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A Water Bath Control System in a Virtual
Laboratory Environment
M. F. Basar and N. Hasim
Abstract— In this paper, the development of a water bath control system in a virtual laboratory environment is discussed. The
system proposed is developed using LABVIEW 8.6. This project consists of three stages. The first stage is hardware
development, which involves construction of interface circuit to allow communication between plant and computer. The second
stage is to build the Fuzzy Logic Controller using LABVIEW software, where fuzzy set and rule base are applied. The final stage
is to publish the GUI module onto the web for real-time remote control. An internet based GUI module environment of a water
bath temperature control system has successfully been developed using LABVIEW software and published onto the web where
it can be fully controlled using Fuzzy Logic Controller developed, and monitored by any user despite of their geographical
locations, as long as they have computers with web browsers and internet connection. Thus, this will assure a better and easier
understanding of certain subjects, especially control system. With such a facility, laboratory resources can be shared online,
laboratory experiments can be carried out away from the site as well as outside the official working hour, and the control subject
can be taught in a more meaningful and effective manner to the students.
Index Terms—Fuzzy Logic Controller, GUI Module, Labview Software, Virtual Laboratory, Water Bath.

——————————  ——————————

1 INTRODUCTION

I

n technical education, laboratory components comprise
as an essential part, without it engineering education
remains incomplete. Experiments conducted on laboratory equipments support the theoretical knowledge acquired by the students. However, setting up a specialized
laboratory consisting of sophisticated and expensive
equipments is an unaffordable for many universities and
engineering colleges. Therefore, by developing virtual
experiments, sharing of specific and expensive equipment
among institution is made much easier, as it can be used
from any place with secure and controlled access.
There have been some researches in the development
of virtual laboratories; however, their implementation in
e-learning is still in its early years. As such, there is a need
to develop a more effective e-learning laboratory facility
such that it can be more widely implemented. An effective software package based on LABVIEW platform has
been developed which consists of a Fuzzy control.

2 PROJECT OVERVIEW
In this section, it will discuss in general about the
project background, objectives, methodology, fuzzy logic,
virtual laboratory and LabVIEW software.
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2.1 Project Background
In engineering fields, lecturers deliver the information
to the students by teaching the concepts, theories and
formulas, with the aid of examples and tutorials. However, all of these are only theory and significantly hard to be
understood comprehensively. Furthermore, the students
seldom have the opportunity to apply the knowledge of
what they learnt in class. Additionally, hands-on experiments play a vital role in complementing the theories and
concepts taught in the class. Teaching and learning via
the internet is more practical due to the fast growth of
web technologies.
Virtual laboratories is the best way to provide the students with practical approach since it is often an issue in
allocating the time for students to attend the labs to carry
out the experiments with supervision from the lecturers.
However, this issue becomes easier if the students can
remotely monitor and control the equipment from somewhere else to perform the laboratory experiments even
during midnight or weekends through the internet. Based
from [1], the responses from the students’ show that they
are not only appreciate the flexibility of the remote access
option, but they also feel that the remote option encourages them to take a deep learning approach to the material.
Another issue is the insufficient of lab equipment due
to the increasing number of students each year. It might
be too costly to set up several sets of equipments to meet
these needs. Many universities and colleagues offer distance learning programs and it might be not practical if
the students need to travel to the lab in order to carry out
the experiments there.
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Therefore, it would be so much easier to publish the
lab instrument onto the web where it can be accessed remotely regardless of geographical location. Referring to
[2], [3] and [4], the web-based laboratory has been developed to serve undergraduate students in the Department
of Electrical Engineering at NUS (The National University
of Singapore) where the implementation uses video conferencing to provide fast and point-to-point visual feedback to the client, on the happenings in the laboratory
and also allows users to control the zoom and viewing
angle of the video.
Beside the advantages of saving resources and the
greater attraction of such laboratory work for the electrical engineer, it allow students to learn networking technologies, and they are in a better position to assess the
requirements and properties of connected automatic control systems.[5] Moreover, remote laboratory experiments
for control engineering education has also been implemented in WebLab University of Kragujevac where it has
laboratory experiment in control courses that could be
remotely controlled (Gantry Crane—implementation
based on C# and Coupled tanks—implementation based
on LabVIEW).[6] The work in [7] describes the development of a remote laboratory with some hardware experiments based on modulation techniques used in Communication Engineering course.
The works in [2] describes web-based virtual electronics laboratories, one on frequency modulation experiment
and the other on coupled tank apparatus, a multi-inputmulti-output (MIMO) system, developed at National
University of Singapore using LabView and Java applet
programming. An online laboratory for Microelectronics
test circuit utilizing Java applet has also been developed
[8].
The work in [9] describes a web-based laboratory for
remote control of an inverted pendulum using Matlab
and Java programming. A remote laboratory based on
experiments for control engineering course has been developed at University of Texas, Arlington using Microsoft
Netmeeting and Matlab's Simulink environment [10].

