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Abstract 

This study introduces the development and application of a web based expert system and the goal is to develop an expert 

system for manufacturing engineering applications in the knowledge domain of raw material for producing cement in 

order to meet optimum production. Recent developments in expert systems allow users to conveniently interrogate a 

computer program as if it were an expert. The developed expert system using JAVA will be particularly of great 

assistance to new comers who are not familiar with the field and will facilitate them in gaining a better understanding of 

the type, quality and quantity of raw material for production process and in making decisions about any necessary 

actions. The developed expert systems is versatile in the sense that it quickly generates results which hasten decision 

making process, and the quantity of the raw material is also projected accurately, bearing in mind the type of cement to 

produce at any giving period. 
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I TRODUCTIO  

In recent years, concurrent engineering has emerged as a 

key practice in enhancing the competitiveness of a 

product. Most people agree that the cost and quality of a 

product are “locked” into the layout design. Many 

companies are actively pursuing means to integrate the 

life-cycle values of the product early in its development.  

The manufacturing scene today is undergoing a 

revolution. Infact the technology that had the greatest 

impact on the production system over the last decades is 

computer technology. Computers have important role to 

play in job shop and batch production manufacturing 

plants, which constitute an important portion of the total 

manufacturing activity. It may be remembered that 

traditional batch manufacturing suffers from drawbacks 

like low equipment utilization, long lead times, 

inflexibility to market needs, increased indirect cost and 

high manufacture cost. It is estimated that in conventional 

batch production methods, only 5 to 10% time is utilized 

on machines and the rest is spent on moving and waiting.  

Out of the total time on machine, only 30% is on 

machining, rest being on positioning, loading, gauging 

and idling. 

Expert Systems 

Rouge and Lenat (2000) states that expert systems are an 

offspring of the more general area of study known as 

Artificial Intelligence (Al). In the simplest sense, 

artificial intelligence is the study of developing computer 

programs which exhibit human-like intelligence. Davis 

and Lenat (2001) explained that an expert system is the 

symbolic, non-algorithmic reasoning process. Slatter 

(2000) states that expert system, as a branch of artificial 

intelligence is the science of making computer to do 

things that would require intelligence if done by human. 

Expert systems are an attempt to capture in computer 

programs, the reasoning and decision making processes 

of human experts, providing in effect computerized 

consultants (Bielawski and Lewand, 1997). One of the 

most powerful attributes of expert systems is the ability 

to explain reasoning. This is accomplished by encoding 

in the expert system the knowledge and problem-solving 

skills of a human expert. This expert computer program 

can then be used by others to obtain and use this expertise 

for solving a current problem that would have previously 

required the expert to be present (Shortlife, 1998).                                                                                                                            

Fox and Smith (1984) developed one of the best known 

expert scheduling systems known as ISIS (Intelligent 

Scheduling and Information System), it incorporates all 

relevant constraints in the construction of job-shop 

schedules and performs a constraint-directed search. It 

can construct the realistic job-shop production schedules. 

The system selects a sequence of operations needed to 
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complete an order, determines start and end time, and 

assigns resources to each operation.  

Marcus and Steven (1993) developed an expert system 

named “DELTA”, it aids maintenance personnel in the 

identification and correction of faults in diesel electric 

locomotives. The system interacts with the user during 

the diagnosis process while presenting computer- aided 

drawings of parts, subsystems, and repair sequences, 

using videodisc movies. 

 

Expert System Development Stages 

Waterman and Lenat (1996) have provided the most 

widely accepted approach: Identification, 

Conceptualization, Formalization, Implementation and 

Testing. These stages are highly interrelated and 

interdependent 

Identification: Identification is the requirement analysis 

step carried out in traditional software development. It 

involves a formal task analysis to determine the external 

requirements, form of the input and output, setting where 

the program will be used and determine the users (Very 

important!). The participants, the problems, the 

objectives, the resources, the cost and the time frame 

need to be clearly identified at this stage.  

 

Conceptualization: The second,”conceptualization”, 

involves designing the proposed program to ensure that 

specific interactions and relationships in the problem 

domain are understood and defined. The key concepts, 

relationships between objects and processes and control 

mechanisms are determined. This is the initial stage of 

knowledge acquisition.  

