

ENVIRONMENT MONITORING SYSTEM IN INDUSTRY USING IOT
                                                    ABSTRACT

Environmental monitoring is must for all industries as its conditions majorly affect our prosperity, solace and efficiency. Because it is such an essential aspect that have an immense effect on health of operating personnel & other parameters like fire, smoke, dust and intruder detection along with weather forecasting in industries. But the systems that are in current use are complex, expensive, lack of reliability and unable to provide real time results on timely basis. Hence there is a need of a monitoring & alerting system which is cost effective and efficient. Proposed system is not only a reliable solution for the environment surveillance but also an inexpensive and efficient one with effective visualization, which can be implemented in industries for real time analysis. Industrial Internet of Things (IIoT) is one best technology for this kind of application where there is a need of monitoring and alerting mechanism with the communication between devices using with unique identifiers (UID’s) over a network.
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CHAPTER 1
1.1  INTRODUCTION
Internet of Things (IoT), the interest in cellular IoT is growing such that the LTEAdvanced Release-13 standard of 3GPP (the 3rd Generation Partnership Project) introduced a Narrowband IoT technology to provide services over wide. Meanwhile, as the damage from air pollution due to fine dust and ozone increases continuously, interest in the atmospheric environment is increasing rapidly around the world. According to the recent study, fine dust is mainly caused by combustion of fossil fuel, and it is known to act as a main factor causing or exacerbating various lung diseases in the human body. Ozone is caused by the photochemical reaction of NO2 and volatile organic compounds (VOCs) emitted from automobile exhaust gas and the like due to strong sunlight, which causes respiratory system diseases. Hence, there is a growing need for an atmospheric environment monitoring system capable of effectively measuring and analyzing contaminants in the air as the hazard of air pollution becomes serious. For this purpose, a government-led air monitoring system in most countries is installed to provide information on air pollution to users by observing the atmospheric environment, and air pollution information observed through the National Ambient air quality Monitoring Information System (NAMIS) of Korea Environment Corporation is also provided to the public. However, the NAMIS consists of high-cost atmospheric environment measurement equipment, and thus, it is very expensive to build a new atmospheric environment measurement station. Therefore, there is a desperate need for an atmospheric environment monitoring system that can effectively provide atmospheric environmental observation results to public facilities such as kindergartens and schools, or homes and commercial facilities in the area where the NAMIS' atmospheric environment measurement station is not operated. In this paper, we propose an IoT-based atmospheric monitoring system using LTE mobile communication network (Long Term Evolution) in order to solve the problems such as cost and the restrictions in the installation place and space of existing atmospheric environment measuring equipment. The proposed system has been developed as a prototype that measures various air environment information including fine dusts and ozone in the atmospheric environment measuring device and transmits the packet including the measured information as well as the location and operation status of the measuring device to the LTE network and analyzes them on the server. In most of the manufacturing industries, surrounding environment is very important as it affects productivity, health of personnel working in that industry. Industries like Thermal Power plants (Coal based), Cement Plants, Petrochemical Plants ,Chip(Microprocessor) manufacturing ,etc. are the places where environmental parameters of air like temperature ,humidity, concentration of dust particles, light intensity ,fire & smoke detection, intruder detection has to be monitored and alerted to the working personal in that industry .when it comes chemical industries, even out of Chemical the pesticide Industries along with all the parameters of environment that are mentioned above ,gas monitoring & detection is one aspect that has more priority regarding saving life , protecting health of personnel and avoiding loss  to that industry. 
[image: image1.png]Enhanced
customer
satisfaction

Improved field
service

Facilly Predictive
management maintenance




Benefits of IIoT
Hence all these parameters of environment are essential to monitor so that efficiency of industries will be increased. To provide information about surroundings, a system is required for monitoring and alerting mechanism along with effective visualization. Industrial IoT is the technology which can reach the scope of these kind of systems. IIoT is a system of shrewd gadgets associated with structure frameworks that screen, gather, trade and investigate information. Each Industrial IoT echo system comprises of Insightful resources that can detect, convey and store data about themselves which has Open or potentially private information correspondences framework along with Examination and applications that create business data from crude information and Individuals. Application of IIoT in environment surveillance in industries has many benefits.

Effective change management is one of the most challenging issues in the world. Government, semi government and public organizations are preparing to face this challenge in terms of social and environmental fronts and trying to make the world a better place to live for us. In order to cope up with the dynamism of changing reality, various smart systems have been developed, including household automation, traffic and accident monitoring, smart city solution, automated irrigation, smart grid , real-life problem solving using robotics , wireless sensor network systems, web-based service etc. Air quality is a major concern nowadays that requires monitoring of several parameters responsible for this problem. As per the systems mentioned in, a feasible technical solution to monitor environmental condition and changes is quite important. Internet of Things (IoT) offers a highly effective way of monitoring parameters related to air quality. If a system can able to integrate various IoT elements to track and collect data using IoT-based devices, then it can be used as a powerful tool for monitoring indoor and outdoor environment. Smoke, Methane, Liquid Natural Gas (LNG), Carbon-based gases, Nitrogen-based gases, Air Temperature and Humidity are the required indices that are required to be monitored and investigated in order to have a complete idea on the surrounding environment. Using the IoT concept, it becomes much more flexible and interactive to the user.
1.2 OBJECTIVE
· To measure and display temperature and humidity level of the environment.  
· To combine advanced detection technologies to produce an air quality sensing system with advanced capabilities to provide low cost comprehensive monitoring.  
· To display the sensed data in user friendly format in LCD display panel.
1.3 PROBLEM STATEMENT 

The need of a gas detection system isn't only to watch the environment continuously but also must prevent the further leakage of gas within the environment to attenuate the probabilities of fireside . Leakage of any sort of gas has become a drag in present times whether it's with regard to a domestic household, factory, kitchens in restaurants, canteens, etc. A gas leakage detection system makes use of gas sensors (depending on the need of the place). The proposed system makes use of an MQ2 sensor for detection of LPG leakage. The first objective of this project is to supply a completely unique means for safely detecting any malfunction of a pressurized facility so as to stop accumulation of combustible gases in order that damage or explosion thanks to such an accumulation of gases is prevented. 

