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Abstract: Gas leakage particularly of Liquefied Petroleum Gas (LPG) has posed great dangers in homes and industry
causing fire disasters and explosions due to its high flammability. The challenge of being able to effectively monitor
leakage of LPG rests so much on gas sensors being positioned close to potential leakage points to allow for rapid
detection. This prompted envisioning the design of a multi-sensor system which we called Rapid Detection Sensors
Network (RDSN) built with MQ-5 gas sensors, as input into the overall safety device. On the output side is alerting
the users of the gas facility for any LPG concentration greater-than-or-equal-to 400ppm using a multi-alert system
that incorporates a 16-bit LCD unit built to display activities and sequence of operations within the safety device, a
local sound (buzzer) alarm and a remote alert system that uses GSM messaging. A stepper motor was mounted on the
cylinder to close the valve when gas leakage is detected. A prototype of the system was developed and tested by

deliberately leaking some LPG from the cylinder.
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1. INTRODUCTION

Combustible gases, which include hydrogen, propane,
butane, methane, ammonia, and liquefied petroleum gas
(LPG) used in both domestic, industrial, research and
commercial environments have resulted in explosions
and fire disasters over time when they leak into the envi-
ronment without quick interventions, due to their high
inflammability. They have caused severe harms to hu-
man health due to their toxicity and consequential oxy-
gen deficiency they cause in the environment [1]. Major
damage and/or destruction of lives and properties of
great values have also been witnessed. Gas leakages in
most cases result from use of fake and substandard ma-
terials and sealants, improper installation practice, lack
of adequate and timely maintenance, worn out gas equip-
ment and materials not replaced on time, faults in the gas
facility, accidents and human errors. Despite the addition
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of odorous materials into LPG, sensitivity of the human
nose as a natural safety mechanism cannot be relied upon
to trigger quick intervention to leakage of LPG [2].
LPG as a highly inflammable and combustible gas has
an explosive range of 1.8-9.5% volume of gas in air and
the expansion is such that for every 1° rise in the temper-
ature of LPG, the pressure inside the cylinder increases
by 15 kg/cm? 3, 4]. It is therefore very important to have
effective means of detecting its leakage at any point on
the gas chain. By the gas chain, we mean the span from
the gas storage tank or cylinder through the gas hose to
the gas burner/dispenser in domestic, commercial and in-
dustrial premises. The process of detecting gas leakage
is the process of identifying potentially hazardous gas
leaks using a gas sensor [5]. The gas tank or cylinder in
a lot of cases or places is positioned outside or away from
the burner section. Selection of appropriate gas detection
sensor, proper allocation and placement of the sensors
along the gas chain is very important to building im-
proved safety system that will effectively sense leakages
of LPG gas and so be able to quickly avert disasters.
Different Gas leakage detection and monitor, partic-
ularly of LPG, have been designed and built using vari-
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ous gas sensor types, different controllers, different
means of alerting users, different programming tech-
niques and different approaches to putting the whole sys-
tem together. In [2], MQ-5 gas sensor and a PIC18F1320
microcontroller were used, but it only incorporated au-
dio-visual warning signaling of Display and a Buzzer
Alarm. In [6] components used were MQ6 gas sensor,
NodeMCU ESP8266 microcontroller which can connect
to Wi-Fi for IoT features, with the alert systems being
physical buzzer, email and smartphone notifications.
Data obtained for both gas leakage and weight of the cyl-
inder are uploaded into a type of IoT platform known as
Blynk cloud in real-time. The monitoring system was
developed using LabVIEW Graphical User Interface.
Despite the versatility of the design in its control and
monitor aspects, it is limited in the sensing range of the
one sensor that was used.

The gas leakage detection system in [7] is a very ef-
ficient one, configured to detect gas leakage at 250ppm
which is far less than the standard 1000ppm. The LPG
booking and leakage detection system built by Jolhe et al
[8] incorporates a gas weight sensor (L6D) built into it to
continuously monitor the level of the gas in the cylinder.
The weight sensor module is used with a load cell, which
drives a relay circuit to give two levels pulses at Gas
<=10kg when the cylinder has just been refilled and Gas
<= 0.5kg when the cylinder is almost empty. The relay
circuit is in turn connected to the microcontroller.

