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CONCEPT OF CBR SYSTEM FOR COMPUTER AIDED
OF MACHINES DESIGN PROCESS

Abstract: The scope of the paper is the presentation otdmeept of applying a computer
system based on knowledge and design experiengemathine design aiding. The Case
Based Reasoning (CBR) method is implemented testag® design process. A formalized
description of the method and CBR system structeeagiven.

1. Introduction

Many activities realized during design process im@ygomputer aided to a varying degree.
However, the possibilities of computer applicatiamshis process are various and depend on
the kind of the process, its phase and a kindadsagned product. Larger possibilities of the
process aid exist in its final phases, especialigng realisation of routine design tasks. In
case of activities realised in the initial phaséslesign process, participation of computer
means and methods supporting these activitiesgisfisantly lower. These are the most
creative stages of designing, which can be handigraated or even aided only. Despite that,
there are constant trials of working out the metbbdomputer tools building for supporting
these activities.

Development of calculation techniques and artificiatelligence methods enables
construction of intelligent CAD/CAE applicationsathmeans tools supporting the engineer
during design decisions making [1,2,6]. There aiast of obtaining and storing specialist
design knowledge and experience, creating on thasis dedicated systems and integrating
them with other CAD/CAE systems and computer tosksd during design process.

In the article there is presented a concept of ederpsystem, based on knowledge and
experience, supporting the design of machines.

2. Therange of functioning of the worked out concept

The design process is an intellectual creativega®cwhich course and the results depend
in great deal on talent, imagination, associatioititg and creative invention of the engineer.
Besides these factors also computer tools influgheequality of created design solutions,
which if expertly applied, significantly accelerated facilitate engineering work. That is why
it is essential to search for computer methods @uimgy engineering activities [4,5].
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Fig.1. Phases of design process supported by CBRoghe

The computer system based on CBR method may aitbllogving design work, realised
in the phases of design proceBgy( 1)):

e creating of the component functions structure,

» searching for solutions fulfilling the general faioo and component functions as
well as combination of these solutions in ordefutbl the general function,

« valuation of alternative designs in order to detaarso called result concept, which
will be developed and worked out in further stagiedesign process,

e searching for construction solutions,

» valuation of construction solutions.
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3. CBR method for aiding the design process

Case-based reasoning (CBR) is the method of solvieyy problems based on the
solutions of similar earlier problems. CBR has béamnalized for purposes of computer
reasoning as a four-step process. Given a desigioleon, retrieve from memory relevant
cases to solving it. A case consists of a desonpif the problem, its solution, and, typically,
annotations about how the solution was derived.tNexise the design solution from the
previous case to the target design problem. Thigimalve adapting the solution as needed
to fit the new design situation. Having used thev@us solution to the target situation, test
the new solution in the real world (or a simulaji@md, if necessarygvise. If the solution
has been successfully adapted to the target prolb&tan the resulting experience as a new
design case in memory. In Fig. 2 there is presetfted® model of the CBR cycle.

» design task « solved task

\ Retrieval ~

Retainment Revisie

7 matching

* |learned solution solution

Fig. 2. R model of the CBR cycle

The Figure 3 shows an example of functioning ofalgerithm of the system based on the
CBR principles. In the first step the system taltessinformation entered by the user, about
the situation of design and construction. Then.ebtasn the entered attribute values and
weights coefficients, it finds the most similar eago the current problem to be solved. In a
situation where the system cannot find the appabpranalogy (with the required degree of
similarity) the system ends its work. If it findp@opriate cases it sorts the results according
to the degree of similarity. In the next step, tiser decide whether the degree of similarity of
selected cases is sufficient enough to stop sewyemnd to find a satisfactory solution [7,8,9].
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Enter the new input data
to the task

Fig. 3. Algorithm of the system basing on the CEBfhod

If a satisfactory solution is selected, the syspeoposes to adapt it. The order proposed by
the system depends on the similarity between thegusituation of design and the assigned
cases.

4. Formalised description of tasksimplemented by means of CBR method

Task realised by the system based on the CBR nhetéwo be described in the following
way: given is the description of a project cAsecasethat determines current design situation
in the solved task [1,3,10].

M_case = { WAWw;, WA W, ... WAW} (2)
where:

WA — value of g-th attribute describing design situation,
w; — weight of g-th attribute describing a design situation (a nenftom range <0,1>).
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The set of design and construction cas&sse) created during solving design tasks in the
past, is stored in the case base.

