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1. INTRODUCTION

The mobile base station (BTS) is a telecommunication infrastructure that is used to facilitate
wireless conversation between the subscriber terminals and telecommunication network operators. The
subscriber system can be a cellular phone, wireless web unit, whilst the operator could be a CDMA and
GSM. Every BTS composes of a transceiver, combiner, power amplifier, duplexer, and antenna. All these
elements, except the antenna part, are usually housed in a small room called a "Shelter". The latter protects
the mobile base station equipment from external conditions such as dust, rain, rust, corrosion. The
temperature degree of the shelter may be raised to 55 °C during the operation of the BTS. In such a case, the
electronic equipment of the BTS will operate under a bad condition of temperature degree. To solve this
problem, an air-conditioner should be installed inside the shelter. The air-conditioner will reduce the high-
temperature degree and cools the space to about 25 °C. However, to make this process done in an automated
way throughout the day, in this paper, a proposed technical solution has been suggested. Our proposed
solution depends on the 10T principle [1]-[5] and the firebase cloud service computing [6]-[8]. Monitoring

Journal homepage: http://ijece.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/

IntJ Elec & Comp Eng ISSN: 2088-8708 O 4551

the equipment of the BTS, reading sensor measurements, and storing the information through the internet, all
these functions have been implemented through our work with the help of the Raspberry Pi4 module. Shelter
room automation based on loT architecture supplies a flexible way of communication, connectivity, data
analysis, and device management [9]-[15]. In contrast, one of the major merits of cloud computing [16] is
that the elasticity of the location and time to the user. However, the cost will significantly reduce when the
powerful processing infrastructure is provided by the third party. Thus, the necessity of buying a powerful
computing device is not required.

Many related works that have used 10T and cloud technologies will be discussed here in the
following lines. Wan et al. [17], the author has been presented a novel "Wearable loT-cloud-based health
monitoring (WISE)" system that specialized in monitoring the patient's real-time health. This system uses a
group of sensors placed in different areas of the body. Such sensors including a heartbeat sensor, temperature
sensor, and sensor for the pressure of the blood. However, the smartphone has been used as a gateway for
data processing like monitoring, visualization, and transmission, this may indeed increase the importance of
the daily use of these devices. Vaidya and Vishwakarma [18], to make life easy by minimizing human effort,
smart home automation and remote control of all applications at the home were prepared. The work in [19]
has prepared a series of smart home designs. It deals with 10T's design, they offered a way that remotely
controls the smart home through utilizing an IR infrared sensor. An intelligent structure system that is used
for smart home metering has been implemented in [20]. The major goal of this type of system is to supply
real-time information for monitoring and controlling the home appliances. It is keeping up-to-date
information about appliances inside the home such as ON/OFF state, consumption of power, failure
operation, or appliance malfunctions. Patru et al. [21] has provided a solution for connecting more devices to
a signal entity that is easily accessible at any time. Automation for office-room architecture in a real-time
mode based on the 10T system has been considered. Singh and Shimi [22], automatically turning ON/OFF of
the electrical appliances, taking care of room circumstances have been considered. However, based on the
"LPC2148 ARM-7" controller, anyone enters the automated room, the lights of a concrete section will
automatically get turn ON. The action control of the proposed system is to monitor the comfortable
temperature of the room by turning ON/OFF the existing appliances.

Yang et al. [23] has built a "CSl-enabled IoT" platform-model that is used for environmental
sensing inside the smart home. A proposed model based on cloud service has been applied for the
environments of the smart home in [24] for lighting overcasting system. In comparison with existing works,
our model completely merges the mobile base station across the Wi-Fi device to the cloud service on Google
which is the firebase cloud service. It provides an efficient solution for showing the temperature and
humidity degrees of the mobile base station in real-time. Both degrees have been recorded in terms of Celsius
and RH degrees, respectively. One of the major contributions of our model is that it helps in prolonging the
life of the BTS equipment. Otherwise, it reduces the consumption of power over the whole BTS. The
performance of our work has been shown an acceptable BTS monitoring process anywhere, anytime, and
with little human effort. However, a group of networking sensors [25] like thermal camera sensor, power
failure sensor, motion sensor, ambient temperature and humidity monitoring sensor, battery leak sensor, DC
voltage sensor, hydrogen (H2) sensor, smoke sensor, door contact sensor, grounding sensor, dust sensor, and
many others that can be utilized to make full automation of the cell unit station. The rest of our paper is
organized is being as: Section 2 offers a group of facilities that have been used in our research method.
Section 3, describes our proposed model and how the mobile base station can be integrated with the loT
platform and cloud service. Section 4 shows the expected results of our proposed model. At last, the work
and evaluations as well as some of the future work are concluded in section 5.