In a number of works that have been done on gas de-
tection, multiple means of alerting the user(s) or
owner(s) of the gas system have been deployed. These
include alerting users both at local or immediate proxim-
ity and at remote or distant locations [9]. They incorpo-
rated different combinations of visual display, sound
alert, remote GSM messaging, turning off the gas cylin-
der knob and in some cases turning on an exhaust fan to
blow off the gas from the point of leakage. Other remote
alert systems used include the Zigbee wireless technol-
ogy. In [10], Zigbee wireless transceiver was used to
transmit gas leakage data within a maximum distance of
about 100m to monitoring computer system(s) that dis-
play the information on LabVIEW Graphical User Inter-
face (GUI). The Internet of Things (IoT) has also been
deployed to remotely alert user(s) of the gas facility [11,
12, 13]. For example, in [11, 13], ESP8266 Wi-fi mod-
ule was used with IoT to send message through email to
the user(s) with the use of Blynk applications with inter-
net connection in place.

The overall problem with all previous designs is that
they used one gas sensor for detection of gas leakage,
which results in more quantity of gas leaking out before
the sensor could detect the leakage, particularly if the
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leakage hole is a few more distance from the immediate
sensor point than what the sensor could quickly detect.
Such phenomenon thereby limits effectiveness of the
process of detection of leakages.

2. MULTI-SENSOR NETWORK
2.1 The Rapid Detection Sensors Network

In this work, we designed multiple sensors into this
safety system by locating gas sensors at the gas storage,
somewhere along the connecting pipe or hose and at the
point of the gas utilisation where the burner is located.
This is meant to make the sensors closer to points of po-
tential leakage and prevent the possibility of the gas
spreading out so much when leakage occurs before it is
detected, raising of alert and consequently nipping the
leakage in the bud to adequately prevent a disaster to the
gas facility and the users. The RSDN system shown Fig-
ure 1 therefore helps in improving detection perfor-
mance. Lots of works have been done on detection of gas
leakage and raising alerts, but the introduction of the
RDSN makes much difference and provides a highly ef-
fective safety system.

The RDSN system is based on the principles of linear
Multi-sensor array. It was developed to provide effective
coverage of the gas chain. The multi-sensor designed
into the system is such that at the gas storage location,
basements, rooms and passages where gas hose, connec-
tions or joints and valves are positioned, and at the gas
burner, all the gas sensors installed are connected into the
same gas detection safety system. The major advantage
of sensor array, which can be designed into different ge-
ometries of linear, circular, planar, and spherical arrays,
was noted to be that new dimensions and range are added
to the observation, which helps to improve the estimation
performance [14]. These sensors are therefore centrally
controlled to detect leakage at any point, so that users can
be more quickly alerted and the gas supply stopped by
the incorporated stepper motor or human interventions.
Attempt at forestalling fire disasters resulting from dif-
ferent phenomena of smoke and leakages of various
gases, necessitated the use of different sensors of Elec-
trolyte, Thermal-Chemical, Gravimetric Chemical, Opti-
cal fibre, IR Spectrometry, and so on, in a sensor-array
advanced gas detection system [15].

Beyond provisions of the RDSN system, this work
made additional efforts at designing the system of alert-
ing users more robust by increasing the methods of alert-
ing the users to cover users at both local and remote lo-
cations. It also provides mechanism for prompt stopping
of the gas supply when leakage is detected by automating
the closing of the gas supply valve. The user or owner of
the premises and/or gas facilities is alerted whether they
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are at home, on-site or afar off at work or have travelled
at the time the leakage was detected. Also, with the leak-
age detected and the user alerted, the constraints and dis-
tance of his remote location should not pose a problem
to quickly shutting down the gas supply and stopping the
leakage before it results into a fire disaster. Gas leakage
might even happen at night when people have closed or
are asleep.