2.2 Objectives of Project
The primary objective of this project is to setup a water bath, interfacing system and the server in the lab located in University Teknikal Malaysia Melaka. The water
bath consists of the water tank itself, a temperature sensor
(RTD), a heater and a stirrer. An interface system will also
be mounted so that the water bath can be controlled
through the server computer using the GUI module developed.
Secondly, an internet-based GUI module for virtual
laboratory environment of a water bath temperature control system will be developed using LabVIEW. The GUI
module will be published onto the internet so that the
water bath temperature control system can be either monitored or controlled remotely.

2.3 Methodology
Methodology of this project can be divided into two
parts, hardware and software development. The flowchart in Fig. 1 describes both of the hardware and software development in this project. For hardware part, it
consists of water bath, interface circuit, NI USB 6008 and
thermometer. Signals from heater, stirrer and RTD sensor
will be connected to the interface circuit so that the temperature inside the water bath can be controlled real time.

Fig. 1. Flowchart of Methodology.
After hardware in Stage 1 has been set up, the next
step is to design the fuzzy logic controller that consists of
fuzzy sets and rule base. The inputs to the fuzzy controller are error and rate of error and will be explained details
in Stage 2. Finally, in Stage 3 the virtual environment
needs to be constructed and this is where the GUI will be
published onto the web.

2.4 Fuzzy Logic and Virtual Laboratory
Fuzzy logic is a method of rule-based decision making
used for expert systems and process control that follows
the rule-of-thumb thought process human beings use [1].
In 1960s, Lotfi Zadeh developed fuzzy set theory, the basis of fuzzy logic. Fuzzy control provides a formal methodology for representing, manipulating, and implementing a human’s heuristic knowledge about how to
control a system [11]. The field of fuzzy sets and logic was
first introduced by Lotfi Zadeh [12, 13] and fuzzy control
was first introduced by E. Mamdani [14, 15]. Tuning PID
and fuzzy controllers are well suited problems for simulation training where after a simulation training; the students are capable of solving a laboratory control problem
about four times faster than without simulation training
[16].
Virtual laboratory allows users to access remotely to
laboratory instruments or facilities through network, either Local Area Network or internet. Those physical laboratory facilities are connected to the server and made
accessible to users who have accessibility to the particular
network. It allows users to conduct actual experiments at
anytime and from anywhere. In short, it can also be
summarized as users carry out the experiment in the virtual world, which is the network system (internet or
LAN) by using the actual laboratory equipment in the
physical world. This is how the name “Virtual Laborato-
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ry” originates from. This technology greatly enhances the
flexibility of laboratory education, and introduces students to the new paradigm of remote experimentation.
From Fig. 2, apparently, the hardware i.e. the water
bath is connected to a computer in the lab which serves as
the server. It is controlled using the Graphical User Interface module running locally on a LABVIEW platform. In
other words, the server computer plays the role of communicating directly with the hardware through a developed interface system. Meanwhile, the server computer is
connected to the network, either to the internet or Local
Area Network (LAN).

and control the lab equipment in the lab which is linked
to the internet. This is “real” experiment, rather than performing merely simulation or demonstration.
Water bath is a vessel which is usually adiabatic that
contains some liquidized food materials in which its objective is to control the temperature of the mixed liquid.
The major components of the water bath are a water tank,
a heating coil (controlled by a 2 Pole Contactor), a sensor
(which is the RTD Sensor) and a stirrer.
The water bath temperature is controlled using Fuzzy
Logic control. Users can control the temperature of the
water bath using the controllers in the software developed using LABVIEW software. An interactive Graphical
User Interface is developed to facilitate the users in controlling the system. Besides, a well developed inputoutput device is used to interface between the server
computer and the plant itself.

