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Abstract

This study involves the development of a web based expert system and the goal is to develop an expert system for
manufacturing engineering applications in the knowledge domain of machine capacity 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 the JAVA Professional expert system shell 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 types and capacity of machines 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 machines capacity is also projected accurately, bearing in mind the type of cement to
produce at any giving period. The developed expert system was validated on 10 selected test cases as well as 2 case
studies. The system performs satisfactorily and it was discovered that the machine capacity for producing approximately
1 million bags of cement is between 2500 Tons/Day to 3333 Tons/Day
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inflexibility to market needs, increased indirect cost and

INTRODUCTION high manufacture cost. It is estimated that in conventional
The growing complexity of industrial manufacturing and batch production methods, only 5 to 10% time is utilized
the need for higher efficiency, greater flexibility, better on machines and the rest is spent on moving and waiting.
product quality and lower cost have changed the face of Out of the total time on machine, only 30% is on
manufacturing practice. The complexity of manufacturing machining, rest being on positioning, loading, gauging
systems, products, as well as the new developments in the and idling.

field of material sciences, tools, sensors, and computer Expert Systems

technology have opened new possibilities in the area of Rouge and Lenat (2000) states that expert systems are an
expert systems and utilizing the results of the research offspring of the more general area of study known as
were expected to solve, within certain limits, Artificial Intelligence (Al). In the simplest sense,
unprecedented, unforeseen problems on the basis of even artificial intelligence is the study of developing computer
incomplete and imprecise information. Al has provided programs which exhibit human-like intelligence. Early
several techniques with applications in manufacturing Artificial Intelligence researchers focused on such
(design, scheduling, process planning, control, quality problems as game theory, robotic control, and vision
management, monitoring, and maintenance). In the early systems (Nilsson, 1998). Davis and Lenat (1997)
years, knowledge-based systems (KBS), neural networks explained that an expert system is the symbolic, non-
(NN), fuzzy logic, case-based reasoning (CBR), and algorithmic reasoning process. An expert system is a
expert systems have attracted more attention and have computer program designed to model the problem-
been successfully employed in monitoring manufacturing solving ability of a human expert (Waterman and Lenat,
(Mitchell, 2001). The manufacturing scene today is 1986). Slatter (2000) states that expert system, as a
undergoing a revolution. It may be remembered that branch of artificial intelligence is the science of making
traditional batch manufacturing suffers from drawbacks computer to do things that would require intelligence if

like low equipment utilization, long lead times,
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done by human.
Figure 1 shows the basic architecture of early expert systems
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Figure 1.0: Basic Architecture of Early Expert Systems

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, 1992). 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.

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
complete an order, determines start and end time, and
assigns resources to each operation. It can also act as an
intelligent assistant, using its expertise to help plant

The Smidth Cement Kiln Controller (Zadeh, 1998) uses
"fuzzy logic" to control the production of cement. The
system determines the needed adjustments in air flow,
gas fuel, raw materials, and rotation speed of the kiln, to
achieve an economical operation of the process. It should
be noted that an expert system is not a special
methodology, but a framework of interwoven processes
that are used together to achieve a goal (John, 1990).

EXPERT SYSTEM STRUCTURE

The structure and operation of an expert system are
modeled after the human expert and presented in fig 2.0
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Fig 2.0 General Structure of Expert System
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Knowledge Base

The knowledge base contains specialized knowledge on a
given subject that makes the human a true expert on the
subject. This knowledge is obtained from the human
expert and encoded in the knowledge base using one of
several knowledge representation techniques. One of the
most common techniques used today for representing the
knowledge in an expert system is rules. A rule is an
IF/THEN type structure which relates some known
information contained in the IF part to other information.
This information can then be concluded to be contained
in the THEN part.

Working Memory

Specific information on a current problem is represented
as case facts and entered in the expert system's working
memory. The working memory contains both the facts
entered by the user from questions asked by the expert
system, and facts inferred by the system. The working
memory could also acquire information from databases,
spreadsheets.

