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Abstract. In order to improve the data monitoring and information management capabilities of 
membrane gas measure device indirect metering terminals, a sensor network based data 
monitoring method for membrane gas measure device indirect metering terminals was proposed. 
The distributed and centralized sensor network node deployment method is used to achieve data 
collection for membrane gas measure device indirect metering terminals, and the collected 
membrane gas measure device indirect metering terminal data is segmented, fused, and 
reorganized. The distributed energy storage and constant volume two-level optimal control 
method is used to analyze the operation status of gas measure device indirect metering terminal 
data. The ZigBee networking protocol is used to build a network structure model for gas measure 
device indirect metering terminals, an integrated high-precision temperature and pressure sensor 
arranged parallel to the inner wall of the valve body is used to detect the temperature and pressure 
at the outlet of the membrane gas measure device. The temperature information is stored in DSP, 
and the user's expenses, system operation and maintenance, and peak shaving and valley filling 
benefits are taken as the parameters of the energy storage and constant volume outer layer model. 
The output stability of the indirect metering terminal data of the membrane gas measure device is 
analyzed in the high switching frequency mode. Combined with adaptive parameter adjustment, 
the indirect metering terminal control and data dynamic collection of the membrane gas measure 
device are realized. Realize dynamic monitoring of metering terminal data in wireless sensor 
network networking control mode. The test results show that using this method for indirect 
metering terminal data monitoring of gas measure devices has good output stability, strong 
dynamic fusion of sensing information, reduced metering errors, and improved metering accuracy 
of gas measure devices. 
Keywords: sensor network, membrane gas measure device, indirect measurement, terminal data, 
monitor. 

1. Introduction 

With the development of automation control and intelligent instrument technology, using 
digital instruments to measure natural gas measure devices has become the main method for the 
development of gas measure devices in the future. Compared to traditional mechanical meters, 
using digital acquisition and information processing technology, a large number of membrane gas 
measure device gas measurement results are digitally processed. Through wireless sensor network 
control, remote control of gas terminals is achieved, reducing the probability of gas leakage and 
explosion. Adopt indirect gas measure device and methods to achieve high reliability and low cost 
management of gas measure devices [1]. The monitoring and management of gas measure devices 
mainly includes measurement digitization, intelligent safety valves, remote control, and other 
aspects. In combination with the design of automatic shut-off valves and wireless meter reading 
systems, realize the informatization reform of gas measure devices and ensure the safety of gas 
use [2]. 

In the design of indirect metering terminal data monitoring for membrane gas measure devices, 
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ZigBee wireless communication technology and digital image recognition technology are 
currently mainly used. Omega gas flow meters and pressure detection devices are installed at the 
gas outlet of membrane gas measure devices. High accuracy gas measure device and leakage 
monitoring are realized through counting the rotation number of the core gear of the gas measure 
device [3]. Reference [4] provides a domestic liquefied gas leakage alarm and an automatic gas 
source cutoff device, including a gas leakage alarm component and an automatic gas source cutoff 
component. This method only has the detection function for overcurrent or leakage. Reference [5] 
uses a wirelessly controlled domestic gas safety valve and a timed self closing valve to replace 
natural gas with an air compressor airflow, and the measured results belong to a relatively ideal 
environment. In Reference [6], using the C-250 membrane gas measure device from the American 
Meter Company to build an intelligent meter reading scheme, a CMOS camera is set up to capture 
the measurement results of the gas measure device. This method sends the measurement data to 
the aggregation node, and then monitors the rotation of the gear through a Hall sensor. This method 
also has the problem of poor measurement accuracy. Aiming at the above problems, this paper 
proposes a data monitoring method for indirect metering terminals of membrane gas measure 
devices based on sensor networks. Firstly, distributed and centralized sensor network node 
deployment methods are used to achieve data collection for membrane gas measure device indirect 
metering terminals, and the collected membrane gas measure device indirect metering terminal 
data are segmented, fused, and reorganized. Then, the distributed energy storage and constant 
volume two-level optimal control method is used to analyze the operation status of gas measure 
device indirect metering terminal data, and the ZigBee networking protocol is used to build a 
network structure model for gas measure device indirect metering terminals, Taking the user's 
expenses, system operation and maintenance, and peak shaving and valley filling benefits as the 
parameters of the energy storage constant volume outer layer model, combined with adaptive 
parameter adjustment, the indirect metering terminal control and dynamic data acquisition of 
membrane gas measure devices are realized, and the dynamic monitoring of metering terminal 
data is realized under the wireless sensor network networking control mode. Finally, a simulation 
test is conducted to demonstrate the superior performance of the method in this paper in improving 
the data monitoring ability of the indirect metering terminal of the membrane gas measure device. 

