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Abstract— Control of process parameters is one of the
important problems in process industry. The process
considered for modeling is spherical tank liquid level system.
Control of liquid level in a spherical tank is highly non -linear
due to variation in the area of cross section of level system
with change in shape. The aim of this paper is to implement an
optimum controller for a spherical tank. The objective of the
controller is to maintain the level inside the process tank in a
desired value. System identification of spherical tank system is
done using black box model which is identified to be non linear and approximated to be a First order plus dead time
model. In this paper performance of ZN based PID controller
is compared with Internal Model Controller (IMC) based PID
controller. The comparative study of set point tracking and
performance estimation of a liquid level process is carried out
with the help of performance indices like ITAE, IAE and ISE.
Index Terms— Spherical tank, PID controller, Internal
model controller

I.INTRODUCTION
The process industries such as refineries, petrol,
petro-chemical industries, paper making and water
treatment industries require liquids to be pumped, stored
in tanks, and then pumped to another tank. In the design
of control system, one often has a complicated
mathematical model of a system that has been obtained
from fundamental physics and chemistry. The above
mentioned industries are the vital industries where liquid
level and flow control is essential. Many times the
liquids will be processed by chemical or mixing
treatment in the tanks, but always the level fluid in the
tanks must be controlled, and the flow between tanks
must be regulated. Level and flow control in tanks are
the heart of all chemical engineering systems.
Chemical process present many challenging
control problems due to nonlinear dynamic behavior,
uncertain and time varying parameters, constraints on
manipulated variable, interaction between manipulated
and controlled variables, unmeasured and frequent
disturbances, dead time on input and measurements.
Because of the inherent nonlinearity, most of the
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chemical process industries are in need of conventional
control techniques.
Spherical tanks find wide spread usage in gas
plants. They are non-linear system because their area of
cross-section keeps varying with the height of the tank.
A sphere is a very strong structure. The even distribution
of stresses on the sphere's surfaces means that there are
no weak points. Moreover, they have a smaller surface
area per unit volume than any other shape of vessel. This
means, that the quantity of heat transferred from warmer
surroundings to the liquid in the sphere, will be less than
that for cylindrical or rectangular storage vessels. Thus
causing less pressurization due to external heat. Control
of a spherical tank is important, because the change in
shape gives rise to the nonlinearity.
PI controller shows smooth response in An
evaluation of Model based Controller Design for a
Spherical Tank by S.Nithya, N.Sivakumaran,
T.Balasubramanian and N.Anantharaman [1]gives the
controller design is compared based on conventiona l
Proportional Integral (PI) based on Ziegler- Nicholas
settings with Internal Model Control (IMC) based on
Skogestad‟s settings. A Digital PI controller design
method has been proposed by G. Sakthivel , T. S.
Anandhi and S. P.Natarajan [2] shows that for both set
point and load changes the method is effective and can
be used in the low cost data acquisition system.
D.Pradeepkannan, Dr.S.Sathiyamoorthy have discussed
State Feedback with integral controller to implement in a
Non-linear Spherical Tank SISO process [3]. It has been
shown that State feedback with integral controller can
cope with the tank non-linear characteristics at all
operating points. Rinu Raj R R and L.D Vijay Anand
proposed CDM based PI controller for a Non-linear
Spherical tank [4]. S.Rajendran, Dr.S.Palani proposed
Fuzzy logic controller (FLC) for a spherical tank to
control liquid level [5] .The evaluation of Fuzzy Model
Reference Learning Control by S.Ramesh
and
S.Abraham Lincon [6] shows that the incorporation of
FMRLC in the control loop in spherical tank system
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provides a superior tracking performance than the
NNIMC and conventional PI mode.
D.Pradeepkannan,
Dr.S.Sathiyamoorthy
proposed Control of a Nonlinear Spherical Tank Process
Using GA Tuned PID Controller [7. Evolutionary
Algorithms based Controller Optimization for a Real
Time Spherical Tank System by
Ganapathy
Sivagurunathan and Kaliannan Saravanan [8] and from
this the PSO tuned servo and regulatory operations
compared to ZN and GA based PI controller on all the
operating regions.
II. ABOUT THE SYSTEM
The control parameter which we have chosen is
the level. Capacity sensors and level transmitter
arrangement senses the level from the process and
converters into electrical signal. Then the electrical
signal is fed to the I-V converter which in turn provides
corresponding voltage to the controller. The closed loop
control system is one in which control action is
dependent on the output. This maintain water level in
storage tank. The system performs this task by
continuously sensing the level in the tank and adjusting a
supply valve to add more or less water to the tank.

