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Abstract
In this present paper, we have illustrated the development of a novel linear displacement sensor utilizing the intensity of light. This
sensor is based on temporal changes in the intensity of diffuse light beam for the movement of a solid metallic obstacle between the
source and detector instead of traditional reflector. An obstacle is moved over open surface of a hollow shaped channel, where light
beams impinged vertically into the channel. Two photo detectors has been used to sense the variation of diffuse light intensity at the
covered & uncovered area of channel surface due to the movement of obstacle over its open surface. This movement of an obstacle
represents the actual target displacement by differentiating the output transformation of two photo detectors; this phenomenon is
reported as linear variable differential optical sensor (LVDOS). The measured displacement recorded interns of voltage by the signal
processing circuit (SPC). Experimental results are shown a satisfactory performance of the sensor for small range displacement

measur ement.
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1. INTRODUCTION

In modern industrial production processes the dinear or
angular displacement of fast moving objects needsod
detected and ideally done with or without mechdnicatact
[1]. For this, there exist variety of suitable senssthat provide
an output signal (voltage or current) proportiorial the
displacement of target and sensor. In industriabaghere are
exactly defined requirement for reliability, ruggeds,
measuring range etc [2]. Likewise, electrical pagters such
as supply voltage range, output signal and EMCirements
are firmly defined in norms and standard [3]. Alfloe
displacement sensor used in various field of seesi&
accurate systems such as a robot, biomedical megsur
device, rectilinear motor, controlling of servomotpiston
bump and so on. To find the best sensor for thelatsment
purpose, the accuracy factor is very important te b
considered.

In this present work we have focused on small raofgaear
displacement sensing methods. Various researchawe h
developed varieties of linear displacement tranedircaspect
of range of displacement, sensitivity, linearitydasccuracy.
Like Linear variable differential transformer (LVDT[4],

capacitive transducer [5], potentiometeric transdug6],
resistive transducer [7], etc. Each of these traosibs has its
drawbacks and imperfections.

The drawback of LVDT is that it has larger body dtn
affected by magnetic field and complicated
conditioning circuit. All of these tribulations areying to
rectified by Dhiman et.al [8], implementing a strajauge
based displacement sensor & A.K.Alia et.al [9], iempenting
an Acoustic Displacement Transducer, which is sinffefrom
the environmental noise and self oscillating detebly means
of reflected sound energy. On other side strainggdoased
displacement sensor introduced mechanical erraerims of
ruggedness.

Where linear displacement measured in the range
millimeter or less by applying very small force,peaitive

displacement sensors are useful for that operalibay have
a good frequency response but its nonlinearity iehaon

account of edge effects and high output impedancaceount
of their small capacitance value; add to this, tie cable
which connects the transducer to measuring poiat $surce
of error. Moreover, the capacitance may be charmpahuse
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of the presence of dust particles and moistureemabse of
temperature change.

Potentiometric or resistive transducer operatinggea is
limited by the size of potentiometer and it is atédtected by
the friction caused to obstruct the slider moveméithough
it is quite useful in some applications they hawgiaeable
friction and need physical coupling with the obje@iper
friction and excitation voltage cause heating deptiometer.

Optical sensors have advantages over other tygerwdors in
that they can provide noncontact operation, gresgnsitivity,

and Dbetter accuracy, freedom from electromagnetic

interference, wide frequency, and dynamic rangesnRhese
advantages, optical technigues may be ideal for

development of sensors for the measurement of dinahr
displacement.

Optical incremental and absolute digital encodegstlae most
common rotational position optical transducers. dlbte
encoders overcome some disadvantages of incremiype|
but are more expensive. Generally optical encofitedsuse in
relatively low reliability and low resolution appétions [10].
Both types may suffer damage in harsh industriglrenment
[11]. For sensing the linear displacement, lineacoeler and
quadrature encoder are traditionally used. Histdigi, the
practical disadvantage of optical encoders havdudied
pattern inaccuracies, concentricity errors betwee&t and
shaft, susceptibility to electrical noise, vulnelighto shock
and lose of data in power failure. One of majorbpems with
optical encoders; ice crystal formation and restl{@attern
damage when the shaft turns has not really beerpletehy
solved. Instead of optical encoder some of thearebers
work on the principle of variation of light intefgidue to
reflection of optical signal from the target or reedng shaft
which is the source of displacement. Maiti.et.aR][1&

Mhdi.et.al [13] developed a linear variable diffetial

displacement sensor based on optical light intgnaitiation
method. The drawbacks in such systems are thereddight
could not attain the same incident angle and riéflecangle
between the source and detector after variatiom fspeady
state position of the reflector, it was scatterednf the
detector. So the expected variation of light intgndue to the
displacement makes an error. To overcome this grots$. J.
Lee.et.al [14] designed a Magneto-optic linear-dispment
sensor which is based on modulation of Faradayiootalue
to domain-wall motion in a magneto-optic sensamnfilinder
the influence of ac and dc magnetic fields. It @&sgely
independent of the intensity of reflected light biis

displacement measurement process depends of titmerah

So this type of sensing arrangement is not suitédlefast

moving object displacement measurement. Without afse
traditional reflector and time independent sensmighed has

been proposed by S. Das and T.s.Sarkar [15] whicbduced
better accuracy, linearity and sensitivity withirsmall space
range of 0 to 40mm.