Inference Engine

The analogy of human reasoning is performed in the
expert system with the inference engine and its role is to
work with the available information contained in the
working memory and the general knowledge contained in
the knowledge base to derive new information.

Two principle inference techniques are employed in the
design of an expert system (Puppe, 1995). The first
technique relies upon establishing a goal, and then
attempting to prove it true. For example, a technician
believes a particular fault exists, and then collects data to
verify this hypothesis. This style of reasoning is known as
backward chaining.

The second style of inference first collects information
about the problem and then attempts to infer other

information. For example, a control process engineer
gather data from sensor monitoring some process, and
then uses this information to conclude the present status
of the process. This style of reasoning is forward
chaining, and was adopted in this article.

Knowledge Acquisition and Representation

There are many discussions in the literature on the
extraction of knowledge from domain experts. Most
expert system developers suggest that a knowledge
engineer (someone who is trained in the extraction of
information from experts) extract the knowledge and
design the system. (Giarratano and Riley, 1992).

Development of an Expert System for Machine
Capacity Determination

The development of the expert system was done to
handle the appropriate machine capacity 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 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 capacity of machines to expect at each production
stage. All the machines (their capacities and availability
during any production period) and materials mentioned in
conjunction with the production centers are important
factors that have been captured in the developed expert
systems.

The expert system acts as a totally interactive procedure
where users communicate with the system through a user
interface. It welcome the user to a welcome interface as
displayed

Welcome to Expert System for Cement Production Process "CPPES"

Designed by Dgbeide Samson

| This is an interactive system that guide and advise producer on cement production process

= Please kindly and carefully ensure to answer all questions asked

Close

Figure 3.0 An Introductory Welcome Interface of the Expert System
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The Module on Machines “MACHINES”

The system prompts the user for various input parameter as shown in Figure 4.0

| = Expert Questions on Machines: Stage 2 of 5
What is avaliable capacity of Crushing Machine? Tons/Day
What is the avaliable capadty of Raw mill? TonsDay
What is the avaliable capacity of Kiln? Tons/Day
Whatis the avaliable capadty of Cement mill? Tons/Day
What is the avaliable capacdty of Packaging Machine? Tons/Day
Proceed | | Reset | | Back | | Close |

Figure 4.0 Expert System Question on Machines

The essence of this question is to enable the expert
system to advice the user or producer on the actual or
required machine needed for the production process in
order to maintain optimality.

It is an IF/THEN rules and the syntax of this rule is
shown as an example below:
IF:

The targeted bags of cement to produce is
Imillion
and: the available crushing machine capacity is
“crushingmachineVal”

and: the available raw mill capacity is “rawmillVal”
and: the available kiln is capacity “kilnVal”
and: the  available cement  mill capacity

is“cementmillVal”

and the available packaging machine capacity is
“packagingmachineVal”

THEN:

The required crushing machine capacity should be
“Req_crushingmachineVal”

The  required rawmill capacity should be
“Req_rawmillVal”

The required kiln capacity should be “Req_kilnVal”

The required cement mill capacity should be
“Req_cementmillVal”

The required packaging machine capacity should be
“Req_packagingmachineVal”

Development Method for Cost Estimation of Machine
Hour Rate

The procedure for estimating these rates are explained
below where:

55

i) Salary of operator including allowances per month =
C
ii) Overhead cost is assured at 10% operator’s salary =
G
iii) Repair and maintenance cost of machine is assumed
at 20% of the purchase cost = Cs
iv) Cost of working space if building is assumed last for
50 years = C4
v) Repair and maintenance of floor space cost = Cs
vi) Installation cost is assumed at 5% of purchase cost =
Ce
vii) Annual insurance cost is assumed at 0.5% of
purchase cost = C,
Relative area occupied by one machine A’
Thus, a' x A" = A'

aT
Where, a' = working space for one machine
a' = total working space for all the machines
AT = total floor area of the workshop
aT=a| +ay,taytastastag
Thus, Machine Hour Rate =C; + C, + C; + C4 + Cs + Cq
+C,

Application Method of Developed Expert System

The user will have to edit Ewekoro cement file and the
interface is generated on the screen, the user will then
answer the question asked by the system in stages by first
inputing the quantity of bags of cement the user intends
to produce followed by other stages.

