DOI: 10.15413/etr.2019.0108

Engineering and Technology Research 1(3): 089-098, July 2019 m

©2019 Academia Publishing
ISSN: 2682 5716

CrossMark
click for updates

Research Paper

Academia
Publishing

Toxic and hazardous gas detection, measurement and monitoring system for safet y
assurance in home and industrial application of wireless sensor node

Mobasshir Mahbub
Department of Electronics and
Communication Engineering, East West

University, Dhaka, Bangladesh.

E-mail: mbsrmhb@gmail.com.

Accepted 17t July, 2019

ABSTRACT

Human body is prone to various toxic gases and hazardous elements or chemicals
or compound consisting in the atmosphere. A person can fall into danger if the
level of those gases exceeds human body tolerance limit or even can die if the gas
level is too high as against sustainability. To cope out against this kind of situation,
gas detection and measurement system is highly necessary to detect and measure
the level of toxic gases in places where human inhabit such as home and industrial
areas. The human environment is surrounded with different toxic and dangerous
gases such as natural gas (CH4) found in kitchen stove or LNG in cylinder, different
type of fuels for burning etc. In industrial areas, the amount of toxic gases is high
and therefore the probability of an accident from those gases. Thus in these areas
different types of gases are present as exhaust gases during manufacturing such as
CO (Carbon Monoxide), CH4 (Methane), fuels for burning purpose etc. Therefore,
for better protection of human life, a gas monitoring system is required. It can be
more effective if we measure these gases from a distant safer place with wireless
communication devices and components, so that a monitoring system is developed
with MQ2 gas Sensor, nRF24L01P Wireless Transceiver Module and Arduino as a
MCU.

Key words: Toxic gas, Monitoring and measure, wireless module, gas sensor,
microcontroller.

INTRODUCTION

At present, as the use of gases and fuels at home and in
industries increases, the number of accidents that occur as
a result also increases. In Bangladesh, the number of
accidents caused by gas leakage related explosion is
increasing in an alarming rate. The occurrence of gas
leakage related explosion was estimated to be 3,819 in
2013-2014, which increased to 5,123 in 2014-2015
according to a survey by Titas Gas Transmission Company
Ltd, Bangladesh (News Today, 2019). These accidents
occurred from gas pipelines and gas cylinders. The gas
cylinder explosions are most dangerous among all. It can be
said that keeping a gas cylinder in a home without proper
maintenance and security is keeping live bomb in home and
living with it. If a cylinder is not maintained or properly

monitored, gas leakage from its body or valve may occur in
the whole kitchen, room or area. Thus a little spark can
ignite fire spread like speed of storm and causes a massive
explosion. The result is casualty that can even take valuable
lives. A recent incident happened on the 5th of March 2019
in Gazipur that takes away the life of a worker (Dhaka
Tribune, 2019). Therefore, proper monitoring and
maintenance is a must to avoid this kind of pathetic
accident. That is why implementation of technical
monitoring system is necessary. Through this monitoring
system, people can determine the toxicity or danger of an
area and take necessary actions. Especially wireless
monitoring is more effective as people can examine the
area without moving near. As such, a toxic and hazardous
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gas monitoring system is highly necessary.

SYSTEM ARCHITECTURE AND DESIGN
Working principle

The monitoring and measuring system designed in this
study consists of two units as it is a wireless monitoring
system: One is the detection, measuring and data
transmission unit and the other is the monitoring and data
reception unit (Louis, 2016).

The detection and measuring unit is constructed with
Arduino Uno as Microcontroller Unit (MCU) which will
process the collected data from the gas sensor named MQ2
Gas Sensor. Another component is a necessary one which
will transmit the data to the receiver, that is, nRF24L01P
Wireless Transceiver Module.

The monitoring system is actually a data receiving and
visualizing unit consisting of Arduino Uno and nRF24L01P
Wireless Transceiver Module. The wireless module will
receive transmitted data from the transmitter, then will
pass to the MCU for processing. After processing, the MCU
will visualize the data through Arduino programming
environment named Sketch in its Serial Monitor window
(Figure1)j " AOOAOR O¢mpcA AT A A(Q

Required components
i) Components of detection and transmitting unit :
a) Arduino Uno R3

b) MQ2 Gas Sensor
c) nRF24L01Plus Wireless Transceiver Module.

i) Components of receiver and monitoring unit :

a) Arduino Uno R3
b) nRF24L01Plus Wireless Transceiver Module.