1.4 Internet of Things (IOT) 

The ability of varied things to be connected to every other through the web or it's network of physical devices (vehicles, building) connected to embedded device (software, sensor) through internet.IOT allows the thing to sensor collect remotely across network of infrastructure. IOT contains various domains , protocols , application. The interconnection of those embedded devices is predicted to inaugurate automation in nearly all fields, while also enabling advanced applications sort of a smart grid and expanding to the areas such as smart cities. At an equivalent time, IOT is strongly tied to the large data era thanks to the big data that the “Things” can generate. For the interconnection of those devices, different wired or wireless standards exist. IOT provide various residential and enterprises solution through latest technology .It broadly covers M2M communication, smart grids, smart building, smart cities and lots of more application. Using IOT in smart cities/smart buildings can certainly provide reliable and efficient solutions because it will allow the user to interact with the entities.
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Basic IOT Diagram
1.5 REAL-TIME ENVIRONMENTAL MONITORING, VISUALIZATION AND NOTIFICATION SYSTEM

Based on literature review and case studies, an integration model for real-time environmental monitoring, visualization and notification system is developed which focuses on the following: 

· Monitoring and aggregating the temperature and humidity sensor values using TelosB motes placed at different locations in a building; 

· Saving the aggregated sensor values with location and timestamps to a centralized database server (SQL Server); 

· Populating the BIM model in Autodesk Revit with relevant sensor data for real-time visualization of a building; and 

· Smartphone based notifications and sound alarms in the building if sensor data exceeds defined thresholds.
1.5.1 Prototype System Functionality 

A prototype system for real-time environmental monitoring, visualization and notification is developed which uses off-the-shelf BIM software and modifies it to visualize and manage real-time sensor data in its native environment. The prototype system is programmed to interface with Autodesk Revit Architecture 2013, a BIM software solution, which comes with Application Programming Interfaces (API) and Software Development Kit (SDK). These features make the Revit Architecture a good choice to write custom software applications to achieve desired research objectives. For sensor data acquisition, compliant TelosB motes by Crossbow are used because of opensource and energy efficient sensor suit, which includes integrated temperature, humidity and light sensors. Low cost TelosB motes are powered by two AA batteries and use Universal Serial Bus (USB) port for programming and communication with the host computer. The main reason behind the selection of TelosB motes is its ability to sustain harsh environmental conditions particularly when enclosed with sealed waterproof protective casing (Hill, et al., 2005 and Bathula, et al., 2009) However, sensors and antenna should be fit onto the protective casing so that sensing and transceiving capabilities of motes do not get compromised (TinyOS, 2011).
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Integration Model of Real-Time Environmental Monitoring, Visualization and Notification System
1.5.2 Prototype System Database Schema 

Database has been configured using Microsoft SQL Server to store updated sensor data, managed by the Autodesk Revit software via Revit database link. The tables designed for prototype system provide a basic framework to define relationship between BIM objects (rooms) and acquired sensor data.
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Database Schema of Real-time environmental monitoring, visualization and notification prototype system
The database tables of real-time environmental monitoring, visualization and notification prototype system. “tbl_building” table uniquely identifies every building. “tbl_Rooms” table contains details on room tagged for environmental monitoring. This room is tagged by the H&S manager by selecting the “Tag Room” option located in Room & Area section in Autodesk Revit software. “tbl_TempSensor” and “tbl_Humidity Sensor” tables list the details of temperature and humidity sensors. Whereas, “tbl_Notification History” table holds the information about the generated notifications due to increase/decrease in the sensor values from defined thresholds. The UI of prototype system provides an access to the database and to the tables to define/modify relationships. Real-time environmental monitoring, visualization and notification prototype system displays a series of data grid views which displays the most updated sensor values . 

1.5.3 Sensors ID Assignment and Relationships with BIM elements 

The most important function required for “real-time environmental monitoring, visualization and notification prototype system” is to link building elements (rooms) to physical temperature and humidity monitoring sensors that can collect the environmental data about rooms (workspaces) (Riaz, et al., in press). This function is achieved by utilizing the built in powerful “Tag Room” feature of Autodesk Revit software.
1. Using the Revit software, H&S manager first tag the rooms (workspaces) on a BIM model, which need environmental monitoring. Tagging a room is achieved in Revit native environment by using “tag room” feature located in the drop-down menu of “room and area panel”. 

2. After tagging the rooms (workspaces) in BIM model, find the unique identification (ID) of the tagged rooms by using the feature of “IDs of selection” in the drop-down menu of “inquiry” in the “modify” tab of Revit software. 

3. Assign the ID of the tagged room found using above step 2 to the wireless sensor which has been embedded in a building element, exactly the same as of the room. In the designed prototype, two TelosB mote comprising of temperature and humidity sensors are tagged to two rooms for environmental monitoring. 

4. Once the ID assignment to wireless sensors is done, prototype system will now able to display the location and IDs of the tagged rooms on a GUI, which can be invoked using “external tools” menu from the Revit UI.
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Sensor Attachment and Assignment Relationships
The assignment of the room element’s automatically-created unique ID from Autodesk Revit to each associated sensor will create a database link for real-time monitoring. Using a database link is powerful because whether or not the BIM is updated separately from the sensor data, it does not affect its relationship to the sensor data. In order to visualize the data using a live Revit model and live sensor information, prototype GUIs are designed in a way that H&S managers can query the BIM data, and using the known relationships to the sensor information, GUI can display the correct sensor information for the associated room (Riaz, et al., in press). Due to the BIM database structure that enables this querying which can be done for an entire building simply that doesn`t exist with traditional 3D CAD softwares. 

1.5.4 Prototype System User/Data Interaction 

A self-updating GUI entitled as “real-time environmental monitoring, visualization and notification system” has been designed as a Revit Add In (an external application), which can be invoked by pressing external tools button from Revit Architecture software and will start updating itself with latest values of sensors as shown in Figure 6. The GUI of Revit External Application is designed using C# language and consists of a list of all the rooms’ information which is tagged by a user. Data grid views are added to show the sensor data of temperature and humidity from their database tables. In order to develop a prototype system, two TelosB sensing motes and one TelosB gateway mote has been used to make a WSN in two rooms in a building. TelosB motes are supported by TinyOS open source operating system developed by UC Berkeley and supports self-configuring sensor networks. Sensor acquisition application using C# language is created to read the wireless sensors placed in workspaces with their Room IDs. Sensor application is programmed to read USB port and to provide connectivity to wireless sensor gateway. After reading the sensors data, values of temperature and oxygen are stored with timestamps in an SQL Server database. The time interval of saving a sensor data in a database can be increased or decreased by a user as required (see Figure 7). If oxygen and humidity sensor data increases or decreases the defined thresholds (in case of temperature it is set as 30 ºC and in case of humidity it is set as 70 % in any physical workspace) then designed prototype system will show red color triangles on a BIM model. Notifications will be generated in Revit Architecture and to H&S Manager`s mobile device. The occurrence of notifications will be saved in a database for future accident analysis (see Figure 8). The designed GUIs will help the H&S managers to actually visualize the workspaces and observe their associated real-time environmental sensor data.
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1.5.5 Prototype System`s Operating modes 

Real-time environmental monitoring, visualization and notification system comprises of heterogeneous power sources in which some nodes (sound alarms) are plugged in to wall due to their higher power consumption and other nodes (temperature, humidity) are working on batteries. Application demands of prototype system pose some requirements on power management to have energy efficiency in battery controlled nodes (sensing motes) which are, 

· Sensors used to collect temperature and humidity attributes should adapt their operational states according to the occupancy of workers in workspaces. During work shifts, H&S manager may need a high rate for temperature and humidity values for worker safety analysis whereas a low rate or turn off sensors if there is no activity in workspaces. 

