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ABSTRACT- In this research work, the classifications of 

the device that controls the energy supply sources of the 

mobile communication base station are presented. The 

device is used to automatically control the connection and 

disconnection of the next power source based on the status 

of the mobile communication base station power supply 

sources. This device was tested in real-world conditions at 

mobile communication base stations in the Khorezm region 

of the Republic of Uzbekistan, and the results were 
analyzed. The created device allows for rapid response to 

outages at base stations, management of supply sources 

based on their status, and monitoring of them, thereby 

increasing the reliability of energy supply sources and 

extending the life of backup energy supply sources. 
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I. INTRODUCTION 

Currently, four mobile operators provide their services to 

subscribers in the Khorezm region of the Republic of 

Uzbekistan. Due to the relatively scattered location of this 

area, communication operators are expanding 

communication coverage using modern technologies. 

Although the high frequency range allows for high-quality 

and fast services, it reduces the service distance. Therefore, 

it is necessary to regularly increase the number of base 

stations to ensure full coverage of mobile communication 

networks in the regions [1][2][3]. 
One of the most important factors for the effective 

operation of mobile communication systems is the 

uninterrupted and stable supply of power to base stations. 

Uninterrupted power supply to base stations increases the 

quality and reliability of network services. Therefore, 

various studies are being conducted in developed countries 

aimed at increasing the energy efficiency of mobile 

communication infrastructure. Such research is aimed at 

using alternative energy sources, introducing energy-saving 

technologies, and developing intelligent control systems, 

which will not only improve communication quality, but 
also increase the overall efficiency of the network 

infrastructure [4][5][6]. 

II. THE MAIN PART 

The mobile communication base station can be supplied 

with electricity through two types of AC and DC power 

supply sources. AC power sources include local power 

grids, wind generators, diesel generators, while DC power 

sources include batteries and solar panels. The parameters 

of the above energy supply sources are presented in Tables 

1 and table 2. Maintaining the parameters of the electricity 

supplied by the power supply sources within the limits in 
this table increases the reliability of the base station power 

supply system and reduces the number of outages. [7][8][9]. 

Table 1: Parameters of Alternating Current Power Supply 

Sources for Mobile Communication Base Stations 

Parameter Limit deviation 

Nominal voltage, Unom, V 
220/380 

(230/400) 

Nominal frequency, Hz  50 

The set voltage deviation from the 
nominal value, %, is not more than 

10 
-15 

Voltage transient deviation, %, not 

more than 
40 

The duration of the voltage transient 
deviation, s, is not more than  

3 

Transient voltage drop, ms, not more 
than  

10 

The set deviation of the frequency 

from the nominal value, %, is not 
more than 

5 

The distortion coefficient of the 
sinusoidality of the voltage curve, %, 

is not more than 
10 

Voltage unbalance coefficient, %, not 
more than 

5 

Voltage pulse: 
Pulse voltage, V, not more than 
Pulse duration (at 0.5 amplitude 

level), μs, 
not more than 

1,8 Unom 
1300 

Voltage pulse: 
Pulse voltage, V, not more than 

Pulse duration, μs, not more than 

2000 
50 
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Table 2: Parameters of Uninterruptible Power Supply Sources for Mobile Communication  

Base Stations 

Parametr Limit deviation 

Nominal voltage, Unom, V  12, 24 or 48 

The set voltage deviation from the nominal value, V, is not greater than:   

12 
3 
-2 

24 
+4 

-3,6 

48 
+9 

-7,5 

The effective value of the harmonic components’ power ripples, mV, is not more 
than:In the frequency range up to 300 Hz 

From 300 to 150 kHz 

50 
7 

The effective value of the voltage ripples of the sum of the harmonic components 
in the frequency range from 25 to 150 kHz, mV, is not more than  

50 

Psophometric value of pulsation, mV, not more than 2 

The set voltage deviation at the connection point of the battery, %, is not more 

than 
±1 

The voltage transient deviation at a step change of the load from 5 to 100% of the 
nominal value, %, is not more than 

±20 

The transition time, s, is not greater than 0,1 

 

By providing the base station with uninterrupted, high-

quality electrical power, users can be provided with quality 

communication. However, currently, several external 

factors are causing disruptions in the base station's energy 

supply sources. Outages in local power grids occur due to a 

number of reasons, including short circuits in low-voltage 

overhead power lines, which are the main source of power 
supply to the base station, broken wires between supports 

on the line, broken insulators on the pole, and voltage drops 

or surges on the line [10], [11]. 

