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Abstract—In industrial processes, achieving an efficient flow 

is paramount as various loops are controlled through flow 

control. To optimize this flow, it is essential to monitor various 

influential components such as control valves, flow sensors, as 

well as input and output parameters to the valve. To maintain 

the desired flow rate at the outlet of the control valve, it's 

imperative that the valve's inflow remains higher than the 

desired output flow rate. In most applications, fluctuations in 

the inflow rate are typically not considered as a significant 

factor affecting changes in the output flow which is a key driving 

component leading to our research objective. This research 

paper's contribution is estimation of control valve's inlet flow 

rate without the need for physical sensors and validation of 

estimated flow rate. This estimator relies on an outflow 

measurement from an orifice flow meter and employs a first 

order process with dead time model to deduce the inflow to the 

control valve. The process model is formulated through data 

driven system identification, employing the input-output 

characteristics of the system. Furthermore, a pole-placement-

based estimator is developed utilizing real-world data. The 

novelty of the approach is estimation of the flow rate at valve 

input which is overlooked by many researchers.  To validate the 

performance of this estimator, it is deployed to compute the 

inflow in a real-life practical system. The results reveal a root 

mean square error of 0.029, signifying the accuracy and 

reliability of the designed estimator. The estimator performed 

better in terms of reduced root mean square error when 

compared to other methods.  

Keywords—Control Valve; Estimation; Inflow; Soft Sensor; 

Flow; Pneumatic Actuator; Flow Rate; Pole Placement. 

I. INTRODUCTION  

Industries have become major contributors in fulfilling 

the fundamental requirements of individuals in day-to-day 

life [1][2]. Hence, extreme competition exists among 

industries to deliver better products. To achieve accurate and 

fast production without compromising product quality, 

monitoring industrial processes is essential [3][4]. Thus, to 

monitor industrial processes, several parameters, such as 

pressure, humidity, temperature, level, flow, and viscosity, 

need to be measured. These parameters can be measured 

using diverse principles via contact- and noncontact-type 

methods [5]. In particular, the flow rate is an important 

parameter in many industries, including chemical [6][7], food 

[8][9][10], iron and steel [11][12], pharmaceutical [13][14], 

pulp and paper [15][16], oil and gas [17][18] industries, to 

control material flow and seed flow [19][20]. Therefore, 

measuring fluid flow is imperative in many industries to 

maintain the control variable in a specified range. 

Several methods are available for measuring the fluid 

flow rate. Head-type flow meters, namely orifice, and venturi, 

are the most commonly used flow meters. Electromag-netic 

flow meters are used when the fluid is conductive, and 

ultrasonic flow meters [21][22] are primarily used when a 

noninvasive method of flow measurement technique is 

needed, such as blood flow measurement [23]. Orifice meters 

are used because of their benefits, such as simplicity, 

ruggedness, and cost-effectiveness [24][25], while venturi 

meters are used because of their good accuracy and reliability 

[26][27]. In [28], the differential ultrasonic transmission time 

was considered for the measurement of flow rate in a small 

diameter pipe using digital signal processing techniques. The 

aforementioned works emphasize the use of physical sensor 

for general parameter measurement. However, several other 

methods of flow rate measurement exist that have been 

designed for specific applications; some of these methods are 

highlighted in the following paragraph. 