2. Wireless network sensor network structure and data acquisition for terminal data 
monitoring 

2.1. Network structure model 

Diaphragm gas metering device records gas flow through continuous reciprocating motion of 
diaphragm, connecting rod mechanism and rotary valve. Based on the extraction of the gas 
measure device outlet pressure signal waveform [7], a distributed and centralized sensor network 
node deployment method is used to construct a wireless sensor network model. Through the output 
anti-interference design of distributed data, and the weak signal cycle extraction method based on 
STH-AMDF, realize anti-interference adjustment of the wireless sensor network distributed 
high-speed data acquisition system. According to the above system design description, the overall 
design architecture of the wireless sensor network for indirect metering terminal data monitoring 
of membrane gas measure devices is shown in Fig. 1. 

According to the overall design architecture model of the wireless sensor network distributed 
data acquisition system for the membrane type gas measure device indirect metering terminal 
shown in Fig. 1, a packet fusion and information processing model for the wireless sensor network 
distributed data acquisition system is established by using the method of block combination 
control and DSP integrated information processing for a short time operation process under a 
certain fire state, and achieving flow rate measurement through signal amplification. The 
networking structure model of the wireless sensor network distributed data acquisition system for 
the membrane gas measure device indirect metering terminal is obtained, as shown in Fig. 2. 
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Fig. 1. Analysis of the overall design architecture of the system 
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Fig. 2. Wireless sensor network for indirect metering terminal of membrane gas measure device 

On the basis of measuring the temperature of the gas medium and the pressure of the gas 
pipeline, the baseline drift noise removal method is used for long-term gas measure device testing 
at a fixed flow rate [8]. The membrane type gas measure device is mainly composed of three main 
parts: the meter body, the digital dial of the meter, and the inlet and outlet ports. It is divided into 
two small metering chambers through elastic membrane sheets, and is composed of rotating 
valves, connecting levers, and other mechanisms to obtain the output active power: 𝑃 = 𝑃 + 𝑃 cos 𝜔𝑡 + 𝛽 , (1)

wherein, 𝑃  refers to the cyclic alternation of inlet and outlet, 𝑃  refers to the periodic boost power 
fundamental frequency, 𝜔 refers to the periodic value of the pressure signal at the outlet of the 
membrane gas measure device, and 𝛽 refers to the gas state parameter. The measurement error of 
natural gas volume is calculated by collecting the absolute pressure of the gas in two states, and 
for a fixed mass of gas, its volume is proportional to its temperature [9]. 

2.2. Indirect metering terminal data acquisition for membrane gas measure devices 

Compression factor is an important parameter to describe gas state characteristics, establish a 
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stability control model for the indirect metering terminal data of membrane gas measure devices, 
analyze the volume in the metering state and the volume in the standard state based on the 
correlation feature distribution of the indirect metering terminal data of membrane gas measure 
devices, analyze the high calorific value and relative density of the indirect metering terminal of 
membrane gas measure devices, and analyze the reference model for resistance characteristics 
[10]. The calculated volume of natural gas under standard conditions is expressed as: 

