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ABSTRACT

This final report is an overview for Final Year Project titled “Development of
sensory-mode interaction in haptic system”. A haptic device enables interaction
between human and computer, which also give response due to the force applied by
the user movements. The aim of this project is to design and develop a simple haptic
device to analyze on the concept of sensory-mode interaction by using strain gauge
sensor. Current application of haptic technology has been widely used in robotics,
teleoperators, simulators, and video game controller. However, most of the
application of existing haptic device are expensive, sophisticated, and require high
level of technology. Therefore, due to the complexity of the system, a simple haptic
device is designed after analyzing literature review on the related work. The device
also will enable user to obtain the tactile feedback when exerting force to the
interface. In order to perform the virtual measurement, a Graphical User Interface
(GUI) is developed using LabView software. The hardware device will interact
directly with the computer via communication board. Hence, whenever the user
applies force on the device, the force value will transfer to the computer for further
conversion and calculation. User can acquire data and the output value generated will
be displayed on the screen of computer. The overall summary about this project is to
produce a simple haptic device using the stain gauge sensor, and the amount force

exerted by user can be measured and monitor via the LabView Software.
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CHAPTER 1
INTRODUCTION

1.1  Background of study

Haptics is technology that allows touch-enabled interaction with virtual
objects. Haptic interface is a force reflecting device which allows a user to touch,
feel, manipulate, and create the virtual environment [1]. The haptic interaction
could be categorized into different types of touch sensations, which are force
feedback and tactile feedback.

The force feedback device is a device that is capable to provide force,
vibrations, or motions to the user meanwhile, the tactile feedback will measure the
force or pressure exerted by the user to the interface. Sensory-mode interaction is
one of the technologies interact using haptic technology. With the aid of haptic
interface device, we can simulate and sense the touch of the material. There are
several types of approaches on hardware design for haptic interface, such as
finger-based system, hand-based system, exoskeleton system, and inherently

passive devices.

Force feedback control is investigated for improving the quality of the
haptic feedback in virtual reality applications. Advanced control design can
increase the transparency of the haptic device at the haptic interface thereby

increasing the realism of the simulation.[2]



1.2 Problem statement

The current application of haptic technology has been widely used in
robotics, teleoperators, simulators, and video game controller. The existing haptic
device such as PHANToM device can be used to analyze the sensory-mode
interaction. The PHANTOM is an electromechanical device that allows users to
touch and manipulate virtual objects using its device. However, most of the
application of haptic device nowadays are expensive, sophisticated, and require
high level of technology. Therefore, due to the complexity of the system, another
alternative way to render for haptic interaction can be developed by using a
simple touch sensor circuit that can be used to measure on the exertion force

applied by user.

1.3 Problem ldentification

In order to overcome the problem, a simple haptic device will be designed
after analyzing literature review on the related work of haptic devices. Besides,
the device will enable user to obtain the tactile feedback when exerting force to
the interface. In order to perform the virtual measurement, a Graphical User
Interface (GUI) will develop using LabView software. LabView Software is a
graphical programming to interface for measurement, monitoring, recording and
control device. It provides integration with hardware devices such as plug in DAQ
board. A DAQ device includes a set of Virtual Environment (V1) that can acquire
data from, and send data to DAQ devices. DAQ devices also can perform A/D

conversion, D/A conversion, digital 1/O and counter/timer operations [3].



1.4 Objectives

The objectives of this project are;

1. To design and develop a simple haptic device consists of suitable
equipments such as sensors, motor, and H-bridge circuits that has

capability to measure force or deflection on a surface of material.

2. To build a Graphical User Interface (GUI) for ease of measuring,

monitoring and database purpose using LabView Software.

1.5  Scope of Study

The aim of this project is to produce a simple haptic device that able to measure
deflection on a material. Therefore, the scope of study for this project can be

divided into three main parts;

e Firstly is to design on simple haptic device to enable sensory- mode
interaction that can measure deflection of a material.

e Secondly, is to build and design user interface using LabView software for
monitoring, recording data and perform calculation based on the forced
applied by user.

e Finally, is to communicate the hardware device to the computer using Data
Acquisition (DAQ) board.



CHAPTER 2
LITERATURE REVIEW

2.1  Haptic Overviews

The research on haptic has been conducted for decades. The study of haptics
saw a significant boost in research during the 1980s when the concept of robotics
was being developed. As the research in robotics advanced, it was felt that there
was a need for manipulation of objects by touch. Development in these areas led
to the invention of another sub-specialization of computer science called

‘computer haptics’.