The flow rate is measured according to a Bragg grating 

method using a differential optical fiber probe. This method 

is utilized when a large range of flow measurements is 

required [29]. A fringing field capacitor that showed a change 

in capacitance in response to a change in fluid flow was used 

to monitor the flow in [30]. An annular capacitor is built on 

the tube surface to provide fringing capacitance. In [31], the 

flow rate was measured using a Hall probe sensor that utilizes 

a magnetic float to measure the flow rate variation. The Hall 

probe sensor measures the magnetic intensity, which is a 

function of the distance between the magnetic float and the 

Hall probe sensor. Piezoelectric sensors are used to measure 

the flow rate in straight and bent pipes by measuring 

variations in pressure [32]. Furthermore, piezoelectric 

accelerometers are used to measure the flow rate through the 

vibrations created by the fluid particles. This method does not 

disturb the physical flow, as there is no hindrance to the fluid 

flow [33]. A polyvinylidene fluoride film sensor that 

functions based on the piezoelectric principle is used to 

measure the fluid flow rate [34]. The flow rate is indirectly 

measured by measuring the response to some chemical 

reactions that are a function of the change in the flow rate 

[35]. Radiotracers such as iodine 131 have been used to 

measure the flow rate in large pipes by measuring the tracer 
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concentration [36]. The flow rate can be measured using a 

bare laser diode as an interferometer. However, this method 

is unsuitable for pure water because it requires liquids that 

allow optical scattering [37]. Furthermore, nonsymmetric 

flow profiles can be measured at several positions in the flow 

cross-section using a thermal anemometry grid sensor [38]. 

Flow at different depths in a vessel can be measured using a 

low-coherence interferometer [39]. The reported works 

discussed here are used to specific applications signifying 

their limitations. 

These are the applications that are covered here when 

direct contact with the sensor is not feasible. Noncontact type 

flow measurement techniques such as using an image sensor 

have been employed to estimate the real flow where isolation 

is essential [40]. For noncontact-type flow measurements, 

luminescent diode interferometers have also been used [41]. 

In this method, the flow rate is calculated based on the 

measured Doppler spectrum from the moving particles in the 

pipe. The flow rate of fluid and solid without obstructing the 

flow is reported in [42] using the Doppler effect. The 

industries also require measurement of the solid feed flow 

rate, and Doppler radar is used for the same in [43]. 

To understand the behavior of any system, knowing the 

significant system variables is essential, which in most 

situations are measured using suitable sensors [44]. Industrial 

processes will have multiple loops involved and each loop 

comprises of various parameters of concern which requires 

plant wise process monitoring [45]. This requires several 

sensors to measure various process parameters.  However, in 

some situations, the placement of physical sensors has several 

constraints; thus, the direct measurement of these parameters 

is very complicated. Hence, these parameters must be 

indirectly assessed by measuring other parameters associated 

with the required parameter [46][47]. This process of indirect 

measurement is known as estimation or soft sensing [48][49].  

The flow estimation methods support in the process of 

industrial process monitoring thus making them vital 

requirements of the industrial process [50]. This section 

details some of the flow estimation methods. The flow rate of 

the water pumping system was estimated in [51] using an 

artificial neural network model based on hourly temperature 

and solar irradiation measurements. A data-driven soft sensor 

that uses information about water level from an inexpensive 

ultrasonic distance sensor to estimate wastewater flowrate is 

detailed in [52].  The flow rate in a pipe was estimated by 

measuring the pipe vibration using a single-axis 

accelerometer [53]. Here, the flow rate was measured without 

causing any disturbance to the fluid flow. In [54], design and 

testing of several soft sensing methods for estimating flow 

rate, such as software-based sensors that make use of the 

relationship between hydraulic spool valve flow force and 

flow rate is reported.  

 In [55], the inflow rate to the control valve was estimated 

using a soft sensor. This soft sensor was developed based on 

the control signal and output flow rate measurements using 

pole placement and Kalman filtering-based observer design 

methods. The river fluid motion was estimated using an 

image-based flow sensor in [56]. Therein, the estimated 

motion data were three-dimensional river top layer gesture 

data. The fluid velocity was estimated in [57] to support 

cancer diagnosis from ultrasound poroelastography, wherein 

a filter was designed to eliminate the noise in the images to 

estimate the fluid velocity. 

In process industries, multiple loops are in need of control 

of the vital parameters and one of them that requires major 

attention is fluid flow [58]. Controlling of all the loop 

variables is imperative in industrial processes to attain better 

and accurate quality of final product [59]. These flow 

parameters are controlled using pneumatic control valves as 

final control elements. The inclusion of control valve majorly 

affects the pattern of fluid flow at the output of the valve as it 

introduces the nonlinearity and also two-way behavior while 

opening and closing of the control valve leading to nonlinear 

variation of flow rate at the valve output.  

