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MPPT Charge Controller Design in a Solar PV System under 
Rapidly Changing Climate Condition     

By Mostafizur Rahman & Md. Mahmudur Rahman
Daffodil International University

Abstract- This paper presents a detailed theoretical study of photovoltaic (PV) systems and their 
operation using the MPPT (Maximum Power Point Tracking) method and presents the simulation 
of photovoltaic modules validated by computer software simulation followed by an experimental 
setup of MATLAB R2017a.The first approach to build the performance of a photovoltaic solar 
panel is to use a maximum power point tracker in rapidly changing climatic conditions and use a 
DC-DC converter to maximize the output power. This framework can operate at the maximum 
power point MPP and produces its highest power in different irradiance conditions when the 
solar panels are partially shaded. The main perspectivesis design and simulation of a simple but 
efficient charge controller by utilizing maximum power point tracker for photovoltaic system and 
analysis results show that this MPPT system with perturb & observe (P&O) method and the DC-
DC Boost converter can significantly increase the efficiency and the performance of PV.

Keywords: photovoltaic (pv), perturb and observe (p & o) method, maximum power point 
tracking (MPPT), dc-dc converter, boost converter.

GJRE-F Classification: FOR Code: 090699
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MPPT Charge Controller Design in a Solar PV 
System under Rapidly Changing Climate 

Condition

  
Abstract- This paper presents a detailed theoretical study of 
photovoltaic (PV) systems and their operation using the MPPT
(Maximum Power Point Tracking) method and presents the 
simulation of photovoltaic modules validated by computer 
software simulation followed by an experimental setup of 
MATLAB R2017a.The first approach to build the performance 
of a photovoltaic solar panel is to use a maximum power point 
tracker in rapidly changing climatic conditions and use a DC-
DC converter to maximize the output power. This framework 
can operate at the maximum power point MPP and produces 
its highest power in different irradiance conditions when the 
solar panels are partially shaded. The main perspectivesis 
design and simulation of a simple but efficient charge 
controller by utilizing maximum power point tracker for 
photovoltaic system and analysis results show that this MPPT 
system with perturb & observe (P&O) method and the DC-DC 
Boost converter can significantly increase the efficiency and 
the performance of PV.
Keywords: photovoltaic (pv), perturb and observe (p&o) 
method, maximum power point tracking (mppt), dc-dc 
converter, boost converter.

lobal temperature changes have become a major 
problem in global warming in recent years. In 
addition to energy demand, there is also an 

environmental threats. Many countries are concerned to 
reduce their ozone-damaging emissions and to continue 
their efforts to improve the energy system. Renewable 
energy sources see how these problems are solved. In 
2017, an estimated 17 countries generated more than 
90% of their electricity from renewable sources [1]. Solar 
energy is considered to be one of the most important 
renewable sources available in abundance, free of 
pollution and free of charge in remote areas where there 
is still no electricity. [2]-[3].

Solar power extracted from solar photovoltaic 
(PV) cells delivers low efficiency [4]. Because of these 
problems, it is important to extract maximum power from 
solar photovoltaic cells and improve efficiency in 
different weather and temperature conditions. An MPPT 

or Maximum Power Point Tracking is an electronic 
tracking device usually digital DC to DC converter which 
is connected between solar panels and battery or the 
utility grid that optimizes the match between the solar 
array (PV panels), and the battery bank or utility grid. It 
monitors the PV array for the maximum power point and 
tries to use this information not only to control the output 

Typically, this means that the voltage is reduced while 
the current is increased and most of the overall output 
power is maintained. In this research with the MPPT 
controller, we used P&O algorithm that has a conversion 
efficiency of 95%. Output gain varies greatly due to 
partial shading, bad weather condition, temperature 
effect, battery charging state, and other consideration. 

METHODOLOGY OF PV SYSTEM

A typical MPPT and PV system consists of 
photovoltaic array modules. The designing ideas first 
come from the Photovoltaic cell (PV cell) or solar cell 
which can absorblight from the sun and that transmitted 
to the absorber layer and converted into electrical 
energy, the process known as the photoelectric effect. 
An electrical circuit that contains only a currentsource 
(𝐼𝐼𝐿𝐿) and a diode (D)can represent an ideal solar cell. In 

G

Fig. 2:  Photovoltaic Cell, Equivalent circuit and 
Schematic representation

Fig. 1: Maximum power point tracking controller
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IntroductionI.

II.
exponential increase. This increase in demand causes
concern about the global energy crisis and 

Mostafizur Rahman α & Md. Mahmudur Rahman σ

voltage of the PV array but also to control the current. 

real life, however, there is no ideal solar cell so that with 
the proposed model there is series and shunt 
resistance (𝑅𝑅𝑆𝑆 , 𝑅𝑅𝑆𝑆𝑆𝑆) added.

Author α: Department of Electrical and Electronics Engineering Daffodil 
International University, Bangladesh.
e-mails: mostafizur.riyad@gmail.com, mahmud@daffodilvarsity.edu.bd
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a) Characteristic Curve of PV Cell
IV-curve which is represents the performance of 

a solar cell demonstrated by measuring its current and 
voltage employed on the device and defined for a 
unique set of temperature and irradiance conditions. For 
example, if the irradiance (G) increases, the IV curve 
improves, but the temperature (T) increase leads to a 
worse IV curve and vice versa[5].

There are three important points:

− Open circuit voltage (𝑽𝑽𝑶𝑶𝑶𝑶), Output to the cell is open 
circuit. The cell generates voltage only, but the 
current is zero (I=0). On IV-curve the point (𝑽𝑽𝑶𝑶𝑶𝑶, 0)
can be found on the horizontal axis of the graph that 
meets the current axis.

− Short circuit current (𝑰𝑰𝑺𝑺𝑶𝑶), External circuit of the cell 
is shorted. Therefore, producing short circuit current 
but the voltage is zero (V=0). Looking back at the 
IV-curve the point (0, 𝑰𝑰𝑺𝑺𝑶𝑶), on the vertical axis that 
meets the voltage axis.

− Maximum power point, 𝑷𝑷𝑴𝑴𝑷𝑷𝑷𝑷(𝑽𝑽𝑴𝑴𝑷𝑷𝑷𝑷 , 𝑰𝑰𝑴𝑴𝑷𝑷𝑷𝑷)The power 
generated and supplied to the rest of the PV system 
and the load eventually. If the open circuit voltage at 
point 𝑽𝑽𝑴𝑴𝑷𝑷𝑷𝑷 and the short circuit current at point 𝑰𝑰𝑴𝑴𝑷𝑷𝑷𝑷
known, we can find out the Maximum Power Point 
(𝑷𝑷𝑴𝑴𝑷𝑷𝑷𝑷 = 𝑽𝑽𝑴𝑴𝑷𝑷𝑷𝑷 × 𝑰𝑰𝑴𝑴𝑷𝑷𝑷𝑷).

b) Characteristic Equation of PV Cell
The current (I) generated by the solar cell from 

the equivalent circuit,

                                𝐼𝐼 = 𝐼𝐼𝐿𝐿 − 𝐼𝐼𝐷𝐷 − 𝐼𝐼𝑆𝑆𝑆𝑆        (1)

The diode current is controlled by the voltage,

𝑉𝑉𝐷𝐷 = 𝑉𝑉 + 𝐼𝐼𝑅𝑅𝑆𝑆                                              (2)

The current through the diode is diverted by the 
equation of the Shockley diode:

𝐼𝐼𝐷𝐷 = 𝐼𝐼0 �exp � 𝑉𝑉𝐷𝐷
𝑛𝑛𝑉𝑉𝑇𝑇

� − 1�                                               (3)

In accordance with Ohm's law, the current of shunt 
resistor(𝐼𝐼𝑆𝑆𝑆𝑆):

𝐼𝐼𝑆𝑆𝑆𝑆 = 𝑉𝑉𝐷𝐷
𝑅𝑅𝑆𝑆𝑆𝑆  
                                             (4)

The characteristic equation of a solar cell by replacing 
them with equation (1):

𝐼𝐼 = 𝐼𝐼𝐿𝐿 − 𝐼𝐼0 �exp �
𝑉𝑉 + 𝐼𝐼𝑅𝑅𝑆𝑆
𝑛𝑛𝑉𝑉𝑇𝑇

� − 1� −
𝑉𝑉 + 𝐼𝐼𝑅𝑅𝑆𝑆
𝑅𝑅𝑆𝑆𝑆𝑆

Where,

𝐈𝐈𝟎𝟎       Reverse saturation current of the diode
𝐑𝐑𝐒𝐒     Series resistance of a solar cell
𝐑𝐑𝐒𝐒𝐒𝐒   Parallel resistance of a solar cell
𝐕𝐕𝐓𝐓  Thermal voltage,VT = kT

q
, [at 25°C, VT approx. 

0.0259]
T        Junction temperature in Kelvin (K)
K        Boltzmann constant (1.38 × 10−23 J/K)
Q        Electron charge (1.6 × 10−19C)
N        Diode ideality factor (1 for the ideal diode)

c) Photovoltaic Module
A single solar cell cannot deliver the necessary 

output. The required number of such cells is therefore 
combined and forms a photovoltaic module or solar 
module [4]. Connecting cells in serial circuits, the total 
circuit current remains the same, but the output voltage 
increases and the output current increases in parallel, 
but the voltage remains the same.

d) Photovoltaic Array
A group of PV panels is connected to a large 

array in series and parallel known as Photovoltaic Array 
[4]. For higher voltage requirement photovoltaic panel 

Fig. 6:  PV Module & it’s I-V Characteristics curve 
(parallel connected)

Fig. 5:  PV Module & it’s I-V Characteristics curve 
(series connected)

Fig. 4: IV and PV-Characteristic curve of a Solar 

Fig. 3: Simple IV-Characteristic curve (Left), At 
different Irradiance and Temperature condition 
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are wired in series but for higher current wired in parallel. 
The Photovoltaic array VI-characteristic equation can be 
expressed as,

I =  Np ×  IL − Np × I0 �exp�
V + I × �Ns

Np
�× RS

Ns × n × VT
�− 1�

−
V + I × �Ns

Np
�× RS

�Ns
Np
�×  RSH

Where,

𝐍𝐍𝐒𝐒      Number of PV modules connected in series
𝐍𝐍𝐏𝐏      Number of PV modules connected in parallel

The output voltage of the array:

Vout = ((12V | 12V) || (12V | 12V)) = (24V || 24V) = 24V

The output current (IT) is equal to the total of the parallel 
branch currents:

IT = (3.75A | 3.75A) || (3.75A | 3.75A) = (3.75A ||3.75A)  
= 7.5A

The maximum power of the PV array can be calculated 
as:

Pout = Vout × IT = 24 × 7.5 = 180𝑊𝑊

The maximum output of 180 watts in full sun. 
The actual output is usually much lower than the 
calculated 180 watts due to different radiation level, 
temperature effect, electrical losses, and other factors.

Due to shading and reverse current flow 
excessive heat and power loss occurs in the PV system. 
To prevent heat and power losses there two types of 
diode diodes are used, Bypass diodes and Blocking 
diode. The same type of diode, Schottky barrier diode is 
used for both but what's makes it different is, how it can 
be wired and what it does.

Bypass diodes reduce power loss due to 
shading effect [5] (caused by dust, leaves, trees, 
buildings etc.) in solar panel and may generate 
excessive heat. The diode is wired parallel to the cells so 
that current can flow through the diode even the cell not 
operate or damage.

During night time there is a high possibility to 
discharge battery due to reverse current flow from the 
battery into the solar panel because of lower solar panel 
voltage. The series blocking diode prevents reverse flow 
and only allows the power to enter the battery and 
prevent from being discharged.

III. Implement & Design of Step-Up/Boost
Converter

A fundamental DC-DC boost converter (step-up 
converter) arranged that step-up the input voltage so 
that the output (load) is higher than the input [6].

a) Implementation of Boost Converter
Fig.9.Boost converter circuit containing an 

inductor, a transistor, a diode, and a capacitor. The 
connection of the transistor behaves similarly to a switch 
which can turn on or off by controlling transistor gate 
voltage. If we close the switch DCvoltage appears 
across the inductor and continue increasing so long as 
the switch is closed. The current through an inductor 
cannot change instantaneously [7] therefore the 
moment we open the switch the inductor will create a 
force causing the current to continue flowing towards 
output circuit.

 9:  

Fig. 8:  Bypass diode with photovoltaic Array 

Fig. 7: Photovoltaic Array Connection (Series & 
Parallel combination)

*Note: | symbol represents connected in series and || 
represents connected in parallel.

e) Bypass & blocking  diodes in photovoltaic arrats

Fig. Basic schematic of step-up/Boost converter with 
load.
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i.   Continuous switch on and off
We can control DC output voltage by controlling 

the percentage of time that turning the switch on and off.

ii. Switch off (0% duty cycle)
If we leave the switch turn off 100% of the time, 

the output voltage will equal to the battery voltage.

Switch on (100% duty cycle)
If we leave the switch always on 100% of the 

time, the current will theoretically keep increasing to 
infinity and overcurrent flow can generate an excess 
amount of heat which can cause damage the entire 
circuit.

b) Simulation Model of Boost Converter
The SIMULINK and MATLAB model shown in 

Fig. 14 represents a DC voltage source connected to a 
resistive load through a DC-DC boost converter with an 
IGBT (switching device), where the duty cycle is 
manually updated to attain maximum power. Using 

Pulse Generator here we are controlling duty cycle. Duty 
cycle is the ratio or percentage of the period of time for 
which the switch is activated.

Parameters of DC-DC boost converter as given 
in Table 1. The performance of the boost converter 
circuit without PV module conditions as given in Table
2& Table 3.

When a 6V and 10V DC voltage source 
connected, at 53% duty cycle efficiency shows a 
maximum 96% and at 52% duty cycle efficiency from the 
boost converter is 97.5%.Irradiance and temperature 
effect neglected in both cases.