 

The frequency and duration of power outages at mobile 

communication base stations were analyzed and their 

impact on the energy system was studied. We 

conventionally divided the periods of outages at base 

stations into four classes (Table 3): 

- very high frequency interruptions; 

- high frequency interruptions; 
- medium frequency interruptions; 

- low frequency interruptions; 

Table 3: Base Station Power Outage Status 

Category 

Time 

interval 

(hours) 

Number of power 

outages  
Power outages (%) Network status 

 

Accumulator 

cycles 

Very high frequency 
interruptions 

0-1 4719 81,069 

Stable 

4719 cycles 

High frequency 
interruptions 

1-2 599 10,29 599 cycles 

Medium frequency 
interruptions 

2-6 416 7,147 Partially stable 416 cycles 

Low frequency 

interruptions 
6-24 87 1,495 

Communication is 

not available 
87 cycles 

Total 0-24 5821 100  5821 cycles 

 

The largest share of outages is due to very high-frequency 

outages, which are short-term, lasting up to 1 hour, 

accounting for 81.1% of total outages, and the backup 

energy source during outages is constantly activated by 

batteries (Figure 1). As a result, the number of charge and 

discharge cycles of batteries increases, reducing their 
lifespan. In addition, in the event of a power outage, backup 

power sources are required to quickly deliver electricity to 

base station devices. 

 

If there is a delay in the delivery of electricity from backup 

power sources during outages, the base station system will 

be completely shut down and restarted. Energy 

consumption increases significantly due to peak power 

demand when the system restarts. High-frequency outages 

(1-2 hours) account for 10.29% of total outages, 
significantly increasing the charge and discharge cycles of 

batteries. Although medium-frequency outages were 

observed relatively less (7.147%), their increased duration 
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reduces the operational life of backup power sources. 

Although low-frequency outages are the least common 

(1.495%), their prolonged duration causes batteries to 

operate at full capacity, resulting in a reduction in charge-

discharge cycles. 

 

Figure 1: Percentage of Outages in the Base Station Power 

Supply System 

Based on the above, a device has been developed to 

effectively control electrical power sources, increase system 

reliability and extend the life of backup power sources. This 

device is an important basis for providing uninterrupted 

power to mobile communication base stations [6]. The 

process of creating the device is shown in Figure 2. 

 

Figure 2: Processes For Creating a Device that 

Automatically Controls the Power Supply Sources of a 

Mobile Communication Base Station 

This device is designed to automatically control multiple 

power sources of a mobile communications base station. 

This device can automatically control energy supply 
sources such as local power grids, solar panels, wind 

generators, diesel generators, batteries, and supercapacitors. 

The automatic power supply control device works as 

follows. This device is designed to control and monitor the 

power supply of mobile communication base stations. It 

uses local power grids and a diesel generator as power 

sources, and a set of batteries and supercapacitors for 

backup power sources [12][13][14][15]. 

The device monitors the main and backup energy sources in 

real time using sensors. Based on monitoring data, a 

centralized control unit controls energy supply sources 
using communication channels to send control signals. If it 

detects an interruption in the main power supply, the 

centralized control unit switches on and controls a series-

connected set of supercapacitors, which are effective for 

short-term interruptions and have a charge/discharge cycle 

much higher than that of batteries, to supply the main load 

with electricity using a switch.  

During the supply of electricity to the main load, several 

parameters of the supercapacitors are monitored. When the 

voltage reaches a certain level, if the interruption in the 

central power supply sources is not eliminated, the central 

control unit connects and controls the batteries, which are 
additional backup energy sources, using a switch to supply 

electricity to the main load. 

In this case, the central control unit also monitors the 

battery status. When the specified limits are reached, the 

central control unit starts the diesel generator. The load is 

provided by the batteries until the diesel generator starts. 