The first application of force feedback in a tele-operation system for
nuclear environments has been introduced by Goertz at Argonne National
Laboratories in 1954. [3] Subsequently the group led by Brooks at the University of
North Carolina at Chapel Hill adapted the same electromechanical arm to provide
force feedback during virtual molecular docking in 1990. Computer haptic uses a
display technology through which objects can be touched. One of the major
advantages in a user-haptic interaction is that the flow of information is a two way
process between the user and the device. Incorporating the haptic component into
virtual environments (VE) enables the tactile sensation and imparts a more
realistic and tangible to the user. The ‘haptic’ component also enhances the user
experience by offering a life-like interaction with the system. Technological
advancements in haptic devices have enabled the end user to feel a range of

surface textures from fine to coarse in virtual environment. [4]



Nowadays, haptic is applicable across nearly all areas of computing
including video games, computer animation, virtual toys, and robot control. The
discipline of education also has begun to use haptics as well. However, the
applications are currently confined to the arena of higher education. For example,
haptics have been widely used in undergraduate engineering curriculum,

architectural layout, automotive design, and medical training.

2.2  Existing technology of haptic device

2.2.1 Novint Falcon

The Novint Falcon develops a 3D haptic technology and a game controller
product that enables game players to experience realistic virtual touch using
computer. By using the 3D haptic interface, the player can control a game in 3D
and feel their shape, texture, the dynamic properties of the objects, and many
other effects which are high-fidelity 3D force feedback. The Falcon controller is a
3 Degree of Freedom (DOF) force feedback device. It can moves right-left,
forwards-backwards, (like a mouse) as well as up—down direction. When the user
hold the Falcon’s detachable Grip and move the cursor to interact with a virtual
object, environment, or character, the motors in the device turn on and are updated
approximately 1000 times a second, which let user feel texture, shape, weight,

dimension, and dynamics [5].

Figure 1: Novint Falcon Gaming Controller Device



2.2.2 The Personal Haptic Interface Mechanism (PHANTOM)

PHANTOM is a haptic device that makes it possible to touch virtual objects
in a computer environment. The PHANTOM is an electromechanical desktop device
that can connect to a computer's 1/0. The technical design of the PHANTOM
includes relatively low mass, low friction, low backlash, high stiffness and good back
drivability. This enable PHANTOM system to provide convincing sensation of
contact, constrained motion, surface friction, texture and other mechanical attributes
of virtual object. The PHANTOM allows users to touch and manipulate virtual
objects by using stylus pen. The principle operation for the PHANTOM s that the
stylus can track motion and position of user's fingertip whilst providing force
feedback to the user. The computer that connected to the device read the position of
the stylus in each millisecond. Because of that, a constant rate of force feedback is

maintained at 1 kHz servo update rate to enable user to perceive a hard contact [6].

\
\\Q&

Figure 2: PHANTOM device
2.2.3 The "Twiddler"
The "Twiddler" is a device consists of electronics box and electric DC motor.

The electronics box read the current rotational position of motor from the encoder
and decoder and sends it to host PC through a parallel port. Then, the host



PC/software will perform haptic calculation and send feedback commands through
parallel port back to electronics box. The command is converted to a

motor driving signal and sends to the motor. The resulting command is sent to the
hardware and is translated into a voltage that drives the motor. Finally, the motor will
exert feedback force to the user. The advantages of this devise are portable and low
cost.The software, mechanical and electrical design are also freely available for
reproduction. The disadvantage of this device is it just has a single degree rotation of
haptic device.[7]

Figure 3: The Twiddler and Electronic Box Shown in Operation

2.2.4 Haptic Texture Sensor

The Haptic Texture sensor is a simple prototype that consist of 3 main parts;
mechanical parts which include motor, communication part and also the host
computer or the software that control all the system. The mechanical part used a 5V
DC motor to provide vibration for human-computer interaction. Then, the DAQ
board is used to allow direct connection from the motor to the host computer/
software. For the software implementation, LabView software is used to provide
virtual instrument interface so that the user can key in the input on the computer and
at the same time feel some sort of vibration at the hardware which connected to the
computer. [8]



