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Abstract

With the rapid development of the natural gas industry, the natural gas measurement handover
volume is increasing year by year, and the calibration of natural gas flowmeter is becoming more and
more important. This paper defines and demonstrates the framework of a fully automated controller
for natural gas flowmeter calibration stations, from conceptualization to field test. When the
calibrated flowmeter is installed on bench, the controller will identify the corresponding process by
success tree algorithm. It checks whether the current process is appropriate, and automatically switch
the best process according to the diameter of the calibrated meter. In the regulation stage of different
calibrated flow rates, the controller performs predictive control on different flow rates according to
the actual hydraulic condition by the calculation of hybrid driven model based on neural network
model and mechanism model. This process gives the initial position of regulating valves with fast
and efficient movement. Under a mild PID control law, the actual flow will go to the setting flow
rates neither overshoot nor fall back. Finally, the control scheme is demonstrated in three original
case studies, one in the simulation environment built by hydraulic simulation software, and the other
two in real systems with different complexity. The algorithm is verified by simulation software and
the control scheme is implemented in the actual environment. The results show that the intelligent
calibration process based on model predictive control can increase the calibration efficiency. The
integrated system based on hybrid driven can promote the intelligent development of natural gas
calibration stations.

1. Introduction

Artificial Intelligence (AI) is changing our world in
an all-round way and is gradually becoming a new
way of research. In July 2020, an interesting article
was reported on the cover of Nature that scientists
from the University of Liverpool had developed an
‘intelligent scientific robot’, which can decide what
experiments to do, and can work seven days a
week without weekends. Similar to chemical
experiments, the real-flow calibration of natural gas
flowmeters also requires a large number of the
operations by professionals. For a typical gas flow
meter calibration station, there are 12 sections in
the real-flow calibration station and hundreds of
equipment and valves work accordingly to make
the flow through the test flowmeter meet the error
requirements. Meanwhile, the parameters adjusted
range from 8 to10000 m3/h and from 4 to 10 MPa.
Therefore, the fast and precise regulation of
equipment and valves is the daily work of the

experienced operators. At the same time, the real
flow calibration is adopted in China by cutting off
the mainline gas source, so that the natural gas
enters the natural gas flowmeter calibration station
and thus the calibrated flowmeter is calibrated. The
flowmeter online real flow calibration takes full
account of the physical parameters of the natural
gas, the operation of the flowmeter, installation
factors and environmental factors and other
conditions, so that the flowmeter calibration
conditions are consistent with the actual conditions
of use as far as possible. This method is the most
consistent with the flow traceability characteristics
of the calibration method [1]. In the flowmeter
calibration process, the full process of a calibrated
flowmeter takes about 3 hours, mainly including
process conduction and flow adjustment
operations, the most time-consuming part of which
is the flow adjustment of the calibration flow point.
Due to the complex pipelines in the station, the
frequent switching of processes and the large
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changes in the calibration conditions, and the valve
adjustment of the regulating valve is affected by
the transient changes in the hydraulic system of
the station, making the rapid adjustment of the flow
point one of the core difficulties of the calibration
operation. However, the rapid adjustment of flow
point is extremely dependent on the professional
level of the verifier, which restricts the flowmeter
checking ability of the calibration station [2].
Traditional schedulers based on human experience
cannot meet these challenges because they
cannot provide solutions tailored to the actual
situation.