 

Formalization: Formalization involves organizing the 

key concepts, sub problems and information flow into 

formal representations. In effect, the program logic is 

designed at this stage. It is often useful to group or 

modularize the knowledge collected.  

Implementation: During the next stage, implementation, 

the formalized knowledge is mapped or coded into the 

framework of the development tool to build a working 

prototype. The contents of knowledge structures, 

inference rules and control strategies established in the 

previous stages are organized into suitable format.  

 

Testing: The last stage, testing, involves considerably 

more than finding and fixing syntax errors. It covers the 

verification of individual relationships, validation of 

program performance and evaluation of the utility of the 

software package  

 

Major Raw Materials for Cement Production 

The major raw material that is required for cement 

production are Blasted Limestone, Crushed Limestone, 

Raw Meal, Gypsum, Red Alluvium. 

These materials are mixed in a proper proportion and 

burnt in a rotary kiln at a regulated temperature. 

 

Development of an Expert System for Raw Material 

Determination 

The development of the expert system was done to 

handle the appropriate quantity of raw material needed 

for cement production process using West African 

Portland cement, Ewekoro Works. It was designed and 

developed in such a way that it allows the user to interact 

with the computer in determining the necessary results 

that would have been obtained in the absence of a human. 

The scope of this research is to integrate the consistency 

of decision-making ability of a human expert as regard 

the quantity of raw material to expect at each production 

stage in order to optimize the production process Efforts 

have been concentrated on the typical knowledge and the 

requirements. At all stages of the system design and 

development, liaison with domain experts has actively 

been carried out. The developed expert system (CPPES) 

provides result based on the rules that is ‘fired’ and acts 

as a totally interactive procedure where users 

communicate with the system through a user interface. It 

welcome the user to an introductory welcome interface as 

displayed 

 

 
Figure 1 An Introductory Welcome Interface of the Expert System 
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The Main Module "RAW MATERIAL" 

These rules provide an overall control for running the developed expert system (CPPES). The system prompts the user for 

various input parameter as represented below 

 

Figure 2.0 Expert System Question on Raw Material 

After the user has supplied the parameter for the interface, the user will click on “proceed” to introduce the user to the 

next module. 

 

THE EXPERT SYSTEM RESULT 

The developed expert system, takes the user through series of questions and based on values entered, it trigger or fire the 

inference engine which brings about the result automatically. The expert system is so designed in a way that it advise the 

user on the minimum bags of cement to produce in a period, if the user decides to produce less than 1 million bags of 

cement in a month, the expert system alert will advice the user not to venture into production because it will not be 

profitable as shown in figure 3.0. 

 

 

Figure 3.0   Expert Systems Decision Alert 

 

 

 
Figure 4.0 Expert Systems Report on Raw Material for 1 Million Bags of Cement 
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The expert sysytem report on raw material is a module 

that advise user on the tons of the major raw materials to 

utilise for cement production, as shown in table 4.1a, if 

the users available limestone for the production process is 

50,000 tons, then the expert system will advise that 

73,421 tons of limestone will be required for the 

production, hence 23,421 tons of limestone is needed as 

addition to the available limestone in order to meet the 

target for that period. 

If the users available red aluvium for the production is 

10,000 tons, then the CPPES will advise that 1,350 tons 

of red aluvium will be required for production, hence 

available tons of red aluvium will be sufficient for 

production and the excess be kept for further use. 

If the users available gypsum for the production process 

is 2,000 tons, then the CPPES will advise that 2,799 tons 

of gypsum will be required for the production, hence 799  

 

tons of gypsum is needed as addition to the available 

gypsum in order to meet the production target. 

If the users available coal for the production process is 

30,000 tons, then the CPPES will advise that 378,787 

tons of coal will be required for the production, hence 

348,787 tons of coal is needed as addition to the available 

coal in order to meet the production target. 

If the users available explosive for the production process 

is 1,500 tons, then the CPPES will advise that 2,500 tons 

of explosive will be required for the production, hence 

1,000 tons of explosive is needed as addition to the 

available explosives in order to meet the production 

target. 

