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Abstract: The application of artificial intelligence in thermal power plants is discussed. Digital image processing, fuzzy logic and time-
series analysis are often employed to conduct the diagnosis of the combustion in the furnaces in thermal power plants. The connection
between radiation heat transfer and digital image processing makes the accurate visualization of the temperature of the flame of the
combustion possible, and rich information on combustion can be obtained from the texture of the flame images. Fuzzy logic provides a
mathematical framework to measure the situation where uncertainty exists, and it takes the best possible decision based on the input
information. Time series analysis gives a qualitative way to measure the recorded historical data of the textures of the flame images and

it can be used to predict the future trend of the combustion.
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1. Introduction

The employment of advanced diagnosis systems to
diagnose the combustion in the furnaces in thermal power
plants is crucial to optimize the supply of fuel and oxygen,
save energy, and enhance the safety of the thermal power
plants. Artificial intelligence has been widely used in
industry [1-3]. A system based on artificial intelligence is

very sensitive to the change of its environment and can
timely maximize its chance to achieve its goals with
minimum cost. Research on combustion and flame [4-
9]plays an important role in optimizing energy utilization
in thermal power plants. Combustion diagnosis based on
flame image processing is a convincing example that
artificial intelligence can be successfully applied to
improve the performance of thermal power plants.
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Figure 1: The configuration of combustion flame image processing system

In Figure 1, it shows the configuration of the combustion
diagnosis system based on flame image processing
technology. A CCD camera is employed to capture the
flame images and transfer it into the computer. A

computer program is used to conduct the flame image
processing and extract the textures of the flame images to
realize the classification of the combustion conditions such
as oxygen-rich, oxygen-lean, and stoichiometric. Finally,
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the signal of the combustion state is sent to the distributed
control system of the power plant to optimize the control
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strategy.
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Figure 2: The interface of the computer software of combustion flame image processing system

In Figure 2, the interface of the computer software foe the
combustion diagnosis is shown. The contents include
original flame image, temperature distribution inside the
flame, the radiant energy of the flame, and the combustion
state. The textures [10] of the images usually include the
average values of the pixels, the standard deviation of the
values of the pixels, the skewness of the values of the
pixels, the Shannon entropy of the values of the pixels, and
the threshold value based on Otsu’s method which is used
to separate the region of the flame and the region of the
background. The time-series [11] data of these textures is
stored to be analyzed to find some patterns of the change
of the combustion state. And the judgement of the
combustion state is often based on fuzzy logic [10]. The
typical membership functions include the triangular,
trapezoidal, piecewise linear, Gaussian, and Singleton.

The principle of calculating the flame temperature based
on flame image is introduced below. The wavelength and
temperature concerned in the study of coal combustion
range from 300nm to 1000nm and from 800K to 2500K,
respectively. Within these ranges, Planck’s law can be
replaced by Wien’s law [12] :

C C
E(A,T)=¢,—exp(——= 1
(AWD)=z o2
Where E(A,T) is the monochromatic exitance, T is the

absolute temperature, €, is monochromatic emissivity, A4

is the wavelength of the radiation, C; and C, are the first
and second Plank’s constants.

Considering a radiation point with temperature of T
emitting a red monochromatic light with wavelength /1R ,

monochromatic exitance E(A;,T) , monochromatic
emissivity of £, and a green monochromatic light with
wavelength A; , monochromatic exitance E(Ag,T) ,

monochromatic emissivity of &, ; .

According to Wien’s law:
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Dividing Eq(2) by Eq(3) results in:
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Rearranging Eq. 4 yields the temperature of the radiation
point:

T =C2(i—i)/ In e jn EeT) +|n(ﬁj
S g6  ET) |4
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In flame image processing, a fundamental assumption is
that each pixel of a color flame picture can be considered a
radiation point, which emits three kinds of monochromatic
lights (that are Red, Green and Blue monochromatic
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lights).

There are large numbers of pixels in a color flame image.
Each of the pixels, with 256 grey levels (0-255), has three
components: R, G, B (R is the red component (0-255), G is
the green component (0-255), B is the blue component (0-
255)).

In the coal combustion flame study, it can be considered
that R is proportional to red monochromatic light radiant
energy at its representative wavelength of 600 nm, G is
proportional to green monochromatic light radiant energy
at its representative wavelength of 525 nm, and B is
proportional to blue monochromatic light radiant energy of
at its representative wavelength of 455 nm.

So, for an optional pixel of a color flame picture, its
corresponding temperature T(pixel) can be calculated

1 1

T (pixel) = 0.0014387(5 —

25x107° 600x107*°

It is known from Eq (6) that flame temperature field can be
obtained after calculating all values of the temperatures
corresponding to all pixels.
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