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Abstract— The gas detection problem is relevant to many 

real-world applications, such as leak detection in industrial 

settings and landfill monitoring. The mobile robot used for gas 

detection has several advantages and can reduce danger for 

humans. In this study, we proposed an integration system for a 

mobile robot that can be used for carbon monoxide (CO) 

monitoring with different operating temperatures. The design 

and implementation of a mobile robot system that proposed 

consists of the onboard and ground stations. The proposed 

system can read CO gas concentration and temperature then 

send it wirelessly using an XBee module to the ground station. 

This system was also able to receive the command from the 

ground station to move the robot. The system provided real-time 

acquisition data that believed can be a useful tool for monitoring 

and can be applied for various purposes. The experimental 

results show that a combination of a mobile robot and 

environmental sensors can be used for environmental 

monitoring. 

Keywords—carbon monoxide, monitoring, robot, sensors, user 

interface, XBee 

 

I. INTRODUCTION 

Nowadays, there has been an increase in the use of mobile 

robots for monitoring. Mobile robots have become an 

alternative measurement platform for applications that 

require mobility, real-time data acquisition, and flexible 

functions [1]-[2]. In the near future, mobile robots can handle 

most of the public safety, personal privacy, and air pollution. 

There are several advantages for monitoring using mobile 

robots, such as object detection [3]-[4], navigation [5], 

localization [6], and monitoring [7]. 

The combination of mobile robots and environmental 

sensors allows automatic supervision of environmental 

parameters in large areas, such as hazardous materials 

monitoring [8]. In addition, the mobile robot can provides 

important information about the environmental situation for 

early warning alarms [9]. Many kinds of hazardous materials 

are present in the industrial and general indoor environments, 

including toxic and harmful gases. Mobile robots equipped 

with the gas sensors were also used for pollution monitoring 

and source localization in public areas [10], surveillance of 

industrial facilities producing harmful gases [11], and 

monitoring of landfill sites [12]. 

The mobile robot olfaction (MRO) is a branch of robotics 

that combines gas sensors with the flexibility of mobile 

robots. The MRO  becomes popular and growing attention, 

especially in the monitoring of potentially hazardous 

conditions in recent years [13]. The field of MRO considers 

two main tasks, such as gas source localization (GSL) and gas 

distribution mapping (GDM). The GSL purpose is to find the 

free chemical sources. The GDM purpose is to build a map 

of the distribution of the chemical in the environment. The 

GSL algorithms [14]-[15] can be categorized into reactive 

smoke tracking, smoke modeling, or map-based approaches, 

which assume that there is one gas source in the environment. 

The GDM strategy [16] usually requires the robot to explore 

the entire environment and detect multiple gas sources. Thus, 

gas-sensitive robots are more advantageous than stationary 

sensor  networks (SN) [17]. SN has a limitation that unable 

to work well when there is a variation in optimal sensor 

locations over more considerable distances [18]. In contrast, 

the mobile robots were able to carry these sensors providing 

accurate computational and localization resources to develop 

an online distribution model with adaptive resolution [19].   

Previous studies have been using a mobile robot as an 

early gas leak detection and warning system. Palacin et al. 

[20] propose the application of an array of MOX gas sensors 

as the sensor embedded in a personal robot. Martinez et al. 

[21] presented the measurement of gas concentration and 

wind intensity using a mobile robot with onboard-sensors that 

can be used to detected acetone as the target gas source. Rossi 

et al. [22] presented a modular design of an embedded 

sensing system and simulated an adaptive sampling algorithm 

to find gas leaks that minimize the energy required by the 

sensing element. 

This paper focused on carbon monoxide (CO) where the 

use of a CO gas sensor in a mobile robot advantages of its 

lower cost and flexibility [23]. CO gas sensors have 

limitations in terms of detection range and lack sensitivity to 

environmental factors such as temperature and humidity [24]. 

These limitations can be solved by combining CO gas sensors 
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with temperature sensors so that system selectivity can be 

increased [25]-[26]. 

CO is a poisonous gas produced from incomplete carbon-

based fuel combustion. If CO is inhaled, the oxygen flow in 

the blood will decrease. CO in high concentrations can cause 

health problems directly, can even cause death. CO poisoning 

can cause long-term health problems in low concentrations if 

a person experiences regular exposure. Every gas or a 

propane-based engine will produce CO. Homeowners can 

suffer from CO poisoning if they are in danger from sources 

such as gas-fired stoves and water heaters, blocked fireplaces 

and chimneys, cars running in attached garages, and burning 

fuels indoors [27].  

Based on the studies above, this paper proposes an 

integrated system consisting of hardware, mechanics, and 

user interfaces to detect CO gas leaks. The hardware contains 

a mainboard that used to integrate several components. The 

mechanics are four wheels mobile robots. The user interface 

provided to receive data from the mobile robot and send a 

command to the mobile robot. 

The remainder of the paper is organized as follows. 

Section II introduces the proposed method. Section III, IV, 

and V describe the robot hardware, sensors used for 

monitoring, and the ground station, respectively. Section VI 

presents the experimental results. Finally, conclusions are 

drawn in Section VII. 