2.2 Types and Quality of the Gas Sensors

The size and type of sensors determine their sensitiv-
ities and the environments where they can cope with. Gas
sensors are electronic noses and their general classifica-
tion is based on the types of the sensing element they are
made of, which also determine their areas of applications
[16, 17]. They are classified into: Metal-Oxide semicon-
ductor-based gas sensors, Optical gas sensors, Electro-
chemical gas sensors, Capacitance based gas sensors,
Calorimetric gas sensors, and Acoustic based gas sensors
[18]. Gas sensors measure the ambient gas atmosphere
which alters the sensor properties in a characteristic way
[16].

The gas sensor adopted for this work is the MQ5 sen-
sor module, which is useful for detecting leakage of H2,
LPG, CH4, CO, Alcohol. The MQ-5 gas sensor has

Outside Accommodation Wall Inside Accommodation

Hose

Storage

Gas Cooker

Sensors Array
Interface

Sensors1,2,3..n

Figure 1: Rapid Detection Sensors Network (RDSN)

such features as high sensitivity to LPG and some other
gases, fast response of less than 10 seconds, detection
range of 100 — 10,000 ppm, stable and long life, operates
with a heater voltage of Svolts and a simple drive circuit,
therefore making the system very efficient at detecting
LPG gas leakage anywhere. The sensor is composed of
the Tin Dioxide (SnO) sensitive layer, micro AL203 ce-
ramic tube, measuring electrode and the heater fixed into
a crust made by plastic and stainless-steel net. It detects
the presence of LPG in the air using a heated sensor ele-
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ment which increases in temperature when exposed to
LPG [19]. The heater sets the necessary work conditions
for the sensitive components. The output voltage gener-
ated by the sensor is directly proportional to the concen-
tration of leakage LPG gas present around it. The fact of
changes in the resistance of heated metal oxide sensors
for example, in response to the atmosphere around them,
is an approach that had been known for over forty years
[20].

The MQ-5 has six pins, four are used to obtain signals
and the other two provides heating current. The Out pins
of the sensors communicate with the microcontroller
through its PC’s pins respectively. A toggle button is
connected to the test pin of the gas sensors in the Proteus
circuit design to simulate input signal to the microcon-
troller. The design specifications of MQ-5 are given in
Table 1.

Shown in Figure 2 is a chart of plots of the sensitivity
characteristics of the MQ-5 for several gases including
LPG, at Temp: 20°C, Humidity: 65%, O, concentration
21%, Ri=20KQ. The graph is determined in controlled
atmosphere and calibrated with a few known gas stated
in the legend. Sensitivity calibration to 1000ppm of LPG
concentration was done on the sensor because it has dif-
ferent resistance values for different types and concen-
tration of gases. Load resistance (Rr) of about 20KQ was
also set, with the temperature and humidity of the envi-
ronment put into consideration.

TABLE I: STANDARD WORK CONDITIONS FOR MQ-5 GAS
SENSORS [21].

Symbol Parameter Techflfcal Remarks
name condition

Ve Circuit voltage | 5V+0.1 AC OR DC

Vu Heating voltage | 5V+0.1 ACORDC

RL Load resistance | 20KQ

Ry Heater re- 31£10% Room Tem-
sistance perature

P Heating  con- | Less than

" sumption 800mw

By placing the sensor in fresh air and knowing the
sensor supply voltage, V;, the load resistance, R;= 20 kQ
and by measuring the voltage V,,,; developed across the
load resistance, the clean air sensor resistance parameter
Rgca, was computed using the formula [22, 23]:

V.-V
Rycy = RLS—M

M

Vout
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Then the value of the reference sensor resistance, R,
corresponding to a concentration of 1000 ppm H2 in
fresh air, was determined using the formula:

Rsca

Ry = ———— 2

9™ RatioAir @
where RatioAir is a parameter of each MQ sensor.
For MQ5, the RatioAir parameter is given by:

o Reca
RatioAir = =9.56 3
0

The sensor output equation was solved using the nonlin-
ear regression, such that:

=of) '
ppm =a{p- 4)
Rs
log(ppm) =loga+b logR— (5)
0
R
ppm = 10log a+b log(%) (6)

where R is the measured internal sensor resistance and
ppm is the gas concentration in parts-per-million. Ry is
computed from the measured output sensor voltage us-
ing:

The formula obtained for MQ5 sensor is given by:

R
log(ppm) = —2.5279l1og (R_S) +1.8771 @)
0
10 [ e
;\\—,&::;E:_—“»ﬁpi
' ﬂﬂ-a‘“-\::‘_;’z:;:; I
\-\‘y\—*ﬂh [T
%1 = — ot —— |
— \\::*'-»\_\ﬁ‘\‘
==
0.1 .
100 1000 10000

Figure 2: Typical sensitivity characteristics of the MQ-5 for
several gases [14].

3. THE CONTROL UNIT

This unit controls the operation of all modules and
parts of the system. It was implemented with Atmega
328p microcontroller and the accessories were a l6MHz
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crystal oscillator, two 22pF and one 10uF capacitors, a
Toggle button, and a 10kQ Resistor. The external
16MHz crystal oscillator was used to provide the desired
clock speed to the microcontroller. The 10uF capacitor
and 10kQ resistor connected the toggle button provided
Reset to the microcontroller at Power-On startup and at
any point. The 22pF capacitors connected in series with
the 11pF capacitor along with the 9pF stray capacitance
of the 16MHz crystal equals 20pF capacitance required
to properly oscillate the crystal.

Programming the system in Arduino code, C++ lan-
guage was used which was then converted to a hex file
and uploaded to the ATmega 328p microcontroller using
an arduino hardware burner using programming software
known as AVRDUDE.

4. MULTI-ALERT LPG DETECTION

SYSTEM

A number of these output devices were incorporated
into this work with improvements in the choice of de-
vices and components for the implementation. This is
coupled with the main innovation of this work in the de-
velopment of the RDSN system at the input side of the
whole system. This work incorporated the following de-
vices to alert the gas user(s) of leakage: LCD display,
Local Sound Alert, and GSM Remote Alert.

Shown in Figure 3 is the flow chart of the procedure
of operation of the whole system to perform detection of
LPG leakage from all sensor points, send out alert signals
both as local sound and remote location alerts and lock
the gas cylinder valve to cut supply.

4.1 Display Unit

This unit gives visual information of the operations
going on in the system. It was made of: one 16x2 LCD
Display run in 4-bit mode on D4-D7, two 10kQ Resistors
and one 10kQ potentiometer connected to the Vgg for ad-
justing the brightness of the LCD. The LCD 16x2 isa 16
pin device which has 8 data pins (D0-D7) and 3 control
pins (RS, RW, E). The remaining 5 pins are for supply
and backlight for the LCD. The control pins help us con-
figure the LCD in command mode or data mode. They
also help configure read mode or write mode and also
when to read or write.

4.2 Local Alarm Unit

This unit alarms the gas user of leakage through au-
dible sound. It was made with a Buzzer and an LED that
blinks along with the audible alarm when it is ON. The
buzzer is connected to pin D6 and pin D7 of the micro-
controller. The buzzer used is a SFM-10B High decibel
3-24V DC active buzzer.
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4.3 Remote Alarm Unit

Users of the gas facility can be alerted remotely when
at the time of gas leakage they happened not to be at
home. The global system of wireless communication
(GSM) was adopted because of the world-wide reach and
uniformity of the technology all over the world. A GSM
module shown in Figure 4 was used. It is powered by a
12V DC supply and connected to the microcontroller on
the serial pins through a MAX232 IC that converts the
RS232 (serial) data from the GSM modem (SIM 800A)
to TTL required by the microcontroller.

