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ABSTRACT The particle swarm optimization (PSO) was successfully applied for the modified
maximum entropy method (MMEM) of the quantitative texture analysis. Using two incomplete pole
figures or only one incomplete pole figure, the complete orientation distributions of pure copper samples
can been obtained. Such an improvement has been verified to keep the merits of primary MMEM,
i.e., the complete orientation distribution function (ODF) of samples can be calculated using lesser
experimental data, furthermore, the difficulty to choose a set of purposely initial solutions has also been
overcome when solving the nonlinear equation, which makes the MMEM more versatile and practicable.
KEY WORDS particle swarm optimization, texture, orientation distribution function, modified

maximum entropy method

"!�#�$ ODF(C–ODF, " �#%!�$
&�) %�&"'(', (#)�%$��% qMk (χ, η)
�* !&, )+,34*-.'(&+)4*3(
(MMEM)[1], )"5#&$*/0+,. -(.,%-/

* ./6&01122Æ 50771067 �'33454150(66

122Æ BY2009–2953 77
)1�2*+ : 2008–04–23, )18
2*+ : 2008–06–25

Æ978 : ,�-, ., 1972 /0, 391

:4;25&63, 74<=8:5>6)%98;�?
�%, .%97<8: ODF =�@�7A9&B;. <
:, -(<C>D=EF'>:, 4"�>;, ?>&G<
?H-4*3( [2] @A6, I7==@J�>>A. Æ
KB?@9BCCLM.

DNE;A8( (PSO)[3] "#�DO'&LM [4],
P":"4*3( (MEM) EF#�DO'&FGL

M [5], GBHC<Q)DIJDK PSO A9 MMEM
')HL"LMRI. -'()�%&MD$��%

qMk (χ, η) �* !&, �>=EF'>:. �N, ST:



O64 JOEOUOP � 45 �

%8�F!VL>W, Q%8:RKLXMNS,&OY
TGHZI&J[PE<\DU. QIVK, W�%&M
D$��LX 3 ]Y� 1 ];, RST9MZ&QIZ7
4#�U^VDU=W&.M, S%8QIX�_Æ. `
VK PSO S MMEM <NM. O&A9, [P:QE?
R>G<&\SVA6, X7B MMEM @LTNFV�
MF.

1 >?
)Ca [5—7], Y Euler Z[&�S,�\DF J

K<\b, QU] j K<\b&ZI&V]D� (%) �
Vj , .

Vj = exp(−1 − λ0 −
R∑
r=1

λrArj) (1)

W', λ0, λ1, λ2, · · ·, λR � Lagrangian ^E@�; 4

Arj =
1

4π2
Z�mn(cos θj)eimψj einϕj (2)

W', Z�mn(cos θj) �cC Jacobi R%W, {θj, ψj , ϕj}
�] j K<\b& Euler Z[^.

7" MMEM ', )�%$��% qMk (χ, η) �* 
!&, �de<8 ODF =�&] lmn %@� W�mn. Y
�%&$��% qMk (χ, η) _XO&^E_D`I� Nk

a, eY)4f`_(, 9BLab� S.

minS =
kmax∑
k=1

2π∫

0

χf∫

0

{
Nkq

M
k (χ, η) − 2π·

�max∑
�=0

[( 2
2	+ 1

)1/2 �∑
m=−�

Pm� (cos χ)e−imη×

�∑
n=−�

W�mnP
n
� (cos Θk)einΦk

]}2

sin χ dχ dη (3)

W', (χ, η) ��%$��%&$^Vb^, kmax �ZM

$�&�L, χf �$�%F;&4*$^, (Θk,Φk) Dc
�] k ]$�P[ (hkl) (E"PV@a'&$^Vd
^, Pm� (cos χ) V Pn� (cos Θk) :ce Legendre R%W.