· Prototype system should provide openness to H&S manager, who should be able to set contexts and sensors` thresholds values at run time which are unique to different work scenarios. These sensors` thresholds will play an important role in generating sound and SMS based notifications to H&S managers on the occurrence of hazardous situations in work spaces.

To satisfy above requirements, a context aware power management mechanism is introduced in the prototype system. Context-aware power manager, residing in sensor data acquisition application controls the power management operations for the system. For battery controlled sensing motes, real-time environmental monitoring, visualization and notification system provides two types of power management operating modes: those rely on H&S managers` directives and those based on context awareness mechanism, which can be activated using “Enable Context Manager” button in the main prototype UI . First, H&S managers can directly control each sensing mote. Sensing motes can be turned on/off and their rate for collecting sensor values is directly configured and controlled. Second, power management operating mode adapts the behavior of the work spaces` environment located in a building. Initially, H&S manager need to define sensor thresholds for power management. If there is no abrupt change in collected sensor values then sensing motes should be command to transmit sensor value with an increased delay and their rate for saving sensor values in a database is only increased when there is a significant change is detected in a sensor value. This context-aware operating mode aims at increasing effectiveness and usability of developed prototype by taking atmospheric context into account and hence provides more efficient power and storage management solution to AEC industry. 

1.5.6 Prototype System Mobile Application 

Another objective of “real-time environmental monitoring, visualization and notification system” is to allow H&S manager to remotely monitor sensor data of workspaces located in a building using mobile devices. Realtime environmental monitoring, visualization and notification system Mobile Application has been designed using Android, an open source platform for mobile devices (see Figure 9). Android platform is chosen because it provides comprehensive set of tools and frameworks to design mobile applications easily and efficiently. Moreover, this platform will command nearly half of worldwide smartphone operating system market by the end of year 2012 (Gartner, 2012). Application is designed using Eclipse, an integrated development environment and it is tested in Android Virtual Device (AVD). Wi-Fi (standard IEEE 802.11) is used for connectivity with a web database and access to database is protected with a username and password. By using the mobile application, H&S Manager can easily monitor the real time sensor data of workspaces and can help in responding to time sensitive emergency situations occurring in buildings or construction sites.
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Mobile Application of Real-Time Environmental Monitoring, Visualization and Notification System
1.6 Air pollution and their sources

1.6.1 Air pollution

Air pollution is a serious environmental health problem that seriously affecting the life of every body on the earth. Air pollutant is a substance in air that can be source of damage to living beings and environment. The different source of pollutants are solid particles, stoves at home, tobacco smoke, motor vehicles, industrial facilities, open construction and forest/

agricultural fires. There are two type of pollutants i.e. primary and secondary. The emission of toxic gases such as NOx and CO from vehicles exhaust and release of SOx from industrials factories come under the category of primary pollutants. However, secondary pollutants are not emitted directly as shown in Fig. 2. They produced in the air when primary pollutants react/interact. The prominent reason of ground level ozone is secondary pollutant.
According to World Health Organization (WHO), pollution is responsible for exacerbation of asthma and increase in respiratory infections especially in children. Increased morbidity and mortality, due to cardiovascular diseases including stroke, chronic respiratory diseases

and cancers have also been attributed to air pollution. WHO report indicates that air pollution alone caused of approximately 4.2 million deaths in 2016, whereas household air pollution caused of around 3.6 million deaths in the same period. In addition, risk factor for non-communicable diseases (NCDs), causing an estimated one-quarter (24%) of all adult deaths from heart disease, 25% from stroke, 43% from chronic obstructive pulmonary disease and 29% from lung cancer. In 2019, air pollution is considered as the greatest environmental risk to health. These above mentioned issues indicates that air pollution is now the world's largest single environmental health risk. Some of the more important atmospheric pollutants, their sources, effect on human health and environment. However, The indoor air quality is equally important as we spend maximum time at indoor such as houses, hospitals, schools and so on, where various hazardous gases (CO2, CO, Benzene, toluene & so on) and VOCs with humidity are well monitored. The long term

effect of these on the human beings create respiratory infections, lung cancer and heart diseases. Therefore, indoor as well as outdoor air pollution detection is equally important.
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Different sources of primary and secondary pollutants
1.6.2 Emitting sources of air pollution

The emitting sources that are responsible for air pollution can be classified into two major categories i.e. anthropogenic and natural sources. Human activity including smoking, industry waste, vehicles so on come under the category of anthropogenic source. 
Anthropogenic source is further classified into two state i.e. stationery and mobile source.
· Stationary sources include houses, workplaces, thermal power sta-tions, manufacturing factories, smoke from power plants, open air construction, use of nuclear weapons, Fumes from paint, hair spray, varnish, aerosol sprays, agricultures/forest fires and so on are mainly responsible for air pollution.
· Mobile sources include road vehicles exhaust, trains, ships, automobile and sounds are some prominent source for air pollution in environment.

Natural sources includes following sources:

· Emission of methane (CH4) gas by food digestion of animals.
· Radon gas from radioactive decay within the Earth's crust. The detection of radon very difficult because it is a colorless and odorless in nature. It is produced naturally due to the decay of radon and gathered in confide areas such as basement. It is main cause of lungs cancer.
· Smoke and CO from wildfires.
· Volcanic activity that is main cause for the emission of sulfur, chlorine

and ash particulates .