𝐺 𝑠 = 𝐺 𝑠 = − 𝑝 𝑥 log 𝑝 𝑥 , (2)

wherein, 𝑝 𝑥  is the gas temperature and pressure correction parameter for gas measure device. 
Combined with the analysis of the gas outlet pressure parameter of the membrane gas measure 
device, the pulse signal of the indirect metering terminal data state of the membrane gas measure 
device is obtained as follows: 𝐻 𝑠 = 𝐻 𝑃 + 𝑃 log|𝑆 | + 𝐺 𝑠 𝑈 𝑠 , (3)

wherein, 𝑃  is the filtering window, 𝑈(𝑠) is the signal gradually approaching at the low frequency 
layer, and the extracted pipeline network pressure fluctuation characteristic line segment is used 
to construct a detection statistical analysis model for the sample data of the indirect metering 
terminal of the membrane gas measure device. 𝑧 ∈ 𝑇 , 𝑎 ∈ {−1,1}, combined with the periodic 
signal component characteristic points in the membrane gas measure device outlet pressure signal, 
uses the time domain feature analysis method to extract the membrane gas measure device outlet 
pressure signal after baseline drift noise, expressed as: 

𝐸 = 𝐸 = 1𝑙 [𝑟 (𝑘) − 𝑦 (𝑘)] . (4)

In the above formula, 𝐸  is the indirect metering data of the membrane gas metering device 
adaptively adjusts the gas flow rate, 𝑟 (𝑘) is outlet pressure measured by gas metering device, and 𝑦 (𝑘) is membrane gas metering device outlet pressure difference. Using damping parameter 
analysis, the optimization control of automatic data acquisition at IMT-MGMD is performed. 
Usually, when a user fires, he or she will press the firepower knob down to increase the gas output 
of the gas cooker. The steady-state working point of the meter is obtained as follows: 𝜔 = 1𝐿 𝐶 = 𝑄 = 𝑃 + 𝑄 , (5)

wherein, 𝑄  and 𝑃  respectively switch on and off the fire and detect the fire conversion. By the 
above analysis, a data adaptive control model for the indirect metering terminal of the membrane 
gas measure device is established [11]. After adjusting the switching frequency, the characteristic 
equation for the data monitoring stability of the indirect metering terminal of the membrane gas 
measure device is obtained as follows: 

⎩⎪⎨
⎪⎧𝐴 = 𝑥 (𝑘) − 𝑧 (𝑘),𝐵 = 𝑥 (𝑘) − 𝑧 (𝑘),𝐶 = 𝑘 𝑓𝑎𝑙(𝑒 (𝑘),𝛼 ,𝛼 ,𝛿 ,𝛿 ),𝑃 = 𝑘 𝑢 (𝑘) − 𝑧 (𝑘)𝑏 ,  (6)
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where, 𝛼 , 𝛼 , 𝛿 , 𝛿 , 𝑏  are the distributed joint control parameter of the indirect metering 
terminal data of the membrane gas measure device; 𝑘 , 𝑘  are the proportional coefficient and 
differential coefficient of the data parameter fusion of the indirect metering terminal of the 
membrane gas measure device. 𝑧 (𝑘), 𝑧 (𝑘), 𝑧 (𝑘) are monitoring coefficient of indirect 
metering terminal data of membrane gas metering device. The interval coupling branch output 
impedance of the indirect metering terminal data of the membrane gas measure device are 𝑍 , 𝑍 , 𝑍 , and the active and reactive power coordination scheduling method is used to detect the 
firing status through the heat source type flow rate detection module. The peak of the indirect 
metering terminal data distribution of the membrane gas measure device is obtained as follows: 

𝑍 = 𝑀 𝑅𝐿 ,     𝑍 = 𝜔 𝑀𝑀 𝑅 𝐿 + 𝑅 ,      𝑍 = 𝜔 𝑀𝑍 , (7)

wherein, 𝑀  refers to the filtering window width, 𝑀  refers to the high-frequency layer and the 
low-frequency layer, and 𝑅  refers to the baseline drift noise, 𝑅  refers to the drift noise, 𝐿  refers 
to damping parameter, 𝜔  refers to membrane gas measuring device outlet pressure signal, 𝑀  
refers to pressure periodic signal collected by wireless sensor network. The reference value is 
compared with the original signal starting from the signal starting point. The distributed energy 
storage and constant volume two-level optimization control method is used to achieve the 
operation status analysis of the indirect metering terminal data of the gas measure device. The 
ZigBee networking protocol is used to construct the network structure model of the indirect 
metering terminal of the gas measure device [12]. 

