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Minimum Zone Evaluation of Straightness Using the Genius Education
Concept

Soo Kwang Kim*, Dong Woo Cho**, and Kahng In Lee***

ABSTRACT

The criteria for determining the elements are the minimum zone method(MZM) and the least squares
method(LSM). The LSM is deterministic and simple but is limited at the measurements whose errors are
significant compared with form errors. For the precise condition, minimum zone method(MZM) has been selected
to determine the clements. It is not deterministic and nonlinear so that a optimizing procedure is needed. The
straightness is the fundamental problem in the evaluating form errors. In this paper, a new approach adapting the
genius education concept is proposed to obtain an accurate results for the minimum zone problem of the
straightness. Its computational algorithm is studied on a set of randomly generated data. To be of almost no
account of the specification(the number and the standard deviation etc.) of the sample data, the results shows

excellent reliability and high accuracy in estimating the straightness.

Key Words : Minimum Zone Method(# A< %), 1Least Squares Method(HAZ%5%), Nonlinear
Optimization(¥] A& 2 23}),  Genius  Education  Algorithm( A LS8 12]5F),
Straightness( 21 41 =)
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b, Education Policy

v Number of bkducation Policy
o, : Education Intensity(Standard Deviation)
SP Aa3)
SP, :

Sucess Probability of o7
Sucess Probability of ?

: Information Exchange Operator

: Education Intensity Selection Operator

3.

: Education Policy Selection Operator

=

: Learning Ability Selection Operator

: Education Operator

: Number of freedom (Dimension)

TN L KB B o

: Sucess Probability Calculation Operator

of Of-

o

: Sucess Probability Calculation Operator

of Learning Ability
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of oat 44 A9 wHE ohoa g
I =0
initializeP(0) : a,= a(X, F(X ))eleR""!
i=1,2,3,, 1
initializePO  : beR*
i=1,2,3,,v
initializeT — : t, =R’
i=1,2,3,-.N
do{

information exchange: P = c( P(1))

a; selection: P =S (P’ ()

b; selection: PO= S :(PO)

t; selection: s=S {T)

education: P gy = E(P 4p)

evaluation: F(P ;) F(X ), F(X 3),-

update: SP ;= P o(F(P ), F(P z), PO)

update: SP,= P (F(P,),F(P,), s)

update: ()= P(I+1)=s(F,Py P)
Wountil ¥V SPE < €,)
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success = success +1} (13)
total= total+ 1

SP ( ge), SP (1) = success/ total

2.2. 4 '?:.* = 2 Al (Stopping Criteria)
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Fig. 1 The Straightness at the given number of

geniuses and stopping probability. (Expected
0.001, The difference
from Minimum straightness)
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Table 1 The straightness at the given expected
resolution and end probability(E.P.).
(Unit mm)

=) E.P | 0.000001 | 0.00001 0.0001 0.001 0.01

50 0191 00984592 00984592 00984592 00984603| 00984724
B0000[ 021] 00984592] 00984592 00984592] 00984601 0098484
5] 023] 00984599] 009845921 00984592| 0.0984603| 00984675
025] 00984715| 0.0989338; 01237905| 00984603] 00984802
. .50] 0.19] 0.1854954| 0.1854954| 01854954| 0.185496| 0.1855045
FO00Q| 021} 0.1854954] 0.1854954; 0.1854954| 0.1854973] 0.1855036
. 10] 023] 01855051 01855051} 01855051 0.1855051| 0.1855051
025 018550511 01855051 0.1855051 0.1855051) 0.1855051
50] 0.19] 03812962] 03812962| 0.3812962| 03812972} 03813104
p0000| 021] 03812962] 03812962) 03812962] 03812976} 03813506
20} 023] 03818527 03812981] 03812962| 03816632 0.3813108
025] 0.3860732] 03813019 0.3812964! 0.3812979] 0.3813449]
50] 019} 09478436) 09478436] 09478436] 0947845 09478578
0000 021 09478436| 09478436| 09478436 0947845| 09478541
50 023] 09478838 09478436] 09478436 09478452] 0947852
025 09478497] 09478436 09478436! 09478465| 09478505
501 0.19] 18286495| 18286495| 18286495 18286502| 18286546
B0000| 021] 1.8286495| 18286495] 18286495| 18286506} 18286555
100 023| 18286495| 18286495| 18286495] 18286504| 18286565
025| 18287576; 18286405 18286495] 1.8286502] 18286637,
50| 0.19] 58292198] 58292198] 58292198 58292217| 58202283
b0000] 021] 58292198| 58292198] 58292198| 58292217] 5829226
300| 023] 58292198 58292198 58292198| 58292219] 58292291