2.2.5 Digital Scale Strain Gauge Weight Sensor

The weighing scale is a measurement instrument for determining the weight
or mass of an object by measuring the spring deflections under its load. [9].
Meanwhile, in the digital electronic scale system, the deflection of unknown object is
measured using strain gauge, a sensor that is length-sensitive to the electrical
resistance. The idea of this project is to make use the internal digital scale system,
and wiring it to an amplifier, and then using the microcontroller to perform the
measurement. The overview on the concept and working principle of strain gauge and
Wheatstone bridge is also highlighted. [10]

Figure 4: NerdKits product

23 Findings from resea

There are several types or application of haptic device that used the same
concept of provides the feedback force. For example, the finger based such as
application in PHANTOM device, the hand based (joystick and steering wheel), and
exoskeletons such as Master Arm. But all of the existing devices require a complex
technology, high degree of freedom (DOF) and very expensive. The different types
of interaction for haptic device also can be classified into two main categories which
are the force feedback and the tactile feedback. With a force feedback, user can feel

8



the force on the movement of the haptic device, compared to the tactile feedback; the
user can feel force that applied directly to the skin, which detected through sensors

within the skin.

In order to design a haptic device, there are several criteria that need to be
considered to ensure the design is workable and to optimize the functionality of the
prototype. Based on the literature review and research that have been done from
books, journals, websites, and theses, and also some discussions with the expertise on
the haptic interface and technology, there are several facts and findings that relevant
to the objective of the project. The main idea of this project is based on the Haptic
Texture sensor device and the Digital Scale Strain Gauge Weight Sensor product.
The mechanical part consist of DC motor that provide the feedback force (vibration)
to the user to sense of touching virtual environment. User can feel the force by click
on the virtual object on screen. Meanwhile, the basic concept of the Digital Scale
system is using the strain gauge sensor, that able to measure the deflection due to the
changes in electrical resistance. Further studies and some modifications is done to
ensure the functionality of the prototype.

2.4  Design Criteria

The basic principle for haptic device in any application are low inertia, low
friction, low backlash, high stiffness, and capable to sense different level of vibration
[11]. This will ensure that the design or prototype system can provide convincing
sensation of contact, constrained motion, surface friction, texture and other

mechanical attributes of virtual object.

Besides, haptic device have varying complexities, so that it can move in
different ways. The direction of movement or known as degree of freedom (DOF)
will affected the complexity of the device. Generally, the DOF types includes right-

9



left movement (rotation about X axis), up-down movement (rotation about y axis),
and forwards-backwards movement (rotation about Z axis). For a simple haptic
device that will design, the combination of two level of DOF is sufficient to keep

track the position in right-left movement and forward-backward movement

Another criterion for design a simple haptic device is the size of the prototype.

The design must be portable, cost-effective, simple, small and easy to use.

10



CHAPTER 3
METHODOLOGY

Procedure Identification

( START >
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Figure 5: Flow Chart of designing Haptic System
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3.2  Project Design

The design process of simple haptic device is divided into three main
parts which are the mechanical part, communication part, and also host
computer as the medium for software implementation design. Figure 6 shows

the overall block diagram of the haptic design.

MECHANICA COMMUNICATIO HOST
LPART [ N PART ~—* COMPUTER /
Nl “T SOFTWARE

Figure 6: Block Diagram of design

The mechanical part of this hardware design allows the user to interact
directly with the computer. Hence, whenever the user applies force on the
device, the physical signal, which is the amount of the force apply by user will
transfer to the computer via communication part for further conversion and
calculation. After that, the output value generated will be displayed on the

screen of computer.

3.2.1 Mechanical Part

The mechanical part consists of strain gauge sensor, which resistance
changes with respect to the applied force. It can be either expansion or
compression force. The value of force will converts into a change in electrical
resistance which can be measured. For this project, the amount of force
initially is measured in voltage. Then, it will be converted to force

accordingly.
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The strain gauge will be attached on a surface of metal ruler to
measure the deflection of the material. Therefore, the strain experienced by
the test specimen is transferred directly to the strain gage, which responds

with a linear change in electrical resistance.

Strain gauge is very useful sensing element for many types of sensors,
including pressure sensors, load cells, torque sensors, and position sensors.
The metallic strain gage consists of a very fine wire arranged in a grid pattern.
The changes in resistance can be measured between two points as illustrated

in the Figure 7;

Tension causes
resistance increase Bunded Straln Gauge

- w

Gauge insensitive s | =~ Resistance measured
to lateral forces betw een two points

|l

Compression causes
resitance increase

Figure 7: Grid pattern of strain gauge
Strain gauges are available commercially with nominal resistance

values from 30Q to 3000Q. For this project, the value of the gauge used is
120 Q.