After the diesel generator is fully started, the load is 

provided by the generator. 

In this way, mobile communication base stations are 

provided with uninterrupted power supply. In this case, the 

use of supercapacitors during short-term outages reduces 
the number of battery charges/discharges and extends the 

service life, and the load is provided with uninterrupted 

power supply. [14], [15].  

In this case, the monitoring data is stored using a data 

storage unit. In addition, the data transmission and 

reception unit transmits the real-time status of energy 

supply sources to the center using a wireless network. 

This allows remote monitoring of the state of energy 

sources. During charging/discharging of batteries and 

supercapacitors, their temperature increases, and their 

overcharging/discharging seriously affects their energy 
storage capacity. In addition, high humidity can cause 

corrosion and deterioration of contacts. This reduces the 

electrical conductivity, damages the internal components of 

the battery and supercapacitors. Therefore, constant 

monitoring of the above parameters of the battery and 

supercapacitors and maintaining them within the specified 

limits will extend their service life and increase their energy 

storage capacity. This device was developed taking into 

account the above when managing electrical energy sources 

[16][17][18][19]. 

III.    RESULTS 

Experimental testing was carried out on the basis of the 

created physical model. The results of this study made it 

possible to comprehensively assess the effectiveness of the 

developed automatic energy management system. During 

the research, the uninterrupted supply of mobile 

communication base stations with electricity, the optimal 

use of available energy sources and the factors affecting 

them were analyzed. Experimental studies were conducted 

at a base station located in the Gurlan district of the 

Khorezm region of the Republic of Uzbekistan from June 1, 
2024 to August 12, 2024. 

To provide uninterrupted power to the research base station, 

a 7.5 kWh diesel generator and 2 sets of 4 series-connected 

12 V lead-acid batteries with a capacity of 200 A/h are 

used, and local power grids are used as the primary energy 

supply source (Figure 3). 
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Figure 3: Base Station Power Supply Sources in the Study 

Area 

In the pilot tests, a set of supercapacitors was integrated into 

the existing power supply sources to increase the reliability 

of the power supply. This power supply system allowed the 

supercapacitors to act as a quick backup source in the event 

of power outages. 

During the study, the developed device effectively managed 

the power supply sources based on the control algorithm 

during a power outage in the main power supply. During 
the control, supercapacitors provided power to the base 

station in 88.6% of the total power outages, batteries in 

6.8%, and diesel generators in 4.6% of the total power 

outages until the main power supply was restored (Table 4) 

(Figure 4). The experiment showed that supercapacitors 

have high power density and the ability to provide energy 

quickly in a short time. 

 

Figure 4: The Share of Power Supply to the Base Station in 

the Event of an Interruption in the Power Supply System at 

the Base Station 

Table 4: Outages that Occurred During the Study and the Base Station Power Supply Source at the Time of the Outage 