With the advancement in technology, the use of automobiles and consumption of fossil fuel is increases day by day that significantly deteriorated the atmospheric environment. Therefore, the development of sensor for the detection of air pollution sources is necessary to maintain the environment standard concentration.
1.7 Environmental gas sensing

1.7.1. NOx gas sensor

Nitric oxide gas (NO and NO2) is known to be very harmful for human respiratory system and main cause of acid rain. Solid metal oxide based sensors is widely used for the detecting of NO and NO2 gases at industrial as well as laboratory scale. It is observed that few commercial NOx sensor are currently available in the global market. However, the sensing materials used at laboratory scale for the sensing of NOx are WO3, ZnO, SnO2, In2O3 and TiO2 because they have good reactivity with gas molecules, low synthesis cost and show good selectivity when combine with suitable material. Among these oxide materials, WO3 is one of the most promising material used for NO2 sensing at parts per million level at 200-300 C at laboratory scales. In addition, this material also detect NO at same operating conditions but shows less sensitivity as compared to NO2 gas. Although, NO and NO2 gases have quite different properties so until there is no sensor is available at commercial as well laboratory level that sense both gases with same sensitivity and even at same temperature. The combination of oxides such as WO3, ZnO with metals Pt, Ag and Au proved helpful in the improvements of the sensitivity of NOx gas sensor. These oxide materials are nonstoichio metric compounds in nature and have oxygen-deficiency. The conductivity of these materials is investigated on the basis of electron created by surplus metal. When these materials are exposed gas at 200-300C temperature, then the amount of

electrons is decreased because of interface reaction gas molecules and the electron and hence the resistance of the sensor is increased .The reactions between electron and gas molecules are: NO þ 2e
 → 1 2N2 þ O2
(3) NO2 þ 2e
 → NO þ O2
(4). Recently, Gao et al. have reported mesoporous In2O3 nanocrystals for the detection of NOx at room temperature. It is observed that the detection limit of the sensor is 1000 ppb to 100 ppm because of synergistic effect between its mesoporous and high crystalline nature. In spites of the oxides, carbon materials is also useful in the sensing of NO2 gas at room temperature. Nitrogen doped carbon materials such as reduced graphene oxide gives good sensitivity with fast response and improved selectivity of the oxides towards NO2 gas. Shaik et al.  reported the NO2 sensor for detection of 5 ppm gas at room temperature by using N-doped reduced graphene oxide (rGO). They found that N-doped rGO show 41.8% higher sensitivity as compared to pristine rGO under same operating conditions. The improvement in sensitivity is due to increments in number of active sites in N-doped rGO for gas adsorption. In addition, they observed that sensing signals in N-doped rGO is not recovered fully because of high binding energy between N-doped rGO and gas molecules, so they used UV-light to obtain full resistance recovery of sensing signals. They also investigated the different concentrations (2.5-100 ppm) of NO2 gas by using N-doped rGO and found that minimum detection limit for this sensor is 0.12 ppm. The selectivity of N-doped rGO for NO2 gas at room temperature condition. Recently, Wang et al, reported N doped rGO composites with SnO2 for the detection of 5 ppm NO2 gas with fast response and recovery time without using external UV source at room temperature as compared

to bare SnO2 or N doped rGO. In summary, doping of carbon materials with metal oxide materials proved good materials for the sensing of NOx gas at room temperature conditions. However, available commercial NOx sensor are mainly based on electrochemical principle and operate at low temperatures (
20 to 50C). The detection limit for this type of sensor is 0–250 ppm with response time of few seconds. The calibration of these sensors follows the Nerst law and are well calibrated for the gases to measure and are either linear of logarithmic. Also, only electrochemical based sensor for the detection of NO2 gas is available in market. The NO is a reducing gas and the resistive sensors that measure NO usually are selective to NO2 and O3. Unfortunately they are not very selective to other reducing gases so the manufactures incorporate filters. Therefore, there is a need to design sensors based on unexplored oxides and their combination with other materials (carbon materials) that can compete with existing technology at industrial level in terms of detection limits, operating temperature and durability for NOx sensing.
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(a–b) WO3 based NO and NO2 Gas sensor
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(a) Response of N-doped rGO to the concentration of NO2 gas (2.5–100 ppm). Selectivity of N-doped rGO to NO2 gas among various gases.
1.7.2. COX gas sensor

It is well known that, COX gas doesn't have color, smell and taste, that's it is also known as “silent and invisible killer”. The burning of wood, oil and charcoal especially in inside the homes is main reason of the production of COx in the atmosphere which ultimately cause of Global warming. On the other hand, in outdoor areas there is large spaces for dissipation of COx, therefore it is not so much toxic. The presence of COx gas affect the human health and create many problems such as continue inhaling leads to comma, O2 level in blood and disturb the functioning of heart. Therefore, the detection of COx is important in automobiles and for controlling bio related issues. Nowadays, researchers continually reported different materials and classes of CO2 sensors such as solid electrolyte, mixed oxide capacitors, semiconductor, polymers with carbonate solution. It is observed that, solid electrolyte-type based CO2 gas sensor is widely useful as it shows excellent sensitivity, good selectivity and easy to fabricate with low cost. The first solid state CO2 sensor based on the electrochemical working principal was reported by Gauthier and Chamberland in 1977. They basically used K2CO3 as solid electrolyte which confirmed the usefulness of this sensor, but unfortunately it is difficult to use in practical sense because of difficulties related to use of K2CO3 as solid electrolyte. In last few years, NASICON (Na3Zr2Si2PO12) and LISICON (Li3Zr2Si2PO12) with the combination of auxiliary phase of alkali metal carbonate (Na2CO3 and Li2CO3) are mainly used as active material for CO2 sensing. Obata et al. have reported LISICON based NO2 and CO2 gas sensor at room temperature by combining ITO and auxiliary phase such as Na2NO2 or Li2CO3–BaCO3 with 30% relative humidity. the EMF response with time for ITO- Li2CO3–BaCO3 attached LISICON sensor for different concentrations of CO2 and their relationship with EMF at different operating temperatures. The EMF value of this type sensor can be calculated by using following Nernstian equation E ¼ Eo þ RT F ln PNO2( Here, Eo is constant, R is gas constant, F is faraday constant and T is temperature. This Nernstian equation relate very well for different con- centrations of CO2 gas. NASICON or LISICON sensors are recognized as exhibiting a good linearity to CO2/NO2 gas concentrations. They found that sensitivity of LISICON sensor is not dependent on the operating temperatures as shown in Fig. 9b. In the same manner they reported ITO- Na2CO3 attached LISICON sensor for the NO2 gas and also found that their sensitivity is decreased with increment in temperature. It is observed that only electrochemical based COx gas is available at commercial level to detect ppm concentration of COx. The stability of electrochemical sensor is the main problem for practical useful. The response are observed to chang over time and the sensor needs to be recalibrated again. Manufactures do no provide much information about the drift or stability of this sensor. There are very few companies such as Robot shop of Canada used semiconductor (SnO2) material for detecting 20–2000 ppm concentration of CO at 20-50 \C. However, researchers are using oxide material and their combination with metals for detecting ppm concentrations of COx gas at lab levels. So it is very important for industry to adopt new class of materials including oxide materials and their composites that can compete with existing technology in terms of good stability and operate for long times without need for any re-calibration. Nowadays, researchers have investigated new class of CO gas sensor based on field effect transistor (FET) principal. Nandan et al., havereported Zn-doped In2O3 single nanowire FET sensor for the sensing of 1–5 ppm concentration of different gases (CO, NO and NO2). They observed that Zn-doped In2O3 FET sensor is most sensitive to CO gas at room temperature. The sensing response at room temperature is attributed due to creation defects created and a change in conductivity of the nanowire upon Zn-doping. They observed that the Zn doped In2O3 nanowire sensor was found to be almost three times higher than that of the undoped nanowire sensor. The basic mechanism in FET sensor. The thickness of space charge layer produced due to gas molecules adsorption is few nanometers. Therefore, the size of the conductive channel is comparative to the thickness of the space charge layer in FET.
1.7.3. SOX gas sensor
The oxides of sulfur are produced during coal combustion, burning of fossil fuels and melting of non-ferrous sulphide ores. This gas mainly cause for acid rain that effect the rivers, trees and lakes. Exposure to high levels of gas (>100 ppm) causes destruction of leaf tissue (leaf necrosis) and damage of edges of leaves and the area between leaf veins. It also create health disorder in human beings such as problem in breathing of children, visibility impairment and respiratory disorder in human body. Generally, solid-electrolyte based sensor have been fabricated for sensing SOx gas. These sensors have proved useful for the sensing of SOx gas, but their stability issue is main problem that are associated with it. Commercially, only electrochemical sensor is available for their sensing. The NASICON based sensor is most sensitive for this gas and also remain stable for long time even in highly corrosive atmosphere. Singh et al. have investigated the effect of ZnO nanosphere on zir-conium hydroxid (Zr(OH)4) for the adsorption of NO2 and SO2 gas. They found that chemisorption of both gases replace the some hydroxyl group by studying their photoluminescence and Raman spectra. Abbasi etal [58] have reported density functional theory calculations for Sox sensor using pure and Ndoped ZnO nano particles.
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(a) LISICON based CO2 sensing response under 30% RH at 30 C (b) showing relationship between EMF and different concentrations of CO2 gas at three different temperatures
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(a) LISICON based NO2 sensing response under 30% RH at 30 C (b) showing. relationship between EMF and different concentrations of CO2 gas at three different operating temperature
They observed that N doped ZnO sensor contains more favorable energy than the adsorption on the undoped nano particle, suggesting that the N-doped nanoparticles have a higher sensing capability than the pristine nanoparticles.
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Showing the gas molecules adsorption with the FET based sensor
1.7.4. Other gases