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
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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 5.0
F
Expert Sysem Aler

a
'0,' The numberofbagsfr tis produchion process s e thentheexpect,hence i ot aciabl o venture o produchion proces, Continue anyiey!
k.

&5

‘ No H Cance ‘

Figure 5.0 Expert Systems Decision Alert
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THE EXPERT SYSTEM DECISION REPORT OM MACHIMES

Regquived Crushine Machins sapacity should ba 2500.0 Tons/SDay

Hence the available Crushing MHachine (s) capacity will be sufficenc Process
The Available Raw Mill capasicy is 3000.0 Tons/Day

Reguired Raw Hill capacity should be 2000.0 Tona/Day

Hence the availakble Raw Mill capacity will be sufficiesnt for the production process

The available
Reguired Hiln
The available

Hiln capacity is 3500.0 Tons/ Dayw

capacity should be 3499.0 Tons,/Day

Hiln capacsity will be saffisient for cthe production process
The available Cement Mill capaciTty is 3000.0 TonsaSDay

2700.0 Tons/Day

Mill capacity will be sufficent for the production process

Reguired Cement Mill capacity should be

The available Cement

The available Packaging Machine capacity is 3700.0
Reguired Packaging Machine capacity should be 3333.0 Tons/Day
Hence che available Packaging Hachine (=) capacicy will be sufficent for cthe produccion process

Tons/Day

Figure 6.0 Expert systems report on machines capacity
for 1 million bags of cement

Figure 6.0 is the interface of the Expert system for 1
million bags of cement, the developed expert system
shows that if the users available crushing machines
capacity for the production process is 2600 tons/day, then
the experts system advised that 2500 tons/day capacity
will be required for the production, hence available
crushing machine capacity will be sufficient for
production.

If the users available raw mill capacity for the production
process is 3000 tons/day, then the expert system will
advise that 3000 tons/day capacity will be required for
the production, hence available raw mill capacity will be
sufficient for production for that period.
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If the users available kiln for the production process is
3500 tons/day, then the expert system will advise that

3499 tons/day capacity will be required for the
production, hence available kiln capacity will be
sufficient for production for that period.

If the users available cement mill for the production
process is 3000 tons/day, then the expert system will
advise that 2700 tons/day capacity will be required for
the production, hence available cement mill will be
sufficient for production for that period.

If the users available packaging machine for the
production process is 3700 tons/day, then the expert
system will advise that 3333 tons/day capacity will be
required for the production, hence the packaging
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machine capacity will be sufficient for the production
process.

Iil Expert System Report on Machines

THE EXPERT SYSTEM DECISICN REPCORT CN MACHINES
The Lvailable Crushing Machine capacity is 2600.0 Tons/Day

Reguired Crushine Machine capacity should be 3750.0 Tons/Day

The Available Raw Mill capacity is 3000.0 Tons/Day
Required Raw Mill capacity should be 4500.0 Tona/Day

The available Kiln capacity is 3500.0 Tons/Day
Required Kiln capacity should be 5245.0 Tons/Day

The available Cement Mill capacity is 3000.0 Tons/Day
Regquired Cement Mill capacity should be 4050.0 Tons/Day

The available Packaging Machine capacity is 3700.0 Tons/Day
Reguired Packaging Machine capacity should be 5000.0 Tons/Day

Please, ensure that the reguired Crushing machines capacity be used in

Please, ensure that the reguired Raw Mill machines capacity be used in

Please, ensure that the reguired Cement Mill machines capacity be used

Please, ensure that the reguired Cement Mill machines capacity be used

Please, ensure that the reguired packaging machines capacity be used in order to meet optimum production

order to meet optimum production (SEND ALERT REPCRT SIGHAL)

order to meet optimum production (SEND ALERT REPCRT SIGHAL)

in order to meet optimum production (SEND RLERT REPORT SIGHAL)

in order to meet optimum production (SEND ALERT REPCRT SIGNAL)

(SEND ALERT REPORT SIGNAL)

Close

Figure 7.0 Expert systems report on machines capacity
for 1.5 million bags of cement

Figure 7.0 shows that all the machines as shown above
where not sufficient for the production process and the
developed expert system advised that the required

machine capacity be used in order to keep production at
optimum level, hence it send an alert report signal to the
operators in the control room to make necessary changes
if possible.