Literatures highlight the significance of flow process in 

industrial processes. Many flow rate measurement techniques 

have been specified, and some of them are application 

specific. In several methods, physical sensors are 

predominantly used which is not suitable in all the scenarios. 

Thus gaps identified are non-suitability of the sensors for 

various flow measurement applications due to the limitation 

of size, applicability, cost and the place of measurement. As 

the output flow rate is influenced by the input flow to the 

control valve, hence requires measurement. However, it 

requires additional sensors, which increases the complexity 

and cost of the monitoring system. A nonphysical sensor 

could be used to replace the need for hard sensors, which 

would simplify and lower the expense. Our study aims to 

develop a soft sensor to measure inflow to the control valve 

using a continuous observer. The research contribution of this 

study is in developing a cost effective estimator for the 

measurement of inflow to the control valve and validating the 

results with real life implementations. This estimator is 

suitable to incorporate in flow control loops involving 

pneumatic actuator as the final control element. On the other 

hand, given the dynamics of the process, the process model 

needs to be adjusted. 

The remainder of this paper is organized as follows. First, 

the problem statement is presented. Then, the experimental 

setup is detailed, and the system model identification is 

elaborated. Finally, the obtained results are highlighted, and 

the conclusions are presented.  

II. PROBLEM STATEMENT MATERIALS AND METHODS 

The flow control loop is the principally used control loop 

in most industrial processes. Valve output flow rate is an 

influential parameter in industrial processes as it is in direct 

contact with the process thus any abrupt changes in this 

would affect the process. However, the shift in the output 

flow rate depends on the movement of the control valve stem 

as well as input flow rate to the control valve. Thus, 

determining the inflow rate is necessary while monitoring the 

flow process with a penalty of increased monitoring cost. 

Therefore, this study aims to design a soft sensor to measure 

the inflow to the pneumatic control valve used in a flow 

process. The major contribution of the work is estimation of 

inflow to the control valve, which helps to prevent inaccurate 

diagnosis during the monitoring procedure. The graphical 

representation of the overall work is presented in Fig. 1 



Journal of Robotics and Control (JRC) ISSN: 2715-5072 877 

 

Bhagya R Navada, Efficient Flow Control in Industrial Processes: Estimating In-flow at Control Valves Without Physical 

Sensors 

highlighting the process of estimator design for the 

measurement of inflow to the control valve. Inflow detection 

was not considered an influential parameter for control valve 

health monitoring. The major application includes health 

monitoring of the control valve, facilitating precise data even 

at the time of failure of real sensor. Here, the main 

requirement is to identify the abnormal behavior of the 

control valve by observing the valve output in terms of the 

output flow rate. Change in the valve output flow rate is a 

function of both inflow and valve movement. An unexpected 

change in output flow rate for a known valve movement 

indicates that the actuator is malfunctioning, however in 

actual scenario this is a false alarm. This misleading 

observation can be avoided by estimating the change in the 

input flow rate [60]. 

 

Fig. 1. Graphical abstract 

III. EXPERIMENTAL SETUP  

The flow process station considered in this study is 

represented in Fig. 2. A pneumatic control valve is used as 

the final control element that controls the inflow. The control 

valve is manufactured by R. K. Control Instruments Pvt. Ltd. 

The Cv of the control valve provided by the manufacturer is 

5. The control valve used is an equal percentage and air to 

open type valve; thus, normally it will be in the closed 

position. 

