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OPERATION BEHAVIOR RECORD MANAGEMENT METHOD, SYSTEM AND 

DEVICE 

 

BACKGROUND OF THE INVENTION 

[0001]  1. Technical Field 

[0002]  The present invention relates to an operation behavior record management 

method, system and device. 

[0003]  2. Description of Related Art 

[0004]  In the industrial field and service field, with the development of data 

collection technology and Internet of Things technology, data utilization has been paid 

more and more attention, and a number of expert-experience-based, 

big-data-analysis-based, and artificial-intelligence-based data application systems have 

emerged. The expert-experience-based system which started early belongs to the 

informatization stage, and has limited future development space. The 

big-data-analysis-based system represented by data mining and the 

artificial-intelligence-based system represented by deep learning have developed rapidly 

and have their own characteristics. The existing problems of great differentiation and high 

safety requirements have become a common problem for high and new technologies in the 

in-depth development of the industrial field. 

 

BRIEF SUMMARY OF THE INVENTION 

[0005]  The present invention provides an operation behavior record management 

method, system and device. The present invention works out a “three types of data” theory 

and specific solutions for specific application scenarios in the industrial field and service 

field, and achieves real-time online accumulation, induction and reuse of experts' 

operating experience and workers' labor skills, and also achieves human-system, 
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machine-system, system-human, system-machine, and machine-machine interaction and 

transfer of skills and experience, thereby reaching the objectives of energy saving, 

consumption reduction, quality control, efficiency improvement, safe operation, and 

resource optimization, and the like, and also solving the enterprise’s problems of difficulty 

in cultivating high-skilled workers, high loss of high-skilled workers, and unbalance in 

workers' skills. 

[0006]  The three types of data include basic work condition data, operational data, 

and evaluation data. 

[0007]  The basic work condition data represent a class of factors that actually exist 

in the production process, such as external input, external environment, production plans, 

cannot be changed or are not suitable to be changed, and have an impact on the production 

process and results. 

[0008]  The operational data represents human intervention in the production 

process, such as machine configuration, worker's manipulation for devices and the like. 

[0009]  The evaluation data represents optimization objectives, such as energy 

saving, consumption reduction, quality control, efficiency improvement, safe operation, 

and resource optimization. The optimization objectives here include objective values and 

optimization directions, such as: lower (direction) energy consumption (objective value); 

higher (direction) pass rate (objective value); higher (direction) yield of molten steel 

(objective value); lower (direction) ammonia escape rate (objective value); and shorter 

(direction) turnaround time (objective value). 

[0010]  An operation behavior record management method comprises: 

[0011]  determining basic work condition data, operational data, evaluation data 

and constraints thereamong, wherein the basic work condition data, the operational data 

and the evaluation data all have at least one dimension; 

[0012]  setting a subdivision rule for each dimension of the basic work condition 
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data, and classifying the basic work condition data into at least one subdivided work 

condition through the subdivision rule, each subdivided work condition corresponding to 

an operation behavior record set; 

[0013]  formulating an operation behavior recording rule, and obtaining real-time 

and/or historical basic work condition data, operational data and evaluation data; 

[0014]  entering an operation behavior recording process and checking the 

constraints; if all the constraints are met, adding the subdivided work conditions, the 

operational data and the evaluation data to the corresponding operation behavior record set 

as a complete operation behavior record; and 

[0015]  obtaining the current basic work condition data, searching for the 

corresponding subdivided work condition and its operation behavior record set, and 

selecting operational data corresponding to optimal evaluation data from operation 

behavior records that meet the constraints to form operation suggestions. 

[0016]  Further, after the operation suggestions are adopted by workers or the 

control system and equipment are reversely controlled by the operation suggestions, the 

operational data and evaluation data in real-time production change, and a new round of 

operation behavior recording process is entered, thereby ensuring the iterative update of 

the knowledge base. 

[0017]  Further, the constraints include preconditions for the optimization 

objectives, negative lists for operational data, and compliance constraints for evaluation 

data. 

[0018]  The precondition for the optimization objectives refers to reaching the 

optimization objectives when the preconditions are met; for example, energy consumption 

is reduced on the precondition that the product quality reaches the standard. 

[0019]  The negative list for operational data refers to dangerous operation 

behaviors that should be prohibited for reasons of equipment safety and personnel safety. 
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[0020]  The compliance constraints refer to situations, in the evaluation of various 

results caused by basic operating condition data and operational data, that violate national 

standards, affect product quality compliance, and have adverse effects on subsequent 

processes. 

[0021]  Further, the operation behavior record set only retains a group of operation 

behavior records corresponding to optimal evaluation data or top N operation behavior 

records, such as the top ten, which reduces the space occupied by the database and 

improves the speed of giving operation suggestions. 

[0022]  An operation behavior record management system, adopting the 

above-mentioned operation behavior record management method and comprising a basic 

work condition data collecting module, an operational data collecting module, an 

evaluation data collecting module, and a data analysis module, wherein 

[0023]  the basic work condition data collecting module is configured to collect 

information of basic work condition data and transmit the information to the data analysis 

module; 

[0024]  the operational data collecting module is configured to collect operational 

data and transmit the operational data to the data analysis module; 

[0025]  the evaluation data collecting module is configured to collect or calculate 

evaluation data, and transmit the evaluation data to the data analysis module; 

[0026]  the data analysis module is pre-stored with: constraints among basic 

operating condition data, operational data, and evaluation data; and an operation behavior 

recording rule; 

[0027]  the data analysis module is configured to check constraints among 

real-time and/or historical basic work condition data, operational data and evaluation data; 

If all the constraints are met, subdivided work conditions, operational data and evaluation 

data are added to a corresponding operation behavior record set as a complete operation 
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behavior record; the data analysis module obtains the current basic work condition data, 

searches for a corresponding subdivided work condition and its operation behavior record 

set, and selects operational data corresponding to optimal evaluation data from operation 

behavior records that meet the constraints to form operation suggestions. 

[0028]  An operation behavior record management device, adopting the 

above-mentioned operation behavior record management method and comprising a basic 

work condition data collecting unit, an operational data collecting unit, an evaluation data 

acquisition device, and a data analysis unit, wherein 

[0029]  the basic work condition data collecting unit comprises a sensor for 

collecting the information of basic work condition data and transmitting the information to 

the data analysis module; 

[0030]  the operational data collecting unit comprises a sensor for collecting 

operational data and transmitting the operational data to the data analysis module; 

[0031]  the evaluation data collecting unit comprises a sensor for collecting or 

calculating evaluation data and transmitting the evaluation data to the data analysis 

module; 

[0032]  the data analysis unit comprises a computer, pre-stored with: constraints 

among basic operating condition data, operational data, and evaluation data; and an 

operation behavior record rule; 

[0033]  the data analysis unit is configured to check constraints among real-time 

and/or historical basic work condition data, operational data and evaluation data; and to 

add subdivided work conditions, operational data and evaluation data to a corresponding 

operation behavior record set as a complete operation behavior record if all the constraints 

are met; the data analysis unit obtains the current basic work condition data, searches for a 

corresponding subdivided work condition and its operation behavior record set, and 

selects operational data corresponding to optimal evaluation data from operation behavior 
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records that meet the constraints to form operation suggestions. 

[0034]  It can be seen from the above description of the present invention that, 

compared with the prior art, an operation behavior record management method, system 

and device of the present invention have the following advantages. 

[0035]  1. The production, manipulation, operation, and maintenance problems in 

the production field and service field are boiled down to three types of data and the 

relationship between the basic work condition data, operational data, and evaluation data, 

and the problem in difference between production, control, operation, operation and 

maintenance inks in the production field and service field is solved. 

[0036]  2. In the production, control, operation links in the industrial field or in the 

operation and maintenance links in the service field, online knowledge accumulation of 

three types of data is achieved. By combining historical optimization methods and 

technologies with real-time online learning methods and technologies, online knowledge 

accumulation of three types of data is achieved, and the problem of operating experience 

accumulation in the actual production process is solved. 

 

DETAILED DESCRIPTION OF THE INVENTION 

[0037]  In order to make the technical problems to be solved, technical solutions 

and advantages of the present invention more clear and more understandable, the present 

invention will be further described in detail below in conjunction with the drawings and 

embodiments. It should be understood that specific embodiments described here are 

merely illustrative of the present invention rather than limiting it. 

[0038]  Example 1 

[0039]  An operation behavior record management method comprises the following 

steps: 

[0040]  In step S10, basic work condition data, operational data, evaluation data 
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and constraints between two of the three types of data or among the three types of data are 

determined, wherein the basic work condition data, the operational data and the evaluation 

data all have at least one dimension, and in different application scenarios, the dimensions 

are different. 

[0041]  Specifically, the constraints include preconditions for the optimization 

objectives, negative lists for operational data, and compliance constraints for evaluation 

data. 

[0042]  The precondition for the optimization objectives refers to reaching the 

optimization objectives when the preconditions are met; for example, energy consumption 

is reduced on the precondition that the product quality reaches the standard. 

[0043]  The negative lists for the operational data refer to dangerous operation 

behaviors that should be prohibited for reasons of equipment safety and personnel safety. 

The compliance constraints refer to situations, in the evaluation of various results caused 

by basic operating condition data and operational data, that violate national standards, 

affect product quality compliance, and have adverse effects on subsequent processes. 

[0044]  In step S20, a subdivision rule for each dimension of the basic work 

condition data is set, and the basic work condition data is classified into at least one 

subdivided work condition through the subdivision rule. Each subdivided work condition 

corresponds to an operation behavior record set. When the classification is finer, there are 

more subdivided work conditions, the knowledge base is more detailed, and the 

practicability and applicability are better. 

[0045]  In step S30, an operation behavior recording rule is formulated, and 

real-time and/or historical basic work condition data, operational data, and evaluation data 

are obtained. That is, the data can be derived from historical operations or real-time 

operations. If there is historical data, the improvement of the database can be accelerated. 

If there is no historical data, the database can continue to improve itself in practice. 
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[0046]  In step S40, an operation behavior recording process is entered and the 

constraints are checked. If all the constraints are met, the subdivided work conditions, the 

operational data and the evaluation data are added to the corresponding operation behavior 

record set as a complete operation behavior record. 

[0047]  In step S50, the current basic work condition data is obtained, the 

corresponding subdivided work condition and its operation behavior record set are 

searched, and operational data corresponding to optimal evaluation data is selected from 

operation behavior records that meet the constraints to form operation suggestions. 

[0048]  In step S60, after the operation suggestions are adopted by workers or the 

control system and device are reversely controlled by the operation suggestions, the 

operational data and evaluation data in real-time production change, and a new round of 

operation behavior recording process S40 is entered, thereby ensuring the iterative update 

of the data base. 

[0049]  Example 2 

[0050]  An operation behavior record management system, adopting the 

above-mentioned operation behavior record management method and comprising a basic 

work condition data collecting module, an operational data collecting module, an 

evaluation data collecting module, and a data analysis module, wherein 

[0051]  the basic work condition data collecting module is configured to collect 

information of basic work condition data and transmit the information to the data analysis 

module; 

[0052]  the operational data collecting module is configured to collect operational 

data and transmit the operational data to the data analysis module; 

[0053]  the evaluation data collecting module is configured to collect or calculate 

evaluation data, and transmit the evaluation data to the data analysis module; 

[0054]  the data analysis module is pre-stored with: constraints among basic 
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operating condition data, operational data, and evaluation data; and an operation behavior 

recording rule; 

[0055]  the data analysis module is configured to check constraints among 

real-time and/or historical basic work condition data, operational data and evaluation data; 

If all the constraints are met, subdivided work conditions, operational data and evaluation 

data are added to a corresponding operation behavior record set as a complete operation 

behavior record; the data analysis module obtains the current basic work condition data, 

searches for a corresponding subdivided work condition and its operation behavior record 

set, and selects operational data corresponding to optimal evaluation data from operation 

behavior records that meet the constraints to form operation suggestions. 

[0056]  Example 3 

[0057]  An operation behavior record management device, adopting the 

above-mentioned operation behavior record management method and comprising a basic 

work condition data collecting unit, an operational data collecting unit, an evaluation data 

acquisition device, and a data analysis unit, wherein 

[0058]  the basic work condition data collecting unit comprises a sensor for 

collecting the information of basic work condition data and transmitting the information to 

the data analysis module; 

[0059]  the operational data collecting unit comprises a sensor for collecting 

operational data and transmitting the operational data to the data analysis module; 

[0060]  the evaluation data collecting unit comprises a sensor for collecting or 

calculating evaluation data and transmitting the evaluation data to the data analysis 

module; 

[0061]  the data analysis unit comprises a computer, pre-stored with: constraints 

among basic operating condition data, operational data, and evaluation data; and an 

operation behavior record rule; 
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[0062]  the data analysis unit is configured to check constraints among real-time 

and/or historical basic work condition data, operational data and evaluation data; and to 

add subdivided work conditions, operational data and evaluation data to a corresponding 

operation behavior record set as a complete operation behavior record if all the constraints 

are met; the data analysis unit obtains the current basic work condition data, searches for a 

corresponding subdivided work condition and its operation behavior record set, and 

selects operational data corresponding to optimal evaluation data from operation behavior 

records that meet the constraints to form operation suggestions. 

[0063]  Example 4 

[0064]  Control for coal gasifier 

[0065]  Coal gasification is a thermochemical processing process of coal. It is a 

process in which using coal or coal char as raw material, oxygen (air, oxygen-rich gas or 

industrial pure oxygen) and steam as gasification agents, combustible parts of coal or char 

are converted into combustible gas through chemical reactions under a high temperature 

and a high pressure. The generated combustible gas is mainly composed of carbon 

monoxide, hydrogen and methane. The combustible gas obtained during gasification 

becomes coal gas. The coal gas used as chemical raw material is generally called syngas, 

and the device for gasification is called gas generator or gasifier. Controllable parameters 

of the coal gasifier include oxygen addition, fuel layer thickness, air supply volume, air 

pressure, furnace temperature, furnace outlet pressure, and gasification agent dosage. The 

optimization objective herein is to achieve higher gasification efficiency. 

[0066]  The process flow of this embodiment: 

[0067]  In step S10, three data dimensions are determined. 

[0068]  Basic work conditions: coal type, the moisture content of coal, the 

clinkering property of coal, the reactivity of coal, the particle size of coal, the ash fusion 

point of coal, the volatile content of coal, the ash content of coal, and ambient 
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temperature. 

[0069]  Operational data: oxygen addition, fuel layer thickness, air supply volume, 

air pressure, furnace temperature, furnace outlet pressure, and gasification agent dosage. 

[0070]  Optimization objective: to achieve higher gasification efficiency 

[0071]  Constraints: syngas quality meets a configuration value. 

[0072]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[0073]  The isometric classification method is carried out in this example. 

[0074]  Upper and lower limits are set for work condition data. 

[0075]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[0076]  In step S40, operation record collection is carried out. 

[0077]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (coal type, the moisture content of coal, the clinkering property of coal, the 

reactivity of coal, the particle size of coal, the ash fusion point of coal, the volatile content 

of coal, the ash content of coal, and ambient temperature), operational data (oxygen 

addition, thickness of fuel layer, air supply volume, air pressure, furnace temperature, 

furnace outlet pressure, and gasification agent dosage), and evaluation data (gasification 

efficiency) are added to the knowledge base as a complete knowledge record. 

[0078]  In step S50, intelligent decision-making is performed. 

[0079]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The oxygen addition, the fuel layer 
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thickness, the air supply volume, the air pressure, the furnace temperature, the furnace 

outlet pressure, and the gasification agent dosage in the knowledge record are used as 

recommended data and support for coal gasifier operation settings. 

[0080]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[0081]  In S70, the process goes to step S30. 

[0082]  Example 5 

[0083]  Control for methanol converter 

[0084]  Syngas is prepared from coal-water slurry, where water-gas shift is carried 

out in the presence of a shift catalyst and then methanol is synthesized in the presence of a 

methanol synthesis catalyst in a methanol converter. Coal reacts with O2 in the air to 

produce crude gas with high CO content in a coal gasifier. The hydrogen-to-carbon ratio 

required for methanol synthesis is reached by converting CO into H2 through 

high-temperature shift. Since coal-to-methanol has less carbon and more hydrogen, 

hydrogen must be recovered from the exhaust gas of the synthesis cell to reduce coal 

consumption and energy consumption. Syngas required for production of methanol is 

prepared from recovered hydrogen and the purified syngas. The controllable parameters of 

the methanol converter include synthesis pressure, the hydrogen-to-carbon ratio of feed 

gas, space velocity, catalyst dosage, and reaction temperature. The optimization objective 

herein is to achieve a higher methanol yield. 

[0085]  The process flow of this embodiment: 

[0086]  In step S10, three data dimensions are determined. 

[0087]  Basic work conditions: catalyst properties, the components of feed gas, 

inlet temperature, the poison content of feed gas and catalyst, and hot spot temperature. 

[0088]  Operational data: synthesis pressure, the hydrogen-to-carbon ratio of feed 

gas, space velocity, catalyst dosage, and reaction temperature. 
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[0089]  Optimization objective: to achieve a higher methanol yield. 

[0090]  Constraints: methanol composition meets a configuration value. 

[0091]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[0092]  The isometric classification method is carried out in this example. 

[0093]  Upper and lower limits are set for work condition data. 

[0094]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[0095]  In step S40, operation record collection is carried out. 

[0096]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (catalyst properties, the components of feed gas, inlet temperature, the 

poison content of feed gas and catalyst, and hot spot temperature), operational data 

(synthesis pressure, the hydrogen-to-carbon ratio of feed gas, space velocity, catalyst 

dosage, and reaction temperature) and evaluation data (methanol yield) are added to the 

knowledge base as a complete knowledge record. 

[0097]  In step S50, intelligent decision-making is performed. 

[0098]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The synthesis pressure, the 

hydrogen-to-carbon ratio of feed gas, space velocity, catalyst dosage, and reaction 

temperature in the knowledge record are used as recommended data and support for 

operation settings of the methanol converter. 

[0099]  In step S60, the recommended suggestions can be offered to workers for 
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operation, or can be directly controlled by the DCS system of the device. 

[00100]  In S70, the process goes to step S30. 

[00101]  Example 6 

[00102]  Control for ammonia converter 

[00103]  The ammonia synthesis reaction is mainly to carry out the synthesis 

reaction of H2, S2O and N2 produced by the coal gasification in the previous stage in the 

converter. Under certain thermodynamic and kinetic conditions, the feed gas is mixed in 

proportion, and ammonia gas is synthesized and produced under high temperature and 

high pressure conditions. The generation process of synthetic ammonia can basically be 

divided into 3 steps: preparation of feed gas; purification of feed gas; synthesis of 

ammonia: steam is decomposed by the combustion of solid fuel (coke or coal), and O2 in 

the air reacts with coke or coal to produce a gas mixture of N2, H2, CO, CO2 and the like. 

After compressing the purified hydrogen and nitrogen mixture, ammonia is synthesized in 

the presence of an iron catalyst at a high temperature. The controllable parameters of the 

methanol converter include synthesis temperature, synthesis pressure, and air flow. The 

optimization objective herein is to achieve a higher ammonia yield. 

[00104]  The process flow of this embodiment: 

[00105]  In step S10, three data dimensions are determined. 

[00106]  Basic work conditions: the hydrogen-to-nitrogen ratio of feed gas, catalyst 

properties, the methane content of feed gas, inlet gas temperature, and catalyst life. 

[00107]  Operational data: synthesis temperature, synthesis pressure, and air flow. 

[00108]  Optimization objective: to achieve a higher ammonia yield. 

[00109]  Constraints: the quality of produced ammonia meets a configuration value. 

[00110]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00111]  The isometric classification method is carried out in this example. 
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[00112]  Upper and lower limits are set for work condition data. 

[00113]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00114]  In step S40, operation record collection is carried out. 

[00115]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the hydrogen-to-nitrogen ratio of feed gas, catalyst properties, the methane 

content of feed gas, inlet gas temperature, and catalyst life), operational data (synthesis 

temperature, synthesis pressure, and air flow) and evaluation data (ammonia yield) are 

added to the knowledge base as a complete knowledge record. 

[00116]  In step S50, intelligent decision-making is performed. 

[00117]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The synthesis temperature, the synthesis 

pressure, and the air flow in the knowledge record are used as recommended data and 

support for operation settings of the ammonia converter. 

[00118]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00119]  In S70, the process goes to step S30. 

[00120]  Example 7 

[00121]  Control for MTO (Methanol to Olefins) reactor  

[00122]  After being pulverized and pretreated, feed coal enters the coal gasifier for 

incomplete oxidation reaction with oxygen to obtain semi-water gas. After wet 

desulfurization by using a zinc oxide desulfurizer, carbon monoxide reacts with water to 
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adjust the carbon-to-hydrogen ratio so that the shift gas has a certain carbon-to-hydrogen 

ratio, and then is fed to the methanol synthesis loop. Replacement gas is pressurized to a 

certain pressure by a gas-forming compressor and then enters the synthesis converter to 

reacts at a certain temperature in the presence of a copper-based catalyst, and the product 

undergoes double-column rectification to obtain methanol. 

[00123]  Ethylene or propylene is produced from methanol through MTO and MTP 

processes. Ethylene or propylene is further fed to a polyester section to obtain a polymer 

material such as polyethylene. The controllable parameters of the MTO reactor include 

reaction temperature, reaction pressure, reaction residence time, space velocity, and 

catalyst dosage. The optimization objective herein is to achieve a higher methanol 

conversion rate. 

[00124]  The process flow of this embodiment: 

[00125]  In step S10, three data dimensions are determined. 

[00126]  Basic work conditions: the carbon-to-hydrogen ratio of raw material and 

catalyst properties; 

[00127]  Operational data: reaction temperature, reaction pressure, reaction 

residence time, space velocity, and catalyst dosage. 

[00128]  Optimization objective: to achieve a higher methanol conversion rate. 

[00129]  Constraints: the quality parameters of produced olefins meet configuration 

values. 

[00130]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00131]  The isometric classification method is carried out in this example. 