For the whole calibration system, it must become
intelligent, optimal, sustainable and interconnected.
Han [2] discussed the feasibility of intelligent
calibration management system and calibration
control system of flowmeter calibration system in
2018. In 2020, Liu et.al [3] explored the intelligent
research of natural gas metrology calibration, and
established an intelligent route taking the data
passing and sharing metrology calibration data as
the center, the digital twin as the simulation model,
the big data drive mode as the carrier and the
image recognition VR technology as the
supervision. In 2021, Zheng et.al [4] explored and
prospected the intelligent technology of natural gas
measurement and calibration. The applications of
Internet of things and intelligent algorithm,
measurement standard integrity technology,
measurement big data technology and intelligent
storage intelligent disassembly technology in
natural gas flowmeter calibration station are
pointed out. In the application level, Wen et.al [5]
carried out the hydraulic modeling of Guangzhou
natural gas flowmeter calibration station through
HYSYS, combined with control theory to
completely demonstrated the whole process using
program control method. On the basis of Wen Kai,
Han et.al [6] used the hydraulic simulation model
SPS to model the Guangzhou natural gas
flowmeter calibration station, and put forward the
optimal operation scheme for the field valve
adjustment according to the simulation results. Wu
et.al [7] carried out the intellectualization the
calibration process of natural gas flowmeter, and
investigated the quality control of the calibration
process of natural gas flowmeter using multiple
regression linear prediction test data calibration of
historical data. Wen et.al [8] modeled the
calibration station of natural gas flowmeter through
neural network, and generated the control scheme
through neural network. In January 2022, Yin et.al
[9] used the agent model based on machine
learning to model the flow control of pipeline, and
simulated the application in the calibration system
of natural gas flowmeter. However, at present, it is
difficult to find the research work that covers all the
steps of modeling, testing, development and field

application of the whole intelligent calibration
system, or to put forward a general platform for the
whole process intelligent control of different
calibration stations. There is still a lack of effective
and fast full-process automatic control method for
natural gas flowmeter calibration station.

The mechanism model comes from the control of
the hydraulic system and the whole control scheme
is standardized. In addition, a large number of
production data are retained with the tide of
intelligent pipeline and intelligent pipe network,
which provides the basis for the training of the data
model, so a control model based on data coupling
can be proposed. Therefore, the coupling
mechanism and the control model of data are
intelligent to realize the whole flow control of the
natural gas flowmeter calibration station for the
following reasons:

1. It predicts the external conditions and the
behavior of the system accurately, allowing for
unexpected changes and phenomena in the slowly
varying parameters of the system.
2. It calculates the optimal control action through
the optimization algorithm. For a multi-input and
multi-output system, the automatic operation of the
whole control flow and the digitalization can be
realized.
3. It makes full use of the flowmeter calibration
data and station operation data retained during the
operation of the natural gas flowmeter calibration
station, and constructs the success tree of the
natural gas flowmeter calibration station according
to the identification of the key valve switch. the flow
of the natural gas flowmeter calibration station can
be identified according to the current working
conditions, and a more reasonable valve opening
scheme is given, which plays a positive role in the
on-site valve control.
4. It has a test platform for simulation control
algorithm, which can test and effectively verify the
control algorithm before implementation, which
ensures the reasonable closed loop of the control
algorithm.
Based on the above advantages, this paper
proposes fully automated controller for the real-
flow calibration of natural gas flowmeters based on
hybrid driven. The prototype system is used to
effectively control the process equipment of two
national oil and gas large flowmeter calibration
station of Guangzhou sub-station and Nanjing sub-
station. These experimental case studies are field
tests of different complexity, which prove that the
technical level of the controller has reached the
closed loop and can be applied in the field.

2. Design of intelligent control system for
flowmeter calibration
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As shown in Figure 1, a simulation platform for
natural gas flowmeter calibration was first
established using the hydraulic simulation software
SPS based on the topology of the actual natural
gas flowmeter calibration station on site and the
pipeline information ledger. The established
platform was then calibrated according to the field
production data. The calibrated platform is used to
simulate operations that are not involved in field
production during the testing phase and is used to
generate better control strategies. In fact, the
established SPS simulation platform is not only a
control algorithm test platform, but also a
simulation platform. After calibrating the platform,
the platform can be simulated in the face of the
operating conditions not involved in the field, so as
to effectively supplement the field data. Then,
through the identification of the key valves affecting
the flow in the whole production process through
the production data, a success tree is constructed
to identify the on-site workflow, and the flow is
initially adjusted by the neural network. At the
same time, the input of the mechanism model is
predicted according to the neural network, and the
flow is further adjusted by the mechanism
algorithm, so as to couple the mechanism model
with the data model. The whole calibration process
is automatically controlled by the theory of model
predictive control (MPC).

