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Abstract: To control the secondary atmosphere pollution produced by exhaust gas in 
process of garbage incineration, the paper presented a sort of intelligence fusion 
control strategy in city garbage incineration. In the paper, aimed at the running 
properties of garbage incinerator and combined the mechanism of garbage combustion 
and contamination generation, it studied the characteristic of controlled combustion 
process, proposed a sort of fusion control strategy based on human simulated 
intelligence for controlled process, constructed the corresponding control algorithm. 
Finally it took a two order model of combustion process with large lag as an example 
that is very nearly similar to controlled process characteristic of garbage incineration, 
and made the contrast experiment of digital simulation respectively by the Smith’ 
optimal controller and the presented fusion control algorithm by means of the platform 
of MATLAB. The response curve of simulation shows that the fusion control algorithm 
is better than by Smith’ optimal controller in control effect of anti-jamming 
performance and control index obviously. The experiment results show that the 
proposed fusion control strategy is reasonable, feasible and effective for secondary 
pollution control, and it is high in control precision, better in dynamical and steady 
quality, and very strong in robustness. 
 
Keywords: Garbage incinerator, Combustion stability, Fusion control strategy, Human 
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1. Introduction 
 
With the speed up development of urbanization, the city life garbage has been 
becoming globally harmful to public society because of the environmental pollution 
caused by improper handling. It is threatening the people's survival environment, and 
seriously affects the people's physical and mental health and quality of life. Because the 
garbage incineration is more propitious to volume reduction, harmlessness and 



Volume 4 Issue 5 2017 

433 

resource utilization of the garbage to achieve the goal, and therefore the garbage 
incineration power generation is a wise choice. But in addition to the above goal of 
incineration mentioned, it is also the more important things to consider the exhaust gas 
treatment, and effectively control secondary pollution and waste water treatment in 
process of garbage incineration. [1-4] Here it takes secondary pollution control of 
exhaust gas in process of garbage incineration for Chongqing garbage power plant in 
China as an example, and explores the related control puzzles. 
 
2. Garbage incineration and pollution control Secondary pollution source of 

incineration 
 
In the process of garbage incineration treatment, it lurks the following secondary 
pollution source. 

① The gas pollution source formed by exhaust gas in incineration process. 

② The dust collected by incineration residues and exhaust gas purification system 

and the solid pollution source formed by resultant of reaction. 

③ The liquid pollution sources formed by percolating water treatment during 

garbage storage. 

④ The gas pollution sources with special odor emanated by garbage. 

⑤ The source of noise pollution in garbage incineration plant. 

From the above, it can be seen that the key factor of prevention and control for 
secondary pollution is how to make the treatment of combustion exhaust gas. If it only 
takes the dispose of garbage into consideration, and ignores the prevention and control 
for secondary pollution produced by garbage incineration, then the grave 
consequences resulted in secondary pollution of the incineration is much more than the 
harm of garbage incineration itself is afflicted to the human. 

The common air pollutants in exhaust gas of garbage incineration are mainly the 

following.① Particulate pollutants, fly ash, inorganic salt particles and the carbon 

particles and soot of not complete combustion.② Acid gases, such as HCl, HF and SO2.

③ Nitrogen oxide, such as NOx. 

④ The heavy metal, such as elements of heavy metals, heavy metal oxide and Heavy 

metal chlorides.⑤ The carbon monoxide and microscale organic chlorides, such as CO, 

PCDDs and PCDFs. Aimed at existent toxicity of organic chlorides (especially dioxin), 
according to the WHO convention, the human daily intakes has been reduced from 
extremely low 10 pico-gram to 1 〜4 pico-gram ( computing with every kilogram of 
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body weight). The threat of dioxin to human life is very grievous, and the dioxin has to 
talk about the mere mention of the degree in the developed country. In order to control 
the special toxic gases such as dioxin and so on produced by the combustion process, 
the garbage incineration furnace must keep higher temperature field, and the 
temperature of incineration combustion must be controlled over 850oC, and the 
residence time of exhaust gas in the incineration furnace has to be greater than 2 
second so as to ensure that the dioxin about 99.9% can be decomposed. In a word, it 
has directly relation between the generation of dioxin and the combustion condition 
quality. The factors of determining the combustion quality mainly are the garbage 
combustion temperature, residence time of garbage and the high temperature exhaust 
gas in the incinerator, and the swirl injection of secondary air and mixing of exhaust 
gas to complete combustion, namely the turbulivity and so on. 
 