3. Indirect metering terminal data monitoring for membrane gas measure devices 

3.1. Stability analysis of data output from indirect metering terminal of membrane gas 
measure device 

Build a reference sequence REF composition model for each stage, analyze the periodic value 
of the pressure signal at the outlet of the membrane gas measure device, and obtain the pressure 
periodic signal waveform model collected by the wireless sensor network as follows: 𝑥 = 𝑥 + (𝑖 − 𝑚)𝑇 ⋅ 𝑋 + 𝑣 ,     (𝑖 = 1,2, … ,𝑚), (8)

wherein, 𝑋 = [𝑥 , 𝑥 , … , 𝑥 ]  represents the peak position in the AMDF sequence, 𝑇 represents 
air port pressure period, and 𝑣  represents the AMDF spectrum of the periodic signal of the air 
port pressure; 𝑥  represents the signal strength of distributed data high-speed acquisition at the 
same time. An integrated high-precision temperature and pressure sensor arranged parallel to the 
inner wall of the valve body is used to detect the temperature and pressure at the outlet of the 
membrane gas measure device. The temperature information is stored in DSP as an important 
parameter for gas volume temperature and pressure correction, and the pressure information is 
used as a pending signal for weak signal periodic detection. The energy parameters to the outlet 
are: 𝐸 (𝑘,𝑑) = (𝐸 ∗ 𝑘)𝑥 + 𝜀 ∗ 𝑘 ∗ 𝑑 , (9)

wherein 𝐸 ∗ 𝑘 represents the energy consumption of distributed data high-speed acquisition 
output bit data packets; 𝜀 ∗ 𝑘 ∗ 𝑑  represents the energy parameter of the gas signal. The read 
in gas signal can be segmented by the time identifier of the fire conversion point, and a dynamic 
optimization model of the sensor network node is constructed. The output correlation parameter 
after data collection is obtained as follows: 
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𝑥 = 𝑀 −∑ 𝐸 (𝑘,𝑑)𝑥𝑝 , (10)

wherein, 𝑀 is the time identification parameter of the fire conversion point, and 𝑃  represents the 
gas temperature and pipeline static pressure for gas volume temperature and pressure. During the 
time period [𝑆 , 𝑆 ), when the shutdown state is identified, the gas volume temperature and 
pressure correction data acquisition structure is performed based on the gas temperature and 
pipeline static pressure, and the autocorrelation matching set for metering terminal scheduling is 
obtained as follows: 

𝐸[(𝑥 − 𝑥)] = 𝑝 (𝑥 − 𝑥) + 2 𝑝 (𝑥 − 𝑥 ). (11)

The read gas signal can be segmented by the time identification of the fire conversion point. 
With the minimum energy consumption output as the constraint parameter, and the maximum 
transmit power 𝑝 ∗ as the constraint parameter, the weak signal cycle detection and consumption 
calculation can be achieved, and the feature distribution set is obtained. For any point (𝑥 ,𝑦 ), the 
adaptive parameter identification method is used to obtain the output time delay of data 
acquisition, which is recorded as: 𝑡 = 𝑡𝐸[(𝑥 − 𝑥)], (12)

wherein, 𝑡  represents the arrival time of data packets collected from the main body section, 
control section, sensor bracket, screw, screw sleeve, sealing piston, etc. For the wireless sensor 
network distributed data acquisition node Sink, the ambiguity probability density of the membrane 
gas measure device indirect metering terminal data acquisition node is obtained as follows: 