Formaldehyde (HCHO) is an achromatic toxic gas and has a stimulating scent. The short term exposure of HCHO can cause of headache whereas long terms leads to asthma and lungs disorder in human beings. Therefore, the permitted concentrations of HCHO in Korea, Germany, and Netherlands are only 2 ppm and 0.1 ppm, respectively. Castro et al have reported SnO2 nanowires based gaseous formaldehyde sensor and they investigated that addition of Au and Pt nanoparticles enhanced the sensing response and also help in detection of HCHO at low operating temperature. However, CNTs based sensing layer detect a low concentration of formaldehyde (20 ppb) due to high specific surface, electron mobility and hollow geometry. Hydrogen sulfide (H2S) is also a poisonous, flammable and colorless gas and shows the properties of foul odor of rotten eggs at concentrations up to 100 ppm . It is well reported that, Ag doped SnO2 thin film deposited on alumina substrate effectively sense very low concentration (1 ppm) of H2S gas at 70C. Furthermore, the room temperature sensing of 2 ppm concentration of H2S gas is possible by the hybrid structure of the aligned ZnO synthesized on the chemically converted Graphene. This sensor shows good sensitivity at room temperature conditions. The excess emission of pollutants from indoor and outdoor contaminates affect the health and therefore its detection is very important. Inspite of this, the detection of low concentrations of Individual volatile organic compounds (VOCs) like formaldehyde is very challenging. In summaries, the research and fabrication of environmental smart sensors with high sensitivity, good selectivity, reliability, and fast response/low recovery time using advanced technology is necessary. The traditional metal oxide based sensors generally operate at 200–400 is now replacing with 2D/3D materials. In addition, Some commercial sensors are not active well at room temperature. Therefore, scientific community exploring new series of materials such as carbon materials such as CNTs and Graphene because of their low resistance and operating temperature. Also, it needs low power consumption as compared to semiconductors materials.
1.8 Importance of Air Pollution Monitoring System 

Air is one of the most basic and important elements for human being to survive. Clean and Sound air is the key to a good and healthy life. But now days in city life it has become the most threatened factor. Pollution of air has become the most concerned and affected issue now for us. A diversity of air pollutants has known or suspected injurious effects on human health and the atmosphere. In most areas, these toxins are principally the products of combustion from space warming, power generation or from motor vehicle traffic flow. Pollutants from these sources may not only prove a problem in the immediate locality of these sources but can travel long distances. Generally, if someone is young and in a good state of health, moderate air pollution levels are unlikely to have any serious short term effects. However, higher levels and long term exposure to air pollution can lead to more serious symptoms and conditions causing human health. This not only affects the respiratory and inflammatory response systems, but can also lead to more serious conditions such as heart disease and cancer. People with lung or heart situations to be more vulnerable to the effects of air pollution. Air pollution has also been recognized by doctors as one of the world’s greatest 10 killers seeing some 29,000 premature deaths in UK and 430,000 worldwide in one year. Air pollution can cause both short term and long term effects on health and many people are concerned about pollution in the air that they breathe. These people may include:
· People with heart or lung situations, or other breathing problems, whose health to be exaggerated by air pollution.  
· Parents, careers and healthcare professionals who look after someone whose health is sensitive to pollution.  
· People who want to know more about air pollution, its causes, and what they can do to help reduce it. 
Monitoring air quality is essential for local authorities as well as for major public and private industries to understand and prevent air pollution and measure emission sources, in order to reserve health and donate to the fight against the greenhouse influence. Industrial operatives use air quality monitoring apparatus to cost effectively monitor and manage emanations on their perimeter, which helps them recover relationships with controllers and communities. With air quality rule shifting the burden from publicly funded monitoring to observing funded by industry, it has been progressively important for businesses to obtain their individual quality monitoring equipment. To get the best results from the environment about the pollution level of air, toxicity and harmfulness for human, air quality monitoring device is vastly used. An air quality monitor is an expedient that actions the level of common air toxins. Displays are available for both indoor and outdoor locations. Indoor air quality monitors are naturally sensor based tools. Some of them are able to quantity ppb levels and come as either varied gas or moveable units. Sensor based tools and air quality monitoring systems are used widely in outdoor ambient claims.