Figure 8.0 Expert systems report on machines capacity for 2 million bags of cement

1= Expert System Report on Machines

THE EXPERT SYSTEM DECISION REPORT CN MACHINES
The Available Crushing Machine capacity is 2600.0 Tons/Day

Required Crushine Machine capacity should be 5000.0 Tons/Day

The Available Raw Mill capacity is 3000.0 Tons/Day
Required Raw Mill capacity should be 6000.0 Tonsz/Day

The available Kiln capacity iz 3500.0 Tons/Day
Required Kiln capacity should be 6999.0 Tons/Day

The available Cement Mill capacity is 3000.0 Tonsz/Day
Required Cement Mill capacity should be 5400.0 Tons/Day

The available Packaging Machine capacity is 3700.0 Tons/Day
Required Packaging Machine capacity should be 6666.0 Tonz/Day

Please, ensure that the required Crushing machines capacity be used in order to

Please, ensure that the required Raw Mill machines capacity be used in order to

Please, ensure that the required Cement Mill machines capacity be used in order

Please, ensure that the required Cement Mill machines capacity be used in order

Please, ensure that the required packaging machines capacity be used in order to meet optimum production

meet optimum production [SEND ALERT REPORT SIGNAL]

meet optimum production [SEND ALERT REPORT SIGNAL]

m

to meet optimum production [SEND ALERT REPORT SIGNAL]

to meet optimum production

[SEND ALERT REPORT SIGNAL]

[SEND ALERT REPCRT SIGNAL]

Figure 8.0, shows that all the machines as shown above where not sufficient for the production process and the
developed expert system advised that the required machine capacity be used in order to keep production at optimum level,

hence it send an alert report signal.
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VALIDATION

Validation of results constitutes an inherent part of the
expert systems and is intrinsically linked to the
development cycle as earlier mentioned. Validation is
essential to the decision-making success of expert system
and to its continued use.

Validation concerns have the following objectives and
they are

(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

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

(d) to analyze the reliability of expert system.

expert system has been validated with respect to the
following:

System validation using test cases

Validation against human experts

Validation using case studies

Validation by Test Cases

The testing performed from time to time throughout the
development cycle served to detect the presence of any
system errors and to enhance the system performance.
Examples of some of the test cases are given

“RC-RAW MATERIAL MODULE” Test Case 2
Significant input:

IF:

The targeted bags of cement to produce is Imillion

and: the available crushing machine capacity is 2600
Tons/Day

and: the available raw mill capacity is 3000
Tons/Day

and: the available kiln is capacity 3500 Tons/Day
and: the available cement mill capacity is 3000
Tons/Day

and: the available packaging machine capacity is 3700
Tons/Day

Output by “RC-RAW MACHINES”:

The required crushing machine capacity should be 2500
Tons/Day

The required raw mill capacity should be 3000 Tons/Day
The required kiln capacity should be 3499 Tons/Day

The required cement mill capacity should be 2700
Tons/Day

The required packaging machine capacity should be 3333
Tons /Day

Output correct? Yes.

Validation against Human Expert

Domain experts, including one who was previously
involved in the machine capacity, were consulted and the
consensus opinion corresponded with the finding of the
system.

This case study has indicated a satisfactory result by
CPPES as compared with known results of design
checking and the assessment by independent human
experts

Validation by Case Studies

Some case studies in the area of machine type and
capacity was studied and compared with results from the
developed “CPPES” in order to validate the efficacy of
the developed system.

