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Remote laboratories are becoming increasingly popular in academic arena due to availability of web-based technologies and
infrastructure. Remote Labs are equipped with real instruments, where experiments are performed by controlling the instruments
and observing the real data from a distant location through computer networks. They provide for student centric laboratory
experience as students can perform experiments at their own convenience and requirements. Further, Remote Labs reduce
management of work involved in running conventional laboratories. This paper describes design and implementation of such
an experimental setup for performing characterization experiments on Transducers in general and Acceleration and Speed
Transducers in particular from a remote location. The experiment can be made accessible to anyone over a TCP/IP network
with a standard Web Browser, relevant plugin, and permission. This paper demonstrates that traditional experiments on sensors
and transducers can be successfully made available online to both on-campus and off-campus students at their own schedule and
convenience.

1. Introduction

The unprecedented advancements in Information and
Communication Technologies (ICTs), availability of quality
infrastructure, and inexpensive services have led to expo-
nential expansion of applications of ICTs in almost all fields
of endeavor. ICTs have brought about significant changes
in lifestyle of individuals by providing easy connectivity
and access to information. The world of education has
also been greatly affected by advancements in ICTs. It has
enabled variety of new avenues and methodologies for
enhancing the experience of learning and teaching in both
types of programs for imparting education, namely, Tradi-
tional Classroom and Distance Education (DE) Program.
Therefore, ICTs have immense potential to make science and
engineering education more affordable for larger pool of
students.

It is well known that relevant laboratory experience
can significantly improve students’ learning and interest
level in course material [1–3]. This is particularly true for

courses like Science and Engineering. The students of science
and engineering need laboratories for measurement, data
collection, analysis, and experience of handling equipment,
and other physical devices [1]. The laboratory experience
is essential for developing better understanding, problem
solving skills, and skills of minute observation in students.
However, the effective integration of relevant experiments
into courses remains the most challenging aspect of any
program due to constraints of time and space and limited
resources available for provision of laboratory infrastructure.

A cost-effective and technologically feasible solution to
this problem is to use Information and Communication
Technologies for providing Laboratory experience. Student
centric Remote Labs can make learning more easy and
effective. Remote Labs are equipped with real instruments,
where experiments can be performed by controlling the
instruments and observing the real data from a distant
location through the network. Students can conduct exper-
iments from any computer on the network at their own
schedule. It can provide for efficient sharing of expensive
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laboratory resources. Remote Labs can significantly reduce
the managerial work involved in conventional labs, which
includes scheduling of classes, staff, equipment, lab space,
training, and safety provisions [4].

Many universities have developed Internet-based remote
laboratories [4–19]. Most of the efforts on implementation
of Remote Labs have been related to study of control systems
[4–12] and to a certain extent in study of Electronics Engi-
neering [13–19]. However, in this paper, we are concerned
with experiments related to study of Acceleration and Speed
Transducers.

There are different approaches of developing Remote
Laboratories using LabVIEW as illustrated in [12, 20] as well
as other proprietary platforms [4, 7, 15].

LabVIEW is one of the well-known packages used for
development of Remote Labs. Most of the work reported
so far uses Internet Toolkit, DataSocket, and so forth for
developing Remote Labs, which require clients to have
software developed in LabVIEW [10]; that is, Fat Clients
are required. Fat Client implies that student’s computer is
required to have powerful hardware for running the presen-
tation as well as the processing modules of the Experiments
in the Remote Lab software, while the Thin Server would
only host the Instruments and manage communication.
In contrast, this paper focuses on using the Thin Client
technology in development of the Remote Lab, which needs
a standard web browser with relevant plugins running on
any type of minimal hardware platform without any specific
requirements. This simplifies the client side, so that students
can concentrate on experiments rather than on learning
the client interface. Further, the logistic involved is also
simplified as the student is no longer required to obtain
and install the experiment-specific software. It is also less
expensive.

The work reported in this paper is mainly concerned
with some issues in setting up of a remote experimental
setup for characterization of Acceleration and Speed Trans-
ducers. There are two modes in which experiments can be
performed, namely, Live Mode and File Mode. In Live Mode,
the student gains control of the experimental hardware setup;
therefore, only one student can perform the experiments at
a time, but others can view it. However, in File Mode, many
students can perform experiments simultaneously. File Mode
is different and better than simulations as real experimental
data, which were stored in a file from previous similar
experimental runs, are provided.