CHAPTER 2
LITERATURE SURVEY

1. “FROM SURVEILLANCE TO DIGITAL TWIN: CHALLENGES AND RECENT ADVANCES OF SIGNAL PROCESSING FOR INDUSTRIAL INTERNET OF THINGS” HE, Y.,GUO. J.,& ZHENG,X.
With the recent advances in the Internet of Things (IoT), the significance of information technologies to modern industry is upgraded from purely providing surveillancecentric functions to building a comprehensive information framework of the industrial processes. Innovative techniques and concepts emerge under such circumstances, e.g., digital twin, which essentially involves data acquisition, human– machine-product interconnection, knowledge discovery and generation, and intelligent control, etc. Signal processing techniques are crucial to the aforementioned procedures but face unprecedented challenges when they are applied in the complex industrial environments. In this article, we survey the promising industrial applications of IoT technologies and discuss the challenges and recent advances in this area. We also share our early experience with Pavatar, a real-world industrial IoT system that enables comprehensive surveillance and remote diagnosis for ultrahigh-voltage converter station (UHVCS). With the prosperity of various embedded sensors, low-power wireless communications, and efficient signal processing techniques, the IoT has achieved explosive development and proliferation in recent years. The IoT offers opportunities to bridge the physical world and cyberspace, enabling fine-grained sensing of objects and environments, continuous data gathering, comprehensive information fusion, deep analysis, and real-time feedback or control over the connected targets. According to Gartner’s report, there are approximately 8 billion connected things providing smart services in our daily life, for example, in assisted living, building surveillance, traffic control, and environment monitoring, etc. The ever-developing IoT attracts the interest of both industry and academia. Technology giants have already taken their steps. Huawei, one of the world’s largest telecom equipment makers, has devoted itself to standardizing the narrow-band IoT (NBIoT) as the next generation of low-power wide-area networks to fulfill its long-term strategy for building a better-connected world. Due to the prosperity of IoT techniques in the past few years, digital twin has recently gained extensive attention. Digital twin represents a dynamic digital replica of physical assets, processes, and systems, which comprehensively monitors their whole life cycle. The backbone technology of digital twin is the IoT for realtime and multisource data collection. In addition, it integrates artificial intelligence and software analytics to create digital simulation models that dynamically update and change along with their physical counterparts. With digital twin, we can not only better understand and predict the performance of machines and systems, but also optimize business operations for equipment suppliers and consumers.
DRAWBACKS
· The problem of the precision degradation caused by the phenomenon of the antenna polarization when the orientation of a RFID tag changes.
· Fault detection is an event classification problem that classifies a short time series data from multiple sources into normality or particular faults. 

· Globally connected UHVCSs are expected to construct the backbone of the Global Energy Internet (GEI), which is deemed to alleviate energy problems such as the exhaustion of fossil fuel, environmental pollution, and supply–demand imbalance.
2. “WEB BASED AIR POLLUTION MONITORIING SYSTEM” SHILPA R. KHODVE, A.N. KULKARNI, 

Sensors like temperature, smoke, CO, NO are interfaced with microcontroller for the environmental monitoring air pollution. All the parameters of the sensors are displayed on the LCD. All the values are sent to the nearby mobile using Bluetooth. At the mobile android web page is designed to show the All parameters worldwide .these values are display on the mobile window as well as worldwide mobile so that PC Data will be viewed by the any engineer from any end of the world by this system. this system will have one more facility as all the values are sent by microcontroller to the Mobile. Mobile application will note down the coordinates of the area with sensor values stored in the form of database and Person will be able to view the sensor vise air pollution area wise due to the GPS facility. An air pollutant is a substance in the air that can have adverse effects on humans and the ecosystem. The substance can be solid particles, liquid droplets, or gases. A pollutant can be of natural origin or man-made. Pollutants are classified as primary or secondary. Primary pollutants are usually produced from a process, such as ash from a volcanic eruption. Other examples include carbon monoxide gas from motor vehicle exhaust, or the sulfur dioxide released from factories. Secondary pollutants are not emitted directly. Rather, they form in the air when primary pollutants react or interact. Ground level ozone is a prominent example of a secondary pollutant. Pollutants are either emitted directly or formed from other primary pollutants. A wireless sensor network (WSN) is an infrastructure comprised of sensing, computing and communication elements that allows the administrator to monitor & control of the specified parameters in the network. Typical application of WSN includes data collection, monitoring, surveillance & medical telemedicine. It is also used in irrigation system, Greenhouses for monitoring & controlling parameters like water flow, temp, humidity, moisture, etc. The system utilizes city buses to collect pollutant gases such as CO, N, smoke and temperature. The data shows the pollutant levels and their to local air quality standards. Here successfully design the android web server which shows the real time air pollution data /air pollutants on web page which can be accessible from anywhere in the world so, here have designed circuit which takes corrective action on the increase of air pollution on the particular threshold value.
DRAWBACKS