025 58319179] 58292202] 58202211} 58292224] 58282294
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lable 2 Measured data by dialgage (Unit 1 m).
ki D2 D3 Da )5
1o0f 1.44 1.4 1.3 1.7 14
200 1.4 6.9 9.9 9.3 3.3
300 21 11.4 17.4 17.4 5.7
400 2.5 16.4 25.4 25.4 7.9
500 2 21.9 33.9 34.2 9.2
600 2.4 27.2 42 2 41.9 11.4
700 3 31.8 19.8 49.8 13.8
800 3.3 35 56 57.4 15.9
900 3.1 41.5 65.5 65.5 17.5
1000 3.2 46.7 73.7 739 19.4
Table 3 Estimated results
Straightness 21g7]
GEA/LSMIGEA/CLRA| CLRS/LSM]| GEA | LSM | CLRS
D1 | 09746901} 09915061 098304 -0002] ~0002] -0.002
D2 | 09146238! 1000001} 091462287[| -0049| -005| -0049
D3 | 09099965! 0940168} 096790838 -0079] —008| -0079
D4 | 09719436| 07727814 125772136| 008} -008! -0082
D5 | 09804775 11 098047746)] -002] -002] -002
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b v ot Fxy MY SHA s deky
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x A71E 100080 & el o 95 %Ly @&
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Rotating Scheme

Age A9 e wela k.

b4k A7) 508 A Aste] HWeFek AIHEo] Table
6ol wol3 Utk =4 uolE Aol Etel w
9 AH gol aERAE, LsMel wlaLad s

%, CLRS® H]shd 20% 712 A s

Table 4 The hist of random data for simulation

49997 01
4994204
4991663
4985998
4981868
497578
49684 86
49663 82
4961775
49567 .77
4950022
49453
4939742
4936437
4930086
4926633
4918007
4916954
4908928
49049.13

48991 31
4893532
4888174
4884556
4879951

487589
4871019
4866499
48599 69
48546.18
4849523
4846602
4841041
4835735
4830817
4824212
4821248
4816834
48087 59
4805237

40
4
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

4799822
47961 88
47908 41
4786124

47800
4776197
4769715
4763115
47586 87
4756536
4751707
4745142
4741788
47344 01
4730298
4726753
4718111
4715205
4711748
4703433

46986 83
4695116
4690841

46857
4678384
46748 06
4668615
46663 46
46587 52
46537 81
46499 66
4645208
4640847
46366 82
462899194
462583295
4619044 06
46169.06 [97
4611945 o8
46044 0899

46006 26
45969 55
45896 99
45853 66
45780 69
4574861
45695 55
45639.78
45588 66
4556073
4550312
4546373

453979
4536182
45304 41
4523316
4518463
4513855
4509261
4504144

16ol lo I8 RN (o 38 [$200 SN (VI [ VT Ell [ [Co Ty (o ol RN (o 0 15 0 BNl [#CT 1IN Ell) (o]

Table 5 The specification of random data

= x

ol
8 0139239

10 0161706

50 0196322
100 0196
500 0.198036
1000 0.197349
5000 0204266

Kurtosis

0062504
00538861
00142071
00085142
00026211
00014983
00004551

Skewness
0066772
0057121
0018269
0011655
0003977
0.002505
0000873

HAbs Averagg_lv ariance
0024328
0047441
0050633
0051997
0052463
0052413
0055082

c o o
L )