Description of components

Here, an overview of required components is provided.
Short description of their working procedures, schematic of
components and graphic image of those components will be
described.

Arduino Uno R3

Arduino Uno R3 is an MCU built with ATmega328P chip. It
contains 14 digital I/O pins (6 pins among can be used as
PWM output pins), 6 analog inputs, a 16 MHz quartz crystal
oscillator for certain frequency generation, a USB
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Figure 1: Flowchart of the system.

connection port, a power jack, an ICSP header and a reset
button. This board contains necessary electronic
components onboard needed to support the MCU; just need
to connect it to a computer with a USB cable or an AC-to-DC
adapter or battery to power it up.

The word "Uno" means one in Italian native language and
was designated to indicate the release of Arduino IDE 1.0.
The newly developed Arduino Uno development board and
the first version of development environment that is IDE,
version 1.0 were the reference versions. The Uno board is
the first in a series of USB Arduino boards, and the
reference model for the Arduino platformj " AOOA Oh
Santos et al.,, 2016).

a) Technical specification
This is shown in Table 1.
b) Schematic

Schematic representation of Arduino Uno R3 is shown in
Figure 2.

¢) Pinout

The Pinout diagram of Arduino Uno R3 is shown in Figure
3.

NRF24L01Pluswireless transceiver module

nRF24L01Plus is a single chip based 2.4GHz wireless
transceiver module having embedded baseband protocol
engine (Enhanced Shock-" OOO0OA Q8 ) 0116 Anl
nRF24L01Plus operates in ISM frequency band at 2.400 -
2.4835 GHz frequency. An MCU and few external passive
components are required to implement a radio
communication system with the nRF24L01.

The nRF24L01 module is designed to be configured and
operated through a Serial Peripheral Interface (SPI).

Embedded baseband protocol engine is a kind of packet
communication. It supports various modes such as manual
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Table 1: Technical specification.

Microcontroller ATmega328P
Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limit) 6-20V

Digital I/0 Pins
PWM Digital I/0 Pins

14 (of which 6 provide PWM output)
6

Analog Input Pins 6
DC Current per [/0 Pin 20 mA
DC Current for 3.3V Pin 50 mA
Flash Memory 32 KB (ATmega328P) of which 0.5 KB used
by bootloader
SRAM 2 KB (ATmega328P)
EEPROM 1 KB (ATmega328P)
Clock Speed 16 MHz
LED_BUILTIN 13
Length 68.6 mm
Width 53.4 mm
Weight 25g
Lot | g j :
+ s J APy
i ® t * ;::
108 N = o Laq
I &= 3 nT [

Figure 2: Schematic of Arduino Uno R3.

operation system, sophisticated autonomous protocol
operation etc. Internal FIFOs provide a smooth data stream
between the radio front end and the MCU. The mentioned
baseband protocol engine reduces system cost by
controlling all the high-speed link layer operations.

The radio front end of nRF24L01Plus module uses GFSK
modulation technique. The nRF module supports user

configurable parameters such as air data rate and
frequency channel output power.

The air transmission and reception data rate supported
by nRF is configurable up to 2 Mbps. The high data rates
and two power saving modes in combination makes the
nRF24L01Plus module very compatible for ultra low power
system designs.



Engineering and Technology Research; Mahbub. 092

0GB0CIC v | BT
v | PG

ety

n 4

S by LY 20 ¥ D
NI 907WNY

Figure 3: Pinout diagram of Arduino Uno R3.
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Figure 4: Schematic of nRF24L01Plus module.

High Power Supply Rejection Ratio (PSRR) and a wide
power supply range are ensured by internal voltage
regulators
(http://www.elecfreaks.com/wiki/index.php?title=2.4G_Wi
reless_nRF24L01p_with_PA_and_LNA).

a) Features of NRF24L01Plus

1) 2.4GHz RF transceiver Module.

2) Operating Voltage: 3.3 V.

3) Nominal current: 50 mA.

4) Range: 1100 meter (Approx.).

5) Operating current: 250 mA (maximum).
6) Communication Protocol: SPI.