Table 1: Parameters of Boost Converter

S. No. Name of the Parameter Values
1 Load Resistance (R) 50 Ω
2 Inductor(L) 10 Mh
3 Frequency 10 kHz
4 Capacitor (C) 1000 μF
5 No of Diode 1
6 No of Switch (IGBT) 1
7 Pulse Generator 1

Fig. 14:  Block diagram of modeled Boost Converter

Fig. 13: Step-up/Boost converter (switch on for 
100% duty cycle)

Fig. 12:  Step-up/Boost converter (switch off for 
100% duty cycle)

Fig.11: Step-up/Boost converter (switch off for D% 
duty cycle)

Fig. 10:  Step-up/Boost converter (switch on for D% 
duty cycle)

iii.
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Table 2: Varying Duty Cycle for 6V DC-Effciency in %

Table 3: Varying Duty Cycle for 10V DC-Effciency in%

IV. Principle and Research
of the Mppt

The Maximum power point tracking, MPPT 
charge controller examine the output power of the PV 
panel and compare it with battery voltage then 
maximizes the output in all different conditions [8]. The 
output gain varies considerably due to partial shading, 
bad weather, temperature, battery charging and other 
factors [8]-[9]. The SunPower SPR-305-WHT is rated at 
5.58 amps at 54.7 volts. 

The maximum power can, therefore, be extracted from 
the PV panel, (54.7 × 5.58) = 305 w

Output of PV without MPPT, (12 × 5.58) = 66.96 w
Loss of Power, (305 – 66.96) = 238.04 w

Because the panel and the battery are poorly 
matched, we lose 238 watts. However, at 5.58 amps, 
MPPT takes 54.7 volts and converts them to 10.8 amps 
at 12 volts.

A range of methods for tracking the maximum 
power point (MPPT) was proposed [10]. Among different 
MPPT algorithms, a detailed study of the P&O algorithm 
and its comparison of the advantages, deficiencies, and 
efficiency has been shown.

a) MPPT– Perturb and Observe (P&O) Method

The operating point of the MPPT is not constant, 
so the algorithm struggles with rapidly changing climatic 

Fig.15: MPPT techniques – Perturb and Observe 
(P&O) method

Voltage
Source 
(VDC)

𝑰𝑰𝑳𝑳
(A)

𝑷𝑷𝒊𝒊𝒊𝒊 =
𝑽𝑽𝑫𝑫𝑫𝑫×
𝑰𝑰𝑳𝑳

(W)

Output 
Voltage 
(𝑽𝑽𝑩𝑩𝑫𝑫)

𝑰𝑰𝑹𝑹
(A)

𝑷𝑷𝒐𝒐𝒐𝒐𝒐𝒐 =
𝑽𝑽𝑩𝑩𝑫𝑫×𝑰𝑰𝑹𝑹

(W)

Ƞ =
𝑷𝑷𝒐𝒐𝒐𝒐𝒐𝒐
𝑷𝑷𝒊𝒊𝒊𝒊
(%)

Duty 
Cycle
(%)

10 4.3 43 20.4 2 40.8 94.8 53

10 4.1 41 20 2 40 97.5 52

10 4 40 19.6 1.9 37.24 93 51

10 3.8 38 19.2 1.9 36.48 96 50

10 3.6 36 18.8 1.8 33.84 94 49

Voltage
Source 
(VDC)

𝑰𝑰𝑳𝑳
(A)

𝑷𝑷𝒊𝒊𝒊𝒊 =
𝑽𝑽𝑫𝑫𝑶𝑶×𝑰𝑰𝑳𝑳

(W)

Output
Voltage 
(𝑽𝑽𝑩𝑩𝑶𝑶)

𝑰𝑰𝑹𝑹
(A)

𝑷𝑷𝒐𝒐𝒐𝒐𝒐𝒐 =
𝑽𝑽𝑩𝑩𝑶𝑶×𝑰𝑰𝑹𝑹

(W)

Ƞ =
𝑷𝑷𝒐𝒐𝒐𝒐𝒐𝒐
𝑷𝑷𝒊𝒊𝒊𝒊
(%)

6 2.5 15 12 1.2 14.4 96

6 2.4 14.4 11.7 1.1 12.87 89.3

6 2.3 13.8 11.4 1.1 12.54 90.8

6 2.2 13.2 11.2 1.1 12.32 93.3

6 2.1 12.6 11 1.1 12.1 96

conditions that have a serious effect on the efficiency of 
the algorithms [12]. The P&O algorithm flowchart is 
shown in Fig. 16.

Perturb and Observe (P&O) method provides 
perturbation of the PV module or array voltage. This 

would mean an increase in power or a decrease. If the 
operating point is to the left of the maximum power point 
and therefore further voltage perturbation to the right is 
required to reach the maximum power point [11]. 
Conversely, if the voltage increase leads to a decrease 
in power, the current operating point is to the right of the 
maximum power point and further perturbation of the left 
voltage is necessary to reach the maximum power point. 
The algorithm thus converges over the various 
perturbation to the maximum power point.

25.4×12=304. 8 watts. So the power loss is nearly 0
watt.
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Fig.16: Flowchart of Perturb & Observe (P&O) Algorithm

b) Simulation of PV Model using MATLAB/SIMULINK
The SIMULINK and MATLAB model of PV 

system shown in Fig.17 SunPower SPR-305-WHT solar 
panel with 96 cells connected in series tested at 25ºC 
temperature. The output connected to the resistive load 
with a MPPT controller via DC-DC boost converter.

The MPPT Controller and Pulse Generator 
subsystem is shown in Fig.18. The MPPT controller has 
PV Solar Panel voltage and current input. MPPT 
parameters Initial duty cycle, Dint and Increment value 
used to increase/decrease the duty cycle, ΔD 
connected also to "Param" input port. The MPPT 
controller output is connected to the pulses.

c) Simulation Result and Discussion
The MPPT P&O algorithm was tested in the first 

step for a change in the irradiance level of 1000w/m2 
and then again for different irradiance conditions. All 
results are showing four plots. The first shows the 
irradiation, the second shows the voltage, the third 
shows the current and the fourth shows the output 
power. 

The result from Fig.19showing with a fixed 
irradiance of 1000 w/m2.There are two voltages plot 
V_PV and V_BC represents in Fig.20, two currents plot 
I_PV and I_BC in Fig.21 and two power plot P_PV and 
P_BC in Fig.22 which represent the output plot of PV 
module and boost converter. PV output showing cyan 
and the load output showing red so that it can clearly be 
understood.

Fig.18: Simulation Model of MPPT Controller & 
Pulse generator

Table 4: Parameters of PV Panel (SunPower SPR-
305-WHT)

S. No. Name of the Parameter Values

1 Open Circuit Voltage (Voc) 64.2 V
2 Short-circuit Current (Isc) 5.96 A
3 PV Panel Max. Power 

characteristics
305 W

4 Maximum Power Voltage (Vmp) 54.7 V
5 Maximum Power Current (Imp) 5.58 A
6 No of cell per module 96
7 No of series-connected module 1
8 No of parallel string 1
9 Temperature (T) 25ºC

Fig. 17: Simulation Model of PV System with MPPT 
Controller

dP < 0
Yes No

dV < 0
Yes No

dV < 0
YesNo

D-ΔD D+ΔD D-ΔD D+ΔD

Start

Sense V(k), I(k)

dP = P(k)-P(k-1)
dV= V(k)-V(k-1)

D = 0.5
ΔD = 0 0002

P(k) = V(k)×I(k)

dP = 0

Update
V(k) = V(k+1)
I(k) = I(k+1)

Return
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Table 5. showing due to the adjustment of the 
duty cycle to maximize output power, efficiency ranges 

from 94.4 percent to 8.3 percent. PV Panel Max. Power 
characteristics = 305 w

Power output at load, 𝑷𝑷𝑩𝑩𝑶𝑶 = 289.6 w
Efficiency, Ƞ = (289.6/305) × 100 = 94.95%

The MPPT P&O algorithm was tested for a 
change in the different level of irradiance shown in 
Fig.23, PV and Boost Converter output voltage in Fig.24, 
output current in Fig.25 and represent output power in 
Fig.26. The model simulation has been completed in 
one second.

Fig. 26: Performance of PV and boost converter 
output power at different Irradiation level

Fig. 25: Performance of PV and boost converter 
output current at different Irradiation level

Fig. 24: Performance of PV and boost converter 
output voltage at different Irradiation level

Fig. 23:  Different Irradiation level of input for PV 

5:  Efficiency of the P&O algorithm at 1000w/m2

irradiance level

𝑰𝑰𝑰𝑰
(W/m2)

𝑽𝑽𝑩𝑩𝑶𝑶
(V)

𝑰𝑰𝑩𝑩𝑶𝑶
(A)

𝑷𝑷𝑩𝑩𝑶𝑶
(W)

Ƞ

=
𝑷𝑷𝒐𝒐𝒐𝒐𝒐𝒐
𝑷𝑷𝒎𝒎𝒎𝒎𝒎𝒎

% %D

1000

35.58 0.71 25.26 8.3 47.6
114.1 2.28 260.15 85.3 50.6
118 2.36 278.48 91.3 54.8
119 2.38 283.22 93.8 56.5
120 2.41 289.6 94.9 56.9

Fig. 22: Performance of PV and boost converter 
output power

Fig. 21: Performance of PV and boost converter 
output current

Fig. 20:  Performance of PV and boost converter 
output voltage

Fig.19: Irradiation (1000W/m2) of input for PV Panel
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Table 6. Showing the efficiency of the output 
power varies when the simulation runs at the same 
irradiance level without the MPPT controller. For a solar 
irradiation value of 1000W/m2, the power obtained from 
a load of 289.6 watts greater than the output value of 
𝑷𝑷𝑩𝑩𝑶𝑶 without a MPPT PV system. Similarly, it shows 
maximum output with MPPT controller at different 
irradiation levels.

V. Conclusions 

This paper presents perturbation and 
observation method which implemented with the PV 
module and MPPT controller, which works at rapidly 
changing irradiation levels, temperature effect and 
partially shaded solar panel. PV system and Simulation 
of PV Model analyzed using MATLAB/SIMULINK. In 
addition, this is important that the efficiency of the 
algorithm had to be as high as possible, and the MPPT 
had to have an efficiency of at least (93-95) %.It has 
tested and verified that the MPPT controller and the 
algorithms implemented with it works properly. After 
implementing MPPT with Boost Converter, the controller 
can select the maximum power point and efficiency for 
rapidly changing irradiance levels, temperature effect 
and partial shading of the solar panels. In addition, result 
shows that MPPT P&O method increased and gives at 
least 95% efficiency.
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Table 6: Efficiency of the P&O algorithm at different 
irradiance level

Ir
(W/m2) 

With MPPT Without MPPT
Ƞ (%)𝑷𝑷𝑷𝑷𝑽𝑽

(W)
𝑷𝑷𝑩𝑩𝑶𝑶
(W)

𝑷𝑷𝑷𝑷𝑽𝑽
(W)

𝑷𝑷𝑩𝑩𝑶𝑶
(W)

200 53.24 52.13 51.67 49.86 2.27
400 78.43 96.80 68.54 67.59 29.21
600 149.5 161.3 73.78 72.79 88.51
800 208.7 220 77.34 76 144

1000 278.9 289.6 79.29 78.29 211.31
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Novel Microstrip Patch Antenna with Modified 
Ground Plane for 5G Wideband Applications

Sadiya Afrin Swarna α, Salma Faria σ, Sakhawat Hussain ρ & Anis Ahmed Ѡ

  

  

Abstract- For high speed data communication, the latest 5G 
wireless technology has the capacity to fulfil the requirements 
of broadcasting live events, high definition video streaming, 
autonomous driving, robotics and so on.  Instead of 
conventional low-gain narrow bandwidth antennas, high-gain 
wide-band antennas are needed for reliable 5G wireless 
communication. In this paper, we proposed a novel slot-
loaded microstrip patch antenna (MPA) with helipad like 
ground modification for lower 5G frequency spectrum at 
around 3GHz. The antenna is designed and fabricated on FR-
4 substrate. The bandwidth obtained from simulation is about 
𝟏𝟏.𝟕𝟕𝟕𝟕 GHz which is 𝟏𝟏𝟕𝟕 times larger than that of a conventional 
MPA with full ground plane. The magnitudes of the simulated 
and measured return losses are found −𝟒𝟒𝟒𝟒.𝟓𝟓𝟏𝟏 dB and 
−𝟑𝟑𝟒𝟒.𝟒𝟒𝟕𝟕 dB, respectively. The measured radiation patterns of 
the conventional and the proposed MPA are found 
hemispherical and bi-directional, respectively. Such 
bidirectional antenna is suitable for mobile base stations, 
WLAN, intra-satellite communication and beam forming 
applications.

revolution has occurred in the world of wireless 
communication systems with the introduction of 
5G network. It provides high speed data 

transmission rates more than 1Gbps to broadcast live 
events, high definition video streaming, autonomous 
driving, robotics, aviation, health care applications, etc. 
This 5G wireless technology is nearly capable of the 
wired fiber optic internet connection. Another feature of 
5G is that it can transfer both voice and high-speed data 
at the same time more efficiently than the other 
conventional mobile cellular technologies. Depending 
on the implementation policy of 5G in various countries, 
the lower and higher end of the fifth generation 
frequency spectrum are approximately 3-5 GHz and 24-
71 GHz, respectively [1]. To interconnect the existing 
mobile devices and various sensors, sub-6 GHz 
frequencies are being used by 5G technology. For 

maintaining high speed transmission and reception, 
high-gain wideband antennas are needed for reliable 
wireless communication. Recently use of a wideband 
antenna for multichannel transmission and reception 
has become more popular.  Besides, low-profile 
antennas are preferable for mobile base station, intra-
satellite communication purposes, missiles and so on. 
For these application areas, microstrip patch antennas 
(MPAs) are better choice over the other types of 
antennas. Some of the advantages of MPA are light 
weight, smaller size, low fabrication cost, easy 
installation, mechanical robustness and freedom of 
design [2-3].They also minimize the excitation of other 
undesired modes [4]. Due to the miniaturized structure 
of MPAs, they feasibly can be used in smaller electronic 

gain, narrow bandwidth, low directivity, low power 
handling capacity, distorted radiation pattern and 
multiple resonances [6-7].So the target of the research 
on MPA is to increase the bandwidth, gain, and desired 
radiation pattern for various sorts of 5G applications. 
Antenna characteristics can be improved by introducing 
slots of different shapes, defected ground plane, 
metamaterial, and shorting pins. etc. [7-10]. Besides by 
increasing the substrate height, and lowering the 
dielectric constant, antenna characteristics can also be 
increased [11]. Moreover feeding techniques affect 
some important antenna parameters such as 
bandwidth, return loss, VSWR etc.[12].

