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Abstract

This paper describes a design of adaptive liquid level control system using the concept of Multi
Sensor Data Fusion (MSDF). Purpose of the work is to design a controller for accurately controlling the
level of liquid in a process tank with liquid temperature changes. The proposed objective is obtained by i)
implementing a MSDF framework using Pau’s framework for measuring liquid level and temperature, ii)
analyzing the behavior of actuator output for variation in liquid temperature, and iii) designing a suitable
adaptive controller which will produce desired control action for controlling liquid level accurately using
neural network algorithms. Outputs from sensors are fused to obtain the fluid level output and also relation
of level transmitter output for change in temperature. This information is used by controller to train the
neural network so as to tune the controller parameters (proportional gain, integral constant, and differential
constant), to drive the actuator. Results obtained show that the system is able to control liquid level within
range of 1.915% of set point even with variations in liquid temperature.
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1. Introduction

Industries like pharmaceutical, food, dairy, paints, etc. often involve processes where
one or more elements are mixed to obtain a product. It is often seen that these processes need
to be carried out in a very controlled manner. The control might be in terms of the external
environment or in terms of the elements which are to be mixed. In case of a process involving
liquid mixtures, some of the parameters which need to be controlled are, liquid level, flow rate,
density, viscosity, and temperature.

Several researchers have reported controller technique for controlling the above
discussed parameters like in [1], an algorithm is reported for controlling the temperature change
in a gas turbine. Various controllers used in chemical reactors are discussed in [2]. Liquid level
in a simulated model of a conical tank is controlled using a Proportional Integral (PI) controller is
reported in [3]. In [4], a controller model is designed in simulation for control of pH with
disturbances in a chemical process. A system for controlling feed load changes in alcohol
fermentation is designed using a PID controller in [5]. In [6], a design for controlling flow of air in
wings by modelling the variation in structure using an optimization function is discussed.
A control system for control of liquid level in a nuclear plant using a PI controller is reported
in [7]. In [8], a technique is designed for control of liquid level in a coupled tank system using a
sliding mode control system.

Switching type of liquid level controller for casting plant is reported in [9]. A control
algorithm for the modelled beer fermentation process in a multi-stage process is discussed
in [10]. A control algorithm is designed to control flow in a microfluidic system using model
reference dscontrol system in [11]. In [12], liquid level control system implementation using a
PID controller is reported. Design of a nonlinear predictive controller for controlling level of liquid
in a coke fractionation tower is reported in [13]. In [14], a controller design technique for both
liquid level and temperature in a spherical shape tank is reported. In [15], a control algorithm for
a nonlinear liquid level system using ANN based reinforcement technique is reported.
Implementation of a PID controller for liquid level control in an interacting tank system is
discussed in [16].
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Design of controller for a multivariable liquid level process is reported
in [17]. A neural network based switching controller design for evaporation system is reported
in [18]. Design of predictive proportional control system for control of liquid level in industrial
coke fractionation tower using state space analysis is reported in [19]. Different adaptive control
techniques have been reported on recent research articles some of the work have been
reported here. An adaptive method of disturbance compensation using state observer technique
is reported in [20] for a permanent magnet motor.A disturbance control technique using
disturbance observer and neural network is reported in [21] for a nonlinear and uncertain
system. An adaptive control technique is developed in [22] for nullifying the effect of variation in
unknown parameters. Disturbance rejection in non linear system is achieved by developing an
adaptive control technique using output feedback in [23]. An adaptive technique with fuzzy
tracking is reported in [24] for controlling of uncertain disturbaces using adaptive observer.

This paper proposes a technique for design of controller using the data of both the
process variable (liquid level) and disturbance variable (temperature). The data of process
parameters derived from different sensors are fused using multi sensor data fusion framework.
Fusion framework is used to analyze the effect of temperature on the process and produce the
tuned values of PID controller coefficients (Kp, K|, and Kp) to control liquid level independent of
any variations in liquid temperature.

Organization of the paper is done with discussion on introduction in first Section. In
second Section description of experimental setup of proposed technique is reported. In third
section problems faced with available liquid level control is analyzed, followed by proposed
solution. Analysis of results obtained is discussed in fifth section. Finally, conclusion is reported
in the last section.