7) Baud Rate: 250 kbps - 2 Mbps.

8) Channel Range: 125.

9) Maximum Pipelines/node: 6.

10) Low cost wireless solution (Wang, 2014).

b) Schematic

The Schematic representation of nRF24L01Plus module is
shown in Figure 4.

¢) Pinout

The Pinout diagram of nRF24L01Plus module is shown in
Figure 5.
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Figure 5: Pinout diagram of nRF24L01Plus module.

Table 2: Specification (Seeed Studio, 2019).

ltem Parameter Min Typical Max Unit

VCC Working Voltage 49 5 5.1 \

PH Heating consumption 0.5 - 800 mW

RL Load resistance Adjustable

RH Heater resistance - 33 - m

Rs Sensing Resistance 3 - 30 Em
Concentration Scope 200 - 10000 ppm
Preheat Time Over 24 h.

MQ2gas sensor

MQ-2 Gas Sensor is designed to detect or measure the
following gasses: LPG, Alcohol, Propane, Hydrogen, CO and
methane. The sensor based module version has a digital pin
and an analog pin which is TTL driven and works on 5V and
hence is capable to operate with most MCUs.

By powering the module with 5 V if any of the mentioned
gas is detected, LED on the module will glow and no output
LED will remain turned off that means digital outputis 0 V.
But it is imperative to note that these sensors need to be
pre-heated for a specified time.

For the measurement of a particular gas or multiple
gases, read the analog values with the analog pin of the
module (0-5V) using a MCU (Components 101, 2019).

The analog output voltage provided by the sensor
changes in proportional to the concentration of smoke/gas.
The greater the gas concentration, the higher the output
voltage, while lesser gas concentration results in low output
voltage.

The analog signal from MQ2 Gas sensor is further fed to
LM393 High Precision Comparator (soldered on the bottom
of the module), of course to digitize the signal. Along with
the comparator is a little potentiometer you can turn to
adjust the sensitivity of the sensor (Last Minute Engineers,
2019).

a) Sensing materials:

The tubular sensing element inside the sensor is made up of
Aluminum Oxide (AL203) based ceramic and has a coating
of Tin Dioxide (Sn02). The Tin Dioxide is the most
important material being sensitive towards combustible
gases. However, the ceramic substrate merely increases

heating efficiency and ensures the sensor area is heated to a
working temperature constantly. So, the Nickel-Chromium
coil and Aluminum Oxide based ceramic forms a Heating
System, while Platinum wires and coating of Tin Dioxide
forms a Sensing System.

b) Actual working principle of the sensor:

When tin dioxide (semiconductor particles) is heated in air
at high temperature, oxygen is adsorbed on the surface. In
clean air, donor electrons in tin dioxide are attracted
toward oxygen which is adsorbed on the surface of the
sensing material. This prevents electric current flow.

In the presence of reducing gases, the surface density of
adsorbed oxygen decreases as it reacts with the reducing
gases. Electrons are then released into the tin dioxide,
allowing current to flow freely through the sensor (Table 2)
(Last Minute Engineers, 2019).

¢) Pinout of sensor:
The diagram of the Pinout of sensor is shown in Figure 6.
d) Pinout of MQ2 gas sensor module:

The Pinout of MQ2 gas sensor module is shown in Figure 7.

Detection and transmitting circuitry
i) Schematic:

Schematic representation of the detection and transmitting
unit is shown in Figure 8
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LL R R )
mo- | | o
J Do §
. J Last Minute
Piriodk L@ ENGINEERS com

Figure 7: Pinout of MQ2 gas sensor module.
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Figure 8: Schematic of detection and transmitting unit.

ii) Breadboard implementation:

Breadboard implementation is shown in Figure 9.

Receiver and monitoring circuitry
i) Schematic:

Schematic of the receiver and monitoring unit is shown in
Figure 10.

v
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Figure 9: Breadboard implementation.
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Figure 10: Schematic of receiver and monitoring unit.

ii) Breadboard implementation:

Breadboard implementation is shown in Figure 11.