𝑃 = 𝐸[(𝑥 − 𝑥)](𝑡 − 𝑡 )𝑃 , (13)

wherein, 𝑃  represents the probability of error in estimating distributed data parameters for 
wireless sensor networks, and the obtained sample bandwidth distribution time length for data 
collection is t. The vector 𝑥 = [𝑥 𝑥 . . . 𝑥 ] represents the modulation vector for distributed 
data collection for wireless sensor networks. Based on the above analysis, the user’s expenses, 
system operation and maintenance, and peak shaving and valley filling benefits are used as the 
parameters of the outer layer model for energy storage and capacity determination. Analyze the 
output stability of the indirect metering terminal data of the membrane gas measure device in the 
high switching frequency mode. Combined with adaptive parameter adjustment, non probe type 
and parallel arrangement are adopted. The sensor arrangement is within the main section to 
achieve monitoring of the metering data of the gas measure device. The implementation structure 
diagram is shown in Fig. 3. 



DATA MONITORING FOR INDIRECT METERING TERMINAL OF MEMBRANE GAS MEASURE DEVICE BASED ON SENSOR NETWORK.  
LI GAO, LULU CHE 

234 JOURNAL OF MEASUREMENTS IN ENGINEERING. JUNE 2023, VOLUME 11, ISSUE 2  

Start program

There are user 
commands

Open port

Timer1 starts and circularly detects 
whether there are devices at 1s intervals

Is the device detected?

N

Y

Transfer data

Close Port
 

Fig. 3. Structure diagram of gas measure device metering data monitoring implementation rack 

3.2. Hardware experiment and experimental test 

Based on the above algorithms for establishing data acquisition and information processing, 
the hardware design of the gas measure device metering terminal data monitoring system is 
implemented in an ARM embedded microprocessor and integrated DSP. The system uses the 
JTAG standard 14-pin interface. When using the JTAG simulator at a distance of more than 15 cm, 
to ensure the transmission needs of the simulated signal, buffers should be added to the signal 
lines TDI, TDO, TMS, and TCK, and TMS, TDI Apply a pull resistor to the EMU0 and EMU1 
terminals and connect them to the power supply. Due to the system’s choice of a non buffered 
design, the connecting line between the JTAG interface and the PC parallel port should in principle 
not be greater than 15 cm in use. The embedded development of a distributed data acquisition 
system for wireless sensor networks is carried out in the ARM Cortex-M3 core. The bus interface 
software is used as the underlying data device for I/O control. When used, an external reference 
voltage of 2.048 (V) is required. The system uses the I2C communication protocol to read the 
DPS310 sensor and uses the UART communication protocol to upload gas consumption, 
temperature, and pressure information to the gas information management terminal. Establish the 
AD module of the wireless sensor network distributed data acquisition system. The hardware 
circuit design of the AD module is shown in Fig. 4. 
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Fig. 4. Hardware integration design of the system 

A total of 336.0 dm3 of natural gas was used in the experiment, and the calculated amount was 
336.42 dm3. According to the experimental results, the maximum error rate between the measured 
true value and the program calculated value in a single group of tests is 4.83 %. Experimental 
instruments and equipment: gas storage tanks, pressure sensors, data acquisition cards or modules, 
computers or control systems. Experimental procedure: a) Prepare the gas storage tank and 
pressure sensor, and connect the sensor to the data acquisition card or module. b) Open the valve 
of the gas storage tank to allow gas to enter the sensor. c) Start the data acquisition device and 
start collecting gas pressure signals. In general, sampling frequency and sampling time can be set 
to meet the needs of the experiment. d) After collection, the signal is transmitted to the computer 
or control system for processing and analysis. Software such as MATLAB can be used for data 
processing and plotting to obtain the gas pressure signal image shown in Fig. 5(e). Analyze the 
experimental results, determine the source of error between the measured true value and the 
calculated value, and take appropriate measures to reduce the error. The gas pressure signal data 
acquisition output is shown in Fig. 5. 

 
a) Time domain 

 
b) Frequency domain 

Fig. 5. Output of gas pressure signal data acquisition 

Based on the above output analysis, the short-term gas pressure signal and its STH-AMDF 
spectrum are peak extracted, and the monitoring results of the indirect metering terminal data of 
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the membrane gas measure device are shown in Fig. 6. 