In this present paper we have introduced a new drine
Variable Differential Optical Sensor (LVDOS) whicls
independent of time and conventional reflectionesaé. It is
suitable for fast moving object and as well as measent of
small linear displacement. The prototype sensoruteodorks
on the principle of light intensity variation methoby
establishment of an obstacle between the sourceletettor
instead of reflector, which is the source of displaent. To
sense the light intensity, a photo detector has h@aced
horizontally at the ground surface plane of a odeds open
hollow channel. The open sided surface allows ti@dent
light beams vertically from the source and a sqlidce of
obstruction was moved horizontally over the opededi
surface, initially which are kept at centre positiof the
channel surface. In this connection, photo detector
illuminated by the reflected light rays by the sidalls of the
channel. As the solid metallic piece moves towatds end
position of the channel from the centre due to the
displacement of the target with the attachmenhiaf, the open
sided surface being covered. Hence the ratio otraul area
and uncovered area of that surface changed acgtydibue
to this phenomenon photo detector detects the ti@riaf
reflected light intensity according to the rate dfanges
impinging light incidents. The photo detector outprecorded
in terms of voltage and difference between thenisitg level
of covered and uncovered area exhibits the dinectd
displacement & the magnitude of displacement. &ngployed
by a signal processing circuit (SPC). We provecessfully
that this system works as a small linear-displacegrsensor.
The introduction is followed by a representation thie
LVDOS working principle, constructional details, eth
experimental investigation, and a series of disonssopics
based on experiments.

2. PHYSICAL BACKGROUND

As the light incident on the surface, it is refettin all
direction due to internal scattering of light (ithe light is
absorbed and then re-emitted) and external saagténom the
rough surface of the object. This is called théudi¢ reflection
as shown in the Fig.1

Light Source

Incident Rays

Reflected Rays

Fig-1: Diffuse reflection in all directions
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From fig.1 it is obvious that if a point of lighbsrce kept
perpendicularly over the surface then incidenttlighys are
not parallel like diameter of light source, it diges at an
angel which is described by the Gaussian beamitursctlf a
light beam of wavelength falls perpendicularly on a surface,
then it will be diverged at an angel @fwhich is developed
between the incident light rays and the centrat afi light
beam; expressed as

0~ —— (0 in radians)
TwWo

Where, w0 is the radius of the spot near the sopoiet. The
Gaussian beam functions of different diameter gitlisource
are shown in Fig.2.

Larger Wo
(less angular spread)

Light source

Fig-2: The Gaussian beam divergence for different kind of
source point

From Fig.2 it is concluded that the point of lighturce
spreads largely on a surface rather than the olightssource.
So, illuminating the more area by keeping a smiatlestance
between source and object, a point of light sousceery
useful.

The brightness or intensity of any point in thefasce where
the light incidents, is depended only on how muigtlis
reflected or diffused from the surface. It can bé&glated by
Lamberts cosine law which states that the interditgliffuse
light rays depends on the cosine angle betweemdhmal at
that point of the surface and the light sourcenilltating on it.
It is expressed as

I=Ip.Kd.co$

Where, Ip is the intensity of point light sourcedakd is the
material's diffuse reflection coefficient; expreddeetween 0
and 1 which depending on material to material. 3righows
the diffuse lighting on the surface with differeangles
between any points of a surface (i.e. normal oh gbat) and
the incidents light rays.

Light Source

Incident Rays

Reflected Rays

Casel Casel

Fig-3: Diffuse light intensity at different angels

From Fig.3 we observed three cases of diffuse atfle on
the surface such as-

Case 1: The angle between the normal and the imiclaght
rays is large, so little light is reflected fromethsurface.
Case 2: More light is reflected than case 1 asathgle is
reduced between the normal and the incident ligiys.r
Case 3: A large amount of light is reflected frame surface
when the angle between the normal and the incidgrttrays
tends to zero.

So it is concluded that most of the light is reféetwhen the
angle is at 0 degree, none is reflected at 90 dedte to
cosine angel between the normal and the incidght liays.

