doFORC - Test Functions

In order to study smoothing methods it is of paramount importance to use made-up data where the true model is known.
Certainly in the usual application no representation of the true underlying function or surface is known, but if a method
approximates a variety of surface behavior faithfully, then we expect it to give reasonable results in other cases.
Consequently, the implemented methods were tested for accuracy on artificial data sets constructed by adding Gaussian
(normal) noise and/or outliers to different test functions.

Our test suite consists of 15 functions, some of them with multiple features and abrupt transitions. While all the test
functions are continuous, some of them have a discontinuous derivative at one point, what make smoothing and the
derivatives estimation quite challenging.

A dedicated GUI allows users to easily choose one of the functions, to add noise, outliers, and placement of the input
points. Nodes placement can be varied from a regular grid to a complete spatial randomness.

As doFORC is mainly dedicated to FORC diagrams calculation, the test functions fs, f4, f5,and fg provide FORCs for
different types of Preisach distributions. For all other test functions the data can be generated either in a rectangular
domain or in a FORC style in the happlied > Preversal half-plane.

Test Functions
Probability density function (PDF) of the bivariate normal distribution:
PBVN (:L'7 Y Bz y by, Og5 Oy, P) =
1 1 z—p\> (Y= T — o\ (Y My

1 2mo,0y4/1 — p? 2(1—p?) Oy oy o oy

p = cor (z,y) =correlation coefficient; —1 < p < 1

Mz, My = Mmeans

0z, 0y = standard deviations; o, > 0; oy > 0

Lower cumulative distribution function (CDF) of the bivariate normal distribution:
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3 p1 = mean of the coercive field distribution

w2 = mean of the interaction field distribution

o1 = standard deviation of the coercive field distribution

o9 = standard deviation of the interaction field distribution
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http://stoner.phys.uaic.ro/forc/preisach-model.html
http://stoner.phys.uaic.ro/forc/doforc/doforc-test-functions.html
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= PDF of the bivariate generalized normal distribution

I' (z) = gamma function
B = shape parameter; 8 > 0

Observation: Pgyy is obtained as a particular case for 5 = 0.

Preisach gysy (¢ > y, ¥, p1, 42, 01, 02, p, 011, 612, 021, 022) =
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Pgysn (u, v, p1, p2, 01, 02, p, 611, 612, 021, 22) =
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= PDF of the bivariate skew normal distribution

411,912, 021, 022 = skewness parameters

2

V2

89101102+ 02901202+ (812021 + G22611) T102p

—o0 V2T

5=

\/(1 + 61210'12 + 26115120’10’2p—|—61220'22) (1 + 5%10'% + 25216220’10’21)—1—62220'%)

Observation: Pgyy is obtained as a particular case for §11 = d12 = d21 = d22 = Q

71 t? 1
®(r)= [ exp (— )dt =3 [1 + erf (L>] = CDF of the univariate standard normal distribution
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Preisach gysun (¢ > v, y, p1, 2, 01, 02, p, 01, @2) =
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= PDF of the bivariate sinh-normal distribution
a ; = shape parameters; a; > 0
7 f7 (33, Y, T, yc) = ta'nh(x - xc) ta'nh(y - yc)
8 f8 (33) Y, 3307:‘/0) - sin(m - mc)sin(y - yc)
. . sin(z — z.) sin(y — y)
9 || fo(z,y, zc,ye) = sinc(xz — z.) sinc(y — y.) =
T — T Y—Yc
1ol 10 @ e, e) = sin(y/ (@ = 20)? + (w — 4)?”) = simr
1| fur (2,920, we) = sine(y/ (e — 2)” + (v — 9e)?) = siner
12 f12 (CI:, Y, T, yc) = (33 - xc)2 + (y - yc)z =r
2 2 2 2
13 fis (z,y, ¢, ye) = exp —0.2\/(15 (x —2))" 4+ (20 (y — yc))”| cos \/(15 (x —2))" + (20 (y — ye)) )
1 5
T,Y, T, Ye) = 5% exp[—bu] exp[—5v
fra (2,9, @, ye) = ( p|~5u] exp[—~5v]) ( (1 + exp[—5u]) (1 + exp[—5v]) )
14
2 2
X <exp[—5u] — —> (exp[—5v] — —)
1+ exp[—5u] 1+ exp[—5v]
whereu =z —z,,v=y — y.
fis (@,9,2e,90) = 3(u = 1) exp|—u? = (v+1)°] =10 (5 — v’ =0 ) exp[—u? — 7]
15 1
— 3 exp [—(u +1)% - v2]
whereu =z — z, v=y — ¥y,

30f3


User
Line

User
Line

User
Line

User
Line