[00132]  Upper and lower limits are set for work condition data. 

[00133]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 
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including collection time, is formulated once a change is found. 

[00134]  In step S40, operation record collection is carried out. 

[00135]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the carbon-to-hydrogen ratio of raw material and catalyst properties), 

operational data (reaction temperature, reaction pressure, reaction residence time, space 

velocity, and catalyst dosage) and evaluation data (methanol conversion ratio) are added to 

the knowledge base as a complete knowledge record. 

[00136]  In step S50, intelligent decision-making is performed. 

[00137]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The reaction temperature, the reaction 

pressure, the reaction residence time, the space velocity, and the catalyst dosage in the 

knowledge record are used as recommended data and support for operation settings of the 

MTO reactor. 

[00138]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00139]  In S70, the process goes to step S30. 

[00140]  Example 8 

[00141]  Control for acetic acid reactor 

[00142]  Coal reacts with O2 in the air to produce crude gas with high CO and H2 

content in the gasifier. The crude gas exiting the gasifier is divided into 3 paths: part of CO 

is transformed into H2 through steam shift to achieve the hydrogen-to-carbon ratio in 

methanol synthesis; this path of crude gas is mixed with another path of crude gas (mixed 

gas), and after heat recovery, the crude gas enters the purification process to remove 
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excess CO2 and sulfides, thus obtaining the feed gas for methanol synthesis; the 

synthesized crude methanol is refined to obtain the product methanol; CO is separated 

from the third path of crude gas after heat recovery and purification to obtain feed gas for 

synthesis of acetic acid; the refined methanol reacts with CO in the presence of a catalyst 

to synthesize acetic acid, and the synthesized acetic acid is refined to obtain the product 

acetic acid. The controllable parameters of the acetic acid reactor include reaction 

temperature, reaction pressure, reaction time, space velocity, and catalyst dosage. The 

optimization objective herein is to achieve a higher methanol conversion rate. 

[00143]  The process flow of this embodiment: 

[00144]  In step S10, three data dimensions are determined. 

[00145]  Basic work conditions: inlet feed temperature, catalyst properties, feed gas 

composition, and oxygen-to-alcohol ratio; 

[00146]  Operational data: reaction temperature, reaction pressure, reaction time, 

space velocity, and catalyst dosage. 

[00147]  Optimization objective: to achieve a higher methanol conversion rate. 

[00148]  Constraints: the quality parameters of acetic acid meet configuration 

values. 

[00149]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00150]  The isometric classification method is carried out in this example. 

[00151]  Upper and lower limits are set for work condition data. 

[00152]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00153]  In step S40, operation record collection is carried out. 

[00154]  If there is currently an operation record collection plan and the collection 
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time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the inlet feed temperature, catalyst properties, feed gas composition, and 

the oxygen-to-alcohol ratio), operational data (reaction temperature, reaction pressure, 

reaction time, space velocity, and catalyst dosage), and evaluation data (methanol 

conversion ratio) are added to the knowledge base as a complete knowledge record. 

[00155]  In step S50, intelligent decision-making is performed. 

[00156]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The reaction temperature, the reaction 

pressure, the reaction time, the space velocity, and the catalyst dosage in the knowledge 

record are used as recommended data and support for settings of the acetic acid reactor. 

[00157]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00158]  In S70, the process goes to step S30. 

[00159]  Example 9 

[00160]  Control for oxidation to formaldehyde reactor  

[00161]  When the raw material mixture of methanol, air and steam enters the 

reactor (oxidizer) in a certain proportion, oxidation reaction and dehydrogenation reaction 

occur on a catalyst (silver/iron-molybdenum catalyst), so that methanol can be converted 

into formaldehyde under certain conditions. The controllable parameters of the 

formaldehyde reactor include reaction temperature, reaction pressure, reaction time, space 

velocity, and catalyst dosage. The optimization objective herein is to achieve a higher 

methanol conversion rate. 

[00162]  The process flow of this embodiment: 

[00163]  In step S10, three data dimensions are determined. 
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[00164]  Basic work conditions: feed gas composition, catalyst properties, inlet feed 

temperature, and oxygen-to-alcohol ratio; 

[00165]  Operational data: reaction temperature, reaction pressure, reaction time, 

space velocity, and catalyst dosage. 

[00166]  Optimization objective: to achieve a higher methanol conversion rate. 

[00167]  Constraints: the quality parameters of formaldehyde meet configuration 

values. 

[00168]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00169]  The isometric classification method is carried out in this example. 

[00170]  Upper and lower limits are set for work condition data. 

[00171]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00172]  In step S40, operation record collection is carried out. 

[00173]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the feed gas composition, catalyst properties, inlet feed temperature, and 

oxygen-to-alcohol ratio), operational data (reaction temperature, reaction pressure, 

reaction time, space velocity, and catalyst dosage), and evaluation data (methanol 

conversion ratio) are added to the knowledge base as a complete knowledge record. 

[00174]  In step S50, intelligent decision-making is performed. 

[00175]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The reaction temperature, the reaction 
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pressure, the reaction time, the space velocity, and the catalyst dosage in the knowledge 

record are used as recommended data and support for settings of the oxidation to 

formaldehyde reactor. 

[00176]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00177]  In S70, the process goes to step S30. 

[00178]  Example 10 

[00179]  Control for direct coal liquefaction 

[00180]  Coal liquefaction is a technology that converts solid coal into liquid 

products (liquid hydrocarbon fuels, such as gasoline, diesel and other products or chemical 

raw materials) through chemical processing. Coal liquefaction is divided into direct 

liquefaction and indirect liquefaction. The two liquefaction methods have different 

requirements for coal quality. 

[00181]  Direct liquefaction of coal refers to a process in which coal is converted 

into liquid fuel by hydrocracking in the presence of hydrogen and a catalyst. Cracking is a 

reaction process that splits hydrocarbon molecules into a plurality of smaller molecules. 

Because the direct liquefaction process of coal mainly adopts hydrogenation method, it is 

also called the hydrogenation liquefaction method of coal. The controllable parameters of 

the direct coal liquefaction process include hydrogenation amount, reaction temperature, 

reaction pressure, catalyst dosage, gas/liquid ratio, and circulating hydrogen concentration. 

The optimization objective herein is to achieve higher liquefaction conversion efficiency. 

[00182]  The process flow of this embodiment: 

[00183]  In step S10, three data dimensions are determined. 

[00184]  Basic work conditions: coal type, the moisture content of coal, coal 

properties (the reactivity of coal, the volatile content of coal, the ash fusion point of coal, 

the clinkering property of coal, etc.), coal particle size, and catalyst properties. 
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[00185]  Operational data: hydrogenation amount, reaction temperature, reaction 

pressure, catalyst dosage, gas/liquid ratio, and circulating hydrogen concentration. 

[00186]  Optimization objective: to achieve higher liquefaction conversion 

efficiency. 

[00187]  Constraints: the quality parameters of the liquefied product meet the 

configuration values. 

[00188]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00189]  The isometric classification method is carried out in this example. 

[00190]  Upper and lower limits are set for work condition data. 

[00191]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00192]  In step S40, operation record collection is carried out. 

[00193]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the coal type, the moisture content of coal, coal properties, coal particle 

size, and catalyst properties), operational data (hydrogenation amount, reaction 

temperature, reaction pressure, catalyst dosage, gas/liquid ratio, and circulating hydrogen 

concentration) and evaluation data (liquefaction conversion efficiency) are added to the 

knowledge base as a complete knowledge record. 

[00194]  In step S50, intelligent decision-making is performed. 

[00195]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The hydrogenation amount, the reaction 
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temperature, the reaction pressure, the catalyst dosage, the gas/liquid ratio, and the 

circulating hydrogen concentration in the knowledge record are used as recommended 

data and support for settings of the direct coal liquefaction. 

[00196]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00197]  The process goes to step S30. 

[00198]  Example 11 

[00199]  Control for coal blending in coking 

[00200]  Coal coking, also known as high temperature coal retorting, is a coal 

conversion process in which raw material coal is retorted at a high temperature under the 

condition of isolation of air to produce coke and obtain coal gas and coal tar and other 

chemical products are recovered at the same time. The controllable parameters of the coal 

blending process in coking include coal blending ratio and coal blending temperature. The 

optimization objective herein is to achieve a coal blending scheme with a lower unit cost. 

[00201]  The process flow of this embodiment: 

[00202]  In step S10, three data dimensions are determined. 

[00203]  Basic work conditions: coal type, coal properties (the reactivity, volatile 

content, ash content and other parameters of coal), coal particle size, the ambient 

temperature and humidity of workshop, and tamping density. 

[00204]  Operational data: coal blending ratio and coal blending temperature; 

[00205]  Optimization objective: to achieve a coal blending scheme with a lower 

unit cost. 

[00206]  Constraints: the quality parameters of coke meet configuration values. 

[00207]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00208]  The isometric classification method is carried out in this example. 
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[00209]  Upper and lower limits are set for work condition data. 

[00210]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00211]  In step S40, operation record collection is carried out. 

[00212]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (coal type, coal properties, coal particle size, the ambient temperature and 

humidity of workshop, and tamping density), operational data (coal blending ratio and 

coal blending temperature) and evaluation data (the unit cost of a coal blending scheme) 

are added to the knowledge base as a complete knowledge record. 

[00213]  In step S50, intelligent decision-making is performed. 

[00214]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The coal blending ratio and the coal 

blending temperature in the knowledge record are used as recommended data and support 

for settings of coal blending in coking. 

[00215]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00216]  In S70, the process goes to step S30. 

[00217]  Example 12 

[00218]  Control for wastewater treatment 

[00219]  The wastewater produced by coal chemical industry mainly includes 

coking wastewater, gasification wastewater and liquefaction wastewater. Coal chemical 

wastewater is treated according to the process of physical and chemical pretreatment - 
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biochemical treatment - advanced treatment. 

[00220]  Physical and chemical pretreatment: oil removal - dephenolization 

(effective recovery of phenols) - deamination (recovery of ammonia) - flocculation 

sedimentation (removal of suspended solids) - multi-element micro-electrolysis filler 

(toxin reduction, decolorization, enhanced flocculation and improved biodegradability of 

wastewater). 

[00221]  Biochemical treatment: based on the metabolism of microorganisms, 

organic pollutants are converted into harmless substances such as carbon dioxide, water, 

and the like. 

[00222]  Advanced treatment is mainly used to remove suspended solids remaining 

in water. Decolorization and deodorization are carried out to clarify the effluent and 

further reduce BOD, COD, and the like. The water quality is further stabilized, and 

nitrogen and phosphorus are removed further. Factors that can lead to eutrophication of 

water bodies are eliminated. Toxic substances in water are removed by sterilization and 

disinfection. The controllable parameters in the wastewater treatment process include the 

dosage and addition time of each treatment agent and the parameter settings (water valve 

flow, fan speed, compressor speed, and the like) of the wastewater treatment device. The 

optimization objective herein is to achieve lower unit power consumption of wastewater 

treatment. 

[00223]  The process flow of this embodiment: 

[00224]  In step S10, three data dimensions are determined. 

[00225]  Basic work conditions: water volume, wastewater composition (COD, 

ammonia nitrogen content, inorganic pollutant content, oil and wax content, and the like), 

wastewater pH, and ambient temperature. 

[00226]  Operational data: the dosage and addition time of each treatment agent and 

the parameter settings (water valve flow, fan speed, compressor speed, and the like) of the 
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wastewater treatment device.  

[00227]  Optimization objective: to achieve the lower unit power consumption of 

wastewater treatment. 

[00228]  Constraints: the indexes of the treated wastewater meet the configuration 

values. 

[00229]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00230]  The isometric classification method is carried out in this example. 

[00231]  Upper and lower limits are set for work condition data. 

[00232]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00233]  In step S40, operation record collection is carried out. 

[00234]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (water volume, wastewater composition, wastewater pH, and ambient 

temperature), operational data (the dosage and addition time of each treatment agent and 

the parameter settings of the wastewater treatment device) and evaluation data (unit power 

consumption of wastewater treatment) are added to the knowledge base as a complete 

knowledge record. 

[00235]  In step S50, intelligent decision-making is performed. 

[00236]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The dosage and addition time of each 

treatment agent and the parameter settings of the wastewater treatment device are used as 
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recommended data and support for settings of wastewater treatment. 

[00237]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00238]  In S70, the process goes to step S30. 

[00239]  Example 13 

[00240]  Lighting system in buildings. 

[00241]  The process flow of this embodiment: 

[00242]  In step S10, three data dimensions are determined. 

[00243]  Basic work conditions: light intensity inside the building 

[00244]  Operational data: the number of lighting fixtures used and switches of the 

lighting fixtures; 

[00245]  Optimization objective: to achieve the lower daily power consumption of 

building lighting devices. 

[00246]  Constraints: the lighting brightness of the control area meets the 

configuration value. 

[00247]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00248]  The isometric classification method is carried out in this example. 

[00249]  Upper and lower limits are set for work condition data. 

[00250]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00251]  In step S40, operation record collection is carried out. 

[00252]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (light intensity inside the building), operational data (the number of lighting 
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fixtures used and switches of the lighting fixtures) and evaluation data (the lighting 

brightness of the control area meets the configuration value) are added to the knowledge 

base as a complete knowledge record. 

[00253]  In step S50, intelligent decision-making is performed. 

[00254]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The number of lighting fixtures used and 

the switches of the lighting fixtures in the knowledge record are used as recommended 

data and support for settings. 

[00255]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the system. 

[00256]  In S70, the process goes to step S30. 

[00257]  Example 14 

[00258]  Lighting control for traffic tunnels 

[00259]  The process flow of this embodiment: 

[00260]  In step S10, three data dimensions are determined. 

[00261]  Basic work conditions: light intensity outside the tunnels and traffic flow. 

[00262]  Operational data: circuit voltage and the working power of lighting 

fixtures. 

[00263]  Optimization objective: to achieve the lower daily power consumption of 

traffic tunnel lighting devices. 

[00264]  Constraints: the tunnel lighting brightness meets the configuration value, 

and the tunnel lighting uniformity meets the configuration value. 

[00265]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 
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[00266]  Upper and lower limits of the light intensity outside the tunnels are set. 

[00267]  Upper and lower limits of traffic flow are set. 

[00268]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00269]  In step S40, operation record collection is carried out. 

[00270]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (light intensity outside the tunnels and traffic flow), operational data (the 

circuit voltage and the working power of lighting fixtures) and evaluation data (the daily 

power consumption of traffic tunnel lighting devices) are added to the knowledge base as 

a complete knowledge record. 

[00271]  In step S50, intelligent decision-making is performed. 

[00272]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The circuit voltage and the working power 

of lighting fixtures in the knowledge record are used as recommended data and support for 

settings. 

[00273]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the air-conditioning system. 

[00274]  In S70, the process goes to step S30. 

[00275]  Example 15 

[00276]  Control for crude oil desalination and dehydration 

[00277]  The first step after the crude oil enters the plant is desalination and 

dehydration. Specifically, a small amount of water (about 5%) is added to and mixed 
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thoroughly with the crude oil so that all the salts are dissolved in the water. A demulsifier 

is then added. Under certain conditions (heating and pressurization), the water droplets are 

enlarged and separated by sedimentation under the action of an electric field. Desalination 

and dehydration are carried out simultaneously. The controllable parameters of a crude oil 

desalination device include desalination temperature, operating pressure, and demulsifier 

dosage. The product is crude oil after desalination and dehydration. The optimization 

objective herein is to achieve lower unit power consumption of the desalination device. 

[00278]  The process flow of this embodiment: 

[00279]  In step S10, three data dimensions are determined. 

[00280]  Basic work conditions: the moisture content of crude oil, the salt content of 

crude oil, injected water quality, and demulsifier type. 

[00281]  Operational data: desalination temperature, operating pressure, and 

demulsifier dosage. 

[00282]  Optimization objective: to achieve the lower unit power consumption of the 

desalination device. 

[00283]  Constraints: the salt content of the crude oil after desalination meets the 

configuration value, and the moisture content of the crude oil after dehydration meets the 

configuration value. 

[00284]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00285]  The isometric classification method is carried out in this example. 

[00286]  Upper and lower limits are set for work condition data. 

[00287]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00288]  In step S40, operation record collection is carried out. 
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[00289]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the moisture content of crude oil, the salt content of crude oil, injected 

water quality, and demulsifier type), operational data (desalination temperature, operating 

pressure, and demulsifier dosage) and evaluation data (the unit power consumption of the 

desalination device) are added to the knowledge base as a complete knowledge record. 

[00290]  In step S50, intelligent decision-making is performed. 

[00291]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The desalination temperature, the operating 

pressure, and the demulsifier dosage in the knowledge record are used as recommended 

data and support for operation settings of crude oil desalination and dehydration. 

[00292]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00293]  In S70, the process goes to step S30. 

[00294]  Example 16 

[00295]  Control for atmospheric distillation column of petroleum 

[00296]  The crude oil is heated to 360°C to 370°C by a heating furnace, and then 

enters an atmospheric distillation column (36 to 48 trays are provided). At a certain 

temperature, steam is injected into the column, the linear velocity of steam in the column, 

the operating pressure at the top of the column is about 0.05Mpa (gauge pressure), and the 

naphtha fraction is obtained at the top of the column. The controllable parameters of the 

atmospheric distillation column include distillation temperature, reflux ratio, the linear 

velocity of steam in the column, and the amount of steam injected. The optimization 

objective herein is to achieve higher fractionation accuracy. 
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[00297]  The process flow of this embodiment: 

[00298]  In step S10, three data dimensions are determined. 

[00299]  Basic work conditions: the moisture content of crude oil, the salt content of 

crude oil, crude oil input, the inlet temperature of crude oil, pressure in the column, and 

liquid level at the bottom of the column; 

[00300]  Operational data: distillation temperature, reflux ratio, the linear velocity of 

steam in the column, and the amount of steam injected. 

[00301]  Optimization objective: to achieve higher fractionation accuracy. 

[00302]  Constraints: the pull-out rate meets the configuration value. 

[00303]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00304]  The isometric classification method is carried out in this example. 

[00305]  Upper and lower limits are set for work condition data. 

[00306]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00307]  In step S40, operation record collection is carried out. 

[00308]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the moisture content of crude oil, the salt content of crude oil, crude oil 

input, the inlet temperature of crude oil, pressure in the column, and liquid level at the 

bottom of the column), operational data (distillation temperature, reflux ratio, the linear 

velocity of steam in the column, and the amount of steam injected) and evaluation data 

(fractionation accuracy) are added to the knowledge base as a complete knowledge record. 

[00309]  In step S50, intelligent decision-making is performed. 

[00310]  The current basic work conditions are obtained and the knowledge base is 
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searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The distillation temperature, the reflux ratio, 

the linear velocity of steam in the column, and the amount of steam injected in the 

knowledge record are used as recommended data and support for operation settings of the 

atmospheric distillation column of petroleum. 

[00311]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00312]  In S70, the process goes to step S30. 

[00313]  Example 17 

[00314]  Control for catalytic cracking furnace of petroleum 

[00315]  The feed oil enters the heating furnace through heat exchange by the heat 

exchanger, and there is also the return oil from the fractionation column. They enter the 

heating furnace at a certain flow rate, and after being heated under a certain pressure, the 

oil reaches a certain temperature and is then fed into a reactor of the catalytic cracking 

device. The controllable parameters of the heating furnace include the flow rate of feed oil, 

the flow rate of return oil, the flow rate of combustion-supporting air, the heating pressure, 

and the flow rate of fuel. The optimization objective herein is to achieve lower unit fuel 

consumption of the catalytic cracking furnace. 

[00316]  The process flow of this embodiment: 

[00317]  In step S10, three data dimensions are determined. 

[00318]  Basic work conditions: combustion-supporting air temperature, the inlet 

temperature of fuel, air exhaust temperature, gas exhaust temperature, the inlet 

temperature of feed oil, the inlet temperature of return oil, and outlet target temperature. 

[00319]  Operational data: the flow rate of feed oil, the flow rate of return oil, the 

flow rate of combustion-supporting air, the heating pressure, and the flow rate of fuel. 
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[00320]  Optimization objective: to achieve the lower unit fuel consumption of the 

catalytic cracking furnace. 

[00321]  Constraints: the temperature of the feed oil meets the configuration value, 

and the uniformity of the feed oil meets the configuration value. 

[00322]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00323]  The isometric classification method is carried out in this example. 

[00324]  Upper and lower limits are set for work condition data. 

[00325]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00326]  In step S40, operation record collection is carried out. 

[00327]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the combustion-supporting air temperature, the inlet temperature of fuel, 

air exhaust temperature, gas exhaust temperature, the inlet temperature of feed oil, the 

inlet temperature of return oil, and outlet target temperature), operational data (the flow 

rate of feed oil, the flow rate of return oil, the flow rate of combustion-supporting air, the 

heating pressure, and the flow rate of fuel), and evaluation data (the unit fuel consumption 

of the catalytic cracking furnace) are added to the knowledge base as a complete 

knowledge record. 

[00328]  In step S50, intelligent decision-making is performed. 

[00329]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The flow rate of feed oil, the flow rate of 
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return oil, the flow rate of combustion-supporting air, the heating pressure, and the flow 

rate of fuel in the knowledge record are used as recommended data and support for 

operation settings of the catalytic cracking furnace of petroleum. 

[00330]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00331]  In S70, the process goes to step S30. 

[00332]  Example 18 

[00333]  Control for catalytic cracking stabilizer of petroleum 

[00334]  In a feed heat exchanger, the hydrogenated gasoline coming out of the 

reactor exchanges heat with gasoline at the bottom of the stabilizer and finally enters the 

gasoline stabilizer. Liquid hydrocarbons, C1, C2, hydrogen sulfide, hydrogen and other 

light components dissolved in the oil are separated from the top of the stabilizer under a 

certain pressure. Part of the liquid phase obtained after condensation is refluxed to the top 

of the tower and part is fed to the device as a liquefied gas product. The controllable 

parameters of the stabilizer include top temperature, top pressure, reflux ratio, and heating 

steam feed. The optimization objective herein is to achieve smaller absolute value of the 

difference between the stable gasoline steam pressure and the set value. 

