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 In present Industrial scenario the emission of harmful gases mainly carbon monoxide 

and nitrogen oxide increases progressively. The periodic exposure of these gases to a 

person may even cause death. To counteract this problem in this paper a sensor based 

system is used to detect the harmful gas emission and send it to the node and with that 
the permissible limit is fixed. If the detected emission level is beyond the permissible 

limit, then alarm will be activated, people will be intimated to go out, then exhaust fan 

is turned on and so that high oxygen is supplied to reduce the effect of carbon 
monoxide and nitrogen oxide gases. The continuous monitoring of harmful gases is also 

done using Lab VIEW for internal information. The GSM module is used which send 

the harmful gases emission level from industries to pollution control board. A number 
of nodes meant for recording of toxic gases are formed into cluster for effective 

implementation.  
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INTRODUCTION 
 

 The Carbon monoxide (CO), often referred to as a "silent killer," is an injurious gas and its prolonged 

exposure to living beings can lead to brain damage and even death. Many accidents occur due to CO inhaling 

and researchers actively seek counter techniques to forestall any more such incidents (Marco Mugnaini, 2009). 

The biomass plants, where gas fired blast furnaces are used, have a high risk of CO overflow because of the 

improper combustion of the gas due to a lesser concentration level of oxygen. Thus continuous exposure to the 

gas may cause dizziness, headaches, nausea, and confusion about health or even death. The harmfulness of CO 

is dependent on both, the concentration of the gas and the exposure time. 

 The following graph shows the concentration of the carbon monoxide gas for various hours of exposure. 

The nitrogen dioxide (NO2), are known to be highly toxic to various animals as well as to humans. High levels 

may be fatal, while lower levels affect the delicate structure of lung tissue. In experimental for animals this leads 

to a lung disease that resembles emphysema in humans. As with ozone, long-term exposure to nitrogen oxides 

makes animals more susceptible to respiratory infections. Nitrogen dioxide exposure lowers the resistance of 

animals to such diseases as pneumonia and influenza. Humans exposed to high concentrations suffer lung 

irritation and potentially lung damage. Increased respiratory disease has been associated with lower level 

exposures. 

 The human health effects to exposure of nitrogen oxides, such as nitrogen dioxide, are similar to those of 

ozone. These effects may include Short-term exposure at concentrations greater than 3 parts per million (ppm) 

can measurably decrease lung function. Concentrations less than 3 ppm can irritate lungs.  

 The following is the table of Environmental Assessment of Air Quality near Suratgarh Super Thermal 

Power Plant in Sriganganagar District, Rajasthan.  

 Thus an autonomous system is needed which not only monitors the CO and NO2 levels but also takes 

autonomous measures which attempts to reduce the overflow.  

 

Existing Methods and their Drawbacks: 
 The existing methods at present in various areas can be classified into three categories. Certain plants have 

no gas monitoring system especially small bio-gasifier plants such as 100KW plants. In some plants though 
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there are monitoring systems they are not having the facility of continuous monitoring. The monitoring will be 

done only during scheduled time. Some plants have continuous monitoring systems but they are wired gas 

detection systems.  

 

Fig. 1: Concentration vs. Exposure time. 
 

Table 1: Maximum limit of Exposure of SO2 and NOx. 

Parameter SO2 

(μg/NM3) 

NOx (μg/NM3) 

Maximum Limit 80 (μg/NM3) 80 (μg/NM3) 

Location I (Power Plant) Coal Handling Area 3.14 34.67 

 Clarifier Plant 26.32 17.62 

 ESP Area 6.04 33.68 

Location II Residential Quarters 3.32 14.40 

Location III within 20 kms from 
thermal power station 

 

 

Somasar 3 kms East 3.82 28.80 

Rayanwali 4 kms West 2.40 29.20 

Piperan 12 kms North – West 6.32 18.38 

Pipasar 18 kms South – West 11.50 17.54 

Piperan 22 kms North – West 8.68 11.04 

 

 
Fig. 2: Overall block diagram of industrial process. 

 

 The above is the real time model of an industrial plant ie. coal chemical industrial process which releases 

gases like CO2 at their intermediate process. In the pre-calciner the limestone is converted into lime (calcium 

oxide, CaO), releasing CO2 in a process known as calcinations (Dr. Tamaryn Brown, 2012). These systems 
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suffer from the drawbacks such as No continuous monitoring, wired gas detection system, Costly, and more 

power consumption of the model. 

 

Proposed Method: 

 This method employs Wireless Sensor Networks (WSNs) for the aforementioned purpose. In earlier 

methods CO and NOx gas detection and prevention systems, the monitoring system were not continuous and 

overall system was usually without the option of controlling local ventilation or some other countermeasure 

activity. With the advent of modern age, gas leakage monitoring systems are improved to an extent that they 

provide various options of making local adjustments to the counter-measuring control systems. Power 

consumption is a vital constraint in WSNs and the system presented in this method is a low-cost and low 

powered CO and NOx detection system (Glenn J. Tattersall, 2005; Dr. Tamaryn Brown, 2012).  