 

The expert systems indicates that the quality of all the 

raw material except limestone was in conformity with set 

standard 

      
Figure 5.0 Expert Systems Report on Raw Material for 2 Million Bags of Cement 

 

Figure 5.0 shows the report on expert system on raw 

material storage for producing 2 million bags of cement, 

the report shows that the tons of available limestone, red 

aluvium, gypsum, coal and explosive are 50,000  10,000  

2,000  30,000  1,500 tons of cement respectvely, it 

advised that the required tons of limestone, red aluvium, 

gypsum, coal and explosives are 146,842,  2,701  5,598  

757,575  5,000 tons respectively which indicates that the 

available limestone will not be enough to meet the target 

production hence its recommends that 96,842 tons of 

limestones will be added in order to meet optimum 

production. 

For the red aluvium, it is advised that that the available 

red aluvium will be sufficient for the production process 

and excess material should be kept for future use. 

 

For gypsum, it is advised that the available will not be 

sufficient for optimum production hence 3,598 tons of 

gypsum be added in order to meet the target. 

 

For coal, it is advised that the available will not be 

sufficient for optimum production hence 727,575 tons of 

coal be added in order to meet the target. 

For explosive, it is advised that the available will not be 

sufficient for optimum production hence 2,500 tons of 

explosive be added in order to meet the target. 

The expert systems indicates that the quality of all the 

raw material except explosive was in conformity with set 

standard. 

VALIDATIO  

 

Validation of results constitutes an inherent part of the 

expert systems for cement production and is intrinsically 

linked to the development cycle as mentioned earlier. 

Validation concerns have the following objectives, 

(a) to ascertain what expert system knows, does not 

know, or knows incorrectly 

(b) to ascertain the level of decision expertise of the 

expert system 
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(c) to determine whether the expert system is adequately 

theory based 

Validation by Case Studies 

Some case studies in the area of raw materials was 

studied for six (6) different periods and compared with 

results from the developed “CPPES” in order to validate 

the efficacy of the developed system. The graph by the 

left hand side shows the comparison between the tons of 

raw material used by the developed expert system and the 

conventional method while the graph by the right hand 

side shows the corresponding difference of raw material 

between the developed expert system and the 

conventional method.

 

 

 

 

 

 

 

 
 

     Fig 6.0a comparing the tons of raw material used between the                           Fig 6.0b comparing the tons of raw material used between the                      

conventional method and developed expert system for period 1                     conventional method and developed expert system for period 2                                             
                                                                                               

 

 
 

 

 
 

 
 

 

 
 

 

 
 

Fig 6.0c comparing the tons of raw material used between the                              Fig 6.0d comparing the tons of raw material used between the                       

conventional method and developed expert system for period 4                           conventional method and developed expert system for period 3                             

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

Fig 6.0e comparing the tons of raw material used between the                        

conventional method and developed expert system for period 5                      Fig 6.0f comparing the tons of raw material used between the                
             conventional method and developed expert system for period 6 

 

Summary on Quantity and Quality Control of Raw 

Material  

A summary of fig 4.1a to 4.1f shows that with regards to 

quantity, in the conventional method for production; 

Coal – the requirement for coal was met 

Red Aluvium – the requirement for red alluvium was in 

excess in the production process 
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Limestone – there was a deficit of between 758 and 952 

tons of limestone  

Gypsum - there was a deficit of between 77 and 90 tons 

of Gypsum  

Explosive - there was a deficit of between 39 and 48 tons 

of explosives 

 

Note that the developed expert system generate and send 

an alert signal report through machine sensors to the 

control room each time there is deficit of raw material at 

any point in the production process as shown in table 4.1a 

and 4.1b 

 

The expert systems is also able to determine the quality 

of the raw material at every point in the production 

process, and at any point the quality is not in conformity 

with set standard, it send an alert signal report to the 

control room. 

 

CO CLUSIO S 

 

The expert systems for determining the quality and 

quantity of raw material has shown to be generally 

successful and have performed well in meeting the 

purpose and objectives of the research. It advises, and 

sends alert signal report.  

 The expert system is effective and accurate as it was able 

to determine the accurate quality and quantity of raw 

material needed for producing a desired quantity of 

cement.  
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