[00335]  The process flow of this embodiment: 

[00336]  In step S10, three data dimensions are determined. 

[00337]  Basic work conditions: feed temperature, feed position, circulating water 

volume. 

[00338]  Operational data: top temperature, top pressure, reflux ratio, and heating 

steam feed. 

[00339]  Optimization objective: to achieve a smaller absolute value of the 

difference between the stable gasoline steam pressure and the set value. 

[00340]  Constraints: The C5 content in the liquefied gas meets the configuration 
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value. 

[00341]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00342]  The isometric classification method is carried out in this example. 

[00343]  Upper and lower limits are set for work condition data. 

[00344]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00345]  In step S40, operation record collection is carried out. 

[00346]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (feed temperature, feed position, circulating water volume), operational 

data (top temperature, top pressure, reflux ratio, and heating steam feed), and evaluation 

data (control over the absolute value of the difference between the stable gasoline steam 

pressure and the set value) are added to the knowledge base as a complete knowledge 

record. 

[00347]  In step S50, intelligent decision-making is performed. 

[00348]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The top temperature, the top pressure, the 

reflux ratio, and the heating steam feed in the knowledge record are used as recommended 

data and support for operation settings of the catalytic cracking stabilizer of petroleum. 

[00349]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00350]  In S70, the process goes to step S30. 
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[00351]  Example 19 

[00352]  Control for aromatic extractor 

[00353]  Lean solvents enter the extractor from the top and come into reverse 

contact with the hydrocarbons fed from the middle. The aromatics in the feed are extracted 

step by step at a certain temperature to implement the extraction process of aromatics. The 

controllable parameters of the extractor include the flow rate of each solvent, backwash 

ratio, and the extraction temperature. The optimization objective is to achieve a higher 

yield of aromatics. 

[00354]  The process flow of this embodiment: 

[00355]  In step S10, three data dimensions are determined. 

[00356]  Basic work conditions: the feeding position of raw material, the inlet 

temperature of solvents, the feeding flow rate of raw material, and the non-aromatic 

content of raw material fed. 

[00357]  Operational data: the flow rate of each solvent, backwash ratio, and the 

extraction temperature. 

[00358]  Optimization objective: to achieve a higher yield of aromatics. 

[00359]  Constraints: the purity of aromatics meets the configuration value. 

[00360]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00361]  The isometric classification method is carried out in this example. 

[00362]  Upper and lower limits are set for work condition data. 

[00363]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00364]  In step S40, operation record collection is carried out. 

[00365]  If there is currently an operation record collection plan and the collection 
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time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the feeding position of raw material, the inlet temperature of solvents, the 

feeding flow rate of raw material, and the non-aromatic content of raw material fed), 

operational data (the flow rate of each solvent, backwash ratio, and the extraction 

temperature), and evaluation data (the yield of aromatics) are added to the knowledge base 

as a complete knowledge record. 

[00366]  In step S50, intelligent decision-making is performed. 

[00367]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The flow rate of each solvent, the 

backwash ratio, and the extraction temperature in the knowledge record are used as 

recommended data and support for operation settings of the aromatic extractor. 

[00368]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00369]  In S70, the process goes to step S30. 

[00370]  Example 20 

[00371]  Control for aromatic extraction stripper 

[00372]  The raw material enters the stripper from the top and leaves the stripper 

from the bottom. Solvents enter the stripper from the bottom, come into reverse contact 

with the liquid raw material in the stripper, and leave the stripper together with the 

stripped components from the top. The controllable parameters of the stripper include feed 

flow rate, steam flow, extraction amount of rich solvents, top pressure, and the flow rate of 

defoamer. The optimization objective herein is to obtain aromatics with higher purity. 

[00373]  The process flow of this embodiment: 

[00374]  In step S10, three data dimensions are determined. 
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[00375]  Basic work conditions: the concentration of defoamer, the pressure drop of 

the stripper, feed temperature, and the liquid level at the bottom of the stripper. 

[00376]  Operational data: feed flow rate, steam flow, extraction amount of rich 

solvents, top pressure, and the flow rate of defoamer. 

[00377]  Optimization objective: to obtain aromatics with higher purity. 

[00378]  Constraints: The yield of aromatics is greater than the configuration value. 

[00379]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00380]  The isometric classification method is carried out in this example. 

[00381]  Upper and lower limits are set for work condition data. 

[00382]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00383]  In step S40, operation record collection is carried out. 

[00384]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the concentration of defoamer, the pressure drop of the stripper, feed 

temperature, and the liquid level at the bottom of the stripper), operational data (the feed 

flow rate, the steam flow, the extraction amount of rich solvents, the top pressure, and the 

flow rate of defoamer) and evaluation data (the purity of aromatics) are added to the 

knowledge base as a complete knowledge record. 

[00385]  In step S50, intelligent decision-making is performed. 

[00386]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The feed flow rate, the steam flow, the 
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extraction amount of rich solvents, the top pressure, and the flow rate of defoamer in the 

knowledge record are used as recommended data and support for operation settings of the 

aromatic extraction stripper. 

[00387]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00388]  In S70, the process goes to step S30. 

[00389]  Example 21 

[00390]  Control for ethylene cracking furnace 

[00391]  After being preheated, the cracking raw material is mixed with superheated 

steam in a certain proportion (depending on the raw material) and heated to 500°C to 

600°C in the convection section of a tube furnace, and then enters the radiation chamber 

where the raw material is heated to 780 to 900°C in the radiant furnace tube and cracked. 

The controllable parameters of the ethylene cracking furnace include the amount of steam 

fed, cracking temperature, and residence time. The optimization objective herein is to 

achieve a lower unit fuel gas consumption of the ethylene cracking furnace. 

[00392]  The process flow of this embodiment: 

[00393]  In step S10, three data dimensions are determined. 

[00394]  Basic work conditions: feed temperature, the properties of cracking raw 

material, and steam-to-hydrocarbon ratio. 

[00395]  Operational data: the amount of steam fed, cracking temperature, and 

residence time. 

[00396]  Optimization objective: to achieve the lower unit fuel gas consumption of 

the ethylene cracking furnace. 

[00397]  Constraints: the yield of ethylene is greater than the configuration value. 

[00398]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 
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[00399]  The isometric classification method is carried out in this example. 

[00400]  Upper and lower limits are set for work condition data. 

[00401]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00402]  In step S40, operation record collection is carried out. 

[00403]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the feed temperature, the properties of cracking raw material, and 

steam-to-hydrocarbon ratio), operational data (the amount of steam fed, cracking 

temperature, and residence time) and evaluation data (the unit fuel gas consumption of the 

ethylene cracking furnace) are added to the knowledge base as a complete knowledge 

record. 

[00404]  In step S50, intelligent decision-making is performed. 

[00405]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The amount of steam fed, the cracking 

temperature, and the residence time in the knowledge record are used as recommended 

data and support for settings of the ethylene cracking furnace. 

[00406]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00407]  In S70, the process goes to step S30. 

[00408]  Example 22 

[00409]  Control for ethylene oxidation reactor 

[00410]  Circulating gas and ethylene are introduced into a vertical reactor filled 
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with a catalyst solution. Pure oxygen is also introduced into the bottom of the reactor at 

the same time, and the reaction is carried out under a micropressure. The controllable 

parameters of the oxidation reactor include reaction temperature and reaction pressure, and 

the optimization objective herein is to achieve higher single-pass selectivity of 

acetaldehyde. 

[00411]  The process flow of this embodiment: 

[00412]  In step S10, three data dimensions are determined. 

[00413]  Basic work conditions: the components of feed gas, catalyst composition, 

circulating gas volume, and catalyst solution concentration. 

[00414]  Operational data: reaction temperature and reaction pressure. 

[00415]  Optimization objective: to achieve the higher single-pass selectivity of 

acetaldehyde. 

[00416]  Constraints: the ethylene conversion is greater than the configuration value. 

[00417]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00418]  The isometric classification method is carried out in this example. 

[00419]  Upper and lower limits are set for work condition data. 

[00420]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00421]  In step S40, operation record collection is carried out. 

[00422]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the components of feed gas, catalyst composition, circulating gas volume, 

and catalyst solution concentration), operational data (reaction temperature and reaction 

pressure), and evaluation data (the single-pass selectivity of acetaldehyde) are added to the 
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knowledge base as a complete knowledge record. 

[00423]  In step S50, intelligent decision-making is performed. 

[00424]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The reaction temperature and the reaction 

pressure in the knowledge record are used as recommended data and support for settings 

of the ethylene oxidation reactor. 

[00425]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00426]  In S70, the process goes to step S30. 

[00427]  Example 23 

[00428]  Control for COD treatment of wastewater  

[00429]  The COD (chemical oxygen demand) treatment can adopt the 

anaerobic-aerobic method. First, the wastewater passes through the anaerobic section, and 

the organic pollutants are degraded by facultative anaerobic bacteria and obligate 

anaerobic bacteria. The COD value is then reduced by the aerobic bacteria in the aerobic 

section, and nitrogen and phosphorus are further removed. The treatment process involves 

multiple electrical devices. The controllable parameters of the COD treatment process 

include water purifier dosage, treatment temperature, residence time, and current control 

for the device. 

[00430]  The process flow of this embodiment: 

[00431]  In step S10, three data dimensions are determined. 

[00432]  Basic work conditions: wastewater volume, the inlet temperature of 

wastewater, COD value, wastewater pH, the number of anaerobic bacteria per cubic 

centimeter, the number of aerobic bacteria per cubic centimeter, and the nitrogen and 
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phosphorus content of wastewater. 

[00433]  Operational data: water purifier dosage, treatment temperature, residence 

time, and current control for the device. 

[00434]  Optimization objective: to achieve the lower unit power consumption of the 

wastewater treatment device. 

[00435]  Constraints: the COD value of the treated wastewater meets the 

configuration value. 

[00436]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00437]  The isometric classification method is carried out in this example. 

[00438]  Upper and lower limits are set for work condition data. 

[00439]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00440]  In step S40, operation record collection is carried out. 

[00441]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (wastewater volume, the inlet temperature of wastewater, COD value, 

wastewater pH, the number of anaerobic bacteria per cubic centimeter, the number of 

aerobic bacteria per cubic centimeter, and the nitrogen and phosphorus content of 

wastewater), operational data (the water purifier dosage, treatment temperature, residence 

time, and current control for the device) and evaluation data (the unit power consumption 

of the wastewater treatment device) are added to the knowledge base as a complete 

knowledge record. 

[00442]  In step S50, intelligent decision-making is performed. 

[00443]  The current basic work conditions are obtained and the knowledge base is 
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searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The water purifier dosage, the treatment 

temperature, the residence time, and the current control for the device in the knowledge 

record are used as recommended data and support for settings of COD treatment of 

wastewater. 

[00444]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00445]  In S70, the process goes to step S30. 

[00446]  Example 24 

[00447]  Control for waste incineration device 

[00448]  The process flow of this embodiment: 

[00449]  In step S10, three data dimensions are determined. 

[00450]  Basic work conditions: waste storage pit temperature, humidity, negative 

pressure in the furnace, layer thickness, the water level of boiler, CO concentration in the 

incinerator, O2 concentration, temperature in the incinerator, superheated steam pressure, 

superheated steam temperature, the feed water temperature of boiler, the working pressure 

of boiler drum, hot air temperature, exhaust temperature, and the water level of boiler 

drum. 

[00451]  Operational data: the fermentation time of waste in storage pit, feeding 

time point, the residence time of feeder, feeder stroke, the residence time of waste in each 

grate, the movement speed of each grate, time point of primary air supply, air pressure, air 

temperature and air volume; the residence time of waste in the incinerator, and set 

temperature in the incinerator. 

[00452]  Optimization objective: to achieve a higher current steam flow of the 

boiler. 
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[00453]  Constraints: CO concentration in flue gas is less than 60mg/m3. 

[00454]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00455]  The isometric classification method is carried out in this example. 

[00456]  The step value of the outside temperature is 1°C. 

[00457]  The step value of the outside humidity is 5%. 

[00458]  The step value of the negative pressure in the furnace is 1Mpa. 

[00459]  The step value of the water level is 1mm. 

[00460]  The step value of CO concentration is 1mg/m3. 

[00461]  The step value of O2 concentration is 1mg/m3. 

[00462]  The step value of the pressure is 1 MPa. 

[00463]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00464]  In step S40, operation record collection is carried out. 

[00465]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (waste storage pit temperature, humidity, negative pressure in the furnace, 

layer thickness, the water level of boiler, CO concentration in the incinerator, O2 

concentration, temperature in the incinerator, superheated steam pressure, superheated 

steam temperature, the feed water temperature of boiler, the working pressure of boiler 

drum, hot air temperature, exhaust temperature, and the water level of boiler drum), 

operational data (the fermentation time of waste in storage pit, feeding time point, the 

residence time of feeder, feeder stroke, the residence time of waste in each grate, the 

movement speed of each grate, time point of primary air supply, air pressure, air 

temperature and air volume; the residence time of waste in the incinerator, and set 
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temperature in the incinerator) and evaluation data (the current steam flow) are added to 

the knowledge base as a complete knowledge record. 

[00466]  In step S50, intelligent decision-making is performed. 

[00467]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The fermentation time of waste in storage 

pit, feeding time point, the residence time of feeder, feeder stroke, the residence time of 

waste in each grate, the movement speed of each grate, time point of primary air supply, 

air pressure, air temperature and air volume; the residence time of waste in the incinerator, 

and set temperature in the incinerator in the knowledge record are used as recommended 

data and support for settings of air conditioning. 

[00468]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the air-conditioning system. 

[00469]  In S70, the process goes to step S30. 

[00470]  Example 25 

[00471]  Control for aluminum alloy refining operation 

[00472]  Process: feeding melt into holding furnace → adding alloy → hydrogen 

removal → slag removal and refining → slag removal and coverage → standing (15-30 

minutes) → melt composition inspection and testing → adjustment of alloy composition 

→ adjustment of temperature → qualified aluminum alloy melt → pouring preparation. 

[00473]  The main purpose of aluminum alloy refining is to remove the gas and 

non-metallic inclusions from the melt and to uniform the alloy composition. Refining is an 

extremely important process in smelting. In refining, the refining agent should be correctly 

selected, and its dosage (0.5%-0.7% of the alloy by mass) and the refining temperature 

(700°C to 720°C) should be well controlled. During the refining process, a bell jar is used 
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to press the refining agent to about 2/3 under the molten metal surface in batches, and the 

molten metal is then stirred clockwise evenly and slowly. The molten metal should be 

stirred slowly and stably to avoid the increase of hydrogen content and introduction of 

inclusions. Therefore, it is required to comprehensively consider refining temperature, 

refining time, nitrogen pressure, nitrogen consumption, nitrogen injection time before 

charging, nitrogen injection time after charging, refining agent dosage, powder feeding 

speed and other factors, and through the application of artificial intelligence system, the 

refining agent dosage is reduced. In this way, the lower gas content of the aluminum melt 

is achieved. 

[00474]  The process flow of this embodiment: 

[00475]  In step S10, three data dimensions are determined. 

[00476]  Basic work conditions: molten aluminum temperature, molten aluminum 

composition (Fe, Si, Ti, CO, CO2, H2, and the like), and nitrogen pressure. 

[00477]  Operational data: refining time, nitrogen flow rate, nitrogen injection time 

before charging, nitrogen injection time after charging, refining agent dosage, and the 

powder feeding speed of the refining agent. 

[00478]  Optimization objective: to reduce the refining agent dosage, and achieve 

the lower gas content of the aluminum melt. 

[00479]  Constraints: the dosage of the refining agent is less than the configuration 

value. 

[00480]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00481]  The isometric classification method is carried out in this example. 

[00482]  Upper and lower step limits are set for molten aluminum temperature, 

molten aluminum composition (Fe, Si, Ti, CO, CO2, H2, and the like), and nitrogen 

pressure. 
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[00483]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00484]  In step S40, operation record collection is carried out. 

[00485]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (molten aluminum temperature, molten aluminum composition (Fe, Si, Ti, 

CO, CO2, H2, and the like), and nitrogen pressure), operational data (refining time, 

nitrogen flow rate, nitrogen injection time before charging, nitrogen injection time after 

charging, refining agent dosage, and the powder feeding speed of the refining agent) and 

evaluation data (the gas content of the melt) are added to the knowledge base as a 

complete knowledge record. 

[00486]  In step S50, intelligent decision-making is performed. 

[00487]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The refining time, the nitrogen flow rate, 

the nitrogen injection time before charging, the nitrogen injection time after charging, the 

refining agent dosage, and the powder feeding speed of the refining agent in the 

knowledge record are used as recommended suggestions. 

[00488]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00489]  In S70, the process goes to step S30. 

[00490]  Example 26 

[00491]  Heating control for aluminum alloy smelting 

[00492]  Process: preparation of aluminum alloy material (in smelting furnace) → 
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batch calculation → smelting process control (addition of temperature-controlled alloy) → 

alloy smelting → electromagnetic stirring. 

[00493]  During the smelting process of aluminum alloy, smelting temperature, 

smelting time, heating speed and other factors have a great influence on the oxidative 

burning loss. If the smelting temperature is too high, the oxidation of the alloy can be 

aggravated; the faster the heating speed, the shorter the smelting time and the less the 

oxidative burning loss of the alloy. Therefore, the selection of heating conditions for 

aluminum alloy smelting actually focuses on the problem of how to reduce the time it 

takes to react with oxygen at a high temperature during the smelting process. Therefore, it 

is required to comprehensively consider charging sequence, smelting temperature, 

smelting time, oil pressure, oil quantity, fuel ratio, the flow rate of combustion-supporting 

air, covering agent dosage and other factors. Through the application of artificial 

intelligence system, the aluminum smelting process is controlled accurately and the 

oxidative burning loss of the aluminum alloy is reduced. 

[00494]  The process flow of this embodiment: 

[00495]  In step S10, three data dimensions are determined. 

[00496]  Basic work conditions: type of aluminum material, furnace pressure, 

furnace temperature, and smelting speed of aluminum material. 

[00497]  Operational data: charging sequence, smelting temperature, smelting time, 

oil pressure, oil quantity, fuel ratio, the flow rate of combustion-supporting air, and 

covering agent dosage. 

[00498]  Optimization objective: to achieve accurate control for the aluminum 

smelting process. 

[00499]  Constraints: the heating rate, the smelting temperature, the heating rate, and 

fuel ratio of the melting furnace are in their configuration ranges. 

[00500]  In step S20, a subdivision rule is set for each data dimension of the basic 
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work conditions. 

[00501]  The isometric classification method is carried out in this example. 

[00502]  Upper and lower step limits are set for the type of aluminum material, the 

furnace pressure, the furnace temperature, and the smelting speed of aluminum material. 

[00503]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00504]  In step S40, operation record collection is carried out. 

[00505]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the type of aluminum material, furnace pressure, furnace temperature, and 

smelting speed), operational data (charging sequence, smelting temperature, smelting time, 

oil pressure, oil quantity, fuel ratio, the flow rate of combustion-supporting air, and 

covering agent dosage) and evaluation data (burning rate and energy consumption) are 

added to the knowledge base as a complete knowledge record. 

[00506]  In step S50, intelligent decision-making is performed. 

[00507]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The charging sequence, the smelting 

temperature, the smelting time, the oil pressure, the oil quantity, the fuel ratio, the flow 

rate of combustion-supporting air, and the covering agent dosage in the knowledge record 

are used as recommended suggestions. 

[00508]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00509]  In S70, the process goes to step S30. 
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[00510]  Example 27 

[00511]  Control for aluminum electrolysis 

[00512]  Process: aluminium oxide is dissolved in the molten cryolite melt to form a 

uniform melt with good electrical conductivity. An anode and a cathode are made of a 

carbon material. When direct current is turned on, an electrochemical reaction occurs on 

the two electrodes. Anode gas is generated on the anode, and liquid aluminum is 

precipitated on the cathode. The liquid aluminum is periodically sucked out from a 

reduction cell by vacuum ladle and sent to an attached foundry to be cast as aluminum 

ingots for remelting. In the normal processing of the reduction cell, the cell controller 

controls the feeding interval and feeding amount according to the aluminium oxide 

concentration. In the actual production process, due to external factors such as equipment, 

it is often required to manually adjust the feeding interval to meet the production needs. 

The aluminum electrolysis process is greatly affected by strong nonlinearity and various 

unpredictable factors. It is not easy to measure the concentration of aluminium oxide in 

the reduction cell. Moreover, the actual controllable aluminium oxide concentration range 

of the reduction cell is different under different cell conditions. Therefore, it is difficult to 

precisely control the aluminium oxide concentration in the reduction cell. At present, the 

control range of aluminium oxide concentration for large-scale pre-baked aluminum 

reduction cells in China is from 1.5% to 3.5%. If the aluminum oxide concentration is too 

high in the electrolysis process, it will cause problems such as precipitation at the bottom 

of the cell, instability of the aluminum liquid layer, and increased resistance. When the 

concentration is too low, the anode effect is likely to occur, which reduces the current 

efficiency. Therefore, it is required to comprehensively consider voltage, aluminium oxide 

feeding amount, aluminium oxide feeding interval, electrolytic cell temperature, 

electrolyte molecular ratio, pole distance, aluminum level, electrolyte level, the thickness 

of thermal insulation material, and other factors. Through the application of artificial 
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intelligence system, the lower power consumption of aluminum electrolysis is achieved. 

[00513]  The process flow of this embodiment: 

[00514]  In step S10, three data dimensions are determined. 

[00515]  Basic work conditions: reduction cell station, average cell voltage, 

aluminium oxide composition (moisture content, sodium content, and the like), aluminium 

oxide form (sandy aluminium oxide and powdery aluminium oxide), and the thickness of 

thermal insulation material. 

[00516]  Operational data: voltage, aluminium oxide feeding amount, aluminium 

oxide feeding interval, cell temperature, electrolyte molecular ratio, pole distance, 

aluminum level, and electrolyte level. 

