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ABSTRACT 
    Combustion efficiency has vital importance in minimising emissions of flue gases in power 

station boilers. When sufficient quantities of fuel and air are combined in the correct proportion 

under acceptable temperature conditions, full combustion will occur. The monitoring process is 

achieved by image of the flame and MATLAB. Median filters are used without any noise to acquire 

images. A non-linear digital filtering technique is the median filter. The image input is transformed 

into a grey image scale. Pictures of this type consist entirely of shades of grey, ranging from black 

at the lowest intensity to white at the maximum intensity. Afterwards the grey image is filtered and 

masked. Following image processing, the temperature is collected. The PIC microcontroller that 

takes the appropriate action is given this temperature. 
 

    KEYWORDS: Digital image processing, MATLAB simulation, Combustion quality, Internet of 

Things, PIC Microcontroller. 

 

1. INTRODUCTION 

    The current system uses an infrared camera to capture the flame image The traditional power 

plant uses different physical sensors to track the different boiler parameters, such as the sensors 

for temperature, pressure and level, and thus to regulate the boiler parameters. Using a picture, the 

Boiler Flame image is filmed[1]. Including various activities such as image segmentation, noise 

filtering, then fed to a robotic arm which regulates the pulverizes, and thus the strength of the 

flame, corresponding to the input. One of the drawbacks of the current system is the mechanical 

wear and tear of the robotic arm[4]. The picture is taken by means of a camera in our system. To 

obtain the temperature, this image is digitally processed. The temperature values are forwarded to 

the microcontroller of the PIC. A WI-FI module(ESP 8266) is mounted to the microcontroller. The 

motor driver is given the output of the microcontroller[2]. To power the engine, the engine driver 

is used[7,9].The motor driver allows motor computer control. The motor can be rotated either in 

the clockwise or anti-clockwise direction as necessary[3]. To ensure full combustion, the motor is 

used to control the air flow, thus preserving the air fuel ratio as shown in Figure1. 

Vol 40, 2020

2232

Tierärztliche Praxis

ISSN: 0303-6286

mailto:sbreddy9999@gmail.com


 

Figure 1. Block diagram of flame monitoring and controlling using Digital image 
Processing 

 

     Coal is pulverised in the pulverizer in this general block diagram. The produced steam is 

supplied to produce electricity [5,6]. It's the usual procedure here. But a camera takes the image of 

the flame in the steam generator and the image is stored digitally on a Computer to monitor the 

conditions of the flame[8]. For remotely controlled operation, the parameters from the PIC 

microcontroller are transmitted via Wi-Fi and the data finally shown on our smartphones[10,11]. 

 

2. MATERIALS AND METHODS 

2.1 THERMAL POWER PLANT 

     In both developed and developing nations, thermal power plants are one of the important source 

of power supply[12]. Numerous fuel sources (coal, natural gas, naptha, etc) are responsible for the 

difference in the thermal power stations. A coal, oil or natural gas boiler is used in a thermal power 

plant to heat the boiler to turn the water in to steam. In fact, more than half of the world's electricity 

is produced by using coal as the primary fuel[14]. 
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    Figure 2. Basic layout of a thermal power plant 

 

     The purpose of a coal-fired thermal power station is to be converted coal-fired energy into 

electricity[13]. Coal power plants operate by taking multiple measures to transform coal stored 

energy to the available energy that we use in our home drives our lights, computers, and even our 

homes back to heat.Firstly, from a water supply, water is taken into the boiler. With the help of 

gas, the boiler is heated. In the transformation of water into steam, the rise in temperature assists. 

Through a steam turbine, the steam produced by the boiler is sent. As high velocity steam flows 

through them the turbine has blades that are used for rotation. This rotation of the turbine blades 

is used for electricity generation[15,16,17]. The steam turbine has a generator attached to it. 

Electricity is produced and supplied as an output by the generator when the turbine spins, which 

is then supplied to consumers via high-voltage power lines[20]. There are other kinds of energy 

tools that are used to produce electricity, aside from thermal power plants. Figure 2 shows the 

operation of thermal power plant.Hydroelectricity, solar power, wind power, nuclear power, etc 

are different types of energy sources[18,19]. 

 

2.2 GAS TURBINE POWER PLANT 

 

Figure 3. Basic layout of Gas turbine power plant 
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     A combustion engine, also called an electricity-generating turbine, is a type of combustion 

process. It has an outward moving compressor and a combustion chamber, called a combustor, 

attached to a downward rotor. The fundamental operation of the gas turbine is the same as that of 

the steam engine, with exception of the working fluid being air instead of water. A compressor 

flows fresh ambient air, which takes it to higher pressure[21]. Through injecting and igniting fuel 

into the air, heat is then applied to create a high temperature flow created by combustion. In order 

to achieve a shaft work output in the process, this high-temperature and high pressure gas reaches 

a turbine where it goes down to the pressure exhaust. Task on the turbine shaft shall be used to 

turn the turbine and other equipment that can be connected to the shaft, like an electric motor. In 

the exhaust gases, the energy that isn't needed for the working of the shaft moves out, so they Need 

either an extreme temperatures or a high speed. The function of the gas turbine defines the design 

so that it maximizes the most suitable type of energy. To power aircraft, trains, cars, electric 

generators, and tanks, gas turbines are used.  