· This is one of the causes for concern over the environmental impact of the use of these fuels as power sources.
· They can be seen as a brown haze dome above or a plume downwind of cities. Nitrogen dioxide is a chemical compound with the formula NO2.
3.“IOT ENABLED AIR QUALITY MONITORING SYSTEM (AQMS) USING RASPBERRY PI” BALASUBRAMANIYAN, C., AND D.MANIVANNAN. 
Air pollution due to vehicular and industrial emission has become menace to the living beings. Due to this menace both indoor and outdoor air quality monitoring in real time has become mandatory. The evolution of Internet of Things (IoT) and Single Board Computers (SBC) has made real time remote monitoring as a ubiquitous process. Remote monitoring was facilitiated using classical motes in the past, which has some pitfalls like limited memory, processsing speed and complex programming strategies. This paper portrays the usage of SBC for integration of IoT with WSN for Air Quality Monitoring System (AQMS), where SBC are capable of performing even complex task with enhanced speed and reduced complexity. The integration of cloud services with SBC makes alerting process smart and realtime. With the review and realizing of immense literature in the field of WSN for air quality management, the design of sensor web node becomes essential. The evolution of SBC adds merit towards monitoring and measuring of the critical factors in centralized Air Quality Monitoring System (AQMS) in any plant. Sensor web node is proposed with commercial gas sensors for detecting the gases like CO, CO2 , NH3 and NOx to monitor both indoor and outdoor air quality. The observed results are properly evaluated using ThingSpeak open source IoT platform. The integration of open source cloud services for SBC in this proposed prototype model confirms low cost, comfort, convenience and rapid prototyping for flexible AQMS. Environmental pollution due to various emissions are the fatal threat to the world. It has been reported recently from1 , that India is rapidly becoming vulnerable to air pollution. Even though there has been lot of restrictions by the government for various emissions, it requires a rapid monitoring system to take effective swift action. In this context, integration of WSN with gas sensors will provide effective solution to observe, monitor and control the diverse critical units in AQMS. Central pollution control board has been working on reducing the pollution level and ordained the methodology for monitoring the air quality index1 , but increase in the number of vehicles and huge number of industries in cities has led to the serious problem of air quality deterioration. One of the main reason for global warming is carbon dioxide emission into the atmosphere. There are several traditional methods espoused for monitoring the emissions2 , 1. Fossil fuel estimation and accounting raw material consumption, 2. CO2 flux measurement in air using IR radiation and 3. Development of wireless sensor node and deployment of Wireless Sensor Networks based on the coverage area and scalability issues. A WSN with 100 CO2 sensing nodes was proposed in3 where collection tree strategy is as routing protocol and G-GSTWH algorithm is used for optimal node placement. Monitoring of air pollution due to vehiclur emissions is proposed4 which is a peer-to-peer and grid architecture with two layer network framework is used for processing and ultraviolet radiations are used for detecting the pollutant gases. Most of the early work in air pollution monitoring has been reported using sampling and analysis techniques. WSN based monitoring techniques were also reported, but the online remote and mobile monitoring and alerting process demands additional sophisticated infrastructure like an additional device gateway for collecting data from all nodes and requires additional memory for data analytics. But integration of IoT enabled centralised monitoring system will be more effective than existing methods.
DRAWBACKS
· Central pollution control board has been working on reducing the pollution level and ordained the methodology for monitoring the air quality, but increase in the number of vehicles and huge number of industries in cities has led to the serious problem of air quality deterioration.
· Development of wireless sensor node and deployment of Wireless Sensor Networks based on the coverage area and scalability issues.
4. “REAL TIME AMBIENT AIR QUALITY MONITORING SYSTEM USING SENSOR TECHNOLOGY” JYOTI SHARMA, SIBY JOHN,

Monitoring of air pollution using traditional methods is very expensive and time consuming work. The major pollutants in ambient air are carbon monoxide, nitrogen oxides, hydrocarbons and particulate matter. Sensor technology has emerged as a cost effective, easy and fast method for monitoring ambient air quality. In this paper, a review of the studies conducted using sensor technologies are presented and a sensor based monitoring system for real time monitoring of ambient air quality and management is proposed. These pollutants affect human health as well as environment. Therefore, air pollution monitoring is necessary to keep a check on the concentration of these pollutants in ambient air. Conventionally, air pollution monitoring is done by using High Volume Sampler, portable multigas monitors and gas chromatography. But all these practices involve use of stationary and expensive monitors. Further, high cost, large size and maintenance cost made them unfavorable for monitoring applications on large scale. In this light; a complimentary solution can be the use of sensor technology for air pollution monitoring. Sensor technology has applications in various fields such as environmental monitoring, indoor climate control, surveillance, medical diagnostics, disaster management, emergency response, and gathering sensing information in inhospitable locations. Sensor technology has allowed the creation of low-cost air pollutant monitoring systems, with reduced installation costs, quick and easy configuration, and suitable for mass deployment and implementation in real environment in contrast with the conventional air quality monitoring (Chandrasekaran et al., 2013). Several studies suggested different kind of sensors for air pollution monitoring like solid state sensors, semiconductor sensors and laser sensors.
DRAWBACKS
· Air pollution is a major problem in urban centers as well as rural set-up.
· The major pollutants of concern are primarily carbon monoxide, nitrogen oxides, hydrocarbons and particulate matter (PM10, PM2.5). Ozone, PAN and PBN are other secondary pollutants generated as a result of the photochemical reactions of the primary pollutants.
2.1 EXISTING SYSTEM

· There exist extensive activities causing pollution in industrial manufacturing factory. 

· A system is used through which the level of sound and the existence of the harmful gases in the surroundings area can be detected.

· Industry should take on new class of materials including oxide materials and their composites that can rival existing innovation regarding great strength and work for significant time frames without need for any re-alignment. 

2.1.1 Disadvantages of existing system
· An optical sensor is coordinated to the framework so it can empower the client to assess the thickness level of particulate issues progressively.

· In such large scale sensor deployment, there are data collection, data management, connection, and power consumption issues.

· Air quality is a major concern nowadays that requires monitoring of several parameters responsible for this problem. Beside industry's positive effects, industries have negative impacts; one of it is the industrial harmful pollution outputs that affect both the world climate and the local production environments.

2.2 PROPOSED SYSTEM
· A solution for monitoring the noise and air pollution levels in industrial environment or particular area of interest using embedded computing system is proposed.

· When the gas concentration reaches the threshold values used in the program then it will send an sms alert to the user, so the user will be aware of the situation and takes necessary action to prevent the damage.

· The toxic gases are forming in chemical industries, drainage, food wastes, and unused wells, vehicles etc.

2.2.1 Advantages of proposed system

· All these parameters of environment are essential to monitor so that efficiency of industries will be increased.

· This work is focused on, utilizing the interdisciplinary advances in different engineering fields, to suggest a new design form with modified capabilities of an efficient, real time, reliable and realizable, at low cost, industrial environment monitoring system.

· An efficient environmental monitoring system is required to monitor and assess the conditions just in case of exceeding the prescribed level of parameters (e.g., noise, CO and radiation levels).

2.3 FEASIBILITY STUDY
The feasibility of the project is analyzed in this phase and business proposal is put forth with a very general plan for the project and some cost estimates. During system analysis the feasibility study of the proposed system is to be carried out. This is to ensure that the proposed system is not a burden to the company.  For feasibility analysis, some understanding of the major requirements for the system is essential.

Three key considerations involved in the feasibility analysis are:

· Economical feasibility

· Technical feasibility

· Operational feasibility

2.3.1 Economical Feasibility
This study is carried out to check the economic impact that the system will have on the organization.  The  amount  of  fund  that  the  company  can  pour  into  the  research  and development of the system is limited. The expenditures must be justified. Thus the developed system as well within the budget and this was achieved because most of the technologies used are freely available. Only the customized products had to be purchased.

The economic feasibility based on the terms of:

· Time

· Cost

· Man power

2.3.2 Technical Feasibility
This study is carried out to check the technical feasibility, that is, the technical requirements of the system. Any system developed must not have a high demand on the available technical resources. This will lead to high demands on the available technical resources. This will lead to high demands being placed on the client. The developed system must have a modest requirement, as only minimal or null changes are required for implementing this system.

