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1. INTRODUCTION 

The problem of the optimal texture experiment was formulated by the author in 

his other article (Luzin, 1997). It was shown that the optimal texture experiment can be 

conducted if the texture is known. When the texture can not be initially estimated the 

standard or an overabundant measurement grid is used to prevent loss of information. 

How should the data from this experiment be processed? The one possible answer 

is to smooth the directional data. Some successful attempts have been made to apply this 

procedure for processing the probability density functions on the sphere (Traas et al., 

1993; Schaeben, 1996; Nikolayev et al., 1996). In this paper the smoothing procedure in 

the form used by Nikolayev et al. ( 1996) is applied 

p~mnoth(yk) = r;=I wjP; (yj) 

"'J ' L.tj=J wi 
{ 

(J)~} 
wi = exp - (J); • ro j = arccos(5\, Yk), 

where ro is the smoothing parameter. 

Usually raw pole figures (PFs) contain statistical noise. High degree of smoothing 

however leads to loss of information. Only optimal smoothing provides proper 

smoothing when statistical noise is eliminated and, at the same time, oversmoothing is 

avoided. In this paper, the main attention is paid to the fact that the optimal smoothing 

parameter (degree of smoothing) depends on the size of the investigated sample (or the 

number of grains) in the texture experiment and the sharpness of the texture. Both facts 

are built into the consideration in the same way as it was done in (Luzin, 1997). 

As a result the solution of ·the optimal smoothing problem is directly connected 

with the solution of the optimal measurement problem when the texture is known 

(Section 2). Optimal smoothing can also be carried out in a self-contained way even if 

the texture is not initially known (Section 3). 
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2. THE OPTIMAL SMOOTHING PROCEDURE 

Let us take a sampling of size N from the sample multitude of orientations 

described by some true ODF f'(g) and the corresponding PFs P~("y). The actual 

N 

distributions can be written as 

1 N' 
J'(g,N)=-L,Vno(gg;1

), geS0(3), 
V n=I 

V=L,Vn, 
n=I 

and 

P~(y,N)= ~± Vno(y-y!'), 
n=I 

Y,Yn eS2
• 

They yield the observed (experimental) distributions determined on a certain 

measurement grid r ={Yi}, j = 1, .. , J: 

P~ (Yi• N) = f P~ (y, N)K(y, Yi )dro(y), Y,Yj eS2
, 

O.j 

where K(y, Yn) is the integral kernel which reflects the conditions of the texture 

experiment. 

The recipe for chosing the grid parameter for the given Nin the optimal way was 

already reported (Luzin, 1997). Next, the following problem is of particular interest. Let 

us assume the experimental PFs P~ (Yi• N) are me_asured for the given number of grains 

N and the fixed measurement grid r ={Yi}. Can one improve the obtained data (in the 

sense of RP-value) by the smoothing procedure? In this article the problem is 

investigated directly by plotting quantitative dependencies of RP-value on the variables 

of interest. The simplest texture model of the Gaussian distribution with the center at 

g = {0,0,0} and HWHM=l9.7° is used for further calculations. 

The most informative is the behavior of the RP-value on the smoothing parameter 

ro and the equiangular grid parameter ~cp when the number of grains N is fixed for the 

given texture. This dependence is presented as the surface and sections of this surface in 

Fig. 1. It should be emphasized that the minimum RP-value achieved by smoothing is 
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Fig. I. The dependence of the RP~value on the smoothing parameter and the grid 
parameter plotted as a surface (bottom) and as its sections (top). 
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Fig.2. The dependencies of the RP-value before pole figures smoothing (dashed circles) 
and the minimum achived RP-value after optimal smoothing (clear circles) on the grid 
parameter of the net used. As an illustration, the pairs unsmoothed-smoothed pole 
figures ( I 00) are plotted. 
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precisely the limit achieved in the optimal experiment. So the use of optimal smoothing 

on the fixed grid 1.eads to the_ same result as the optimal experiment with optimal grid. 