In this paper we proposed a microstrip patch 
antenna having 6 rectangular slots placed symmetrically 
on both sides the feed line. The introduction of slots on 
the patch changes the resonance characteristics from 
conventional multiband to a single resonant one.  The 
ground plane is modified with a new structure to 
increase bandwidth. The bandwidth of the slot loaded 
MPA with modified ground plane is increased 
approximately 18 times than that of the conventional 
MPA. The design and simulation process of the MPA are 
done by CST software. The radiation pattern and 𝑆𝑆11 of
the fabricated antenna are measured using Vector 
Network Analyser (Rohde & Schwarz-ZVH8) and Wave 
and Antenna Training System (Man and TEL Co.).

Design of the Proposed MPA
The proposed MPA is a rectangular inset feed 

patch antenna as shown in Fig. 1. To enhance the 

A
I. Introduction

II.

Keywords: 5G wide-band wireless communication, 
rectangular slot-loaded microstrip patch antenna, 
ground modified bi-directional antenna.

Author α: M.Sc. Student, Department of Electrical and Electronic 
Engineering, University of Dhaka, Bangladesh.
e-mail: swarnaafrin0@gmail.com
Author σ : Department of Electrical and Electronic Engineering, 
University of Dhaka, Bangladesh. e-mail: salmafaria96@gmail.com
Author ρ: Department of Electrical and Electronic Engineering, 
University of Dhaka, Bangladesh. e-mail: sakhawat@du.ac.bd
Author Ѡ: Department of Electrical and Electronic Engineering, 
University of Dhaka, Bangladesh. e-mail: anis@du.ac.bd

devices to improve the portability and efficiency [5].But 
they are not widely used antennas because of their low 
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The slots are denoted by ‘𝑎𝑎’, ‘𝑏𝑏’ and ‘𝑐𝑐 ’ as 

shown in Fig. 1(b). The widths and lengths of slots are 

each slot is very sensitive to the patch characteristics. 
For example, the distances of slot ‘c’ from the bottom 
edge, side edge and top edge of the patch are denoted 
by 𝑐𝑐1, 𝑐𝑐2 and 𝑐𝑐3, respectively (see Fig.1(b)). Similarly the 
positions of slot ‘𝑎𝑎’ and ‘𝑏𝑏’ are taken as 𝑎𝑎𝑖𝑖 and 𝑏𝑏𝑖𝑖
(𝑖𝑖 = 1, 2, 3).

Figure 1 (c) shows the modified ground 
structure of the proposed MPA. To increase the 
bandwidth of patch antenna, the ground side is 
modified to form a helipad-like structure. Three English 
letter ‘I’ are made along the length of patch. All 3 I-
structures are connected at the middle. The middle I has 
larger width than the other two Is. This middle I also has 
a rectangular slot in the middle and two side-slots at the 
top and bottom edges. The hatched part in ground 
plane represents the existence of copper layer and the 
rest regions are etched out. The widths of the side I and 
central I are expressed by 𝐺𝐺1 and 𝐺𝐺2 , respectively.  The 
distance between the outer edges of 2 side I’s is 
denoted by 𝐺𝐺3 which is taken 10 times of the width of 
each side I i.e. 𝐺𝐺3 = 10 × 𝐺𝐺1.The whole ground plane 
has been finally appeared as a helipad-like structure.

For the analysis, the substrate is considered 
FR4 whose dielectric constant,𝜖𝜖𝑟𝑟 is 4.3 with a thickness 

        𝜖𝜖𝑟𝑟𝑟𝑟𝑓𝑓𝑓𝑓 = ϵr +1
2

+ �ϵ𝑟𝑟−1
2
� �(1 + 12ℎ

𝑊𝑊
)−

1
2�                        (1)

The width 𝑊𝑊 of the patch is calculated for the 
resonant frequency 𝑓𝑓𝑟𝑟 at 3 GHz using the following 
equation 

                      𝑊𝑊 = 𝑣𝑣0
2×𝑓𝑓𝑟𝑟

× � 2
є𝑟𝑟+1

                                    (2)

where 𝑣𝑣0 is the speed of light in free space.
The relation between the actual length 𝐿𝐿 and the 

effective length 𝐿𝐿𝑟𝑟𝑓𝑓𝑓𝑓 is

                   𝐿𝐿 = 𝐿𝐿𝑟𝑟𝑓𝑓𝑓𝑓 − 2∆𝐿𝐿                            (3)

Where ∆𝐿𝐿 is the fringing correction factor and is 
expressed as

∆𝐿𝐿 = 0.412ℎ ×
�𝜖𝜖𝑟𝑟𝑟𝑟𝑓𝑓𝑓𝑓 + 0.3�( 𝑊𝑊ℎ + 0.264)

�ϵ𝑟𝑟𝑟𝑟𝑓𝑓𝑓𝑓 − 0.258�(𝑊𝑊ℎ + 0.8)
               (4)

The expression for the effective length 𝐿𝐿𝑟𝑟𝑓𝑓𝑓𝑓 is

                 

          

𝐿𝐿𝑟𝑟𝑓𝑓𝑓𝑓 = 𝑣𝑣0

2×𝑓𝑓𝑟𝑟×�ϵ𝑟𝑟𝑟𝑟𝑓𝑓𝑓𝑓
                           (5)

Microstrip transmission line width 𝑊𝑊𝑓𝑓 has been 
varied from W/5 to W/15 to achieve the best result 
through simulation. The value is found to be 3.06 mm for 
the best antenna characteristics.

The equation used for determining the exact 
length of inset feed 𝐹𝐹𝑖𝑖 for thin dielectric substrate to 
achieve an input impedance of 50Ω is as follows [13]: 

Where

𝐹𝐹𝑐𝑐7 = 0.001699,𝐹𝐹𝑐𝑐6 = 0.13761,𝐹𝐹𝑐𝑐5 = 6.1783,𝐹𝐹𝑐𝑐4 = 93 .
187,𝐹𝐹𝑐𝑐3 = 682.93,𝐹𝐹𝑐𝑐2 = 2561.9,𝐹𝐹𝑐𝑐1 = 4043 and𝐹𝐹𝑐𝑐0 =
6697,respectively.

Using the above stated equations, all the 
parameters (such as 𝜖𝜖𝑟𝑟𝑟𝑟𝑓𝑓𝑓𝑓 , 𝐿𝐿, 𝑊𝑊, 𝐹𝐹𝑖𝑖 ) are calculated for 
𝑓𝑓𝑟𝑟 = 3 GHz. These calculated values are used to design 
a conventional MPA as well as the proposed MPA using 
CST software. It is found that the calculated values of 
different parameters are slightly modified to obtain the 
optimized values which give better antenna 
characteristics. The gap between the patch and the 
inset-feed microstrip line 𝐺𝐺𝑓𝑓 has been changed from 0.5 
to 3.5 mm to get the best result. It is found that 𝐺𝐺𝑓𝑓 =
0.95 mm gives the satisfactory result. 

(a)

(b)

represented by 𝑊𝑊𝑖𝑖 and 𝐿𝐿𝑖𝑖, where 𝑖𝑖 = 1, 2, 3 corresponds 
to the slots ‘𝑎𝑎’, ‘𝑏𝑏’ and ‘𝑐𝑐’, respectively. The position of 

𝐹𝐹𝑖𝑖 = 10−4�𝐹𝐹𝑐𝑐7ϵ𝑟𝑟
7 + 𝐹𝐹𝑐𝑐6ϵ𝑟𝑟

6 − 𝐹𝐹𝑐𝑐5ϵ𝑟𝑟
5 + 𝐹𝐹𝑐𝑐4ϵ𝑟𝑟

4 − 𝐹𝐹𝑐𝑐3ϵ𝑟𝑟
3 +

𝐹𝐹𝑐𝑐2ϵ𝑟𝑟2 − 𝐹𝐹𝑐𝑐1ϵ𝑟𝑟 + 𝐹𝐹𝑐𝑐0)L/2                                             (6)

resonance characteristics at a single frequency, slots 
are introduced in the patch (see Fig. 1(a)).The patch is 
placed in the middle of the substrate. Three slots of 
different sizes are placed symmetrically on both sides of 
the microstrip feed line. The width and length of patch 
are represented by 𝑊𝑊and 𝐿𝐿. In general, the width and 
length of substrate are taken 1.5 times than that of patch 
dimensions. The width, gap and length of inset feed 
microstrip line are denoted by 𝑊𝑊𝑓𝑓 , 𝐺𝐺𝑓𝑓 and 𝐹𝐹𝑖𝑖 ,
respectively. 

ℎ = 1.6 mm. The effective dielectric constant 𝜖𝜖𝑟𝑟𝑟𝑟𝑓𝑓𝑓𝑓 is 
expressed as [8]
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(c)

Fig.1: Structure of the proposed MPA; (a) slotted patch 
side, (b) enlarged view of slots with dimensions and (c) 
modified ground plane side.

The length 𝐿𝐿3 and width𝑊𝑊3 of the smallest '𝑐𝑐' 
slot are found 3.2 mm and 1.9 mm, respectively. Two 
smallest 'c' slots are placed symmetrically on both sides 
of the feed line. Each smallest 'c' slot is positioned at 

distances 𝑐𝑐
1

= 14.605 mm, 𝑐𝑐
2

= 2.745 mm and 𝑐𝑐
3

=
5.205 mm away from the bottom edge, side edge and 
top edge of the patch antenna, respectively. The 
dimensions of medium type '𝑏𝑏' pair of slots are 𝐿𝐿2 =
5mm and 𝑊𝑊2 = 1.9mm.These' 𝑏𝑏' slots are positioned at 
𝑏𝑏1 = 13.505 mm, 𝑏𝑏2 = 5.345 mm and 𝑏𝑏3 = 4.505 mm 
apart from the bottom edge, side edge and top edge of 
the patch, respectively.The length and width of the 
biggest two symmetrical rectangular '𝑎𝑎' slots are 
𝐿𝐿1 = 6.5 mm and 𝑊𝑊1 = 2.2mm, respectively. The slots 
are positioned at 𝑎𝑎3 = 3.805 mm, 𝑎𝑎2 = 8.245 mm and 
𝑎𝑎1 = 12.705 mm apart from the top edge, side edge and 
bottom edge of the patch, respectively.The positions 
and dimensions of the slots are determined using trial 
and error method to get good antenna characteristics 
such as S-parameter, radiation pattern, bandwidth, 
directivity etc. All the optimized structural parameters of 
the proposed MPA are given in Table1.

Table1

Parameters Optimized value Parameters Optimized value

Frequency, 𝑓𝑓𝑟𝑟 (GHz) 3 𝑊𝑊1(mm) 2.2(≅0.022λ)
Wavelength, λ (mm) 100 𝑊𝑊2(mm) 1.9(≅ 0.019𝜆𝜆)

Dielectric constant, 𝜖𝜖𝑟𝑟 4.3 𝑊𝑊3(mm) 1.6(≅ 0.016𝜆𝜆)
Substrate Height, ℎ

(mm) 1.6 𝑎𝑎1(mm) 12.705(≅ 0.127𝜆𝜆)

Patch Width, W (mm) 31.29(≅ 0.313λ) 𝑎𝑎2(mm) 8.245(≅ 0.082𝜆𝜆)

Patch Length, L (mm) 23.01(≅ 0.23𝜆𝜆) 𝑎𝑎3(mm) 3.805(≅ 0.038𝜆𝜆)

Substrate Width, 1.5W 
(mm) 46.04(≅ 0.46𝜆𝜆) 𝑏𝑏1(mm) 13.505(≅ 0.135𝜆𝜆)

Substrate Length, 1.5L 
(mm) 35.52(≅ 0.355𝜆𝜆) 𝑏𝑏2(mm) 5.345(≅ 0.053𝜆𝜆)

Microstrip Transmission 
Line Width, 𝑊𝑊𝑓𝑓(mm) 3.06(≅ 0.0306𝜆𝜆) 𝑏𝑏3(mm) 4.505(≅ 0.045𝜆𝜆)

Microstrip Line Inset 
Feed Length, 𝐹𝐹𝑖𝑖(mm) 6.5(≅ 0.065𝜆𝜆) 𝑐𝑐1(mm) 14.605(≅0.146λ)

Gap between patch 
and feed line, 𝐺𝐺𝑓𝑓 (mm)

0.95(≅ 0.009𝜆𝜆) 𝑐𝑐2(mm) 2.745(≅ 0.027𝜆𝜆)

Thickness of Copper 
Layer,𝑀𝑀𝑡𝑡(mm) 0.035 𝑐𝑐3(mm) 5.205(≅0.052λ)

𝐿𝐿1(mm) 𝐿𝐿1 = 2.0𝐿𝐿3
6.5(≅ 0.065𝜆𝜆) 𝐺𝐺1(mm) 2.8(≅ 0.028 𝜆𝜆)

𝐿𝐿2(mm) 𝐿𝐿2 = 1.5𝐿𝐿3
5(≅ 0.05𝜆𝜆) 𝐺𝐺2(mm) 𝐺𝐺2 ≅ 3.6𝐺𝐺1

10(0.1𝜆𝜆)

𝐿𝐿3(mm) 3.2(≅ 0.032𝜆𝜆) 𝐺𝐺3(mm)
(𝐺𝐺3 = 10𝐺𝐺1)

28(= 0.28𝜆𝜆)



 

 

 

  
 

  

  
 

 
 

 
 

    

 
 

 
 

 

 
 

 
 

  

 

 
 

 

 
 

 

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
   

  
(

)
V
ol
um

e 
 X

IX
  

Is
su

e 
 I
  

V
er

si
on

 I
  

  
  
 

  

1

Y
e
a
r

20
19

F
  
  
 

  

12

Novel Microstrip Patch Antenna with Modified Ground Plane for 5G Wideband Applications

© 2019    Global Journals 

 
 

Simulation 

To observe the effects of slots and ground 
modification, we have designed two types of MPAs 
using CST simulation software. A conventional MPA has 
also been designed to compare the improvement of 
characteristics of the proposed MPA. The substrate is 
taken FR4 with a copper cladding thickness of 35 µm 
and the final dimension of the MPAs is 40.1X35.5 mm. 

patterns of three types of MPAs are shown in Figs. 2 
and 3, respectively. 1 2 3 4 5
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ResultsIII.