The date the 

outage was 

observed 

Interruption 

time 

Recovered 

time 
Outage duration 

Base station power supply source in case of 

outage 

SC AC DG 

01.07.2024 9:14:38 9:30:32 0:15:54 1 0 0 

01.07.2024 9:15:44 9:18:09 0:02:25 1 0 0 

03.07.2024 15:17:11 18:00:59 2:43:48 1 1 1 

03.07.2024 15:16:09 15:20:59 0:04:50 1 0 0 

03.07.2024 14:10:31 15:15:14 1:04:43 1 1 0 

03.07.2024 14:10:54 14:15:45 0:04:51 1 0 0 

03.07.2024 9:36:04 14:08:34 4:32:30 1 1 1 

03.07.2024 9:37:47 9:40:12 0:02:25 1 0 0 

04.07.2024 11:27:34 12:18:46 0:51:12 1 0 0 

04.07.2024 11:28:13 11:30:38 0:02:25 1 0 0 

05.07.2024 19:52:14 20:18:53 0:26:39 1 0 0 

05.07.2024 19:53:59 19:56:24 0:02:25 1 0 0 

05.07.2024 10:24:53 10:50:35 0:25:42 1 0 0 

05.07.2024 10:26:01 10:28:26 0:02:25 1 0 0 

06.07.2024 0:24:35 0:37:59 0:13:24 1 0 0 

06.07.2024 0:24:39 0:27:04 0:02:25 1 0 0 

07.07.2024 21:39:41 21:42:06 0:02:25 1 0 0 

07.07.2024 21:39:27 21:41:12 0:01:45 1 0 0 

07.07.2024 17:32:29 17:55:35 0:23:06 1 0 0 

07.07.2024 17:33:11 17:35:36 0:02:25 1 0 0 

07.07.2024 16:24:39 16:46:42 0:22:03 1 0 0 

07.07.2024 16:25:31 16:27:56 0:02:25 1 0 0 

07.07.2024 8:53:34 9:04:43 0:11:09 1 0 0 

89%

7% 4%

Supercapacitors Accumulators Diesel generator
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12.07.2024 10:02:36 10:44:57 0:42:21 1 0 0 

