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ABSTRACT
Liquid level control is vital in the chemical and process industries. Some processes need liquids to be
pumped to a certain desired level. This paper presents development of Proportional-Integral-Derivative
(PID) controller for controlling the desired liquid level of a tank. Three conventional techniques of PID
tuning that is Ziegler-Nichols, Z-N, method and Good Gain, G-G, method and Trial & Error method will
be tested in order to obtain the PID controller parameters. Simulink is used to build the model and the
liquid level of a tank is controlled by using TI Delfino F28355 Experimental kit which is a digital signal
processing (DSP) control board. Arduino UNO board is used for real time data acquisition which is used
to plot required graphs in Labview. The performance of the system is evaluated in terms of Rise Time
(Tr), Settling Time (Ts), Steady State Error (SSE) and Overshoot (OS).
Key words: Digital Signal Processing (DSP) control board, Delfino F28355 Experimental kit, PID
Controller, PID Tuning Method, Water Level Control, Simulink
1.

INTRODUCTION

Real time monitoring and controlling are widely
used in chemical and process industries. Usually
it is required that liquid level is critically
maintained at a specific height [1]. Feedback
control structure is the most common control
structure in industrial control system. In this
study, feedback control strategy is used with
Proportional Integral Derivative (PID) controller.
Liquid level is detected by an ultrasonic sensor
and then a pump is controlled accordingly to
maintain required level of the tank. The
experimental setup of the liquid level tank is
shown in Figure 1.

eq. (01). e is the error for feedback loop.
Feedback control loop is shown in the Figure 2.

Figure 2: Feedback control loop

The PID control algorithm comprises three
elements:
•

Proportional - also known as Gain (KP)

•

Integral - also known as Automatic
Reset or simply Reset (KI)

•

Derivative - also known as Rate or PreAct (KD)
(01)

Figure 1: Liquid level tank

PID controlling is used for error based
controlling. Control signal u is expressed in the

This study intends to use digital signal processing
(DSP) control boards for data acquisition and
processing. Many digital signal processing (DSP)
control boards are available for various
controlling applications. TI Delfino F28355
Experimental kit (Figure 3) was used in this
study, which is a high-performance floating-point
microcontroller and it delivers up to 150 MHz
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(6.67-ns Cycle Time) [2]. Therefore it is an ideal
controller for high speed real time controlling
applications.

Figure 3: TI Delfino F28355 Experimental kit

The biggest advantage of using this DSP board is
that it is not necessary to have programming
skills. This DSP board can be integrated with
MATLAB/Simulink and then it can be utilize
more complex mathematical tools, which are
available in MATLAB. Instead of writing
programming codes for controlling, it is easy to
build a mathematical model by using Simulink
which is a powerful modeling tool and then Clanguage code can be generated, which are
comply with the IT controller.
Z-N is the widely used tuning method. At first KD
and KI gain are set to zero. Then KP is increased
until the output of the loop starts to oscillate in
the oscillation period [3].
Even though Good Gain method is not used as
much as Z-N method, in many applications it
gives better controlling and stability [4]. At first
KD and KI gain are set to zero and then increase
or decrease the Kp value until some overshoot
and a barely observable undershoot are observed.
There is no mathematics in Try and Error
method. Tuning procedure will takes a lot of time
to obtain the best result.
2.

Figure 4: Experimental setup

2.2. Data acquisition and controlling
An ultrasonic sensor (HC-SR04) is used to
measure the level of the tank. It works by trigger
signal and time for receiving echo signal can be
used to calculate the distance from the sensor to
the water surface. Trigger signal to sensor is send
by using an Arduino UNO board. The echo signal
is received to both Delfino F28355 board and
Arduino UNO board. Arduino board calculates
the level height and send calculated values to
Labview via serial port of the host computer in a
51 milliseconds interval. Using the real time data,
graphs is obtained by the host computer.
The Simulink Model was developed to calculate
the length of echo (pulse width, T: Refer Figure
5). The developed Simulink mathematical model
is shown in Figure 6 and Figure 7. The main
model is shown in Figure 6 and ‘Calculate level
(cm)’ subsystem of the main model is shown in
Figure 7.