2. Experimental Setup

A laboratory setup for liquid level control system is designed. The designed model
works on the principle of varying inlet liquid flow rate keeping the outlet flow constant (i.e. to
increase liquid level, inlet flow rate should be more than outlet and decrease inlet flow rate for
decreasing level). Process inlet flow rate is controlled by a pneumatic control valve. The control
signal for the pneumatic control valve is standard 3-15psi signal, derived from an I/P converter.
I/P converter is actuated from the signal of controller which is 4-20mA. In the proposed work a
standard PID controller is used for this purpose. The controller designed is a soft controller
developed on LabVIEW platform. Process variable for controller is given from the level
transmitter present in the tank, whose liquid level is controlled. MODBUS connector is used to
communicate between the PC and process station.

3. Process Analysis

Analysis of the liquid level process system in open loop shows that it behaves as a first
order system with a delay [10]. General representation of a first order system with delay is as
shown in equation 1.

K
Ts+1

G(s) =——e™™ )
where; K=System gain

T=Time constant of the first order system

T=Time delay at which variable begins to change for the input provided.

The first step in analyzing the system would be to identify the values of the system
parameters (K, T, and 1) for the system considered in this experiment. Several researchers have
reported many system identification approaches based on black box design (identification
without any information about the system), white box design (first principle model), and grey box
design (with some information about the system). In the proposed technique we prefer to go
ahead with grey box design as we know that the system is first order system. Many techniques
are available for identification of system parameters in a grey box design, in the proposed
technique widely used [26] two point methods is followed to compute the system parameters.
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3.1. Two Point Method

Two point method can be best explained using the step response for the system. Let us
consider step response of a first order system, it is typically of the form shown in Figure 1. It is
said that the constants K, T can be computed by considering the process times at 28.3% and
63.2% of output [25-29] as shown in equation 2.

T=1.5(T2 -T1) s )

Now, the open loop step response is analyzed to find the transfer function of the given system.
The step response plot of the open loop system obtained is as shown in Figure 1(b). The
system is subjected to step input at 154s. Further the graph shows the responses similar to that
of standard characteristics. On comparing Figure 1 (a) and Figure 1 (b) the model derived is
represented as G(s)=4.76/(51s+1).
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Figure 1. Step response of (a) generic first order system, (b) actual system

3.2. PID Tuning

The next step will be to design a controller for control of flow. From the basic idea of the
system it is understood that the system is a quick process, and PID is a suitable controller. The
design of controller involves the task of finding the proportional gain (Kp), Integral gain (K,), and
Differential gain (Kp). Tuning of the controller parameters are carried on by Zeigler Nicholas
method [30-31]. Once the controller parameters are computed it is subjected to test in real time.
The result obtained from the designed controller is shown with the set point variation
in Figure 2. From the Figure 2(a) it is seen that the controller output was able to track the given
set point in level accurately, with a very small offset. The condition shown was for a constant
liquid at room temperature. Now, if the temperature of liquid is varied from room temperature to
20 °C, will the system performance be same/ altered?

An Adaptive Liquid Level Controller Using Multi Sensor Data Fusion (Santhosh K. V.)



2468 m

ISSN: 1693-6930

Output with PID

35

30 ~

25

20

Level in cms

15 ~ i

10

200 300

Time in Seconds

400

500

Liquid level in cm

Lawsl process characteditics for changs in lquid temperaiore by 122
40

25}
o
L

w
(=]
L

]
n
L

o 100 200 300 400 500 600

Time in Sec

Figure 2. Process characteristics for step response with a) tuned PID controller b) for varying
liquid temperature to 12 oC

To check the performance of the designed liquid level control system for variation of
liquid temperature, liquid of varying temperature is used. From the graphs shown in Figure 2 (b)
and Figure 3 it is evident that, the controller fails to track the set point on variation of liquid
temperature. Secondly the error produced is also large as compared to the output at 20 °C. An
efficient robust controller is one which tracks the process variable even with variations in
noise [32]. Considering the effect of temperature as noise on the liquid level control system, a
controller is designed which would control the output even when the liquid temperature is varied.
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Figure 3. Process characteristics at liquid temperature of (a) 25 oC, (b) 40 oC
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4. Problem Solution

The next step of the work is to design an adaptive controller using the concept of
MSDF. Adaptive controller is designed in a way to produce coefficients of PID controllers which
tune dynamically with variation in liquid temperature. An additional temperature sensor
thermocouple is used along with orifice flow sensor. Fusion process uses Pau’s framework.
Modified schematic diagram of the proposed level process is as shown in Figure 4(a).