Case = { casé [SPKy, OP,, GRR, OKy, GRK{], ... casé[SPK;, OP, GRR, OK, GRK]} (2)

where:
case[SPK,, OR, GRR,0OK;, GRK] —i-th design and construction case,
SPK — design situation of iath case,
OP, — description of &th design case,
GRR — graphical representation of-¢h design case,
OK; — description of &th construction case,
GRK — graphical representation of-¢h construction case.

The computing mechanism of the CBR computes siityildegree between modkl _case
and cases stored in the base according to fornf@iland (4), based on the values of particular
attributes and weights stored in the descriptioll otase

Sim(M_case, ca§®= 1 — Dist(M_case, cade ©)

N

Dist(M_case , cadp= [% DZ_:L\NJZ ':[ M _case —casérl] J (4)

where:
M_case- description of a design case
cas{br -value ofj—th attribute iri—th case,
k — number of attributes corresponding with eacleoth
w; — weighting factor foj—th attribute.

Based on the results system creates a set of vagesequired (expected) degree of
similarity Case§

Case&={cas€[SPK;, OP;, GRR, OKy, GRK],...casé [SPK, OP, GRR, OK,, GRK]}s (5)

Than system orders cases according to computethsiyndegree and creates an ordered
set of caseJasey).

Case§=<case€'[SPK;, OP,, GRR, OKy, GRK],...casé [SPK,, OP, GRR, OK, GRK]> (6)

Determined, accepted and ordered set Gases...> is a set of design solutions, which can be
adopted or directly applied to solve a consideesigh task.

5. Conclusion

The article discusses the possibility of applying €CBR method to support the design and
construction of machines. It describes an examipteeooperation of a computer system based
on the engineering knowledge and experience. Teelthis method in the process of design
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and construction greatly enhances the spectrunesifyd and construction, which examined
and analyzed by the engineer, and reduces the tioma the concept and design. The method
can be used to support the design and construptiases of any group of machines. The
application based on the proposed method can ti@pdign a routine, innovative, and modular
constructions.

References

1. Ociepka P.,Swider J.: Object-oriented system for computer ajdof the machines
conceptual design process. ELSEVIER, “Journal otevlals Processing Technology”
2004, 157-158, pp. 221 - 227.

2. Ociepka P.Swider J.: Wspoiczesne systemy doradcze do wsporimgaojektowania
maszyn. Gliwice: Wydawnictwo Politechniiaskiej, 2007, (In Polish).

3. Ociepka P.: Metoda komputerowego wspomagania pmjenia koncepcyjnego
maszyn. Gliwice: Praca doktorska, 2002, (In Polish)

4. Pahl G., Beitz W.: Nauka Konstruowania. Warszaw&Wy1984, (In Polish).

5. Ociepka P.: Koncepcja systemu barzego na wiedzy do wspomagania projektowania
koncepcyjnego maszyn. In: Xlll Konferencja nt. ,Mdy i Srodki Projektowania
Wspomaganego Komputerowo”. Warszawa, 2001, pp. Z82-In Polish).

6. Pokojski J. : Application of Case Based Reasonmd@lachine Design. In: AI-MECH
2001 — Methods of Artificial Intelligence in Mechas and Mechanical Engineering.
Gliwice, 2001, pp. 209-216.

7. Swider J., Ociepka P.: Obiektowy system SWPK kommvtego wspomagania procesu
koncepcyjnego projektowania maszyn. In: 11 Inteomat Scientific Conference —
Achievements in Materials Engineering. Gliwice kdpane, 2002, pp. 557-560.

8. Ociepka P., Grabowik C.: Zastosowanie metody CBR vdgpomagania procesu
projektowo-konstrukcyjnego i przygotowania techmyilo,Mechanik” 2008, Nr 8-9/08,
pp. 728-733, (In Polish).

9. Ociepka P., Swider J.: Zastosowanie metody CBR do wspomaganiacesu
projektowania maszyn. ,Modelowaniezinierskie” 2009, Tom 6, Nr 37, Gliwice, pp.
217 — 224, (In Polish).

10. Ociepka P.: Zastosowanie metody CBR do wspomagam@cesu projektowo-
konstrukcyjnego, Wybrane Problemyzymierskie, Gliwice, 2011, pp. 287-292, (In
Polish).