We have shown the return loss (𝑆𝑆11) of the 
conventional MPA (without slot and with full ground 
plane) in Fig.2 (a). We have seen that there are two 
resonant peaks at 3.008 GHz and 4.48 GHz with the 
magnitudes of −41.35 dB and −22.04 dB, respectively. 
The corresponding bandwidths of these two frequencies 
are 100 MHz and 120 MHz, respectively. Introducing 
slots in the patch with the full ground as conventional 
one, the magnitude of 𝑆𝑆11 is found to be −35.32 dB at 
3.00 GHz which is very close to the designed resonant 
frequency of 3 GHz (see Fig.2 (b)). We have eliminated
the second resonant peak of the conventional antenna
by incorporating six slots on the patch. We have 
gradually decreased the size of the slots from middle to 
the patch-edge. The bandwidth of the resonant peak at 
3.00 GHz is found 100 MHz which is similar to the 
conventional one.

To increase the bandwidth, the ground plane is 
modified to form a helipad-like structure keeping slots in 
the patch. The obtained 𝑆𝑆11 is shown in Fig. 2(c). The 
bandwidth and minimum return loss of the final 
proposed MPA are 1.77 GHz and −46.5 dB at 3.028
GHz, respectively. Thus the bandwidth has been 
increased remarkably, and our proposed MPA is 
appropriate for wideband applications.

Fig.2: Variation of 𝑆𝑆 with frequency for (a) Conventional 
MPA (b) MPA with slotted-patch and the full ground 
plane(c) Proposed MPA (slotted-patch with modified 
ground plane).

11

Obtained return losses (𝑆𝑆11) and far-field radiation 

We have shown the far-field radiation patterns 
of the conventional and the proposed MPAs in Fig.3 (a) 
and 3(b), respectively. The radiation pattern of the 
conventional one is hemispherical as a theoretical one. 
But the radiation pattern of the proposed MPA is bi-
directional and symmetric. Such a bidirectional antenna 
is suitable for WLAN, intra-satellite communication and 
beam forming applications [14-16]. The main lobe 
magnitude of the proposed MPA is found to be 1.89 dB. 
We have found VSWR 1.5 ± 0.2 in the whole bandwidth 
range of 2.8 to 4.6 GHz for the final proposed MPA.
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(b)

Fig.3: Far-field radiation of MPA:  (a) Conventional MPA 
(without slot with modified ground plane) and (b) 
Proposed MPA (slotted-patch with modified ground 
plane).

Measured Results

The conventional and the proposed MPAs are 
fabricated in our laboratory by liquid etching technique. 
First of all, Copper substrate has been cut into 
rectangular pieces with the dimensions according to the 
optimized values shown in Table-1. Then the patch and 
ground sides of the MPA are masked using photo resist. 
Ferric Chloride solution is used to chemically etch out 
the unwanted copper to get the desired portions of the 
patch and ground plane. After cleaning up the mask 
with Ethanol, SMA connectors are fixed on the mount at 
the antenna port. In Fig. 4, the photograph of the patch 
side (left) and the ground plane (right) of the proposed 
MPA are shown.

Fig. 4: Patch side and ground plane of fabricated 
proposed MPA

The measured scattering parameters of the 

of simulation. 

The measured far field radiation pattern of the 
conventional MPA is shown in Fig.6 (a). The radiation 
pattern has a hemispherical main lobe and a small back 
lobe. By comparing Figs. 3(a) and 6(a) it is seen that the 
measured radiation pattern is almost same as the 
radiation pattern obtained from simulation. Figure6 (b) 
shows the characteristics of measured radiation pattern 
for the proposed MPAwith modified ground plane. This 
result also agrees very well with the simulated one. 
Since bandwidth of our proposed MPA has increased 
remarkably, the gain has reduced. The measured 
radiation pattern of our proposed MPA is also found bi-
directional pattern which is similar to that of simulated 
one.  

IV.

the conventional and the proposed MPA in Fig. 5(a) and 
5(b), respectively. There are two resonant peaks for 
conventional MPA. The magnitudes of the resonant 
peaks are −13.74 dB and −8.5 dB at 2.98 GHz and 
4.3 GHz, respectively (see Fig. 5(a)). The bandwidth of 
the resonant peak at 2.98 GHz is found 80 MHz. For 
conventional MPA, the measured return loss is found 
very similar to the simulated one. Finally the measured
𝑆𝑆11 of the proposed MPA is shown in Fig. 5(b). The 
bandwidth is increased with a fraction bandwidth 
increment of 14% and found to be 380 MHz which is 
almost 5 times larger than the bandwidth of
conventional MPA. The magnitude of 𝑆𝑆11 is found to be 

−36.48 dB at the resonant peak of 2.76 GHz. May be 
due to the fabrication and measurement (without 
anechoic chamber) inaccuracy, the obtained results of 
measurement have some deviation from that of 

Fig.5: Experimental measured results of 𝑆𝑆11 of fabricated 
two types of MPA:(a) conventional rectangular MPA (b) 
Proposed MPA (slotted-patch with modified ground 
plane)

                                                    (a)

                                                     (b)
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Fig. 6: Measured radiation patterns of (a) conventional 
MPA and (b) proposed MPA

Conclusion

The simulation part of this experiment has been 
done at Fabrication laboratory (Fab lab) and the 
fabrication and measurement have been carried out at 

Microwave and Fibre Optical Communication laboratory, 
Department of Electrical and Electronic Engineering, 
University of Dhaka, Bangladesh founded by Higher 
Education Quality Enhancement Project (HEQEP). 
Authors would like to thank Mr. Rakib Hasan for his 
assistance and also the technical persons of Central 
Science Workshop, University Of Dhaka, Bangladesh for 
their technical supports.
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The Problem Solving Algorithm Time-Frequency 
Signals Analysis based on Behavior Functions 

and Arithmetic Series
Victor Bocharnikov

Abstract- This article is devoted to time-frequency signals analysis algorithm. This algorithm introduce the approach based on 
behavior functions and arithmetic series. The basis of p-adic numbers will be used to describe the discrete signal values. It will 
allow to build system behavior functions as a distribution of possibility measure. The function data analysis allows to perform the 
metasystems identification and build impulse functions. These functions will be used for estimation of frequency spectrum of 
initial signal. The study results of the algorithm performance on non-stationary signals model are given.
Keywords: time series, time-frequency analysis, p-adic numbers, system behavior functions, measure of possibility, 
fuzzy set, system analysis, identification, arithmetic series, frequency spectra.

Author: e-mail: bocharnikovvp@gmail.com

Any space-time signal can be described by a set of basic functions [1]. This allows us to 
obtain a signal spectrum that reflects the basis functions proportion of the content in the original 
signal. Such a decomposition is often useful for signal analysis. For example, the spectral 
representation is effective for analyzing the compressibility of signals, the synthesis of compression 
algorithms with minimal losses, the signals filtering problems solving, the synthesis of optimal 
regulators, etc. 

The transition to the spectrum can be carried out using orthogonal and unitary 
transformations. Most often, to obtain a spectrum, the decomposition in orthogonal functions is 
used [2]. For example, the spectra obtained on the basis of decomposition into a Fourier series [3] 
(with harmonic basis), Walsh series [4] (using a non-harmonic orthogonal system of rectangular 
functions with values of ± 1), wavelet transform [5, 6], etc. In [7], a new approach to the time-
frequency analysis of non-stationary signals was proposed. In this paper, we consider an algorithm 
implementing the approach developed in [7] and present the results of its application to the time-
frequency analysis of non-stationary signals. 

A detailed analysis of existing approaches to the spectral-temporal analysis of signals is given 
in [7]. From the analysis it follows that the following elements are common to all the main 
approaches: 

1. Arbitrary of the function ߮(ݐ) tend to be decomposed into a set of basis functions 
{Φ(݇,  Such functions form, as a rule, an orthogonal basis. Each function from this system .{(ݐ
conditionally plays the role of a coordinates axis. 

2. To determine the projection on such an coordinates axis, the integral convolution is used 
ܿ = ∫ (ݐ)߮] ∙ Φ(݇, ்ݐ݀[(ݐ

 , where ܿ are decomposition coefficients determining the degree of 
coincidence of the original function ߮(ݐ) and Φ(݇,  The values of ܿ are perceived as coordinates .(ݐ
on the respective axes of the basis orthogonal functions. Thus, the convolution integral or its 
discrete analogue is perceived as a measure of the similarity of the original function ߮(ݐ) and the 
function Φ(݇,  .(ݐ

II. Research and Publications Analysis and the Problem Statement

I. Introduction
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3. To study non-stationary signals and obtain the time-frequency decomposition of a signal a 
“window” is used, which is “cutting out” a portion of the function ߮(ݐ) over a certain time interval. 
For each time interval, a measure of similarity with the basis functions Φ(݇,  .is found (ݐ

4. Window accounting when analyzing the original function can be carried out explicitly or 
implicitly. In the first case, the window function ߸(ݐ) is explicitly introduced into the expression 
for integral convolution. This function may have various forms, for example, in the form of a 
Gaussian function. In the second case, the window is accounted for by direct selection of the basis 
orthogonal functions, which are called bursts or wavelets. The use of wavelets allows to further 
determine the frequency localization. 

5. Depending on the selected basic orthogonal functions and window functions, different 
time-frequency localization is obtained (Fig. 1). In any case, such localization is determined in 
advance before the beginning of the analysis and affects its result. 

߱       ߱       ߱       ߱     
                      
                        
                      
                       
                      
 ݐ   ݐ   ݐ   ݐ  
 a)  b)  c)  d) 

           Time-frequency localization for various approaches: 
a) Time Localization at Shannon signal discretization; 
b) Frequency localization during Fourier transform; 
c) Window transformations of the instantaneous spectrum methods [8] (D. Gabor, J. Ville etc.) 
d) Wavelet transform [9] (I. Daubechies, Y. Meyer, R. Coifman, etc.) 

Analysis of existing approaches to the frequency-time analysis of signals revealed a number 
of important points: 

1. The “grid” of the time-frequency localization superimposed on the original signal may not 
“coincide” with the characteristics of the original function ߮(ݐ), which leads to distortions of the 
time-frequency signal evaluation. That is why in the existing approaches special attention is paid to 
the selection of basic functions and window modeling functions.  

2. In some cases, such as when using wavelet transforms, the time window has fuzzy 
boundaries, which leads to distortions of the time-frequency estimate due to the windows 
overlapping. 

3. The choice of functions integral convolution instrument as a measure of their similarity 
affects the assessment of initial and basic functions coincidence degree. The measure of similarity 
can be constructed in other ways and be more effective. In addition, in practice, the use of integral 
convolution introduces its own errors, which are associated with numerical integration methods. 

4. The rigid “grid” of time-frequency localization used in existing approaches is not adaptive. 
It does not take into account the behavior of the non-stationary function of the signal. At present, 
localization is more effective, which is used in wavelet transforms (Fig. 1d). However, it is also 
rigid, which leads to the need for a more careful selection of wavelet basis functions. Selection of 
basic functions adapted to a signal is used in the method of signal analysis proposed by N. Huang 
(Huang-Hilbert Transform) [10]. However, studies have shown that this approach also has several 
disadvantages [11]. 

5. It can be assumed that if the function ߮(ݐ) behaves not stationary, then the time-frequency 
localization should be adaptive and adapt to the behavior of the signal under study (Fig. 2). 

The Problem Solving Algorithm time-Frequency Signals Analysis based on Behavior Functions and 
Arithmetic Series

Fig. 1:
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߱       
       
       
       
       
       
       
       
       
 ݐ  

Adaptive time-frequency localization 
Thus, to ensure the adaptation of the time-frequency signal localization, it is necessary to 

determine the local areas of stationary behavior for the system that generates the signal. These areas 
are defined as a locally-invariant constraints on system behavior. 

Earlier, theoretical studies were presented in [7], which allow us to obtain estimates of the 
frequency spectrum of a signal in an adaptive version. The approach is based on the fact that the 
behavior of the system has locally invariant sections, in which the signal spectrum is relatively 
stable. To identify these sections, it was proposed to use a behavior functions change in the system 
[12]. This behavior function is proposed to build using the mathematical basis of the  - adic 
calculus in the form of possibility measure distribution. The moments of the behavior function 
change allow us to determine the coordinates of the impulse function that models the original 
signal. It is noteworthy that periodic functions (for example, harmonic) are described by impulse 
functions, in which the coordinates of the pulses correspond to the members of arithmetic 
progressions In the above presented work, an approach is proposed to determine the current signal 
spectrum estimates based on the coincidence degree of the impulse functions of this signal and the 
harmonic signals of the basis functions. To ensure the effectiveness of the approach, it is necessary 
to develop an algorithm for solving the problem and test its workability for non-stationary signals. 

The purpose of the study, the results of which are presented in the article, was to develop an 
algorithm for solving the problem of frequency-time analysis of signals, which implements the 
approach proposed in [7], as well as testing the efficiency of the algorithm based on a model 
example of a non-stationary signal. To achieve the goal, three tasks were solved: 

1. Development of a time-frequency analysis algorithm for signals based on behavior 
functions and arithmetic series. 

2. Determination of the signal spectrum under study based on the algorithm, comparison 
of the results obtained with the ideal spectrum of the model signal and errors 
estimation. 

3. Estimation of the error in the restoration of the original signal based on the obtained 
spectra.

To solve these problems the following methods were used: the theory of fuzzy sets and fuzzy 
measures; system analysis based on changes in system behavior; -adic analysis; linear 
programming; discrete signal modeling; spectral analysis 

Fig. 2:

III. The Purpose and Tasks of the Study

IV. Research Methods
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Based on the approach proposed in [7], an algorithm for time-frequency analysis of non-
stationary signals was developed. The algorithm allows to obtain the spectrum of the signal at each 
point in time when observing the signal. The delay in estimating the spectrum is determined by the 
time for the formation of the observation window. Below is the synthesized algorithm for solving 
the problem: 
Step. 1. Initial data set: 

1. The observation time W and the sampling interval of the signal (for example, in seconds). 
2. The set of basis functions of impulse sines [7] Φ = ,{(ݐ)݅ݏ	} ݇ = 1,ܰതതതതത, ݐ ∈ ܹ. Pulse sines 

are called impulse functions, in which the coordinates of the pulses are determined by the 
formula of an arithmetic progression: 

ܽ = ܽଵ + (݉ − 1) ∙ ݀ , 

where ܽ ∈ ܹ, ݇ – index ݇–th sinusoid, ݀ =  .is a step of arithmetic progression – ݐݏ݊ܿ
In fact, the functions 	݅ݏ(ݐ) are given by two parameters ܽଵ  and ݀ , which determine the 
phase and frequency of the harmonic signal, respectively. 