[00517]  Optimization objective: to achieve lower power consumption of aluminum 

electrolysis. 

[00518]  Constraints: The current intensity, the magnetic field distribution of the 

reduction cell, and the aluminum output are in the configuration ranges. 

[00519]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00520]  The isometric classification method is carried out in this example. 

[00521]  Upper and lower step limits are set for the reduction cell station, the 

average cell voltage, the aluminium oxide composition (moisture content, sodium content, 

and the like), the aluminium oxide form (sandy aluminium oxide and powdery aluminium 

oxide), and the thickness of thermal insulation material. 

[00522]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00523]  In step S40, operation record collection is carried out. 

[00524]  If there is currently an operation record collection plan and the collection 
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time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (reduction cell station, average cell voltage, aluminium oxide composition 

(moisture content, sodium content, and the like), aluminium oxide form (sandy aluminium 

oxide and powdery aluminium oxide), and the thickness of thermal insulation material.), 

operational data (voltage, aluminium oxide feeding amount, aluminium oxide feeding 

interval, cell temperature, electrolyte molecular ratio, pole distance, aluminum level, and 

electrolyte level) and evaluation data (aluminum output and unit power consumption) are 

added to the knowledge base as a complete knowledge record. 

[00525]  In step S50, intelligent decision-making is performed. 

[00526]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The voltage, the aluminium oxide feeding 

amount, the aluminium oxide feeding interval, the cell temperature, the electrolyte 

molecular ratio, the pole distance, the aluminum level, and the electrolyte level in the 

knowledge record are used as recommended suggestions. 

[00527]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00528]  In S70, the process goes to step S30. 

[00529]  Example 28 

[00530]  Control for chlortetracycline hydrochloride extraction - crystallization 

[00531]  The whole extraction process of chlortetracycline hydrochloride product 

includes: acidification filtration - conversion to double salt filtration - coarse crystal 

filtration - coarse crystal dissolution filtration - crystallization filtration - washing - drying 

process, in which crystallization is the key link affecting the chemical potency of the 

product. In the crystallization process, different operations for start addition temperatures 
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of hydrochloric acid, hydrochloric acid proportioning instructions, hydrochloric acid 

addition rates, holding temperatures, holding time, and stirring speed/transformation will 

affect the chemical potency of the product. 

[00532]  The process flow of this embodiment: 

[00533]  In step S10, three data dimensions are determined. 

[00534]  Basic work conditions: the volume of extract solution (filtrate obtained 

after dissolving and filtration of crude crystals), the chemical potency of the extraction 

solution, the ambient temperature value of crystallization, and the initial liquid level of a 

hydrochloric acid metering tank. 

[00535]  Operational data: start addition temperatures of hydrochloric acid, 

hydrochloric acid proportioning instruction, hydrochloric acid addition rate, holding 

temperature, holding time, and stirring speed/transformation. 

[00536]  Optimization objective: to achieve higher unit chemical potency of 

veterinary antibiotics. 

[00537]  Constraints: the product quality meets the configuration value. 

[00538]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00539]  The isometric classification method is carried out in this example. 

[00540]  Upper and lower limits are set for work condition data. 

[00541]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00542]  In step S40, operation record collection is carried out. 

[00543]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the volume of extract solution, the chemical potency of the extraction 
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solution, the ambient temperature value of crystallization, and the initial liquid level of a 

hydrochloric acid metering tank), operational data (the start addition temperatures of 

hydrochloric acid, hydrochloric acid proportioning instruction, hydrochloric acid addition 

rate, holding temperature, holding time, and stirring speed/transformation) and evaluation 

data (the unit chemical potency of veterinary antibiotics) are added to the knowledge base 

as a complete knowledge record. 

[00544]  In step S50, intelligent decision-making is performed. 

[00545]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The start addition temperatures of 

hydrochloric acid, the hydrochloric acid proportioning instruction, the hydrochloric acid 

addition rate, the holding temperature, the holding time, and the stirring 

speed/transformation in the knowledge record are used as recommended data and support 

for settings of crystallization. 

[00546]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00547]  In S70, the process goes to step S30. 

[00548]  Example 29 

[00549]  Control for penicillin extraction - solvent extraction 

[00550]  The whole extraction process of penicillin includes: fermentation broth 

filtration → primary extraction → back extraction → secondary extraction → 

decolorization → crystallization → filtration → drying → finished product, in which 

extraction is a key link of the whole extraction process. The process of solvent extraction 

of penicillin includes mixing an organic solvent with the pretreated and filtered filtrate 

penicillin fermentation broth and then adjusting the pH value to transfer penicillin into the 
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solvent from the aqueous phase, thus achieving the purpose of purification and 

concentration. During this process, different extraction controls, such as the dosage of the 

extraction solvent, the dosage of water, the PH value of the filtrate, the temperature of the 

filtrate, the flow rate of the extraction agent, extraction time, extraction pressure, 

centrifugation time, centrifugation speed, and the like, directly affect the extraction effect 

of penicillin (unit extraction rate of penicillin). 

[00551]  The process flow of this embodiment: 

[00552]  In step S10, three data dimensions are determined. 

[00553]  Basic work conditions: filtrate volume and potency, and material 

properties. 

[00554]  Operational data: the dosage of the extraction solvent, the dosage of water, 

the PH value of the filtrate, the temperature of the filtrate, the flow rate of the extraction 

agent, extraction time, extraction pressure, centrifugation time, and centrifugation speed. 

[00555]  Optimization objective: to achieve a higher unit extraction rate of 

penicillin. 

[00556]  Constraints: the product quality meets the configuration value. 

[00557]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00558]  The isometric classification method is carried out in this example. 

[00559]  Upper and lower limits are set for work condition data. 

[00560]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00561]  In step S40, operation record collection is carried out. 

[00562]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 
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condition data (filtrate volume and potency, and material properties), operational data (the 

dosage of the extraction solvent, the dosage of water, the PH value of the filtrate, the 

temperature of the filtrate, the flow rate of the extraction agent, extraction time, extraction 

pressure, centrifugation time, and centrifugation speed) and evaluation data (the unit 

extraction rate of penicillin) are added to the knowledge base as a complete knowledge 

record. 

[00563]  In step S50, intelligent decision-making is performed. 

[00564]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The dosage of the extraction solvent, the 

dosage of water, the PH value of the filtrate, the temperature of the filtrate, the flow rate of 

the extraction agent, the extraction time, the extraction pressure, the centrifugation time, 

and the centrifugation speed in the knowledge record are used as recommended data and 

support for settings of solvent extraction. 

[00565]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00566]  In S70, the process goes to step S30. 

[00567]  Example 30 

[00568]  Control for pharmaceutical wastewater treatment of penicillin 

[00569]  In the production process of penicillin, high-concentration organic 

wastewater is produced. The COD content in the wastewater is high, and the wastewater 

contains a relatively high concentration of sulfate. The discharged wastewater has a high 

concentration of pollutants. In the two-stage activated sludge treatment process using an 

aerobic method, different controls, such as the dosage and addition time of each treatment 

agent, and the parameter settings of the wastewater treatment device (water valve flow, fan 
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speed, compressor speed, and the like) directly affect the unit treatment cost of 

wastewater. 

[00570]  The process flow of this embodiment: 

[00571]  In step S10, three data dimensions are determined. 

[00572]  Basic work conditions: water volume, wastewater composition (COD, 

ammonia nitrogen content, inorganic pollutant content, sulfate content, and the like), 

wastewater pH, and ambient temperature. 

[00573]  Operational data: the dosage and addition time of each treatment agent and 

the parameter settings (water valve flow, fan speed, compressor speed, and the like) of the 

wastewater treatment device. 

[00574]  Optimization objective: to achieve lower unit treatment cost of wastewater. 

[00575]  Constraints: wastewater meets the discharge standard. 

[00576]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00577]  The isometric classification method is carried out in this example. 

[00578]  Upper and lower limits are set for work condition data. 

[00579]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00580]  In step S40, operation record collection is carried out. 

[00581]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (water volume, wastewater composition (COD, ammonia nitrogen content, 

inorganic pollutant content, sulfate content, and the like), wastewater pH, and ambient 

temperature), operational data (the dosage and addition time of each treatment agent and 

the parameter settings of the wastewater treatment device) and evaluation data (unit 
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treatment cost of wastewater) are added to the knowledge base as a complete knowledge 

record. 

[00582]  In step S50, intelligent decision-making is performed. 

[00583]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The dosage and addition time of each 

treatment agent and the parameter settings of the wastewater treatment device are used as 

recommended data and support for settings of wastewater treatment. 

[00584]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00585]  In S70, the process goes to step S30. 

[00586]  Example 31 

[00587]  Control for pulp pretreatment 

[00588]  A method for preparing fiber pulp, comprising the following steps: (1) 

soaking chopped fibers in water to control the moisture content; (2) soaking the chopped 

fibers obtained in step (1) in liquid nitrogen; and (3) mechanically grinding the chopped 

fibers obtained in step (2) by a vertical vortex mill to achieve fibrillation treatment, and 

then separate the fibers from air by a cyclone separator to obtain the fiber pulp. 

[00589]  The process flow of this embodiment: 

[00590]  In step S10, three data dimensions are determined. 

[00591]  Basic work conditions: fiber type, filament number, and elastic modulus. 

[00592]  Operational data: pretreatment pressure, pretreatment time, pretreatment 

temperature, and the rotating speed of vertical vortex mill. 

[00593]  Optimization objective: to improve the degree of pulp polymerization. 

[00594]  Constraints: the quality (specific surface area, average length, and the like) 
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of the fiber pulp meets the requirements. 

[00595]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00596]  The isometric classification method is carried out in this example. 

[00597]  Upper and lower limits are set for work condition data. 

[00598]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00599]  In step S40, operation record collection is carried out. 

[00600]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (fiber type, filament number, and elastic modulus), operational data 

(pretreatment pressure, pretreatment time, pretreatment temperature, and the rotating 

speed of the vertical vortex mill) and evaluation data (pulp polymerization) are added to 

the knowledge base as a complete knowledge record. 

[00601]  In step S50, intelligent decision-making is performed. 

[00602]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The pretreatment pressure, the pretreatment 

time, the pretreatment temperature, and the rotating speed of the vertical vortex mill in the 

knowledge record are used as recommended data and support for operation settings of 

pulp pretreatment.  

[00603]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00604]  In S70, the process goes to step S30. 
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[00605]  Example 32 

[00606]  Control for fibrinolysis  

[00607]  The cellulose pulp is dissolved in the organic solvent 

N-methylmorphine-N-oxide (NMMO) to prepare the spinning dope, and the spinning 

solution is filtered to remove impurities. 

[00608]  The process flow of this embodiment: 

[00609]  In step S10, three data dimensions are determined. 

[00610]  Basic work conditions: the specific surface area of pulp, NMMO 

concentration, the average length of pulp, pulp volume, and pulp temperature. 

[00611]  Operational data: swelling temperature, NMMO dosage, dissolution time, 

and vacuum degree. 

[00612]  Optimization objective: to reduce the content of gel particles in the 

spinning solution. 

[00613]  Constraints: the concentration of the spinning solution meets the 

requirements. 

[00614]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00615]  The isometric classification method is carried out in this example. 

[00616]  Upper and lower limits are set for work condition data. 

[00617]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00618]  In step S40, operation record collection is carried out. 

[00619]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the specific surface area of pulp, NMMO concentration, the average length 
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of pulp, pulp volume, and pulp temperature), operational data (swelling temperature, 

NMMO dosage, dissolution time, and vacuum degree) and evaluation data (the content of 

gel particles in the spinning solution) are added to the knowledge base as a complete 

knowledge record. 

[00620]  In step S50, intelligent decision-making is performed. 

[00621]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The swelling temperature, the NMMO 

dosage, the dissolution time, and the vacuum degree in the knowledge record are used as 

recommended data and support for operation settings of fibrinolysis. 

[00622]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00623]  In S70, the process goes to step S30. 

[00624]  Example 33 

[00625]  Control for fiber spinning 

[00626]  A complete set of spinning machine equipment is composed of a spinneret, 

a coagulation bath, and a blower, and the spinning operation is carried out by using the 

spinning machine equipment. The spinning solution is output through a spinning metering 

pump, flows through a buffer, enters a spinneret assembly and is ejected, and then enters 

the coagulation solution and is coagulated into coagulated filaments by a wet or dry-wet 

spinning process. 

[00627]  The process flow of this embodiment: 

[00628]  In step S10, three data dimensions are determined. 

[00629]  Basic work conditions: product specifications, spinneret hole diameter, 

aspect ratio, number of spinneret holes, and number of spinnerets per spinning position. 
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[00630]  Operational data: spinning temperature, spinneret extrusion speed, spinning 

draft speed, air gap length, center blowing temperature, blowing volume, coagulation bath 

temperature, and coagulation bath concentration. 

[00631]  Optimization objective: to reduce steam consumption in the spinning 

process. 

[00632]  Constraints: the solvent precipitation rate meets the requirements. 

[00633]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00634]  The isometric classification method is carried out in this example. 

[00635]  Upper and lower limits are set for work condition data. 

[00636]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00637]  In step S40, operation record collection is carried out. 

[00638]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (product specifications, spinneret hole diameter, aspect ratio, number of 

spinneret holes, and number of spinnerets per spinning position), operational data 

(spinning temperature, spinneret extrusion speed, spinning draft speed, air gap length, 

center blowing temperature, blowing volume, coagulation bath temperature, and 

coagulation bath concentration) and evaluation data (the steam consumption in the 

spinning process) are added to the knowledge base as a complete knowledge record. 

[00639]  In step S50, intelligent decision-making is performed. 

[00640]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 
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the basis for generating operation suggestions. The spinning temperature, the spinneret 

extrusion speed, the spinning draft speed, the air gap length, the center blowing 

temperature, the blowing volume, the coagulation bath temperature, and the coagulation 

bath concentration in the knowledge record are used as recommended data and support for 

operation settings of fiber spinning. 

[00641]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00642]  In S70, the process goes to step S30. 

[00643]  Example 34 

[00644]  Control for energy consumption of fiber washing 

[00645]  The coagulated filaments are washed with water by beating with a 

patterned roller, and the washing water flows countercurrently. 

[00646]  The process flow of this embodiment: 

[00647]  In step S10, three data dimensions are determined. 

[00648]  Basic work conditions: filament specifications and filament travel speed. 

[00649]  Operational data: draft ratio, first pass (washing temperature, flow rate, and 

solvent content), and second pass (water washing temperature, flow rate, and solvent 

content). 

[00650]  Optimization objective: to reduce water consumption in the washing 

process. 

[00651]  Constraints: the quality (fiber number, fiber length, dry strength, elongation 

at break, wet strength, and moisture regain) of finished filaments meets the requirements. 

[00652]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00653]  The isometric classification method is carried out in this example. 

[00654]  Upper and lower limits are set for work condition data. 
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[00655]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00656]  In step S40, operation record collection is carried out. 

[00657]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (filament specifications and filament travel speed), operational data (draft 

ratio, first pass (washing temperature, flow rate, and solvent content), and second pass 

(water washing temperature, flow rate, and solvent content)) and evaluation data (water 

consumption in the washing process) are added to the knowledge base as a complete 

knowledge record. 

[00658]  In step S50, intelligent decision-making is performed. 

[00659]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The draft ratio, the first pass (washing 

temperature, flow rate, and solvent content), and the second pass (water washing 

temperature, flow rate, and solvent content) in the knowledge record are used as 

recommended data and support for operation settings of energy consumption of fiber 

washing. 

[00660]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00661]  In S70, the process goes to step S30. 

[00662]  Example 35 

[00663]  Control for solvent recovery in fiber washing 

[00664]  The coagulated filaments are washed with water by beating with a 
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patterned roller, and the washing water flows countercurrently. 

[00665]  The process flow of this embodiment: 

[00666]  In step S10, three data dimensions are determined. 

[00667]  Basic work conditions: filament specifications and filament travel speed. 

[00668]  Operational data: draft ratio, first pass (washing temperature, flow rate, and 

solvent content), and second pass (water washing temperature, flow rate, and solvent 

content). 

[00669]  Optimization objective: to achieve highest solvent recovery rate in the 

washing process. 

[00670]  Constraints: the quality (fiber number, fiber length, dry strength, elongation 

at break, wet strength, and moisture regain) of finished filaments meets the requirements. 

[00671]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00672]  The isometric classification method is carried out in this example. 

[00673]  Upper and lower limits are set for work condition data. 

[00674]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00675]  In step S40, operation record collection is carried out. 

[00676]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (filament specifications and filament travel speed), operational data (draft 

ratio, first pass (washing temperature, flow rate, and solvent content), and second pass 

(water washing temperature, flow rate, and solvent content)) and evaluation data (solvent 

recovery rate in the washing process) are added to the knowledge base as a complete 

knowledge record. 
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[00677]  In step S50, intelligent decision-making is performed. 

[00678]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The draft ratio, the first pass (washing 

temperature, flow rate, and solvent content), and the second pass (water washing 

temperature, flow rate, and solvent content) in the knowledge record are used as 

recommended data and support for operation settings of solvent recovery in the washing 

process. 

[00679]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00680]  In S70, the process goes to step S30. 

[00681]  Example 36 

[00682]  Control for fiber drying 

[00683]  After washing and drawing, modified silicone oil or non-silicon oil is 

applied the coagulated filaments. The coagulated filaments are dried and densified with a 

hot roller. 

[00684]  The process flow of this embodiment: 

[00685]  In step S10, three data dimensions are determined. 

[00686]  Basic work conditions: fiber specifications and the initial moisture content 

of filaments. 

[00687]  Operational data: drying temperature, spindle speed, and drying time. 

[00688]  Optimization objective: to reduce drying time. 

[00689]  Constraints: the moisture content of filaments and the fiber strength reach 

the standards. 

[00690]  In step S20, a subdivision rule is set for each data dimension of the basic 
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work conditions. 

[00691]  The isometric classification method is carried out in this example. 

[00692]  Upper and lower limits are set for work condition data. 

[00693]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00694]  In step S40, operation record collection is carried out. 

[00695]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (fiber specifications and the initial moisture content of filaments), 

operational data (drying temperature, spindle speed, and drying time) and evaluation data 

(drying time) are added to the knowledge base as a complete knowledge record. 

[00696]  In step S50, intelligent decision-making is performed. 

[00697]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The drying temperature, the spindle speed, 

and the drying time in the knowledge record are used as recommended data and support 

for operation settings of fiber drying. 

[00698]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00699]  In S70, the process goes to step S30. 

[00700]  Example 37 

[00701]  Control for wastewater treatment in environmentally friendly fiber 

production 

[00702]  Organics in wastewater generated in environmentally friendly fiber 



70 
 

 70 

production are removed by the process of hydrolysis acidification cell + A2/O + 

high-density sedimentation cell + ozone catalytic oxidation cell + D-type filtering cell. 

[00703]  The process flow of this embodiment: 

[00704]  In step S10, three data dimensions are determined. 

[00705]  Basic work conditions: wastewater volume, wastewater composition (COD, 

ammonia nitrogen content, inorganic pollutant content, oil and wax content, and the like), 

wastewater pH, and ambient temperature. 

[00706]  Operational data: the dosage and addition time of each treatment agent and 

the parameter settings (water valve flow, fan speed, compressor speed, and the like) of the 

wastewater treatment device. 

[00707]  Optimization objective: to reduce the cost of wastewater treatment. 

[00708]  Constraints: wastewater meets the discharge standard. 

[00709]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00710]  The isometric classification method is carried out in this example. 

[00711]  Upper and lower limits are set for work condition data. 

[00712]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00713]  In step S40, operation record collection is carried out. 

[00714]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (water volume, wastewater composition, wastewater pH, and ambient 

temperature), operational data (the dosage and addition time of each treatment agent and 

the parameter settings of the wastewater treatment device) and evaluation data (the cost of 

wastewater treatment) are added to the knowledge base as a complete knowledge record. 
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[00715]  In step S50, intelligent decision-making is performed. 

[00716]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The dosage and addition time of each 

treatment agent and the parameter settings of the wastewater treatment device are used as 

recommended data and support for operation settings of wastewater treatment in the 

environmentally friendly fiber production. 

[00717]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00718]  In S70, the process goes to step S30. 

[00719]  Example 38 

[00720]  Optimal operation scheme of ironmaking and sintering blending 

[00721]  According to the product quality requirements of the blast furnace for sinter 

and the chemical properties of the raw materials, various raw materials, solvents, fuels, 

substitutes, and returned ore are added in a certain proportion. ① Batching: sinter with 

stable chemical composition and physical properties is obtained through batching, and the 

obtained sinter meets the requirements of blast furnace smelting. ② Mixing: the sinter is 

wetted and mixed with water and then pelletized, so that the sintered material has uniform 

the composition and proper moisture content and can be pelletized easily. In this way, a 

sintered mixture with good particle size and composition is obtained, so as to ensure the 

quality of sinter and improve the sintering rate. 

[00722]  The process flow of this embodiment: 

[00723]  In step S10, three data dimensions are determined. 

[00724]  Basic work conditions: the theoretical iron content of iron ore powder, the 

density of iron ore powder, the hydrophilicity of iron ore powder, the assimilation of iron 
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ore powder, the fluidity of iron ore powder, the porosity of iron ore powder, the particle 

size of iron ore powder, the composition and content of iron ore powder; solvent type, the 

oxide content of solvents, the solvent impurity (S and P) content of solvents, solvent 

particle size; the ash content of fuel, the volatile content of fuel, fuel particle size, 

equipment conditions (sticky material, batch turning); quality index requirements for 

sinter (the total iron content of sinter, the iron oxide content of sinter, the sulfur content of 

sinter, the alkalinity of sinter, the drum index of sinter, and the sieving index of sinter). 

[00725]  Operational data: ore powder dosage, solvent type, the dosage of each 

solvent, fuel dosage, drum speed, running direction, and addition of water for uniform 

mixing. 

[00726]  Optimization objective: to achieve a higher sintering rate. 