2.5 LabVIEW Software

Fig. 2. Client-server architecture for GUI module.
The GUI module will also be published onto the network and the module is accessible to the worldwide users. Users, or known as the clients from anywhere of the
world, can remotely access and control the GUI to control
the water bath, as long as they have computers with web
browser and connected to the network. Upon the connection to the server as well as the hardware, the client sees
the same front panel (GUI) exactly as the local host (server), and also has the exact same functionality presented
through the browser. This is a bi-directional operating
system, which means, the clients or users will continuously receive real time data from the water bath plant in the
lab which varies with time. At the same time, if the clients
or users manipulate the control in the GUI from their own
computers (client pc), the GUI in the server computer will
immediately respond to the changes made and then take
action to generate any outputs necessary for experiment
stimulus.
Nevertheless, almost all the virtual labs and online
experiments in the web emphasize more on simulations
and demonstrations only. There are very few websites
that provide real-time online experiment. When we talk
about real time, it means that the user can really access

LabVIEW is a graphical programming language that
uses icons instead of lines of text to create applications.
Unlike text-based programming languages, where instructions determine program execution, LabVIEW uses
dataflow programming, where the flow of data determines execution [17].
By using LabVIEW, a user interface is built and
known as the front panel. Next, adding the code using
graphical representations of functions to control the front
panel objects. LabVIEW programs are called Virtual Instruments, or VIs, because their appearance and operation
are just like physical instruments, such as oscilloscopes
and multimeters. Usually a VI contains front panel that
serves as the user interface, block diagram which contains
the graphical source code, and icon with connector pane
to identify the VI so that the VI can be used with another
VI. A VI within another VI is called a sub-VI. A sub-VI
corresponds to a subroutine in text-based programming
languages [17].
For this project, the front panel is build with controls
and indicators, which are the interactive input and output
terminals of the VI, respectively. Temperature set point
can be set by key in the temperature desired within 30°C
to 100ºC. Indicators are graphs, stirrer, heater and RTD
LEDs. The front panel and block diagram constructed in
this project is shown in Fig. 12 and Fig. 13.

3 EXPERIMENTAL WORKS
In order to give an easiness understanding, the project
development can be divided into three stages. The first
stage is hardware development, which involves construction of interface circuit to allow communication between
plant and computer. The second stage is to build the
Fuzzy Logic Controller using LABVIEW software, where
fuzzy set and rule base are applied. The final stage, third
stage is to publish the GUI module onto the web for realtime remote control.
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3.1 Stage 1
In stage 1, it is focused on hardware development.
Water bath is a vessel which is usually adiabatic that contains some liquidized food materials in which its objective
is to control the temperature of the mixed liquid. The major components of the water bath are a water tank, a coil
heater (controlled by a 2 Pole Contactor), a sensor (which
is the RTD) and a stirrer.
The interface system plays a very important role in
communicating with the physical plant, i.e. the water
bath. Generally, the interface system will read the sensor
level of the RTD sensor and send the reading to the water
bath temperature control system in the server computer.
The temperature reading will be displayed on the GUI
panel and will be used for further process. When it is necessary, the server computer will send a signal to trigger
the 2 Pole Contactor to switch on the heater for the purpose of heating the water in the tank until the temperature reaches desired set point. This bi-directional communication between the server computer and the plant
itself is performed by the interface system. Basically, there
are three major components that need to be controlled
using the interface system, namely water heater, stirrer
and RTD sensor.
The power supply module plays the role of supplying
the entire system with required power. The input power
to the system is an AC voltage 240 V, 50 Hz. This input
power supply is purposely to control the heater and stirrer. The switching of the power supply is controlled by
using interface device from server computer. The interface circuit is shown in Fig. 3.

Fig. 4. Schematic Diagram of the Interface Circuit.
The temperature sensor used in this water bath system is RTD. The resistance in RTD would increase gradually as the temperature increase. The usage of this sensor
is suitable as the temperature range in this water bath
system is between 0ºC to 100°C. Refer to Fig. 4 the RTD is
connected to a voltage divider circuit and the output is
connected to analog input on NI USB 6008 device.
Fig. 5 illustrates the National Instruments Driver used in
this project where it provides connection to eight analog
input (AI) channels, two analog output (AO) channels, 12
digital input/output (DIO) channels, and a 32-bit counter
when using a full-speed USB interface [18]. These terminal blocks provide 16 connections that use 16 AWG to 28
AWG wire. Figure 6 shows the overall interface circuit for
the system.

Fig. 3. Interface Circuit.
When 2 Pole Contactor is triggered, the heater will be
switched on to heat up the liquid inside the tank. But
when there is no signal from the server computer, the
output from 2 Pole Contactor is in open circuit mode
where the heater is switched off. Fig. 4 shows the schematic diagram of the interface circuit.

Fig. 5. National Instruments Driver.
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ical laboratories, where the temperature control of certain
liquid is important. The water bath temperature is controlled using Fuzzy Logic control. An interactive Graphical User Interface is developed to facilitate the users in
controlling the system. Besides, a well developed inputoutput device is used to interface between the server
computer and the plant itself.
Fig. 8 and Fig. 9 show the outer part and inner part of
the water bath respectively. Besides having a stirrer, heater and RTD sensor, it also consists of inlet and outlet
valve to cater with the water flowing in and out of the
water bath.

