Karaelmas Fen ve Miih. Derg. 7(2):545-549, 2017

Research Article

Received / Gelis tarihi  : 04.01.2017
Accepted / Kabul tarihi :24.04.2017

Karaelmas Fen ve Miihendislik Dergisi
Journal home page: http://tbd.beun.edu.tr

'The Analysis of the Optical Measurement Sensitivity of the Phototransistor and
LDR Sensors

Fototransistor ve LDR Sensoriin Optik Olgiim Hassasiyetinin Incelenmesi

Mehmet Ali Ozgelik ®

Gaziantep University, Vocational School of Technical Science, Electric and Energy Department, Gaziantep, Turkey

Abstract

'The light sensitive circuit elements, in line with the changes in the amount of light, produce electrical values such as current, voltage and
resistance change. Thus, these elements are being used in light measurement, light control and light detection systems. In this research,
the Phototransistor and LDR (light dependent resistor), which are commonly used in light detection systems, have been exposed to
different lighting values in an indoor environment. Their electrical reaction values have been measured and sensitivity analysis has been
conducted. In the light of the findings obtained, it has been seen that with 134.23 standard deviation rate Phototransistor has shown
more light sensitivity than LDR.
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Oz

Is1ga duyarh devre elemanlari, 1stk miktarindaki degisime bagli olarak akim, gerilim ve direng degisimi gibi elektriksel degerler tiretirler.
Bu sayede bu elemanlar i1k 6l¢tim, 151k kontrol, i1k algilama sistemlerinde kullanilirlar. Bu ¢aligmada 151k algilama sistemlerinde yaygin
kullanima sahip Fototransistor ve LDR (1s13a bagh diren¢) kapali ortamda degisken 151k degerlerine maruz birakilarak elektriksel cevap
degerleri 6lctilmis hassasiyet analizi yapilmistir, elde edilen degerler géz oniinde bulunduruldugunda fototransistér 134.23 standart

sapma degeri ile LDR den yiiksek 1513a duyarlilik gosterdigi belirlenmistir.

Anahtar Kelimeler: LDR sensor, Istk yogunlugu, Luxmetre, Foto akim, Fototransistor

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 (Ghassan 2015, Ozcelik 2016). That is why,
it is essential that the light intensity of the environment is
measured and controlled to save energy (Juan 2016, Toufiq
2016, Gentile 2016). In light control and measurement
systems various sensors such as phototransistors,
photodiode, LDR and photocells are used (Fathabadi
2016, Kamran 2011, Coskun 2006, Lau 2006). 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
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sensitivity and it is essential for light control and especially
for light measurement devices (Singh 2014). 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 phototransistor sensors are the most commonly
used optical sensors in light measurement and control
systems. However, in the literature there is not much
research involving the experimental comparison of these



Ozgelik / The Analysis of the Optical Measurement Sensitivity of the Phototransistor and LDR Sensors

two elements in an indoor environment. 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.

1.1. Light Dependent Resistor (LDR)

LDR is a light dependent resistor and it shows a inversely
proportional resistance change depending on the light it is
exposed. LDRs are produced from light-sensitive substances
such as CdS (Cadmium Sulphide), CdSe Cadmium
Selenide), germanium, silicium. LDRs are mostly used
in lighting control, measuring system, road illumination
control, anti-robbery alarm systems, and etc.

Figure 1 shows the layout of LDR.

The zig-zag trend 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 decreases
hence the conductivity of the material increases (Yuwaldi
2017). 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 (Latha,
2013).

1.2. Phototransistor

Phototransistors are semi-conductor circuit elements that
convert light into current. When they are exposed to light,
the resistance between collector and emitter decreases. In
order for phototransistors to produce current, it is enough
that light falls on base lead. For this reason, they are used in
light control and measuring systems (Kostoy 2011).