For measuring the light intensity level if a phatetector has
been placed in casel surface, it is observed lteatétected
light intensity level at that surface has been edirdue to
blocking the incident light rays by placing a noansparent
obstacle in light travelling path. Because no ligitident or

reflected on that point directly and very small ami of

reflected light reached at that point from the eearcase?2
surface. If this obstacle moved on serially frorseato case2
and then case3 and so on then photo detector ocipniged
accordingly from smallest value to larger value;ame casel
surface moves to much more darkness level. Thisgghenon
has been employed in our proposed LVDOS system.

3. DESIGN OF LVDOS

In this present design, light source part & ligateiving part
separated by a metallic obstacle. The receivints gamsist of
a light reflective container and two photo detestoh one
sided open hollow shape aluminum channel is useal laght
reflective container instead of glass, which is ownly used
as a light reflective surface. From industrial aspef

ruggedness glass is poor compared to any metal.eSom

metallic surface oxidized naturally with the contat air and
made surface layer less reflective whereas alumidoes not
exhibit this property. In this connection our ptgfze sensor’s
channel surface made with aluminum. The length haf t
channel is 12 cm, height 1 cm, width 2.5 cm.

Volume: 02 Issue: 09 | Sep-2013, Available @ http://www.ijret.org 482




IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

At the centre position of the channel, two photted®rs were
placed back to back on a very thin insulated plaltéch is

separated the channel into two parts, each of baGircm
lengths. From the top view of the channel as shiowkig.4, it

is observed that the width of the open sided serfacl.5 cm
instead of 2.5 cm due to 0.5 cm (width) inner begdiurface
of the two side walls of the channel. The purpo$ethat

bending surface is an obstacle of 6 cm long, 3 ¢dew& 0.5

cm height cubic metal plate can moves over the cpéed
surface horizontally with the displacement of thegét body
by making an attachment of shaft at the both endhef
obstacle. The shaft designed & connected in sughyathat it
could not behaves as an obstacle, so it is frem fiddition a
permanent error in intensity variation due to thdgioal

movement of obstacle.

The light source part separated in two modulesh efdength
is 3 cm. Each module is made with 8 no. of LEDscdese
one LED is not enough to lighting up the whole lkngf a
channel part by keeping it small distance aparinfrthe
surface as the statement of Gaussian divergene eelation,
which is stated in physical background. Each modinieen
by an array of current limiting resistors in seriggh +5 V
regulated power supply. The side view of the areamgnt is
shown in Fig.5.

OPEN SCRFACE
/
/

et ! CLOSED SURFACE

- OBSTACLE
Fig-4: Top View of the Channel with Obstacle
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CLOSED SURFACE
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Fig.5. Side View of LVDOS

4. WORKING PRINCIPLE OF LVDOS

At the initial position, obstacle is kept at thentte position
over the open surface of the channel i.e. half pdrtan
obstacle covered right portion & other half paftan obstacle
covered left portion of the channel. The two phaétector has
been placed just under the obstacle at that posisoshown in
Fig.5. The light beam from the sources is impingedically
through the open surface of the channel where cdlesis not
present. As a result two photo detector sense gtifiessed
light intensity due to light reflection policy. Novf we move
the obstacle towards right from the centre positadnthe

channel by a distance of 1 mm using a vernier scale

arrangement, the open surface of the right portias been
covered and left portion has been uncovered byilagim
distance. In this connection the initial detectigghtl intensity

level of a right photo detector (RPD) is droppede cio

obstruction of incident light rays and left phottector (LPD)

detected intensity level increased due to much rriglent

light reflection as stated in physical backgrounthis

movement of the obstacle is continued until it heat to

extreme right position of the channel and detedigtit

intensity level of RPD drops gradually towards zeeo right

portion of the channel is fully covered by obstaeed

detected light intensity level of LPD increase gralty

towards saturation point i.e. left portion of theannel is fully

uncovered. This same incident would be happenedifstacle
movement towards left side, but the detected ligtensity

level variation of two photo detectors will be ched in

reverse order. The schematic diagram of completesose
module is shown in Fig.6.

To sense the light intensity variation we used tplwto
diodes as detector. In reverse bias configuratibrptmto
diode, current will be changed in the circuitry @aating to the
light intensity level, which converted into voltagariation by
an op-amp based current to voltage converter tirEuirther
these two voltages of photo detectors are diffementby a
signal processing circuit (SPC) & final output \gé (Vo) is
recorded with the displacement of the obstacldénrainge of
+3cm to -3cm i.e. from centre position to extrersé bnd
centre position to extreme right position. Thusaswing the
output voltage (VO) of the SPC, we can detect theakr
differential displacement/position of the obstacle.
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Power supply
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incident Light
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left channel -

