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ABSTRACT

In this study, low-cost sensors for air quality monitoring system have been characterized and designed. These
sensors are applied in a monitoring system and installed at Sriwijaya University, which is vulnerable to the im-
pacts of forest fires in the surrounding area. This monitoring system will provide information especially for the
university community to determine the level of air quality on campus. In this research the researchers focussed
on the characterization and design of system sensor that aimed to get the best configuration of low-cost sensors
namely MQ-7, Sharp GP2Y1010AUOQF and own-designed smoke sensor to have high reliability and effectiveness
to be applied to monitoring systems. The test results showed that the sensors have good response and sensitivity.
Therefore, it can be applied to the monitoring system to provide information about the level of particle concentra-

tion, carbon monoxide and smoke which meet the needs of low-cost monitoring systems.
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INTRODUCTION

An air quality level depends on balanced
gas compositions in the air. According to Indo-
nesian Air Pollutant Standard Index (ISPU) the-
re are some pollutants affecting the air quality,
such as particulate matter (PM), carbon monoxi-
de gas (CO), sulfur dioxide (SO,), nitrogen dio-
xide (NO,), ozon (O,). If one of this pollutant
exceeds their threshold, it could influence hu-
man health(Goldstein, 2008; Brook et al., 2010;
Goudarzi et al., 2014; Guo et al., 2014). As a
developing country, Indonesia has an air polluti-
on problem, not only from industry and vehicle
emission, but also from a forest fire. The forest
fire in 2015 burnt 2.6 million hectares (Purnomo
etal., 2017) and became a source of various type
air pollutant (Pribadi & Kurata, 2017).
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Sriwijaya University is one of the univer-
sities that directly affected the land and forest
fires. This is because the location is surrounded
by peat lands where the fire disaster occurs. In
addition to financial losses, the haze that occurs
also disrupts health and campus activities. The-
refore, a monitoring system is needed that can
provide information and warnings about the le-
vel of air quality.

The monitoring system of air quality
levels is required not only for precaution but
also for awareness to protect and keep our air
clean. Unfortunately, in the market most of the
monitoring system is expensive and difficult to
maintain(Kumar et al., 2015)the impacts of very
high but temporally and spatially restricted pol-
lution, and thus exposure, are still poorly under-
stood. Conventional approaches to air quality
monitoring are based on networks of static and
sparse measurement stations. However, these are
prohibitively expensive to capture tempo-spatial
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heterogeneity and identify pollution hotspots,
which is required for the development of ro-
bust real-time strategies for exposure control.
Current progress in developing low-cost micro-
scale sensing technology is radically changing
the conventional approach to allow real-time
information in a capillary form. But the ques-
tion remains whether there is value in the less
accurate data they generate. This article illustra-
tes the drivers behind current rises in the use of
low-cost sensors for air pollution management
in cities, while addressing the major challenges
for their effective implementation (Kumar et al.,
2015). The recent emergence of low-cost sensors
allows us to build a low-cost system that can be
a solution for air pollution management. Alt-
hough the ability may not as good as expensive
measurement devices, the sensors can be an al-
ternative for wide application in air quality level
measurement. In this study, low-cost sensors are
characterized to build an air quality monitoring
system. The system has basic measurements for
air quality level including carbon monoxide gas
and particulate matter. The monitoring system
is installed at Sriwijaya University and will be
used as an early warning system related to bad
air quality level for students and people who live
in Sriwijaya University.

METHODS

Monitoring System Design

This air quality monitoring system con-
sists of a microcontroller with 3 sensors namely
carbon monoxide sensor, particulate matter sen-
sor, and smoke sensor. This system is also equip-
ped with a data logger to store measurement
data and LCD to display the level of air quality.
The block diagram of the air quality monitoring
system is shown in Figure 1.
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Figure 1. Block Diagram Air Quality Monitoring
System

R. Rumantri, M. Y. N. Khakim, I. Iskandar / JPII 7 (3) (2018) 347-354

Arduino is used as a processing and cont-
rolling device. In addition 10 bits of analog to
digital converter (ADC) integrated on arduino is
used to convert analog signals from the sensors
into physical quantities as measurement data.
The data will be displayed on the LCD display,
stored in the data logger and sent to the website
via GPRS modem.