3. The basis of the  - adic number ( ≥ 2), as well as the number of ܮ observation channel 
blocks [13] to represent the data that describe the signal. The number of blocks is usually 
from 3 to 9. 

4. The set of shift parameters 	ߩ ∈ ܼ, ݇ = 1,  തതതതതതതത is determined for the whole set of sample|ܯ|
variables [14] ܯ describing the signal. 

5. The set of cut-off thresholds {∆୳}, ∆୳∈ [0; 1] to determine the impulse function. 
Thresholds are chosen at regular intervals in the range 0.12 – 0.25 in the amount of 10 – 
15. 

6. The algorithm parameter for determining the pulses coordinates for the impulse function 
of the studied series: an integer ݉ ≥ 1. 

7. Select the type of window. There are four options: 
a. Asymmetrical window. The boundaries of the window lie in the middle between 

the coordinates of nearby pulses of the signal that is being studied. Calculation of 
the window using the formula: 

ܴܮ = [߬ − ;(݊)ߝ ߬ + [(݊)ோߝ ⊆ ܹ. 

where ߝ(݊) = 0.5 ∙ (߬ − ߬ିଵ), ߝோ(݊) = 0.5 ∙ (߬ାଵ − ߬), ߬ – pulse coordinate of 
the signal under study; 

b. Minimum window. Calculation of the window ܴܮ from the condition: 

(݊)ߝ = (݊)ோߝ = (݊)ߝ = ;(݊)ߝ}݊݅݉ {(݊)ோߝ ; 

c. Maximum window. Calculation of the window ܴܮ from the condition: 

(݊)ߝ = (݊)ோߝ = (݊)ߝ = ;(݊)ߝ}ݔܽ݉ {(݊)ோߝ ; 

d. Window with averaged deviation values. Calculation of the window using the 
formula: 

V. Research Results
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ܴܮ = [߬ − 0.25 ∙ (߬ାଵ − ߬ିଵ); ߬ + 0.25 ∙ (߬ାଵ − ߬ିଵ)] ⊆ ܹ. 

8. A method is chosen for determining the influence degrees of the ݇-th impulse sine 
function from a set of basis functions Φ for building the signal spectrum: method 1 - 
based on optimization (linear programming); method 2 - on the basis of an approximate 
approach. 

Step 2. The maximum normalizing integer for the time series is determined on the basis of the 
 :adic number formula of the form [15] - 

ܾ௫ =ߙ ∙ 


ୀ

, 

where ∀݈ ∈ {0,… , ߙ		{ܮ =  − 1. 

Step 3. All values of the time series of the signal under study ߮ are normalized so that the 
minimum value of the series is 0, and the maximum value of the series ܾ௫ . The resulting values 
are rounded to integers. 

Step 4. Each value of the series is decomposed into  - adic number and is represented in 
canonical form [16]: ܾ(ݐ) = ,ߙ} ,ଵߙ … , ߙ , … ,  }. In fact, this is a representation of a number inߙ
the  - adic number system. If  = 2, then these are binary numbers. The value of ߙ determines the 
value of the ݈-th variable. 

Step 5. For each point in time, the confidence distribution is calculated for each system 
variable describing the signal. Let the value of the system variable ݒ ∈ ܸ ,	 be determined on the set 
of states ܸ = ൛ݒଵ, … , ݒ ,ାଵൟ, whereݒ = ݆ 	,ାଵߙ = ݈ + 1, ݈ = 0,  തതതതത. Then the state of the systemܮ
for this variable for ݐ ∈ ܹ is determined by the distribution function of the possibility 
ܹ:,൯ݒ௧൫ߤ × ܸ → [0,1], which is given on the basis of  - adic number ܾ(ݐ) in the form: 

൯ݒ௧൫ߤ = (ݐ)ାଵߙ ∙ ൬maxୀ,തതതത
൰(ݐ)ߙ

ିଵ
, 

where ߙ(ݐ) – value of ݈-th element of canonical form 	 - adic number with ݐ ∈ ܹ. 

Step 6. A set of sample variables that determine the current state of the signal is defined. 
Sample variables are given by the relation ݏ,௧ = ,ೖ(௧)ݒ ∈ ܸ ≡ ܵ ,, where ݏ,௧ is the state of the  
݇-th sample variable with the parameter ݐ ∈ ,ೖ(௧)ݒ ,ܹ ∈ ܸ - the state of the variable ݒ ∈ ܸ  when 
the value of the parameter ߞ(ݐ) = ݐ + ߩ , ߩ	 ∈ ܼ. The full set of signal states will be defined as 
ܥ = ଵܵ × ܵଶ ×⋯× |ܵெ|, where |ܯ| - the power of the set of sample variables. The distribution of 
the possibility on the set of values of the sample variable is defined as  
,൯ݏ௧൫ߤ = ,൯ݒೖ(௧)൫ߤ ∈ [0,1]. 

Step 7. The pulses coordinate of the time series of the signal under study ߮ are determined. 
The algorithm is calculated for all thresholds {∆௨}. It is carried out iteratively on the basis of the 
metasystem identification subalgorithm described below: 

Step. 7.1. At the first step, the initial conditions for the parameter ݐ = 1 and the coefficient of 
the algorithm ݇ = 1 are accepted. 

The Problem Solving Algorithm time-Frequency Signals Analysis based on Behavior Functions and 
Arithmetic Series



 
 

 
 

 
 

  

 
 

 
 

  
 

 
  

 
 
 
 
 
 
 
 
 
 
 
 

  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 
  

 
 

 
 

   

 
  

 
 

 
 

  
  

 
 
 

 
  

  
 

 

  

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
   

  
(

)
V
ol
um

e 
 X

IX
  

Is
su

e 
 I
  

V
er

si
on

 I
  

  
  
 

  

1

Y
e
a
r

20
19

F
  

  
 

  

22

© 2019    Global Journals 

Step 7.2. For the data subset [ݐ, ݐ + ݉], the behavior function ଵ݂(ܿ) is defined as the 
distribution of the possibility by the formula: 

݂(ܿ) = ൝  ௧݂(ܿ)
௧∈∆ௐ

ൡ ∙ ൝max
∈

 ௧݂(݁)
௧∈∆ௐ

ൡ
ିଵ

. 

where 	

௧݂(ܿ) = min
ୀଵ,|ெ|തതതതതതത

 ,{([ܿ]ݏ)௧ߤ}

where ܿ ∈ ܿ  in the stateݏ is the system state. The specific sample variable ܥ ∈  takes the ܥ
value ݏ[ܿ] ∈ ܵ ≡ ܸ. ߤ௧(ݏ[ܿ]) - the possibility to observe the state ܿ ∈  with the sample ܥ
variable ݏ at the time ݐ ∈ ܹ. 

Step 7.3. The index value of generating fuzziness of the system [17] ܷ൫ ଵ݂(ܿ)൯ is calculated 
by the formula: 

ܷ൫݂(ܿ)൯ =ቀ݂൫ ܿ൯ − ݂൫ ܿାଵ൯ቁ ∙ logଶ(݆)
||

ୀଵ

, 

where ݂(ܿ) is ordered by descending of ∀݆, ݂൫ ܿ൯ ≥ ݂൫ ܿାଵ൯ behavior function with a 
fictitious element ݂൫ܿ|С|ାଵ൯ = 0, |С| - power set of states. 

Step 7.4. ݇ = ݇ + 1. is given. ݐ + ݇ ∙ ݉ ∉ ܹ, then go to step 7.7. 

Step 7.5. The behavior function ݂(ܿ) is determined for the data subset [ݐ, ݐ + ݇ ⋅ ݉] ⊆ ܹ 
and the generating fuzziness ܷ൫ ݂(ܿ)൯ is determined. 

Step 7.6. If หܷ൫ ݂(ܿ)൯ − ܷ൫ ݂ିଵ(ܿ)൯ห max ቀܷ൫ ݂(ܿ)൯, ܷ൫ ݂ିଵ(ܿ)൯ቁൗ < ∆௨, then go to Step 
7.4. If the condition is not satisfied, then the point ݐ + (݇ − 1) ∙ ݉ ∈ ܹ is taken as an 
approximation of the replacement point of the metasystem elements. For this point, the value ݇ = 1 
is assumed and the transition to Step 7.2 is performed. 

Step 7.7. Stop. At the moments of change in the behavior of the system, single impulses form. 
For a fixed threshold ∆௨∈ [0,1], ݑ = 1, ∆ܰതതതതതത for discrete moments ݐ ∈ ܹ, we obtain a two-
dimensional impulse function: 

,ݑ)ݎ (ݐ = ൜1, ݐ = ߬;
0, ݐ ≠ ߬ .

 

Step 8. There is a generalized impulse function of the signal under study by the formula: 

(ݐ)݃ =  ∆௨ ∙ ,ݑ)ݎ (ݐ
∆ೠ∈{∆}

, 

where ݑ)ݎ,  is the impulse function for the threshold ∆௨ of the metasystem identification (ݐ
algorithm. 
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The time coordinates ߬ ∈ ܹ of the approximating impulse function (ݐ)ݎ for the signal under 
study are defined as the local maxima of the function ݃(ݐ). The coordinates ߬ will specify a 
numeric sequence with variable step ݀(݆). The total number of pulses of the function under study 
ܰ. Thus, there will be ܰ local intervals, where the original signal has relatively stable frequency 
characteristics. 

Step.9. For each pulse ߬, a window ܴܮ ⊆ ܹ is determined based on the selected window 
type in accordance with Step 1. 

Step 10. For each pulse of the signal under investigation with the coordinate ߬, for each 
basis function of the pulse sines, the coefficients of the balance equation [7] are determined by the 
formula: 

Λ(߬) = (߬)ߚ} ∙ ߬ − ܵ(ܴܮ)}, 

where the coefficient ߚ(߬) = ∑ (−1)ିଵ
ೖ ∈ோ ∈ {−1,0,1}. ܵ(ܴܮ) – is the partial sum of 

the sign-variable number series obtained from the arithmetic progression for the pulse sine 	݅ݏ(ݐ): 

 (−1)ିଵ ∙ ܽ

ೖ ∈ோ

= ܵ(ܴܮ), 

where ܴܮ ⊆ ܹ is the time window near the pulse coordinate ߬ of the function under study. 
The partial sum ܵ(ܴܮ) takes into account the influence of all the pulses of the function 	݅ݏ(ݐ) 
falling into the window ܴܮ. 

Step 9. For each ݇-th impulse sine function, the degree of its influence on the formation of the 
resulting impulse ݎ(߬) is determined. For each pulse ݎ(߬) the determination of the coefficients of 
the influence degrees ݔ(߬) ∈ [0,1] is found either by the optimization method (method 1) or by 
the approximate method (method 2). 

According to method 1, the coefficients ݔ(߬) ∈ [0,1] are found from the solution of an 
optimization linear programming problem based on the simplex method [18]: 

⎩
⎪
⎨

⎪
⎧ݔ(߬) ∙ Λ(߬)



ୀଵ

→ min
{௫ೖ(ఛ)}

ݔ(߬)


ୀଵ

= 1,∀݇, (߬)ݔ ≥ 0,

 

According to method 2, the coefficients ݔ(߬) ∈ [0,1] are found by the formula: 

(߬)ݔ = ቐ
|(߬)ߚ| ∙ ቈ1 −

2 ∙ |Λ(߬)|
൫ߝோ(݊) + (݊)൯ߝ

 , ܵ(ܴܮ) ≠ 0,

(߬)ݔ = ߣ ∙ ,(ିଵ߬)ݔ ܵ(ܴܮ) = 0, ߣ ∈ [0,1].
 

where ߝோ(݊) and ߝ(݊) are the right and left deviations from the coordinate of the pulse ߬. 
Coefficient ߣ ∈ [0,1] is determined from the correct consideration condition of the low-frequency 
components of the signal spectrum: 
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ߣ =

⎩
⎪⎪
⎨

⎪⎪
⎧ 0, ฬ߬ > max

⋃ ோೕೕ∈{భ,షభ}
(ܽ ) + ݀

1, ฬ߬ ≤ max
⋃ ோೕೕ∈{భ,షభ}

(ܽ ) + ݀

[0,45;0.55] อ
߬ ≤ ݔܽ݉

⋃ ோೕೕ∈{భ,షభ}
(ܽ ) + ݀ ,

∄݇ᇱ, {ܵᇲ(ܴܮ) ≠ 0} ∧ {Λᇲ(߬) = 0}.

 

For all pulses of the signal under study, in the vicinity of the coordinates ߬, a function of the 
conditional instantaneous spectral density ߱(݇):Φ → [0,1] is formed, where ߱(݇) =  .(߬)ݔ

Step 10. Spectrum estimates are determined based on fuzzy filtering. The estimated spectrum 
is determined by the fuzzy filter formula [19, 20]. In the simplest case, a filter is used in the form 

ෝ߱(݇) = ෝ߱ିଵ(݇) + ߙ ∙ {߱(݇) − ෝ߱ିଵ(݇)}, 

where ߙ ∈ [0,1] is the gain of a fuzzy filter [21]. 

Step 11. Stop. 

The function ෝ߱(݇) is taken as the basis for the time-frequency analysis of the signal under 
study. It is also used to restore the original signal. In this case, the reconstructed signal is found as 
the sum of sinusoidal functions, which determine the set of basis functions Φ with amplitudes 
multiplied by the value ෝ߱(݇). The accuracy of the algorithm is checked by the error criterion, 
which is calculated, for example, by the degree of correlation [22] between two functions. To test 
the performance of the algorithm, studies were performed on a model example of a non-stationary 
signal. 

To substantiate the performance of the proposed algorithm for time-frequency analysis of 
non-stationary signals, it is necessary to solve two classical interrelated tasks: 

1. To determine the spectrum of the investigated signal. Compare the results obtained with 
the actual signal spectrum. Estimate the errors of the proposed algorithm. 