 

Fig. 2. Experimental setup 

The Piping and Instrumentation (P&I) diagram of the 

flow process is shown in Fig. 3. The flow process comprises 

a reservoir, pump, rotameter, orifice meter, Electro-Magnetic 

(EM) flow meter, and a control valve. The pump has a 

maximum of 1800 rpm, rotameter has a maximum scale up to 

1000 LPH. The orifice with a differential pressure transmitter 

(DPT) is placed at the valve outlet to measure the valve 

output flow rate and represent it as a current in the 4–20 mA 

range for an input variation of 0-1000LPH. Water flows 

through the EM flow meter, control valve, rotameter, and 

orifice and then back to the reservoir, as shown in Fig. 3. The 

dashed and dotted lines in the Fig. 3 denote the water flow 

and compressed air flow, respectively. The EM flow meter is 

connected to the control valve inlet to measure the inflow 

rate. The bypass valve is placed near the pump to provide a 

path for the fluid when the control valve is not fully open. 

 

Fig. 3. P & I diagram of the flow process 

An input current of 4–20 mA range is applied to the 

current to pressure (I/P) converter to drive the operation of 

control valve. The I/P converter transforms 4-20mA of 

current into a pressure signal with a range of 3–15 psi, 

provided the supply pressure is maintained above the 

required range. An air compressor is included to supply the 

pressure required by the I/P converter. The pressure regulator 

maintains the compressed air at a level above 15 psi, which 

is normally maintained at 20 psi. When the control valve 

opens, the fluid passes through a rotameter and an orifice 

before returning to the reservoir. The control valve opens 

more as the control signal rises, increasing the valve outflow, 

which is evidenced by the rising current at the DPT output. 

To analyze the system behavior, the system input and 

output need to be observed. Here, the control valve is 

considered as the system with the control signal in 4-20mA 

range as the input and the DPT output in 4-20mA range as 

output. To transmit input and output signals to the computer, 

data acquisition devices that support the type and range of the 

signals are necessary. Hence, NI c-RIO 9012 with a 

reconfigurable integrated chassis with eight slots is employed 

as the acquisition device. It has one Ethernet port and one RS-

232 serial port for communication. The c-RIO is powered 

through a 9-35 V DC supply, has 64 MB of memory with a 

processing speed of 400MHz. The current input module NI 

9203 installed in the NI c-RIO 9012 chassis is utilized as the 

acquisition device to acquire the control input and output 

flow rate represented in current ranging from 4 to 20 mA. 

To estimate the inflow to the control valve, the process 

model needs to be obtained, which can be obtained by 

analyzing the input and output of the control valve. The input 

to the control valve stem movement is the control input 

current ranging from 4 to 20 mA, which causes a variation in 

the valve stem movement and subsequently causes a change 
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in the output flow rate. In this process, the control input to the 

control valve is operated manually. A continuous variation of 

control input manually resulted in change in DPT output. One 

analog current input channel of NI 9203 is connected to 

control input signal and another channel is connected to DPT 

output. The NI c-RIO 9012 is connected to the computer 

through Ethernet cable through which serial communication 

is achieved. NI c-RIO 9012 is configured with IP address on 

the same subnet and gateway as that of the system with 

LabVIEW software. Set of these input and output parameters 

are acquired in the LabVIEW project for further analysis and 

estimator design as shown in Fig. 4. It is also observed from 

the figure that a set of input and output signals have been 

acquired and plotted on the LabVIEW chart. 

 

Fig. 4. The interface of c-RIO to the computer with input and output data 

IV. IDENTIFICATION OF SYSTEM MODEL 

To develop an observer-based estimator, a system transfer 

function is required to understand the flow process dynamics. 

The flow process system transfer function is determined by 

considering the control input to the I/P converter as the input 

parameter and the valve output flow rate as the output 

parameter. To obtain the system transfer function, a set of 

input and output data is acquired into the computer using c-

RIO 9012 and the current input module NI 9203. The data 

thus acquired is then imported into the MATLAB system 

identification toolbox. As the valve nonlinearity is 

represented to be a first order system with a dead time, same 

system format is selected in identification toolbox. While 

performing system identification, the initial conditions are set 

to backcast, and several iterations were performed and the 

best fit obtained is 95% fit, as displayed in Fig. 5. 