METHODOLOGY

2.1. Experimental Setup
A lab scale liquid level controller was used in this
study. Controlling and Real time data acquisition
facility were setup with TI and Arduino UNO
boards. Host computer communicates with these
DSP boards by using serial ports. Schematic
diagram of the experimental setup is shown in
Figure 4.

Figure 5: Trigger and Echo signals

‘ADC’ block converts analog echo signal to a
digital values. The level height is calculated in
‘Calculate level (cm)’ subsystem. In ‘Calculate
level (cm)’ subsystem of Figure 7, from ‘In’ to
until ‘If Action subsystem’, T us (Refer Figure 5)
is calculated. To convert T to the distance (cm),
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say ‘h’, T is multiplied by ‘1000000/58.2’ (Gain).
This calculated distance is the height between the
sensor and the water surface of the tank. Because
the tank height is 100 cm, ‘100-h’ cm gives the
liquid height in the tank. Then the ‘Out’ is the
Height of the liquid in the tank. Then according
to the error (Level height – Set point), PID
controller control the percentage value (0 to
100%) of ‘ePWM’ block which controls the
output voltage value of relevant PWM pin of
F28355 board. From this output PWM signal, the
pump is controlled.

3.

RESULTS

PID controller was tuned by the Z-N method as
well as by the G-G method. Tuning parameters
(Kp, Ki and Kd) by each method are given in the
Table 1. Performance of each tuning procedures
are summarized in Table 2. Trial error methods
was also used in this study, due difficulties of
smooth outputs.
Table 1: Parameter of PID Controller
Parameter

Method
Kp

Ki

Kd

G-G

37.1

6.137

0

Z-N

15.75

3.885

0

80

0.01

0

Trial & Error

Table 2: Performance of PID controller
Tr (s)

Ts (s)

OS
(%)

SSE (cm)

G-G

8.98

23.94

4

0 to 0.7

Z-N
Trial &
Error

10.91

34.55

6.36

0 to 0.3

10.13

12.2

0

0 to 0.3

Method
Figure 6: Control structure with PID Controller

Figure 8, 9 and 10 are the performance for each
method respectively.

Figure 8: Performance response using G-G method

Figure 7: ‘Calculate level (cm)’ subsystem

The Code Composer Studio v3.3, which is an
integrated development environment, can execute
C code for the micro-controller. Then Code
Composer Studio uploads the generated code to
Delfino F28355 board.

Figure 9: Performance response using Z-N method
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6.

Figure 10: Performance response using Trial and
Error method

4.

DISCUSSION

Getting serial data through the F28355 DSP
board for data plotting was very difficult and
therefore an Arduino UNO board was used for
that purpose.
It was quite difficult for finding the parameters. It
required a lot of effort and experiences to obtain
a good-gain of the controllers. For example
getting a well-damped slight overshoot in G-G
method and sustained oscillation in Z-N method
were very difficult. The reason may be the power
input to the pump is not proportional with flow
rate and pump characteristics are nonlinear.
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Trial & Error method had the fastest time for the
system to reach the stable condition in the
system. From the tuning method of G-G, the
response of the system is the second fastest
compared to Z-N method. However, G-G method
shows that it has the fastest time in the rise time
in the system followed by Trial and Error and ZN. For Z-N method had the highest percentage of
the overshoot and Trial & Error method had the
lowest percentage of the overshoot (almost zero).
Therefore it is clear that Trial & Error method
gives the better performance to the system over
other methods. Performances of each tuning
methods are shown in the Table 2. Steady state
error of Trial & Error method is much better than
others.
5.

CONCLUSION

TI Delfino F28355 DSP board wad used to
control the level of a tank by PID controlling. A
Simulink model for PID controlling was
developed and uploaded to the DSP board by
Code Composer studio v3.3. The parameters of
the PID controller were tuned by the traditional
method such as G-G, Z-N and Trial and Error.
Even though it is quite difficult to find tuning
parameters, satisfactory performance can be
achieved by above all tuning methods. However,
Trial & Error method gives the better
performance to the system over other methods.
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