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Abstract

Measuring the illuminance of light is needed in a lot of applications such as in the corrosion mapping of
steel surfaces, in distance measurement and also in analytical ultracentrifuge. Illuminance is a measure of the
perceived power of light per unit area. It is a measure of light intensity that is perceived by the human eye. When
light with different illuminance is incident on a Light dependent resistor (LDR), its resistance varies according to the
illuminance of the light falling on it. Making this LDR a part of a Signal conditioning circuit, we achieve an output
voltage which depends on the change in the resistance of the LDR. Hence, by measuring the output voltage, the
illuminance of the incident light on the surface is obtained and we establish a relationship between illuminance on

the surface of the LDR and the distance of the light source..
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Introduction

Luminous flux is often used as an objective
measure of the useful power emitted by a light
source, and is typically reported on the packaging for
light bulbs. It provides an estimate of the apparent
amount of light the bulb will produce, and is useful
when comparing the luminous efficacy of
incandescent and compact fluorescent bulbs.
Illuminance is a measure of how much luminous
flux is spread over a given area. One can think of
luminous flux (measured in lumnes) as a measure of
the total "amount" of visible light present, and the
illuminance as a measure of the intensity of
illumination on a surface.

luminous intensity is a measure of the
wavelength-weighted power emitted by a light source
in a particular direction per unit solid angle. While
luminous flux is the total perceived power emitted in
all directions, Luminous intensity is the perceived
power per unit solid angle.

With this experiment we are measuring the
intensity of light falling on a given surface by using
an LDR. When Light falls on an LDR its resistance
varies depending on the intensity of light falling on it.
As the intensity increases the resistance decreases.
With the help of a signal conditioning circuit the
analog signal (change in resistance) is converted into
an output voltage which is used to measure the
intensity of light. We can also notice that the

resistance of the LDR increases as the distance of the
light source increases from the LDR indicating that
the light illuminance that is incident on the surface of
the LDR decreases with the increasing distance of the
light source.

Literature History

Tiba. C and Leal S. S suggest a method of
measuring illuminance in the meteorological station
in Brazil illuminance is estimated using a model
known as luminous efficacy in regions where only
information on solar irradiation exists. They are
statistical models which use meteorological variables
and conditions of the sky to empirically correlate the
relationship  between illuminance and solar
irradiation.[

Cui. D. X and Shi. J. F suggest a method of
measurement of illuminance of quasi point source
based on photon counting principle. Illuminance is
measured from a circular area with diameter of 0.2
mm for the quasi-point imaging source on a
photocathode.

In the article published by Fiorentin P and
Scroccaro A, the Photometric laboratory of the
University of Padova makes use of multi luminance
meters to measure illuminance. It makes use of its
ability to identify the direction from which the light
source is incident and its possibility in selecting and
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analyzing that the different sources located at
different locations have contributed to the luminance
to what extent. %!

The method used by me is a simple and a
cost effective method of lux measurement which can
be implemented and analyzed easily and in an
effective way.

Light Dependent Resistors - are basically
semiconductors whose resistance varies with the
amount of light falling on it, hence it is
photoconductive. In the dark, an LDR can have a
resistance as high as a few mega ohms (MQ), while
in the light, an LDR can have a resistance as low as a
few hundred ohms. If the frequency of the incident
light exceeds a certain limit, the absorbed photons
supply enough energy to the bound electrons to jump
into the conduction band. The resulting free electrons
and the holes conduct electricity, thereby lowering
resistance.

Signal Conditioning Circuit - in electronics,

Many a times we need to manipulate an analog signal
So that it can be used efficiently and effectively in
the further processing. The inputs that can be given
to the signal conditioning circuit include DC and AC
voltage and current, frequency and electric charge.
The sensors that are commonly wused are
accelerometer, thermocouple, thermistor, strain
gauge, and LVDT or RVDT. Outputs for signal
conditioning equipment can be voltage, current,
frequency, timer or counter and other specialized
outputs. The circuit, through processes such as
amplification, filtering, converting, range matching,
isolation etc makes the sensor output suitable for
processing after conditioning. Types of devices that
use signal conditioning include signal filters,
instrument amplifiers, isolation amplifiers, digital-to-
analog converters, translators and charge converters.

