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Figure 1. Traditional meter systems. (a) Manual metering 
method, (b) PLC-based metering method.  
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Abstract— In this paper, we propose a smart Advanced 

Metering Infrastructure (AMI) system for city gas that 

addresses the limitations of conventional metering methods 

through wireless communication. Traditional systems, which 

rely on manual inspection or Power Line Communication 

(PLC), face constraints such as installation limitations, 

interference from other electronic devices, privacy concerns, 

and difficulty in responding to gas leakage incidents. To 

overcome these challenges, the proposed system employs LTE 

Cat-M1, a low-power wide-area technology operating on 

commercial cellular networks, enabling low-power, long-

range, and reliable data transmission. A prototype was 

implemented using an Arm-based SoC board with an 

integrated multi-sensor smart meter. The multi-sensor module 

collects flow, temperature, pressure, and image data, which 

are used to refine and validate metering information. 

Experimental results confirm that metering data can be 

reliably transmitted via LTE Cat-M1 and effectively managed 

by the Meter Data Management System (MDMS), which 

provides real-time visualization and monitoring. The collected 

data can be effectively utilized by users to check gas usage and 

detect anomalies in the metering status. 
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I. INTRODUCTION  

Recently, the importance of Advanced Metering 
Infrastructure (AMI) for real-time remote metering and 
efficient data management has been increasingly recognized 
in city infrastructure management [1–7]. Conventional 
mechanical meters without communication capability 
require manual reading by human operators, which is 
inefficient in terms of both time and cost. In addition, 
several issues arise, including difficulties in accessing 
meters depending on their installation location, safety 
concerns such as gas leakage, billing inaccuracies caused by 
misreading, and risks of privacy invasion or impersonation 
during on-site inspection. Power Line Communication 
(PLC) based metering was proposed to address issues arising 
from manual metering, but it remains inefficient. To 
alleviate the inconveniences caused by these existing 
metering systems and improve the meter reading 
environment, the implementation of an AMI system is 
required [8], [9]. 

Fig. 1 illustrates the conventional metering methods. As 
shown in Figure 1(a), meter readers must regularly visit sites 
to record readings from mechanical meters lacking 
communication and safety features. Remote metering 
methods were proposed to address the costs and social issues 
associated with on-site inspections caused by the use of 
mechanical meters. Fig. 1(b) illustrates a wired 
communication method using electronic meters and PLC. 
However, PLC is unstable due to interference from other 

electronic devices connected to the power lines and cannot 
be used in areas without an existing power grid 
infrastructure. To overcome these limitations, recent AMI 
systems have been improved to enable remote meter reading 
without spatial constraints by utilizing wireless 
communication. In particular, gas AMI systems are typically 
battery powered, low power communication is used to 
ensure long term operation despite the additional power 
consumption from wireless communication [8]. 

To mitigate the issues of previous metering system, we 
propose a smart city gas AMI system utilizing multiple 
sensors and LTE Cat-M1 communication. The proposed 
smart meter collects city gas flow data, ambient temperature 
and pressure, and image data of existing mechanical meter 
readings. This enhances the accuracy and reliability of meter 
reading. LTE Cat-M1 communication is used for wireless 
transmission of meter reading data. LTE Cat-M1 is a 
communication technology enabling long-range 
transmission with low power consumption, making it 
suitable for IoT applications requiring uplink transmission 
from nodes to servers, such as AMI systems needing remote 



 

Figure 2. Block diagram for proposed smart AMI system. 

metering [10]. The communication network utilizes 
commercial cellular infrastructure for data transmission and 
reception. The MDMS provides an intuitive interface 
enabling users to access and analyze the collected data. As a 
result, users can effectively perform remote metering and 
respond to abnormal events such as gas leakage accidents 
[11]. 

II. PROPOSED HARDWARE FOR SMART AMI SYSTEM 

Traditional city gas AMI systems relied on either on-site 
meter reading or wired communication to measure gas 
consumption. These methods have several limitations, as gas 
meters can only be installed in restricted locations and 
responding to abnormal events such as gas leaks is difficult. 
To address these issues, this study proposes a wireless city 
gas AMI system. The system employs LTE Cat-M1 for low-
power wireless communication, enabling long-term 
operation with battery power. In addition, a multi-sensor 
smart meter is implemented to enhance safety by detecting 
gas leaks. By monitoring temperature, pressure, and flow 
rate at both the pipeline inlet and outlet, the system can 
identify potential leaks through analysis of deviations from 
normal operating conditions [11]. Fig. 2 illustrates the 
proposed smart AMI system, which employs multiple 
sensors to transmit both metering information and 
environmental conditions around the meter. Smart meter 
enhances conventional functionality by incorporating 
additional sensors to collect environmental data and an 
image sensor to capture the meter’s display. With wireless 
communication, metering data can be transmitted without 
installation constraints, and users can verify whether the 
mechanical meter is functioning correctly by comparing the 
transmitted data with the captured image via the MDMS. 