3. Control requirement of optimization incineration 
 
The incineration process consists of 4 stages, and they are respectively the drying 
stage, thermal decomposition stage, incineration treatment of main stage that is a real 
combustion stage, and the burnout stage, namely the combustion of combustible 
matter generates a solid residue stage finally. The 4 control parameters of control 
system in incinerator combustion are the incineration temperature, mixing degree of 
stir, residence time of exhaust gas, and the excess air ratio. The control objectives of 

incinerator combustion are those ①  It makes the furnace temperature reach a 

predetermined temperature value and reduce the fluctuation, ② It maintains a stable 

combustion and reduces the formation of dioxin-like organic chlorides.③ It must reach 

a predetermined treatment capacity for the garbage.④ It makes the particulate matter, 

nitrogen oxide and carbon monoxide less in exhaust gas. ⑤ The incineration residue of 

ignition reduction reaches the design value.⑥ To maintain the stability of steam flow.

⑦ To reduce the operation error artificially. 

The control factors of the incinerator combustion include that ① The temperature, 

pressure of superheated steam and the water level of steam drum,② Feeder and the 

speed of the fire grate,③ Control of exhaust gas at 850C and 2 seconds time stayed,

④ Negative pressure control of combustion chamber,⑤ Control of the coal economizer 

outlet temperature,⑥ Control of the oxygen content in exhaust gas. The temperature 

fluctuation would cause changes in burn rate, and the clinker ignition loss would 
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exceed the standard. At the same time, it would influence the production of steam and 
reduce the operation economy of incinerator. The engineering practice shows that the 
temperature of incinerator should be controlled within the range from 850C to 950C, 
and at this time, the pollutants of exhaust gas emission in online monitoring is smaller, 
the steam output is more stable, and the clinker ignition loss is also minimal and stable. 
 

4. Controlled object characteristic and control strategy Cybernetics 
characteristic 

 
The controlled variables needed to be controlled of the incinerator combustion are as 
the following, such as temperature and pressure of superheated steam, water level of 
steam drum, speed of the fire grate, exhaust gas temperature and stayed time stayed, 
negative pressure in combustion chamber, outlet temperature and oxygen content in 
exhaust gas and so on, and the features of the control and the controlled process 
mentioned above are closely related to the cybernetics characteristic [6]. The 
combustion process is a very complex process of physics and chemistry, due to the 
characteristics of combustion process owns uncertainty, nonlinearity and feature of 
time-varying and so on, therefore there exists the following puzzles in the specific 
control implementation. They are respectively the uncertainty, high nonlinearity, 
semi-structured and unstructured, system complexity and the reliability problem. From 
the analysis of cybernetics characteristic, because it belongs to the control problem of 
the complex process of uncertainty, it is difficult effectively to optimize the combustion 
process control by conventional control strategy and algorithm. Therefore it must 
explore the more effective control strategy. 
 

5. Selection of control strategy 
 
Although the optional control strategy is quite a bit, for example, the conventional PID 
control, fuzzy control and human-simulated intelligent control etc [7], but each has its 
limitations in application. In the control process of incinerator combustion, the fusion 
control strategy is a more wise choice that is based on human simulated intelligent 
controller (HSIC) and then fused the expert knowledge. Because the fundamental 
feature of the control strategy of HSIC is to imitate the control behavior of control 
expert, its control algorithm is a control method of multimodal, and is alternatively a 
control model using the multiple mode control. The expert knowledge can be 
expressed by means of the production rule representation, and so long as it increases 
the number of if condition then action conditional statements, then it can easily 
construct fusion control algorithm, therefore the control strategy is more close to the 
actual needs of the project. 
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6. Control model and fusion control algorithm 
 
The control model of combustion process is shown as in Fig.1, and it is a solving model 
of control problem constituted by the system error e(t), the change rate of error e(t) 
and a time t. The control system of incineration combustion consists of controlled 
incineration process and controller. In which, the error e(t) = r(t)-y(t), r(t) is the 

system input, and y(t) is the system output. The control objective is that when t—⑴ it 

makes e(t) = e(t) = 0. In order to achieve better control effect, it is necessary to sum 
up the field experience of engineering and technical personnel as well as the wisdom of 
operator, and after fusing the knowledge of expert system, the structure of control 
model is shown as in Fig.2. 
 