[00727]  Constraints: The mixing uniformity, air permeability and moisture content 

of the sintered material are all within the set upper and lower limits. 

[00728]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00729]  Upper and lower step limits are set for the theoretical iron content of iron 

ore powder, the density of iron ore powder, the hydrophilicity of iron ore powder, the 

assimilation of iron ore powder, the fluidity of iron ore powder, the porosity of iron ore 

powder, the particle size of iron ore powder, the composition and content of iron ore 

powder; solvent type, the oxide content of solvents, the solvent impurity (S and P) content 

of solvents, solvent particle size; the ash content of fuel, the volatile content of fuel, fuel 

particle size, equipment conditions (sticky material, batch turning); quality index 

requirements for sinter (the total iron content of sinter, the iron oxide content of sinter, the 

sulfur content of sinter, the alkalinity of sinter, the drum index of sinter, and the sieving 

index of sinter), and the like. 

[00730]  In step S30, the basic work condition data and the operational data are 
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monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00731]  In step S40, operation record collection is carried out. 

[00732]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the theoretical iron content of iron ore powder, the density of iron ore 

powder, the hydrophilicity of iron ore powder, the assimilation of iron ore powder, the 

fluidity of iron ore powder, the porosity of iron ore powder, the particle size of iron ore 

powder, the composition and content of iron ore powder; solvent type, the oxide content of 

solvents, the solvent impurity (S and P) content of solvents, solvent particle size; the ash 

content of fuel, the volatile content of fuel, fuel particle size, equipment conditions (sticky 

material, batch turning); quality index requirements for sinter (the total iron content of 

sinter, the iron oxide content of sinter, the sulfur content of sinter, the alkalinity of sinter, 

the drum index of sinter, and the sieving index of sinter), operational data (ore powder 

dosage, solvent type, the dosage of each solvent, fuel dosage, drum speed, running 

direction, and addition of water for uniform mixing) and evaluation data (the yield of 

sinter) are added to the knowledge base as a complete knowledge record. 

[00733]  In step S50, intelligent decision-making is performed. 

[00734]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The ore powder dosage, the solvent type, 

the dosage of each solvent, the fuel dosage, the drum speed, the running direction, and 

addition of water for uniform mixing in the knowledge record are used as recommended 

suggestions. 

[00735]  In step S60, the recommended suggestions can be offered to workers for 
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operation, or can be directly controlled by the DCS system of the device. 

[00736]  In S70, the process goes to step S30. 

[00737]  Example 39 

[00738]  Optimal operation scheme for ironmaking and sintering 

[00739]  The iron-making raw materials provided by raw material providers are 

crushed and screened, and then batched and subjected to primary mixing and secondary 

mixing. After a series of processes such as thoroughly mixing iron ore powder, powder 

(anthracite) and lime in a certain proportion and adding water, the mixture is sent to a 

sintering machine trolley for ignition and combustion to form sinter. The sinter then goes 

through the pelletizing process to become sintered pellets. The obtained sintered pellets 

are sent to a blast furnace. ① Material distribution: spreading the base material and the 

mixed material on the sintering machine trolley for operation. ②Ignition: igniting the 

surface of the material layer on the trolley so that the material burns. ③Sintering: 

accurately controlling air volume, vacuum degree, material layer thickness, machine speed 

and sintering end point in the sintering process. The sintered product is sinter with 

sufficient strength and particle size, which is used as clinker for iron making in the next 

process. 

[00740]  The process flow of this embodiment: 

[00741]  In step S10, three data dimensions are determined. 

[00742]  Basic work conditions: the content of iron ore powder in sintered material, 

the type of solvents in sintered material, the content of each solvent in sintered material, 

fuel content of sintered material, the moisture content of sintered material, composition of 

padding, and the particle size of padding. 

[00743]  Operational data: the thickness of sintered material spread, padding 

thickness, gas pressure, flow rate, combustion-supporting air pressure, flow rate, air-fuel 

ratio, sintering machine speed, negative pressure for sintering, and ignition temperature. 
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[00744]  Optimization objective: to reduce the unit gas consumption of sinter. 

[00745]  Constraints: quality requirements of sinter (the total iron content of sinter, 

the iron oxide content of sinter, the sulfur content of sinter, the alkalinity of sinter, the 

drum index of sinter, and the sieving index of sinter) meet the standard configuration 

values. 

[00746]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00747]  Upper and lower step limits are set for the content of iron ore powder in 

sintered material, the type of solvents in sintered material, the content of each solvent in 

sintered material, fuel content of sintered material, the moisture content of sintered 

material, composition of padding, and the particle size of padding. 

[00748]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00749]  In step S40, operation record collection is carried out. 

[00750]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the content of iron ore powder in sintered material, the type of solvents in 

sintered material, the content of each solvent in sintered material, fuel content of sintered 

material, the moisture content of sintered material, composition of padding, and the 

particle size of padding), operational data (the thickness of sintered material spread, 

padding thickness, gas pressure, flow rate, combustion-supporting air pressure, flow rate, 

air-fuel ratio, sintering machine speed, negative pressure for sintering, and ignition 

temperature) and evaluation data (the unit gas consumption of sinter) are added to the 

knowledge base as a complete knowledge record. 

[00751]  In step S50, intelligent decision-making is performed. 
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[00752]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The thickness of sintered material spread, 

padding thickness, gas pressure, flow rate, combustion-supporting air pressure, flow rate, 

air-fuel ratio, sintering machine speed, negative pressure for sintering, and ignition 

temperature in the knowledge record are used as recommended suggestions. 

[00753]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00754]  In S70, the process goes to step S30. 

[00755]  Example 40 

[00756]  Optimal operation scheme for blast furnace batching 

[00757]  After processing, the qualified coke, sinter, pellets, auxiliary materials, and 

the liked are transported to the blast furnace silo for storage and use. After all kinds of 

charging materials are screened and weighed under the cell, they are transported to a blast 

furnace charging truck by a belt conveyor according to the batching procedure, and then 

pulled to the top of the furnace by the charging truck through an inclined bridge and 

charged into the blast furnace. 

[00758]  The process flow of this embodiment: 

[00759]  In step S10, three data dimensions are determined. 

[00760]  Basic work conditions: physicochemical properties of sinter (the total iron 

content of sinter, the iron oxide content of sinter, the sulfur content of sinter, the alkalinity 

of sinter, the drum index of sinter, the sieving index of sinter, sinter uniformity, sinter 

permeability, and the like), physicochemical properties of coke (fixed carbon content, ash 

content, volatile content, impurity content, and particle size), physicochemical properties 

of auxiliary materials (oxide content and impurity content); composition requirements for 
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molten iron, temperature requirements for molten iron, and composition requirements for 

slag. 

[00761]  Operational data: the dosage of each raw material (crushed sinter, pellets, 

coke, auxiliary materials, and the like)  

[00762]  Optimization objective: to achieve lower total consumption of ingredients 

per ton of hot metal in the blast furnace. 

[00763]  Constraints: The quality parameters of molten iron meet the configuration 

values. 

[00764]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00765]  Upper and lower step limits are set for the physicochemical properties of 

sinter (the total iron content of sinter, the iron oxide content of sinter, the sulfur content of 

sinter, the alkalinity of sinter, the drum index of sinter, the sieving index of sinter, sinter 

uniformity, sinter permeability, and the like), the physicochemical properties of coke 

(fixed carbon content, ash content, volatile content, impurity content, and particle size), 

the physicochemical properties of auxiliary materials (oxide content and impurity content); 

composition requirements for molten iron, temperature requirements for molten iron, and 

composition requirements for slag. 

[00766]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00767]  In step S40, operation record collection is carried out. 

[00768]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

conditions (physicochemical properties of sinter (the total iron content of sinter, the iron 

oxide content of sinter, the sulfur content of sinter, the alkalinity of sinter, the drum index 
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of sinter, the sieving index of sinter, sinter uniformity, sinter permeability, and the like), 

physicochemical properties of coke (fixed carbon content, ash content, volatile content, 

impurity content, and particle size), physicochemical properties of auxiliary materials 

(oxide content and impurity content); composition requirements for molten iron, 

temperature requirements for molten iron, and composition requirements for slag), the 

operational data (the dosage of each raw material (crushed sinter, pellets, coke, auxiliary 

materials, and the like) and evaluation data total consumption of ingredients per ton of hot 

metal in the blast furnace) are added to the knowledge base as a complete knowledge 

record. 

[00769]  In step S50, intelligent decision-making is performed. 

[00770]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The dosage of each raw material (crushed 

sinter, pellets, coke, auxiliary materials, and the like) in the knowledge record is used as 

recommended suggestions. 

[00771]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00772]  In S70, the process goes to step S30. 

[00773]  Example 41 

[00774]  Optimal control scheme for blast furnace combustion 

[00775]  The cold air blown from a blower room is heated into hot air by the hot 

blast heater. The hot air is blown into a tuyere at the lower part of the blast furnace and 

combusts with the coke in the charge and the injected pulverized coal, producing 

high-temperature reducing gases CO and H2. The gases exchange heat with the 

descending charge while rising, so that the charge is heated and the reduction reaction 
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occurs. The reduced sponge iron is further melted and carburized, and finally molten iron 

is formed. 

[00776]  The process flow of this embodiment: 

[00777]  In step S10, three data dimensions are determined. 

[00778]  Basic work conditions: raw material ratio (sinter content, pellet content, 

coke content, auxiliary material content), temperature requirements for molten iron, 

composition requirements for molten iron, hearth temperature, and furnace body 

temperature. 

[00779]  Operational data: thickness of iron ore layer, thickness of fuel and auxiliary 

material layer, injection rate of pulverized coal, hot air temperature, and wind speed. 

[00780]  Optimization objective: to achieve a higher yield of molten iron in a fixed 

period. 

[00781]  Constraints: The quality parameters of molten iron meet the configuration 

values. 

[00782]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00783]  Upper and lower step limits are set for the raw material ratio (sinter content, 

pellet content, coke content, and auxiliary material content), temperature requirements for 

molten iron, composition requirements for molten iron, hearth temperature, furnace body 

temperature, and the like. 

[00784]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00785]  In step S40, operation record collection is carried out. 

[00786]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 
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condition data (raw material ratio (sinter content, pellet content, coke content, auxiliary 

material content), temperature requirements for molten iron, composition requirements for 

molten iron, hearth temperature, and furnace body temperature), operational data 

(thickness of iron ore layer, thickness of fuel and auxiliary material layer, injection rate of 

pulverized coal, hot air temperature, and wind speed) and evaluation data (the yield of 

molten iron in a fixed period) are added to the knowledge base as a complete knowledge 

record. 

[00787]  In step S50, intelligent decision-making is performed. 

[00788]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The thickness of iron ore layer, the 

thickness of fuel and auxiliary material layer, the injection rate of pulverized coal, the hot 

air temperature, and the wind speed in the knowledge record are used as recommended 

suggestions. 

[00789]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00790]  In S70, the process goes to step S30. 

[00791]  Example 42 

[00792]  Optimal operation scheme of molten iron pre-desulfurization (injection 

method) 

[00793]  A molten iron desulfurization system is mainly composed of a lime powder 

silo, a magnesium powder silo, a lime powder injection tank, a magnesium powder 

injection tank, powder spray guns, temperature measurement/sampling guns and other 

parts. Using nitrogen as the carrier gas, the raw material powders—lime powder and 

magnesium powder are automatically compounded and injected into the molten iron tank. 
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After chemical action, the desulfurized slag floats up to the surface of the molten iron. 

After passing the sampling test, the slag is removed and the molten iron enters the next 

process. Iron loss is caused because the slag carries iron or due to the slag removal 

operation. 

[00794]  The process flow of this embodiment: 

[00795]  In step S10, three data dimensions are determined. 

[00796]  Basic work conditions: temperature of molten iron before desulfurization, 

weight of molten iron before desulfurization, composition of molten iron before 

desulfurization, desulfurization station, age of injection gun, purity of passivated 

magnesium, purity of passivated lime, and target value of S content of molten iron after 

desulfurization. 

[00797]  Operational data: injection pressure of passivated magnesium, injection rate 

of passivated magnesium, injection time of passivated magnesium, injection volume of 

passivated magnesium, injection pressure of passivated lime, injection rate of passivated 

lime, injection time of passivated lime, injection volume of passivated lime, 

lime-magnesium powder ratio, and flow rate of nitrogen-assisted blowing. 

[00798]  Optimization objective: to achieve lower desulfurizer consumption and less 

iron loss. 

[00799]  Constraints: the S content of molten iron after desulfurization meets the 

configuration value. 

[00800]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00801]  Upper and lower step limits are set for the temperature of molten iron 

before desulfurization, the weight of molten iron before desulfurization, the composition 

of molten iron before desulfurization, the desulfurization station, the age of injection gun, 

the purity of passivated magnesium, the purity of passivated lime, and the target value of S 
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content of molten iron after desulfurization. 

[00802]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00803]  In step S40, operation record collection is carried out. 

[00804]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (temperature of molten iron before desulfurization, weight of molten iron 

before desulfurization, composition of molten iron before desulfurization, desulfurization 

station, age of injection gun, purity of passivated magnesium, purity of passivated lime, 

and target value of S content of molten iron after desulfurization), temperature 

requirements for molten iron, composition requirements for molten iron, hearth 

temperature, and furnace body temperature), operational data (injection pressure of 

passivated magnesium, injection rate of passivated magnesium, injection time of 

passivated magnesium, injection volume of passivated magnesium, injection pressure of 

passivated lime, injection rate of passivated lime, injection time of passivated lime, 

injection volume of passivated lime, lime-magnesium powder ratio, and flow rate of 

nitrogen-assisted blowing) and evaluation data (desulfurizer consumption and iron loss) 

are added to the knowledge base as a complete knowledge record. 

[00805]  In step S50, intelligent decision-making is performed. 

[00806]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The injection pressure of passivated 

magnesium, the injection rate of passivated magnesium, the injection time of passivated 

magnesium, the injection volume of passivated magnesium, the injection pressure of 
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passivated lime, the injection rate of passivated lime, the injection time of passivated lime, 

the injection volume of passivated lime, the lime-magnesium powder ratio, and the flow 

rate of nitrogen-assisted blowing in the knowledge record are used as recommended 

suggestions. 

[00807]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00808]  In S70, the process goes to step S30. 

[00809]  Example 43 

[00810]  Optimal operation scheme of molten iron pre-desulfurization (KR 

mechanical stirring method) 

[00811]  According to the KR (Kambara Reactor) mechanical stirring method, after 

slag removal and sampling, the molten iron in the blast furnace reaches the desulfurization 

station, and a stirring head cast with refractory materials and baked is immersed into the 

molten iron ladle molten pool to a certain depth. The stirring head rotates to cause 

vortexes. The weighed desulfurizer is added to the surface of the molten iron by the feeder, 

and is mixed into the molten iron by the vortexes, so that the desulfurizer and the molten 

iron fully react to form slag to achieve the purpose of desulfurization. After passing the 

sampling test, the slag is removed and the molten iron enters the next process. Iron loss is 

caused because the slag carries iron or due to the slag removal operation. 

[00812]  The process flow of this embodiment: 

[00813]  In step S10, three data dimensions are determined. 

[00814]  Basic work conditions: the weight of molten iron before desulfurization, 

the temperature of molten iron before desulfurization, the S content of molten iron before 

desulfurization, the purity of desulfurization agent, the level of molten iron, and the target 

value of S content of molten iron after desulfurization. 

[00815]  Operational data: height of stirring head, rotating speed of stirring head, 
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stirring time, total dosage of desulfurizer, time of first addition of desulfurizer, weight of 

first addition of desulfurizer, time of second addition of desulfurizer, and weight of second 

addition of desulfurizer. 

[00816]  Optimization objective: to achieve lower desulfurizer consumption and less 

iron loss. 

[00817]  Constraints: the S content of molten iron after desulfurization meets the 

configured target value. 

[00818]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00819]  Upper and lower step limits are set for the weight of molten iron before 

desulfurization, the temperature of molten iron before desulfurization, the S content of 

molten iron before desulfurization, the purity of desulfurization agent, the level of molten 

iron, and the target value of S content of molten iron after desulfurization. 

[00820]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00821]  In step S40, operation record collection is carried out. 

[00822]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the weight of molten iron before desulfurization, the temperature of molten 

iron before desulfurization, the S content of molten iron before desulfurization, the purity 

of desulfurization agent, the level of molten iron, and the target value of S content of 

molten iron after desulfurization), operational data (height of stirring head, rotating speed 

of stirring head, stirring time, total dosage of desulfurizer, time of first addition of 

desulfurizer, weight of first addition of desulfurizer, time of second addition of 

desulfurizer, and weight of second addition of desulfurizer) and evaluation data 
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(desulfurizer consumption and iron loss) are added to the knowledge base as a complete 

knowledge record. 

[00823]  In step S50, intelligent decision-making is performed. 

[00824]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The height of stirring head, the rotating 

speed of stirring head, the stirring time, the total dosage of desulfurizer, the time of first 

addition of desulfurizer, the weight of first addition of desulfurizer, the time of second 

addition of desulfurizer, and the weight of second addition of desulfurizer in the 

knowledge record are used as recommended suggestions. 

[00825]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00826]  In S70, the process goes to step S30. 

[00827]  Example 44 

[00828]  Control for black liquor combustion 

[00829]  The process flow of this embodiment: 

[00830]  In step S10, three data dimensions are determined. 

[00831]  Basic work conditions: black liquor concentration, black liquor flow, the 

pressure, flow and temperature of primary and secondary air at the outlet of air preheater, 

the flow and pressure of tertiary air, feed water temperature, feed water pressure, and drum 

water level. 

[00832]  Operational data: number of spray guns, fluid flow of spray gun, primary 

air, secondary air, tertiary air opening, feed water flow, and heavy oil flow. 

[00833]  Optimization objective: to achieve higher thermal efficiency of combustion 

in the alkali recovery furnace. 
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[00834]  Calculation formula: 

[00835]  Thermal efficiency = effective use of heat / total heat that can be released 

by fuel * 100% 

[00836]  = boiler esteamation * (steam enthalpy - feed water enthalpy) / fuel 

consumption * low calorific value of fuel * 100% 

[00837]  = steam volume * (steam enthalpy - feed water enthalpy) / fuel 

consumption * low calorific value of fuel * 100%. 

[00838]  Constraints: the total air volume of the boiler, the water level of the steam 

drum, the temperature deviation of the upper and lower walls of the steam drum, the 

vibration value of the alkali recovery furnace, and the negative pressure in the furnace are 

less than the configuration values. 

[00839]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00840]  The isometric classification method is carried out in this example. 

[00841]  Upper and lower limits are set for the black liquor concentration. 

[00842]  Upper and lower limits are set for the black liquor flow. 

[00843]  Upper and lower limits are set for the pressure of primary air at the outlet 

of the air preheater. 

[00844]  Upper and lower limits are set for the pressure of secondary air. 

[00845]  Upper and lower limits are set for the flow and temperature. 

[00846]  Upper and lower limits are set for the pressure of secondary air. 

[00847]  Upper and lower limits are set for the feed water temperature. 

[00848]  Upper and lower limits are set for the feed water pressure. 

[00849]  Upper and lower limits are set for the drum water level. 

[00850]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 
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including collection time, is formulated once a change is found. 

[00851]  In step S40, operation record collection is carried out. 

[00852]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the black liquor concentration, black liquor flow, the pressure, flow and 

temperature of primary and secondary air at the outlet of air preheater, the flow and 

pressure of tertiary air, feed water temperature, feed water pressure, and drum water level), 

operational data (number of spray guns, fluid flow of spray gun, primary air, secondary air, 

tertiary air opening, feed water flow, and heavy oil flow) and evaluation data (thermal 

efficiency of combustion in the alkali recovery furnace) are added to the knowledge base 

as a complete knowledge record. 

[00853]  In step S50, intelligent decision-making is performed. 

[00854]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The number of spray guns, the fluid flow of 

spray gun, the primary air, secondary air, and tertiary air opening, feed water flow, and the 

heavy oil flow in the knowledge record are used as recommended suggestions. 

[00855]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00856]  In S70, the process goes to step S30. 

[00857]  Example 45 

[00858]  Control for black liquor evaporation 

[00859]  The process flow of this embodiment: 

[00860]  In step S10, three data dimensions are determined. 

[00861]  Basic work conditions: black liquor composition, black liquor level (liquid 



88 
 

 88 

levels of various evaporators, flash tank, black liquor cell and self-evaporator), the 

concentration of black liquor after treatment by each evaporator, and the effective total 

pressure difference of each evaporator. 

[00862]  Operational data: concentration of incoming diluted black liquor, incoming 

black liquor flow, incoming steam pressure, and incoming steam volume. 

[00863]  Optimization objective: to achieve lower unit consumption of total steam in 

black liquor evaporation. 

[00864]  Constraints: the concentration of the outlet black liquor is greater than or 

equal to the configuration value. 

[00865]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00866]  The isometric classification method is carried out in this example. 

[00867]  Upper and lower limits are set for black liquor composition. 

[00868]  Upper and lower limits are set for the black liquor level. 

[00869]  Upper and lower limits are set for the concentration of black liquor after 

treatment by each evaporator. 

[00870]  Upper and lower limits are set for the effective total pressure difference of 

each evaporator. 

[00871]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00872]  In step S40, operation record collection is carried out. 

[00873]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (black liquor composition, black liquor level (liquid levels of various 

evaporators, flash tank, black liquor cell and self-evaporator), the concentration of black 
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liquor after treatment by each evaporator, and the effective total pressure difference of 

each evaporator), operational data (concentration of incoming diluted black liquor, 

incoming black liquor flow, incoming steam pressure, and incoming steam volume) and 

evaluation data (unit consumption of steam) are added to the knowledge base as a 

complete knowledge record. 

[00874]  In step S50, intelligent decision-making is performed. 

[00875]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The concentration of incoming diluted 

black liquor, incoming black liquor flow, incoming steam pressure, and incoming steam 

volume in the knowledge record are used as recommended data and support for settings. 