13



3.2.2 Communication Part

For communication part, a Low Cost NI6024E-Series Multifunction
Data Acquisition Card (DAQ) is used to allow communication between the
hardware device and host computer.
It consists of a multifunction 1/0 Card (PCI-6024E), Ribbon Cable and a
connector block (CB-68LP) as shown in Figure 8;

v

WA s

gy /!

]

NI PCI-6024E Ribbon Cable Connector Block

Figure 8: Communication Part connection

DAQ is the multi function, analog consisting of analog to digital
converter (ADC) and digital to analog converter (DAC) that allows both
digital and analog conversion [12].The system is integrated with National
Instrument product, which offers direct control of all hardware on DAQ board
from LabView Software.

The board used as a medium to convert the physical signal which is

the force exerted by user and transfer it to the host computer for further

calculation and measurement as shown in Figure 9;

14



Figure 9: Data Acquisition Board (DAQ)
3.2.3 Software/ Host Computer

The LabView (Laboratory Virtual Instrument Engineering Workbench)
software is graphical programming software used in developing program for
data acquisition, control, simulation and communication applications. In the
LabView environment, icons are interconnected to create a program generally
referred to as a VI (Virtual Instrument), and all LabView program have an
extension .vi. The VI can perform like an instrument with the advantage of

flexibility of recording the data that is being measured.

All VIs must have two elements: Front Panel and the Block Diagram.
The front panel is an interactive user interface of a VI because it simulates the
front panel of a physical instrument. The front panel can control push buttons,

graphs, knobs and many other controls and indicators as shown in Figure 10;

15



IE Generate and Display [Acquiring a Signal.¥i] Front Panel

File Edit Operate Tools Browse ‘Wwindow Help

> [2] [ @] m] [ 120t aplcation Fon: |~ ][ 2| dia~ ][5~ ]
=

Scaled Sawtooth
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-40.0 -] T T T T 1
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Time

—
4 | o[

Figure 10: Example of Front Panel

Meanwhile, the block diagram is the VI’s source code, constructed in
LabVIEW*s graphical programming language, G. The block diagram is the

actual executable program follow data flow model for running V1.

B
¥
[Subtract
¥
il
top]
El ......

Figure 11: Example of Block Diagram

The LabView software used to design a virtual instrument interface.
Therefore, when the user exerts force on the device, the computer software
will measure and display the exertion force applied by
the user on the material. The LabView software also will do the monitoring,

recording data and perform calculation based on the deflection of the material.
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3.3  Summary of Project Flow

Selection on touch
sensor
-strain gauge 120 Q -

Connect DAQ to
Host Computer

Configuration of

Constructed
Wheatstone Bridge
Circuit

|

A 4

Selection on material
— metal ruler -

Board is lconnected
to Ribbon Cable &
Connector Block

A

Attached strain
gauge sensor on the
metal ruler

Selection on
DAQ Board
- NI PCI-6024E -

\ 4

DAQ Card using
MAX Software

l

Design the Virtual
Instrument (V1)
Interface using

LabView

Hardware Part

Figure 12: Process flow of the project

Testing,
Modification and
Troubleshooting

Communication
Part

Host Computer /
Software

Flow chart in Figure 12 shows the overall design procedure for the project.

17

The first step to design and produce the hardware device is the selection of touch
sensor. After researches on several types of sensor such as force sensor, strain gauge
sensor, and pressure sensor, the author found that strain gauge is the most suitable
sensor to be used due to the reliability of it to measure the deflection or strain of a
material. The next step is to construct Wheatstone bridge circuit, and finally the strain

gauge is attached on the metal ruler that has been selected as the test specimen.



For communication part, the DAQ model PCI-6024E is chosen since it allows
direct connection from hardware to the host computer. The board consist of 16 input
with the input range of +0.05 to £10V. Based on the datasheet specification, the
output voltage, Vout from circuit is connected to pin 33 at Connector Block and the

ground wire is connected at pin 67.

Once the hardware is connected to the connector block, the Data Acquisition
board need to be configured to ensure that the board can function properly.
Measurement & Automation Explorer (MAX) software will searches for the installed
devices and display the related information. Figure 13 illustrated the device model
PCI-6024E which has been configured.