Figure 1: The whole process control system of natural gas
flowmeter calibration station
2.1 Construction of test platform for control scheme
Field testing of the new control strategies is not
always feasible due to compliance with service
requirements, technical problems or economic
feasibility. Therefore, mathematical modeling of
field equipment simulation is a good choice
because it allows the implementation, testing and
improvement of control strategies, and may
significantly save time and money. For this reason,
the author has established a 1:1 platform
consistent with the field in the SPS environment.
SPS has been proved to be a reliable tool for oil
and gas pipeline simulation, which is suitable for
testing and evaluating the new control strategy
without affecting the actual system. The calculation
of the pipe segment is described by continuity
equation, motion equation and energy equation.

For the regulating valve, there are different
calculation formulas considering the
compressibility of gas. When it is a non-blocking
flow ( 2p 0.5 f uC P  ), the formula for calculating the
gas control valve is
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   2 2
v u dQ C N p p ZGT  (1)

where Q the volume flow in the standard state,
hm3 ; Z the compression coefficient under the

upstream temperature and average pressure,
G the specific gravity of natural gas relative to the
air, T the upstream temperature, K ; uP the inlet
pressure, dP the outlet pressure, Pa ; fC the critical
flow coefficient, the value is 1; the unit conversion
coefficient is 0.0346. vC is the flow coefficient of
the valve.

2.2 Calibration process identification based on GT-
ST method
During the routine operation of the calibration
station, the station meets the process requirements
of flowmeter calibration by adjusting the working
status of the process system, such as inlet and
outlet pipeline, cross-station bypass pipeline, filter
separation device, pressure regulation device,
calibration level standard device, working level
standard device, primary standard device,
secondary standard device, calibration station, flow
regulating valve group, back pressure valve group,
pressurization device and so on. The working
status of each device plays an important role in the
operation of the calibration station, and the working
state determines the process of the complex
system of the calibration station.

The Goal Tree-Success Tree (GT-ST) method is a
functional decomposition framework for complex
systems. This method interprets the establishment
process of the system as a hierarchical
development process [10], decomposes the basic
elements of the complex system, and presents its
hierarchical structure in the form of a tree to show
the relationship between functions and elements.

As shown in the figure 2, GT-ST is a hierarchical
structure of complex system functions, which takes
the goal as the starting point and clearly describes
the main purpose of the system (or the main
purpose that needs to be achieved). In this method,
the overall goal is divided into necessary and
effective sub-goals, in other words, the functions
needed to achieve the overall goal, and the sub-
goals have their corresponding sub-functions. The
construction of GT is realized through the
decomposition process, for example the process
identification in the calibration station is divided
into cross-station process, conventional calibration
process, accident process and other processes.
For the sub-function, the realization of each
function requires the function of one or more
system elements, decompose the system into a
single element, through the combination of

elements to achieve sub-functions, then achieve
the construction of ST.

Through the GT-ST method, the elements,
objectives, actions and other factors of a complex
system can be organically combined, the process
of calibration station can be rationally decomposed,
and the process of calibration station can be
obtained according to the state combination of the
basic elements. At the same time, each function
after decomposition is coded according to the
combination process of the basic elements, and
the standardized data description of the station
state is realized.