Sensors
ReadLPG

Display
“Gas ppm

Yolevel” |
on LCD

Microcontroller

Sends: Out
Mezzage & Alert
h 4 ‘L
Send SMS Display “Leakage Tum ON
Buzzer

to Specified

Sivein ppm”on LCD Alamm

'

Activate
Stepper Motor
To Shut Gas

Tum OFF
Buzzer

Figure 3: Flowchart of the Gas Leakage Detection System.

With communication established between the GSM
modem and the microcontroller, AT commands from the
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microcontroller were used to send SMS text to the user
phone. Three 10uF capacitors were used with the MAX
232 IC and fourth to remove disruptions with the micro-
controller’s supply voltage.

Figure 4: GSM Module Source: (http://www.andcir-
cuit.com/product/sim800-gsm-module-arduino/)

4.4 Smart Leakage Control Unit

Smart control of gas supply from the gas cylinder or
gas tank immediately leakage is sensed before the leak-
age becomes so much as to result in fire disaster or ex-
plosion is achieved with the use of a stepper motor to
lock the outlet valve of the gas cylinder or tank. The ob-
jective is to make the smart lock sensitive enough by au-
tomatically implementing it even before the owner or
user of the gas facility could get to the scene though he
has been alerted by either sound alarm or GSM messag-
ing alert.

A DC stepper motor, NEMA 17 Bipolar stepper mo-
tor, was used to shut the valve of the cylinder. Stepper
motors though slow, its precise rotational steps, easy of
control and setup, make it advantageous for positional
controls achieved through its fractional rotational incre-
ments. Running the motor directly with the microproces-
sor will not provide sufficient torque to move the valve
of the gas cylinder in order to shut gas supply, since the
microprocessor output current is S0mA/pin. Therefore, a
motor driver was used to supply more current and
achieve sufficient torque. The stepper motor driver used
in this work is the L2093D, with the configuration and
connections are shown in Figure 5. It operates on the
principle of Half H-Bridge, which makes the motor to
run in either clockwise or anti-clockwise direction.

The number of steps required to shut the gas cylinder
valve when fully opened is obtained from:

Angular Range of Valve
(Angle of Each Motor Step)/2

No of Steps = (8)
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180°

= m = 8 Anticlockwise Steps

Stepper motor supply  +5V

BIO-POLAR MOTOR STEPPER

ouTt
0uT2
ouT3
0ouT4

Interfacing to H bridge IC L2093D

Figure 5: Stepper Motor Driver Circuit

5. TESTING AND RESULT ANALYSIS
5.1 Prototype Testing

Shown in Figure 6 is the complete system in a casing.
Figure 7 shows the reading of the two sensors that were
used in the prototype. Sensor 1 located close to the cyl-
inder detects some LPG, while Sensor 2 mounted on the
cooker is not sensing any LPG. This is because the LPG
that was released into the air at the moment was right at
the cylinder side and not at the cooker side. Figure 8
shows the system powered-ON and the LCD displaying
LPG detection. When LPG was released into the air and
it was detected by the system, the buzzer alarm sounded
and only continued to sound for as long as it takes for the
LPG ppm to go down below the concentration threshold
of 400 ppm programmed into the system. This took var-
ied time duration which depended on the following: (i)
time it took the stepper motor to turn off the gas cylin-
der’s valve; (ii) how airy the room/kitchen where the gas
facility is located is, for air to blow out the leaked gas;
(iii) the promptness of user(s) to attend to the gas facility
when the alert buzzer was heard; and the overall sensi-
tivity of the system, which in this case was meant to be
more robust with the introduction of the multi-sensor
system.

5.2 Result Analysis

Tables II and III show the average time taken for the
MQ-5 gas sensors to detect 400 ppm of LPG gas released
into the air at different temperatures. The Distance col-
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umn stands for the Distance of the system from the gas
leak source (in meters) while Td is the Time taken to de-
tect the gas leak (in seconds) and T is the Total Time
taken to detect and alert users to the gas leakage (in sec-
onds).