(¥, PCI-6024E: "Dev1” - Measurement & Automation Explorer
fle Edt Vew Tools Help

Configuration ' Properties. .. fsef-Test | EBTestPanels.., | ,PShow Help
T g My System Name | VYalue |
(@ Data Neighborhood T serial Number DEIATHF
- Devices and Interfaces gsocket Number oy
= (ml Traditional NI-DAQ Devices gm Nurmber o2

gMemw Range 1 0xFAFFFO00 - 0xFAFFFFFF
e < manry Range 2 OxFAFFEDOD - OxFAFFEFFF
= @ NI-DAQmx Devices DIiRQ Level %)
w T
+ (m8 GPIBO (PCI-GPIB)
+ )’ Ports (Serial & Parallel)
# (@) IV Instruments
+ (A Scales
+ [ Historical Data
+ (&) Software
+ [ VILogger Tasks
+ 0 Renote ystens [ tites (R0 oo Rt 4] Colboon]

” 8

Figure 13: Configuration using MAX Software

Finally, the Virtual Instrument (V1) interface is built using LabView software

before the process of testing, modification, and troubleshooting can be performed.

18



3.4 Integration Process

The integration process is a process to assemble each of single components in
order to develop the complete haptic system. The hardware part that consists of the
haptic device is connected to the host computer via the Data Acquisition board as

shown in Figure 14;

Hardware

Communication Host Computer
v Board

Figure 14: The haptic system
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CHAPTER 4
RESULT & DISCUSSION

4.1 General Block Diagram

Test

=1 Specimen
s i Deflection
1209 strain
Whegtstone Non Inverting NI16024E Host
I}ndgg Amplifier DAQ Computer

Figure 15: Block Diagram of overall system

Figure 15 illustrated block diagram of the strain gauge sensor measurement. A
strain gauge sensor which attached on a metal ruler is then connected to a Wheatstone
bridge circuit, consist of three identical resistors. The Wheatstone bridge circuit is
built to enable the use of strain gauge to measure amount of deflection of the material
based on the force applied by user. Traditionally, the amount of deflection in form of
voltage is measured by using digital multi meter (DMM). The continuous generated
signal while the metal ruler is deflected upward and downward also can be observed
from the oscilloscope [13]. However, the process of record the measurement and

collecting data has to perform manually.
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Instead of using the traditional measurement, the Virtual Instrument (V1)
offer higher accuracy and flexibility for measurement. Therefore, the amplified
voltage output from the Wheatstone bridge circuit can be measure, display,
record, and monitor using the LabView Software. The sensor will be attached to
the DAQ board. For this project, PCI-6024E DAQ Board is used since it is
available from EE Store. The DAQ Board is then connected to host computer.
LabView Software Version 6.0 is used to design virtual instrument interface for

acquire data.

4.2  Schematic Design

WHEATSTONE
BRIDGE

OP-AMP CIRCUIT
LMCGc434

Vex ' Ra
2OV ! (——«/vw—
e 120
m_ +5V
| Ol uF
| ol
~J4
| N \fm'r To
) l 3 .../{ OSCILLOSCOPE
Figure | l—‘
16: I
I v GND
I
|
|
i

Schematic Circuit for Wheatstone Bridge and Operational Amplifier [14]

The Wheatstone bridge circuit is constructed as shown in Figure 16. The
value of strain gauge sensor used, Rsg is 120Q. It is attached on a metal ruler,
which can be deflected upward and downward easily. In order to make the bridge
circuit balanced, the remaining resistance at the three arms of the Wheatstone
bridge should have the same value as Rsg. Therefore,

R:1=R;=R3=120Q.
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The output voltage (Vo) of the Wheatstone bridge circuit is expressed in
milli volt output as shows in Figure 13. Then, from the Wheatstone bridge, the
output is amplified using operation amplifier model LMC6484 [15]. This CMOS
Quad Rail-to-Rail Input and Output Operational Amplifier is most suitable to be
due to the common mode range that extends to both supply rails. Thus, with the
high accuracy and reliability of this amplifier makes it an ideal system for data
acquisition board that requires a large input signal range. The actual circuit
connection is illustrated in Figure 17.