This is actual only for grid parameters less than the optimal oni-C For grid parameters 

greater th~n the optimal o~~~\he smooth_ini p•r~cedure ·c~n no/d~c~e~e the resultant RP

value. Figure 2 illustrates,the aforesaid (N=5000 grains, .1cp = 5° ) . 

Different valµes of N produce surfaces analogous to the surf.ace in Fig. I with the 

following features. The greater the number N the lesser is the optimal, smoothing 
. ~.:;~ . . ... 

parameter ro 0p, and the minimal achieved RP-value RPm;,, =,RP(ro""'). 

From the multitude ~f · the above-mentioned surfaces (s.carining' by N) an 
. . ~ 

information about.the dependence of ro"P' and RPmin = RP(ro
0
p,) on N can be 

extracted. It turns out that t?f,se quantities have a very expressed behavior shown in Fig. 
,,1'·-· 

3 for the grid parameters .1cp = 5°,15°,30° and the grain_,numbers in the range N=IOO-

50000. Due to the fact that the optimal smoothing parameter ro,,,,,. and the minimal 

achieved RP-valut RPmin = RP(ro0,,,), are directly con_nected with the optimal 

parameters of the optimal grid problem, in the range of the· smallest' values the curves 

ro "P' = ro opt ( N) and RPmin = RP min ( N) coincide and are independent of the grid 

parameter d<p . This branch appears as line in double logarithmic scale and is described 

by 

A1 w,,p,=,:;;;, A2 
RPmin = N''. 

where the coefficients A1 and A2 depend only on the sharpness of texture and 

numerically determined constants p and q are p "'0.3, q "'0.17 . 

The N-range where the linear law holds determined by the grid parameter. As N is 

getting larger and larger and statistical errors decrease, the dependence on N deviates 

from the · linear behavior and tends to some limit. This limit corresponds to 

approxiw.atioi;1_ errors.and is specific. for the·chosen grid. For the giv~n grid pararrietef' 
. -. . •,.. • , v-,·•· .. "·_ ........ ~ :- !;<-, ~~ .. :--: ·~• ·;· ·:·:,,:-~,:-·'·;:-rt· ;,~-, '? ~. 

.1cp the .. aepend,ence on N be&ins'io deflec(when N achieves the value Nopi for,wbic;h 
:;'_-- .• r-,. ·- .' . . . ' • 

the given grid parameter d<p is close to the optimal one. Then in the limit iv'> Nopl • th/ 
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optimal smoothing parameter roopt and the minimal RP-value RPmin achieve their 

lowest level so and quality of PFs is scarcely affected by the optimal smoothing 

procedure. 

3. ARE THE OPTIMAL SMOOTHED POLE FIGURES OPTIMAL FOR 

THE ODF REPRODUCTION AS WELL? 

The question placed in the title of this section is of prime interest for anybody 

working in the field of QT A. In the frame of the outlined approach the influence of 

smoothing on the ODF reproduction can be elucidated. 

Three sets of PFs are at hand after the ODF reproduction procedure: the exact 

(true), experimental and the reconstructed PFs. Comparison of these sets for various 

smoothing degrees gives us information about the goodness of the smoothing procedure 

for the purposes of ODF reproduction. The quantitative dependencies of all possible RP

values (RP(exp,true), RP(exp,calc) and RP(calc,true)) are shown in Fig. 4 for the above 

mentioned texture. The Bunge (series expansion up to L=22) method and the 

component method were used. The optimal smoothing parameter roopt is described as 

the position of the RP min ( exp, true). From Fig. 4 the meaning of the optimal smoothing 

parameter f<:Jllows. 

In the component method roopt is when RP(exp,calc)=RP(calc,true). This means 

that the set of calculated PFs is at equal distances from the experimental PFs and true 

PFs sets and the RP-value is the measure of the distance. In the Bunge method, ro t • op 

coincides_ with the actual position of the RP min ( calc, true). These results show the 

advantages and validity of optimal smoothing. 