Particulate and Smoke Sensor

Exhaust gas emissions from fossil-fueled
vehicles contribute to particulate matter levels in
the air (Gentner et al., 2017; McDonald et al.,
2015). Particulate measurements are important
because the effects of particulate exposure could
affect human health even if exposed for a long
time (Brook et al., 2010; Guo et al., 2014; Kim
et al., 2015; Turner et al., 2011; Wallwork et al.,
2017).

There is low-cost optical based particulate
sensor available on the market such as PPD42NS
(Shinyei Inc.) and DSM501A (Samyoung Inc.).
However GP2Y1010AUOQOF (Sharp Corp.) has
better performance(Wang et al., 2015). Sharp
GP2Y1010AUQF is an optical-based sensor,
which is used to detect dust or particulate mat-
ter in the air. This sensor consists of a phototran-
sistor and infrared led, it has a compact size and
simple to apply in a wide application. This sensor
can detect particulate concentration in mg/m?.
In addition, we also design smoke sensors with
simple components consisting of infrared LED
and photodiodes. This sensor is used to detect
smoke concentration from a safe level of danger.

Carbon Monoxide Sensor

Carbon monoxide gas is a pollutant that is
harmful to humans (Goldstein, 2008; Goudarzi
et al., 2014; Levy, 2015), this gas is colorless and
odorless, most of it comes from vehicle exhaust
(Gentner et al., 2017; McDonald et al., 2015).
Measuring the level of carbon monoxide gas is
very important considering this pollutant is a
common contaminant in the air.

There are several low-cost carbon monoxi-
de sensors; the easier one to find in the market is
MQ-7. This sensor also has been widely used in
several studies (Bakri et al., 2015; Guohua et al.,
2012; Kim et al., 2014; Tian et al., 2017).It has
good sensitivity, long life and simple wiring cir-
cuit. From manufacturer technical data, this sen-
sor can detect carbon monoxide concentration
from 20 to 2000ppm. However, the output signal
of this sensor is still in the form of a voltage that
needs to be calibrated and converted to concent-
ration in ppm unit. The structure and configurati-
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on of the MQ-7 gas sensor can be seen in Figure
2. The sensor consists of a micro AL,O, ceramic
tube, a sensitive layer of tin dioxide (SnO,) and
Nickel-Chromium alloys as a heater coil. This
sensor has 6 pins, 4 pins for signal and electrodes,
2 pins for heating coils.
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Information
Parts Materials
1 Gassendinglayer  SnO,
2 Electrode Au
3 Electrode line Pt
4 Heater coil Ni-Cr alloy
5 Tubular ceramic Alo,
6  Anti-explosion Stainless steel gauze
network (SUS316 100-mesh)
7 Calmp ring Copper plating Ni
8 Resin base Bakelite
9 Tube pin Copper plating Ni

Figure 2. The Structure of MQ-7 Sensor (Han-
wei Electronics co., Itd)

Sensor Characterization

Characterization of sensors is done to
get the conversion value of the sensors output
signal in the form of a voltage into the physical
quantity that will be used in the algorithm of the
monitoring system program.

Many studies have evaluated and cha-
racterized the Sharp GP2Y1010AUOQOF sensor
comprehensively (Li & Biswas, 2017; Marinov
et al., 2017; Wang et al., 2015). In this study, we
use Sharp GP2Y1010AUOF technical data and
linear regression of the characteristic graph of
the sensor to be able to determine the conversion
of the sensor signal in the form of voltage into
mg / m3.
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For calibrating the MQ-7 sensorb esides
technical data, we used a Dekko FM-7910 car-
bon monoxide meter as a reference. There are
many methods and algorithms that have been
developed and studied in calibrating low-cost
gas sensors (Spinelle et al., 2015) including li-
near/multi linear regression and supervised
learning techniques are compared. A cluster of
ozone, nitrogen dioxide, nitrogen monoxide, car-
bon monoxide and carbon dioxide sensors was
operated. The sensors were either of metal oxide
or electrochemical type or based on miniaturi-
zed infra-red cell. For each method, a two-week
calibration was carried out at a semi-rural site
against reference measurements. Subsequently,
the accuracy of the predicted values was evalua-
ted for about five months using a few indicators
and techniques: orthogonal regression, target
diagram, measurement uncertainty and drifts
over time of sensor predictions. The study as-
sessed if the sensors were could reach the Data
Quality Objective (DQOs, but in this study we
use a simple method with the linearity of the gas
concentration as measured against the response
given by the sensor. By finding sensor resistance
in different carbon monoxide gas concentration
and curve fitting method we will get the polyno-
mial equation to determine carbon monoxide
gas concentration in part per million (ppm) unit.