Figure 17: Wheatstone bridge circuit with amplifier

The diagram on Figure 18 demonstrated the overall mechanical part of the
prototype, after the circuit is connected to the strain gauge sensor. The strain
gauge sensor should be attached on the metal ruler carefully during the process of
fabrication in order to avoid the metal foil of the sensor get damage.

22



Figure 18: Mechanical part of the prototype

4.3  Principle of Strain Gauge Sensor

Since the strain-initiated resistance change is extremely small, a
Wheatstone bridge is constructed to convert the resistance change to a voltage
changes for a measurement. Initially, the resistance values are identical for R1,
R2, R3 and Rsc. Then, the calculated output voltage, Vo is obtained using the
following general equation:

R2R4 — R1R3 1
v = ( )x Ve e (1)
(R1+R2) (R3 + R4)

Where;
VEex = the supply voltage (5V)
Vo = the output voltage from Wheatstone bridge
R4 = Rsc
R1=R2=R3=120 Q.

Ideally, when no force applied to the sensor, the bridge will symmetrically
balance, therefore zero output is produced. It shows that the Wheatstone bridge

circuit is in balance condition with no deflection. Meanwhile, when the metal
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ruler is deflected, the strain gauge is changes by AR due to strain. Then, the output

voltage can be computed using this equation;

_( (R2 + AR)R4 — R1R3 )
° " \(R1+ R2) (R3 + R4 + AR) Ex

Where;

AR = changes in strain gauge resistance

Several measurements are taken when the metal ruler is being deflected.
The measurement is made using Digital Multimeter (DMM).The calculated value
is computed using Equation 1 and 2, and the output comparison between

calculated and measured output voltage before the output is amplified illustrated
in Table 1;

Table 1: Comparison between Measured & Calculated Values

Changes in CALCULATED VALUE | MEASURED VALUE | ERROR (%)
Rsg, AR V) V)
0 0 0.0015 0.001
1.5 0.016 0.001 15
3.0 0.03 0.025 20
4.5 0.047 0.04 15

Error of percentage can be calculated from equation 3;

Calculated Value —Measured Value
(%) = X 10
Calculated Value

Error

0% oo 3)

4.4  Display Output Value from Measurement

The author had conducted two types of measuring output value which are
measurement using Digital Multimeter (DMM) and measurement from LabView.
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However, those measurements were conducted simultaneously while the metal
ruler is being deflected. The measured output from DMM is recorded manually,
meanwhile the output generated from LabView can be observed from host
computer. By having two values of different types of measurement, the author
can verify the functionality and reliability of the hardware device. Hence, it is
easier to make comparison between the measured values. Figure 19 demonstrated

the experimental setup to measure the deflection of metal ruler using DMM.

Figure 19: Experimental setup for measuring deflection of metal ruler

Several measurements are taken to obtain the deflection of the metal ruler
when user applying force to it. The output measured from DMM is recorded as
illustrated in Table 2.
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Table 2: Measured Value from Digital Multimeter (DMM)

No of reading Measured Voltage (V)
1 2.20
2.49
2.28
2.60
2.05
2.88
2.90
2.49
2.55
2.73

OO0 N0 |W(N

(BN
o

Previously, an experiment also had conducted to observed output
waveform using oscilloscope when the ruler is deflected. The values are keep on

changing as the force applied to the ruler is varying as illustrated in Figure 20:
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Figure 20: Deflection output
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45 Problem ldentification

The process of developing the simple haptic device has been divided into
three main tasks consists of mechanical part, communication part, and host
computer/ software. After each of the tasks is done, the hardware device is
integrated with the host computer via communication DAQ Board. However, few
problems encountered to assemble the hardware to the computer. During the test
and measurement, the main problem occurred is during the conversion of Analog
to Digital Signal by DAQ Board due to insufficient output from the device. The
problem is overcome by adding non-inverting amplifier circuit to the device. The
prototype was tested several times; corrective actions and upgrading are done to

ensure the device work efficiently.

