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Precise computation of planar straightness
error using genetic algorithm
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Abgtract : The computation model established for the problem is described , and the key techniques of the
GA-based method including representation of chromosomes, generation of initial population, fitness func
tion, and determination of genetic operators(selection, crosover and mutation, etc.) and stopping criteria
for genetic operations, are discussed in detaill. This algorithm was substantiated with typical examples and
the results show that the GA-based method can be used to achieve precise computation of planar straightness

errors.
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;T®O6 ’ ’ A
1 Introduction

It isan important research topic in mechanicd in-
dugry to find out more pred s methods for form error
evduation. They have an dfect on the manufacturing
precison © that they have been pad attention to for a
long time by the scholars and engineerd 3!, Recently ,
two kinds of methods are avalade for the form error
verification. One is the lead squared method that is
based on the prindple of minimizing the sum of the
resdud error between the
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measurement and nomind vaues. Therefore it is an
gpproximate method and usudly used to Stuations with
lower predigon reguirement or as initid conputation
va uesof other methods. Arother kind of method isthe
minimum zone based method. Because it corforms to
the gandard, it can give aprecise ©lution. But no ex-
iging computation nodds are perfect up to now. On
the bads of modern optimization computation meth-
ods——genetic dgorithm (GA) , a new modd is de-
vigd in the pgper which isfit for high preddon mea
surement.
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2 Computation model of planar
straightness eval uation

Acoording to the definition of planar straight-
ness tolerance zone, it is an area bounded by two
paralel sraight lines. The distance between the
two lines is the straightness tolerance!*!. The pla-
nar straightness errord is the minimum distance
between two parale sraight lines containing al
the measurement points, as shownin Fig. 1.

Fitted line

Fg.1 Sraight line error zone

Suppose that L is the fitted line with feature
equation asy = ax + b, the directiona distance
between any measurement point P;(x;,y;) (j = 1,
2, ,M) andthelineisgiven by:

rj:y-- ax; - b (1)

J1+ a2

where, a and b are the variables to be searched.

The evauation problem is to find out a desired line

from a group of lines Li(a, b) (i = 1, 2,

N) . The variables are expressed as the form of an

initial vaue plus a supplement , namely Li(ap +

A a, by +Ab), then Equ. (1) hasanother form:

= yi- (ag+Aa) xp- (bg-Ab)
JL+ (a+A a)?

i@ aAb,x,y) (2

Therefore, the objective function of the problem is
defined as:

h@ aAb) = minmaxri@ aAb,x,y) -
IjTli’&]rji@ alAb,x.,y)} ., (3

3 Implementation prindples and tech-
niques of the GA-based method

The inplementation techniques indude many as
pects, such as chronome representation , initid popua
tion generation, fitness function expresion, genetic op-
erators(sdection , crosover and mutation , etc.) determi-
nation , gopping criteria dedson. The following subsec-
tions will decribe their implementation in detal!™®!

(1) Chromome indvidud representation

The representation of the chrono®mesis the firg
issue of the genetic conputation. It determines how to
represent the variabdes of the probem into chromosmes
of the genetics. In the basc GA , the hinary encoding is
acbpted, which has its grengths and limitations. The
d sadvantages ind ude lower trangormetion predson and
oomputation dfidency and it is ot graight to undergand
and inconvenient to inplement sAf-adgptable genetic op-
erations However the red float encoding utilizes the
variablesof the probdem as the genes of the indviduds,
which dbes need the trangormetion fromfloat and binary
sydems Therefore there is no trandormation predson
loss and time consuming. Moreover the variadles crre-
goond to the genesof indvidud , which is convenient for
undergand ng the action grength of the variades to the
minimum oljective. It iseasy to adug the genetic oper-
ators © asto improve the performance of the popuation.
The indvidud or chromome is gven as:

Xi=Qaph) , 4
where i is the srid number of the chrompome which
orreponds to a canddate graght line. i = 1,2,

N.

The N indviduds conditute the initid evolution
popuation whose vadues are randomy generated around
the leas sguared lution in terms of uniform digribu
tion.