4. SMOOTHING OF THE REAL EXPERIMENT AL DATA 

Relatively simple dependencies of the optimal smoothing parameter ro
11
p, and the 

minimum RP-value give us a hint as to how to apply the smoothing procedure to the real 
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Fig.4. The comparison of reconstructed PFs and experimental PFs with respect to the 
true ones. (N=5000 grains, 5°H5° measurement grid). 
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texture data. Since the optimal values can not be evaluated without knowledge of the 

texture, i.e. before the experiment, the following alternative can be proposed. 

Let the number of grains be known and the grid be fixed. The first approximation 

of the texture can be done by the component method of ODF reproduction. Then, the 

optimal values can be evaluated and the procedure of optimal smoothing can be 

performed. After that the smoothed PFs can be used for the second approximation of the 

texture and the next estimate of the optimal smoothing parameters. This iterative 

procedure provides the lowest level of statistical errors. 

5. CONCLUSION 
In this paper, smoothing of the pole density data defined on the sphere was 

investigated with respect to grain statistics (the number of grains in the sample). It turns 

out that for the minimum RP-value between experimental and true PFs exists when the 

smoothing parameter varies. This optimal smoothing parameter provides the optimal 

smoothing procedure and minimizes the statistical errors connected with grain statistics. 

The validity of optimal smoothing is confirmed for two ODF reproduction methods 

(Bung and component methods). 
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Jly:nrn B. 
OnTHMH3aum, TeKCTypHbIX H3MepeHHH. 
OIITHMaJlbHOe CfnIDKIIBattHe 

E3-98-330 

Pattee HaMH 6binlf H3JIO,Kettbl OCHOBHbie npHHUHIIbl KOJmqecTBeHttOro no.uxo.ua 
K perneHHIO 3a_naqu 0nTHMH3aUHH TeKcrypttb!X H3MepeHHH. B ttaCT05illleH pa6oTe 
lf3JIO,KeHbl )laJ!bHeifrnne np0.!lBlf,KeHH51 B JJ,aHHOM ttaIIpaBJJeHHH. 

Pa3BHTblH KOJIHqecTBeHHb!H noJJ,X0JJ, 3JJ,eCb IIpHMeHeH )],JUI perneHH5' 3a_naqw 
onTHMaJibHOro crna,KHBaHH51. IToKa3aHO, KaK napaMeTp 0IITHMaJibH0ro crnIDKHBaHH51 
3aBHCHT OT CTaTHCTHKH 3epett, T.e. OT qucna 3epett B o6pa3ue. ITpeJJ,JIO,KeHa cxeMa 
,l],Jl51 onTHMaJibHOro crna,KHBaHH51 peaJibHb!X JJ,aHHblX TeKcTypttoro 3KcnepHMeHTa 
(IIOJIIOCHblX cjmryp ). 

TaK,Ke o6c~aeTC5i npm,teueuue npoueJJ.ypbI onTHMaJibttoro crnIDKHBaHH5i 
110 0THOllleHHIO K OCHOBHOH ja_naqe K0JIHqeCTBeHH0ro TeKCTypttoro auanu3a (BOC
CTaH0BJieHHIO cpyHKUHH pacnpe,l.leJieHH51 opHeHTaUHH). 

Pa6orn BbIIIOJIHeHa B Jla6opaTOpHH HeHTpOHHOH cj:JH3HKH HM. 11.M.<l>paHKa 
omrn. 

ITpenpHHT 06ne)lHHeHHOfO l!HCTHTYTa ll/lepHblX HCCJJe/lOBattuii. L{y6tta, 1998 
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In our previous paper (Luzin, 1997) the ba~ic principles of the quantitative 
approach to optimize the texture measurements were obtained. This paper is 
the report of advances in this. 

The quantitative approach is used to solve the smoothing problem. Smoothing 
by singular integrals with an integral kernel used by Nikolayev et al. (1996) is used 
in this paper. It is shown how the optimal smoothing parameter depends on the grain 
statistics, i.e. the number of grains in the sample. The algorithm for optimal 
smoothing of real pole density data (pole figures) is proposed. 

Also, the application of optimal smoothing for solving the central problem 
of quantitative texture analysis (QT A), i.e. orientation distribution function (ODF) 
reproduction, is discussed. · 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR. 
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