4.6  Acquire data using LabView Software

The graphical LabView program is designed before the circuit (strain
gauge sensor) is being connected to the computer via connector block [17]. The
DAQ Board is functional for converting both Analog to Digital Signal (ADC),
and Digital to Analog Signal (DAC). Therefore, it allows direct connection from
the sensor attached on metal ruler to the virtual instrument interface in LabView
Software. When the force is applied or whenever there is deflection upon the
metal ruler, the output voltage generated can be observed from the computer
screen in the form of waveform graph. Several measurements have taken when
the force applied to the surface of material. The results are shows on the next

sections.
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4.6.1 Output Voltage Value

B/ Configure Amplitude and Level Measurements [Amplitude and Level Measurements] fz
Amplitude Measurements Input Signal
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Amplitude
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Results Result Preview

Measurement Result
Maximum peak 3.499507
Minimum peak 2.525791

L4 1 i [ 1
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Time
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Figure 21: Front Panel of Output VVoltage

The waveform chart on Figure 21 shows the output voltage when the ruler
is being deflected upwards and downwards. Based on the program build in
LabView software, the RMS value, maximum and minimum output value also can

be obtained. The summary of the measurements is recorded in Table 3;

Table 3: Output Voltage from LabView

Vrms 201V
Vmax 259V
Vmin 146V
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4.6.2 Tabulate Digital Output Value
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Figure 22: Front Panel & Block Diagram after adding Table to display digital

value

Based on the result obtained, the output voltage is fluctuating rapidly with
respect to the changes in force applied by the user to the surface material.
Therefore, by adding the Table function in the LabView program, the digital
output value is calculated by the program and displayed at the front panel. The
table generated from Figure 22 displays the mean value during the measurements.
From the result obtained, the measured voltage is tabulated in Table 4, and the
range of the output is varies between 2.11V to 2.98V based on the force applied

by the user.
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Table 4: Measured value from LabView Software

No of reading

Measured Voltage (V)

1

2.11

2.50

2.29

2.69

2.04

2.86

2.98

2.49

OO |NOOOIRIWIN

2.52

[EEN
o

2.85

Based on the measured voltage obtained from Table 4, a comparison

output between the DMM Measurement and Virtual Instrument (LabView) are

demonstrated in Table 5. Hence, based on the calculation for difference in both

measurements, the author identified that the deviations for these output values are

relatively small, which is between 0V to 0.12V.

Table 5: Comparison between DMM Measurement and Virtual Instrument

No of Measured Voltage Measured Voltage Difference in
reading from DMM (V) from LabView (V) measurements (V)
1 2.20 2.11 0.09
2 2.49 2.50 0.01
3 2.28 2.29 0.01
4 2.60 2.69 0.09
5 2.05 2.04 0.01
6 2.88 2.86 0.02
7 2.90 2.98 0.08
8 2.49 2.49 0.0
9 2.55 2.52 0.03
10 2.73 2.85 0.12

30




Thus, to see the difference clearly, a graph chart contain data from

measurement is plotted and the result illustrated in Figure 23.

both
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Figure 23: Comparison Chart between Measurements

4.6.3 Save Data to File

‘Waveform Graph
1 | T
| o
+ Wi Gl T "
| ‘ Ampitude and b i WARNING!
' ‘ : ‘ IE ) Level Greater
; i‘ \‘ Measurement s Resut | E
‘ w’ | i =1+ by Signals ety Oparand 1 e
“Hl‘“‘ i | Mean (OC]
| WiitetoFile
T " Q
¢
Whrite to File Write To
Measurement it File.
Enable top
- Signals

Figure 24: Front Panel & Block Diagram for the Save Data
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The button “Write to File” is added in order to ease for monitoring and
recording data as prompted by the user. The user can store sampling data at
certain time by configuring the Write LabView Measurement File Express VI.

The data stored can be retrieved later using spreadsheet application.

4.7  Relationship between Voltage Output and Force

The experiment conducted from this project demonstrated that the amount
of strain due to the changes in electrical resistance can be measured directly. The
force applied by the user will determine the deflection of the metal ruler which is
measured in form of voltage. The relationship between output voltage and force
can be generated using Hooke’s Law [18]. According to Hooke’s Law, the force

applied from the experiment conducted can be calculated from Equation 4;

Where k = constant coefficient of the metal ruler, (**)
x = the deflection of metal ruler (V)

Therefore, from this equation, in ideal case, the amount of deflection
should have linear response with respect to force applied. Thus, for this project,
the amount of force is determined by monitoring the output voltage. Some
calculation is performed using Equation 4. The importance of getting the force
value for the system is to identify the maximum force that can be applied before

the material damaged or fall into permanent deformation state.
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Table 6: Calculation of Force value

No of reading Measured Voltage | Force applied by
from LAbView(V) user (Nm)
1 211 18.93
2 2.50 22.43
3 2.29 20.54
4 2.69 24.13
5 2.04 18.30
6 2.86 25.65
7 2.98 26.73
8 2.49 22.34
9 2.52 22.60
10 2.85 25.56