2. Based on the obtained spectra, restore the signal and compare it with the original signal. 
Rate the error. 

For the study of the algorithm, a non-stationary signal ߮ with a sampling interval of 0.1 s 
was chosen. The observation time of the signal ܹ =  The source signal is considered as a .ݏ	10
discrete representation of the addition of sinusoidal signals ݂

 , ݅ = 1,4തതതത at frequencies of 0.159 Hz, 
0.334 Hz, 0.446 Hz, 0.637 Hz with different amplitudes at subintervals 	 ଵܹ = [0;   and ݏ	[5
	 ଶܹ =  The values of amplitude-frequency characteristics for signals ݂ in the intervals ଵܹ .ݏ	[10;5]
and ଶܹ are shown in Fig. 3 

VI. The Discussion of the Results
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           Graphs of amplitude-frequency characteristics for signals ݂ 

Time series graphs of the of the signal under study and its components ݂ , ݅ = 1,4തതതത. are shown 
in Fig 4 

 

           Time series of the investigated signal and its components 

The following parameters were chosen as initial data for the algorithm investigation: 

1. 1. In the set of basic functions, sinusoidal functions are considered, represented by 
impulse sines of the form: 

	Φ = ൛	݅ݏ൫ݐหܽଵ, ݀൯ൟ = ;0|ݐ)ଵ݅ݏ	} 15);	 ;0|ݐ)ଶ݅ݏ	 11);	 ;0|ݐ)ଷ݅ݏ	 20);	 ;0|ݐ)ସ݅ݏ	 5); }, ݇ = 1,4തതതത. 

2. We will assume that quantization by level of the signal under study provides the power 
of the set of signal values ݀ݎܽܥ(ܼ௧௦) = 128. To represent the signal value, we will use  -adic 
numbers with  = 2. In this case, to represent one data in the data system, the number of blocks of 
the observation channel will be ܮ = 7. 

3. To determine the set of sample variables and build the function of the system behavior, 
we will use the simplest mask with the shift parameter ߩ = 0 for all variables of the system 
,ೖ(௧)ݒ ∈ ܸ. In the metasystem identification algorithm, the set of cut-off threshold values {∆୳} is 
presented in Table 1.

The set of cut-off thresholds taken in the study 

 11 10 9 8 7 6 5 4 3 2 1 ݑ
∆௨ 0.205 0.202 0.199 0.196 0.193 0.19 0.187 0.184 0.181 0.178 0.175 
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G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
   

  
(

)
V
ol
um

e 
 X

IX
  

Is
su

e 
 I
  

V
er

si
on

 I
  

  
  
 

  

1

Y
e
a
r

20
19

F
  

  
 

  

26

The Problem Solving Algorithm time-Frequency Signals Analysis based on Behavior Functions and 
Arithmetic Series

© 2019    Global Journals 

4. In the balance equations, we will use a symmetric window LR୬ with the averaged 
deviation ߝ(݊) = 0.5 ∙ ൫ߝ(݊) +  .ோ(݊)൯ߝ

5. To test the algorithm performance in determining the influence degrees of the ݇-th 
impulse sine function ݔ(߬) from the set of basis functions Φ, we will use an approximate 
approach. 

Based on the initial data, as a result of applying the algorithm proposed above, the data 
system ܦ was obtained for the signal under study. Data system ܦ is a matrix ܸ ×ܹ with a 
dimension of 7 × 100. In Table 2 shows a fragment of this matrix for a time subset up to  
ݐ ∈ [0;  .ݏ	[1

    Fragment of the data matrix for the time series under study 

 1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 ݐ
 ଵ 1 1 1 1 1 1 1 1 1 1ݒ
 ଶ 0 1 1 1 1 1 1 1 1 1ݒ
 ଷ 1 0 0 1 1 1 1 1 1 0ݒ
 ସ 0 0 1 0 1 1 1 1 0 0ݒ
 ହ 0 0 1 1 1 1 1 0 0 1ݒ
  0 0 0 1 0 1 0 0 0 0ݒ
  1 0 1 0 1 1 1 0 0 1ݒ

As a result of using the metasystem identification algorithm, the full two-dimensional impulse 
function ݑ)ݎ,  (ݐ)݃ was obtained (Fig. 5). Based on this function, a generalized impulse function (ݐ
was obtained (Fig. 6). 

 

           Full two-dimensional pulse function ݑ)ݎ,  for the signal (ݐ
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Fig. 5:
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            The time series of the signal under study and the corresponding generalized impulse function 
 (normalized to the maximum value of the series under study) (ݐ)݃

The function ݃(ݐ) allows to obtain the impulse function of the signal under study ݎ(߬). The 
coordinates of the pulses ߬ were determined as the local extrema coordinates of the function ݃(ݐ) 
(Fig. 7). 

 
           Pulse function of the signal under study ݎ(߬) 

Based on the obtained impulse function ݎ(߬) for a given set of impulse functions Φ =
,{(ݐ)݅ݏ	} ݇ = 1,4തതതത, we obtained the coefficients of the balance equation for all coordinates of the 
impulses ߬ , ݊ = 1,ܰതതതതത. For example, for the coordinate ߬ଶ = 19 and for the average deviation, the 
window will be defined as: 

ܴܮ = [߬ଶ − 0.25 ∙ (߬ଷ − ߬ଵ); ߬ଶ + 0.25 ∙ (߬ଷ − ߬ଵ)] =
= [19 − 0.25 ∙ (30 − 6); 19 + 0.25 ∙ (30 − 6)] = [13; 25] ⊆ ܹ. 

In this case, the value of the partial sum for the pulse sine function 	݅ݏଵ(0|ݐ; 15) will be: 
ଵܵ(ܴܮଶ) = −21, and the coefficient ߚଵ(߬ଶ) = (−1)ଶିଵ = −1. Then the coefficient Λଵ(߬ଶ) for the 

balance equation will take the value: 

Λଵ(߬ଶ) = ଵ(߬ଶ)ߚ} ∙ ߬ଶ − ଵܵ(ܴܮଶ)} = 	−1 ∙ 19 − (−21) = 2. 

Similarly, the coefficients of the balance equation are calculated for all basis functions and 
coordinates ߬ , ݊ = 1,ܰതതതതത. (Table 3). 
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    The coefficients of balance equations 

߬ Λଵ Λଶ Λଷ Λସ 
19 2 -2 - 5 
30 - 2 -4 5 
43 - 4 3 5 
49 2 -1 - 2 
56 - - - 0 
67 1 - -1 5 
76 - - - 0 
85 - 2 -1 -1 
92 - 2 - -1 

In Table 4 estimates of the coefficients ݔ(߬) (normalized to unity) obtained using the direct 
approximate approach to their definition are presented. Table 4a presents the directly obtained 
estimates of the coefficients ݔ(߬), and in Table 4b are estimates of the coefficients ݔ(߬) after 
filtering with the gain ߙ = 0.53. 

    Estimates of the coefficients ݔ(߬) of the signal spectrum, obtained by the 
approximate method 

Table 4a Table 4b 
߬ ݔସ(߬) ݔଶ(߬) ݔଵ(߬) ݔଷ(߬) ߬ ݔସ(߬) ݔଶ(߬) ݔଵ(߬) ݔଷ(߬) 
19 0.167 0.667 0.667 0.000 19 0.111 0.444 0.444 0.000 
30 0.167 0.667 0.667 0.333 30 0.100 0.402 0.402 0.096 
43 0.000 0.200 0.667 0.400 43 0.047 0.272 0.468 0.213 
49 0.333 0.667 0.333 0.400 49 0.124 0.332 0.322 0.222 
56 1.000 0.333 0.167 0.200 56 0.370 0.260 0.203 0.167 
67 0.000 0.000 0.800 0.800 67 0.174 0.122 0.360 0.343 
76 1.000 0.000 0.400 0.400 76 0.376 0.057 0.287 0.279 
85 0.750 0.500 0.000 0.750 85 0.376 0.159 0.135 0.330 
92 0.667 0.333 0.000 0.750 92 0.378 0.176 0.063 0.382 

The change in the ݔ(߬) coefficients of the signal spectrum over time is shown below 
(Fig.8). 

 
Change dynamics of the ݔ(߬) coefficients of the signal spectrum 

19
30

43
49

56
67768592

0.000

0.200

0.400

0.600

Table 3:
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Fig. 8:



From Fig. 8, it follows that the algorithm provides the correct spectrum estimate for a non-
stationary signal. In Fig. 9 a comparison of the true and estimated signal spectrum at the initial and 
final measurement interval is shown. 

 

           Comparison of the true and estimated spectrum 
At the same time, over the entire observation interval, the degree of correlation between the 

spectra at each frequency remains high (more than 0.7, Fig. 10). 

 

             The correlation coefficient between the spectra for each frequency over the entire 
time interval 

The change in the value of the correlation coefficient between the true and estimated spectra 
over the entire time interval is shown in Fig. 11. 
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The correlation degree of the spectra at the stationary parts of the signal refers to a high one 
(the correlation coefficient is more than 0.7). At the moment of changing the spectra of a true 
signal, the algorithm provides fast adaptation to a new signal spectrum (within 1 - 2 pulses of an 
impulse function simulating a true signal). Thus, with a large number of measurements, the 
algorithm will provide an increase in the accuracy of estimation of the current signal spectrum. 

Based on the estimated spectra in each ܴܮ windows, the estimated signal is easily restored. 
In this case, the coefficients ݔ(߬) as amplitudes of the sinusoidal signals normalized to one are 
used. These sinusoidal signals correspond to the impulse sines 	݅ݏ൫ݐหܽଵ, ݀൯ from the set of basis 
functions Φ. Fig. 12 shows the true and reconstructed signals from the estimated spectrum. 

 
True and reconstructed signals from the estimated spectrum. 

The correlation coefficient of the signals is 0.933, which corresponds to a high level of 
correlation between the true and reconstructed signals. The average error for the Hamming distance 
is about 0.1 for the entire observation interval of the signal, taking into account the sharp change in 
its spectrum. From the graph it is seen that after a sharp change of the signal spectrum, there is an 
error in its recovery. However, by the 9th second the signals almost coincide. Thus, a relatively high 
degree of adaptation of the spectrum estimation algorithm for a non-stationary signal can be made. 

The developed algorithm based on the results given in article [7] allows to reduce the problem 
of estimating the signal spectrum to the solution of a system of linear equations. These equations 
are based on the use of arithmetic progressions. In this case, the task of calculating the integral 
convolutions of functions that introduce additional errors in the definition of the signal spectrum is 
excluded. Additionally algorithm provides adaptive time-frequency localization which is linked to 
the measured signal. This reduces errors at the borders of the windows when determining the 
current spectra. These results were made possible due to the properties of the system behavior 
functions. These functions are the distribution of the possibility measure on a set of system states. 

Studies of the algorithm have shown that the accuracy of determining the current signal 
spectrum will depend on the set of its parameters. In particular, the accuracy will depend on the 
signal discretization conditions, on parameters of the construction algorithm of behavioral 
functions, on algorithm for identifying the metasystem, on the choice of window, on the gain of the 
fuzzy filter, and other parameters. These parameters are the algorithm settings. The study of the 
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algorithm on the example of a non-stationary signal with a sharp change in the spectrum showed the 
efficiency of using the algorithm and a high degree of correlation between the estimated and true 
signal spectra. Estimates of the signal spectra, which are obtained using the algorithm, make it 
possible to recover the true signal with a high degree of correlation (with a correlation coefficient 
higher than 0.9). 
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Abstract-

 

Purpose: 

 

Analysis of the effectiveness of assessing 
the integrity of the integrated satellite navigation system (SNS) 
and the functioning of the inertial navigation system (INS) 
using computer modeling.

  

Methods:

 

Methods of experimental research and 
mathematical modeling. 

 
Results: 

 

A project for an application software package has 
been developed that allows for a full-cycle simulation of the 
operation of the algorithm for monitoring the integrity of the 
SNS and monitoring the correctness of the INS operation.

  
Discussion: 

 

Based on the results of the study, it is proposed 
to simulate various situations from the point of view of 
assessing the integrity of the SNS and the correct functioning 
of the INS at different stages of the flight of the aircraft with 
different constellations of satellites.

 
 

satellite navigation system and inertial 
navigation system, integration, integrity, operation.

 
I.

 

Introduction

 
hen flying along a route, the allowable error 
levels for determining the coordinates are quite 
high, which may facilitate the use of satellite 

navigation system (SNS) as the main means of 
navigation. During the approach phase, the integrity 
requirements are significantly increased, and the control 
parameters, which are calculated using the built-in 
monitoring method, can exceed the marginal error 
levels, which can lead to a decrease in the level of 
integrity evaluation functions.

 

Significantly improve the work of the integrated 
monitoring of the integrity of the SNS is possible not only 
with the help of functional add

 

ons, but also through 
integrated use with other on board navigation systems, 
namely the INS.

 

To solve such problems, the construction of 
mathematical models of components within the 
structure of the navigation system of an aircraft (AC) is 
of great importance, since the adequacy of the models 
ensures the quality of the system in general.

 

Thus, the tasks of synthesis and modeling of 
the integration algorithms for mixed sources and motion 
control are important and relevant. 

This article analyzes the effectiveness of 
assessing the integrity of an integrated satellite 
navigation system and the functioning of an inertial 
navigation system using computer simulation. 

II. Analysis of Latest Research and 
Publications 

Due to the widespread use of satellite 
navigation technology, the integrity of navigation 
systems is becoming an important issue, especially to 
improve safety in air transport. [1-3]. Receiver 
Autonomous Integrity Monitoring (RAIM) is an important 
technology developed to assess and maintain the 
integrity of a GPS system. 

The main requirements for ensuring integrity 
control are set out in the main guidelines [4,5]. 
According to the specified requirements, the satellite 
indicator should form control parameters that allow to 
make a conclusion about the compliance with the 
requirements for the integrity of the navigation system 
for a given flight phase of the aircraft and issue warning 
signals. 

The high efficiency of RAIM depends on a 
sufficient number of visible satellites and their 
geometrical configuration. Usually, RAIM requires at 
least five satellites. In addition, the level of protection 
that is determined by the geometric configuration must 
be less than the warning limit. 

Unfortunately, at the stage of take-off and 
landing errors and interferences can lead to a loss of 
signal. In this case, the detection efficiency of RAIM 
defects is greatly reduced [6-8]. 

The loss of functions to assess the integrity of 
the satellite radio navigation system can also occur with 
insufficient measurement redundancy, with unfavorable 
mutual geometry of the working constellation of 
navigation satellites, aircraft and high measurement 
interferences [9]. 