The construction process of GT-ST model is
essentially a combination process of "goal", "sub-
goal" (function), "sub-function" and "basic element"
system element "sub-function". It can be divided
into three steps [11]:
(1) Determining the general goal and basic
elements of the system. According to the research
purpose, the general goal of the system is
determined. In the establishment of the
conventional GT-ST model, the basic elements
should be decomposed at the end, but for the
process identification of the calibration station, the
basic elements (equipment status and natural gas
flow characteristics) are relatively simple, so they
are determined in the first step.
(2) Decomposing the target. According to the
research purpose and the actual system structure,
the overall goal is decomposed into sub-goal and
the sub-goal is decomposed into functions.
(3) Merging of basic elements. The accurate
description of each sub-goal is realized through the
combination of the existing basic elements or the
combination of the basic elements.

Figure 2: GT-ST hierarchical structure

2.3 Design of flow controller based on MPC
Mechanism model is the accurate mathematical
model established according to the object, the
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internal mechanism of the production process, or
the transfer mechanism of material flow. It is a
mathematical model of an object or process based
on mass balance equation, energy balance
equation, momentum balance equation, phase
balance equation, some physical property
equations, chemical reaction laws, basic laws of
circuit and so on. The advantage of the mechanism
model is that the parameters have a very clear
physical meaning. The reasonable mechanism
modeling of the controlled object is carried out, and
through the operating conditions and reasonable
modeling simplification, a reasonable and adaptive
control strategy can be output to the controlled
object. However, for the nonlinear time-delay
system, the flow control of the gas flowmeter
calibration station involves a wide range of control
conditions, and there are many types of process
switching. Therefore, for the control of this kind of
system, only from a modeling and control scheme,
it is not consistent with the actual working
conditions on the spot. Therefore, under the
control scheme established by the mechanism
model, the neural network modeling is used as a
supplement to control the flow of the gas flowmeter
calibration station.

For the mechanism model, by assuming that the
pressure of the inbound and outbound stations
flowing through the natural gas flowmeter
calibration station remains unchanged, the flow
distribution under the current total operating
conditions is realized by adjusting the opening of
the flow regulating valve and the bypass valve.
Therefore, the following simplified model control
system is designed.

Figure 3: Mechanism model control system

As shown in the figure 3, the mechanism model
control system constructed by the simplified model
of the natural gas flowmeter calibration station
focuses on the action of the control valve
concerned in the calibration process. The control
system is an open-loop control, and the specific
implementation steps are as follows:

Step1. When the pressure difference is small and
the total flow is constant, it can be assumed that
the pressure in and out of the station remains the
same and the total flow remains the same. That is,

P1, P2 and Q are fixed values.

Step2. The flow at the bypass is calculated by
bypassing the current opening. The verified flow of
the standard flow meter and the calibrated
flowmeter can be read directly, and then the total
flow Q can be calculated through the sum of the
current bypass flow and the regulated flow.

Step3. Identify the friction of the process. Under
each process, the friction coefficient used to
calculate pressure drop between the standard
meter and the calibrated flowmeter is used as a
backup for the database. If there is no historical
data, the current steady state value can be used to
calculate the current friction coefficient.

Step4. According to the calibration process of the
target flow, the standard flowmeter and the friction
coefficient of the calibration table is selected.
Through the target flow, P1 and the friction under
the calibration process, the pressure P3 in front of
the valve is obtained when adjusting to the set
value of the calibration flow.

Step5. According to the principle of opening the
valve with large diameter first, the opening of the
large diameter regulating valve is calculated by the
pressure before and after the regulating valve, the
target flow rate and the flow coefficient of the valve.
Considering the openability of the actual valve, the
calculated opening is rounded. For the flow that
can not be adjusted, the valve adjustment
algorithm will continue to use the valve formula to
calculate the opening of the small diameter valve.
And so on, the opening of each regulating valve
can be calculated.

Step6.For the flow through the bypass valve, the
bypass flow is obtained by subtracting the target
flow from the total flow.

Step7. Similarly, according to the principle of
opening the large diameter control valve first, the
opening of the large diameter control valve is
calculated and rounded. Then use the small caliber
control valve for the next step of adjustment.

For the equal percentage valve, under a certain
pressure difference, the required opening through
a certain flow is calculated by formula 2.