 
Fig. 6. Extraction of spectral peaks for indirect metering terminal  

data detection of membrane gas measure devices 

NB, NS, Z, PS and PB are five common filter types in digital signal processing. Narrow 
Bandpass Filter (NB): Narrow bandpass filter. NS Filter (Notch Stop Filter): notch filter Z Filter 
(Zero Phase Filter): zero phase filter. PS Filter (Phase Shift Filter): phase shift filter. PB Filter 
(Passband Filter): indicates a bandpass filter. Different methods are used to test the error of 
distributed data high-speed acquisition using wireless sensor networks. Integrated high-precision 
temperature and pressure sensors arranged parallel to the inner wall of the valve body are used to 
match the membrane type gas measure device. The error rate is calculated as follows: 

𝐸(𝑓;𝐷) = 1𝑚 (𝑓(𝑥 ) ≠ 𝑦 ), (14)

wherein, 𝑚 represents total sample size. The comparison results are shown in Fig. 7. 
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Fig. 7. Error comparison of distributed data high-speed acquisition 

Analyzing Fig. 7 shows that the error rate of the method in this article is always below 0.3 to 
verify the accuracy of the signal cycle extraction algorithm. A total of 336.0 dm3 of natural gas 
was used in the experiment, with a calculated consumption of 336.42 dm3. According to the 
experimental results, the maximum error rate between the measured true value and the program 
calculated value in a single group of tests is 4.83 %. Due to the average cancellation effect of the 
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positive and negative errors in each group, the cumulative error in all experiments is 0.13 %. The 
fluctuation amplitude is smaller than that of the other two methods, indicating that the accuracy 
of the system designed in this paper for high-speed distributed data acquisition is higher. 

4. Conclusions 

In this paper, a sensor network based indirect metering terminal data monitoring method for 
membrane gas measure devices is proposed. The distributed and centralized sensor network node 
deployment method is used to achieve data collection for membrane gas measure device indirect 
metering terminals, and the collected membrane gas measure device indirect metering terminal 
data is segmented, fused, and reorganized. The distributed energy storage and constant volume 
two-level optimal control method is used to analyze the operation status of gas measure device 
indirect metering terminal data. The ZigBee networking protocol is used to build a network 
structure model for gas measure device indirect metering terminals. An integrated high-precision 
temperature and pressure sensor arranged parallel to the inner wall of the valve body is used to 
detect the temperature and pressure at the outlet of the membrane gas measure device. The 
temperature information is stored in DSP, and the user’s expenses, system operation and 
maintenance, and peak shaving and valley filling benefits are used as parameters for the energy 
storage and constant volume outer layer model. The embedded development of a distributed data 
acquisition system for wireless sensor networks is carried out in the ARM Cortex-M3 core. The 
bus interface software is used as the underlying data device for I/O control. The DPS310 sensor 
is read using the I2C communication protocol, and the gas consumption, the temperature and 
pressure information is uploaded to the gas information management terminal. Realize dynamic 
monitoring of metering terminal data in wireless sensor network networking control mode. The 
test results show that using this method for indirect metering terminal data monitoring of gas 
measure devices has good output stability, strong dynamic fusion of sensing information, reduced 
metering errors, and improved metering accuracy of gas measure devices. Because this method 
can only monitor data from indirect metering terminals, it may not detect other factors that may 
affect gas metering, such as pipeline leakage or damage. Sensitivity, specificity, uncertainty and 
confidence intervals should be further explored in future studies. 
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