Figure 1. block diagram for the system
The actual storage tank level sensed by the level
transmitter is fed back to the level controller. This
feedback is compared with the desired level. Now the
controller describes the control action and it is given to
the I-V and then to I-P converter. The final control
element is now controlled by the resulting air pressure.
This in turn control the inflow to the spherical tank and
level is maintained.
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Figure 1 shows the block diagram of the system.
The flow rate to the spherical tank is regulated by
changing the stem position of the pneumatic valve by
passing control signal from computer to the current to
pressure converter through DAQ CARD and voltage to
current converter. The operation current for regulating
the valve position is 4-20mA, which is converted to 315psi of compressed air pressure. The water level inside
the tank is measured with the differential pressure
transmitter which is calibrated and is converted to an
output current of 4-20mA.This output current is
converted into 0-5V using I/V converter, which is given
to the controller through DAQ CARD. The USB based
DAQ CARD is used for interfacing the personal
computer with the spherical tank.
The principle of capacitive level measurement is
based on change of capacitance. An insulated electrode
acts as one plate of capacitor and the tank wall (or
reference electrode in a non-metallic vessel) acts as the
other plate. The capacitance depends on the fluid level.
An empty tank has a lower capacitance while a filled
tank has a higher capacitance. A simple capacitor
consists of two electrode plate separated by a small
thickness of an insulator such as solid, liquid, gas, or
vacuum. This insulator is also called as dielectric. Value
of C depends on dielectric used, area of the plate and
also distance between the plates.The sensor and the wall
of the container form the two electrodes of a capacitor.
When the level changes, the electrical capacitance
between the electrodes also changes. This change is
evaluated by the electronics and converted into an output
signal. Robust cable and rod versions cover a variety of
applications. Level sensors detect the level of liquids and
other fluids and fluidized solids, including slurries,
granular materials, and powders that exhibit an upper
free surface.
III.M ATHEMATICAL M ODELLING
It is quite often the case that we have to design
the control system for a process before the process has
been constructed. In such a case we need a
representation of the process in order to study its
dynamic behavior. This representation is usually given
in terms of a set of mathematical equations whose
solution gives the dynamic or static behavior of the
process. The process considered is the spherical tank in
which the level of the liquid is desired to be maintained
at a constant value. This can be achieved by controlling
the input flow into the tank. The valve connection
diagram for spherical tank is shown in figure 2.
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Where -time constant.
The actual transfer function contains some time
delay so it becomes FOPTD process.

Assume dead time = 2sec
For region 1: 0-2cm

Region 2: 2-5cm

Region 3: 5-10cm

Figure 2. Valve connection diagram
Using the law of conservation of mass,
The rate of accumulation in tank system = rate of mass
flow in- rate of mass flow out.
=𝜌 −𝜌

(A)

= 𝜌 −𝜌

(𝐵)

−

(1)

=

Substituting parameters of
we get the equation as,
= −𝑐 √ℎ
(2)
where V volume of spherical tank at height h
Volume of sphere
𝑉=

Figure 3.Diagram of the sphere
Substituting the value of V in equation (2) we get,
= −𝑐 √ℎ
(3)
After all substitution and linearization get the transfer
function model as,
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Region 4: 10-18cm