Measurement Chamber

Sensors are placed on the measurement
chamber in order to protect sensors from the
directly open environment. The design of the
measurement chamber is shown in Figure 3.Ex-
haust fan is applied to make air circulation in the
chamber and to enhance data quality of sharp
GP2Y1010AUOQF (Wang et al., 2015). Besides as
a sensor housing, in this experiment the chamber
is used as the sensor characterization and test.

Exhaust fan /" Aidr flow
64
Smoke Senso CO Sensor
/ _-l"_‘-
<
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7 cm =
16 c
-
10 cm

Figure 3. Measurement Chamber Design
Sensor testing is done by exposing the sensor with
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a pollutant source through the measuring cham-
ber to find out the response and sensitivity of the
sensor. Especially for the MQ-7 sensor, the test
is carried out on the measuring tube because the
measurement is carried out with a predetermined
concentration.

RESULTS AND DISCUSSION

Particulate and Smoke Sensor Characterization

According to Sharp GP2Y1010AUOF
technical data, this sensor works with a pulse-
driven wave to turn infrared LED on and off. In
one cycle for 10 ms (i.e. 0.32 ms to turn infra-
red LED on and then 9.68 ms to turn the LED
off). This sensor has a sampling time of 0.28 ms
when the LED is on.
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Figure 4. Sharp GP2Y1010AUOF Characteristic
(Sharp Corp.).

From characteristic in Figure 4, the sen-
sor has a linear relation between output and
input i.e., particulate matter concentration of
0 — 0.5 mg/m?3 as inputs resulting in the output
voltage of 0,6-3.5 volt. Therefore, this linear reg-
ression for the relationship between particulate
concentrations with sensor signal output can be
obtained by using Equation (1).

x=0,16y-0,1 (1)

where x is particulate concentration and y is the
sensor signal voltage. However, the Equation
(1) has been limited to calculate sensor signal
voltage up to 3,5 volt for easy unit conversion.
Anyways 3,5 volt is represented 0.5 mg/m?3 of
particulate concentration which is danger level
according to standard pollutant index in Indo-
nesia (ISPU).

R. Rumantri, M. Y. N. Khakim, I. Iskandar / JPII 7 (3) (2018) 347-354

Figure 5. The Particulate and Smoke Sensor
Test Process

To ensure sensor has the same charac-
teristic with Figure 4, Sharp GP2Y1010AUOF
is tested with smoke from burning paper and
the test result (Figure 6) shows output voltage
of this sensor increases along with higher par-
ticulate concentration. Meanwhile, it has the
output voltage between 0.5 volt to 0.85 volts in
the clean air this can be caused by the lowest
detection limit of the sensor, besides that the
maximum output voltage is 3,77 volt when it is
exposed. This means that the sensor has good
sensitivity and same characteristic as Figure 4.

The designed smoke sensor was placed
on measurement chamber and was exposed
directly to smoke for obtaining minimum and
maximum voltage outputs of the sensor (Figure
5).At the time of testing, there is an error signal
reading this is because the infrared ray smoke
sensor bounces off the chassis that result in in-
consistent measurement. Due to scattering ref-
lection being able to disturb sensor sensitivity,
this chamber uses a black color case to absorb
infrared light.

This sensor works with 5 volt voltage po-
wer supply, however from the test result voltage
signal output is about 0,53 - 2,04 volt. This ran-
ge is divided into three levels i.e., (<1 volt) for
safe level,(1 — 1,5 volt) for warning level, and
( >1,5 volt)for danger level. From the testing,
we show that the characteristic of the designed
smoke sensor is comparable to the commercial
sensor (sharp GP2Y1010AUQF) as shown in
Figure 6. It also showed a good sensitivity to
smoke exposure.