[00876]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the air-conditioning system. 

[00877]  In S70, the process goes to step S30. 

[00878]  Example 46 

[00879]  Bleaching Control 

[00880]  The process flow of this embodiment: 

[00881]  In step S10, three data dimensions are determined. 

[00882]  Basic conditions: residual chlorine values and whiteness values measured 

before treatment by the bleacher and after treatment by the static mixer, and paper 

specifications. 

[00883]  Operational data: pulp flow rate, flow of chlorine dioxide and chlorine gas, 

the steam flow of bleacher, and the steam flow of static mixer. 

[00884]  Optimization objective: to achieve lower unit consumption of pulp 

bleaching agent. 
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[00885]  Constraints: the pulp kappa value is less than the configuration value, and 

the pulp concentration, bleacher temperature, and static mixer temperature are within the 

specified ranges. 

[00886]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00887]  The isometric classification method is carried out in this example. 

[00888]  Upper and lower limits are set for the residual chlorine values measured 

before treatment by the bleacher and after treatment by the static mixer. 

[00889]  Upper and lower limits are set for whiteness values measured before 

treatment by the bleaching tower and after treatment by the static mixer. 

[00890]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00891]  In step S40, operation record collection is carried out. 

[00892]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (residual chlorine values and whiteness values measured before treatment 

by the bleacher and after treatment by the static mixer, and paper specifications), 

operational data (pulp flow rate, flow of chlorine dioxide and chlorine gas, the steam flow 

of bleacher, and the steam flow of static mixer) and evaluation data (the unit consumption 

of pulp bleaching agent) are added to the knowledge base as a complete knowledge 

record. 

[00893]  In step S50, intelligent decision-making is performed. 

[00894]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 



91 
 

 91 

the basis for generating operation suggestions. The pulp flow rate, flow of chlorine 

dioxide and chlorine gas, the steam flow of bleacher, and the steam flow of static mixer in 

the knowledge record are used as recommended data and support for settings. 

[00895]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the air-conditioning system. 

[00896]  In S70, the process goes to step S30. 

[00897]  Example 47 

[00898]  Optimal control scheme of air-fuel ratio in steel rolling heating furnace 

[00899]  The combustion system of the heating furnace transports gas and 

combustion-supporting air to the burner through pipes. The gas burns to heat the billet in 

the heating furnace. The billet moves in the furnace and goes through the preheating 

section, heating section and soaking section of the heating furnace to complete the entire 

heating process, so that the temperature and uniformity of the billet meet the requirements. 

In the process of heating the billet in the heating furnace, if the fastest heating point can be 

found, the optimal value of the air-fuel ratio will be found. When the gas pipeline pressure, 

gas calorific value and air pipeline pressure fluctuate, the fastest heating point also will 

change, so the extreme value of the air-fuel ratio generally changes dynamically. 

[00900]  The process flow of this embodiment: 

[00901]  In step S10, three data dimensions are determined. 

[00902]  Basic work conditions: steel grade, heat number/row number, slab length, 

slab width, slab weight, finished coil thickness, finished coil width, total in-furnace time, 

billet temperature before charging, and target billet tapping temperature. 

[00903]  Operational data: residence time in preheating section, residence time in 

heating section, residence time in soaking section; air flow in preheating section, gas flow 

in preheating section; air flow in heating section, gas flow in heating section; air flow in 

soaking section, gas flow in soaking section. 
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[00904]  Optimization objective: to shorten the time of the air-fuel ratio of the 

rolling heating furnace being unqualified as much as possible. 

[00905]  Constraints: The billet tapping temperature and temperature uniformity 

(head, middle and tail temperatures) meet the configuration values. 

[00906]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00907]  Upper and lower step limits are set for the steel grade and the heat 

number/row number. 

[00908]  The steps of slab length, slab width, finished coil thickness, and finished 

coil width are all 1mm. 

[00909]  The step value of slab weight is 1t. 

[00910]  The step value of the total in-furnace time is 1s. 

[00911]  The step values of the billet temperature before charging and the target 

billet tapping temperature are 1°C. 

[00912]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00913]  In step S40, operation record collection is carried out. 

[00914]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (steel grade, heat number/row number, slab length, slab width, slab weight, 

finished coil thickness, finished coil width, total in-furnace time, billet temperature before 

charging, and target billet tapping temperature), operational data (residence time in 

preheating section, residence time in heating section, residence time in soaking section; air 

flow in preheating section, gas flow in preheating section; air flow in heating section, gas 

flow in heating section; air flow in soaking section, gas flow in soaking section) and 
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evaluation data (the time of the air-fuel ratio of the rolling heating furnace being 

unqualified) are added to the knowledge base as a complete knowledge record. 

[00915]  In step S50, intelligent decision-making is performed. 

[00916]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The residence time in preheating section, 

the residence time in heating section, the residence time in soaking section; the air flow in 

preheating section, the gas flow in preheating section; the air flow in heating section, the 

gas flow in heating section; the air flow in soaking section, and the gas flow in soaking 

section in the knowledge record are used as recommended suggestions. 

[00917]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00918]  In S70, the process goes to step S30. 

[00919]  Example 48 

[00920]  Operation control for denitrification device 

[00921]  The process flow of this embodiment: 

[00922]  In step S10, three data dimensions are determined. 

[00923]  Basic work conditions: boiler load, the NOx concentration of raw flue gas, 

raw flue gas flow, raw flue gas temperature, and the O2 content of raw flue gas. 

[00924]  Operational data: ammonia injection amount in the main pipe and ammonia 

injection amount in the branch pipe. 

[00925]  Optimization objective: to achieve lower ammonia consumption for 

removing a unit of NOx. 

[00926]  Constraints: Nox concentration of net flue gas meets national emission 

standards, and ammonia escape is lower than a set value. 
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[00927]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00928]  The step value of boiler load is 50t/h. 

[00929]  The NOx concentration of raw flue gas is 10g/m3. 

[00930]  The step value of the raw flue gas flow is 1t/h. 

[00931]  The step value of the raw flue gas temperature is 1°C. 

[00932]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00933]  In step S40, operation record collection is carried out. 

[00934]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (boiler load, the NOx concentration of raw flue gas, raw flue gas flow, raw 

flue gas temperature, and the O2 content of raw flue gas), operational data (ammonia 

injection amount in the main pipe and ammonia injection amount in the branch pipe), and 

evaluation data (unit ammonia consumption) are added to the knowledge base as a 

complete knowledge record. 

[00935]  In step S50, intelligent decision-making is performed. 

[00936]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The ammonia injection amount in the main 

pipe and the ammonia injection amount in the branch pipe in the knowledge record are 

used as recommended suggestions. 

[00937]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 
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[00938]  In S70, the process goes to step S30. 

[00939]  Example 49 

[00940]  Control for reheated steam temperature of steam turbine 

[00941]  The process flow of this embodiment: 

[00942]  In step S10, three data dimensions are determined. 

[00943]  Basic work conditions: outlet temperature of a high-pressure cylinder of the 

steam turbine, inlet temperature of reheated steam, outlet pressure of reheated steam, flue 

gas flow on the reheater side, flue gas temperature on the reheater side, and steam turbine 

exhaust humidity. 

[00944]  Operational data: control valves at outlets of the steam turbine, negative 

pressure at the outlet of the high-pressure cylinder of the steam turbine, pressure increase 

at the outlet of the high-pressure cylinder of the steam turbine, and the amount of 

desuperheating water in the reheater. 

[00945]  Optimization objective: to achieve higher work done per unit heat. 

[00946]  Constraints: the reheated steam temperature of the turbine does not deviate 

from the rated value. 

[00947]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00948]  The step value of the reheated steam outlet pressure is 0.1KPa. 

[00949]  The steps of the outlet temperature of the high-pressure cylinder of the 

steam turbine, the inlet temperature of reheated steam, and the flue gas temperature on the 

reheater side are 1°C. 

[00950]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00951]  In step S40, operation record collection is carried out. 
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[00952]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (outlet temperature of a high-pressure cylinder of the steam turbine, inlet 

temperature of reheated steam, outlet pressure of reheated steam, flue gas flow on the 

reheater side, flue gas temperature on the reheater side, and steam turbine exhaust 

humidity), operational data (control valves at outlets of the steam turbine, negative 

pressure at the outlet of the high-pressure cylinder of the steam turbine, pressure increase 

at the outlet of the high-pressure cylinder of the steam turbine, and the amount of 

desuperheating water in the reheater), and evaluation data (unit heat) are added to the 

knowledge base as a complete knowledge record. 

[00953]  In step S50, intelligent decision-making is performed. 

[00954]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The control valves at outlets of the steam 

turbine, negative pressure at the outlet of the high-pressure cylinder of the steam turbine, 

pressure increase at the outlet of the high-pressure cylinder of the steam turbine, and the 

amount of desuperheating water in the reheater in the knowledge record are used as 

recommended suggestions. 

[00955]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00956]  In S70, the process goes to step S30. 

[00957]  Example 50 

[00958]  Optimal operation scheme of wire laying in steel rolling 

[00959]  When the rolling stock comes out of a roll and enters the laying head 

through a pinch roll, the driving force for the advancement of the rolling stock depends on 
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the feeding force of the pinch roll and the centrifugal force of the spinning disc rotation. 

The wire is extruded by the laying head so that the steel is processed into a fixed diameter 

and circle diameter. The high-speed moving linear wire is laid into a coil, thus obtaining a 

coil with stable coil shape and uniform spacing. The laying head is driven by a motor to 

change the direction of the bevel gear, and then is decelerated by the large and small gears 

to drive a spiral tube and a laying disc to rotate. The wire enters the helical tube through a 

hollow shaft, forms wire loops through the spinning disc and the wire loops are pushed 

forward one by one and toppled. 

[00960]  The process flow of this embodiment: 

[00961]  In step S10, three data dimensions are determined. 

[00962]  Basic work conditions: steel grade, wire diameter, and inlet temperature of 

wire laying head. 

[00963]  Operational data: horizontal acceleration of the laying head, vertical 

acceleration of the laying head, and push speed of the pinch roll. 

[00964]  Optimization objective: to achieve better diameter uniformity of the coil 

from the spinning coil. 

[00965]  Constraints: the quality and size of the wire meet the configuration values. 

[00966]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00967]  Upper and lower step limits are set for the steel grade. 

[00968]  The step value of the wire diameter is 1mm. 

[00969]  The step value of the inlet temperature of the wire laying head is 1°C. 

[00970]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00971]  In step S40, operation record collection is carried out. 
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[00972]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (steel grade, wire diameter, and inlet temperature of wire laying head), 

operational data (horizontal acceleration of the laying head, vertical acceleration of the 

laying head, and push speed of the pinch roll) and evaluation data (diameter uniformity of 

the coil from the spinning coil) are added to the knowledge base as a complete knowledge 

record. 

[00973]  In step S50, intelligent decision-making is performed. 

[00974]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The horizontal acceleration of the laying 

head, the vertical acceleration of the laying head, and the push speed of the pinch roll in 

the knowledge record are used as recommended suggestions. 

[00975]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00976]  In S70, the process goes to step S30. 

[00977]  Example 51 

[00978]  Energy saving control for waste heat steam turbine 

[00979]  The process flow of this embodiment: 

[00980]  In step S10, three data dimensions are determined. 

[00981]  Basic work conditions: inlet steam pressure, inlet steam temperature, inlet 

steam flow rate, cooling rate, extraction steam pressure, extraction steam temperature, 

leakage loss, regulating-stage steam chamber pressure, steam turbine speed, and steam 

turbine amplitude. 

[00982]  Operational data: valve opening, temperature adjustment of cooling water, 



99 
 

 99 

and extraction steam pressure valve adjustment. 

[00983]  Optimization objective: to achieve the optimal steam consumption rate of 

the steam turbine. 

[00984]  Constraints: the power generation meets the demand and the steam meets 

the user's demand. 

[00985]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[00986]  The step values of inlet steam pressure, extraction steam pressure and 

regulating-stage steam chamber pressure are 0.1KPa. 

[00987]  The step value of the steam turbine speed is 10r/min. 

[00988]  The step value of the turbine amplitude is 100HZ. 

[00989]  The step value of the inlet steam flow is 1t/h. 

[00990]  The step values of inlet steam temperature and extraction steam 

temperature are 1°C. 

[00991]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[00992]  In step S40, operation record collection is carried out. 

[00993]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (inlet steam pressure, inlet steam temperature, inlet steam flow rate, cooling 

rate, extraction steam pressure, extraction steam temperature, leakage loss, 

regulating-stage steam chamber pressure, steam turbine speed, and steam turbine 

amplitude), operational data (valve opening, temperature adjustment of cooling water, and 

extraction steam pressure valve adjustment) and evaluation data (steam consumption rate) 

are added to the knowledge base as a complete knowledge record. 
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[00994]  In step S50, intelligent decision-making is performed. 

[00995]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The valve opening, the temperature 

adjustment of cooling water, and the extraction steam pressure valve adjustment in the 

knowledge record are used as recommended suggestions. 

[00996]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[00997]  In S70, the process goes to step S30. 

[00998]  Example 52 

[00999]   Control for waste heat boiler 

[001000]  The process flow of this embodiment: 

[001001]  In step S10, three data dimensions are determined. 

[001002]  Basic work conditions: ambient temperature, inlet flue gas temperature, 

inlet flue gas pressure, hot-end temperature difference, node temperature difference, 

approach point temperature difference, inlet water temperature of feed pump, superheated 

steam pressure, superheated steam temperature, outlet flue gas temperature, drum water 

level, and drum pressure. 

[001003]  Operational data: the opening of inlet flue gas valve and the valve opening 

of high-temperature heater. 

[001004]  Optimization objective: to achieve the optimal utilization of waste heat of 

waste heat boiler. 

[001005]  Constraints: to ensure the safe operation of the waste heat boiler. 

[001006]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 
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[001007]  The step value of the drum pressure is 0.1KPa. 

[001008]  The step value of the drum water level is 0.5mm. 

[001009]  The step values of ambient temperature, inlet flue gas temperature, hot-end 

temperature difference, node temperature difference, approach point temperature 

difference, inlet water temperature of feed pump, superheated steam pressure, superheated 

steam temperature, outlet flue gas temperature, drum water level, and drum pressure are 

1°C. 

[001010]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001011]  In step S40, operation record collection is carried out. 

[001012]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (ambient temperature, inlet flue gas temperature, inlet flue gas pressure, 

hot-end temperature difference, node temperature difference, approach point temperature 

difference, inlet water temperature of feed pump, superheated steam pressure, superheated 

steam temperature, outlet flue gas temperature, drum water level, and drum pressure), 

operational data (the opening of inlet flue gas valve and the valve opening of 

high-temperature heater) and evaluation data (utilization of waste heat) are added to the 

knowledge base as a complete knowledge record. 

[001013]  In step S50, intelligent decision-making is performed. 

[001014]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The opening of inlet flue gas valve and the 

valve opening of high-temperature heater in the knowledge record are used as 
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recommended suggestions. 

[001015]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[001016]  In S70, the process goes to step S30. 

[001017]  Example 53 

[001018]  Air volume control 

[001019]  The process flow of this embodiment: 

[001020]  In step S10, three data dimensions are determined. 

[001021]  Basic work conditions: air supply volume, blower power, negative pressure 

in the furnace, boiler body resistance, economizer resistance, preheater resistance, dust 

collector resistance, desulfurization device resistance, chimney resistance, and flue 

resistance. 

[001022]  Operational data: power of each induced draft fan, air volume of each 

induced draft fan, and air pressure of each induced draft fan. 

[001023]  Optimization objective: to achieve lower total energy consumption of 

induced draft fans. 

[001024]  Constraints: the normal operation of the boiler unit is ensured. 

[001025]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001026]  The step value of the air supply volume is 50m/s. 

[001027]  The step values of negative pressure in the furnace, boiler body resistance, 

economizer resistance, preheater resistance, dust collector resistance, desulfurization 

device resistance, chimney resistance and flue resistance are 0.1KPa. 

[001028]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 
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[001029]  In step S40, operation record collection is carried out. 

[001030]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (air supply volume, blower power, negative pressure in the furnace, boiler 

body resistance, economizer resistance, preheater resistance, dust collector resistance, 

desulfurization device resistance, chimney resistance, and flue resistance), operational data 

(power of each induced draft fan, air volume of each induced draft fan, and air pressure of 

each induced draft fan) and evaluation data (the total energy consumption of induced draft 

fans) are added to the knowledge base as a complete knowledge record. 

[001031]  In step S50, intelligent decision-making is performed. 

[001032]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The power of each induced draft fan, the air 

volume of each induced draft fan, and the air pressure of each induced draft fan in the 

knowledge record are used as recommended suggestions. 

[001033]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[001034]  In S70, the process goes to step S30. 

[001035]  Example 54 

[001036]  Optimal operation scheme of pump room control in a power plant 

[001037]  The pump room manager can remotely monitor the water level of a water 

tank in a pump station or inlet pressure, the working status of a booster pump unit, outlet 

flow, and outlet pressure in a monitoring center. Through dynamic adjustment and control 

of the start and stop of the booster pump unit, the unit power consumption of the pump 

room can be reduced on the premise of meeting all the demands on production water. The 



104 
 

 104 

objective of this scenario is to reduce the unit power consumption of the pump room on 

the premise of meeting all the demands on production water. 

[001038]  The process flow of this embodiment: 

[001039]  In step S10, three data dimensions are determined. 

[001040]  Basic work conditions: the temperature and liquid level of water tank, 

ambient temperature, cooling column, cooler valve opening, and the temperature, flow and 

pressure of return water. 

[001041]  Operational data: water pump switch, frequency of frequency conversion 

pump, valve opening, cooling column switch, frequency of cooling column, and 

evaporative cooler switch. 

[001042]  Optimization objective: to reduce the unit power consumption of the pump 

room. 

[001043]  Constraints: the water supply temperature, pressure, and flow of the blast 

furnace reach the configuration values. 

[001044]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001045]  Upper and lower step limits are set for the temperature and liquid level of 

water tank, ambient temperature, cooling column, cooler valve opening, and the 

temperature, flow and pressure of return water. 

[001046]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001047]  In step S40, operation record collection is carried out. 

[001048]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the temperature and liquid level of water tank, ambient temperature, 
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cooling column, cooler valve opening, and the temperature, flow and pressure of return 

water), operational data (water pump switch, frequency of frequency conversion pump, 

valve opening, cooling column switch, frequency of cooling column, and evaporative 

cooler switch) and evaluation data (reduction in unit power consumption of a pump room) 

are added to the knowledge base as a complete knowledge record. 

[001049]  In step S50, intelligent decision-making is performed. 

[001050]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The water pump switch, the frequency of 

frequency conversion pump, the valve opening, the cooling column switch, the frequency 

of cooling column, and the evaporative cooler switch in the knowledge record are used as 

recommended suggestions. 

[001051]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[001052]  In S70, the process goes to step S30. 

[001053]  Example 55 

[001054]  Control for roasting operation 

[001055]  In the roasting process of zinc hydrometallurgy, the concentrate 

composition, particle fineness, loose ratio, particle temperature and moisture content of 

each batch of raw materials are different. It is required to adjust the corresponding air 

blowing volume, oxygen blowing volume, and feeding volume, so that air or 

oxygen-enriched material is blown through the solid charge layer from bottom to top. In 

this way, the solid particles are separated from each other, and by constant stirring, zinc 

sulfide is effectively converted into zinc oxide and zinc sulfate, impurities such as lead 

and cadmium are removed, and the rate of soluble zinc is improved. 
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[001056]  The process flow of this embodiment: 

[001057]  In step S10, three data dimensions are determined. 

[001058]  Basic work conditions: concentrate composition, particle fineness, loose 

ratio, particle temperature, and moisture content. 

[001059]  Operational data: air blowing volume, oxygen blowing volume, and 

feeding volume. 

[001060]  Optimization objective: to achieve a higher rate of soluble zinc in the 

roasted product. 

[001061]  Constraints: the output per unit time is ensured. 

[001062]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001063]  The isometric classification method is carried out in this example. 

[001064]  The step value of concentrate composition is 0.1%. 

[001065]  The step value of particle fineness is 1um. 

[001066]  The step value of particle temperature is 1°C.  

[001067]  The step value of the loose ratio is 1%. 

[001068]  The step value of moisture content is 0.1%. 

[001069]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001070]  In step S40, operation record collection is carried out. 

[001071]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (concentrate composition, particle fineness, loose ratio, particle temperature, 

and moisture content), operational data (air blowing volume, oxygen blowing volume, and 

feeding volume) and evaluation data (the rate of soluble zinc) are added to the knowledge 
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base as a complete knowledge record. 

[001072]  In step S50, intelligent decision-making is performed. 

[001073]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The air blowing volume, oxygen blowing 

volume, and feeding volume in the knowledge record are used as recommended data and 

support for operation settings. 

[001074]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by an industrial control system. 

[001075]  In S70, the process goes to step S30. 

[001076]  Example 56 

[001077]  Control for leaching operation in zinc hydrometallurgy 

[001078]  In the leaching process of zinc hydrometallurgy, the zinc-containing 

materials (mostly including zinc leaching residues, zinc sulfide, zinc calcine, zinc fume, 

zinc oxide concentrate, and the like) are poured into the solution. The stirring speed of the 

stirring cell, sulfuric acid dosage, solution temperature and leaching time are adjusted in 

the leaching process according to the difference in the composition of zinc calcine, the 

dosage of zinc calcine, and the concentration of sulfuric acid. In this way, the 

concentration of zinc ions in the leaching solution is increased, and insoluble solids form 

residues. The mixed pulp obtained by leaching is then concentrated and filtered to separate 

the solution from the residues. 

[001079]  The process flow of this embodiment: 

[001080]  In step S10, three data dimensions are determined. 

[001081]  Basic work conditions: zinc calcine composition, zinc calcine dosage, and 

sulfuric acid concentration. 
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[001082]  Operational data: stirring speed of stirring tank, sulfuric acid dosage, 

solution temperature, and leaching time. 