Analysis
For a Wheatstone bridge:
— Rq
Va=Vec Rg+R¢
_ Rp
Vb = Ve Rp+Re¢
In the balanced condition:
Va=Vp
Rqg _ Rp
or, Vee Ra+Re Vee Rp+Rc
or,—~a_ = _Rb

"Rq+R:  Rp+Rc

Or, Ra.Rb+ Ra.Rc: Ra.Rb+ Rb.Rt
Rec _ R

or, —=—

Rp Rq
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Now, when the physical condition changes R:

increases or decreases by AR and the bridge is no
longer in the balanced condition.

Va 75 Vb
Va=Vu Ra

Rg+(R¢+AR)

Vb:Vch

Rp+Rc
We assume all the resistors to be equal.
|e Ra:Rb:RC:R[:R
Va= Ve R

R+(R+AR)

_ R
or, Va = Vec 2R+AR

Vi = Ve ——

R+R
or, Vo = Ve

vd
or, Vp :Tc

Now,
Vab= Va-Vp
— R _ Viac

=V,
©oRe AR 2
_ Vae [ZR—ZR—AR]

2 2R+AR

= (ean)
2 2R+AR
Output Voltage for a differential amplifier is given by
Vo= __}}:j (Vab)

_ Ry ( —AR )@
R1 \2R+AR/ 2
Hence

R AR 14
VO = 2 ( ) dc
R1 \2R+AR/ 2

Proposed Methodology

The LDR is connected as one of the
resistances of the Wheatstone bridge. Input Voltage
(Vac) is connected across 2 junctions and the voltage
at the other two junctions is fed to the non-inverting
terminals of two op-amps. The op-amps are in
Voltage follower configuration hence the voltage at
the non-inverting terminal results into the output of
the respective op-amps. These outputs are fed to the
third op-amp which is acting as a differential
amplifier. Hence the difference in the voltage at the
two terminals of the op-amp is obtained as output.
Hence the output of the circuit is the difference in the
voltage at the two junctions of the Wheatstone
bridge. When the value of the resistance of the LDR
is same as the other resistances of the Wheatstone
bridge, the bridge is in balanced condition and the
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potential difference between the two junctions is 0
and the output voltage is 0. As the resistance of the
LDR changes depending on the intensity of light
falling on it, the bridge becomes unbalanced and
hence a potential difference develops between the
junction and we obtain an output voltage depending
on the resistance change. Thus With the voltage
obtained, the change in resistance of the LDR can be
obtained and with that the intensity of light falling on
the LDR can be obtained.

Simulation

A simulation of the circuit is done using
Multisim as shown in Fig.1.The resistance of the
LDR is changed manually indicating change in the
intensity of light falling on the LDR and the
corresponding change in the output voltage is
observed showing the change in output voltage for
the given change in intensity of light.

The output voltage is given by:
_R AR Vdc

TR 2R+4R) 2
Where resistance of the LDR is (R+4R) and the
intensity of light in lux is given by

500
Lux = — lux
RLDR

Vo
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Fig 1. Proposed circuit diagram
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TABLE 1: Variation of the output voltage with change in
resistance of the LDR

Rezistance | Light Voltage Qutput
of the y across LDR. | Voltaze(V3;)
LDR Intenzity