The transfer function stemming from the system 

identification toolbox is as follows: 

𝑃(𝑠) =
0.615

20𝑠 + 1
𝑒−10𝑠 (1) 

As the practical system is considered to have a small bias 

of 0.00159, it is added to the transfer function given in 

equation (1), yielding the transfer function in equation (2). 

The estimator design process in LabVIEW platform requires 

the model to be represented in state space form. To represent 

(2) in the state-space form, the delay element needs to be 

eliminated, which could be achieved through time series 

expansion using Pade approximation. The first order system 

is now changed to second order system by transforming the 

delay element with first order system into the second order 

system transfer function given in equation (3). 

𝑃(𝑠) =
0.615

20𝑠 + 1
𝑒−10𝑠 + 0.00159 (2) 

𝑃(𝑠) =
0.0318𝑠3 + 0.6357𝑠2 − 0.364𝑠 + 0.0739

20𝑠3 + 13𝑠2 + 3𝑠 + 0.12
 (3) 

 

Fig. 5. Estimated transfer function with a 95% fit 

Equation (3) stems from (2) because of the bias element 

and the approximated delay. Now the second order system 

transfer function is converted into a state space 

approximation with three states and the state-space system, 

input and output matrices as represented below.  

𝐴 = [
−0.65006 −0.300012 −0.0960038

0.5 0 0
0 0.125 0

 ] ;  𝐵 = [
4
0
0

] ; 

𝐶 = [0.00768 0.00922 0.01476  ];  𝐷 = [0.00159] 

Where, A is State matrix, B is Input matrix, C is output 

matrix, D is feedthrough matrix. 

A. Inflow Estimation  

The inflow to the control valve significantly influences 

the range of the flow rate at the control valve output. The 

proposed system aims to determine the inflow to the control 

valve such that the actual cause of variation in the output flow 

rate can be spotted. The output flow variation could be 

because of a change in the stem displacement or the input 

flow rate; thus, if the inflow rate is known, the valve stem 

displacement and the output flow rate can be directly related. 

Here, the input current is estimated, and then the input current 

is mapped to the input flow rate. 

An observer design is a dynamic method to estimate the 

state. The state of the system is estimated based on the system 

input and output data. For a given system, an observer can be 
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designed only if the given system is stable, observable, and 

controllable. The state-space model of the system given in (3) 

satisfies the controllability, observability, and stability 

requirements. 

The block diagram of the estimator is shown in Fig. 6. As 

represented in the diagram, the system states ‘𝑥̂’ and the 

system outputs ‘𝑦̂’ are estimated based on the input signal 

‘𝑢’, and the system output ‘𝑦’. System input, states, and 

output are vectors representing the number of inputs, states 

and output values.  

 

Fig. 6. Block diagram of the estimator 

B. Continuous Observer  

A continuous observer is an estimator working in 

continuous time for varying time instances. To develop an 

estimator that works in real life scenario, NI c-RIO 9012 is 

employed which work on FPGA platform. An FPGA project 

is created in LabVIEW, and the required target NI c-RIO 

9012 is added with chassis 9101. A simulation program 

specified to be a virtual instrument is programmed so that the 

input and output currents can be imported into the program. 

To develop the estimator for inflow estimation with a real-

life system, the continuous observer available in the 

LabVIEW control simulation toolbox is used [61]. This block 

requires the input, output, estimator gain, and system state-

space model. In this function, the observer estimates the state 

by solving the differential equations given below. 

𝑥̂̇(𝑡) = 𝐴𝑥̂(𝑡) + 𝐵𝑢(𝑡) + 𝐿[𝑦(𝑡) − 𝑦̂(𝑡)]     (4) 

𝑦̂(𝑡) = 𝐶𝑥̂(𝑡) + 𝐷𝑢(𝑡)               (5) 

In this case, the pole placement function is used to 

determine the estimator gain. The closed-loop estimator 

design method is used to place the poles at the desired 

locations. The observer gain is calculated for the poles P= 

−0.001+0.197i, −0.001−0.197i, and −0.12, and the obtained 

observer gain is L= [−25 30 −4]T. For the calculated gain 

values, the designed estimator tracks the actual values, as 

represented in Fig. 7. The estimator thus estimates the valve 

output flow rate and the states of the system. Valve inflow 

rate is one of the states estimated by the observer. The 

estimated valve inflow and the outflow are current values 

ranging between 4 and 20 mA, which is then mapped to the 

input flow rate in LPH. This is because the input flow rate is 

directly proportional to the control input, i.e., current input to 

the I/P converter. 