If students perform experiments in File Mode, they gain
understanding of how to do the experiments. Further, if
they either perform experiments or view experiments being
performed in Live Mode, then they gain complete under-
standing and feeling of the actual experiments. The inclusion
of the two modes reduces waiting time of students for per-
forming live experiments and increases effective utilization
of experimental setups as viewing also becomes a significant
contributor to learning process [21]. The experiments on
characterization of accelerometer and tachogenerator are
currently available in both Live and File Modes.

The rest of the paper is organized as follows. Section 2
describes overall system architecture. The hardware part is

discussed in Section 3. In Section 4, software developed is
described. Results, conclusions and future work are discussed
in Sections 5 and 6, respectively.

2. System Architecture

The generic system architecture of the Remote Lab is shown
in Figure 1. The Lab Server is interfaced with experimental
setups through Data Acquisition (DAQ) Cards. It hosts
software programs, web servers, and web pages of exper-
iments and also provides connectivity with the Institute’s
LAN. The Client computers connected on the Institute’s
LAN can access experimental setup available in Remote Lab.
Universities/Institutions have Internet connectivity, which is
generally provided by Computer Center through Proxy and
Firewall Servers acting as Internet Gateway. Thus, the Remote
Lab facility can be extended outside the University Campus
by Internet through Computer Center.

The proposed architecture is modular and facilitates easy
integration of traditional experiments on characterization of
sensors and transducers. This is illustrated by implementing
the experiments on characterization of acceleration and
speed transducers in this architecture. The objective of
characterization experiment on Acceleration transducer is to
determine the output voltage of accelerometer (along with
its signal conditioner) with changes in acceleration. The
objective of the Speed Sensor’s characterization experiment
is to determine the output voltage of tachogenerator (along
with its signal conditioner) with changes in speed. Therefore,
the experimental setup should be able to generate controlled
variable acceleration and angular velocity. The generation of
controlled angular velocity is achieved by using a DC motor,
which is powered by a Programmable Power Supply (PPS). A
compound lever (connecting rod-crank) mechanism driven
by the DC motor is used for generating acceleration. The
accelerometer, whose characteristic is to be determined,
is mounted on the slider of the compound lever. The
tachogenerator, whose characteristic is to be determined, is
mounted on the shaft of the DC motor. Further, an optical
system is used as standard measure of angular velocity for
characterizing the sensors [22]. The speed of DC motor
is varied by changing the output of Programmable Power
Supply, which is interfaced to the Lab Server through
Analog Output channel of DAQ card. The sensors are also
interfaced through their respective signal conditioners to
the Lab Server by using DAQ card’s analog input channels
so that the output voltage waveform of the sensors can be
measured. The readings of speed (from which acceleration is
computed), acceleration, and corresponding output voltage
of accelerometer and tachogenerator are processed and
recorded to plot the characteristic curves. Further, the values
of speed, acceleration, and corresponding output voltages
can be stored for future reference.

A software-based controller written in LabVIEW is used
for controlling the speed of the motor during the experiment.
The Graphical User Interface (GUI) of the experiments is
developed using LabVIEW as it provides rich repository of
customizable objects. The web pages are developed from
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Figure 1: System architecture of remote lab.
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Figure 2: Hardware block diagram of remote experimental setup.

Virtual Instruments (VIs) programs using Web Publishing
tools in LabVIEW. LabVIEW Web Server is used for hosting
web pages. The G Web server is used for handling CGI
requests. The server programs are also developed using
LabVIEW. This experimental setup can be controlled from
any remote PC connected on LAN/Internet. The Indus-
try Standard TCP/IP protocol is used for communication
between remote PC and Lab Server.

The experiments can be performed in the two modes as
discussed in the previous section. In case of Live Mode, the
experimental hardware is available for controlling purposes
to only one student at a time, but others can view it. The
hardware is illustrated in Section 3. However, In case of
File Mode, the traditional experimental setup’s hardware
is replaced with a file, which has the real data stored
from previous Live Mode experimental runs. Therefore, the
traditional experimental setup’s hardware is not required, so
many students can perform experiments simultaneously. File
Mode is illustrated in Section 4.