2. RESEARCH METHOD
In our research method, we have used the following facilities:

2.1. Raspberry Pi 4

The Raspberry Pi4 module is a mini motherboard computer that has its file system, desktop, and
operating system. The last one can be downloaded from the official site of the company and stored on a
micro-SD card memory. The Pi4 module feeds a set of GPIO "general-purpose input/output” pins which
serve as an electrical interface to the sensors. On the other hand, the connected appliances to the Pi4 module
are controlled via an electronic relay board. There is a lot to do with the Raspberry Pi4. In our work, we have
used the Pi4 module to control the physical environment of the shelter as well as to send the data across the
web. It is easy to use, a powerful device, cheap, as well as; it is difficult to break. Raspberry Pi4 is an ideal
device for ambitious computer scientists [26].
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2.2. DHT11 Humidity-Temperature sensor

Figure 1 shows the DHT11 model of the humidity-temperature sensor [27]. It has a temperature
range that begins from —40 to + 80 C° with F0.5 C° accuracy. Moreover, the humidity range begins from
0% to 100% RH with an accuracy of +2%.

2.3. PIR motion sensor

The PIR motion sensor is shown in Figure 2, as its name implied, it is used for detecting any motion
within its zone. It controls the inside lighting of the shelter room by switching ON/OFF the light bulb. It is
simple to use, low power consumption, and cheap [28], [29].

Figure 1. DHT11 humidity-temperature sensor Figure 2. PIR motion sensor

2.4. Monitor
Figure 3 shows a 2x16 liquid crystal display module that has been used to show the humidity and
temperature degrees inside the BTS shelter room.

2.5. Relay board
The circuit connections of the relay board across the GPIO pins are shown in Figure 4. It has used to
switch ON/OFF the appliance connected to it according to the instruction from the Raspberry Pi4.

Figure 3. 2x16 LCD display Figure 4. Relay board connections

2.6. Firebase cloud service

It has been used the firebase cloud service provided by Google to show the humidity and
temperature information of our model in real-time mode to the authenticated user. It's available and free, all
you have to need is a Gmail account to create a new project at the firebase service [30].

3. THE PROPOSED MODEL

Our project is mainly depending on the cloud computing service. The cloud computing service
allows users to access data at any time/anywhere with the help of using web applications. In our proposed
model, shown in Figure 5, we have used the firebase cloud service and Raspberry Pi4 module to control the
shelter's environment.
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Physically, we have connected the DHT11 and PIR sensors into the GPIO pins of the Raspberry Pi4.
The DHT11 sensor has been utilized to harvest the temperature status inside the shelter. While the PIR sensor
has been used for detecting any movement inside the shelter. However, those recorded data of the sensors
will be transferred to the Pi4 module. Upon these recorded data, the Pi4 will give convenient instruction to
the relay board to turn on/off the appliances inside the shelter. At the same time, the Raspberry Pi4 will send
all the updates of the DHT11 to the database on the firebase cloud service. However, on the cloud service, the
data will be processed in real-time. That is means that the cloud will depict the change in data we sent
immediately with a very little time delay. Consequently, this data will be shown to the authenticated user in
real time-mode on the firebase database. The flow chart of the whole automation process besides a section of
codes written in Python language for the same purpose is shown in Figure 6.
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Figure 5. Our proposed model