 
   

3.488

2 2

1
ln 1 3.488

vo u d

e Q
x

C N p p ZGT

      

(2)

For linear valves, under a certain pressure
difference, the required opening through a certain
flow rate is calculated by formula 3.
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The end pressure and friction coefficient of the
pipe section are calculated by formula 4 and
formula 5.
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where Q the volume flow in the standard state,

hm3 ; Z the compression coefficient under the
upstream temperature and average pressure,
G the specific gravity of natural gas relative to the
air, T the upstream temperature, K ; uP the inlet

pressure,
dP the outlet pressure, Pa ; fC the

critical flow coefficient, the value is 1; the unit
conversion coefficient is 0.0346. vC is the flow
coefficient of the valve. x is valve opening of
regulating valve.

The input and output of the neural network are set
according to the function of the natural gas
flowmeter calibration controller. The function is to
give the opening of five regulating valves
according to the current working condition and
target flow. Therefore, the calibration flow, station
equipment status and station process parameters
are used as inputs of the BP neural network, while
the opening of the five valves is used as output to
build a control neural network model, as shown in
figure 4.

Figure 4: Control neural network model

For the network structure and super-parameters of
the neural network, the network structure, weight
and threshold of the neural network are optimized
by the combination of cross-verification and
genetic algorithm to enhance the adaptability of the
neural network. The neural network optimization
process is shown in figure 5:

Figure 5. Neural network optimization process

Because the above schemes are open-loop
calculation schemes, in order to make the whole
scheme closed-loop, the idea of Model Predictive
Control (MPC) is adopted to make the whole
scheme closed-loop. MPC is a multivariable
controller which controls the output simultaneously
by considering all factors. With the continuous
development of MPC theory, MPC has been
applied in petrochemical industry [12-14], HVAC
[15], autopilot [16], sewage treatment [17] and
other fields. The developed algorithm uses multi-
input and multi-output MPC, coupled GT-ST
process identification, mechanism model and
neural network model. The whole process control
process is shown in figure 6. First of all, the
process of the calibration station is identified by
GT-ST, and the appropriate standard flow meter
and calibration branch are checked and switched
automatically. After switching to the calibration
process, the initial adjustment is carried out
through the BP neural network, and then the model
predictive control regulation of the flow is carried
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out according to the combination of the BP neural
network and the mechanism model to make the
calibration flow reach the target calibration flow
point. These processes are then repeated until all
target flow points are calibrated. Through this
process, the whole process automatic control of
the calibration production task of the calibration
station is achieved.

Figure 6:Whole process control process

3. Case study

In order to verify the closed-loop property of the
control algorithm, the SPS simulation platform is
used as a tool to develop, evaluate and compare
new control strategies in complex systems that
have not been designed, debugged or difficult be
tested. This paper takes an actual natural gas
flowmeter calibration station as an example (figure
7). The flow control system consists of 246 ball
valves, 24 regulating valves and 116 high-pressure
natural gas pipelines. Among the calibration station,
the working standard is the core part of the
calibration station, which is generally composed of
high-precision turbine flowmeter and ultrasonic
flowmeter installed in parallel. The working
standard is mainly used to calibrate various types
of natural gas flowmeters used in the field.
Calibration stations are generally equipped with a
set of metrological calibration process system and
auxiliary system to verify the production task of the
calibrated flow meter, and the common
technological process is mainly composed of 11
parts. (1) process flow of natural gas in and out of
station; (2) technological process of natural gas
filtration and separation; (3) technological process
of natural gas heating; (4) technological process of
natural gas pressure regulation; (5) natural gas
temperament measurement process; (6) natural
gas flow regulation process; (7) natural gas
quantity transfer process; (8) natural gas residual
gas recovery process; (9) discharge process,
venting process; (10) ESD valve process;(11) the
technological process of flowmeter verification
station.