II. THE PROPOSED SYSTEM 

This section introduces the proposed system design. Fig. 

1 shows an overview of the proposed monitoring consists of 

onboard systems and a ground station. The XBee module 

installed in the ground station system to connect with the PC 

via RS-232 serial. on-board system consist of carbon 

monoxide (CO) gas sensor (Fig. 2(a)), temperature sensor 

(Fig. 2(b)), an XBee module (Fig. 2(c)), LCD 16×2 (Fig. 

2(d)), and a DC motor (Fig. 2(e). 

 

 

Fig. 1. System overview. 

                            

                    (a)                              (b)                             (c)       

                   

                                 (d)                                          (e)              

Fig. 2. On-board components. (a) CO gas. (b) Temperature sensor. (c) XBee 

module. (d) LCD. (e) DC motor. 

III. ROBOT DESIGN 

Table I summarizes pin connections on CO gas sensor 

[28], temperature sensor [29], LCD, an XBee module [30], 

and motor DC to the ATmega32 AVR microcontroller. Table 

II defines the sensors and communication device 

specifications. 

TABLE I.  PINS CONNECTION OF THE COMPONENTS 

Component Name Component Pin ATmega32 Port 

LCD Display pin Port C 

LED Input Port D 

MQ9 Output analog ADC Input 0 

LM35 Output analog ADC Input 1 

L298 Motor control Port B 

XBee RX-TX UART 

Relay Input Port C 

 The schematic diagram of the connection of the 

components is shown in Fig. 3. ATmega32 [31] is a low-

power microchip 8-bit AVR RISC-based microcontroller that 

combines 32KB ISP flash memory, 2KB SRAM, and 

1024Bytes EEPROM. ATmega32 has 32 general-purpose I/O 

lines, 4 pins pulse-width modulations (PWM), 8 channel 10-

bit ADC, a serial programmable USART, 32 general-purpose 

registers, real-time counters, 3 flexible timer/counters, 2-wire 

serial interfaces, and the JTAG interface for on-chip 

debugging. 

 The three LEDs, as shown in Fig. 3 were used as an 

indicator for CO concentration, i.e., green, yellow, and red, 

which represents normal, medium, and high, respectively. 

LCD is used to display the CO concentration in parts per 

million (ppm) unit and temperature in the Celsius unit. Two 

relays are used to control voltage input for the CO gas sensor 

 In the system, ATmega32 sends pulse width modulation 

(PWM) information to control the speed of DC motor through 

L298 [32]. L298 is a dual full-bridge to control bi-directional 

DC motor. The rotation direction controlled using an H-

Bridge that causes the current flow direction through the DC 

motor is inverted, as shown in Fig. 4. 

 Fig. 5 shows the XBee connection and the power supply 

circuit. The voltage for the mobile robot is 9V DC that is 

converted into 5V DC by a voltage converter and the voltage 

of the XBee module is converted to 3.3V DC. The LED is 

used as an indicator for data transmission using XBee. 

TABLE II. SENSORS SPECIFICATION 

Component 

Name 
Supply 

(VDC) 

Power 

(mA) 
Range 

MQ9 1.5 and 5 100 10 to 1000ppm 

LM35 5 500 -55 to 150 Celsius 

XBee 9 250 100m 
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Fig. 3. Components connection to the microcontroller. 

 

Fig. 4. L298 module connection.   

 

Fig. 5. XBee module connection. 

  An XBee module provides a UART interface to transmit 

(TX) and receive (RX) data that are connected to the UART 

pins on the ATmega32. The XBee module operates using 

ZigBee protocol with a low-power wireless sensor network, 

which requires minimal power and provides reliable data 

transmission between remote devices. 

 

IV. SENSORS FOR MONITORING 

A. CO gas sensor 

The MQ9 gas sensor [27] operates by method of cycle 

high and low temperature and detect CO when the low 

temperature.  Fig. 6 shows the basic circuit of MQ9. This 

sensor requires two kinds of voltage: heater voltage (VH) and 

reference voltage (Vc). The VH used to supply certified 

working temperature to the sensor, while Vc used to detect 

voltage (VRL) on load resistance (RL) that assembled series 

with the sensor. Fig. 7 shows the DC/DC voltage converter to 

convert 5V DC into 1.5V DC as VH for MQ9 

 

Fig. 6. MQ9 basic circuit. 

 

Fig. 7. DC/DC voltage converter. 

 The MQ9 requires 48 hours of preheat time to able for 

testing. The resistance ratio of the sensor can be calculated as 

Rs/Ro. Ro means the resistance of the sensor in the 

environment of 1000ppm Propane. Rs means the resistance 

of the sensor in 1000ppm Propane under different 

temperatures and humidity. Rs can be calculated as follows 

1

RL

Vc
Rs RL

V
= − 
 
 
 

                           (1) 

where Vc is a reference voltage 5V DC, VRL is the voltage 

output of the MQ9, and RL is 10 (10 K Ohm resistor). Based 

on the MQ9 datasheet [27], ppm value of the CO 

concentration can be calculated as follows 

0.53

30.34

Rs
ppm

Ro

−=


                           (2) 

 The relay circuit, as shown in Fig. 8, used to drive voltage 

for the MQ9 sensor. This circuit work by switching input 

voltage for the MQ9 sensor from 5V DC to 1.5V DC and vice 

versa. The VRL will be read after MQ9 sensor is getting 5V 

DC for 60 seconds and 1.5V DC for 90 seconds. 