 The block diagram shows the proposed method of continuously measuring the value with the help of CO 

and NOx gas sensors. The measured value is very small for digital conversion and hence it is amplified with 

help of an amplifier 

 
Fig. 3: Proposed Model.  

 

 The amplified signal is then given to PIC microcontroller in which the inbuilt analog to digital converter 

converts the measured analog gas value to digital value. In the microcontroller it is required to set a nominal 

value such that the digital value is compared with the nominal value. If the digital value is less than the nominal 

value then carbon monoxide and nitrogen oxide gas level is within permissible range system is operating 

properly. When the digital value is greater than the nominal value then carbon monoxide and nitrogen oxide gas 

has exceeded the allowable permissible range, it is not safe to allow the gas in the atmosphere so 

countermeasure module is activated to reduce the gas level in the atmosphere. 

 
Fig. 4: Block Diagram of the Sensing and Control Units.  

 

 The countermeasure module includes an alarm and exhaust fan which is made to run with the help of relay 

as shown in Fig.4. When the measured value exceeds the normal value, alarm is activated and also relay circuit 

is activated which runs the exhaust fan to reduce the level of gas in the atmosphere. 
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Hardware Implementation: 
 The hardware model is a computer-interfaced electronic controller with mechanically actuated output. This 

system can be split into various modules, as represented in the block diagram as CO Sensing Module NOx 

Sensing Module, other sensors Microcontroller Module, Interfacing Module, Counter measure Module.  

 

co Sensing Module & Nox Sensing Module: 
 The gas sensor MQ7 is a special sensor which is designed for sensing the CO gas leakage and has stable 

and long life. In the gas sensor the supply voltage is given to input terminal. The gas sensor output terminals are 

connected to non inverting input terminal of the amplifier. Reference voltage is given to the inverting terminal 

of the amplifier through a variable resistor to reduce the noise to zero. Here the operational amplifier used is 

LM358. The amplified output is given directly to microcontroller. The circuit diagram for gas sensing circuit is 

given (Chris Townsend, 2005; Fort, A., 2006).  

 
Fig. 5: CO and NOx gas sensing circuit.  

 

 The gas sensor MQ135 is a special sensor which is designed for sensing the NOx gas leakage and has stable 

and long life. In the gas sensor the supply voltage is given to input terminal. The gas sensor output terminals are 

connected to non inverting input terminal of the amplifier. Reference voltage is given to the inverting terminal 

of the amplifier through a variable resistor to reduce the noise to zero. Here the operational amplifier used is 

LM358. The amplified output is given directly to microcontroller. The circuit diagram for gas sensing circuit is 

given in fig.5.  

 

Microcontroller Module: 
 Microcontroller is a general purpose device, which integrates a number of the components of a 

microprocessor system on to single chip. It has inbuilt CPU, memory and peripherals to make it as a mini 

computer. A microcontroller combines CPU, Memory (both ROM and RAM), some parallel digital I/O on to the 

same microchip. Microcontrollers will combine other devices such as timer module, serial i/o port to allow data 

to flow between the controller and other devices, ADC to allow microcontroller to accept analogue input data 

for processing.  

 

Interfacing Module: 
 The data is transferred from PIC controller to the PC with the help of Zigbee. MAX232 is used to connect 

Zigbee with PC.  

 Zigbee is targeted at radio-frequency (RF) applications that require a low data rate, long battery life, and 

secure networking. Zigbee has a defined rate of 250 kbps best suited for periodic or intermittent data or a single 

signal transmission from a sensor or input device (Chaoli Zhou, JianhuaShen, 2011).  

 GSM modems can be a quick and efficient way to get started with SMS, because a special subscription to 

an SMS service provider is not required. In most parts of the world, GSM modems are a cost effective solution 

for receiving SMS messages, because the sender is paying for the message delivery.  

 In telecommunications, RS-232 is a standard for serial binary data interconnection between a DTE (Data 

terminal equipment) and a DCE (Data Circuit-terminating Equipment). It is commonly used in computer serial 

ports.  

 When low pulse is given to base of transistor Q1 transistor, the transistor is turned OFF. Now 12v is given 

to base of Q2 transistor so the transistor is conducting and relay is turned ON. Hence the common terminal and 

NO terminal of relay are shorted. Now load gets the supply voltage through relay. 

