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ABSTRACT: Electrical parameters such as current, voltage and resistance are produced by the
light-sensitive sensor elements depending on the light. Therefore, optically sensitive sensors are
widely used in light measurement and light control systems. LDR (A Light Dependent Resistor) and
Photodiode, which are widely used in light detection systems, have been discussed in the study,
they have been exposed to different lighting values in an indoor environment. Their electrical
reaction values have been measured and susceptibility analysis has been conducted. In the light of
the findings obtained, it has been seen that with 9.44 standard deviation rate photodiode has shown
more light sensitivity than LDR.
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1. INTRODUCTION

In most public indoor areas, offices, living areas, factories, the light is used during the day time, but
it is known that most of the time the energy consumed for illumination is more than necessary [1]-
[2].That is why, it is essential that the light intensity of the environment is measured and controlled
to save energy [3]-[5]. In light control and measurement systems various sensors such as
phototransistors, photodiode, LDR, and photocells are used [6]-[9]. Although these sensors’
reactions to the light is varying, usually these variations come as parameters such as resistance,
current, and voltage. The variation of electrical values that light sensors produce depending on light
intensity determines the sensor sensitivity and it is essential for light control and especially for light
measurement devices [10]. In general, the brighter the light; the lower resistance, the upper current
or voltage, but the relationship between electrical parameters and lux for a light sensors is not the
same. While some sensors show a linear variation to light, some others do not show the same trend.
These numerical values produced by the sensors depending on the light are input values of control
systems such as microcontrollers. As a result of mathematical calculations, these numerical values
produce an illumination information value at the output of the system or they adjust the lighting
level of an illumination system. That is why, the selection of these sensors in light measurement
systems and control systems is an essential issue.

LDR and photodiode sensors (BPW34) are the most commonly used optical sensors in light
measurement and control systems. In this research, these sensors’ electrical values in an indoor
environment depending on varying light intensity have been measured, their characteristic curves
have been obtained, and analysis of sensitivity has been conducted.
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1.1. LDR

LDR is defined as a light-dependent resistor, and cadmium sulphide (CdS) is known or photo-
resistance. It is also called a photoconductor. In LDRs, resistance is inversely proportional to light
change. LDRs have low resistance in the light, and they have high resistance in the dark. They are
used in street lighting control devices, light alarm circuits, lighting control, cameras and optical
measuring systems.

The basic structure of an LDR is shown in Figure 1.
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Figure 1. The Basic Structure of an LDR (a) Symbol (b) Picture (c)

The zig-zag track in Figure 1 shows cadmium sulphide or cadmium selenide. The metal films at the
top and bottom are connected to terminal points. To achieve the focusing of the light that is coming
to the LDR, the top side is covered with transparent glass. When there is no light, the mega-ohm
values show resistant. Once the light falls on the optoelectronic circuit elements, the resistance de-
creases hence the conductivity of the material increases. The resistance value in this case (<1 kQ) .
LDR is a cost-effective and handy circuit element. In order for it to operate there is no need for high
power and voltage.

LDR’s are cheap and are readily available in many sizes and shapes. Practical LDRs are available in
a variety of sizes and package styles, the most popular size having a face diameter of roughly 10
mm. They need very small power and voltage for its operation [11]-[12].

1.2.  Photodiode
A photodiode is a semiconductor device which converts light into current. When the photons of
light are absorbed by the photodiode, they begin to produce current. The current is very small if

there is no light. Photodiodes are contain optical filters, built-in lenses, and they have large or small
surface areas [13].
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The BPW34 used in this research is a PIN photodiode with high speed and high radiant-sensitive
miniature, flat, top view, clear plastic package. It is sensitive to visible and near infrared radiation
[14]. The image and symbol of photodiode can be seen in Fig. 2.
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Figure 2. The Symbol (a) and Picture (b) of the Photodiode

Photodiodes are used in consumer electronics devices such as compact disc players, smoke
detectors, and the receivers for infrared remote control devices used to control equipment from
televisions to air conditioners. For many applications either photodiodes or photoconductors may be
used. Photodiodes are often used for accurate measurement of light intensity in science and industry
or to respond to light levels, as in switching on street lighting after dark.

The rest of the paper is structured as follows: in the methodology part, information about the
experimental mechanism has been provided. In the Results and Findings part, in relation with light
intensity, the values measured from LDR and photodiode have been provided. In the conclusion
part, an assessment has been made in line with the results obtained.

2. METHODS

The experimental mechanism set up to analyse the optical sensitivity of the Photodiode and LDR
sensors will be examined.