Fig. 6. Overall Interface Circuit Including NI USB 6008
Thermometer from Extech Easyview 10 is used to read
the current temperature in degree Celsius. In this project,
thermometer as shown in Fig. 7 is used to calibrate the
temperature reading so that the exact temperature will be
feed to the system.

Fig. 8. Outer part of Water Bath.

Fig. 9. Inner part of Water Bath.

Fig. 7. Thermometer.
Nowadays, water bath is widely used in industries,
especially food processing. It is used for producing new
liquid products such as milk drinks, chocolate drinks, etc.
In addition, water bath is also popular equipment in med-

The water bath itself is made by aluminum with insulation. Since, this project dealing with hot water inside it;
therefore it is a need to insulate the inner and outer part
for safety purposes. The water bath is designed for 7 liter
of water filling.

3.2 Stage 2
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The second stage is to build the Fuzzy Logic Controller
using LABVIEW software, where fuzzy set and rule base
are applied. The RTD sensor, heater and stirrer in the system determine the input and output quantities of a fuzzy
controller. Each quantity being measured provides information about the current process state. Fig. 10 shows the
block diagram of the water bath temperature control system. It describes how fuzzy controller takes part in controlling the temperature.

Fig. 10. Block diagram of the Water Bath Temperature
Control System.

( IF e = ZE1 AND ∆e = ZE2 THEN ∆u = ZEo )
A rule can be written in triple form such as:
( ZE1, ZE2; ZEo )
A matrix of the rule base can be set up as shown in
Fig. 11. The second and the third column are the antecedents and the forth column in the matrix are the consequents.
A defuzzification technique used to give a crisp output
value. It is required to produce the actual signal that the
plant can use. Thus, the fuzzy output value needs to be
defuzzified.
The output of the fuzzy controller is usually the
change in the control signal. Equation (1) shows the actual control signal to the plant.
u(k+1) = u(k) + ∆u(k)

Every fuzzy logic system must have a rule base. The rule
base is used to infer the actions that need to be taken
based on the current conditions. Fig. 11 shows the rule
base for the control system. From the Rulebase Editor
front panel, the defuzzification method and inference
method can be selected. In this case, Center of Gravity
defuzzification and Max-min inference method are chosen.

(1)

For centroid defuzzification, the value is given as (2),

z* = [ Σ µc (z) . z ] / [ Σ µc (z) ]

(2)
(2)

The front panel of the water-bath control system for
this project is shown in Fig. 12. The desired temperature
can be selected by key in the desired values. In addition,
the current temperature can be monitored through the
indicator shown. The response between the set point and
process variable can be monitored in the waveform graph.
While the block diagram of the overall process is depicted
in Fig. 13.

Fig. 11. Water Bath Complete Rule Based.

The centre rule which is the steady-state rule can be written as follows:
IF Error in Temperature is about ZE1
AND the Derivative of Error is about ZE2
THEN the Change in Control Input is about ZEo

Fig. 12. Front Panel of the Water Bath Temperature
Control System.
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Fig. 15. VI and Viewing Selection.

Fig. 13. Block diagram of the Water Bath Temperature
Control System.

Last but not least, it can save the document to disk and
finally enable the Web Server for publishing HTML
documents and front panel images on the Web. This can
be seen in Fig. 16. Fig. 17 shows the URL address that will
be needed to access the page from a browser.

3.3 Stage 3
The final stage is to publish the GUI module onto the
web for real-time remote control. Before the GUI is published on the web, there are a few steps that need to be
taken. The LabVIEW Web Server need to be used to create
HTML documents, publish front panel images on the
Web, and embed VIs in a Web page. First Web Server
must be enabled with the Web Publishing Tool as shown
in Fig. 14. Furthermore, the VIs must be in memory before
being published.

Fig. 16. Web Page Destination Directory.

Fig. 14. Web Publishing Tool Setting.
In Web Publishing Tool, it will accomplish some tasks
which are creating an HTML document and embed images of the front panel in an HTML document (but currently only Netscape browsers support animated images).
From Fig. 15, Web Publishing Tool can also embed a VI
that clients can view and control remotely, adding text
above and below the embedded VI front panel image,
place a border around an image or embedded VI, and
preview the document.