(2) Ftressfunction determination

GA does ot require the prodem with grict mathe-
metica property. It only needs the optimization objective
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and the irfluend ng factors and nodes to lve the prob-
lem. Thefitnessfunction is the bridge between the e
dfic prodemand CGA that isthe measure of theindividud
performance. Acoording to the objective function Equ.
(3) , thefitnessfunction is defined as:
f(X(g) = fQa(g Ab(g)
= hBa(g Ab(g)™",
where, g is the ewlution generation. When the dgo-
rithm runs a generation G , the iOth indvidud is the
optimum chronome with the higges fitness vdue, and
the predidonis sstigactory , then the errord of thelineis
cdcuated by :
o = rjmn)ffjioﬂ aiOA B, X oY) -
,mnrA] rjioﬂ aiOA b, %,y (6)
(3) Geretic operations——sdection, crosover and
mutation
The Hection or reproduction operator is the man
avol utionary operator which mulates the Darwinian evo-
Iution idea to choose the better indviduds with srong
adgptable ahility asthe intermedate popuation of the ge-
netic operation. The rouette whed section is adopted
here. Hrsly conpute thefitnessvdueof every indvidud
of the popuation. Then obtain the sdection probahlity
of theindvidud acoordng to the fitness.

p(x) = B @

kZ f (X

The Hection probahility is used to choose the indviduds
with higger fitness as the new popuation of evolution.

The crosover or recomhi netion operator isthe man
variation operator that dmulates the Mendd genetic the-
ory. Inthe processaf evolution, the popuation mug ex-
change and add new irformetion to increase the surviva
and conmpetition akility. Therdfore the popuation can
anive and improve. The crosover operation is to
change ©me genes of the indvidud to obtain new ind-
viduds.

The snge point crosover is used to exchange

two corregpond ng partsof two parent indviduds and get
a new indvidud with higger fitnessvdue. Let two par-
ent indvidudsas X, = QB a,Ah) and X = O g,A

b) (k,1  N),then two new indviduds can be gven
by:
X« = @ aAb)
, ()
X =Qapb) ,

if two new indviduds both are unsatigactory , repeat the
crosover operation until the dedred one gopears.

The mutation operator is an assgant operator that
can enrich the genetic informetion. It is necessary for the
genetic dgorithm to fufill the ssarching assgnment. It
can grengthen the locd searching ahility and awid the
premeture gatus.

The dnge mutation adopted is to subditute a new
vaue for the mutated gene and get an indvidud. Al-
though the operation is Smple it is bendfidd to the evo-
[utionary popuation.

(4) Sopping criteriadf GA

The maximum number of iterationsislooked asthe
termination condtion that is usudly obtaned through

many a genetic run.

4 Verification examples and reauts and-
yss

The exarplesin literature”! are used to vaidate the

proposed method.  The method acopted
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Fig.2 Didribution of the measurement pointsin exanple 1
and the minimum error zone
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Fig.3 Didribution of the measurement pointsin exanple 2
and the minimum error zone

by literature”! was baed on convex hul. Fgs 23
dow the dgribution of the measurement pointsin plane
and the minimum zone obtai ned by the GA-based method
in the paper.

The computation conditions are given in Tabe 1

and 217! .and the resuts are shown in Tab. 3.
Tab.1 Parametersof genetic agorithm run

Example number 1 2

Population sze 30 30
Crosover probability 0.85 0.85
Mutation probability 0.05 0.06
Maximum generations 2000 2000

Tab.2 Computation initid vaues and comparison resutd”?

Example number 1 2
Initid value ap (mm) 0.005 656 326 0.053 162 454
Initid value by (mm) -0.091 147 90 -0.125 825 504
Least squared
lutiond (mm)
Solutions based
on onvex_ huld (mm)

0.037 165 28 0.136 573 006

0.033 299 4 0.131724 4

Tab.3 Computation results by GA-based method

Solutions
Example  Parameter Parameter
based on
number a (mm) b (mm)
GAd (mm)

1 0.004 527 804-0. 088 897 6120. 033 309 814
2 0.051 229 514 -0.127 722 63 0.131 719 574

Asshownin Tab.2 and 3, the improved GA-
based method can correctly compute the planar
straightness error. The method begins with the

least squared wlution and can greatly increase the
computation precison. The results are equd to or
better than those by the convex hull-based method
in literaturel”) which is more complicated than the
proposed method and not easy to computer imple-
ment because of its geometrical modd.

The evolution process of the examples are il-
lustrated in Figs. 4-5.
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Fg.5 Ewvolution processof example 2

Anayzed from three Figs. 45 above, the
whole population does evolve towards the minima
and rapidly converges at the initiad stage, badcaly
at the beginning generations. Then the population
goes to a more stable stage as the generations in-
crease until the minimum olution appears.
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or surviva of thefittest” to optimize the population

Conclugons of individual solutions and give the correct olution.
The examples prove that the method is smple in
In order to evduate the planar straightness er- principle and higher in computation precison than

, @ GA-based method is proposed. It ison the the least squared method and higher or equa to the

badsof natura evolution principlé’ struggle for life convex hull-based method.
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