2.1. Experimental Set-up

The experimental setup used in this paper included a 5 V DC (Direct Current) power supply, Dim-
mer which is used to lower or upper the brightness of a halogen lamp, 100 Q resistance, LDR sen-
sor, BPW34 photodiode sensor, Multi-meter and for the indoor environment lighting measurement
DT-8809A professional light meters (Max. range 400,000 lux, Resolution 0.1 lux, Accuracy £%5)
have been utilized, The experimental set-up is shown in Figure 3.
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Figure 3. The System Used for Observing the Output Currents of LDR and Photodiode under
Different Lighting Levels and DC Power

3. RESULTS AND FINDINGS
In the experiment, two cases are considered to compare both LDR and Photodiode lighting sensors.
In the first one:

3.1. The Analysis of LDR under Changing Light

The LDR is connected to 5V, 100 Q resistor is connected to ground. In an indoor ambient, light
intensity on LDR is increased by 10 lux from 0(dark) up to 150(bright) lux. The current values at
the output have been measured by digital multi-meter as it is seen in Figure 4.

Generally, in microcontrollers +5 V is used, therefore this voltage value has been applied.
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Figure 4. Different Lighting Values Applied on LDR

In Figure 5, LDR’s current variation curve in relation with the lighting values increasing from 0 to
150 lux is shown.
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Figure 5. LDR’s Current Response to the Light Change

When Figure 5 is examined, it is seen that as the light intensity increases, the current change
increases exponentially and that at about 40 lux the current change is less. In line with the light
intensity, the current values read from multi-meter have been given in Table 1.

Table 1. LDR’s Current Response in Relation with Intensity of Illumination

Intensity of Illumination (Lux) Current Response of LDR

(nA)
0 7.25
10 406
20 700
30 921
40 1000
50 1256
60 1400
70 1540
80 1660
90 1780
100 1880
110 2000
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120 2090

130 2190

140 2280

150 2370
Maximum 2370
Minimum 7.25
Mean 1411.26
Standard Deviation 774.31
COV (Covariance (%)) 54.86
SSE (the sum of the squared errors) 22580.25
MSE (the mean squared error) 1411.26
RMSE (The root-mean-square deviation) 37.56

It is seen in Table | that the standard deviation value stands at 774,31. RMSE value is 37,56.

3.1. The Analysis of Photodiode under Changing Illumination

In Figure 4, when photodiode is connected in inverse bias in place of LDR, Figure 6 is formed.
Similarly, when light intensity values from 0’ (dark) to 150 (dark) lux are applied to photodiode, the
curve in Figure 7 comes about.
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Figure 6. Different Lighting Values Being Applied on LDR
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Figure 7. Photodiode’s Current Response to the Intensity of Light

In relation with the light intensity values applied to Fig. 6, the measured current values have been
given in Table 2.

Table 2. Photodiode’s Current Response to Intensity of lllumination

Current Response of

Intensity of Illumination (Lux) Photodiode (uA)

0 0
10 4,91
20 7.88
30 10.26
40 12.7
50 14.71
60 16.52
70 18.38
80 20.63
90 22.29
100 23.97
110 25.62
120 27.12
130 28.66
140 30.11
150 31.41
Maximum 31.41
Minimum 0
Mean 18.44
Standard Deviation 9.44
COV (Covariance (%)) 51.19
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SSE (the sum of the squared errors) 295.17
MSE (the mean squared error) 18.44
RMSE (The root-mean-square deviation) 4.29

As it is seen in Table Il, the Standard Deviation value stands at 9.44 the root-mean square deviation
(RMSE) value is 4.29.

Taking into consideration the findings obtained from the two experiments, it is seen that
photodiode’s change to light is more linear. The current changes are near constant with 10 lux
increase. However, in LDR, the current changes are more varying and far from constant.

4. CONCLUSION

In this research, the current values of the LDR and Photodiode, which are used quite commonly in
light control and measurement systems, in the same ambient temperature (28 °C) and voltage (+5V)
under changing light intensity have been examined and a sensitivity analysis has been carried out.
When the changes obtained are examined, it is seen that both sensors respond to the light
exponentially, but while the LDR standard deviation value stands at 774.3, that of photodiode
stands at 9.44. Together with the other statistical data, it can be said that the electrical responses of
photodiode in relation with lighting shows a better variation profile in terms of sensitivity and
precision.

Author Note: This article was presented as oral paper at the International Energy and
Engineering Conference 2016 (UEMK 2016)
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