The designed smoke sensor has a lower
measurement limit compared to sharp GP2Y-
1010AUOQF due to differences in sensor manu-
facturing. The smoke sensor is not equipped
with a focusing lens and signal amplifier. This
is because the smoke sensor is only designed to
detect smoke.
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Figure 6. The Particulate and Smoke Sensor
Test Result

Carbon Monoxide Sensor Characterization

In its application the signal pin (pin 5)
and LED signal (pin 3) of the sharp GP2Y-
1010AUOF sensor will be connected to the
analog and digital arduinopin, while the smo-
ke sensor Analog out pin (Ao) is connected
to the arduino analog input pin (Al). in detail
the wiring of the particulate sensor and the
smoke sensor is shown in Figure 7a.

In this research we used the MQ-7 sensor
in default manufacturer circuit with resistance

Sharp CPZY 1AL SOUSF
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load (RL) about 1 KQ, although on recom-
mended technical data between 5KQ-47KQ,
it is intended that in replacement of compo-
nents do not need to modify the circuit. Before
calibrating the sensor, it kept preheating over
48 hours according to the technical data. This
sensor has two heating cycles that are high
and low heating with alternating work.

The sensor has supplied with 5 volt po-
wer for 60 seconds during the high heating
cycle and the sensor takes air sample for me-
asuring carbon monoxide concentration. Ot-
herwise, when low heating cycle, the sensor
is supplied by 1,4 volts power for 90 seconds
and surface resistance of the sensor resulting
from the sampled air can be measured. The
carbon monoxide concentration can be de-
termined from the sensor resistance changes.
Because this sensor requires 350mW of power
consumption while the arduino cannot provi-
de enough current, an external power source
that is controlled by the driver circuit is nee-
ded. The design of the driver circuit is shown
in Figure 7b
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Figure 7. (a) Particulate and Smoke Sensor Wiring (b) Driver Circuit of the MQ-7 Sensor



352

The signal pin is connected to the micro-
controller which will provide the pulse width
modulation (PWM) signal so that the driver
will supply the voltage based on the given sig-
nal. In this case, when the signal provided by
the microcontroller of 0.5 volts then the dri-
ver will supply the sensor with a voltage of 1.4
volts, but when the signal is given a voltage of
5 volts then the driver will supply the sensor
with full voltage (5 volts).

According to MQ-7 technical data, there
are several parameters that must be known for ca-
librating the MQ-7 sensor. That is output signal
sensor voltage (VRL), the surface resistance of
the sensor (Rs), sensor resistance at 100ppm CO
in the air (Ro), load resistance (RL) and sensor
working voltage (Vc). Typical sensitivity charac-
teristics of the MQ-7 for several gases are illustra-
ted by the relationship between the resistance
sensor ratio at various concentrations of gases
(Rs) with the resistance sensor at 100ppm CO in
the clean air (Ro) to the concentration of carbon
monoxide gas.

From the characteristic Rs/Ro value will
be 1 in 100 ppm gas carbon monoxide concent-
rations and it is a reference to convert the output
voltage to ppm unit. So the relationship between
Rs/Ro ratios with carbon monoxide concentra-
tion in ppm can be written as Equation 2.

Rs/Ro =1 = 100ppm CO 2)

Unfortunately Ro value is not clearly
mentioned in technical data but the relation-
ship between Rs and RL is described in Equa-
tion 3.

_ I:L-'c—(-'R.LJ
Rs/RL = L 3)

Load resistance (RL) of the sensor in this
research is 1 kilo Ohm as manufacture circuit
default, so that Rs can be determined by using
Equation 4.

Rs =(-1)RL “4)

Threfore, to determine the value of Ro
then the sensor should be tested to get the value
of Rs when the concentration of Carbon mono-
xide gas is 100ppm.

In testing and calibrating process, sensor
and reference measurement device are placed
on measurement tube which has connected to
motorcycle muffler. Motorcycle exhaust gas is
used as a carbon monoxide source. Calibrating
process is shown in Figure 8.
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Figure 8. The Testing and Calibrating Process of
MQ-7 Sensor.