Shown in Figure 8 is the plot of the Time taken to
detect the gas, alert the user and stop gas leakage versus
the Distance of the system from the gas leakage source.

Figure. 6: Dual Alert Domestic Gas Detection System

5.3 Discussion

It was observed during testing at different distances
from the gas leak source that the response time of the
LPG system decreased as the distance from the gas
source increased and vice versa. Also observed during
testing is that the sensitivity of the gas sensor was higher
in a warm environment and lower in cold environments.

These observations are reflected in the graph in Figure
9, where the time taken for the system to detect the gas,
alert users and stop the gas leakage increase as the dis-
tance between the gas detection system and the gas leak-
age source increases. Also, the response time of the gas
detection system decreases as the temperature of the sur-
rounding environment increases. This is expected as the
sensitivity of the gas sensors varies with changes in tem-
perature. The gas detection system’s stepper motor has a
short iron rod attached to it to rotate the LPG gas cylinder
valve anti clockwise.
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Figure 7: Gas % Levels At Ambient Conditions With Virtually
No LPG Gas Present In Air.

Figure 8: Information On The LCD Display When Gas Leak-

age Has Been Detected
TABLE II: DISTANCE VERSUS TIME TAKEN TO DETECT THE
GAS LEAKAGE.

Distance Td(seconds)

(metres) ™gc 26C 34C
0.1 33 33 2.9
0.3 4.8 4.5 4.2
0.5 6.2 5.0 4.6
0.7 8.3 6.2 6.0
1.0 12.7 11.2 10.6
1.5 17.1 154 14.9
2.0 25.7 23.7 21.8
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TABLE III: DISTANCE VERSUS TIME TAKEN TO DETECT
AND ALERT USERS OF THE GAS LEAKAGE.

Distance T(seconds)

(metres) 18C 26C 34C
0.1 3.5 3.5 3.1
03 5.0 4.7 4.4
0.5 6.4 5.2 4.8
0.7 8.5 6.6 6.2
1.0 12.9 114 10.8
1.5 17.3 15.6 15.1
2.0 25.9 239 22.0

Distance Vs Time to Detect and Alert Users
to the Gas Leakage

75 | == 18°C

26tC
- 3°C
20

15

Tiseconds)

10

&

025 050 075 100 125 150 175 200
Distance (meters)

Figure 9: Graph of the time taken to detect the gas, alert the
user and stop gas leakage versus Distance of the system from
the gas leakage source

6. CONCLUSION

The system prototype design majorly focused on the
introduction of multi-sensors array into the gas leakage
detection system, wherein PLG detection sensors are in-
stalled at all the stages of the gas supply and utilisation
chain. It is a portable and efficient system which aimed
at nipping the possibilities of the hazards of fire disaster
and explosion resulting from leakage of LPG gas into the
air at any of the stages of gas storage, supply hose, and
cooker/heater points. The prototype proved effective as
shown in Figure 8, where two installed sensors detected
LPG released into the air at a point/location closer to
each of them. The threshold of the LPG concentration in
air before alert could be raised was particularly set at 400
ppm because this is adequate enough to prevent a fire
disaster or an explosion.
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The multi-alert part of the system makes it more ver-
satile. It is such that even if the user(s) could for whatever
reason(s) not be able to attend to the gas facility to stop
the leakage, the installed stepper motor will shut the gas
cylinder valve before the leakage results in a fire disaster
or explosion.

7. FUTURE WORK

This system is ultimately geared towards improving
health and safety features of homes and all places where
LPG is either being stored, sold or utilised. As a way of
improving on the effectiveness of this system, more sen-
sors could be added to the array to make the leakage de-
tection more prompt. It could also be noting that the sen-
sitivity performance of the gas sensors is affected by the
temperature of the environment. So, a temperature sensor
could be designed into it. This will enable the microcon-
troller to consider both the temperature of the environ-
ment and the concentration of gas within the space before
making decisions on alerting the user(s) and/or shutting
the gas supply.
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