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Abstract :  A remote real-time carbon dioxide (CO2) concentration monitoring system is developed, in such a way that 

it will utilize less memory and less processing configuration so as to have better results as compared with the others 

work on high memory with high processing power. The remote real-time CO2 monitoring system consist of monitoring 

equipment and clients PC and concern system based on technology of wireless sensor network. The monitoring 

equipment collects air environmental information. The CPU automatically stores the collected data and displays on the 

LCD display module in real-time. The WI-FI module continuously transmits the collected information to the clients PC. 

 The resulted solution provides the possibility of logging measurements from locations all over the world and of 

visualizing and analyzing the gathered data from any device connected to the Internet. This work encompasses the 

complete solution, a cyber physical system, starting from the physical level, consisting of sensors and the 

communication protocol, and reaching data management and storage at the cyber level. The experimental results show 

that the proposed system represents a viable and straightforward solution for environmental and ambient monitoring 

applications. 
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1. INTRODUCTION 

Atmospheric concentrations of the greenhouse gas 

(GHG) carbon dioxide (CO2) well above pre-industrial 

levels constitute the main cause for the predicted rise at 

average surface temperature on Earth and the 

corresponding change of the global climate system. CO2 

Capture and Storage (CCS) is an effective way to realize 

effective greenhouse gas storage, and to improve oil and 

gas production. Many countries such as the United States, 

Japan, and Canada are in search of effective approaches 

for CO2 storage in either geological formations or ocean. 

once CO2 leaks from the storage reservoir, all the efforts 

human beings have made to fight global warming would 

be go down the drain. Therefore, after the geological CO2 

storage, long-term terrain monitoring of the greenhouse 

gas leakage is needed. For this reason, the development of 

remote online monitoring system is of great significance 

to geological CO2 storage and leakage warning. Recent 

advances in information and communication technologies 

have resulted in the development of more efficient, low 

cost and multi-functional sensors. These micro-sensors 

can be deployed in wireless sensor networks (WSN) to 

monitor and collect air environmental information such as 

CO2 concentration, temperature, humidity, light intensity 

etc. The information is then wirelessly transmitted to 

clients PC where they are integrated and analyzed for 

evaluating of geological CO2 storage and leakage. 

Deploying sensor networks allows inaccessible areas to be 

covered by minimizing the sensing costs compared with 

the use of separate sensors to completely cover the same 

area.  

The remote online CO2 monitoring system 

consists of monitoring equipment and the clients PC. The 

monitoring equipment is composed of a central processing 

unit (CPU) with Arduino-Uno microcontroller, air 

environment sensors array, wireless transmission (WI-FI) 

module and liquid crystal display (LCD). The sensors 

array of CO2, temperature, humidity, and light intensity 

are used to collect data. The CPU automatically stores the 
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collected data in memory and displays them on the LCD 

display module in real-time. Afterwards, the WI-FI 

module continuously wirelessly transmits the collected 

information to the data centre server. Recent advances in 

information and communication technologies have 

resulted in the development of more efficient, low cost 

and multi- functional sensors. These micro-sensors can be 

deployed in wireless sensor networks (WSN) to monitor 

and collect air environmental information such as CO2 

concentration, temperature, humidity, light intensity etc. 

The information is then wirelessly transmitted to data 

centre server where they are integrated and analyzed for 

evaluating of geological CO2 storage and leakage.  

 

2. LITERATURE REVIEW 

From the rigorous review of related work and 

published literature, it is observed that many researchers 

have defined a cyber-physical system for monitoring 

geological parameters, 

I. J. Wan, M. Chen, F. Xia, D. Li, and K. 

Zhou[1], M. Broy, M. V. Cengarle, and E. 

Geisberger[2] founds, the constant attempts of social and 

economic bodies for the development of technologies for 

improving energy efficiency and reducing pollution and 

for the more efficient use of national infrastructure along 

with the needs of decreasing the cost of computation, 

networking, and sensing had lead to the emergence of a 

new generation of digital systems, called cyber-physical 

systems (CPSs). These include embedded systems, sensor 

networks, actuators, coordination and management 

processes, and services to capture physical data and to act 

on the physical environment, all integrated under an 

intelligent decision system. 

II. A. Zaslavsky, newly appeared systems have a 

lot of similarities with the Internet of Things (IoT)[3] 

introduces, an enabler of ubiquitous sensing, that 

envisions a world in which many billions of Internet-

connected objects or things, with sensing, communication, 

computing, and potentially actuating capabilities, will 

coexist, allowing an uninterrupted connection between 

people and things.  

III. Z. Guo, P. Chen, H. Zhang, M. Jiang, and C. 

Li[4] presents, a system for environmental and ambient 

parameter monitoring using low-power wireless sensors 

connected to the Internet, which send their measurements 

to a central server using the IEEE 802.11 b/g standards. 

Finally, data from all over the world, stored on the base 

station, can be remotely visualized from every device 

connected to the Internet. This overcomes the problem of 

system integration and interoperability, providing a well-

defined architecture that simplifies the transmission of 

data from sensors with different measurement capabilities 

and increases supervisory efficiency. 