The first step towards execution of proposed work is to design a multi sensor data
fusion framework with thermocouple and level transmitter. Pau’s framework is followed in this
paper to achieve the desired changes in PID coefficient gain based on variation of liquid
temperature as measured using thermocouple. The schematic of Pau’s framework is shown in
Figure 4(b). Pau’s framework is considered here because it is a behavioral model, which can be
made dynamically adaptive.
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Figure 4. (a) Schematic diagram of proposed controller design, (b) Pau’s framework

4.1. Feature Extraction

In this stage the feature from both the sensor is extracted, the data extracted from
thermocouple and level transmitter will all be of different type and magnitude. Both the sensor
data are arranged to a common representation format. Radiometric normalization technique is
used in this work to convert the output from both the sensor to a value of 0 to 1 [33].

4.2. Association, Analysis and Aggregation

Neural network algorithm is used to for the purpose of association and analysis. The
first step in developing a neural network model is to create a database. Database consists of
both input and target vectors. Input vector is the output of the level transmitter and temperature
for variation in liquid temperature, for different values of liquid level. The target matrix is the
values of PID coefficients for variations in temperature.

4.3. Training

For training a multi-layer, perceptron based neural network model is considered. Back
propagation network architecture with Artificial Bee Colony algorithm is used for the
purpose [34, 35]. Table 1 shows the data matrix used for training. Training is carried out to
achieve least mean square error.
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Table 1. Data Matrix for Training Neural Network

Input data set Target data set
Thermocouple Level transmitter o/p K K K
olp at liquid level of 50% P : P
30°C 0.02 0.028 30°C 346 189 0.01
32°C 0.058 0.079 32°C  34.0 192 0.01
34°C 0.89 0.142 34°C 335 194 0.01
90 °C 0.999 0.978 90°C 316 207 0.01

4.4. Front Panel VI of Proposed Work

The front panel is configured to acquire data from the process through MODBUS.
Further the user can choose between manual and auto mode. In manul mode, user needs to
feed the controller parameters to obtain the desired output. The proposed work is designed to
function while the system is in auto mode. Under this setting, a neural network programming of
MSDF architecture is developed for having sensor output adaptive for variations in liquid
temperature. In the last stage tuning of Kp, K|, and Kp is done for controlling of liquid level.
The front panel of VI for proposed work is as shown in Figure 5 [36].
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Figure 5. Front panel VI of proposed work

5. Results and Analysis

Designed technique was tested with several test cases by varying the set-point, and
liquid temperature within the desired range. The results obtained from the proposed technique
are tabulated in Table 2. Response characteristics for a step input change with variation in liquid
temperature for a test case is plot and shown in Figure 6. The percentage error obtained for
every test case is tabulated along with set-point Vs Output characteristics is plot in Figure 6.
The root mean square of percentage error thus obtained from proposed system is found to be
1.915%.
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Table 2. Results Obtained from Real Life Testing of Proposed Technique
Sl. Set point Liquid Output level

No. in mm temperature in °C obtained in mm % Error
1 30 27 32 -6.67
30 48 31 -3.33
3 30 66 31 -3.33
4 80 35 79 1.25
5 80 20 80 0.00
6 80 50 78 2.50
7 95 55 94 1.05
8 95 22 94 1.05
9 95 80 96 -1.05
10 140 40 143 -2.14
11 140 60 143 -2.14
12 140 27 142 -1.43
13 185 38 188 -1.62
14 185 55 187 -1.08
15 220 70 218 0.91
16 220 20 217 1.36
17 255 35 254 0.39
18 255 85 257 -0.78
19 290 70 294 -1.38
20 290 24 293 -1.03
21 290 95 294 -1.38
22 340 22 342 -0.59
23 340 55 338 0.59
24 340 77 341 -0.29
25 385 64 388 -0.78
26 385 35 384 0.26
27 400 44 400 0.00
28 400 58 397 0.75

6. Conclusion

In the reported paper an attempt was made to design an adaptive controller for
controlling level of liquid in a tank even with variations in liquid temperature. Controllers are
designed to make the process variable equal to the set point. In the reported paper, Proportional
+Integral+ Derivative (PID) controller scheme is considered for control of liquid level in tank.
Tuning of controller coefficient is performed using Ziegler Nicholas tuning technique based on
open loop response of process. Once tuned, the controller was able to track the set point given
by user. But if the liquid temperature is varied, controller was unable to track the desired set
point.

An adaptive controller using concept of multi-sensor data fusion was designed to vary
the tuning coefficient with respect to variation in liquid temperature so as to track the liquid level
accurately. Designed system was tested with varying input conditions, and it was found that
proposed controller was able to track liquid level accurately with a root mean square error of
1.915% for varying liquid temperature. It is very clear that the reported work achieved the
objective of set point tracking with noise interference.
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