IV. CONTROLLER DESIGN
PID controller design is based on a direct relationship
between the parameters of the controller and the process
model (Dale, Thomas and Duncan, 2004). Several
approaches have been applied in the past to evaluate
design procedures for an optimal frequency response
using the conception of unity gain approach and gain
adjustment. But universally valid design equations were
not found until now. Thus one of the most challenging
issues in control engineering education and application is
still controller design. It is considered that PID controller
is the most common control technique that is extensively
used in control applications. The PID controller has been
used in daily life by a huge number of applications and
control engineers. PID control offers an easy method of
controlling a process by varying its parameters.
Moreover, PID controllers are available at low cost.
Consequently, if the parameters are tuned properly, it
provides robust and reliable performance for most
systems. PID variations (P, PD, and PI) are widely used
in more than 90% to 95% of industrial control
applications. However, there is own limitation of the PID
controller; if the requirement is reasonable and the
process parameters variation are limited, the PID
performances can give only satisfactory performance.
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the gain in small steps until the response first exhibits a
sustained oscillation. The value of gain and the period of
oscillation that correspond to the sustained oscillation
are the ultimate gain (Ku) and the ultimate period (Pu).
3. From the values of Ku and Pu, found in the previous
step, use the Ziegler-Nichols rules given in Table to
determine controller settings (KP, Ti, Td).
Table 1. . Z-N closed loop tuning rules
Figure 4. Block diagram for PID controller
The PID controller is a linear controller in which the
error is calculated by the difference between set point r(t)
and actual output y(t).
e(t) = r(t) - y(t)
The ideal transfer of the PID controller is given by the
formula,

Where Kc is the proportional gain, Ti integral time
constant and Td is the derivative time constant. The aim
of the PID controller design is to determine the PID
parameters (Kc, Ti, Td) to meet a given set of closed loop
system performance requirements.
A.ZIEGLER NICHOLS TUNING
There are mainly two types of Z-N tuning method.
1. Zeigler Nichols open loop tuning method
2. Zeigler Nichols closed loop tuning method
Here choose ZN closed loop tuning method.
These rules were first proposed by Ziegler and Nichols.
It is a closed-loop tuning method and this method is
described as a closed-loop method because the controller
remains in the loop as an active controller in automatic
mode. Ziegler and Nichols did not suggest that the
ultimate gain (Ku) and ultimate period (Pu) is computed
from frequency response calculations based on the
model of the process. They intended that Kp and Pu, be
obtained from a closed-loop test of the actual process.
1. After the process reaches steady state at the normal
level of operation, remove the integral and derivative
modes of the controller, leaving only proportional
control. On some PID controllers, this requires that the
integral time (Ti) be set to its maximum value and the
derivative time (Td) to its minimum value. On modern
controllers (microprocessor-based), the integral and
derivative modes can be removed completely from the
controller.
2. Select a value of proportional gain (Kp), disturb the
system, and observe the transient response. If the
response decays, select a higher value of Kp, and again
observe the response of the system. Continue increasing
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B. INTERNAL MODEL BASED PID TUNING
Internal Model Control (IMC) is a commonly used
technique that provides a transparent mode for the
design and tuning of various types of control. The ability
of proportional-integral (PI) and proportional-integralderivative (PID) controllers to meet most of the control
objectives has led to their widespread acceptance in the
control industry. The Internal Model Control (IMC)based approach for controller design is one of them
using IMC and its equivalent IMC based PID to be used
in control applications in industries. It is because, for
practical applications or an actual process in industries
PID controller algorithm is simple and robust to handle
the model inaccuracies and hence using IMC-PID tuning
method a clear trade-off between closed-loop
performance and robustness to model inaccuracies is
achieved with a single tuning parameter.
Also the IMC-PID controller allows good setpoint tracking but sulky disturbance response especially
for the process with a small time-delay/time-constant
ratio. But, for many process control applications,
disturbance rejection for the unstable processes is much
more important than set point tracking. Hence, controller
design that emphasizes disturbance rejection rather than
set point tracking is an important design problem that
has to be taken into consideration.
In process control applications, model based
control systems are often used to track set points and
reject low disturbances. The internal model control
(IMC) philosophy relies on the internal model principle
which states that if any control system contains within it,
implicitly or explicitly, some representation of the
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process to be controlled then a perfect control is easily
achieved. In particular, if the control scheme has been
developed based on the exact model of the process then
perfect control is theoretically possible.
The IMC design procedure is exactly the same
as the open loop control design procedure. Unlike open
loop control, the IMC structure compensates for
disturbances and model uncertainties. The IMC filter
tuning parameter “ ” is used to avoid the effect of model
uncertainty. The normal IMC design procedure focuses
on set point responses but with good set point responses
good disturbance rejection is not assured, especially
those occurring at the process inputs. A modification in
the design procedure is proposed to enhance input
disturbance rejection and to make the controller
internally stable.