Figure 7. One natural gas flow measurement test station P&ID
diagram

3.1 Construction and calibration of test platform
The quantity concerned by the calibration station is
the calibration flow and the cross-station pressure
drop. Therefore, combined with the analysis of the
boundary conditions collected at the calibration
station, the hydraulic simulation model is set to the
boundary conditions of constant pressure at both
ends. Through the interaction with the field station
control system, the information of the calibrated
flow meter, the selection of the standard flow meter,
the opening of the control valve, the switch of the
cut-off valve and the pressure extraction of the
boundary are input to the SPS software. Then the
calibration flow and the pressure in the middle of
the calibration station are output by SPS software.
The data output by SPS simulation is compared
with the data collected by the actual SCADA
system, which is used to verify the accuracy of the
simulation platform.

Figure 8: Natural gas flow measurement station simulation
platform

The SCADA system continuously collects the
information of 454 instruments and control points in
the field with a sampling interval of 2 seconds,
obtaining 6864480 group actual operation data of
the calibration station. Through the hydraulic
simulation software SPS, the accuracy of the
platform is verified according to the deviation
between the simulated flow and the actual flow.
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Figure 9: Simulation of natural gas intake condition of branch
pipeline

Because of the large pressure drop in the regional
process, directly replacing the collected data into
the SPS software is easy to cause instability in the
SPS software simulation. To avoid this situation,
first of all, the steady-state data points are selected
to make a good simulation of the intake conditions
of the branch line. Then, the accuracy of the
hydraulic simulation platform is evaluated through
the simulation of steady-state data. Similarly, the
pressure in and out of the calibration station is
taken as the boundary condition of the SPS
software, which is substituted into the platform for
simulation. The accuracy of the platform is judged
by comparing the calibration flow obtained by on-
site and SPS software simulation. As shown in
figure 9, for the hydraulic platform under the
regional flow, the simulation results at the steady
point are basically consistent with the field data,
which can meet the simulation of the steady-state
working conditions of the regional process and the
practical application in the field.

3.2 Verification of process recognition algorithm
The flow identification of the calibration station is
carried out according to the tree-building steps,
and the overall goal is divided into four sub-targets
to build the target tree, and the overall situation of
the GT-ST is as shown in figure 10:

Figure 10: The overall situation of GT-ST

The above steps complete the decomposition of
the general goal and sub-goal of GT-ST, which is
divided into system elements and basic elements,
and the station process is subdivided into 17
groups of processes. Taking F2 as an example,
the total conduction of the system elements in the
station (F2) is decomposed into basic elements.
According to the division of the basic elements of
the station, the key valve switches of different

devices in the station are taken as the judgment
basis, and when each part is connected, it is
determined as the conduction of the gas path in
the station, and F2 can be divided into four basic
elements. The specific decomposition is shown in
the figure11:

Figure11: Decomposition of total conduction in the station

Table 1: Elements’ meanings of GT-ST
Eleme
nt Meaning

The main
componen

ts
The value

is 0
The

value is
1

F1
Trunk
branch
situation

Ball valve Branch
line

Trunk
line

F2 General in
the station

Intersectio
n

Unconduct
ed

Conduct
ed

F3

Pressure
regulating
valve

movement

Regulating
valve No action Move

F4
Movement
valve
action

Regulating
valve No action Move

F5
Each

adjustment
valve

movement

Regulating
valve No action Move

F6 Stable flow Intersection Unstable Stablize

F7 Inspection
site Ball valve Unconduct

ed
Conduct

ed

F8
Empty
valve
action

Ball valve Unopened Activate
d

F9
Sewage
valve
action

Ball valve Unopened Activate
d

F10
Changes in
equipment
resistance

Intersection Unchange
d Change

F11 Large flow
pipeline Intersection Unconduct

ed
Conduct

ed

F12 Small flow
pipeline Intersection Unconduct

ed
Conduct

ed

F13
Pressure
zone

diversion
Ball valve Unconduct

ed
Conduct

ed

F14 Work
standard Ball valve Unconduct

ed
Conduct

ed

F15 Direction
area Ball valve Unconduct

ed
Conduct

ed

F16 Secondary
standards Ball valve Unconduct

ed
Conduct

ed

The specific meaning of each element in figure 10
is shown in the following Table 1:

The logical relationship between each process and
the basic elements is obtained through GT-ST as
follows, in which + is an and operation, two events
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are adjacent to or operation, and it is a non-
operation. The identification results of each
process can be obtained by operating the Boolean
variables in the above table.