YW (1) f9W (3) a9BgW:

minS =
kmax∑
k=1

{ 2π∫

0

χf∫

0

[
Nkq

M
k (χ, η)−

J∑
j=1

Btjkexp·(−1−λ0−
R∑
r=1

λrArj)
]2

sin χ dχ dη
}

(4)

W'

Btjk = 2π
�max∑
�=0

( 2
2	+ 1

)1/2 �∑
m=−�

Pm� (cos χ)e−imη·

�∑
n=−�

Pn� (cos Θk)einΦkArj (5)

X7hFDKM MMEM �> R+1(=D) K λ &&'>

:. 7gM PSO[8,9], "Lab� S .Y�

minS =
(
1 −

J∑
j=1

Vj

)2

+
R∑
r=1

fr·

kmax∑
k=1

{ 2π∫

0

χf∫

0

·
[
Nkq

M
k (χ, η)−

J∑
j=1

Btjkexp
(
−1−λ0−

R∑
r−1

λrArj

)]2

sin χ dχ dη
}

(6)

W', fr �dT%F$��%S S &_Æh� (r=1, 2,
3, · · ·, R(=58)), MCa [5] iG fr <1. M PSO j`

8(, �: λ0, λ1, λ2, · · ·, λR V Nk &, efeW (1),
f9B^�&$ ODF &.

2 ABCD
Hg<@kSXMNS,&('P@RP!�&#

�, �N, J &G< 1296(=72×18); PSO '&h�lM

Ca [9], dT\#]i_Æ&hF^:I; 
=0.7; N
G&i]@� c1=c2=1.6; H_B R Rj 58, ÆE;�
I <B 200.

jZIDc:OYTGV`kkl&TGH. ;

2�%%FgM PANalytical & X′Pert #�%^m
(CuKα). %E 111, 200 V 220 ` 3 ]MD$�

(α=0◦—70◦, β=0◦—360◦, Δα=Δβ=5◦) a, egM
ljI(m[10] <8:m ODF(a� 1).

Xm ODF �Xn+, jZIbcFDVM, <n
C#�:DJd.M: DK)e& C–{112}〈111〉 V
?f& Bs–{110}〈112〉 �n (� 1a), 4*5&ei
ωmax=11.50; 7gDK) {001}〈110〉 �n (� 1b),
ωmax=8.27, QX$&�.

M 3 ]UhXi$��%, ) PSO j`& MEM <
8&$ ODF(ϕ=45◦) o[a� 2 Zj. o� 1 n?, �
2 '#�&U^VDU=Wo� 1 JdVM, <5&ei
ω pqc* (ωmax=30.01(� 2a), ωmax=22.78(� 2b));
M;, -X&f5V$&�.e:r, 5&klKpmf.
`VK89&$ ODF &$�n+.

�p?M?n�?�%) PSO j`& MMEM
&DO%q, XXi 2 ZI'DcoG 2 ]MD$�

(111) V (200) �%)!o]MD$� (111) �%)s
$ ODF �8, Z9QIDcrF� 3(ωmax=24.35(�
3a), ωmax=19.44(� 3b)) V� 4(ωmax =21.64(� 4a),
ωmax=17.28(� 4b)). XiQI&#�U^VDU=W
o� 1, 2 sHVM, -X&f5V$&�<t@:r,
,5&eipX+Y (7`"�u#�DO'Q�:C
tu).

LWv:, wN�%�%vn@J<8&&xy:-



� 1 � q�rp : wEstqrzxs{tyF�Gquty 65O

MMEM[10] &vcQI, `o PSO &A9�z; |C
PSO wf#�8;, .<8QI:uE4NM& [5]. K

NM:45>8, wN('@!�vxGM�{, X^D
M"OP@!�.

H 1 �	���7 ODF(ϕ=45◦) �|w�

Fig.1 Experimental R–ODF sections (ϕ=45◦) of pure copper samples as cold rolled (a) and annealed (b) using

three incomplete pole figures of (111), (200) and (220)

H 2 }7 3 �
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Fig.2 Recalculated C–ODF sections (ϕ=45◦) of pure copper samples as cold rolled (a) and annealed (b) with PSO

algorithm using three incomplete pole figures of (111), (200) and (220)

H 3 }7 2 �
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Fig.3 Recalculated C–ODF sections (ϕ=45◦) of pure copper samples as cold rolled (a) and annealed (b) with PSO

algorithm using two incomplete pole figures of (111) and (200)
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H 4 }7��
��� (111) y PSO ���� ODF(ϕ=45◦) �|w�
Fig.4 Recalculated C–ODF sections (ϕ=45◦) of pure copper samples as cold rolled (a) and annealed (b) with PSO

algorithm using one incomplete pole figure of (111)
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