. {in volts) (m volts)
(in ohms) | (nLluwx)
330 131515 [ 2.105m
400 1250 6.38 0.33
600 83333 TE 73
800 623 R L] 245
K 300 9.02 3.023
X 250 103 4302
X 123 TI.08% 3.087
(334 833 1373 3378
336 623 11524 3352
10K >0 11618 3615
20K 23 TI.305 3.807
K 123 11501 5904
60K 833 11534 33536
8K 623 T1.560 3953
TO0K 3.0 11960 3962
300K 1.67 11559 39385
300K 1.0 11356 5954
TN 03 11958 3358
M 0.167 IT558 6.001
B8 0.1 11559 6.001

From the table above we can infer that the
voltage obtained at the output, and hence the
potential difference developed across the junctions of
the Wheatstone bridge is directly proportional to the
intensity of light falling on the LDR. As the intensity
increases, the output voltage increases but becomes

constant at‘%'lc when the resistance is very large. This
R

is because Va is given bdec(2R+AR); hence it
becomes approximately 0 at very high value of LDR
Vdc

resistance. And hence Vb, which is equal to -

dominates. Moreover, when resistance of the LDR is
equal to the other resistances, the output voltage is 0
as Va = Vb. So we can find the intensity of light
which when falling on the LDR produces the
resistance equal to the resistance of the bridge’s arms.
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Hardware Implementation

A normal torch light was used as the light
source for this experiment. The illuminance falling
on the given surface varies with the distance from
which the light is made incident on the surface. The
light from a point light source spreads out uniformly
in all directions, so as we move away from the
source, less light reaches us.

So if we take a point source like a candle
than it will cause an illuminance of 1 lux on an object
which is placed at a distance of 1 meter and an
illuminance of % lux on an object at a distance of 2
meters. So the illuminance varies following the
inverse square law.

Fig 2. The hardware circuit on breadboard.

TABLE 2: Variation in output voltage with variation in
distance of the light source.

Distance Output R Intensity

) Voltage (V) s ux)
0 0 330 1315
3 033 4374 1143
1y 08 630.6 7803
10 0.96 7414 6743
i3 113 89232 3604
15 1.29 10336 4837
18 141 11837 4224
20 1.30 1320 3788
23 1.65 1366.5 3192
23 1.68 16822 2972
28 1.75 1870 2674
30 182 20964 2383
33 1.85 21326 2344
32 134 2170 2304
37 1.85 22084 2264
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Fig 3. Relationship between illuminance and the distance
of the light source.

Result Analysis

For an almost dark surrounding the voltage
recorded was around 2.48V, which is approximately
half of the supply voltage V4:(5 V) signifying that the
resistance of the LDR is very high(in mega ohms)
and in the dim light of the room, the voltage recorded
was 2.08V. This voltage corresponds to an
illuminance of 153 lux and it matches with the
illuminance generated in interiors that that are rarely
used for visual tasks just like the dim surrounding we
maintained. It also shows that as the illuminance on
the surface of the LDR increases, its resistance
decreases and hence output voltage decreases.

Further a light source(torch light) is
introduced and its distance from the surface of the
LDR is varied and the corresponding output voltage
measured. The light source at a distance of 15cm
from the LDR is comparable to the lighting in a
showroom or laboratory. The illuminance we
achieved here is 484 lux while the actual illuminance
for such an environment is around 500 lux We can
see that as the distance of the light source increases,
the illuminance of the light falling on the surface of
the LDR is decreasing and is following the inverse
square law. As the distances considered in this
methodology are small the variation shows some
variation from the inverse square law but is in
accordance with the law as the change is greater at
the nearer distances and then as the distance increases
the change becomes less.

Conclusion

From the above analysis we are able to infer
that as the illuminance increases on the surface of
the LDR, the resistance of the LDR decreases and
with the output voltage obtained from the signal
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conditioning circuit, we can calculate the illuminance
that is falling on the LDR and we can prepare a data
sheet stating the voltage output for the corresponding
light illuminance falling on its surface. The variation
of illuminance on the surface of the LDR is achieved
by varying the distance of the light source from LDR

and the

obtained data shows that the variation follows

the inverse square law.
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