Table 6 illustrated the computed amount of force based on the deflection
of the material. Hence, a graph is plotted to see the relationship between the
output voltage and force applied by user as shown in Figure 25;

Force versus Output Voltage
30
> f'l\-n’l
20 M.
15
10 —i— Force applied by
5 user (Nmj}
0 T T T T T T T T T T 1
EEEEEE DY
Output Voltage

Figure 25: The relationship between output and force

33



CHAPTER 5
CONCLUSION & RECOMMENDATION

5.1 Conclusion

Haptic device technology allows human-computer interaction. It has been
widely used in various applications especially in the education system which has
not been commercialized yet. The aim of this project to design and build a simple
haptic device has achieved. It can be used to measure the deflection of material
while the force is being applied on it. The measured force also will determine the
maximum deflection can be applied by the user before the material gets deformed.
The device is developed by considering the design criteria that has been
explained throughout this report to optimize the functionality of the prototype.
The basic concept utilize three main components which the mechanical,
communication and software parts does not require a complex and specialized
technology. This project also is very helpful in providing a simpler design for

haptic device as well as to understand the concept of haptic technology.
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5.2 Recommendation

Future work can be performed to ensure reliability of the device so that it can
increase the accuracy during the measurement. Based on the result obtained, there are
few recommendations that could help in future to enhance the project. Those

recommendations are:

1. The deflection measurement should be tested on different types of
bendable materials. The sensitivity of each material also should be
analyzed. Therefore, the workability and functionality of the circuit design
is verified. The comparison between the maximum force of different

materials also can be obtained.

2. Besides, voltage fluctuation from the measurement also can be reduced by
adding analog Low Pass Filter. The voltage fluctuation due to noise
should be significantly less after filtering. Therefore, the author is
recommending having further research on the haptic device technology to

make improvement on the prototype.

3. The author and other students who are working with LabView software
also should be given the opportunity to get a proper training from any
LabView expertise user so that the students will be able to fully utilize the
software and would not spend a lot of time learning the software by

themselves.
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APPENDIX A

GANTT CHART FOR FYP 2

JULY AUGUST SEPTEMBER OCTOBER NOV-DEC
16-
No. Task Name Duration 1 2|1 3]4[5]6 7] 8 101112 ) 13 [ 14 | 15| 18 | 20
Project Work Continue, Improve the
1 | hardware functionality 12 days
Design the Virtual Instrument Interface
2 | using LabView 20 days M
3 | Preparation for Progress Report 1 5 days I
4 | Submission of Progress Report 1 1 day D E
5 | Prepare and install the communication part 12 days X
7 | Preparation for Progress Report 2 5 days E M
9 | Submission of Progress Report 2 1 day M
10 | Integrate the hardware and host computer 20 days o] W
11 | Pre-EDX Exhibition (Wednesday Week 11) 1 day E
12 | Troubleshooting hardware and software 30 days B E
13 | Preparation for the Final Report 12 days R K
14 | Submission Draft of Final Report 1 day E
Submission Final Report (Soft copy) and L
15 | Technical Report 1 day A
16 | Oral Presentation (week 18) 1 day K ® o
17 | Submission Final Report (Hard Bound) 1 day

® Suggested milestone

39




GANTT CHART FOR FYP 1

JAN FEB MAC APRIL MAY - JUNE
16- | 19-
No. | Task Name Duration 1 2 3] 4 7 1011 {12 ] 13 [ 14 15| 18 | 20
1 | Selection & Confirmation on Project Topic 2 days
Research and Literature Review on Haptic
2 | System 20 days M
3 | Preparation for Preliminary Report 3 days |
4 | Submission of Preliminary Report 1 day o D E
5 gzz?grl]bcl:er ic:s’:?a& study on Haptic Device 18 days .
6 | Hardware design 18 days E A
M
7 | Submission Progress Report 1 day M
9 | Selection on suitable sensor and material 3 days W
10 | Construct and fabricating circuit design 14 days B E
11 | Seminar 3 days R E
12 | Testing Device, Analyze & Modification 10 days E K
13 | Preparation for Interim Final Report 7 days A
14 | Submission of Interim Final report 1 day K (o]
15 | Oral Presentation 1 day (o]

®  Suggested
Process
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