From our test, the sensor output decreased
from 0.85 and stable to 0.75 volts in clean air and
open environment (Figure 14.a). Meanwhile,
sensor output increased up to 2,15 volt when ex-
posure by motorcycle exhaust gas (Figure 14.b).
These results indicate that the sensor has a good
response to carbon monoxide gas.
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Figure 9. The Sensor MQ-7 Sensitivity Test Re-
sult (a) in Clean Air (b) Exposed by Motorcycle
Gas Emission

The second test was conducted to find
the relationship between the sensor resistance
values (Rs) of changes in carbon monoxide gas
concentration.



R. Rumantri, M. Y. N. Khakim, I. Iskandar / JPII 7 (3) (2018) 347-354

When exposed by motorcycle exhaust
gas, Rs value is decreasing along with higher
carbon monoxide concentration as shown in
Figure 10.a.According to Equation (2), Ro va-
lue can be obtained from Rs value at 100 ppm
carbon monoxide, from test result Rs value at
100 ppm carbon monoxide is 1,7KQ as we can
conclude that Ro value is also 1,7KQ, where Ro
is the value of the sensor resistance when the
concentration of carbon monoxide gas is 100
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Figure 10. The Mq-7 Test Results (a) Relation-
ship between Rs with CO Concentration.(b) Rs/
Ro and CO Gas Concentrations.

However, from the technical data of the
MQ-7 Rs value at 100ppm the concentration of
carbon monoxide gas should be between 2-20KQ.
This could be due to the difference in RL value
used, the researcher uses RL of 1 kilo ohm which
is the default of the sensor manufacturer circuit.
Other than that, the measurement uncertainty
factor due to the influence of various parameters
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can also make the carbon monoxide gas measu-
rement results less precise (Spinelle et al., 2015)
including linear/multi linear regression and su-
pervised learning techniques are compared. A
cluster of ozone, nitrogen dioxide, nitrogen mo-
noxide, carbon monoxide and carbon dioxide
sensors was operated. The sensors were either of
metal oxide or electrochemical type or based on
miniaturized infra-red cell. For each method, a
two-week calibration was carried out at a semi-
rural site against reference measurements. Sub-
sequently, the accuracy of the predicted values
was evaluated for about five months using a few
indicators and techniques: orthogonal regression,
target diagram, measurement uncertainty and
drifts over time of sensor predictions. The study
assessed if the sensors were could reach the Data
Quality Objective (DQOs. In this case, for samp-
les of motor vehicle exhaust compositions which
also contain various hydrocarbon compounds
and various nitrogen oxides (NOx)(McDonald et
al., 2015) are possible to influence the measure-
ment of carbon monoxide.

With Ro value from the test, Rs/Ro ratio
for another CO concentration can be obtained
using Equation (2), Rs/Ro values from test result
can be seen at Figure 10.b. Rs/Ro is decreased
with higher carbon monoxide concentration, and
match with sensor characteristic.

By using curve fitting method for Rs/Ro
ratio in different CO gas concentration, we can
get polynomial equation y = 59.17x2 - 262.8x +
302.3, with x is Rs/Ro and y is carbon monoxide
concentration in ppm. This equation can be used
to determining various CO gas concentrations in
ppm unit.

CONCLUSION

Low-cost sensors system for real time mo-
nitoring system has been designed and characteri-
zed. From the experiment, an MQ-7 sensor with
factory default circuit configuration is able to
detect carbon monoxide gas concentration with
good sensitivity. Other than that from the test
show the similarity of sensor characteristics of
the test result with factory technical data which
shows the relationship between Rs/Ro with car-
bon monoxide gas concentration in ppm. So the
polynomial equation obtained can be used to
determine the concentration of carbon monoxi-
de gas. As a particulate sensor, although Sharp
GP2Y1010AUOQF less accurate in detecting par-
ticles <0,2mg/m?, this sensor has good sensitivity
and can detect dust or particle concentration up
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to 0,5 mg/m3. Moreover, the smoke sensor has a
good sensitivity to smoke so that the sensor is ca-
pable of warning when forest fire happens in the
surrounding area. According to ISPU in danger
level the concentration of carbon monoxide and
particulate matter is about 34 ppm and 0,42 mg/
m?, respectively. This indicates that the sensors
meet the minimum requirements for air quality
measurement and can be applied to the air quali-
ty monitoring system to be installed at Sriwijaya
University.
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