The search for algorithms that monitor the 
integrity of the SNS using navigation information is the 

W
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subject of [10–12] works. In research [13], an algorithm 
was proposed for monitoring the integrity of the SNS 
and monitoring the correctness of the operation of the 
INS. However, in these works there is no construction of 
mathematical models of the components included in the 
structure of the navigation complex of the aircraft. 

III. Research Tasks 

The purpose of this study is to develop an 
application software package for the integrated 
effectiveness of the algorithm for monitoring the integrity 
of the SNS and assessing the correctness of the 
operation of the INS. 

IV. Analysis the Effectiveness of 
Assessing the Integrity of an 

Integrated Satellite Navigation 

System and the Functioning of an 
Inertial Navigation System

 

To find out the effectiveness of the proposed 
algorithm [13] for

 

autonomous monitoring of the integrity 
of the SNS and assessing the correctness of the 
operation of the INS, a project of the applied software 
was developed. This software package allows you to 
simulate the work of the entire complex of functions 
performed in the module of secondary processing of the 
SNS computer, taking into account the operating 
hindrance measurements of pseudoranges.

 

The graphic device developed as part of this 
software package allows you to directly observe the 
current parameters of key software modules that 
implement the developed algorithm for monitoring the 
integrity of the SNS and monitoring the correct 
functioning of the INS directly in the course of modeling.
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Consider the work of the software package (Fig. 1). 

  
Figure 1:  Structural  diagram of an application software  package  for  studying the effectiveness  of the algorithm for 
monitoring the integrity of the SNS and evaluating the correctness of the operation of the INS at a given stage of the 
flight of the aircraft  
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Figure 2:  Structural diagram of the application software package for studying the effectiveness of the algorithm   for 
monitoring the integrity of the SNS and evaluating the correctness of the operation of the INS at a given stage of the 
flight of the aircraft (continued)  

Input parameters are databases of flight 
navigation data received from receiver-indicators (RI) of 
the SNS, INS and barometric altimeter. The format of the 
navigation data can be represented as: 
 

𝑆𝑆𝑆𝑆𝑆𝑆 =

⎣
⎢
⎢
⎢
⎢
⎡𝜙𝜙1

𝑆𝑆𝑆𝑆𝑆𝑆 𝜆𝜆1
𝑆𝑆𝑆𝑆𝑆𝑆 ℎ1

𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑆𝑆1
𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝐸𝐸1

𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉ℎ1
𝑆𝑆𝑆𝑆𝑆𝑆

𝜙𝜙2
𝑆𝑆𝑆𝑆𝑆𝑆 𝜆𝜆2

𝑆𝑆𝑆𝑆𝑆𝑆 ℎ2
𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑆𝑆2

𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝐸𝐸2
𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉ℎ2

𝑆𝑆𝑆𝑆𝑆𝑆

− − − − − −
𝜙𝜙𝑖𝑖𝑆𝑆𝑆𝑆𝑆𝑆 𝜆𝜆𝑖𝑖𝑆𝑆𝑆𝑆𝑆𝑆 𝜆𝜆𝑖𝑖𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑆𝑆𝑖𝑖𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝐸𝐸2

𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉ℎ𝑖𝑖𝑆𝑆𝑆𝑆𝑆𝑆
− − − − − −

𝜙𝜙𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝜆𝜆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝜆𝜆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉ℎ𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 ⎦
⎥
⎥
⎥
⎥
⎤

. 

 

𝐼𝐼𝑆𝑆𝑆𝑆 =

⎣
⎢
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⎢
⎢
⎡𝜙𝜙1
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𝜙𝜙2
𝐼𝐼𝑆𝑆𝑆𝑆 𝜆𝜆2
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𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑉𝑉𝑆𝑆2

𝐼𝐼𝑆𝑆𝑆𝑆 𝑉𝑉𝐸𝐸2
𝐼𝐼𝑆𝑆𝑆𝑆 𝑉𝑉ℎ2

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵

− − − − − −
𝜙𝜙𝑖𝑖𝐼𝐼𝑆𝑆𝑆𝑆 𝜆𝜆𝑖𝑖𝐼𝐼𝑆𝑆𝑆𝑆 𝜆𝜆𝑖𝑖𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑉𝑉𝑆𝑆𝑖𝑖𝐼𝐼𝑆𝑆𝑆𝑆 𝑉𝑉𝐸𝐸2

𝐼𝐼𝑆𝑆𝑆𝑆 𝑉𝑉ℎ𝑖𝑖𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
− − − − − −
𝜙𝜙𝑆𝑆𝐼𝐼𝑆𝑆𝑆𝑆 𝜆𝜆𝑆𝑆𝐼𝐼𝑆𝑆𝑆𝑆 𝜆𝜆𝑆𝑆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑉𝑉𝑆𝑆𝑆𝑆𝐼𝐼𝑆𝑆𝑆𝑆 𝑉𝑉𝐸𝐸𝑆𝑆𝐼𝐼𝑆𝑆𝑆𝑆 𝑉𝑉ℎ𝑆𝑆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 ⎦

⎥
⎥
⎥
⎥
⎤

. 

The length N of arrays of the SNS and INS is 
determined by the duration of the flights of the aircraft

 

𝑆𝑆 =
𝑇𝑇𝑓𝑓𝑓𝑓𝑖𝑖𝑓𝑓 ℎ𝑡𝑡

0.1
. Accumulated flight material contains arrays 

of length N=(2÷4)×105. 
 

 

Data area 

Linear Optimal Filtering Function ins, sns  
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sns  
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The function of calculating pseudoranges to 
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The
 
function of displaying 
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All calculations are made in the time scale of 
the GPS system, formed by recalculating computer time, 
synchronized with the UTC time scale (Fig. 1).
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At the time t_gps1, the parameters of all 
spacecraft of orbital groupings are calculated, for which 
the orbital elements in the almanac are determined. The 
satellite coordinates are calculated according to the 
algorithms given in the interface control documents of 
these systems [14, 15]. 

As a result of the work of the functions of 
calculating the parameters of navigation spacecraft 

(NSC), the matrices GLO1 and GPS1 are formed, 
corresponding to the NSC GLONASS and GPS. The 
matrices contain the same type of data, the format of 
which can be represented as: [№NSC, A, E, R, X, Y, Z], 
where A is the azimuth of NSC, E is the elevation angle 
of NSC, R is the geometric range to NSC, [X, Y, Z] - 

coordinates of satellites in the geocentric coordinate 
system. 

Calculation of parameters A, E, R is made according to the algorithm 

𝐵𝐵 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑡𝑡𝑎𝑎𝑎𝑎�
𝐸𝐸
𝑆𝑆
�,

 

𝐸𝐸 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑡𝑡𝑎𝑎𝑎𝑎� 𝐻𝐻
�𝑆𝑆2+𝐸𝐸2

�,
 

    

(1)

 

 

𝐵𝐵 = �(𝑋𝑋 − 𝑥𝑥)2 + (𝑌𝑌 − 𝑦𝑦)2 + (𝑍𝑍 − 𝑧𝑧)2,
 

 

where �
𝑆𝑆
𝐸𝐸
𝐻𝐻
� = 𝑇𝑇1 �

(𝑋𝑋 − 𝑥𝑥)
(𝑌𝑌 − 𝑦𝑦)
(𝑍𝑍 − 𝑧𝑧)

�, x, y, z - geocentric coordinates of the aircraft. 𝑇𝑇1
 matrix is defined in HNEH=HXEZ·TT 

Thus, at the time t_gps1, the parameters of all 
the NSCs of the existing SNS are known. The working 
constellation is determined by selecting the NSC whose 
elevation angle A is more than or equal to the specified 
angle of the mask Ma. This procedure is performed by 
the function configure_constellation. This function also 
makes it possible to exclude or, on the contrary, include 
NSCs of interest from the solution of the navigation 
problem directly in the modeling process, which 
provides an analysis of the operation of the algorithm 
under study with the desired geometric factors of 
GDOP. 

 

To simulate the noise accompanying the 
pseudorange measurement process in real RI SNS, a 
random vector ξt_gps is formed in the software package 
at each time instant, representing the Markov process 
with standard deviation = s0, the value of which can be 
specified directly during the simulation.

 

The expression for the vector of pseudoranges 
can be written as

 

        prs(j)t_gps=R(j)t_gps+ξ(j)t_gps         
 

        (2)
 

The failure of the j-th NCA is formed by entering 
an additional value e into the j-th component of the 
pseudorange vector prs:

 

prs(j)ei_gps=prs(j)t_gps+e.
   

(3)
 

The software package allows you to simulate 
the failure of any of the NSC of the visible constellation 
by selecting the appropriate number on the graphic 
console of the pseudorange determination process 
control console.

 

After the formation of databases of GLOm, 
GPSm, containing the coordinates of the NSC, as well 
as the vector of pseudoranges prs, all the necessary 
data for solving the navigation problem are prepared.

 

In the case of determining the coordinates when 
using measurements carried out on the NSC of two 
SNS, which takes place in the developed software 
package, the algorithm can be written as

 
 

𝐻𝐻𝑥𝑥 =

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡−

𝑋𝑋𝑓𝑓𝑔𝑔𝑔𝑔
1

−𝑥𝑥𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 −1

𝑔𝑔𝑎𝑎𝑔𝑔 (𝑓𝑓)𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔
𝐺𝐺𝐺𝐺𝑆𝑆 −

𝑌𝑌𝑓𝑓𝑔𝑔𝑔𝑔
1

−𝑦𝑦𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 −1

𝑔𝑔𝑎𝑎𝑔𝑔 (𝑓𝑓)𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔
𝐺𝐺𝐺𝐺𝑆𝑆 −

𝑍𝑍𝑓𝑓𝑔𝑔𝑔𝑔
1

−𝑧𝑧𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 −1

𝑔𝑔𝑎𝑎𝑔𝑔 (𝑓𝑓)𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔
𝐺𝐺𝐺𝐺𝑆𝑆 1 1

−
𝑋𝑋𝑓𝑓𝑔𝑔𝑔𝑔1 −𝑥𝑥𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 −1

𝑔𝑔𝑎𝑎𝑔𝑔 (𝑖𝑖)𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔
𝐺𝐺𝐺𝐺𝑆𝑆 −

𝑌𝑌𝑓𝑓𝑔𝑔𝑔𝑔1 −𝑦𝑦𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 −1

𝑔𝑔𝑎𝑎𝑔𝑔 (𝑖𝑖)𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔
𝐺𝐺𝐺𝐺𝑆𝑆 −

𝑍𝑍𝑓𝑓𝑔𝑔𝑔𝑔1 −𝑧𝑧𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 −1

𝑔𝑔𝑎𝑎𝑔𝑔 (𝑖𝑖)𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔
𝐺𝐺𝐺𝐺𝑆𝑆 1 1

− − − − −

−
𝑋𝑋𝑓𝑓𝑓𝑓𝑔𝑔

1 −𝑥𝑥𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 −1

𝑔𝑔𝑎𝑎𝑔𝑔 (𝑓𝑓)𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔
𝐺𝐺𝐺𝐺𝐵𝐵 −

𝑌𝑌𝑓𝑓𝑓𝑓𝑔𝑔
1 −𝑦𝑦𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 −1

𝑔𝑔𝑎𝑎𝑔𝑔 (𝑓𝑓)𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔
𝐺𝐺𝐺𝐺𝐵𝐵 −

𝑍𝑍𝑓𝑓𝑓𝑓𝑔𝑔
1 −𝑧𝑧𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 −1

𝑔𝑔𝑎𝑎𝑔𝑔 (𝑓𝑓)𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔
𝐺𝐺𝐺𝐺𝐵𝐵 1 0

−
𝑋𝑋𝑓𝑓𝑓𝑓𝑔𝑔

1 −𝑥𝑥𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 −1

𝑔𝑔𝑎𝑎𝑔𝑔 (𝑘𝑘)𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔
𝐺𝐺𝐺𝐺𝐵𝐵 −

𝑌𝑌𝑓𝑓𝑓𝑓𝑔𝑔
1 −𝑦𝑦𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 −1

𝑔𝑔𝑎𝑎𝑔𝑔 (𝑘𝑘)𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔
𝐺𝐺𝐺𝐺𝐵𝐵 −

𝑌𝑌𝑓𝑓𝑓𝑓𝑔𝑔
1 −𝑦𝑦𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 −1

𝑔𝑔𝑎𝑎𝑔𝑔 (𝑘𝑘)𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔
𝐺𝐺𝐺𝐺𝐵𝐵 1 0⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

∙

⎣
⎢
⎢
⎢
⎢
⎡
𝑥𝑥𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 −1
𝑦𝑦𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 −1
𝑧𝑧𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 −1

𝑎𝑎𝑐𝑐𝑦𝑦𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 −1

𝑎𝑎𝑐𝑐𝑦𝑦′𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 −1⎦
⎥
⎥
⎥
⎥
⎤ 

  

(4)

 

 

⎣
⎢
⎢
⎢
⎢
⎡
𝑥𝑥�𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔
𝑦𝑦�𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔
�̂�𝑧𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔

𝑎𝑎𝑐𝑐�̂�𝑡𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔

𝑎𝑎𝑐𝑐𝑡𝑡′�𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 ⎦
⎥
⎥
⎥
⎥
⎤

= (𝐻𝐻𝑇𝑇𝐻𝐻)−1𝐻𝐻𝑇𝑇𝑔𝑔𝑎𝑎𝑔𝑔,
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𝑥𝑥𝑡𝑡𝑓𝑓𝑔𝑔𝑔𝑔 = 𝑥𝑥𝑡𝑡𝑓𝑓𝑔𝑔𝑔𝑔 −1 + 𝑥𝑥�𝑡𝑡𝑓𝑓𝑔𝑔𝑔𝑔 , 
𝑦𝑦𝑡𝑡𝑓𝑓𝑔𝑔𝑔𝑔 = 𝑦𝑦𝑡𝑡𝑓𝑓𝑔𝑔𝑔𝑔 −1 + 𝑦𝑦�𝑡𝑡𝑓𝑓𝑔𝑔𝑔𝑔 ,                (5) 
𝑧𝑧𝑡𝑡𝑓𝑓𝑔𝑔𝑔𝑔 = 𝑧𝑧𝑡𝑡𝑓𝑓𝑔𝑔𝑔𝑔 −1 + �̂�𝑧𝑡𝑡𝑓𝑓𝑔𝑔𝑔𝑔 . 