12.07.2024 10:03:56 10:06:21 0:02:25 1 0 0 

13.07.2024 18:39:57 18:54:15 0:14:18 1 0 0 

13.07.2024 18:41:39 18:44:04 0:02:25 1 0 0 

13.07.2024 12:05:42 12:34:15 0:28:33 1 0 0 

14.07.2024 13:23:38 13:48:29 0:24:51 1 0 0 

14.07.2024 13:25:42 13:28:07 0:02:25 1 0 0 

14.07.2024 2:44:57 4:59:12 2:14:15 1 1 1 

14.07.2024 2:45:06 2:47:31 0:02:25 1 0 0 

15.07.2024 16:44:27 17:07:36 0:23:09 1 0 0 

15.07.2024 16:45:33 16:47:58 0:02:25 1 0 0 

16.07.2024 21:09:34 21:11:59 0:02:25 1 0 0 

16.07.2024 21:07:26 21:09:47 0:02:21 1 0 0 

16.07.2024 16:06:00 18:59:36 2:53:36 1 1 1 

16.07.2024 16:07:28 16:09:53 0:02:25 1 0 0 

16.07.2024 14:49:27 15:06:36 0:17:09 1 0 0 

16.07.2024 14:50:09 14:52:35 0:02:26 1 0 0 

17.07.2024 15:57:47 16:09:44 0:11:57 1 0 0 

17.07.2024 15:58:29 16:00:54 0:02:25 1 0 0 

17.07.2024 12:15:15 12:28:39 0:13:24 1 0 0 

17.07.2024 10:46:33 10:54:18 0:07:45 1 0 0 

17.07.2024 10:46:42 10:49:07 0:02:25 1 0 0 

18.07.2024 10:49:41 10:52:05 0:02:24 1 0 0 

18.07.2024 10:48:59 10:50:47 0:01:48 1 0 0 

18.07.2024 10:37:36 10:40:00 0:02:24 1 0 0 

18.07.2024 10:37:29 10:38:08 0:00:39 1 0 0 

19.07.2024 12:54:35 13:01:53 0:07:18 1 0 0 

19.07.2024 12:56:20 12:58:45 0:02:25 1 0 0 

20.07.2024 22:49:26 22:50:44 0:01:18 1 0 0 

20.07.2024 13:14:00 13:16:25 0:02:25 1 0 0 

20.07.2024 13:12:35 13:13:05 0:00:30 1 0 0 

21.07.2024 11:33:06 11:35:31 0:02:25 1 0 0 

21.07.2024 11:31:11 11:33:44 0:02:33 1 0 0 

24.07.2024 19:32:42 19:52:17 0:19:35 1 0 0 

24.07.2024 19:33:51 19:36:16 0:02:25 1 0 0 

26.07.2024 10:12:17 11:45:59 1:33:42 1 1 0 

26.07.2024 10:12:33 10:14:58 0:02:25 1 0 0 

30.07.2024 12:21:59 12:31:20 0:09:21 1 0 0 

30.07.2024 12:22:14 12:24:39 0:02:25 1 0 0 

02.08.2024 14:59:11 15:32:26 0:33:15 1 0 0 

02.08.2024 15:00:00 15:02:24 0:02:24 1 0 0 

02.08.2024 9:36:15 12:21:23 2:45:08 1 1 0 

02.08.2024 9:36:09 9:38:34 0:02:25 1 0 0 

06.08.2024 17:06:28 17:08:53 0:02:25 1 0 0 

06.08.2024 17:05:50 17:07:23 0:01:33 1 0 0 

06.08.2024 12:01:41 13:18:14 1:16:33 1 1 0 

06.08.2024 12:01:56 12:04:21 0:02:25 1 0 0 
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07.08.2024 10:06:26 12:07:41 2:01:15 1 1 0 

07.08.2024 10:06:30 10:11:20 0:04:50 1 0 0 

08.08.2024 19:07:39 19:30:51 0:23:12 1 0 0 

08.08.2024 19:08:35 19:11:00 0:02:25 1 0 0 

08.08.2024 14:03:36 14:59:54 0:56:18 1 0 0 

08.08.2024 14:04:05 14:06:30 0:02:25 1 0 0 

09.08.2024 14:03:27 14:31:54 0:28:27 1 0 0 

09.08.2024 14:04:35 14:07:00 0:02:25 1 0 0 

09.08.2024 12:34:33 13:39:36 1:05:03 1 1 0 

09.08.2024 12:35:11 12:37:36 0:02:25 1 0 0 

10.08.2024 14:44:45 15:40:50 0:56:05 1 0 0 

10.08.2024 14:46:12 14:48:37 0:02:25 1 0 0 

11.08.2024 21:30:30 22:05:45 0:35:15 1 0 0 

11.08.2024 21:32:35 21:34:59 0:02:24 1 0 0 

12.08.2024 12:06:33 12:09:18 0:02:45 1 0 0 

12.08.2024 11:14:26 11:57:57 0:43:31 1 0 0 

12.08.2024 11:54:12 11:55:39 0:01:27 1 0 0 

 

Mobile communication base stations consume peak power 

during the initial startup process. Peak power during a full 

restart can increase energy consumption by 30–100%. If the 

entire system restarts at the same time, peak power 

consumption can increase by 1.5–2 times in a short period 

of time (a few seconds). The use of the developed device 

reduced the number of outages. This allowed to increase the 

overall energy saving indicator by 4-5 percent over time.  
 

 

This indicator was achieved due to the optimal use of 

various energy sources, intelligent control of energy flows 

and high-efficiency operation of supercapacitors. In 

addition, during the operation of the device, it allowed to 

increase the speed of response to power outages by 10 

times. As a result, short-term power outages were 

eliminated without affecting the operation of mobile 

communication base stations, and the base station continued 

to operate continuously (Figure 5). 

         

Figure 5: Duration of Outages During the Study Period 

When an outage occurs, the device transmits information 

about the current status of the base station to the assigned 

employee number via SMS. In addition, the developed 

device also allows you to determine the current status of the 

base station by sending a request. Figure 6 shows when an 

outage occurs and how to determine the current status by 

sending a request. 
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(a) 

 
(b) 

Figure 6: To Receive Information About the Current Situation in the Form of an Sms Message when there is an Outage at the 

Base Station (a) and by Sending a Request(b) 

IV.   CONCLUSION 

This article evaluates the performance of a mobile 

communication base station's automatic power supply 

control device based on experimental test results. As a 

result of the practical application of the developed device, 

during the research period, supercapacitors provided the 

base station with electricity in 88.6% of the total outages, 

batteries in 6.8%, and diesel generators in 4.6% of the total 
outages until the main power supply was restored. As a 

result of the use of supercapacitors during outages lasting 

up to 1 hour, the battery life cycle increased by 88.6% and 

the base station was provided with uninterrupted power 

supply. In addition, the supercapacitors' rapid response to 

power outages reduced peak power consumption, which 

allowed for an overall energy efficiency increase of 4-5 

percent. The response time to initial outages in the base 

station's power supply sources was reduced by 10 times. 

The device provided the mobile communication base station 

with uninterrupted power, ensuring continuity of operation. 
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