2.3.3 Operational Feasibility
The aspect of study is to check the level of acceptance of the system by the user. This includes the process of training the user to use the system efficiently. The user must not feel threatened by the system, instead must accept it as a necessity. The level of acceptance by the users solely depends on the methods that are employed to educate the user about the system and to make him familiar with it. His level of confidence must be raised so that he is also able to make some constructive criticism, which is welcomed, as he is the final user of the system.

CHAPTER 3
SYSTEM SPCIFICATION
3.1 HARDWARE REQUIREMENTS:
· Node MCU 
· MQ6 sensor
· Temperature Sensor  
· Humidity Sensor 
· LCD Display 
· Buzzer alarm

· Website
3.1.1 HARDWARE WORKING
Node MCU:

Node MCU is an open-source platform based on ESP8266 which can connect objects and let data transfer using the Wi-Fi protocol. It includes firmware which runs on the ESP8266 Wi-Fi SoC from Expressive Systems, and hardware which is based on the ESP-12module. The term "NodeMCU" by default refers to the firmware rather than the dev kits. The firmware uses the Lua scripting language. The programming code is being written for ESP8266 Wi-Fi chip using Arduino IDE, for which installation of ESP8266 library is required. We designed to make working with this chip super easy and a lot of fun. We took a certified module with an onboard antenna, and plenty of pins, and soldered it onto our designed breakout PCBs. While this chip has been very popular, it’s also been very difficult to use. Most of the low-cost modules. NodeMCU is a digital microcontroller based upon system on chip (SoC) technology to develop IoT applications (NodeMcu, 2019). It contains an onboard WIFI system for communication of data and other supporting libraries. MCU refers to the Micro Controller Unit. It provides the facility of analyzing, controlling, and monitoring of digital systems.
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NODE MCU
MQ6 SENSOR 

MQ-6 sensor is a simple-to-use liquefied petroleum gas (LPG) sensor, suitable for sensing LPG (composed of mostly propane and butane) concentrations in the air. The MQ-6 can detect gas concentrations anywhere from 200 to 10000ppm.
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MQ6 SENSOR
Temperature Sensor:
A temperature sensor is a device used to measure temperature. This can be air temperature, liquid temperature or the temperature of solid matter. The DS18B20 is a single wire temperature sensor to sense the real-time temperature. It requires only a single data line to communicate with an integrated device. The LM35 is precision integrated-circuit temperature sensor, whose output voltage is linearly proportional to the Celsius (Centigrade) temperature. It can be used with single power supplies, or with plus and minus supplies.
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Temperature sensor
HUMIDITY SENSOR

The humidity sensor is of capacitive type, comprising on chip signal conditioner. However, it is mounted on the PCB, which also consists of other stages employed to make sensor rather smarter. The PCB consists of CMOS timers to pulse the sensor to provide output voltage.
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HUMIDITY SENSOR
LCD Display: 
The LCD (Liquid Crystal Display) is a type of display that uses liquid crystals for its operation.  Here, we will accept the serial input from the computer and upload the sketch to the Node MCU.  The characters will be displayed on the LCD. LEDs have a large and varying set of use cases for consumers and businesses, as they can be commonly found in smartphones, televisions, computer monitors and instrument panels.
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LCD DISPLAY

BUZZER ALARM

A buzzer or beeper is an audio signaling device, which may be mechanical, electromechanical, or piezoelectric. Typical uses of buzzers and beepers include alarm devices, timers, and confirmation of user input such as a mouse click or keystroke.
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BUZZER ALARM

3.2  SOFTWARE REQUIREMENTS:
· Operating System : Windows 10
· Language              : Arduino UNO C++
CHAPTER 4
SYSTEM DESIGN AND DEVELOPEMENT

DATA FLOW DIAGRAM
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CHAPTER 5
TESTING AND IMPLEMENTATION

5.1 TESTING

 Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one.

 5.1.1Unit Testing


Unit testing comprises the set of tests performed by an individual programmer prior to integration of the unit into a larger system. The module interface is tested to ensure that information properly flows into and out of the program unit. The local data structure is examined to ensure that data stored temporarily maintains its integrity during all steps in an algorithm’s execution. Boundary conditions are tested to ensure that the module operates properly at boundaries established to limit or restrict processing. All independent paths through the control structure are tested. All error-handling paths are tested.

5.1.2 Block Box Testing

Black-box testing is a method of software testing that examines the functionality of an application without peering into its internal structures or workings. This method of test can be applied virtually to every level of software testing: unit, integration, system and acceptance. It is sometimes referred to as specification-based testing.

5.2 SYSTEM IMPLEMENTATION
Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one. 

CHAPTER 6

RESULT AND DISCUSSION 
All the sensors as per the bock diagram are connected to Node MCU through HC4051 multiplexer as shown in the below Figure
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Implemented model for Environmental Surveillance in Industries
When the power supply is given to the system, all the sensors will continuously monitor the environment, parameters of environment like temperature,Humidity, Dust concentration and light intensity can be monitored through MIT app as shown in the Figure. 

As per the designed system SMS alerts to the user will be sent when
· Temperature is above 25°C and Humidity is less than 10 grams per cubic meter.  

· Dust particles size are of less than 10 µg/m3 in the air

· Light intensity in the room is less than 250 lux.

· When any object or intruder is detected

· During Fire detection

· If presence of Smoke, natural gas and LPG gases are detected in air.
Hence when variation occurs in the parameters of the environment than threshold or any gas detection occurs, then it will send message to user as shown in Figure.
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SMS received by user regarding environmental parameters , App for Environmental monitoring
Designed system also provides cloud storage facility as well through Thing Speak by that supporting real time data analysis. Sensors data will be uploaded to thing speak cloud as shown in the Figure. So that Data stored in the cloud can be utilized for analyzing purpose on timely basis.
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Thing Speak results part -1
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Thing Speak results part-2
CHAPTER-7

CONCLUSION
CONCLUSION
Environment monitoring with alerting system for an industry is designed, which is a low power, low cost, efficient model for real-time surveillance purpose. This system completely avoids the manual intervention by facilitating monitoring and alerting action in order to fulfill environmental surveillance. This system can be implemented to various industries based on application. It has manyfunctionalities like detection of fire, dust, smoke and intruders along with gas detection facility and weather forecasting.This system is very handy and reliable solution to user by which it is avoiding complexity in installing and maintaining. Data can be visualized at any time through the app and cloud storage. Implementation of this system to industries will improve the environmental surveillance in an exponential manner.
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