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An Experimentation on Anti-Reset Windup Scheme
for Level Process Station
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*S. Shanmuga Priya
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Abstract: This paper represents how to eliminate the undesired effect occurred in the Pl or PID
controller called integrator-windup by using four different methods. These different methods are
known as anti-windup strategies. A Simulink-Matlab program has been used to investigate the results
and the performance of the four anti-windup strategies, using the parameters and values from two
published papers [1-2]. The controller, actuator, saturation and planet transfer function are used to
build the general structure of a control feedback system. Finally, the modifications were made in the
“Level Control Trainer” program that was made by InTouch-windows maker program to solve the
problem that happens by the integrator windup in a real time system for level control station was done
experimentally. Copyright © 2012 IFSA.

Keywords: PID controller, Anti-reset windup, Actuator saturation, Conditional integrator.

1. Introduction

In this experiment the modifications were made on “Level Control Trainer” program that was made by
InTouch-windows maker program. This program is responsible to control the water level in a tank by
using PID controller. The aim of this experiment is to add saturation level to obtain the integrator
windup (for studying research) [3]. After that we measured the saturation level in real time by using
millimeter, to know the maximum and minimum saturation (Umax and Uniy) for the water level. Finally
we added anti-windup controller to solve the problem that happens by the integrator windup.
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1.1. Level Controller Station Description [5]

Level control trainer is designed for understanding the basic principles of level control. The process
setup consists of supply water tank fitted with pump for water circulation. The level transmitter used
for level sensing is fitted on transparent process tank. The process parameter (level) is controlled by
microprocessor based digital indicating controller which manipulates pneumatic control valve through
I/P converter. A pneumatic control valve adjusts the water flow in to the tank. These units along with
necessary piping are fitted on support housing designed for tabletop mounting. Level control trainer is
designed for understanding the basic principles of level control. The process setup consists of supply
water tank fitted with pump for water circulation. The level transmitter used for level sensing is fitted
on transparent process tank. The process parameter (level) is controlled by microprocessor based
digital indicating controller which manipulates pneumatic control valve through I/P converter. A
pneumatic control valve adjusts the water flow in to the tank. These units along with necessary piping
are fitted on support housing designed for tabletop mounting.
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Fig. 1. General scheme for level control station.

1.2. InTouch-windows Maker Program [6]

A Human Machine Interface (HMI) software application shows a graphical representation of a
manufacturing environment. The tools, materials, and processes used to create a product appear as
visual elements in an HMI application’s windows. Plant operators interact with an application’s
graphical interface to monitor and administer the manufacturing processes.

Fig. 2 shows the core components of the InTouch HMI that you use to build and run applications.
As its name suggests, you use Application Manager to create and manage InTouch applications. The

application development environment, called WindowMaker, includes a set of graphic and other
development tools to build your applications. You run your applications using WindowViewer.

2. Experimental Process
2.1. Level Control Station

The Level Control Station is shown in Fig. 3. This station is responsible to control the water level in a
small tank by using PID controller (UT321 — YOKOGAWA shown in Fig. 4) connected to a computer
by ADAM USB wire connection. The water level in the tank can vary between 0 to 100 cm. The
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simulation program that is responsible for sending the variable data to the PID controller is In-Touch-
windows maker as shown in Fig. 5.

AnchesirA [DE

InTouch ks App
Applcation
o Start - Dcmeq_‘l':errpm

Start Create Manage Start

Stnd-None
Build InTouch Run
v Applcations

Managed Run
Build InTouch Create
Appications Manage

Harn

Fig. 2. Flow chart of In-touch Software.

Wi @ %« o

B

- 82

Fig. 3. Level control station. Fig. 4. UT321 PID Controller.

Table 1 shows the variable and the modes in the 'Level Control Trainer' program that used for
controlling the PID.