1 5 6
2 7 8 9 10
3 11 12 13
4 14 15 16 17

5 1 2 4

6 1 2 4

7 2 3 4

8 2 4 4

9 2 5 6 4

10 2 5 6 7 4

11 2 5 6 16 4

12 1 8 4

13 1 9 4
14 10

G G G
G G G G G
G G G G
G G G G G

G F F G

G F F G

G F F G

G F F G

G F F F G

G F F F F G

G F F F F G

G G F G

G G F G
G F

 
   
  
   




















(6)

Among them:

2 7 13 14 15
5 3 4

F F F F F
F F F


 

(7)

The calibration process of a DN400 flowmeter is
consisted of the installation of the instrument, the
adjustment process of switching to the designated
flow point, the steady flow process waiting for
stable working conditions, and the calibration
process of flow point calibration. The specific flow
changes obtained from data extraction of SCADA
are shown as figure 12.

Figure12: Intra-station flow

The process is identified as shown as figure
13. The ordinate is the value identified as 1 in the
process identification result at each time point.

Figure13: Process identification result

It can be seen that the algorithm can well identify
the four processes existing in the calibration station,
and standardize the data description of the station
state.

3.3 Neural Network Controller Test
The parameters related to the opening of the flow
regulating valve, the calibration flow and the
process status of the station are extracted from
SCADA system. Among them, 70% of the data is
used as training data and 15% is used as
verification data, while the remaining 15% is used
as test data for BP neural network training.
Through cross-verification and genetic algorithm
optimization, it is finally determined that the neural
network structure is determined as a 10-layer
network, including one hidden layer, which takes 1
minute and 19 seconds. 3000 points are evenly
selected from the data set to verify the results. As
shown in figure 14(a~e), the scheme given by the
controller is basically consistent with the actual
scheme, which proves the availability of the neural
network controller.

(a)
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(b)

(c)

(d)

(e)
Figure14: Comparison between controller scheme and actual
scheme

3.4 Forecast of front pressure based on BP neural
network
In the mechanism control valve model, there is a
certain numerical deviation because the position of
the measuring instrument in the field is not
consistent with that of the hydraulic model. In order
to reduce the deviation of the model, the BP neural
network is used to predict the front pressure of the
regulating valve in this paper. It can be seen from
formula 4 that the pressure in front of the
regulating valve regulated to the calibrated flow
needs to be obtained in advance. Therefore, the
pressure in front of the regulating valve can be
predicted through neural network, which improves
the accuracy of mechanism model calculation.

Neural network has high requirements for data, so
it is particularly important to choose the input and
output of neural network. Here, the selected inputs
are inbound pressure, process, flow, and
temperature. The output of the model is the
pressure in front of the regulating valve. Through
this method, the pressure in front of any flow
regulating valve can be predicted. The training
results are as figure15:
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Figure15: Prediction of network output value before regulating

valve

As can be seen from the figure 15, after the
calibration process is determined, the identification
of the pressure in front of the regulating valve has
a high degree of fitting. It can provide strong
support for the calculation algorithm of valve
opening of regulating valve at each verification flow
point.