~—#— CLRS

o o oo
- W B

<}

50 100 1000 5000

ER-Eilke

500

Fig. 2 The straightness at the various number

of virtual data (Unit : gy m )

A7) o] Aol CLRSl 2l3h Asb= LSMoll B3k
39704 MANAARE LSMell 28k ARy P}
stol x| A9} 9t} Fig. 37 Figas
gkl Hah Wate] Wist Hriy AHAEE
b glelur. HHE w=A7F 509 4§ oﬂ% GEA

ST
of Aavh 4 %8l 7] A4 AHEE Bl

=

Y 3

H] 1l



T oolgl

LEREELE R

Qe Algd

Table 6 The average improvement ratio of
straightness about data made by EQ(15).

ol ol & (LSM~-GEA) | (LSM-GEA) LSM
s /LSM /LSM
10]  0.052810605| -0.140057331 0.704011705
50] 0.041997313| 0.028983785| 0.761768341
100] 0.030747202] 0.019826701 0.786236445
500] 0.023132207] 0.002603508] 0.817215814
1000 0.02014816{ 0.011653541 0.80516243
0.04 w
0.03
w 002 //
x oot N =
= . Y [
", //
-0.01 o
o —e— (LSM-GEA}/LSM
0.02 ¢ —@ (LSM ~CLRS)/LSM
0.03
0.033 0.067 0.131 0.312 0.652 1.937
ERY
Fig. 3 The average improvement ratio of

straightness at the variance of measured
data(No. of geniuses : 20, No. of data : 50)

0.14
012 ——(LSM-GEA)/LSM
0.1 —m— (LSM-CLRS)/LSM
0.08
0.0

o o

X 004

0.02

0 \\ /
-0.02
-0.04
-0.06

0024 0045 0.101 0266 1291

2o

0536

Fig. 4 The average improvement ratio of
straightness at the variance of measured
data(No. of geniuses : 20, No. of data :

1042 Agoles B4 Z7)d wat d5sla
%7kA1 9] MAES Ve

Table 7 - 92 27} 2)(16)-(18)2 ©]| &3t
AE SHAA ek Hg F4 2HE Kol
=

y= var, x+vars+

RAN(—L,L)RAN(—L, L) (16)

O

3l

10)
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y=var, x+var,+ (17)
GRAN(—L, L)
y= var, x+var,+ (18)
GRAN(—L, L)RAN(—L, L)
Table 7 The average improvement ratio of
straightness for data made by EQ(16).
53 (LSM-GEA) | (LSM-CLRS) LSM
tiEs /LSM /LSM
8] 0.051144708 0.051308938] 0.101524353

10] 0.060483407| -0.143194704] 0.287441254
50| 0.026422692 0.010803275f 0.306414922
100] 0.035968523 0.014304421] 0.330146154
500} 0.007506709 0.002047847] 0.369317585
1000] 0.007662377 -0.0017556] 0.378656175

Table 8 The average improvement ratio of
straightness for data made by EQ(17).

=8 | (LSM-GEA) | (LSM-CLRS) LSM
7 /LSM /LSM

8| 0.065511973] _ 0.035325329| 0.018073188
10l _0.068748861] 0.016431122| 0.066233317
50| 0.045607722]  0.043381468| 0.090229246
100] 0.017142512]  0.008909141] 0.10132175
500 0.020712706] -0.013108874| 0.119422277
1000] 0.019942493]  -0.19272073] 0.153522703

Table 9 The average improvement ratio of
straightness for data made by EQ(18).

(LSM-CLRS) LSM
/LSM

0.043589793

(LSM-GEA)
/LSM
8] 0.043572073

BN
> 0

0.385484272

10] 0.048206357] -0.054618102 0.98073366
50j 0.056699116] 0.035097543f 1.193663001
100] 0.043726088} -0.086517314] 1.579652786
500] 0.017033548} 0.002713682| 1.761996163
1000 0.02073246] 0.010806148] 2.030354182
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