In this study BP 103-5 (as shown in Figure 2) phototransistor
that is of “high speed” and “radiant sensitive, miniature, flat,

top view, clear plastic package” have been used. (Osram
2016).

Phototransistors are light sensitive; photo-bipolar transistors
are a popular kind of phototransistors which, by being
placed in a transparent case enables light to reach the base-
collector. It was first invented by Dr.John N. Shive in 1948.
Phototransistors could be used as photodiodes as well. This
is possible when the emitter is not connected with the base
and collector leads are utilized. Phototransistors could be
distinguished from other transistors by the magnifier they
have on them (Kostoy 2011).
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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 phototransistor have been provided. In the
conclusion part, an assessment has been made in line with
the results obtained.

2. Material and Method

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

2.1. Experimental Set-up

The experimental setup used in this paper included a 5
V DC power supply, Dimmer which is used to lower or
upper the brightness of a halogen lamp, 100 Q resistance,
LDR sensor, phototransistor 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.

3. Result and Discussion

In the experiment, two cases are considered to compare
LDR and Phototransistor 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
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Figure 1. The Layout of an LDR (A) Symbol (B) Picture (C).
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Figure 2. The Symbol (A) and Picture (B) of the Phototransistor
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to ground. In an indoor ambient, light intensity on LDR is
increased by 10 lux from O(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.

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

When Figure 5is examined, itisseen thatas thelightintensity
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) Cu;;.e]il]t)giﬁ;l -
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
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 22580 25
€errors)
MSE (the mean squared error) 1411.26
RlVI.Slj: (The root-mean-square 3756
deviation)
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It is seen in Table I that the standard deviation value stands
at 774.31. The root-mean square deviation (RMSE) value
is 37.56.
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Dimming
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Figure 3. The system used for observing the output currents of
LDR and phototransistor under different lighting levels and dc
power.
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Figure 5. LDR’s current response to the light change.
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3.2. The Analysis of Phototransistor under Changing
INlumination

In Figure 4, when the phototransistor 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 phototransistor, the curve in Figure 7 comes
about.

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

Table 2. Phototransistor’s current response to intensity of

illumination.

Taking into consideration the findings obtained from the
two experiments, it is seen that phototransistor’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
Phototransistor, 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

As it is seen in Table II, the Standard Deviation value stands
at 134.23 and the root-mean square deviation (RMSE)
value is 16.039.
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Current Response examined, it is seen that both sensors respond to the light

Intensity of Illumination (Lux) of Phototransistor exponentially, but while the LDR standard deviation value
(pA) stands at 774.3, that of phototransistor’s stands at 134.23.
0 0.5 Together with the other statistical data, it can be said that
10 63 the electrical responses of the phototransistor in relation
20 105.78
30 141
B
40 174.42 ke R o
50 202.13 PO -
60 231.36 T Phototransistor
70 258.14 To Measure
80 284.37 il ':\“x
90 309.36
Halogen Lamp
100 333.45
110 358
120 380.35
130 403.72 —
0 425.33 Fi Diff lighti 1 i lied h
150 445.15 lgure 6. ' 1fterent lg tlng values belng '(lpp 1€ on the
phototransistor.

Maximum 445.15
Minimum 0.5
Mean 257.53 500
Standard Deviation 134.23 “
COV (Covariance (%)) 52.176 i
SSE (the sum of the squared 4116.06 = 300
errors) £ 50
MSE (the mean squared error) 257.253 5 ™
RMSE (The root-mean-square 16.039
deviation)

a 2 &0 B =0 L0 1m Lags 10

Intensity of Light [Lux

Figure 7. Phototransistor’s current response to the intensity of
light.
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with lighting shows a better variation profile in terms of
sensitivity and precision. In light measurement electronic
systems, the consistency of the electrical values produced in
relation with the illumination variations is essential. In the
light of the light-based electrical values obtained from LDR
and phototransistors, it seen that using phototransistors
in illumination measurement device is going to give more
consistent values.
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