 
 

Fig.2 Structure of fusion control model 
 
In the incinerator control system, the system of the highest control demand is the 

sub-system of exhaust gas and pollution water treatment control. Aimed at this two 
sorts of sub-system, its concrete fusion control algorithm can be achieved by means of 
improving the prototype algorithm of HSIC, and then after fused the knowledge of 
expert system, it could form the fusion control algorithm based on human simulated 
intelligence [8][9][10]. The algorithm can be expressed as the following. 
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In which, un is nth output value of controller, um is a output retention value related to 

Input change R, up is a forced retention value, e, e is respectively the system 
deviation and its change rate, y is the output change rate of system, Pi = r^em,i(i = 1, 
2, ...l) is the latest retention value of controller output and in which, em,i is jth 
extremum of deviation, r is a weighted factor of extremum and it can be modified on 
line. Kp}, Kp2, Ku, Ka, Kd is respectively the proportional, integral and differential gain. 
[ej is the accumulated deviation during e^e > 0. P is a switching factor, a, a, b is 
respectively the different constant and it can be determined by the experience rule in 
knowledge set. R is a set value, and Si, 82, 0i, 02 is respectively the error and error rate 
of the permissible range. 
 

7. Simulation experiment and its analysis 
 
In the simulation experiment, it takes a familiar two order with lag link in industrial 
control object as an example, and makes the simulation respectively by PID plus Smith 
predictor (optimal PID) control algorithm and fusion control algorithm based on 
human-simulated intelligent controller (HSIC). Assume the controlled process control 
model is below. 

W(s) = 4.13e-Ts / (s + 1)(2s + 1) 
When the delay time t = 10s, its response curve is shown as in Fig.3. Fig.4 shows the 

response curve when the disturbance is joined at time t = 15s, and the width and 
amplitude of joined disturbance pulse signal is respectively 0.2s, 0.5. 

From the analysis of Fig.3 and Fig.4, it can be seen that no matter what the 
speediness, stability and overshoot of system response, or the anti-interference ability 
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of the system, all the performance of fusion control algorithm (HSIC) excels the optimal 
control algorithm of PID plus Smith predictor. Fig.4 further explains that the fusion 
control algorithm is very strong in robustness of anti-jamming performance, and under 
the strong interference, it still keeps better control quality. 
 

 
Fig.3 Response curve of HSIC and optimal PID 

 

 
Fig.4 Response curve under disturbance att = 15s 

 
Furthermore the output response is almost influenced under the following conditions.

① When the external disturbance changes, if the air is constant, the main steam 

pressure is constant, and the garbage amount increased 5% disturbance.② The 

amount of air is constant, the main steam pressure is constant, and garbage 5% 

reduction in the amount of perturbation.③ The amount of garbage is constant, air 

volume decreased 5% disturbance.④ The amount of garbage is constant, air volume 
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reduced 5% disturbance.⑤ Main steam pressure is constant, and the garbage water 

content increased 10% disturbance.⑥ Main steam pressure is constant, and the 

garbage water content reduced 10% disturbance, and so on. It shows that the 
intelligent fusion control strategy is effective, and it owns very strong robustness. 
 

8. Conclusion  
 
Garbage incineration is a complex control process, besides the control such as 
incinerator combustion, temperature and pressure of superheated steam, drum water 
level, feeder and the speed of the fire grate, exhaust gas, combustion chamber draft, 
outlet temperature of the coal economizer and exhaust gas of the oxygen content and 
so on, and also it must consider the treatment of liquid pollution water formed from 
percolating generated during storage by garbage etc. All of them are needed to be 
controlled, and only in this way it can better control the incineration pollution and the 
produced secondary pollution during the combustion. The simulation experiment 
shows that actualizing the fusion control strategy could achieve the control objectives. 
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