[001083]  Optimization objective: to achieve a higher concentration of zinc ions in 

the leaching solution. 

[001084]  Constraints: none. 

[001085]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001086]  The isometric classification method is carried out in this example. 

[001087]  The step value of zinc calcine composition is 0.1%. 

[001088]  The step value of zinc calcine dosage is 0.01t. 

[001089]  The step value of sulfuric acid concentration is 1g/L. 

[001090]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001091]  In step S40, operation record collection is carried out. 

[001092]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (zinc calcine composition, zinc calcine dosage, and sulfuric acid 

concentration), operational data (stirring speed of stirring tank, sulfuric acid dosage, 

solution temperature, and leaching time) and evaluation data (the concentration of zinc 

ions) are added to the knowledge base as a complete knowledge record. 

[001093]  In step S50, intelligent decision-making is performed. 

[001094]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The stirring speed of stirring tank, sulfuric 
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acid dosage, solution temperature, and leaching time in the knowledge record are used as 

recommended data and support for operation settings. 

[001095]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by an industrial control system. 

[001096]  In S70, the process goes to step S30. 

[001097]  Example 57 

[001098]  Control for purification operation in zinc hydrometallurgy 

[001099]  In the purification process of zinc hydrometallurgy, the replacement 

temperature, replacement time and zinc powder dosage are adjusted during the purification 

process according to the difference in zinc liquid composition, zinc liquid flow and zinc 

liquid temperature. While reducing the zinc powder consumption, the contents of 

impurities such as copper, iron, cobalt, iron, arsenic, antimony and the like in the neutral 

supernatant obtained after leaching and filtration are removed to below the limits specified 

by the process, so as to improve the purity of electrolyte so that the requirements for the 

zinc liquid can be met during electrolytic deposition. 

[001100]  The process flow of this embodiment: 

[001101]  In step S10, three data dimensions are determined. 

[001102]  Basic work conditions: zinc liquid composition, zinc liquid flow, and zinc 

liquid temperature. 

[001103]  Operational data: replacement temperature, replacement time, and zinc 

powder consumption. 

[001104]  Optimization objective: to achieve lower zinc powder consumption. 

[001105]  Constraints: zinc liquid (the contents of impurities such as copper, iron, 

cobalt, arsenic, antimony, and the like) is qualified 

[001106]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 
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[001107]  The isometric classification method is carried out in this example. 

[001108]  The step value of zinc liquid composition is 0.1%. 

[001109]  The step value of zinc liquid flow is 1L/min. 

[001110]  The step value of zinc liquid temperature is 1°C. 

[001111]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001112]  In step S40, operation record collection is carried out. 

[001113]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (zinc liquid composition, zinc liquid flow, and zinc liquid temperature), 

operational data (replacement temperature, replacement time, and zinc powder 

consumption) and evaluation data (zinc powder consumption) are added to the knowledge 

base as a complete knowledge record. 

[001114]  In step S50, intelligent decision-making is performed. 

[001115]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The replacement temperature, replacement 

time, and zinc powder consumption in the knowledge record are used as recommended 

data and support for operation settings. 

[001116]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by an industrial control system. 

[001117]  In S70, the process goes to step S30. 

[001118]  Example 58 

[001119]  Control for electrowinning operation in zinc hydrometallurgy 
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[001120]  In the electrowinning process of zinc hydrometallurgy, the temperature, PH 

and pressure of electrolyte, the charging speed of zinc material, stirring speed, current 

density and cell voltage are adjusted during the electrowinning process according to the 

difference in zinc sulfate concentration, zinc sulfate temperature and the number of 

electrolytic plates. While reducing the power consumption of electrowinning, 

electrowinning is carried out by using aqueous solution of zinc sulfate containing sulfuric 

acid as electrolyte, an alloy lead plate containing 0.5-1% of silver as anode, and a rolled 

aluminum plate as cathode. Zinc is precipitated at the cathode and oxygen is released at 

the anode. 

[001121]  The process flow of this embodiment: 

[001122]  In step S10, three data dimensions are determined. 

[001123]  Basic work conditions: zinc sulfate concentration, zinc sulfate temperature, 

and number of electrolytic plates. 

[001124]  Operational data: the temperature, PH and pressure of electrolyte, charging 

speed of zinc material, stirring speed, current density, and cell voltage. 

[001125]  Optimization objective: to achieve lower power consumption of the 

electrowinning process. 

[001126]  Constraints: the purity of the finished zinc is qualified. 

[001127]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001128]  The isometric classification method is carried out in this example. 

[001129]  The step value of zinc sulfate concentration is 1g/L. 

[001130]  The step value of the number of electrolytic plates is 1. 

[001131]  The step value of zinc sulfate temperature is 1°C. 

[001132]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 
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including collection time, is formulated once a change is found. 

[001133]  In step S40, operation record collection is carried out. 

[001134]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (zinc sulfate concentration, zinc sulfate temperature, and number of 

electrolytic plates), operational data (the temperature, PH and pressure of electrolyte, 

charging speed of zinc material, stirring speed, current density, and cell voltage) and 

evaluation data (the power consumption of the electrowinning process) are added to the 

knowledge base as a complete knowledge record. 

[001135]  In step S50, intelligent decision-making is performed. 

[001136]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The temperature, PH and pressure of 

electrolyte, charging speed of zinc material, stirring speed, current density, and cell 

voltage in the knowledge record are used as recommended data and support for operation 

settings. 

[001137]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by an industrial control system. 

[001138]  In S70, the process goes to step S30. 

[001139]  Example 59 

[001140]  Optimization of refining operation of anode furnace  

[001141]  In the operation process of the anode furnace in the copper smelting 

process, the fire refining process of the anode furnace includes: feeding → redox → 

copper discharge → heat preservation. The whole process needs to use a certain flow of 

fuel (heavy oil) for heating, and different processes need to hold different temperatures, 
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and the temperature depends on the combustion of fuel and oxygen. 

[001142]  The process flow of this embodiment: 

[001143]  In step S10, three data dimensions are determined. 

[001144]  Basic work conditions: temperature after first round of feeding, blister 

copper composition, copper amount for the first round, feeding time for the first round, 

pre-oxidation time, temperature after second round of feeding, copper amount for the 

second round, temperature before oxidation, and opening sample after oxidation, oxidation 

time (including the time of slag discharging), finish temperature of oxidation, amount of 

discharged slag, pause time for the requirement of desulfurization, and copper sample 

before reduction. 

[001145]  Operational data: heavy oil flow in feeding stage, heavy oil flow in 

oxidation stage, heavy oil flow in reduction stage, heavy oil flow in copper discharge stage, 

and heavy oil flow in holding stage. 

[001146]  Optimization objective: to achieve lower unit consumption of heavy oil. 

[001147]  Constraints: the copper content in slag, the temperature in the feeding stage, 

the temperature in the oxidation stage, the temperature in the reduction stage, the 

temperature in the copper extraction stage, and the temperature in the holding stage reach 

the configuration values. 

[001148]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001149]  The isometric classification method is carried out in this example. 

[001150]  The step values of the temperature after first round of feeding, the 

temperature after second round of feeding, the temperature before oxidation and the finish 

temperature of oxidation are 0.01％. 

[001151]  The step value of blister copper composition is 0.1%. 

[001152]  The step value of the copper amount for the first round is 0.1t. 
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[001153]  The step values of the feeding time for the first round, the pre-oxidation 

time, the oxidation time (including the time of slag discharging) and the pause time for the 

requirement of desulfurization are 1min. 

[001154]  Sample after oxidation and copper sample before reduction are divided into: 

flat copper, worm copper, flat copper (slightly concave), and volcano worm copper. 

[001155]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001156]  In step S40, operation record collection is carried out. 

[001157]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (temperature after first round of feeding, blister copper composition, copper 

amount for the first round, feeding time for the first round, pre-oxidation time, 

temperature after second round of feeding, copper amount for the second round, 

temperature before oxidation, and opening sample after oxidation, oxidation time 

(including the time of slag discharging), finish temperature of oxidation, amount of 

discharged slag, pause time for the requirement of desulfurization, and copper sample 

before reduction), operational data (heavy oil flow in feeding stage, heavy oil flow in 

oxidation stage, heavy oil flow in reduction stage, heavy oil flow in copper discharge stage, 

and heavy oil flow in holding stage) and evaluation data (unit heavy oil consumption) are 

added to the knowledge base as a complete knowledge record. 

[001158]  In step S50, intelligent decision-making is performed. 

[001159]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The heavy oil flow in feeding stage, the 
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heavy oil flow in oxidation stage, the heavy oil flow in reduction stage, the heavy oil flow 

in copper discharge stage, and the heavy oil flow in holding stage in the knowledge record 

are used as recommended data and support for operation settings. 

[001160]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by an industrial control system. 

[001161]  In S70, the process goes to step S30. 

[001162]  Example 60 

[001163]  Optimization of converter operation in copper smelting process 

[001164]  In the converter operation of copper smelting process, the steam drying, 

flash smelting, P-S converter blowing, and rotary anode furnace refining of copper 

concentrate is adopted. The copper concentrate is treated by flash smelting technology to 

produce high-grade matte. The matte of the flash furnace is discharged into a matte ladle 

through a launder and transported to the converter by two 85-ton cranes. The converter 

adopts 3 P-S converters with a capacity of 260 tons to produce blister copper with a 

copper content of 98% or above. The blister copper is further refined in an anode furnace 

and finally cast into anode plates by an M18 double disc caster. The flash slag and 

converter slag are transported to a slag flotation workshop for treatment through the slag 

ladle, and the resulting slag concentrate is returned back in the flash furnace and smelted 

therein. In the converter process, the raw material is matte, and the matte is oxidized to 

blister copper through oxygen blowing, feeding and other operations. Different operations 

in the blowing process (oxygen blowing and feeding) will cause the temperature of the 

blowing process to fluctuate. However, the converter blowing process is very sensitive to 

the temperature stability, which is of great significance to the smelting time. 

[001165]  The process flow of this embodiment: 

[001166]  In step S10, three data dimensions are determined. 

[001167]  Basic work conditions: the amount of matte, matte composition, and matte 
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temperature. 

[001168]  Operational data: quartz dosage, solid beryllium dosage, the dosage of 

scrap copper and other auxiliary materials, air supply volume, oxygen consumption, and 

blowing time. 

[001169]  Optimization objective: to reduce the overall smelting time of the 

converter. 

[001170]  Constraints: The blister copper composition meets the quality standard 

requirements. 

[001171]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001172]  The isometric classification method is carried out in this example. 

[001173]  The step value of the matte composition is 0.01%. 

[001174]  The step value of the amount of matte is 0.1t. 

[001175]  The step value of matte temperature is 1°C. 

[001176]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001177]  In step S40, operation record collection is carried out. 

[001178]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (the amount of matte, matte composition, and matte temperature), 

operational data (quartz dosage, solid beryllium dosage, the dosage of scrap copper and 

other auxiliary materials, air supply volume, oxygen consumption, and blowing time) and 

evaluation data (smelting time) are added to the knowledge base as a complete knowledge 

record. 

[001179]  In step S50, intelligent decision-making is performed. 
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[001180]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The quartz dosage, the solid beryllium 

dosage, the dosage of scrap copper and other auxiliary materials, the air supply volume, 

the oxygen consumption, and the blowing time in the knowledge record are used as 

recommended data and support for operation settings. 

[001181]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by an industrial control system. 

[001182]  In S70, the process goes to step S30. 

[001183]  Example 61 

[001184]  Control for electrorefining operation in copper smelting 

[001185]  In the production process of electrorefining in copper smelting, copper 

electrorefining is the process of placing the anode plate and the cathode plate in the 

electrolyte and then turning on direct current. In order to ensure the good growth of copper 

on the cathode plate, corresponding additives need to be added to the electrolyte. The 

additives are mainly thiourea and lime glue, and different additive ratios have different 

effects on the copper adhesion on the cathode plate. In copper electrorefining, through the 

collection of electrorefining-related historical data (anode composition, chemical 

composition of electrolyte, electrolyte temperature, circulation speed of electrolyte, 

current density, ratio of additives such as lime glue, thiourea, hydrochloric acid, and 

dosage of additives), an electrorefining operation experience database is formed. By 

finding the operation with the highest proportion of A-level cathode plate under the same 

work conditions in history (for controlling the ratio and dosage of additives), the quality of 

electrolytic copper is improved under the premise of reasonable power consumption. 

[001186]  The process flow of this embodiment: 
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[001187]  In step S10, three data dimensions are determined. 

[001188]  Basic work conditions: anode composition, chemical composition of 

electrolyte, electrolyte temperature, circulation speed of electrolyte, and current density. 

[001189]  Operational data: the ratio of additives such as lime glue, thiourea, and 

hydrochloric acid, and the dosage of additives. 

[001190]  Optimization objective: to improve the quality of electrolytic copper (i.e., 

highest proportion of A-level cathode plate). 

[001191]  Constraints: the power consumption is less than the configuration value. 

[001192]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001193]  The isometric classification method is carried out in this example. 

[001194]  The step values of anode composition and the chemical composition of 

electrolyte are 0.1%. 

[001195]  The step value of the circulation speed of electrolyte is 0.1L/min. 

[001196]  The step value of electrolyte temperature is 1°C. 

[001197]  The step value of the current density is 0.1A/㎡. 

[001198]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001199]  In step S40, operation record collection is carried out. 

[001200]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (anode composition, chemical composition of electrolyte, electrolyte 

temperature, circulation speed of electrolyte, and current density), operational data (the 

ratio of additives such as lime glue, thiourea, and hydrochloric acid, and the dosage of 

additives) and evaluation data (the quality of electrolytic copper (i.e., highest proportion of 
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A-level cathode plate)) are added to the knowledge base as a complete knowledge record. 

[001201]  In step S50, intelligent decision-making is performed. 

[001202]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The ratio of additives such as lime glue, 

thiourea, and hydrochloric acid, and the dosage of additives in the knowledge record are 

used as recommended data and support for operation settings. 

[001203]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by an industrial control system. 

[001204]  In S70, the process goes to step S30. 

[001205]  Example 62 

[001206]  Operation optimization of acid conversion process 

[001207]  The acid conversion process mainly refers to sulfur dioxide flue gas 

purification (including cooling, dust removal, and fog removal). Drying is carried out. 

Sulfur dioxide flue gas is converted and then absorbed into sulfuric acid. The 

desulfurization treatment of exhaust gas is controlled by frequency conversion of a 

hydrogen peroxide metering pump. By interlocking the frequency conversion with the 

concentration of SO2 at the outlet, the dosage of hydrogen peroxide added into the column 

is automatically controlled, so that the concentration is controlled at 0.05 to 0.1%. 

[001208]  The process flow of this embodiment: 

[001209]  In step S10, three data dimensions are determined. 

[001210]  Basic work conditions: inlet air pressure, inlet flue gas flow, inlet O2 

concentration, inlet SO2 concentration, inlet temperature, 2602 valve opening, inlet 

temperature t1 of 1st-layer catalyst, outlet temperature t1 of 1st-layer catalyst, inlet 

temperature t1 of 2nd-layer catalyst, outlet temperature t1 of 2nd-layer catalyst, inlet 
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temperature t1 of 3rd-layer catalyst, outlet temperature t1 of 3rd-layer catalyst, inlet 

temperature t1 of 4th-layer catalyst, outlet temperature t1 of 4th-layer catalyst, 

pre-transform inlet temperature, pre-transform outlet temperature, inlet and outlet 

temperature t1 of 1th-layer converter, inlet and outlet temperature t1 of 2nd-layer 

converter, inlet and outlet temperature t1 of 3rd-layer converter, inlet and outlet 

temperature t1 of 4th-layer converter, inlet temperature t1 of first-stage absorber, and 

outlet temperature t1 of first-stage absorber. 

[001211]  Operational data: 2604 valve opening, 2607 valve opening, 2610 valve 

opening, 2617 valve opening, and 2602 valve opening. 

[001212]  Optimization objective: to improve the conversion rate of sulfur dioxide. 

[001213]  Constraints: the changes in inlet temperature t2 of 1st-layer catalyst, outlet 

temperature t2 of 1st-layer catalyst, inlet temperature t2 of 2nd-layer catalyst, outlet 

temperature t2 of 2nd-layer catalyst, inlet temperature t2 of 3rd-layer catalyst, outlet 

temperature t2 of 3rd-layer catalyst, inlet temperature t2 of 4th-layer catalyst, outlet 

temperature t2 of 4th-layer catalyst, inlet and outlet temperature t2 of 1th-layer converter, 

and inlet and outlet temperature t2 of 2nd-layer converter within 60 seconds after 

operation do not go beyond specified configuration value ranges. 

[001214]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001215]  The isometric classification method is carried out in this example. 

[001216]  The step values of inlet temperature, inlet temperature t1 of 1st-layer 

catalyst, outlet temperature t1 of 1st-layer catalyst, inlet temperature t1 of 2nd-layer 

catalyst, outlet temperature t1 of 2nd-layer catalyst, inlet temperature t1 of 3rd-layer 

catalyst, outlet temperature t1 of 3rd-layer catalyst, inlet temperature t1 of 4th-layer 

catalyst, outlet temperature t1 of 4th-layer catalyst, pre-transform inlet temperature, 

pre-transform outlet temperature, inlet and outlet temperature t1 of 1th-layer converter, 
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inlet and outlet temperature t1 of 2nd-layer converter, inlet and outlet temperature t1 of 

3rd-layer converter, inlet and outlet temperature t1 of 4th-layer converter, inlet 

temperature t1 of first-stage absorber, and outlet temperature t1 of first-stage absorber are 

1°C. 

[001217]  The step values of inlet O2 concentration and inlet SO2 concentration are 

0.1%. 

[001218]  The step value of inlet air pressure is 1KPa. 

[001219]  The step value of inlet flue gas flow is NM3/h. 

[001220]  The step value of 2602 Valve opening is 1%. 

[001221]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001222]  In step S40, operation record collection is carried out. 

[001223]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (inlet air pressure, inlet flue gas flow, inlet O2 concentration, inlet SO2 

concentration, inlet temperature, 2602 valve opening, inlet temperature t1 of 1st-layer 

catalyst, outlet temperature t1 of 1st-layer catalyst, inlet temperature t1 of 2nd-layer 

catalyst, outlet temperature t1 of 2nd-layer catalyst, inlet temperature t1 of 3rd-layer 

catalyst, outlet temperature t1 of 3rd-layer catalyst, inlet temperature t1 of 4th-layer 

catalyst, outlet temperature t1 of 4th-layer catalyst, pre-transform inlet temperature, 

pre-transform outlet temperature, inlet and outlet temperature t1 of 1th-layer converter, 

inlet and outlet temperature t1 of 2nd-layer converter, inlet and outlet temperature t1 of 

3rd-layer converter, inlet and outlet temperature t1 of 4th-layer converter, inlet 

temperature t1 of first-stage absorber, and outlet temperature t1 of first-stage absorber), 

operational data (2604 valve opening, 2607 valve opening, 2610 valve opening, 2617 



122 
 

 122 

valve opening, and 2602 valve opening) and evaluation data (SO2 concentration at the 

exhaust gas desulfurization inlet) are added to the knowledge base as a complete 

knowledge record. 

[001224]  In step S50, intelligent decision-making is performed. 

[001225]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The 2604 valve opening, the 2607 valve 

opening, the 2610 valve opening, the 2617 valve opening, and the 2602 valve opening in 

the knowledge record are used as recommended data and support for operation settings. 

[001226]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by an industrial control system. 

[001227]  In S70, the process goes to step S30. 

[001228]  Example 63 

[001229]  Milling control 

[001230]  The process flow of this embodiment: 

[001231]  In step S10, three data dimensions are determined. 

[001232]  Basic work conditions: coal type, rated value of coal feeder, current coal 

feed, current reserve of pulverized coal silo, coal level of coal mill, primary air 

temperature, inlet pressure of primary air, differential pressure between seal air and 

primary air, outlet pressure of separator, air-pulverized coal mixture temperature of 

separator, differential pressure between primary air inlet and separator outlet, and rotation 

speed of coarse pulverized coal separator. 

[001233]  Operational data: instantaneous coal feed, primary hot air valve opening, 

primary cold air valve opening, sealing blower valve opening, grinding disc speed 

adjustment, and frequency of coarse pulverized coal separator. 
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[001234]  Optimization objective: to achieve lower unit power consumption of the 

coal mill for producing pulverized coal. 

[001235]  Constraints: the quality of pulverized coal meets combustion requirements 

of the boiler. 

[001236]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001237]  The step values of primary air inlet pressure, differential pressure between 

seal air and primary air, outlet pressure of separator, and differential pressure between 

primary air inlet and separator outlet are 0.1KPa. 

[001238]  The step value of rotation speed of coarse pulverized coal separator is 

10r/min; 

[001239]  The step values of primary air temperature and air-pulverized coal mixture 

temperature of separator are 1°C. 

[001240]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001241]  In step S40, operation record collection is carried out. 

[001242]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (coal type, rated value of coal feeder, current coal feed, current reserve of 

pulverized coal silo, coal level of coal mill, primary air temperature, inlet pressure of 

primary air, differential pressure between seal air and primary air, outlet pressure of 

separator, air-pulverized coal mixture temperature of separator, differential pressure 

between primary air inlet and separator outlet, and speed of coarse pulverized coal 

separator), operational data (instantaneous coal feed, primary hot air valve opening, 

primary cold air valve opening, sealing blower valve opening, grinding disc speed 
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adjustment, and frequency of coarse pulverized coal separator) and evaluation data (unit 

power consumption of pulverized coal production) are added to the knowledge base as a 

complete knowledge record. 

[001243]  In step S50, intelligent decision-making is performed. 

[001244]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The instantaneous coal feed, the primary 

hot air valve opening, the primary cold air valve opening, the sealing blower valve 

opening, the grinding disc speed adjustment, and the frequency of coarse pulverized coal 

separator in the knowledge record are used as recommended suggestions. 

[001245]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the DCS system of the device. 

[001246]  In S70, the process goes to step S30. 