3. Hardware

The hardware block diagram of the web-based experimental
setup in Remote Lab is shown in Figure 2. The hardware

used in implementing the web-based experimental setup are
Accelerometer, Tachogenerator, Optical Transducer, Signal
Conditioners, DC Motor, Compound Lever (Connecting
Rod-Crank) mechanism, Programmable DC Power Supply,
DAQ card, Lab Server, Network, and Remote Computers.

3.1. Accelerometer and Its Signal Conditioner. The accelerom-
eter is an electromechanical transducer, which provides an
electrical output proportional to the vibratory acceleration
it undergoes. The accelerometer used in this experimental
setup is a Preamplified Piezoelectric accelerometer, which is
normally used for automotive applications like triggering of
air bags in cars. It can measure acceleration ±1000 g, where
1 g = 9.81 ms−2 with sensitivity of 4 mV/g nominal. The
resonance frequency is 10 kHz, output voltage is 4 V± 2.5 V,
and output impedance is 600Ω [22].

A signal conditioner is required to transform the high
output impedance of the accelerometer into lower output
impedance. It also amplifies and filters the voltage signal
generated by the accelerometer. It includes charge amplifier
to amplify the signal for obtaining a standard output of 0
to 8 V peak to peak (pp) and a filter for eliminating high-
frequency signals of greater than 1 KHz. It also eliminates
direct current offset from the output of preamplifier included
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in the accelerometer. It detects vibrations in both positive
and negative ranges and also provides buffer between the
transducer and the DAQ card. It is calibrated so that an
acceleration of 80 g corresponds to 8 V peak to peak.

The mounting of accelerometer is important as it directly
affects reliability of readings at high acceleration. The
accelerometer used in this experimental setup is mounted
horizontally on the Compound Lever and is firmly fixed with
a small steel screw [22].

3.2. Tachogenerator and Its Signal Conditioner. The devices,
which convert the speed into electrical quantity, are called
speed transducers like tachogenerator. It consists of a stator,
which has a permanent magnet and a rotor with armature
coil wounded on it. The armature coil is rotated in the
presence of magnetic field to develop potential difference,
which is proportional to its angular velocity. The output
voltage is obtained between two brushes sliding on a
commutator. The tachogenerator used in this experimental
setup has linearity of 0.2%, ripple is 2.0% at 500 rpm,
ripple frequency is 21 cycles per revolution, and operating
temperature range is 0–155◦C. The output voltage gradient is
14.5 mV/rpm, nominal armature resistance and inductance
are 110 ohm and 8 mH, respectively, and recommended load
resistance is 10 K [22].

A signal conditioner is required to reduce noise and
improve linearity of the output voltage signal and consists
of potential divider, low pass filter, and amplifier. It produces
standard output voltage corresponding to±4000 rpm =±8 V
[22].

3.3. DC Motor, Compound Lever, and Optical System. It is
necessary to generate a variable standard acceleration and
speed for a proper study of the acceleration and speed
transducers. The acceleration and speed transducer module
by M/s Elettronica Veneta has been used, which consists of
DC motor, Compound Lever, and Optical System. The DC
motor and compound lever are used for generating variable
acceleration. The optical system is used for measuring
angular velocity. The DC motor has a maximum speed of
4000 rpm with a rated supply voltage of 27.5 V. Intermediate
speeds can be generated by varying the supply voltage from
0 to 27.5 V. However, the heavy load of inversion movements
on motor due to its coupling with compound lever limits its
maximum speed to 800 rpm. Further, increasing the terminal
voltage of the motor, increases the current and exceeds its
maximum limit of 2 A.

Compound Lever mechanism consisting of connecting
rod and crank is used for generating the required accelera-
tion. The relation between the angular speed of the motor
and the acceleration of the compound lever has been derived
in [22], and the equation is as follows:

g = 2n2 ∗ K

9.81
, (1)

where g is acceleration, n is angular speed in rpm, and K =
603∗ 10−6.