Gas measurement approaches

The measure of a particular gas or multiple gases requires
some sophisticated approaches. To measure gas
concentration in ppm unit and in percentage, there is need
to follow the necessary procedures (Seeed Studio, 2019).

i) Analysis of MQ2 gas sensor graph

For gas measurement, the first step starts with the analysis
of the curve. That is, from the curve of Figure 12, for
measuring a particular gas, two points such as (x1,y1) and
(x2, y2) were taken. With these two points a curve will be
formed, that is approximately equivalent with the original
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Figure 12: MQ2 gas sensor graph.

curve of a particular gas. Then the process of determining
slope of the generated curve arrives:

¢ Ojni-pg™™ (1)
Gy Moy

Now the process of forming a curve for analysis and
matching of the gas comes. That is, the gas sensor will
measure gases and will compare with the generated curve
to match the exact gas for measurement. The curve
formation is done in following way (%, y, m). Where x
represents a point of x axis of the corresponding curve, y
represents a point of y axis of the corresponding curve and
m is the slope of the curve.

Now the determination process of Rs/Ro ratio of gas is
done and compared with the curve of a corresponding gas.
It involves two steps; the first one is determination of Ro
that is the resistance of the surrounding air (Seeed Studio,
2019; Sandbox Electronics, 2019).

The Ro is determined by dividing Rs that is sensed
resistance of the surrounding air with the Ry that is
resistance of the clear air which is 9.83 for MQ2 gas sensor:

_ Y £°00MNIN611£6£0RQ (5D
CRo= o oD G0 (2)

The R is determined using following equation:

Yy GXB6Q 6(1023MYE R Y 6xiEhQ) 3)
R YED cdpQ

C 2
Finally the ratio that is Rs/R is determined by:

o Y £00M@I
e e e (4)
O QA DO6 ad XBA ¢ VWD

C OAPm+H
0

Where, Rs of the gas interprets the resistance sensed of
gases in the air and determined also using the Equation (3)
(Seeed Studio, 2019; Sandbox Electronics, 2019).

ii) Measurement in PPM and % percentage
a) Measuring the concentration in PPM unit: To measure the
gas concentration in ppm unit, there is need to use the

following code in Sketch compiler of Arduino:

C ' dArentration (ppm) = pow (10, (((log (rs_ro_ratio) -
pcurve [1])/pcurve [2]) + pcurve [0])) (Instructables, 2019)

b) PPM to % percentage: To determine the % percentage

concentration of the gas, there is the need to divide the gas
concentration, that is, determined in PPM unit by 10000:

¢ b BAOAIPEHED

Programming

The Sketch compiler is used as the coding terminal for
programming the MCUs of the both ends.

i) Programming in detecting and transmitting unit

1). Deploying needed header.

2). Declaration of variables.

3). Defining operative and setup codes in void setup
function.

4). Defining the continuous run codes in void loop function.
5). Defining the sensor resistance calculation function.

6). Defining the sensor calibration function.

7). Defining sensor data read and sampling function.

8). Defining the gas measurement function.

9). Defining compare function to compare measurement
data with the curve of corresponding gas (will provide the
result after comparing).

To transmit the measured A A O #b @h® receiver with the
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nRF24L01Plus wireless transceiver module, it is necessary
to deploy the nRF module header. Then in void loop
function, setup codes such as pinmode defining, serial
monitor begin, and nRF modules setup codes are needed to

bewriten OOAE AO AAZEI E1 C OEA OAIl

power of transmission, setting the module as transmitter
etc. The void loop function contains the signal transmission
codes. Here for transmitting multiple signals containing
measurement values of multiple gases at same time with
nRF module, it is required to be transmitted in signal arrays
of corresponding numbers of transmitting signals. For
example, measurement data of three gases are needed to be
transmitted to the receiver at the same time. Then the
coder has to define a signal array according to that. If data
of only one gas are required to be transmitted than array,
defining is not necessary.

i) Programming in receiver and monitoring unit

1). Deploying needed header.

2). Declaration of variables.

3). Defining operative and setup codes in void setup
function.

4). Defining the continuous run codes in void loop function.

The receiver and monitoring ends coding is quite similar
with the transmitting end. But there will be little changes in
void loop function of receiver. That is defining the address,
setting the nRF module as receiver etc. Then in void setup
function multiple arrays are required to receive multiple
signals containing measurement data of multiple gases.
Finally in this function, we need to define data visualization
codes for Serial Monitor of Sketch compiler or
corresponding codes regarding other display modules if
used (Barret, 2012b).