 
Covariance matrix ΣГСК = (𝐻𝐻𝑇𝑇𝐻𝐻)−1 carries 

information    about     the  error   of the   estimate    of  
 

 
coordinates, which takes place at the current mutual 
geometrical arrangement of the NSC and AC: 
 

Σ𝐺𝐺𝑆𝑆𝐺𝐺 =

⎣
⎢
⎢
⎢
⎢
⎢
⎡ 𝜎𝜎𝑋𝑋2 𝜎𝜎𝑋𝑋𝑌𝑌 𝜎𝜎𝑋𝑋𝑍𝑍 |𝜎𝜎𝑋𝑋 ,𝑎𝑎𝑐𝑐𝑡𝑡 𝜎𝜎𝑋𝑋 ,𝑎𝑎𝑐𝑐𝑡𝑡 ′

𝜎𝜎𝑋𝑋𝑌𝑌 𝜎𝜎𝑌𝑌2 𝜎𝜎𝑋𝑋𝑍𝑍 |𝜎𝜎𝑌𝑌,𝑎𝑎𝑐𝑐𝑡𝑡 𝜎𝜎𝑌𝑌,𝑎𝑎𝑐𝑐𝑡𝑡 ′

𝜎𝜎𝑍𝑍𝑌𝑌 𝜎𝜎𝑍𝑍𝑌𝑌 𝜎𝜎𝑍𝑍2 |𝜎𝜎𝑍𝑍,𝑎𝑎𝑐𝑐𝑡𝑡 𝜎𝜎𝑍𝑍,𝑎𝑎𝑐𝑐𝑡𝑡 ′
− − − − −

𝜎𝜎𝑎𝑎𝑐𝑐𝑡𝑡 ,𝑋𝑋 𝜎𝜎𝑎𝑎𝑐𝑐𝑡𝑡 ,𝑌𝑌 𝜎𝜎𝑎𝑎𝑐𝑐𝑡𝑡 ,𝑍𝑍 |𝜎𝜎𝑎𝑎𝑐𝑐𝑡𝑡2 𝜎𝜎𝑎𝑎𝑐𝑐𝑡𝑡 ′ ,𝑎𝑎𝑐𝑐𝑡𝑡
𝜎𝜎𝑎𝑎𝑐𝑐𝑡𝑡 ′ ,𝑋𝑋 𝜎𝜎𝑎𝑎𝑐𝑐𝑡𝑡 ′ ,𝑌𝑌 𝜎𝜎𝑎𝑎𝑐𝑐𝑡𝑡 ′ ,𝑍𝑍 𝜎𝜎𝑎𝑎𝑐𝑐𝑡𝑡 ,𝑎𝑎𝑐𝑐𝑡𝑡 ′ 𝜎𝜎𝑎𝑎𝑐𝑐𝑡𝑡 ′2 ⎦

⎥
⎥
⎥
⎥
⎥
⎤

.
   (6) 

 
 

To calculate

 

the geometric factors, the Σ𝐺𝐺𝑆𝑆𝐺𝐺
 

matrix, defined in the geocentric coordinate system, 
must be transformed into the local coordinate system 
NEH. Designating the matrix block (6),which determines 
the deterioration of the coordinate determination 
accuracy as

 
𝑆𝑆 = �

𝜎𝜎𝑋𝑋2 𝜎𝜎𝑋𝑋𝑌𝑌 𝜎𝜎𝑋𝑋𝑍𝑍
𝜎𝜎𝑋𝑋𝑌𝑌 𝜎𝜎𝑌𝑌2 𝜎𝜎𝑍𝑍𝑌𝑌
𝜎𝜎𝑍𝑍𝑋𝑋 𝜎𝜎𝑍𝑍𝑌𝑌 𝜎𝜎𝑍𝑍2

�,

 

we write the expression for the covariance matrix in the 
local coordinate system: 

Σ𝑆𝑆𝐸𝐸𝐻𝐻 = �
𝜎𝜎𝑆𝑆2 𝜎𝜎𝑆𝑆𝐸𝐸 𝜎𝜎𝑆𝑆𝐻𝐻
𝜎𝜎𝑆𝑆𝐸𝐸 𝜎𝜎𝐸𝐸2 𝜎𝜎𝐸𝐸𝐻𝐻
𝜎𝜎𝐻𝐻𝑆𝑆 𝜎𝜎𝐻𝐻𝐸𝐸 𝜎𝜎𝐻𝐻2

� = 𝑇𝑇1
𝑇𝑇ΣГСК(3 × 3)𝑇𝑇1.

  

  

(7)

 
 Having determined the Σ𝑆𝑆𝐸𝐸𝐻𝐻 , matrix, we can 
find the corresponding degradation of accuracy for the 
two-system RI SNS:

 
 

geometrical: 𝐺𝐺𝐺𝐺𝐵𝐵𝐺𝐺 = �σN
2 + σE

2 + σH
2 + σedt

2 + σedt ′
2              (8) 

 
horizontal: 𝐻𝐻𝐺𝐺𝐵𝐵𝐺𝐺 = �σN

2 + σE
2                 (9) 

 
coordinates: 𝐺𝐺𝐺𝐺𝐵𝐵𝐺𝐺 = �σN

2 + σE
2 + σH

2              (10) 
 

heights: HDOP=σH                 (11) 
 
 time: TDOP=

 
σedt

          
       (12)

 
Integration of information from RI SNS and INS 

occurs in the software block displaying the work of the 
Kalman filter. The result of the function is an optimal 
linear estimate of the velocity difference ∆𝑣𝑣�𝑡𝑡_𝑓𝑓𝑔𝑔𝑔𝑔 . 

The predicted velocity difference vector dVp is 
calculated by the method of numerical integrated one 
into the equivalent value of the predicted divergence of 
the coordinates of the PI SNS and INS. 

The next step in the algorithm for monitoring the 
integrity of the SNS and assessing the correct operation 
of the INS is the calculation of the pseudoranges Rins to 
the NSC of the working constellation based on the 
current navigation information of the INS. 

After calculating the threshold for detecting and 
localizing anomalous measurements, the vector of 
pseudorange residuals is formed, measured in the SNS 
and calculated on the basis of the INS navigation 
definitions. Next, the vector of residuals is transmitted as 
an input parameter and the following possible solutions 
are made: 

− The decision on the presence of an anomalous 
measurement in the vector of measured 
pseudoranges RI SNS. 

− The decision to detect the malfunction of the INS. 
The considered software package allows you to 

simulate a failure in the INS directly in the simulation 
process by entering an additional xe

ИНС error into the INS 
coordinate vector: 

𝜙𝜙𝑡𝑡𝑓𝑓𝑔𝑔𝑔𝑔
𝐼𝐼𝑆𝑆𝑆𝑆 = 𝜙𝜙𝑡𝑡𝑓𝑓𝑔𝑔𝑔𝑔

𝐼𝐼𝑆𝑆𝑆𝑆 + 𝜙𝜙е 

𝜆𝜆𝑡𝑡𝑓𝑓𝑔𝑔𝑔𝑔
𝐼𝐼𝑆𝑆𝑆𝑆 = 𝜆𝜆𝑡𝑡𝑓𝑓𝑔𝑔𝑔𝑔

𝐼𝐼𝑆𝑆𝑆𝑆 + 𝜆𝜆е. 

At the final stage, the current parameters of the 
studied algorithm are output to the information console. 
At the next time point t_gps2, if the sign of completion of 
the simulation is not established, a new cycle of 
calculations begins in the sequence described.

 

V.
 

Conclusions
 

In order to determine the effectiveness of the 
proposed algorithm [13], a project of an applied 
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a full cycle of modeling the operation of an algorithm at 
a given AC flight stage using the orbital parameters of 
the existing SNS groupings, as well as experimental 
navigation definitions of the SNS and INS receiver and 
indexer, registered during the AC flights.
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Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be 
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding 
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research 
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making 
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global 
Journals and submitting to the respective funding source.
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Manuscript Style Instruction (Optional)

• Microsoft Word Document Setting Instructions.
• Font type of all text should be Swis721 Lt BT.
• Page size: 8.27" x 11'”, left margin: 0.65, right margin: 0.65, bottom margin: 0.75.
• Paper title should be in one column of font size 24.
• Author name in font size of 11 in one column.
• Abstract: font size 9 with the word “Abstract” in bold italics.
• Main text: font size 10 with two justified columns.
• Two columns with equal column width of 3.38 and spacing of 0.2.
• First character must be three lines drop-capped.
• The paragraph before spacing of 1 pt and after of 0 pt.
• Line spacing of 1 pt.
• Large images must be in one column.
• The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
• The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words. 
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers 
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) A title which should be relevant to the theme of the paper.
b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.  
c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.
d) An introduction, giving fundamental background objectives.
e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit 

repetition, sources of information must be given, and numerical methods must be specified by reference.
f) Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any 
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i) Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also 
be summarized.

j) There should be brief acknowledgments.
k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much 
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow 
instructions. They will also be published with much fewer delays than those that require much technical and editorial 
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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Format Structure

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to 
published guidelines.

All manuscripts submitted to Global Journals should include:

Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with 
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details

The full postal address of any related author(s) must be specified.

Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the 
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing 
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be 
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find 
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval, 
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list 
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search 
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most 
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a 
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases, 
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.

Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality 
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable 
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic 
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

Preparation of Eletronic Figures for Publication

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent 
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only. 
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF 
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data for 
figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and with 
a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line 
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that 
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and 
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the 
color fee after acceptance of the paper.

Tips for writing A Good Quality Engineering Research Paper

Techniques for writing a good quality engineering research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the 
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking 
several questions of yourself, like "Will I be able to carry out a search in this area? Will I find all necessary resources to 
accomplish the search? Will I be able to find all information in this field area?" If the answer to this type of question is 
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also, 
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed 
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that 
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So 
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the 
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your 
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or 
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your 
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with 
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you 
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list 
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite 
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software, 
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can 
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you 
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research 
paper or find a model research paper. You can download books from the internet. If you have all the required books, place 
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big 
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should 
strictly follow here. 
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit 
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will 
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a 
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your 
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any 
important thing like making a research paper, you should always have backup copies of it either on your computer or on 
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. 
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to 
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do 
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant 
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have 
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in 
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and 
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of 
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment 
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish 
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly) 
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward. 
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should 
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain 
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will 
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research 
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a 
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you 
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and 
food. 

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This 
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you 
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think 
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their 
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs." 
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never 
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove 
quotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never 
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies. 
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands, 
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or 
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.
22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies 
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical 
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot 
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include 
examples.
23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings. 
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the 
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A 
good quality research paper format is essential because it serves to highlight your research paper and bring to light all 
necessary aspects of your research.

Informal Guidelines of Research Paper Writing

Key points to remember:

• Submit all work in its final form.
• Write your paper in the form which is presented in the guidelines using the template.
• Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the 
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that 
directed you to make a study. As you carry out the process of study, the method and process section will be constructed 
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar 
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality 
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent 
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general 
guidelines.

To make a paper clear: Adhere to recommended page limits.
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Mistakes to avoid:

• Insertion of a title at the foot of a page with subsequent text on the next page.
• Separating a table, chart, or figure—confine each to a single page.
• Submitting a manuscript with pages out of sequence.
• In every section of your document, use standard writing style, including articles ("a" and "the").
• Keep paying attention to the topic of the paper.



• Use paragraphs to split each significant point (excluding the abstract).
• Align the primary line of each section.
• Present your points in sound order.
• Use present tense to report well-accepted matters.
• Use past tense to describe specific results.
• Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
• Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have 
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported 
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in 
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer 
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant 
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet 
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability 
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The 
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any 
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

• Fundamental goal.
• To-the-point depiction of the research.
• Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of 

any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

o Single section and succinct.
o An outline of the job done is always written in past tense.
o Concentrate on shortening results—limit background information to a verdict or two.
o Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important 

statistics) are just as significant in an abstract as they are anywhere else.

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background 
information to be capable of comprehending and calculating the purpose of your study without having to refer to other 
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive 
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the 
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if 
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

o Explain the value (significance) of the study.
o Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon 

its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.
o Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose 

them.
o Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job 
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you 
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The 
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad 
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.

Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a 
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of 
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped 
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit 
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of 
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way, 
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad 
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of 
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:

Materials may be reported in part of a section or else they may be recognized along with your measures.

Methods:

o Report the method and not the particulars of each process that engaged the same methodology.
o Describe the method entirely.
o To be succinct, present methods under headings dedicated to specific dealings or groups of measures.
o Simplify—detail how procedures were completed, not how they were performed on a particular day.
o If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.

Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the 
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third 
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.

What to keep away from:

o Resources and methods are not a set of information.
o Skip all descriptive information and surroundings—save it for the argument.
o Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective 
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to 
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data 
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if 
requested by the instructor.

© Copyright by Global Journals

XVI

| Guidelines Handbook



Content:

o Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.
o In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.
o Present a background, such as by describing the question that was addressed by creation of an exacting study.
o Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if 

appropriate.
o Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or 

manuscript.

What to stay away from:

o Do not discuss or infer your outcome, report surrounding information, or try to explain anything.
o Do not include raw data or intermediate calculations in a research manuscript.
o Do not present similar data more than once.
o A manuscript should complement any figures or tables, not duplicate information.
o Never confuse figures with tables—there is a difference. 

Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.

Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.

Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached 
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and 
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded 
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the 
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results 
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The 
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain 
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have 
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the 
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded 
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results 
that you have, and take care of the study as a finished work.

o You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.
o Give details of all of your remarks as much as possible, focusing on mechanisms.
o Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was 

correctly restricted. Try to present substitute explanations if they are sensible alternatives.
o One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go 

next? The best studies unlock new avenues of study. What questions remain?
o Recommendations for detailed papers will offer supplementary suggestions.

© Copyright by Global Journals | Guidelines Handbook

XVII



Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present 
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

The Administration Rules

Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to 
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your 
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to 
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and 
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is 
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid 
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your 
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read 
your paper and file.

© Copyright by Global Journals

XVIII

| Guidelines Handbook



CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS 

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals.

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background

details with clear goal and 

appropriate details, flow 

specification, no grammar

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with

unorganized matter

Out of place depth and content, 

hazy format

Methods and

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful

specification, sound

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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