Fig. 17. URL Address for Water Bath System.
A front panel of the water bath temperature control
system can be viewed and controlled remotely, either
from within LabVIEW or from within a Web browser, by
connecting to the LabVIEW built-in Web Server. When
the front panel is opened remotely by students via
internet through their computer, the Web Server sends
the front panel to their computer, but the block diagram
and all the subVIs remain on the server computer. The
front panel can be interacted in the same way as if the
Water Bath Temperature Control System were running on
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their computer, except the block diagram executes on the
server.
The server computer must first be configured before
the students can view and control a front panel remotely
using LabVIEW or a Web browser. By configuring the
Web server, browser access to the server can be controlled
and which front panels are visible remotely can be specified. In addition, it also can set a time limit on how long a
remote computer can control a Water Bath Temperature
Control System when multiple students are waiting to
control the water bath temperature control system.
Multiple students are allowed to connect simultaneously to the same front panel, but only one student can
control the front panel at a time. The user at the server
computer can regain control of water bath temperature
control system at any time. When the controller changes a
value on the front panel, all student front panels reflect
that change. However, students’ front panels do not reflect all changes.

a room temperature which is 30°C. After the set point was
set to 50°C, the fuzzy controller is trying to reach the set
point and after 24 minutes, the desired temperature is
achieved.
Fig. 19 shows the signal waveform when the process
set point was 40ºC. After five minutes the system reaches
its set point, then the user change the set point to 60ºC.
From 40ºC to 60ºC, generally, it takes about 10 to 15 minutes to the system to achieve its new set point.

4 EXPERIMENTAL RESULTS
The water bath temperature control system can be monitored and controlled remotely via internet. Any student
can access to the server computer and the water bath
temperature control system which are already setup in
the lab, regardless of their geographical location, as long
as they have computers, web browsers and internet connections. In addition, live experiment on the water bath
temperature control system using Fuzzy controller is published in the website.
Based on the result that was obtained from the develop fuzzy logic controller using LABVIEW software, the
fuzzy controller was able to identify the current temperature and try to achieve the desired set point that set by
user. All the data were collected and save automatically in
Notepad. Then, the data were transferred in MATLAB
software. By using the MATLAB software, all the useful
data from Notepad were plot so that the waveform signal
can be easily analyzed.

Fig. 19. Waveform for setpoint 40oC.
Set point of 70ºC and 80ºC were set, and the waveform
is as depicted in Fig. 20. Initially the temperature inside
the water bath was 60ºC. But after the set point is set to
70ºC, the fuzzy controller tries to reach 70ºC and it can be
clearly seen that the readings is stagnant for a while after it
achieves 70°C. Then, when the set point was changed to
80ºC, the fuzzy controller was then again tries to achieve it
and it goes stagnant once the desired temperature is
achieved.

Fig. 20. Waveform for setpoint 70oC.

Fig. 18. Waveform for setpoint 50oC.
The waveform signal when the set point was 50ºC is
depicted in Fig. 18. The figure shows temperature versus
number of data taken during the experiment. From the
waveform, it can be seen that the initial temperature was

This project has successfully developed the GUI for
user interface. There are several parts on this project
which are intentionally design to make user understand
the functionality of this virtual laboratory and fuzzy logic
application. Figure below shows the front panel of LABVIEW control system and the internet interfacing if the
user uses the system remotely using internet.
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This project can be further developed for better improvement. First, in order to minimize the chattering, the
voltage divider circuit can be upgraded by adding a capacitor or an inductor. This can improve the signal waveform to be less noise.
Next, we can develop and publish more experiments,
namely PID control, Neuro-fuzzy controller and NeuralNetwork controller. Currently, we have Fuzzy Logic control experiments in the website. Hence, more experiments
on other controllers should be developed and the present
experiments in the e-learning website can also be further
improved.
Last of all, more virtual laboratories for other control
systems should be developed and added into the elearning virtual laboratory website. For instance, a.c. motor speed control system and couple tank liquid level control system. A more complete and various virtual laboratories will promise a better virtual laboratory facility for
teaching control system.

5

[4]

[5]

[6]

[7]

[8]

[9]

CONCLUSION
[10]

In conclusion, water bath, interfacing system and the
server has been set up in the lab, where the water bath
consists of the water tank itself, a temperature sensor
(RTD), a heater and a stirrer. An interface system has also
been mounted so that the water bath can be controlled
through the server computer using the GUI module developed.
An internet based GUI module environment of a water bath temperature control system has successfully been
developed using LABVIEW software and published onto
the web where it can be fully controlled using Fuzzy Logic Controller developed, and monitored by any user despite of their geographical locations, as long as they have
computers with web browsers and internet connection.
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