 As shown in Fig. 2, the proposed smart meter consists of 
three main parts, including the sensor module, the processor, 
and the transceiver. The sensor module includes a flow 
sensor for gas metering, an image sensor to capture the 
meter display, a temperature sensor, and a pressure sensor. 
The transceiver connects to the network through LTE Cat-
M1 communication and transmits the processed data to the 
server. Users can view meter reading data stored on the 
server via the GUI on their PC. 

The sensor module integrates multiple sensing devices, 
including an image sensor, a temperature and pressure 
sensor, and a flow sensor. For image acquisition, the Sony 
IMX708 is employed to capture the meter readings. This 
module supports HDR and autofocus, providing sufficient 
accuracy for digit recognition. It connects to the Arm based 

SoC board through the Camera Serial Interface (CSI), 
enabling high-speed transfer of high-resolution image data. 
For temperature and pressure measurement, the Bosch 
BMP180 sensor is used, which communicates with the Arm 
based SoC board via the I2C bus and periodically collects 
data. The BMP180 supports temperature measurements from 
–40 °C to 85 °C with 0.1 °C resolution and pressure 
measurements from 300 hPa to 1100 hPa with 1 hPa 
resolution. Flow measurement is performed using the YF-
S420C sensor, which provides a pulse output to the GPIO of 
the Arm based SoC board. The processor counts the number 
of pulses per unit time and calculates the flow rate using a 
pulse-to-flow conversion factor. 

The processing unit is based on the SoC board, which 
integrates a Broadcom BCM2711 SoC with a quad-core 
Cortex-A72 processor running at 1.5 GHz. This board 
provides a 40-pin GPIO header for connecting to sensor and 
transceiver modules, along with an I2C interface, CSI 
interface, and UART interface. Memory consists of 8GB 
RAM, providing sufficient capacity for data processing and 
storage. The internal software supports gas flow calculation, 
flow rate calibration using temperature and pressure, image 
downscaling, self-diagnosis, and debugging functions. 
Preprocessed data is packaged into a single payload for 
transmission via wireless communication and delivered to 
the transceiver. 

The transceiver module consists of an LTE Cat-M1 
modem and a SIM card for network access. Specifically, the 
Murata Type1SC LTE Cat-M1 modem is used, connected to 
the SoC Board through a Universal Asynchronous Receiver-
Transmitter (UART) interface. A Vodafone Global IoT SIM 
card is employed to access Cat-M1 bands through 
commercial cellular networks. To establish the LTE 
connection, a Point-to-Point Protocol (PPP) link is 
configured over the UART interface. Using AT commands, 
the Access Point Name (APN) of the SIM card is set, and 
LTE network access is established. With PPP configuration, 
TCP/IP communication is enabled between the smart meter 
and the server.   

The proposed AMI system transmits sensor data 
collected by the smart meter through an LTE Cat-M1 
network. The communication module, implemented using 
the Murata Type1SC modem and a commercial SIM card, 
establishes connectivity to the LTE base station via the Cat-
M1 band. Communication is performed using an LTE 
commercial cellular infrastructure network ensuring reliable 
end-to-end delivery. The bandwidth of LTE Cat-M1 is 1.4 



Figure 3. Proposed flowchart for firmware operation. 

MHz and the data rate is 1 Mbps. The base station forwards 
the transmitted data to the designated server, which 
functions as the MDMS. 

The MDMS is responsible for storing, processing, and 
managing the received metering and environmental data. It 
provides a host PC interface with a graphical user interface 
(GUI) for visualization. Through the GUI, users can 
remotely monitor gas flow, temperature, and pressure trends 
in real time and verify meter readings using the most 
recently captured images. This network and MDMS 
integration ensures seamless transmission, storage, and 
visualization of city gas metering data, enabling real-time 
monitoring and enhanced operational reliability. 