V. RESULTS AND ANALYSIS  

The developed estimator yielded satisfactory results when 

it was tested with the real-life system, as shown in Fig. 7. Fig. 

7 (a) represents the plot of one set of readings, and Fig. 7 (b) 

represents the screen shot of the output obtained for the other 

set of data. As mentioned earlier, the input current is 

computed first by measuring the control input and output 

flow rates, which are represented as currents ranging from 4 

to 20 mA. The inflow rate variation for the input current 

variation is not linear due to the nonlinear behavior of the 

control valve. Hence, the input flow rate was measured using 

an electromagnetic flow meter for both increasing and 

decreasing control inputs. Fig. 8 displays the variation in the 

measured input flow rate with increasing and decreasing 

control input. 

 
(a) 

 
(b) 

Fig. 7. Estimator output tracking the control input: (a) plotted graph and (b) 

screenshot of the front panel 

Table I illustrates the measured inflow rate values for 

increasing and decreasing input currents, from which the 

nonuniformity of the flow rate between increasing and 

decreasing current values is evident. One representation 

cannot be used for current to flow mapping due to the no 

uniformity of the variance with increasing and decreasing 
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flow rates. Hence, the equations for increasing and decreasing 

current variations are considered separately. A polynomial 

curve-fitting method is used to obtain the close mapping of 

these values. The regression order of the polynomial is 

selected to be 3 as the increment in order did not result in 

significant improvement. Therefore, the flow rate close fits 

obtained for increasing and decreasing currents are 

represented mathematically by equations (6) and (7), 

respectively. 

TABLE I.  MEASURED INPUT CURRENT WITH THE INPUT FLOW RATE FOR 

INCREASING AND DECREASING CURRENT INPUTS 

Input 

Current 

(mA) 

Input 

Flowrate(lph) 

for 20-4mA 

Input 

Flowrate(lph) 

for 4-20mA 

4 87 57 

6 162 57 

8 250 130 

10 370 234 

12 480 392 

14 625 530 

16 712 672 

18 738 727 

20 741 745 

 

𝑔(𝑥) = −4.928 × 108𝑥3 + 1.798 × 107𝑥2

− 1.44 × 105𝑥 + 378.9 
(6) 

𝑓(𝑥) = −2.835 × 108𝑥3 + 8.88 × 106𝑥2

− 3.123 × 104𝑥 + 81.23 
(7) 

 

 

Fig. 8. Variation in the input flow rate with increasing and decreasing input 

current 

The input flow rate corresponding to increasing current 

input is estimated using equation (7). The percentage error 

between the actual and estimated input flow rate values is 

shown in Table II. A maximum percentage error of 5% of the 

full scale is obtained for the tabulated values. The main 

source of error is irregularity involved in the valve movement 

mainly for lower flow rates. Thus the reduction in error can 

be achieved only if the valve movements are strictly 

following the required pattern.  Fig. 9 displays a graph of the 

actual and estimated flow rates for increasing current input 

exhibiting the close mapping of g(x) with the actual values. 