[001247]  Example 64 

[001248]  Control for coal blending 

[001249]  The process flow of this embodiment: 

[001250]  In step S10, three data dimensions are determined. 

[001251]  Basic work conditions: basic information of purchased coal (coal source, 

unit price, variety, as-received, volatiles, moisture, ash, sulfur, and calorific value), and 

basic information (type, unit price, variety) of additives. 

[001252]  Operational data: adjustments for the amounts of different coal types and 

for the amount of each additive. 

[001253]  Optimization objective: to achieve lower fuel cost. 

[001254]  Constraints: the calorific value of coal meets the combustion requirements 

of the boiler. 
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[001255]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001256]  The data dimensions of the basic work conditions are divided according to 

the type of coal and additives. 

[001257]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001258]  In step S40, operation record collection is carried out. 

[001259]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (basic information of purchased coal (coal source, unit price, variety, 

as-received, volatiles, moisture, ash, sulfur, and calorific value), and basic information 

(type, unit price, variety) of additives, operational data (adjustments for the amounts of 

different coal types and for the amount of each additive) and evaluation data (fuel cost) are 

added to the knowledge base as a complete knowledge record. 

[001260]  In step S50, intelligent decision-making is performed. 

[001261]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The adjustments for the amounts of 

different coal types and for the amount of each additive in the knowledge record are used 

as recommended data and support for settings of air conditioning. 

[001262]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the air-conditioning system. 

[001263]  In S70, the process goes to step S30. 

[001264]  Example 65 
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[001265]  Cement dedusting 

[001266]  In the process of cement production, a large amount of dust will be 

generated and the dust needs to be handled by a bag dust removal device. In the process of 

dust removal, the unit power consumption of dust removal is effectively reduced mainly 

by adjusting the blower valve opening, speed and motor current. 

[001267]  The process flow of this embodiment: 

[001268]  In step S10, three data dimensions are determined. 

[001269]  Basic work conditions: dust removal volume (flue gas flow * 

concentration), temperature in dust removal bag, and operating pressure difference of dust 

removal bag. 

[001270]  Operational data: blower valve opening, filter wind speed of dust collector, 

pulse time of pulse valve, and pulse cycle of pulse valve. 

[001271]  Optimization objective: to reduce unit power consumption of dust removal. 

[001272]  Constraints: dust emissions meet national standards. 

[001273]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001274]  The isometric classification method is carried out in this example to set the 

upper and lower limits of the work conditions. 

[001275]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001276]  In step S40, operation record collection is carried out. 

[001277]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (dust removal volume (flue gas flow * concentration), temperature in dust 

removal bag, and operating pressure difference of dust removal bag), operational data 
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(blower valve opening, filter wind speed of dust collector, pulse time of pulse valve, and 

pulse cycle of pulse valve) and evaluation data (unit power consumption of dust removal) 

are added to the knowledge base as a complete knowledge record. 

[001278]  In step S50, intelligent decision-making is performed. 

[001279]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The blower valve opening, the filter wind 

speed of dust collector, the pulse time of pulse valve, and the pulse cycle of pulse valve in 

the knowledge record are used as recommended data and support for settings of air 

conditioning. 

[001280]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by a central control system. 

[001281]  In S70, the process goes to step S30. 

[001282]  Example 66 

[001283]  Cement milling 

[001284]  Cement milling refers to thoroughly milling the clinker to a suitable 

particle size (represented by fineness, specific surface area, and the like) to form a certain 

particle gradation. The milled clinker is unloaded from the tail end of the mill, and then 

delivered to a powder separator through a mill hoist. By adjusting the number of steel 

balls, the total area of the steel balls can be increased, the milling effect of the steel balls 

on the material can be improved, and the unit power consumption for the product is 

reduced. 

[001285]  The process flow of this embodiment: 

[001286]  In step S10, three data dimensions are determined. 

[001287]  Basic work conditions: feed amount, current of mill hoist, material level of 
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weighing bin, and particle gradation. 

[001288]  Operational data: filling rate of ball mill, wind speed in ball mill, rotation 

speed of powder separator, and wind speed of exhaust blower. 

[001289]  Optimization objective: to achieve the lowest unit power consumption of 

the mill. 

[001290]  Constraints: particle fineness. 

[001291]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001292]  The isometric classification method is carried out in this example to set the 

upper and lower limits of the work conditions. 

[001293]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001294]  In step S40, operation record collection is carried out. 

[001295]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (feed amount, current of mill hoist, material level of weighing bin, and 

particle gradation), operational data (filling rate of ball mill, wind speed in ball mill, 

rotation speed of powder separator, and wind speed of exhaust blower) and evaluation data 

(unit power consumption) are added to the knowledge base as a complete knowledge 

record. 

[001296]  In step S50, intelligent decision-making is performed. 

[001297]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The filling rate of ball mill, the wind speed 
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in ball mill, the rotation speed of powder separator, and the wind speed of exhaust blower 

in the knowledge record are used as recommended data and support for settings of air 

conditioning. 

[001298]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by a central control system. 

[001299]  In S70, the process goes to step S30. 

[001300]  Example 67 

[001301]  Control for tobacco preparation and blending  

[001302]  The shredded tobacco produced by the main production line, the shredded 

tobacco produced by the small production line, and the shredded tobacco produced by the 

stem production line are accurately and uniformly blended according to the design 

requirements of the product formula. However, due to the phenomenon that the production 

of the small production line and the stem production line is not synchronized with the 

production of the large production line, the products produced by the small production line 

and the stem production line are first put into a module cabinet until the drying process of 

large production line is completed before premixing and blending. In this way, the 

moisture of the shredded tobacco in the small production line and the stem production line 

will be lost, resulting in a situation that the original outlet moisture content of the dried 

tobacco from the production lines meets the process standard, but the moisture content 

after the actual blending does not meet the process standard. Therefore, the requirement 

for the moisture content after blending can be satisfied by controlling the set values of the 

moisture contents at the outlets of dryers of the small production line and the stem 

production line. According to the product design requirements, flavors are applied to the 

shredded tobacco accurately and evenly, and the various materials are further mixed 

thoroughly. In order to enable the shredded tobacco to fully absorb the flavors and balance 

the moisture content and temperature of the shredded tobacco, it is required to store the 
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shredded tobacco after flavoring. 

[001303]  The process flow of this embodiment: 

[001304]  In step S10, three data dimensions are determined. 

[001305]  Basic work conditions: brand, air temperature and humidity before 

flavoring and after drying, temperature and humidity of module cabinet, the material flow 

and in-cabinet residence time of the small production line, temperature and humidity of 

mixing cabinet, moisture content after drying on the main production line, temperature 

and humidity of shredded stem cabinet, and the material flow and in-cabinet residence 

time of the stem production line. 

[001306]  Operational data: the set value of the moisture content at the outlet of the 

dryer of the small production line and the set value of the moisture content at the outlet of 

the dryer of the stem production line. 

[001307]  Optimization objective: to achieve precise control of the moisture content 

of shredded tobacco after flavoring (closer to the target center value). 

[001308]  Constraints: the moisture content of the shredded tobacco after flavoring 

meets the configuration value. 

[001309]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001310]  The isometric classification method is carried out in this example. 

[001311]  Upper and lower limits are set for work condition data. 

[001312]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001313]  In step S40, operation record collection is carried out. 

[001314]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 
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condition data (brand, air temperature and humidity before flavoring and after drying, 

temperature and humidity of module cabinet, the material flow and in-cabinet residence 

time of the small production line, temperature and humidity of mixing cabinet, moisture 

content after drying on the main production line, temperature and humidity of shredded 

stem cabinet, and the material flow and in-cabinet residence time of the stem production 

line), operational data (the set value of the moisture content at the outlet of the dryer of the 

small production line and the set value of the moisture content at the outlet of the dryer of 

the stem production line), and evaluation data (the moisture content of shredded tobacco 

after flavoring) are added to the knowledge base as a complete knowledge record. 

[001315]  In step S50, intelligent decision-making is performed. 

[001316]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The set value of the moisture content at the 

outlet of the dryer of the small production line and the set value of the moisture content at 

the outlet of the dryer of the stem production line in the knowledge record are used as 

recommended suggestions. 

[001317]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by the system. 

[001318]  In S70, the process goes to step S30. 

[001319]  Example 68 

[001320]  Raw material batching adjustment of cement  

[001321]  After the raw materials such as limestone, clay and sandstone are ground 

according to a certain proportion, the three types of data (saturation coefficient of lime, 

silicic acid rate, and aluminum-oxygen rate) will be tested. According to the test results, 

the dosage of raw materials is adjusted to improve the quality of the next batch of raw 
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materials. 

[001322]  The process flow of this embodiment: 

[001323]  In step S10, three data dimensions are determined. 

[001324]  Basic work conditions: saturation coefficient of lime, silicic acid rate, and 

aluminum-oxygen rate. 

[001325]  Operational data: limestone input flow, clay input flow, iron powder input 

flow, and sandstone input flow. 

[001326]  Optimization objective: to improve the qualification rate of raw materials. 

[001327]  Constraints: production process conditions. 

[001328]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001329]  Upper and lower limits are set for the work conditions. 

[001330]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001331]  In step S40, operation record collection is carried out. 

[001332]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (saturation coefficient of lime, silicic acid rate, and aluminum-oxygen rate), 

operational data (limestone input flow, clay input flow, iron powder input flow, and 

sandstone input flow) and evaluation data (the qualification rate of raw materials) are 

added to the knowledge base as a complete knowledge record. 

[001333]  In step S50, intelligent decision-making is performed. 

[001334]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 
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the basis for generating operation suggestions. The limestone input flow, clay input flow, 

iron powder input flow, and sandstone input flow in the knowledge record are used as 

recommended data and support for settings of air conditioning.  

[001335]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by a central control system. 

[001336]  In S70, the process goes to step S30. 

[001337]  Example 69 

[001338]  Raw meal homogenization operation 

[001339]  In order to ensure the high uniformity of the components of the raw 

material entering the kiln, it is required to homogenize the raw material. This requires 

strict control of the environment (flow valve, discharge time, and inflation time) of the 

homogenization silo, and relatively high power consumption is generated by devices 

during the control process. 

[001340]  The process flow of this embodiment: 

[001341]  In step S10, three data dimensions are determined. 

[001342]  Basic work conditions: feed moisture, rotation speed of the inflation box in 

an inner silo, and weight of raw material in a homogenizing silo. 

[001343]  Operational data: opening of flow valve in sector area; hoist current; 

discharge time; and opening of flow valve on conveying side at the bottom of the silo. 

[001344]  Optimization objective: to achieve the lowest unit power consumption of 

the homogenizing silo. 

[001345]  Constraints: inflation pressure in the silo. 

[001346]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001347]  The isometric classification method is carried out in this example to set the 

upper and lower limits of the work conditions. 
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[001348]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001349]  In step S40, operation record collection is carried out. 

[001350]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (feed moisture, rotation speed of the inflation box in an inner silo, and 

weight of raw material in a homogenizing silo), operational data (opening of flow valve in 

sector area; hoist current; discharge time; and opening of flow valve on conveying side at 

the bottom of the silo) and evaluation data (unit power consumption) are added to the 

knowledge base as a complete knowledge record. 

[001351]  In step S50, intelligent decision-making is performed. 

[001352]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The opening of flow valve in sector area, 

the hoist current, the discharge time, and the opening of flow valve on conveying side at 

the bottom of the silo in the knowledge record are used as recommended data and support 

for settings of air conditioning. 

[001353]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by a central control system. 

[001354]  In S70, the process goes to step S30. 

[001355]  Example 70 

[001356]  Preheating and decomposition operation of preheater 

[001357]  Sufficient gas-to-material heat exchange in the preheater can effectively 

improve thermal efficiency and reduce energy consumption. The wind speed and 
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temperature of the system in the preheater will directly affect the preheating result of the 

cement raw meal. 

[001358]  The process flow of this embodiment: 

[001359]  In step S10, three data dimensions are determined. 

[001360]  Basic work conditions: feeding flow of raw material, outlet temperature of 

C1/C2/C3/C4/C5 preheater, negative pressure at the outlet of C1/C2/C3/C4/C5 preheater, 

inlet flue gas speed of C5, inlet flue gas temperature of C5, and temperature of kiln-tail 

smoke chamber. 

[001361]  Operational data: air-lock valve opening of C1/C2/C3/C4/C5 preheater, 

tertiary air valve opening, and kiln tail coal feed. 

[001362]  Optimization objective: to ensure that the outlet temperature of the 

preheater is close to the target value as much as possible. 

[001363]  Constraints: outlet temperature of preheater, negative pressure value at the 

cone on C5. 

[001364]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001365]  The isometric classification method is carried out in this example to set the 

upper and lower limits of the work conditions. 

[001366]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001367]  In step S40, operation record collection is carried out. 

[001368]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (feeding flow of raw material, outlet temperature of C1/C2/C3/C4/C5 

preheater, negative pressure at the outlet of C1/C2/C3/C4/C5 preheater, inlet flue gas 
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speed of C5, inlet flue gas temperature of C5, and temperature of kiln-tail smoke chamber), 

operational data (air-lock valve opening of C1/C2/C3/C4/C5 preheater, tertiary air valve 

opening, and kiln tail coal feed) and evaluation data (outlet temperature of preheater) are 

added to the knowledge base as a complete knowledge record. 

[001369]  In step S50, intelligent decision-making is performed. 

[001370]  The current basic work conditions are obtained and the knowledge base is 

searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The air-lock valve opening of 

C1/C2/C3/C4/C5 preheater, tertiary air valve opening, and kiln tail coal feed in the 

knowledge record are used as recommended data and support for settings of air 

conditioning. 

[001371]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by a central control system. 

[001372]  In S70, the process goes to step S30. 

[001373]  Example 71 

[001374]  Rotary kiln operation 

[001375]  After being pre-decomposed and preheated in the cyclone preheater, all the 

raw materials are combusted in the rotary kiln to form clinker. A very high temperature is 

required during the process of combusting the raw materials to obtain clinker, which 

consumes more coal fed and lots of heat energy. If the air, coal, material and kiln speed are 

reasonably controlled, the unit energy consumption of the rotary kiln can be saved. 

[001376]  The process flow of this embodiment: 

[001377]  In step S10, three data dimensions are determined. 

[001378]  Basic work conditions: raw meal dosage, outlet temperature of 

decomposing furnace, temperature of the combustion zone, the temperature of the kiln-tail 
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smoke chamber, and the decomposition rate of the raw material entering the kiln. 

[001379]  Operational data: rotation speed of the kiln, instantaneous coal feed at the 

kiln head, the rotation speed of exhaust blower, high-temperature blower speed, tertiary air 

valve opening, and negative pressure of kiln-head hood. 

[001380]  Optimization objective: to reduce the unit coal consumption of rotary kiln. 

[001381]  Constraints: rotation speed of the kiln, rotary kiln temperature, kiln 

continuous operation time of the kiln, and coal feeding ratio of kiln head and kiln tail.  

[001382]  In step S20, a subdivision rule is set for each data dimension of the basic 

work conditions. 

[001383]  The isometric classification method is carried out in this example to set the 

upper and lower limits of the work conditions. 

[001384]  In step S30, the basic work condition data and the operational data are 

monitored in a real-time and online manner, and an operation record collection plan, 

including collection time, is formulated once a change is found. 

[001385]  In step S40, operation record collection is carried out. 

[001386]  If there is currently an operation record collection plan and the collection 

time is up, the constraints are checked. If all the constraints are met, the basic work 

condition data (raw meal dosage, outlet temperature of decomposing furnace, temperature 

of the combustion zone, the temperature of the kiln-tail smoke chamber, and the 

decomposition rate of the raw material entering the kiln), operational data (rotation speed 

of the kiln, instantaneous coal feed at the kiln head, the rotation speed of exhaust blower, 

high-temperature blower speed, tertiary air valve opening, and negative pressure of 

kiln-head hood) and evaluation data (unit coal consumption) are added to the knowledge 

base as a complete knowledge record. 

[001387]  In step S50, intelligent decision-making is performed. 

[001388]  The current basic work conditions are obtained and the knowledge base is 
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searched for the corresponding subdivided work conditions. For knowledge records that 

meet the constraints, records corresponding to the optimal evaluation data are selected as 

the basis for generating operation suggestions. The rotation speed of the kiln, the 

instantaneous coal feed at the kiln head, the rotation speed of exhaust blower, the 

high-temperature blower speed, the tertiary air valve opening, and the negative pressure of 

kiln-head hood in the knowledge record are used as recommended data and support for 

settings of air conditioning. 

[001389]  In step S60, the recommended suggestions can be offered to workers for 

operation, or can be directly controlled by a central control system. 

[001390]  In S70, the process goes to step S30. 

[001391]  It can be seen from the above description of the present invention that, 

compared with the prior art, an operation behavior record management method of the 

present invention has the following advantages. 

[001392]  1. The production, manipulation, operation, and maintenance problems in 

the production field and service field are boiled down to three types of data and the 

relationship between the basic work condition data, operational data, and evaluation data, 

and the problem in difference between production, control, operation, operation and 

maintenance inks in the production field and service field is solved. 

[001393]  2. In the production, control, operation links in the industrial field or in the 

operation and maintenance links in the service field, online knowledge accumulation of 

three types of data is achieved. By combining historical optimization methods and 

technologies with real-time online learning methods and technologies, online knowledge 

accumulation of three types of data is achieved, and the problem of operating experience 

accumulation in the actual production process is solved. 

[001394]  The present invention is exemplarily described above in conjunction with 

the embodiments. Obviously, the specific implementation of the present invention is not 
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limited by the above-mentioned embodiments, as long as various non-substantial 

improvements made according to the method concept and technical solutions of the 

present invention are adopted, or the concept and technical solutions of the present 

invention are directly applied to other occasions without improvement, they all fall within 

the scope of the present invention. 
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WE CLAIM 

1. An operation behavior record management method, comprising: 

determining basic work condition data, operational data, evaluation data and 

constraints thereamong, wherein the basic work condition data, the operational data and 

the evaluation data all have at least one dimension; 

setting a subdivision rule for each dimension of the basic work conditions, and 

classifying the basic work conditions into at least one subdivided work condition through 

the subdivision rule, each subdivided work condition corresponding to an operation 

behavior record set; 

formulating an operation behavior recording rule, and obtaining real-time and/or 

historical basic work condition data, operational data and evaluation data; 

entering an operation behavior recording process and checking the constraints; if all 

the constraints are met, adding the subdivided work conditions, the operational data and 

the evaluation data to the corresponding operation behavior record set as a complete 

operation behavior record; and 

obtaining current basic work condition data, searching for the corresponding 

subdivided work condition and its operation behavior record set, and selecting operational 

data corresponding to optimal evaluation data from operation behavior records that meet 

the constraints to form operation suggestions. 

2. The operation behavior record management method according to claim 1, wherein 

after the operation suggestions are applied to actual productions and when the operational 

data and the evaluation data change, a new round of operation behavior recording process 

is entered. 

3. The operation behavior record management method according to claim 1, wherein 

the constraints include preconditions for optimization objectives, negative lists for the 

operational data, and compliance constraints for the evaluation data; 
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the precondition for the optimization objectives refers to reaching the optimization 

objectives when the preconditions are met; 

the negative lists for the operational data refer to dangerous operation behaviors that 

should be prohibited for reasons of equipment safety and personnel safety; 

the compliance constraints refer to situations, in the evaluation of various results 

caused by basic operating condition data and operational data, that violate national 

standards, affect product quality compliance, and have adverse effects on subsequent 

processes. 

4. The operation behavior record management method according to claim 1, wherein 

the operation behavior record set only retains a group of operation behavior records 

corresponding to optimal evaluation data or top N operation behavior records. 

5. An operation behavior record management system, adopting the operation behavior 

record management method according to any of claims 1 to 4 and comprising a basic work 

condition data collecting module, an operational data collecting module, an evaluation 

data collecting module, and a data analysis module, wherein 

the basic work condition data collecting module is configured to collect information of 

basic work conditions and transmit the information to the data analysis module; 

the operational data collecting module is configured to collect operational data and 

transmit the operational data to the data analysis module; 

the evaluation data collecting module is configured to collect or calculate evaluation 

data, and transmit the evaluation data to the data analysis module; 

the data analysis module is pre-stored with: constraints among the basic operating 

condition data, the operational data, and the evaluation data; and an operation behavior 

recording rule; 

the data analysis module is configured to check constraints among real-time and/or 

historical basic work condition data, operational data and evaluation data; and to add 
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subdivided work conditions, operational data and evaluation data to a corresponding 

operation behavior record set as a complete operation behavior record if all the constraints 

are met; 

the data analysis module obtains current basic work condition data, searches for a 

corresponding subdivided work condition and its operation behavior record set, and 

selects operational data corresponding to optimal evaluation data from operation behavior 

records that meet the constraints to form operation suggestions. 

6. An operation behavior record management device, adopting the operation behavior 

record management method according to any of claims 1 to 4 and comprising a basic work 

condition data collecting unit, an operational data collecting unit, an evaluation data 

acquisition device, and a data analysis unit, wherein 

the basic work condition data collecting unit is configured to collect the information of 

the basic work conditions and transmits the information to the data analysis unit; 

the operational data collecting unit is configured to collect operational data and 

transmit the operational data to the data analysis unit; 

the evaluation data collecting unit is configured to collect or calculate evaluation data 

and transmitting the evaluation data to the data analysis unit; 

the data analysis module is pre-stored with: constraints among the basic operating 

condition data, the operational data, and the evaluation data; and an operation behavior 

recording rule; 

the data analysis unit is configured to check constraints among real-time and/or 

historical basic work condition data, operational data and evaluation data; and to add 

subdivided work conditions, operational data and evaluation data to a corresponding 

operation behavior record set as a complete operation behavior record if all the constraints 

are met; 

the data analysis unit obtains current basic work condition data, searches for a 
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corresponding subdivided work condition and its operation behavior record set, and 

selects operational data corresponding to optimal evaluation data from operation behavior 

records that meet the constraints to form operation suggestions. 