III. PROPOSED SOFTWARE FOR SMART AMI SYSTEM 

The data transmission process in the proposed smart 
meter is illustrated in Fig. 3. First, the APN configuration of 
the SIM card is initialized and the RTS/CTS handshake is 
activated to establish a network connection. If the 
connection fails, the initialization is repeated until a stable 
link is achieved. Once the network becomes available, the 
firmware collects sensor data, including flow, temperature, 
pressure, and images. The collected data are then processed 
to ensure accuracy and efficiency. Temperature and pressure 
compensation is applied to calibrate the measurements, and 
gas flow is calculated by converting pulse counts into flow 
rates. Image data are compressed to reduce size while 
maintaining sufficient quality for character recognition. 
During the fault diagnosis phase, sensor malfunctions and 
data loss are checked. In case of errors, the system executes 
a debugging routine before repeating the acquisition process. 
After successful acquisition, all sensor and image data are 
integrated into a single payload. To minimize 
communication overhead, multiple sensor readings are 
combined into a compact format during the packaging stage. 
A TCP connection is then established with the designated 
server. If the connection fails, the system retries until 
successful. The preprocessed data is transmitted over a 
commercial cellular network. Once data transmission is 
completed, the smart meter resumes periodic data collection 
and transmission. In the event of a transmission failure, the 

retransmission decision point ensures the process repeats 
until the data is successfully delivered. The firmware 
integrates data acquisition, compensation, flow calculation, 
image compression, error handling, and packaging into a 
unified process, ensuring that sensor data are reliably 
delivered to the MDMS in an efficient and stable manner. 

Data transmitted from smart meters via the LTE network 
is received and managed by the MDMS. The MDMS stores 
the received data and provides user access through an 
intuitive interface. Users can remotely monitor gas flow 
measurements and environmental conditions via terminals 
such as PCs. Metering data is updated every 10 seconds and 
displayed on the GUI. Users can check gas flow, 
temperature, and pressure values through the GUI graphs 
and verify that meter readings are accurately measured via 
recently captured meter image. The data displayed on the 
graph is displayed along with the time the data was 
collected, allowing usage analysis over time. The control 
panel enables users to directly control remote meter reading 
operations. Log messages display the status of the AMI 
system, allowing verification that current data transmission 
and reception are functioning normally. This enables users to 
monitor city gas usage in real time, track gas consumption, 
detect gas leaks, and respond to abnormal situations.  

IV. EXPERIMNETAL RESULT 

To validate the behavior of the proposed city gas AMI 
system, we implemented a smart AMI system prototype as 
shown in Fig. 4. The smart meter device prototype was 
implemented using temperature, pressure, flow and image 
sensors, arm-based SoC boards, and wireless communication 
modems. Each sensor on the smart meter collects meter 
reading data, which the processor processes and packages to 
send to the server. Data processing calibrates the meter data 
and checks for errors. Preprocessed data is packaged to a 
minimum size to minimize transfer payload. Additionally, to 
prevent transmission bottlenecks, the UART communication 
speed between the Arm-based SoC board and the Type1SC 
modem is set to 921600. To transmit and receive data via 
LTE Cat-M1, the APN configuration of the SIM card is 
initialized using AT commands. Subsequently, data 
collected by the smart meter is transmitted wirelessly to the 
base station using LTE Cat-M1 communication. Data 
transmitted from the smart meter is accessed and validated 
via MDMS. 

The MDMS, developed as a Python-based program, 
automatically receives and stores metering and 
environmental data from the smart meter via TCP/IP 
communication. Users can remotely access the metering data 
and perform remote control operations such as transmission 
control of the smart meter. The MDMS provides a user 
interface that visualizes the collected data. Temperature, 
pressure, and flow values are plotted with their 
corresponding timestamps, allowing real-time monitoring, 
while the most recently captured image of the gas meter 
display is also shown. In addition, server log messages allow 
users to verify the operational status of the AMI system and 
the reception of data from the smart meter. 

Using the implemented smart meter prototype, the 
MDMS program, and commercial cellular networks, the 
operation of the AMI system was successfully validated. 
The metering data collected by the smart meter were reliably 
transmitted via LTE Cat-M1, and the transmitted data were 
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Figure 4. Prototype based on the proposed AMI system. 

successfully displayed through the MDMS program. The 
information shown in the user interface was consistent with 
the actual data collected by the smart meter, confirming that 
the proposed AMI system enables reliable remote 
acquisition and management of city gas metering 
information. 

V. CONCLUSION 

This paper presents the design and implementation of an 
city gas AMI system integrating a multi sensor smart meter, 
LTE Cat-M1 network, and MDMS. The smart meter 
integrates multiple sensors to collect city gas consumption 
data and environmental information. The network adopts 
LTE Cat-M1, operating on commercial cellular 
infrastructure, enabling low-power, long-range transmission 
of multi-sensor data. The MDMS stores the received data 
and provides a user interface allowing users to monitor gas 
usage, temperature, pressure, and meter images in real time. 
The proposed system demonstrates an improved approach to 
city gas AMI by overcoming limitations of conventional 
metering methods. It utilizes wireless communication to 
eliminate installation space constraints and addresses 
concerns such as privacy intrusion from field inspections 
and gas leak incidents. Future research will focus on 
enhancing security, improving the user interface, and 
conducting field experiments to validate the system's 
practicality in real-world deployment environments. 
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