 

     Four thermodynamic processes are performed on gases in an ideal gas turbine. Heat is added 

and the specific volume of the gas rises in the combustion chamber, accompanied by a small loss 

of pressure. Irreversible energy transfer happens again via the stator and rotor passages in the 

turbine during expansion. Fresh air is brought in because of heat rejection. Where a gas turbine is 

connected to the engine to operate an electric compressor. In order to provide a jet for propelling 

a plane, the gases are accelerated with high pressure. To attain the expected turbine blades speed, 

the smaller the turbine, the higher the rotating rate of the shaft(s) must be. The optimum pressure 

ratios that the turbine and compressor can attain are dictated by the speed of the blade tip, which 

basically limits the total strength and performance that the engine can achieve. Large jet engines, 

for instance, run at Around 10,000 rpm, and as high as 500,000 rpm, micro turbines spin. Gas 

turbines can mechanically be made substantially less technical than generators for internal 

combustion pistons. Turbines with other rotating parts in fuel system could have important moving 

component, the turbine rotor assembly/compressor/shaft. Anyhow the manufacturing accuracy 

needed for high performance temperature-resistant and parts alloys also make it harder than a 

piston engine to create a basic gas turbine shown in Figure 3. A crucial feature of construction is 

thrust bearings and journal bearings. There are oil rolling-element bearings or hydrodynamic 

bearings that are oil-cooled. In certain small devices, such as micro turbines, foil bearings are used 

and also have a good capability for small gas turbine/auxiliary power station applications. 

 

2.3 DIGITAL SIGNAL PROCESSING  
     Digital image processing requires the use of even more complex algorithms and can therefore 

give both advanced efficiency for basic tasks and methods that would be difficult to implement by 

analogue mean. Digital image processing, in particular, is a realistic technology for Classifying, 

Extraction of Function, Analysis of multi-scale signals, Recognition of Pattern, Forecast. Such 

methods that are used in processing digital images include Diffusion with anisotropy, Markov 

Models Secret, Editing photos, Restoration of image, Independent analytic of components, Linear 

Filtration, Networks of the Neural, Differential Partial Equations, Pixelating, Analysis of primary 

components, Maps Self-organizing, Wavelets. 
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2.4 FLAME IMAGE SEGMENTATION 

     Picture extraction is a mechanism in which digital image is distributed in many places. Aim of 

extraction to shorten and alter an image's representation into something that is more relevant and 

easier to analyse. To detect objects and boundaries, image segmentation is naturally used. There 

are often two types of region and edge-based segmentation, it is typically used in images 

segmentation to detect objects and boundaries. Edge segmentation is used at the borders of the 

region to sharpen the change in strength. The edge features and the current image are described 

and assessed. The Sobel operator is used for finding edge of an image. Since it is quick to control 

and it can be uploaded in a matter of seconds, digital image processing is used. Analysis of flame 

image processing flowchart is shown in Figure 4. 

 

 

Figure 4. Flow chart of Image processing for Analysis of flame image 

 

     IoT is the interconnection between physical devices, and other objects embedded with electronics, 

software, sensors, actuators, and communications systems that allow these objects to capture and 

exchange data. IoT allows objects to be detected or operated dynamically through current network 

systems, providing ways to incorporate the real world more deeply with computer-based systems and, 

in addition to reduced human intervention, improving efficiency, precision and economic benefit. As 

IoT is enhanced with sensors and actuators, which also incorporates innovations such as smart grids, 

home automation, automated mobility and green infrastructure, the module is an example of the more 

devices. In our paper IoT gives the information about Air, fuel ratio of combustion chamber and 

modifies it accordingly. 
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3. RESULTS AND DISCUSSION 

 

 

Figure 5a. Input Flame image                           Figure 5b. Grey scale image 

 

     Figure 5a is showing input image and Figure 5b is a grey scale picture in which the value of 

each pixel only carries information about the intensity. Pictures of this type consist entirely of 

shades of grey, ranging from black at the lowest intensity to white at the maximum intensity. 

 

 
                 Figure 6a. Filtered image                              Figure 6b. Mask image  
 

     The filtered picture is shown in Figure 6a and Figure 6b shows a masked image, where masking 

is carried out to render the unwanted objects unrecognisable. 
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Figure 7. HARDWARE KIT WITH MATLAB CODE 
 

 

HARDWARE SPECIFICATION 

 

• ESP8266 – 3.3V 

• TTL- 5V 

• PIC  - 5.5V 

• M0TOR DRIVER 15V, 600mA 

• 230 V AC Supply is the input 

 

     For controlling the voltage levels of the controller and WiFi module, the T.T.L is used. Main 

work of this paper is to track the output of the flame in the furnace of the power plant by means of 

a camera image capture technique and Picture processing using digital imaging technologies, i.e. 

Image splitting techniques with MATLAB code on a laptop. To obtain the flame characteristics 

and to connect the laptop with the Wi-Fi powered PIC controller. Get the temperature values on a 

smart phone on a constantly updated web page. Monitor the different parameters of the flame in 

order to improve efficiency and minimise emissions as shown in Figure 7. 

 

4. CONCLUSION 
 

    This paper aims to design, simulate and assemble a monitoring and control unit based on a 

microcontroller so that the temperature in the power plant is controlled. Continuous monitoring of 

the power plant is important and thus the proposed system automatically monitors the power plant 

without human interference and takes the necessary control. The temperature on a website that is 

accessed via an IP address is modified. This allows the temperature to be controlled from a distant 

position. Here, optical picture processing is used. Using MATLAB, the whole code 

implementation is completed. 
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