 
15-S11 (dB) -16.059 -21.687 -17.00 
16-S11 (dB) -16.059 -21.691 -17.01 

 

From the initial population of stars, stars are 
gradually replaced and progress towards BHs after 
each generation. After 16 generations, the fittest 
individual (BH) of each generation has a value of S11 
according to Table 2. 

The results obtained by a GA optimization are 
illustrated in Table 3. The final optimized antenna 
results will be presented in the next section. 
Table 3. Optimized dimensions of the antenna 

Parameters  Optimized value (mm) 
L2 9.03 
L3 1.453 
L4 1.336 
L5 4.346 
L6 4.34 
L7 13.8 

 
5. Result and Discussions 

The optimized antenna with size of 40x40 mm2 
and simulated antenna (using commercial software, 
namely CST MWS) is shown in Fig. 6. 

 
Fig.  6. Photograph of optimized antenna 

The performance parameters deduced here are  
re-reflection coefficient, surface current distribution, 
and far-field characteristics, gain, efficiency and 
radiation patterns. 

5.1. Reflection Coefficient 

The reflection coefficient versus frequency of the 
proposed antenna is shown in Fig. 7. Fig. 7 shows the 
presence of three diverse resonant frequencies which 
are 2.55 GHz, 3.75 GHz, and 6.6 GHz, in which a good 
matching is satisfied. 

These results show three diverse resonant 
frequencies with a small shift toward high frequencies. 
The small deviations between the simulated and 
measured results may be caused by the usual 
connectors and manufacturing errors. Moreover, the 
limitation of the EM simulator may lead to 
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discrepancies between the simulated and measured 
results. Usually, such discrepancies may be attributed 
to the dielectric material that should be characterized 
before realization since its properties deviate from 
those set in the software simulator. 

 
Fig. 7. The input reflection coefficient versus 
frequency. 

5.2. Surface Current Distribution 

In order to further investigate the return loss 
performance of the proposed antenna, the surface 
current distribution plots at its three bands 2.55 GHz, 
3.75 GHz, and 6.6 GHz are depicted in Fig. 8(a) to (c) 
using CST. At 2.55 GHz, the current is mainly 
concentrated along the horizontal stub and its flared 
element. Resonance at 3.75 GHz is influenced by “L” 
shaped slots. The role of the slot in the horizontal stub 
is evidenced with the surface current distribution along 
its edges in Fig. 8(c). It is shown through the resonant 
frequency of  6.6 GHz. 

5.3. Far-Field Antenna Performance 

The simulated far-field radiation patterns of the 
proposed antenna at three resonance frequencies are 
plotted in Fig. 9. The realized gains are obtained with 
values of 2.085 dBi, 3.474 dBi and 3.907 dBi at 
frequencies of 2.55 GHz, 3.75 GHz, and 6.6 GHz 
respectively. It seems that at high frequencies, the 
antenna radiates more directively and achieves better 
gain and efficiency. 

 

 
(a) 

 
(b) 

 
(c) 

Fig.  8. Current distribution at three distinct 
frequencies: (a) f = 2.55 GHz, (b) f = 3.75 GHz, 
and (c) f = 6.6 GHz. 

   
(a) 

  
(b) 

  
(c) 

Fig.  9. 3-D Radiation Patterns and Realized Gain at three 
distinct frequencies: (a) f = 2.55 GHz, (b) f = 3.75 GHz, 
and (c) f = 6.6 GHz.   
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Meanwhile, Fig. 10 shows the 2D radiation 
patterns at three distinct frequencies in the plans: (a)  
θ = 90°, (b) φ = 90°, and (c) φ = 0°. In the E-plane  
(φ = 90°) and H-plane (φ = 0°), Fig. 10 (b and c), the 
radiation pattern is bidirectional oriented towards the 
angles θ = 0° and θ = 180° for the three resonant 
frequencies. Consequently, the proposed antenna 
pattern looks like that of a dipole.   

 
(a) 

  

  
(b) 

 
(c) 

Fig. 10. 2-D radiation patterns at three distinct 
frequencies in the planes: (a) θ = 90°, (b) φ = 90°, and 
(c) φ = 0°. 

The multiband antennas nowadays attract more 
attention. Various groups have carried out their 
research on multiband antenna, from dual bands to 

quad bands. In Table 4, we made a comparison with 
recent research on multiband antennas. Our antenna 
performs a better dimension and gain as compared 
with the other researched antennas which have triple 
band design. With the assistance of the evolutionary 
algorithm and the resource of hardware (CPU 
quadcore 3.2 GHz and 32 GB RAM), the automated 
antenna design for sub-6GHz 5G communication 
becomes more feasible than ever. 

Table 4. Comparison with other triple band antennas 

Antenna 
type 

Frequency 
bands 

Gain/ 
Realized gain 

Dimension 

4-element 
MIMO 
antenna 

[18] 

3.77 GHz 
4.71 GHz 
6.31 GHz 

2.5 dBi 
3.26 dBi 
3.3 dBi 

160mm x 
160 mm 

Ground-
Coupled 

CPWG-Fed 
MIMO 
antenna 

[19] 

5.5 GHz 
5.85 GHz 

7.125 GHz 

3.5 dBi -  
3.9 dBi 

40 mm x 40 
mm 

Dual-
Polarized 

Dipole 
antenna 

[20] 

3.6-3.85 GHz 
4.05-4.2 GHz 
4.8-5.15 GHz 

8 dBi -  
9 dBi 

120 mm x 
120 mm 

Our 
proposed 
antenna 

2.55 GHz 
3.75 GHz 
6.6 GHz 

2.085 dBi 
3.474 dBi 
3.907 dBi 

40 mm x  
40 mm 

 
6. Conclusion 

This paper presented the application of an 
Improved Black Hole algorithm for optimizing the 
novel compact tri-band antenna fed by a CPW line. 
The proposed antenna with IBH optimization provided 
triple-band operation at [2.5-2.6] GHz, [3.7-3.8] GHz, 
[6.4-7.1] GHz. At the centre frequencies 2.55, 3.75, 
and 6.6 GHz, the peak gains were 2.25, 3.52, and 
3.981 dBi, correspondingly. With these qualities, the 
proposed antenna can be used for 5G applications in 
Vietnam. For future study, IBH algorithms can be 
applied to optimize multi-band microstrip antenna for 
maximum gains and minimum return losses at desired 
frequencies. Furthermore, for enhanced bandwidth, 
wideband feeding techniques should be employed. 
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