Optical System is required for measurement of the
angular velocity of the motor, which is an optical encoder

mounted on the motor’s shaft. It generates pulses corre-
sponding to the angular velocity of the motor.

3.4. Programmable DC Power Supply. The Programmable
DC Power Supply is used for controlling the speed of the
motor. It receives input from the DAQ card’s Analog Output
channel, which can vary from 0 to 5 V to control the
corresponding output voltage from 0 to 30 V. The maximum
current that can be drawn from the power supply is limited
to 2 A [23].

3.5. Lab Server and DAQ Card. The lab server consists
of a PC with Pentium IV, 2.8 GHz processor, 1 GB RAM,
Network Interface Card, and National Instruments DAQ
Board PCI6070E, which has been used for interfacing
the experimental setup along with SC-2075 Bread Board
Connector Block. The server is connected to DEI-NET,
Dayalbagh Educational Institute’s LAN. The DAQ Card PCI
6070E has 8 Differential Input analog channels which can
accept ±10 V input at maximum sampling rate of 1 MS/s, 2
Analog output channel which can give ±10 V output and is
suitable for this application.

3.6. Network and Remote Computers. DEI-NET has back-
bone of Fiber optic cable, which runs to all Departments’
and Centres’ local switches. The end PCs are connected
through CAT 5e cables. In most of the Labs, Wireless
networking is also available. Different configurations of
Pentium-based computers including Laptops with Windows
Operating System and Internet Explorer have been used for
performing experiments in both Live and File Modes.

4. Software

The software block diagram of the experimental setup is
shown in Figure 3. The software for the characterization
experiments are developed using LabVIEW. The software
consists of Graphical User Interfaces (GUIs), Functional
Programs, VI, Web and G Web Servers, and Remote Panel
Connection Manager for administration of clients.

4.1. Graphical User Interface. An intuitive GUI with steep
and short learning curve is essential for any web-based
experimental facility as it would not only facilitate in
performing experiments but would also encourage the
students to perform experiments without any supervision
and traditional help. The programs developed in LabVIEW
are known as Virtual Instrument (VI), which have two main
parts, namely, front panel and block diagram. The front
panel can be used to develop intuitive GUI as LabVIEW
provides rich inbuilt and customizable objects.

There are three levels of GUI, namely, Authentication
GUI, Experiment Selection and Authorization GUI, and
Experiment-specific GUIs. The Authentication GUI is used
for logging in the Remote Lab. The Experiment Selection and
Authorization GUI is used for gaining control of the experi-
ment to be performed in Live or File Mode. The Experiment-
specific GUIs are used for performing the experiments.
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The Experiment-specific GUI for characterization of
tachogenerator is shown in Figure 4. It consists of indicators,
which are showing the output voltage measured from
tachogenerator circuit (including signal conditioner) and
the speed as measured by Optical Transducer (calibrated
circuit with its signal conditioner). There is an option for
plotting the characteristic curve, while the experiment is
being conducted, in the graphical indicator. It has option for
saving the measurements in a spreadsheet file, whose path is
shown in the indicator.

4.2. Functional Program Description. Lab Server program is
used for authenticating and authorizing the students for
performing experiments in Live or File Mode. If a request
for performing experiment in Live Mode is made and the
experimental setup is free, then it is assigned for a duration
of 10 minutes. If the experimental setup is not available for
controlling purpose, the request is put on hold and would
be catered as soon as the experimental setup could be made
available for controlling purpose. Optionally, the student can
view an ongoing Live experiment. Alternatively, the student
can perform the experiment in File Mode as these can be
performed concurrently.

After getting authorization to perform experiment in
Live Mode, the Experiment VI is launched. The student
is expected to set the speed in the Set-Speed control box
at which the transducer’s output is to be recorded. The
voltages are read from two analog input channels AI-0 and
AI-1 at every 200 ms interval, which are connected to the
acceleration and speed sensors’ signal conditioners’ outputs,
respectively. The output voltage waveform of Optical Sys-
tem’s signal conditioner’s output is collected for ten seconds
at a sampling frequency of 8 KS/s. It is processed to determine
the speed of the motor, which is converted to acceleration by
(1).