X=+3m

right channel

light intensity variation A=-3em

| I-V converter ‘ ‘ I-V converter ‘

Fig-6: Schematic diagram of complete sensor system

5.RESULT ANALYSIS

The polynomial output voltage vs. displacementti@teship
of two photo detectors are obtained with the hélMATLAB
curve fitting tools (considering up to 4th ordedyyn shown
in Fig.7 and can be written as

Vo1 (D) = - 0.006 D4 + 0.024 D3 + 0.076 D2 — 0.596 D +
0.980 (1)

Where \f; (D) is the output voltage of RPD for a movement
of obstacle with the displacement of D cm and

V2 (D) = -0.007 D4 - 0.024 D3 + 0.080 D2 + 0.597 D.986
)

Where \f, (D) is the output voltage of LPD for a movement of
obstacle with the displacement of D cm similarlye t
polynomial relationship between the output voltédg of the
SPC and the displacement of obstacle D is obtamethe
curve fitting tools (shown in Fig.8) using MATLABnd this is
expressed as

Vo (D)= P4 D4 +P3D3+P2D2 +P1D +P0 3) (

Where the above coefficient is calculated by tHéedince of
coefficient, which is provided in equations (1) &) Because,
the output voltage (VO) is the difference of twwopo detector
output voltages V01 & V02. Therefore,

V0 =V01-V02 (4)
So, polynomial coefficient of equation (3) is
P4 =0.001 P3 =0.048 P2 =-0.004
P1=-1.193 PO =-0.006

When the obstacle moves towards negative directien
towards the extreme right position of the chanttel,darkness
level at the right channel will be increase ratiiean the
darkness level at the left channel. Hence, theututpltage of
the RPD (1) will be smaller than the output voltage of the
LPD (Vo). So the differential output voltage of the SPG)(V
is (-) ve. Similarly, when the obstacle moves ta¥gapositive
direction i.e. towards the extreme left positiontled channel,
the darkness level at the left channel will be éase rather
than the darkness level at the right channel. Hethesoutput
voltage of the LPD (¥, will be smaller than the output
voltage of the RPD () and the differential output voltage of
the SPC () would be (+) ve. Thus, this technique provides
theoretically non-linear relationship between th#edential
output voltage and linear displacement.

It is obvious from equations (1), (2) & (3) that evhthe
obstacle is in middle position i.e. when D = 0, tak output
voltages of two photo detectors and SPC are pnogidhe
non-zero value i.e.VO1 (® 0, V02 (0)# 0 and VO (O} O.
By acquiring the experimental data of two photoedtir
output voltage (V01 & V02) and output voltage (Mif)SPC
for linear displacement (D) of an obstacle has lgraphically
plotted in Figure 7 & 8 which supports the equati¢b), (2) &
(3). The enlarge view of linear region of SPC outpoltage
(VO) vs. linear displacement (D) curve has beenwshdn
Fig.9.
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Fig-7: Plot of output voltages of two photo detectorsigia
linear displacement of an obstacle
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Fig-8: Plot of output voltage () of SPC vs. linear
dispalcement
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Fig-9: Enlarge view of linear range of output voltage)(vf
SPC vs. linear dispalcement

The experimental result shows a linear variationoafput
voltages with the variation of linear displacementhe range
of +1cm to -1cm instead of +0.5cm to -0.5cm disptaent
range of a linear variable differential displacetrsemsor [12].
Eventually we have calculated the non linearitythadt curve
utilizing best-fit straight line method and findetivalue of -
6.15% FSO (Full Scale Output) at the displacemén8mm.
Also the accuracy factor of that measurement metbo@%
FSO at 4mm.

The proposed sensing method can measure the smalles
displacement of 1mm i.e; resolution of this meth@d mm.

So it exhibits better resolution than optical LVDT2] and
Acoustic displacement transducer [9] which showmfDand
5mm respectively.

The repeatability of that sensing method has bgaluated as
0.04%FSO.

CONCLUSIONS

By utilizing the variation of light intensity of BVDOS was
designed and tested successfully.

The designed sensor is efficient, in expensive, and
multipurpose. It could be integrated with otherngpary non
electrical sensors and order to get an electrezd out.

This LVDOS displacement sensor applicable in vaiou
industrial fields such as robot, biomedical measyevice,
rectilinear motor & position feed back of a pneumatr
hydraulic cylinder rod. In this case the sensaorasembedded
within the target, but externally tied through akgoto the
target body

From Fig.9 the output voltage (VO) variation withrget
displacement has been observed linear in the rahgem to
+1cm. But beyond this range curve shows non litgariboth
-ve & +ve range. So accurate measure of displacetimen

present & extended range, computer or embeddeddbase
programming can be used by interfacing this semstr the
DAS card & PC, it is the future scope of work.
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