2.1.1. Current Measurement

Before making an Anti-Windup mode in the level control program we must measure the output current
from the PID controller in different water level (O cm to 100 cm) to define the maximum and minimum
saturation level (Umax & Umin). We disconnect the positive output wire from the PID and the connected
the multimeter (AC mA) as shown in Fig. 6. Table 2 shows the current value in different water level.
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Fig. 5. InTouch-windows maker 'Level Control Trainer'.

Table 1. Level Control Trainer program Mode & Variable.

Mode/Variable Details
Open-Loop Study of open loop response (manual control)
On-Off Mode Study of on/off controller
P Mode Study of proportional controller
P1 Mode Study of proportional integral controller
PD Mode Study of proportional derivative controller
PID Mode Study of proportional integral derivative controller
Process Reaction | Tuning of controller (open loop method)
Close loop Tuning of controller (closed loop method)
Autotune Tuning of controller (using auto tuning method)
Stability analysis | To study stability of the system (bode plot)
PV Process value
SP Step point
AM Auto/manual
PB Proportional band
IT.sec Integral time
DT.sec Derivative time

Table 2. Current value for different water level.

Water level (cm) Current value (mA)
0 4
10 5.5
20 7.2
30 8.8
40 10.3
50 11.9
60 13.5
70 15.5
80 16.8
90 18.9
100 20.01

90



Sensors & Transducers Journal, Vol. 147, Issue 12, December 2012, pp. 87-94

Fig. 6. Measure the output current value from the PID controller.

2.1.2. Reprogramming

After we study and collect the information about integrator windup problem we modified the level
controller program to obtain the Anti-Windup strategy in real time implementation [6, 7]. This done by
added the Anti-Windup mode and saturation level to the main program as shown in Fig. 7. Then we
reprogramming the original code to controlling the hardware actuator by calculate the error between
PV and SP, then we toke this error as a feedback to the controller to limit the actuator movement
between defined Umax and Up,in automatically.

 InTouch - WindowYiewer - F:WAITWPART ZWPID AN T1 WINDUPWPID AN T1-WINDUP =ik
Dreneehogument |
= THOTE 23T
Level Corirol Trainer
Wil YXogawa UT21E Cortreler e N e EEE o - S
Anti-Nindup
oo e (N e G~ (N
wesimieasy uma [ v N
(1‘5 g o S

[ Cpentocp | [ On-Oftmode | P Mode |

ofi Hyst % Blas
158 | Pl Mode ][ _FoMode | [ FiDMode |

Anti-Windup Mode

& |F'rm:ess Reaction | | Close loop | | Autotune |

Stability anakysis

Ref Paint % Amplitude % Period Sec.

Date Tima Mama Tpe Vabue Limit Flate
1 | mma Lo o P unacs [y

THALE | 1]
S 2= L] el TREEE |1
i T TR R DAL | U
L T i Lo THRALE T
TS [N ] TR

Update Successiul  Default Query _

Fig. 7. Level controller program with Anti-Windup controller.
(Umax & Umin '1', saturation and Anti-Windup graph '2', Anti-Windup Mode '3").
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2.1.3. Final Result

Fig. 8 and Fig. 9 are showing the difference between PID and Anti-Windup result for the real time
processing value (PV), step point (SP), and operating response (OP). And Fig. 10 and Fig. 11 are
showing the current output at two saturation levels (10 and 80).
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Fig. 8. OP, PV and SP response in PID Mode.
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Fig. 9. OP, PV and SP response in Anti-Windup Mode.
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Fig. 11. The output current value at min = 10.
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3. Conclusion

The integrator windup is a very common problem in the PID controller system, accrued when we have
actuator saturation. There are four different methods called anti-windup strategy to solve this problem,
each strategy has its own advantage and disadvantage at the same time, e.g. the limited integrator give
the high overshoot compared with the other method, so it’s the least desirable method. The proposed
method gives a very good response, because it takes the advantages of the two anti-windup strategies
(conditional integrator and back-calculation). Also the response of the controller with and without
Anti-Windup in real time system and how it use to limit the actuator and pervent him to exceed a
defined values (Umax & Umin) when a saturation is accured.
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