TABLE II.  PERCENTAGE ERROR BETWEEN THE ACTUAL AND ESTIMATED 

INPUT FLOW RATES USING THE POLYNOMIAL G(X) FOR INCREASING 

CURRENT INPUT FROM 4 TO 20 MA 

Input 

Current (mA) 

Input 

Flowrate(lph) 

for 4-20 mA 

Estimated 

Flowrate(lph) 

for g(x) 

% 

error 

4 57 59 -3.50 

6 57 55 3.50 

8 130 125 3.84 

10 234 244 -4.27 

12 392 388 1.02 

14 530 534 -0.75 

16 672 659 1.93 

18 727 738 -1.51 

20 745 749 -0.53 

 

 

Fig. 9. The actual values and the estimated input flow rate using the 

polynomial g(x) for increasing current input 

The input flow rate corresponding to decreasing current 

input is estimated using equation (8), and the percentage error 

between the actual and estimated input flow rates is shown in 

Table III. A graph of the actual and estimated flow rates for 

decreasing current input is depicted in Fig. 10, which also 

shows how closely the actual values and f(x) map. Thus, by 

observing the mode of input change, suitable mapping 

equations are selected to map the estimated current to the 

input flow rate. 

 

Fig. 10. Actual values and the estimated input flow rate using the polynomial 

f(x) for decreasing current input 
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The estimated values obtained through this method are 

compared with the artificial neural network-based estimation 

method [51]. As the flow rate mentioned in [51] was 

represented in m3/hour, the present work measurements were 

also converted into m3/hour. The root-mean square error for 

the technique reported in [51] is 0.33, whereas for the 

proposed method, it is 0.0072, thus signifying the better 

performance of the proposed method. The improvement in 

the proposed estimator is mainly due to its adaptation toward 

the variation with increasing and decreasing current input.  

TABLE III.  PERCENTAGE ERROR BETWEEN THE ACTUAL AND ESTIMATED 

INPUT FLOW RATES USING THE POLYNOMIAL G(X) FOR INCREASING 

CURRENT INPUT FROM 4 TO 20 MA 

Input 

Current 

(mA) 

Input 

Flowrate(lph) 

for 20-4mA 

Estimated 

Flowrate(lph) 

for f(x) 

% error 

20 741 744 -0.40 

18 738 746 -1.08 

16 712 696 2.24 

14 625 609 2.56 

12 480 498 -3.75 

10 370 376 -1.62 

8 250 257 -2.80 

6 162 155 4.32 

4 87 83 4.59 

VI. CONCLUSION  

The flow process is invariably employed in all process 

industries, and the control valve is an important element of 

the flow process, which is employed to modify the flow rate 

based on the desired set points. If the flow rate at the valve 

inlet varies, then the outlet flow has an error even with the 

appropriate functioning of the control valve. To ensure that 

the inlet flow is at the desired flow, an additional flow sensor 

needs to be provided, which is not always a feasible solution 

due to placement and economic constraints. The contribution 

of this research work comprises design of estimator for 

prediction of inlet flow rate of the control valve. The 

validation of the estimator also is added contribution to the 

work. The designed estimator values have been validated by 

deploying the soft sensor onto the real life system and 

comparing the estimated values with the actual measured 

values. Thus, this study aimed to design an estimator to 

estimate the flow rate at the inlet using the characteristics of 

the process parameters. The process model is identified by 

using system identification toolbox of the MATLAB. First 

order system with dead time process model pattern is selected 

in the tool and the initial conditions were selected as back 

cast. The working of the estimator is analyzed for both 

increasing and decreasing current variations with different 

polynomials used for mapping the current inputs to the 

estimated flow rates in LPH. In both the cases, a maximum 

percentage error of 5% was observed from the result. The 

estimator performance was validated by comparing the 

estimated inflow with the actual values obtained from the EM 

flow meter. The estimator output yielded a root mean square 

error of 0.029, demonstrating the reliability of the designed 

estimator. The higher accuracy can be explained by 

comparing the root mean square error of the suggested 

strategy (about 0.0072) with the estimating technique 

published in [51], which had a root mean square error of 0.33.  

These estimated values can be considered an influencing 

parameter in the process of control valve fault detection. As 

these values inform the user about the root cause for the 

change in valve output flow rate, false alarming rate of 

control valve faults can be lowered. The limitation of the 

work is that the designed estimator can be incorporated only 

in the flow loops with pneumatic actuator as the final control 

element. The future scope of this work includes improvement 

of the performance of the estimator by incorporating data 

fusion techniques.  
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