Code#l: e
"DHT1l.python file:

import sys

import Adafruit DHT initial state
- Ajr-conditioner OFF

import time

while True:
temperature =

Adafruit DHT.read retr [ Raspberry Pid (GPIO4) ]
y(11, 4)

print '"Temp:
{0:0.1f} ¢ Humidity:
{1:0.1£}
%'.format (temperature,
humidity)

time.sleep(1)" Switch Relay OFF Switch Relay ON
Code#2: (air conditioner) (air conditioner)

"import sys
import Adafruit_DHT l l

import time
import firebase admin Firebase cloud <

from firebase_ admin database real-time
import credentials

from firebase_admin

Figure 6. Flow chart and python codes
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The inside of the BTS shelter room and its components are shown in Figure 7. Referring to the flow
chart in Figure 6, a set of automatic processing actions on the sensor reading will be implemented by the
Raspberry Pi4. The setpoint of the temperature here is 25 °C. It is a convenient temperature degree for the
reliable operation of the electronic elements of the mobile base station. If the temperature rises in the BTS
shelter room, the DHT11 sensor will record this new value and exchange it with the Raspberry Pi4 to take the
required action. In this case, the Pi4 microcontroller will turn ON the air-conditioner utility.

Figure 7. The inside of the BTS shelter room and its component

4. RESULTS AND DISCUSSION

Figure 8 shows our results of the temperature and humidity degrees on both the Raspberry Pi4
terminal in our laptop as well as at the firebase cloud database. It appears an acceptable temperature and
humidity (31.0 C and 25.0 RH) degrees inside the shelter room of the BTS. For smart and effective
realization for the BTS automation system, it is necessary to consider various measurements in the whole
BTS. To satisfy this goal, it may be using more than two sensors distributed over the whole area of the
station, but they are more expensive. Low-cost sensors like DHT11 and PIR have been used here. They
provide a tradeoff between the cost and performance of the operation. The air conditioner utility, as well as
the security light bulb, was connected to the Raspberry Pi4 via a relay board. They have switched ON or OFF
depending on the status of the temperature, humidity, and motion measurements inside the BTS. At the same
time, the information about the temperature and humidity will be sent to the firebase cloud server and
monitored there in real-time mode. The same results can be obtained on a localhost server using an HTML
page as a local interface shown in Figure 9.
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Figure 8. Our model results at the terminal of the Raspberry pi and firebase real-time database with LCD

Int J Elec & Comp Eng, Vol. 11, No. 5, October 2021 : 4550 - 4557



IntJ Elec & Comp Eng ISSN: 2088-8708 O 4555

oi‘- 8k B s B ol B e f We [ 2C B o L R inde 23 S Bindes X+ QX
C 8 B fle///C:/Users/Ahmed/Desktop/mywebsite/index3 html @r0 L o =
N Asmbasen @ Awexc [ Bootingeom [ Focebook @ YouTube TB Wireless Comma 3

>loT-cloud computing project
« . T \{

BTS SHELTER AUTOMATION
o DEARVISIIOR:

Ihis page provides you with the information of the conditions of the BTS shelter whea a tempreture arise up through operation

> by Ahmed H. Shatt: and Hadr Ali Hasson
@
>
0o
=]
2 SENSOR STATUS

Figure 9. Results of local humidity and temperature on the localhost server

5. CONCLUSION

From the automation point of view, our model provides an efficient real-time data monitoring and
controlling process. It integrates the mobile base station to the firebase cloud service. A temperature and
humidity degree have been recorded and monitored online-on firebase cloud- in real-time operation. The
work has been implemented with the help of the Raspberry Pi4 model, the DHT11 humidity-temperature
sensor, and the PIR motion sensor. It's found that our proposed model provides low consumption of power,
efficient analysis, and effective control operation. Otherwise, reduction in human effort, throughout the day,
has been investigated. However, to avoid the outage of the internet connection behind system power failure, a
group of buffer batteries must be used to supply the system. Finally, developing a mobile application as a
user interface for showing the real-time data on firebase service may be considered as future work. Also, to
make full monitoring and controlling process, various types of other sensors can be used inside and outside
the BTS area.
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