IV. S. Tozlu, M. Senel, W. Mao, and A. 

Keshavarzian[5] founds that Until, Wi-Fi technology has 

not been considered for implementing wireless sensing 

solutions because of its inability to meet the challenges in 

these types of systems, with the major drawback 

consisting in the unsatisfactory energy consumption. 

However, this has changed, since new power-efficient Wi-

Fi devices have been developed and new solutions can 

benefit from several advantages offered by this 

technology, namely, the reduction of infrastructure costs 

while improving total ownership costs, native IP-network 

compatibility, and the existence of familiar protocols and 

management tools. 

V. J. Gutierrez, J. F. Villa-Medina & B. Ando, 

S. Baglio, A. Pistorio[6] presents an automated 

irrigation system based on a distributed wireless 

network of soil moisture and temperature sensors that 

achieves water savings of 90% compared with 

traditional implementations. Sentinella is a smart 

monitoring solution for the assessment of possible 

causes of power inefficiency at the photovoltaic panel 

level based on WSNs.  

VI. M. Hulea, G. Mois, S. Folea, L. Miclea, and 

V. Biscu[7] presents a complete solution for 
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temperature and relative humidity monitoring using 

low-power wireless devices, allowing a battery 

lifetime of 2 years when a 20-min measurement cycle 

is used. Here, a data viewer and data processing 

application, running on a personal computer, is 

included. This provides functionalities for alarming 

the user by e-mail or SMS.  

VII. S. C. Folea and G. Mois[8] describes the 

development of compact battery-powered systems 

allowing the monitoring of carbon dioxide levels, 

temperatures, relative humidity, absolute pressure, 

and light intensity, which send the data using the 

existent wireless infrastructure based on the IEEE 

802.11 standards. A Lab VIEW application that 

gathers the data from the sensors and places them on 

a public cloud for the IoT was also developed, 

demonstrating the possibility of recording and 

visualizing data from every place where an Internet 

connection is available. The work presented here 

leads to a ubiquitous network architecture, where the 

sensors are part of the Internet[16].  

VIII. J. Jin, J. Gubbi, S. Marusic, and M. 

Palaniswami[9] developed monitoring solution, a 

CPS that incorporates all the developed Wi-Fi 

sensors and a cloud platform, allows the acquisition 

of data from every place where a wireless IEEE 

802.11 network exists and the visualization of 

recorded data from every terminal connected to the 

Internet, without any additional hardware and 

software application other that an Internet browser. 

The novelty of the hardware and software 

implementation in the case of the proposed system 

consists in the development of a reliable stand-alone 

solution with a reduced power consumption of all its 

components, namely, the wireless sensors and the 

cloud platform. The choices regarding the used 

components and their hardware and software design 

lead to a low-cost system with reduced TCO. The 

previous work showed that the developed sensors can 

operate for approximately 3 years on a single 3 V 

battery. 

Although the development of IEEE 802.11-

based sensors may not be new, the power efficiency 

of the developed sensors represents a significant 

contribution, achieving a battery lifetime similar to 

the one provided by more power-efficient solutions, 

based on IEEE 802.15.4/ZigBee communication. The 

proposed monitoring system takes advantage of the 

existing IEEE 802.11 infrastructure, which currently 

has a coverage exceeded only by the one provided by 

cellular networks. 

 

IX. S. Gao et al[10], throws light on to CPSs 

composed of interconnected clusters of processing 

elements and large-scale wired and wireless networks 

of sensors and actuators.   
 

3. PROBLEM DEFINITION 

In recent years, there are so many industries emitting the 

green house gases (GHG) which affect the human beings. 

The most harmful gases among all of them are CO2, 

methane gas, NO2, etc. So it is necessary to monitor these 

gases that leaks from industries through online. 

1. The traditional embedded systems, a full-fledged 

CPS is typically designed as a network of interacting 

elements with physical input and output instead of as 

standalone devices. 

2. The notion is closely tied to the concept of 

robotics and sensor networks with intelligence mechanism 

proper of computational intelligence leading the pathway. 

Ongoing advances in science and engineering will 

improve the link between computational and physical 

elements by means of intelligent mechanisms, 

dramatically increasing the adaptability, autonomy, 
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efficiency, functionality, reliability, safety and usability of 

cyber physical systems. 

3. This will broaden the potential of cyber physical 

systems in several dimensions including interventions 

(e.g. collision avoidance) precision (e.g. robotic surgery 

and nano-level manufacturing), operation in dangerous or 

inaccessible environments (e.g. search and rescue, 

firefighting and deep sea exploration), co-ordination, and 

efficiency. 

4. The proposed system which is designed shows the 

simulation output of sensing the CO2 gas, NO2 gas, 

temperature and humidity in the industry environment. 

5. The constant attempts of social and economic 

bodies for the development of technologies for improving 

energy efficiency and reducing pollution and for the more 

efficient use of national infrastructure along with the 

needs of decreasing the cost of computation, networking, 

and sensing had lead to the emergence of a new generation 

of digital systems, called cyber-physical systems (CPSs). 

