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Derivation Method of Quasi-Inverse Function
Using Equation Discovery System in Inverse Problem
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In this paper, we apply the equation discovery system to inverse analysis, and present
the method of deriving the formula which can calculate unknown parameter directly. This
method is the modification of RF5, and numerical model identification system using genetic
algorithm and information criterion. It is assumed that the model is expressed with multi-
dimensional polynomial equation. The number of terms and dimensions are coded into genetic
algorithm. The coefficients for each model are obtained by least square method. The fitness for
each chromosome is evaluated with an information criterion c—AIC. Numerical simulations are
performed to demonstrate the validity and usefulness of this method.
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plification (circles denote input data)
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Tablel GA setup

Population size 400
Initial group generation | real-coded : uniform random numbers
binary-coded : 60{%] — 0, 40[%] — 1

Searching range [-10, 10]

Selection elite strategy once per 100 generations : 30[%] of higher ranks
others : 60[%] of higher ranks
Crossover real-coded : BLX-a (o = 0.2)(%)
binary-coded : uniform crossover (crossover rate = 50[%)])
Mutation once per 100 generations : mutation rate=50[%)]

others : mutation rate=5[%)]

GA ending condition

less than 1[%] of fitness improvement per 500 generations / over 5000 generations
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Table2 Results of example problem 1 (N =100, o = 0.005yy,)

Number of term L ‘ 1 2 3 4 5 6 7 8 9 10
c—AIC ‘1350.0 1243.0 [463.4| 467.2 4754 4754 481.1 485.1 489.3 494.6

EStimated I‘esult y _ 2 41 _ 3 951,1 41 2 61 + 5 501,5 40 —0. 501,5—0.50 + ]..50$%‘401'2'70$3‘00$9_4'50><1073

Table3 Results of example problem 2
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N,o Estimated result ¢ Error[%]
100,0.01y, | 2.27 — 3.92214222:61 4 5520539049050 1 1.4921424:3- 704,700 0.290
507 0.0lyk 1.67 — 3. 45$1 41 2 74 4 5. 44 0.30 5 ()4 —O 45 + 1. 18301 .51 3 9()$§O 24 4 19 2.213
100,0.05y; | 1.40 — 331214922 ™ + 5.1625 402, 4725 050 4 1.44514623702,390 1.026
500’ 005yk‘ 2 56 4 ngl 411_3 0.05 2 58 + 5 48,%0 .04 g 38 4 0‘481_70.51 + 1.5011‘421,%,69xg().()llxi‘gg 0950
50,0.001yy | 2.51 — 4.00214022-60 4 549254140504 0-50 1 1. 50214023 704:%-00 0.089

2.5 — 4ot 4a2® 4 550500, 0005 + 1.50) 423 Tl O (Original)
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Table4 Parameter setting in FEM analysis(!8) (1)

Specimen  Young’s modules(E;) | 73.4[GPa]
Poisson’s ratio(vy) 0.34
Yield stress(oy) 358[MPa]
Static flow stress(oy) | oy(ep +1)
Indenter  Young’s modules(E;) | 1140[GPa]
Poisson’s ratio(v;) 0.04
Apex angle(«) 60 °
Curvature radius(7y) 5[pm]
Friction  Friction coefficient(u) 0.0
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Fig. 7 Comparison between conventional method

and proposed method
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Table5 Results of FEM analysis

Measurable data E, [GPa E,|GPa]
Setting a[um] b[pm] d[pm]  S[MN/m] | S/a[TPa] use a D-N | Answer
Table 4 6.51313 0.49310 2.83646 1.10840 0.17018 81.31 112.03 73.4
vs=0.0 6.20711 0.40945 2.75938  1.07928 0.16684 94.10  123.14 73.4
vs=0.2 6.46879 0.44579 2.80252 1.07512 0.16620 86.04 117.99 73.4
vs=0.49 6.56080 0.52912 2.87577 1.18278 0.18028 74.37 102.52 73.4
hmaz=1[pm] 3.37296 0.23021 1.14016  0.56663 0.16799 80.19  127.92 73.4
hmaz=3[pm] 7.41941 0.58303 3.40655 1.28186 0.17277 82.65 109.03 73.4
oy=10[MPa] 6.83062 0.67326 3.16807  1.20428 0.17631 84.49  115.96 73.4
oy=100[MPa] 6.72455 0.62868 3.08114 1.15780 0.17218 82.34 112.95 73.4
0,=500[MPal] 6.21984 0.45055 2.73915 1.08640 0.17467 83.64 111.76 73.4
o,=1000[MPa] 5.79026 0.31205 2.43638 1.00366 0.17334 82.95 109.53 73.4
of =20,(ep +1) 6.09403 0.35191 2.67552  1.03345 0.16958 81.01  105.25 73.4
of =0.50y(ep+1) || 6.70813 0.61387 2.96562 1.14924 0.17132 81.90 115.60 73.4
©=0.2 6.21664 0.30264 2.62954 1.06639 0.17154 82.01 108.18 73.4
1=0.4 6.16085 0.25864 2.58692  1.05225 0.17080 81.63  106.80 73.4
Eé—lo[GPa] 5.13434 0.15448 1.90421 0.12354 0.02406 10.75 15.51 10
E,=100[GPa] 6.58152 0.53826 2.91817 1.51290 0.22987 113.03 151.05 100
E,=300[GPa| 6.73257 0.63419 3.08514  4.28286 0.63614 389.92  417.66 300
E,=500[GPa| 6.76983 0.65297 3.11893  6.79640 1.00392 792.20  659.49 500
E,=800[GPa| 6.79418 0.66133 3.13601  9.82057 1.44543 || 1741.38 950.29 800
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