RESULTSAND DISCUSSION

The result is monitored by simply plug-in the receiver and
monitoring ends MCU in PC USB port via USB 2.0 A to B
cable. The result is tested under two atmospheric
conditions.

Steady room atmosphere

At steady room atmosphere, OEA - 1 ¢
presence of gases is LNG 0.30 7 0.40 ppm, CO 1.02 z 1.90
ppm, CH4 1.05 Z 1.35 ppm, Smoke 1.24 7 1.68 ppm (Figure
13).

Burning of match

Burning only

At the time of burning a match, the reading shows

 COMS3 (Arduino/Genuino Uno) [P
Send
Perc
Per:
Perc A~
Perc:
erc
m Percent:
Nolneendng v 9600 baud - Clear output
Figure 13: Steady room atmosphere.
& COM3 (Arduino/Genuino Uno) (= [ ]
| Send
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PEM : 1.22 ppm Percentage : 0.000122 %
v
PPM : 5.42 ppm Percentage : 0.000542 §
* CH4 -
PEM : 3.55 ppm Percentage : 0.000355 %
* Smoke -
PEM : 4.55 ppm Percentage : 0.000455 %
* LNG -
PEM : 1.14 ppm Percentage : 0.000114 %
PEM : 5.17 ppm Percentage : 0.000517
* CH4 -
PEM : 3.39 ppm Percentage : 0.000339 %
* Smoke - 2
Autoscroll Nolineending v | [9600baud v | [ Clear output |

Figure 14: Burning of match.

LNG 1.14 7 2.1 ppm, CO 5.17 7 6.2 ppm, CH4 3.3 7 3.8 ppm,
Smoke 4.5 7 5.3 ppm (Figure 14).

Burning of match with smoke

When the match creates smoke after some period of
burning, the reading becomes, LNG 3.8 7 7 ppm, CO 23.2 7
70.6 ppm, CH4 13 7 28 ppm, Smoke 18 7 132.5 ppm (Figure
15).

Near gas stove (No burning)

At the beginning

Near gas stove at the beginning with no burning of gases

o o~ .. » Shows LNG 0.6 2 0.9 ppm, CO 3.5 7 3.8 ppm, CH4 6.4 7 7
O Aihgh®f O Oan (@gﬁré 166).

Gas pressure rising

When gas pressure near the gas stove continuously rises
the monitor shows reading of LNG 3 z 17 ppm, CO 20 7 210
ppm, CH4 30 z 650 ppm (Figures 17 and 18). One
important thing in this case is that the result of
measurement, in the above mentioned ranges of each gases,

3¢
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Figure 15: Burning of match with smoke. Figure 18: Gas pressure rising (b).
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Figure 16: At the beginning.
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Figure 17: Gas pressure rising (a).

is only considered. If the stove is kept on and continuous
measurement is made, then the measured volume of
mentioned gases will be more. Measurement has been
done within those mentioned range during the
measurement stage.

Near gas stove (Gas burning)

When the gas is burning in the stove, the result obtained is
LNG 0.30 7 0.50 ppm, CO 1.30 z 1.65 ppm, CH4 2.30 7 2.70
ppm (Figure 19).

All the measurements were done under different
atmospheric conditions and situations. The important thing

Figure 19: At the time of burning gas.

is that the individual user has to set the value of Rg in such a
way that the reading of gases meets the normal
atmospheric amount or level. Then he or she will have to
start the process of measurement.

CONCLUSION

The developed system is capable of measuring the amount
of gases in ppm and percentage. This system and all its
codes and algorithms can be applicable in case of other MQ
series gas sensors with a little portion of modification. The
system will be highly effective for measuring toxic and
flammable gases in areas where human lives can be
vulnerable at any time. Moreover, as it is a wireless
monitoring system, the risk of serious injuries and death
will be minimized by its application and measuring the
amount of gases from a safer distance. This system is usable
in both houses and industries. It is an easier applicable and
AAOGOAO 1TTEOT OET ¢ AT A xAOl
related serious accidents to save valuable human lives.
There are options for optimizing and developing the system
by more and more research in this field to make it more
efficient.
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