 

Fig. 8. Relay module connection. 
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B. Temperature sensor 

 Temperature measurement, which affects most physical 

and electronic systems, is often a parameter measured in 

industrial processes [33]. The LM35 temperature sensor [28] 

does not require any external calibration to provide typical 

accuracies of 0.25 Celsius degree at room temperature.  Fig. 

9 shows the basic circuit of LM35.  

 

Fig. 9. LM35 basic circuit [28]. 

 The temperature in the Celsius degree can be calculated 

by 

10

OUTV
temperature =                            (3) 

where VOUT is the LM35 voltage output in mV. 

V. THE GROUND STATION 

The circuit design of the XBee module on the ground 

station shown in Fig 10. The LED indicator is connected to 

an RSSI pin that will flash when the data is sent. The DIN pin 

has a function to receive data from the TX pin on the robot. 

The DOUT pin has a role in sending data to the RX pin on 

the robot. A reset pin is pulled up by a 10k Ohm resistor. The 

XBee module on the onboard system is defined master node, 

whereas the XBee module on the ground station is defined as 

a slave node. The slave mode only receives data from the 

master IP address. The XBee module communicates with the 

PC via RS232 using the Max232 chip and DB9 connectors. 

The proposed user interfaces, as shown in Fig. 11 

developed using Visual Basic.Net. The user interface has a 

features store and displays CO concentration and temperature 

in real-time. The user interfaces able to send commands to 

the DC motors to move the robot.  

 

 

Fig. 10. XBee module connection in the ground station. 

 In the user interface, three indicators to represent the CO 

level warnings are used, i.e., green, yellow, and red as 

normal, medium, and high, respectively. If the CO ppm is less 

than 25, the green indicator will turn on which means the air 

is normal and clean. If the CO ppm is between 25 to 50, the 

yellow indicator will turn on which means the air is starting 

to be exposed to a little CO. If the CO ppm is more than 50, 

the red indicator will turn on which means that the air is 

exposed to high levels of CO and can be harmful to health. 

 The user interface can send commands to move the 

mobile robot forward, backward, turn left, turn right, and 

stop, sent as characters A, B, C, D, and E, respectively. These 

commands are changed in the mobile robot to provide output 

to IC L298 for Enable (EN) A and B pins, and Input (IN) 1 to 

4 pins. Table III explains robot control commands sent from 

the ground station to move the robot. Fig. 12 shows an 

algorithm for communication between the mobile robot and 

the ground station using the XBee module. 

 

 

 

 

 

Fig. 11. The proposed user interface. 

Table and 

chart  
monitoring 

Current CO 

concentration  
and temperature 

To send the control  

command to robot 

LED indicator 
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Fig. 12. Algorithm for communication between robot and ground station. 

 

VI. RESULTS AND DISCUSSION 

Fig. 13 shows the implementation of the mobile robot 

consists of the CO gas and temperature sensors, an XBee 

module, LCD, and driver for DC motors. The lithium battery 

used as a power supply can last for an hour, depending on the 

speed of the robot. 

The ground station as a monitoring interface is shown in 

Fig. 14. The XBee module can transmit data outdoors with a 

range of around 1000m in outdoor situation and 90-100m in 

indoor situations, with the data transmission speed (baud rate) 

used is 9600 bits per second (bps). Fig. 15 shows the results 

of CO gas and temperature data monitoring. 

 

 
 
Fig. 13. Mobile robot. 

 

 
 
Fig. 14. Ground station. 

 

 

Fig. 15. CO monitoring chart. 

 

We compare the changes in CO concentration and the 

temperature values under the same measurement. The CO gas 

sensor is tested using cigarette smoke and motor vehicle 

fumes. The temperature sensor is tested by increasing the 

temperature using fire. If the CO ppm is less than 25, it means 

the air is normal and fresh. If the CO ppm is between 25 to 

50, it is mean the air has been poisoned with a little CO gas 

which can cause some health effects. Otherwise, CO gas in 

air is already a high level which can cause headaches, 

dizziness, fatigue, even loss of consciousness. 

 

a.VII.  CONCLUSIONS 

This paper proposes the implementation of a mobile robot 

as a gas leak detector for early warning on safety. Gas and 

temperature sensors are used for continuous measurement 

and monitoring. The measurements were carried out by 

controlling the movement of a mobile robot to a certain place 

to take measurements. Besides, all sensor values are used as 

indicators of changes in gas concentration by applying a 

threshold level. Data recorded in real-time can be used for 

further analysis of the sensors detector.  
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