 A buzzer or beeper is a signaling device, usually electronic, typically used in automobiles, household 

appliances such as a microwave oven. It most commonly consists of a number of switches or sensors connected 

to a control unit that determines if and which button was pushed or a preset time has lapsed, and usually 

illuminates a light on the appropriate button or control panel, and sounds a warning in the form of a continuous 
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or intermittent buzzing or beeping sound. Nowadays, it is more popular to use a ceramic-based piezoelectric 

sounder like a Sonalert which makes a high-pitched tone. Usually these were hooked up to "driver" circuits 

which varied the pitch of the sound or pulsed the sound on and off.  

 

Circuit Diagram and its Operation: 

 
Fig. 6: Transmitting module. 

 

 The gas sensor which senses the CO and NOx gases sends the analog voltage signal to the ADC pin of the 

PIC controller. Then the controller continuously displays the value in the LCD display. In normal condition, the 

alarm and relay circuit will be in OFF condition. Whenever any of the gas value increases beyond the critical 

value, it gets turned ON. The microcontroller continuously sends the gas level to the receiving module the 

ZIGBEE communication.  

 In the receiving module, MAX 232 IC is used for converting the received signal to send to the PC through 

RS232 cable. Using LabVIEW we are continuously monitoring the CO and NOx value.  

 

Experimental Results: 
 The experimental setup is to be fitted in the area to detect and reduce the concentration of carbon monoxide 

and nitrogen oxide gases if it exceeds the normal value taking into account the personal health and 

environmental condition 

 
Fig. 7: Hardware Module. 

 

LCD display showing the concentration level of carbon monoxide: 

 
Fig. 8: Display of CO level.  
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Labview Analysis: 
 In addition to hardware implementation, Labview analysis involving transmitter and receiver block is 

carried out.  

 The value of carbon monoxide gas increased from the initial value is being shown in the above display, the 

monitoring of which is shown in figure: 9 

 
Fig. 9: Monitoring of CO level. 

 

 Carbon monoxide gas being measured is monitored graphically with Lab VIEW. Fig. 12 shows the data of 

carbon monoxide emission level on a particular day and location in the selected plant.  

 LCD display showing the concentration level of nitrogen oxide: 

 
Fig. 10: Display of NOx level.  

 

 The value of carbon monoxide gas increased from the initial value is being shown in the above display, the 

monitoring of which is shown in figure: 10 

 
Fig. 11: Monitoring of NOx level. 

 

 Nitrogen Oxide gas being measured is monitored graphically with Lab VIEW. Fig. 11 shows the data of 

Nitrogen oxide emission level on a particular day and location of the plant.  

 

Simulation of CO2 Nodes at different Nodes of the location: 
 The output showing various nodes and accessing points simulated using Qualnet is shown below 
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Fig. 12: Access Points and Nodes. 

 

 The carbon monoxide sensors are placed in various areas of the plant which senses and continuously 

monitors the carbon monoxide emissions and these emissions recorded will be useful to the authorities on the 

need for carrying out maintenance in the plant and about the quality of fuel in terms of emission level. It is 

helpful to find about impact of inhaling of such toxic gases by the operators with these co2 sensors the pollution 

control board of the government will monitor the plant emissions on a day to day basis to have statistical report 

of the plant and the region. With this idea in mind sensors are placed in different locality and the performance is 

simulated using Qualnet. Considering the fig:12 which represents the CO2 concentration in ppm. Each node 

represents a worker. Due to the inhalation of CO2 emission the concentration of CO2 in blood level increases 

which is being simulated and shown in the figure below. 

 

 
 

Fig. 13: Functional blocks of Qualnet. 

 

 
Fig. 14: Monitoring of CO2 using Leach algorithm. 
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 With increase in level of CO2 the toxicity in the blood level of the workers increases and the energy level of 

the nodes reduces which is being illustrated in the Fig:14 

 
Fig. 15: Energy Level of Workers due to the exposure of CO2. 

 

For the same scenario AODV is implemented and results are shown below 

 
Fig. 16: Monitoring of CO2 using AODV algorithm. 

 
Fig. 17: Energy Level of Workers due to the exposure of CO2 using AODV Algorithm. 

 

 It is found that the ADOV method of finding the condition of sample nodes is much superior to the Leach 

algorithm in the detection of CO2 emission level. Conclusion and Future Scope This paper implements a CO 

and NOx gases concentration overflow prevention system in hazardous plants using Wireless Sensor and 

Actuator Networks. A prototype model is implemented and results are shown for a particular gas sensing node 

which is mounted in the region and is more often visited place in the industry Continuous Monitoring of the 

environment coupled with autonomous actuation makes a robust system which needs little human intervention. 

The experimental results proved to be efficient in checking the emission of these harmful gases. Future work 

may include improving the power efficiency of nodes and notification mechanisms of this system. The model is 

implemented using this concept only in a single toxic Industry. This can also be extended to many plants located 

in an area and the concentration level can be monitored in a single control room for effective action.  
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