3.5 Model Predictive Control Test
As can be seen from figure 16, during this
calibration process, the mechanism model MPC
calibration algorithm has been tested for the set
calibration flow points of 3200m3/h, 1500m3/h and
500m3/h. Through the mechanism control
algorithm MPC adjustment, the open-loop control
is closed-loop, and the deviation between the set
value and the actual value of the calibration flow
point is 3.8%, 2.8% and 0.5%, respectively. It is
less than the 5% deviation by the requirements of
the National Metrology calibration regulations of
the people's Republic of China. It can be seen from
the diagram that the predictive control optimization
of the mechanism model not only achieves the
closed loop of the control effect, but also reduces
the number of moving valves and standardizes the
regulation of the calibration flow point due to the

addition of the concept of valve operation
optimization.

Figure16: Test of Model Predictive Control algorithm

3.6 Field testing
From August 6 to August 14, 2021, the industrial
application test of full-process intelligent calibration
was carried out in Nanjing Substation, and a total
of 11 different caliber flowmeters were calibrated,
of which DN400 flowmeter was tested the most
and 7 groups of calibration tasks were counted. In
the seven calibration processes, there is no
operator intervention or program update. The
intelligent controller independently identifies the
changes of working conditions, and records and
optimizes the hydraulic parameters according to
the flow points in the calibration process, so that
the regulation speed is gradually increased, and
the adjustment time is gradually less than 90
minutes. A total of 17 calibration tasks for 11
flowmeters (the verification point is counted as a
group of new tasks) are shown in Table 2. The
interface of field deployment is shown in Figure 19:

Table 2: Test task table
Test
serial
numb
er

Caliber Qmax
(min)

0.4Qmax
(min) Qt(min) Qmin(

min)

1 400 29 18 23 17
2 400 / 20 22 /
3 400 28 23 28 27
4 400 / 13 15 /
8 400 16 13 19 14
12 400 22 16 22 20
13 400 / 13 14 /
7 200 24 37 21 25
9 200 33 19 28 13
10 200 / 57 17 /
5 150 27 11 30 /
6 150 / 21 12 /
14 150 28 37 18 19
15 150 / 16 14 /
16 100 26 11 9 12
17 100 22 21 27 14
11 80 29 11 38 11
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Figure17: Field software deployment and implementation

The implementation logic of the controller is that
when the calibrated flow meter is installed, the
calibration controller will take over the whole
adjustment process. First of all, the process is
identified by GT-ST, and the process of calibration
station is adjusted to the calibration process by
automatically switching the standard flow meter
and flow conduction work according to the target
calibration flow point. Then, for the adjustment of
each target calibration flow point, it is no longer
necessary for the on-site inspector to adjust each
calibration flow through frequent mouse clicks, but
automatically according to the built-in algorithm of
the intelligent controller. Through the industrial
application test in Nanjing substation, the results
show that the intelligent control of the field
calibration process is realized and the calibration
efficiency is accelerated by combining the ideas of
mechanism control, data control and model
predictive control.

4. Conclusion

The establishment of PipeChina adopts the
operation mode of X+1+X, which separates the
upstream and downstream, so that the market can
fully compete. The guarantee of multi-party
fairness lies in the measurement of trade handover,
meanwhile the rapid and accurate calibration of the
flowmeter is of great significance to the client or
the calibration station. With the goal of improving
the calibration efficiency of calibration station and
improving the intelligence of calibration process,
this paper studies the automatic control of the
whole process of calibration station. The practice
shows that the GT-ST method can identify the flow
of the calibration station and automatically switch
to the calibration process. At the same time, the
mechanism model based on the model predictive
control idea and the control algorithm of the BP
neural network model make the open-loop
optimization close-loop, which makes it possible to
adjust the calibration flow. The control algorithm is
verified by the simulation platform. The algorithm
automatically controls the whole calibration
process, and the case results meet the calibration

specification with an error of less than 5%. The
field implementation shows that the intelligent
calibration controller of the natural gas calibration
deployed in the field achieves the automatic
control of the whole process of the calibration
station, accelerates the calibration efficiency of the
natural gas flowmeter and improves the intelligent
level of the calibration process.
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