Summary on Capacity of Machine Required
The required capacity of the machine is of utmost

importance. The developed expert system requires that
the capacity of the machines be met and at any point the
capacity of machines is not met, it send an alert signal
report to the control room as shown in Table 6.0

Table 1.0 Comparing machine capacity for production between conventional and developed expert system

Machine Types | Machine capacity for 1 million | Machine capacity for 1.5 | Machine capacity for 2 million
bags of cement (Tons/Day) million bags of cement | bags of cement (Tons/Day)
(Tons/Day)
Conventional Developed Conventional Developed Conventional Developed
method expert system | method expert method expert system
system
Crushing 2600 2500 2600 3750 2600 5000
machine
Rawmill 3000 3000 3000 4500 3000 6000
machine
Kiln 2500 3500 2500 5249 2500 6999
Cement 3000 2700 3000 4050 3000 5400
mill machine
Packaging 3700 3333 3700 5000 3700 6666
machine
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From the above table, it was discovered that all the
machine types capacity was adequate for producing 1
million bags of cement conventionally when compared to
the developed expert system, but that same machine types
capacity will no longer be adequate supposing 1.5 and 2
million bags were to be produced conventionally, the
table indicate the accurate capacity of all the machine
types for producing 1.5 and 2 million bags of cement
respectively using the developed expert system.

All things being equal, for optimal production of cement
to be met, cement industries should ensure that the
accurate machine capacity be used.

DISCUSSION

It is crystal clear that from the developed Expert System
for machine capacity determination, the following were
achievable:

Determining the machine capacity for cement production.
Develop a versatile expert system for determining the
appropriate machine capacity.

Evaluate the performance of the developed expert system.
This expert system that is interactive and give advice
based on the information supplied by the user can be
applied to any cement production company for machine
capacity determination, because the program is user-
friendly and can easily be edited to suit any production
plans.

CONCLUSIONS

The expert systems for determining the machine capacity
has shown to be generally successful and have performed
well in meeting the purpose and objectives of the
research. It recommends, and send alert signal report.

The developed expert system is effective and accurate as
it was able to determine the machine capacity for
producing between 1 million to 2million bags of cement
as shown in table 6.0, this makes it more appealing and
marketable.

REFERENCES

Bielawski, J. and Lewand, C. (1992): An Expert System
for Computer Fault Diagnosis. First International Joint
Conference on Artificial Intelligence. 843-845.

Davis, K. T. and Lenat, S. P. (1997): A knowledge based
system for Factory Scheduling Expert Systems. Pp. 25-
39.

Fox, J. M. and Smith, P. K. (1984): Software and its
Development. Prentice Hall International Inc. New
Jersey. Pp. 115-120.

59

Giarratano, J. L. and Riley, G. V. (1992): Expert
Systems: Principles and Programming, PWS-KENT
Publishing Company, Boston. Pp. 87-89.

John, B.S. (1990): System engineering. Prentice Hall
International, Britain. Pp. 35-39.

Mitchell, S. D. and Waterman, D. A. (2001):
Constructing an Expert System. In: F. Hayes-Roth,
Addison-Wesley. Pp 127-167.

Nilsson, N. J. (1998): Principles of Artificial Intelligence.
Palo Alto, CA. Tioga.Pp 99-109.

Puppe, F. O. (1995): Systematic Introduction to Expert
Systems - Knowledge Representations and Problem
Solving Methods. PWS-KENT Publishing Company,
Boston, Pp 63-67.

Rouge, D. A. and Lenat, D. B. (2000): Building Expert
Systems, Addison Wesley, Pp.77-.79

Slatter, P. E. (2000): Artificial Intelligence and Expert
System. Ellis Horwood Limited. Pp 45-54.

Waterman, D. A. and Lenat, D. B. (1986): Building
Expert Systems. Addison-Wesley Pub. Co., Inc.,
Reading. Pp 77-81.

Zadeh, U. R. (1998): The impact of alternative fuels on
the cement manufacturing process. Proceedings of
Recovery Recycling-Reintegration, Toronto, Canada. Pp.
1070-1075.