Step3: Adding filter
Now a filter is added to make the controller at
least semi-proper because a transfer function is not
stable if it is improper. A transfer function is known as
proper if the order of the denominator is greater than the
order of the numerator and for exactly of the same order
the transfer function is known as semi-proper.
(s) f(s)=
(s) f(s)
Where,

Figure 5. The IMC structure
Distinguishing characteristic of this structure I
the process model, this is parallel to the actual process
(plant). ‟ ‟ generally represent the signals associated
with the model. Subscript (such as m) also represents the
model. Consider a process model
(s) for an actual
process or plant
(s). The controller q(s) is used to
control the process in which the disturbances d(s) enter
into the system. The various steps in the Internal Model
Control (IMC) system design procedure are:
Step1: Factorization
It includes factorizing the transfer function into
invertible and non invertible parts. The factor containing
right hand poles, zeros or time delays become the poles
when the process model is inverted leading to internal
stability. So this is non invertible part which has to be
removed from the transfer function. Mathematically, it is
given as
(s) =
s)
s)
Where
– non invertible part
s)- invertible part
Step2: Form the idealized IMC controller.
The ideal internal model controller is the inverse of
invertible portion of the process model.
(s) =
(s)

C. THE EQUIVALENT FEEDBACK FORM TO IMC
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Step4: Adjust the filter tuning parameter.
Adjust the filter tuning parameter to vary the speed of
response of closed loop system.
In IMC formulation the controller q(s) based
directly on the good part of the process transfer function.
There only one tuning parameter the closed loop time
constant, .The IMC based PID tuning parameters are
then a function of this closed loop time constant. The
selection of the closed loop time constant is directly
related to the robustness (sensitivity to model error) of
the closed loop system.

The equivalent feedback form to IMC is shown in
figure 6.

Figure 6. The equivalent feedback form to IMC
This reformation is advantageous because we find that a
PID controller often results when the IMC design
procedure is used. Also the standard IMC block diagram
cannot be used for unstable systems. So this feedback
form be used for those cases. The standard feedback
controller is a function of the internal model
and
internal model controller
shown in equation below.

Now find the PID equivalent
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It is compared with conventional PID as

Figure 8. Comparison of IMC PID with ZN PI and ZN
PID for region2 with set point 5cm
For region3:

For fast response and good robustness the tuning
parameter is given by equation [1].
=
V. RESULTS AND COMPARISON
For region 1:
Figure 9. Comparison of IMC PID with ZN PI and ZN
PID for region3 with set point 10cm
For region4:

Figure 7. Comparison of IMC PID with ZN PI and ZN
PID for region1 with set point 2cm
For region2:
Figure 10. Comparison of IMC PID with ZN PI and ZN
PID for region4 with set point 18cm
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Table 2. Performance indices comparison of different
controllers

[7]

[8]

VI. CONCLUSION
A modified IMC structure has been proposed for
FOPDT process. This method ensures smooth and noise
free process. A PID controllers are designed in terms of
process model parameters and low pass filter time
constant. The controllers perform well for set point
tracking. The simulation results are also concluded that
ZN has large overshoot compared to IMC tuning. ZN
method shows some improvement in its response but
proposed IMC have much faster time response and give
satisfactory and improved results.
In future a suitable advanced controller for first
order system can be implemented for the control of
spherical tank. The performance of that controller can be
compared with ZN PI, ZN PID and IMC PID to prove its
effectiveness in nonlinear system control.
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