The readings of computed acceleration from optical
system’s output and output voltage from acceleration trans-
ducer (Vin) are displayed at the set speed. The acceleration
transducer’s characteristic curve is a plot of the set of values
of g V/s Vin. The speed of the motor can be changed from

the GUI by using the Set-Speed control box. The controller
takes the input from the Set-Speed control and the measured
speed to determine the control action. It controls motor
speed through analog output of DAQ card, which in turn
controls the output of Programmable DC Power supply. The
settings of controller are preset to reduce the complexity of
the experiment.

The graphical indicator can show the trail on the graph
by plotting all the previous values of g or v (depending on the
experiment) and Vin in every iteration, if the option Show
Trail is selected. Alternatively, it can display only the point
corresponding to the present value of g or v and Vin by only
plotting the present values in every iteration, if the option
Hide Trail is selected.

The readings of g or v and Vin can be saved in a
spreadsheet file if the option Save is selected. The path of
spreadsheet file is displayed in an indicator in GUIs. The
file name is asked from the student, and file by the name
is opened with a reference number in an FTP accessible
directory. If the user selects to store the data in the file, the
reference number is used for further writing to the file. When
VI finally terminates execution, it closes the file. This file can
be obtained by a distant user through FTP services.

4.3. LabVIEW Internet Toolkit, G and Web Server, and RP
Connection Manager. LabVIEW Web Server is used for host-
ing the Web pages. The Web pages are mostly created using
Web Publishing Tool, which creates an HTML document of
front panel. The G Server is used for handling CGI request.
The CGI protocol is implemented using Internet Toolkit. The
CGI protocol is used for dynamically creating Web pages and
also for launching the VIs. The Remote Panel Connection
Manager is used for administering the VI for viewing and
control by remote browser clients.

5. Results

The prototype experimental setup has been made available
to a group of students from the Faculty of Engineering,
pursuing the course on Instrumentation. They have been
able to perform the experiments both in Live and File
Modes successfully. The responses received from the students
were very encouraging; however, they were more inquisitive
and keen on learning about the implementation of the
Remote experimental setup. The snapshot of the experiment
performed in Live Mode on the Acceleration Transducer’s
characterization is shown in Figure 5. The experimental data,
which were saved during the experiment in file, can be used
to plot the characterization curve offline using MS-Excel
program. Thus, it would be helpful in preparation of reports.

6. Conclusions and Future Work

Laboratory experience is an important requirement of
Engineering and Science Education. However, there are
known problems associated with provision of lab experience
in traditional environment due to paucity of space, time,
and resources. A cost-effective and technologically feasible
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solution to this problem is to use web-based Remote Labo-
ratories for addressing limitations associated with traditional
labs. A web-based experimental setup has been successfully
developed for performing experiments on Characterization
of Acceleration and Speed sensors. It demonstrates that
traditional experiments, especially in the field of sensors and
transducers can be made available in Remote Labs.

It provides students with flexibility to perform experi-
ments at their own schedule and convenience. There are two
modes available for performing experiments, namely, Live
and File Modes.

The architecture and framework designed in this paper
can be employed for making the experiments on other
types of sensors and transducers available online as it is

highly modular. Remote Lab has been divided into two
modules, namely, Hardware and Software. The hardware
module has been further subdivided into sensor modules,
signal conditioner modules, Data Acquisition Cards, and the
Computer hosting Remote Lab server. The software module
has been further subdivided into LabVIEW Web and G
Servers and experiment-specific programs. The traditional
experiments can be easily integrated by determining the pro-
cedure, various excitations and responses in an experiment.
The procedure of an experiment is implemented through
VI programs developed in LabVIEW. The excitations are
controlled through analog and/or digital outputs from the
DAQ cards. The responses are measured through analog
and/or digital inputs of DAQ Cards. Thus, the traditional
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experiments can be made available online by engineering
the hardware modules for the experimental setup, sensors,
signal conditioners, and Data Acquisition Cards, which are
available as off-the-shelf components. The software can be
easily developed for specific experiments by using LabVIEW.

Future work would focus on including experiments on
different types of sensors and transducers like characteriza-
tion of pressure, flow, and temperature sensors in the web-
based Remote Lab.
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