6. The resulted solution provides the possibility of 

logging measurements from locations all over the world 

and of visualizing and analyzing the gathered data from 

any device connected to the Internet. 

7. This work encompasses the complete solution, a 

cyber-physical system, starting from the physical level, 

consisting of sensors and the communication protocol, and 

reaching data management and storage at the cyber level. 

4. PROPOSED WORK 

1) Proposed system flowchart : Monitoring process 

includes two main parts, real-time collecting and wireless 

transmission. First, the sensors array of CO2, temperature, 

humidity and light intensity are used to collect data; with 

WI-FI continuous wireless transmission is conducted. 

Specific procedure are as below:  

1) Power the equipment on, then is to initialize the 

entire CO2 remote real-time monitoring system, including 

the circuit initialization of air environment sensors array, 

central processing unit and all modules. Display the 

control signal in a fixed time and monitor the operational 

status of each module real-timely.  

2) After the initialization of TCP protocol stack 

and the success of dial-up of WI-FI wireless transmission 

module, the central processing unit achieves the 

connection to remote mobile network and then the point to 

point communication will be established.  

3) Wait for the data of air environmental sensors 

including CO2 concentration, temperature, humidity, light 

intensity and timing from converters of UART and A/D. 

4) If data collection is completed, the central 

processing unit will automatically store the collected data 

into memory if required or directly on IP address of clients 

PC, otherwise go to Step three.  

5) Central processing unit displays the collected 

data and power supply information on the LCD display 

module real-timely.  

6) When the transmission time interval is reached. 

The AT commands is applied to control WI-FI wireless 

transmission module to connect to remote wireless 

communication network and the data packet will be sent 

wirelessly to clients PC. 

2) Hardware infrastructure : Geological CO2 

leakage monitoring equipment based on WSN are 

mobile devices used by humans. The equipment is 

composed of the air environment sensors array, WI-

FI module, central processing unit, memory for data 

storage purpose, LCD display module as shown in 

the figure given below, 
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Figure 1  :  Hardware infrastructure diagram of 

geological CO2 leakage monitor 

5. IMPLEMENTATION 

Remote real-time monitoring equipment for CO2 

Geological Storage and leakage is successfully 

developed, which can realize automatic storage, real-

time display and wireless transmit the data of CO2 

concentration, temperature, humidity, light intensity. 

 
 

Figure 2 : Circuit board of CO2 remote real-time 

monitoring equipment 

 

 

The implementation of circuit board is as shown is 

as shown in the above figure. Based on the sensors of 

CO2, temperature, humidity and light intensity, the 

equipment which is suitable for the surface CO2 

concentration monitoring was developed in order to 

realize remote real-time acquisition of multivariate 

information in the monitoring of CO2 geological 

storage. 

 

 
Figure 3 : Data Display on LCD 

 

Wi-Fi network will send the collected data to the 

data center server, and then simultaneous data query, 

analysis and monitoring can be achieved on clients PC. 

 

 
Figure 4 : Data from Wi-Fi module to server 

         (Databucket Readings) 
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6. RESULT AND ANALYSIS 

 

1) Readings at Rajkamal Chowk Amravati (Maharashtra) 

Time Humidity Temperature Co2 Light Intensity 

3 p.m. 23 36 14 88 

3.30 p.m. 24 36 14 87 

4 p.m. 22 37 5 27 

4.30 p.m. 23 36 5 27 

10 p.m. 42 32 5 9 

11 p.m. 42 32 2.5 8 

 

 
Figure 5 : Data of Parameters in Rajkamal Chowk to the server at Afternoon 

 

Figure 6 : Data of Parameters in Rajkamal Chowk to the server at Night 
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2) Readings at Sai Nagar Amravati (Maharashtra)  

Time Humidity (%) Temperature 

(degree Cel) 

Co2 (%) Light Intensity 

(%) 

2 p.m. 25 36 5 88 

2.30 p.m. 24 36 8 87 

3  p.m. 23 36 14 88 

3.30 p.m. 23 36 3 60 

4 p.m. 20 36 5 55 

10 p.m. 42 32 9 9 

11 p.m. 41 32 5 8 

                                               

 
Figure 7 : Data of Parameters in Sai Nagar to the server at Afternoon 

 

Figure 8 : Data of Parameters in Sai Nagar to the server at Night
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7. CONCLUSION 

 

This system is developed to monitor the green 

house gas leakage such as CO2, Light Intensity, 

Humidity and temperature from industries by its 

corresponding sensors interfaced with Arduino-uno 

microcontroller. In this system temperature sensor  

DHT11 is used to indicate the temperature as well as 

Humidity level. LCD is used to display the constituents 

of gases and temperature. Relay is used to shut down 

the power supply for industries. WI-FI is used to 

communicate with the server to convey the emission 

level. Virtual terminal is connected with the controller 

in the simulation output. The system is user friendly.  
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