
1 35 ò 1 7 Ï g Ä z Æ � Vol. 35, No. 7

2009 
 7 � ACTA AUTOMATICA SINICA July, 2009Äu[�AkâÈÅ�`{<�l�{û�© 1, 2 �4� 1 � )1Á � JÑ
�«Äu[�AkâÈÅ�`{<�l�{. T�{|^[�AkâÈ©Eâ`zæ�âf3G��m�©ÙA5, ü$
ÈÅL§¥�È©Ø�, Jp
G��O°Ý;Ó�, ^þ�¤£Eâ�æ�âf�pq,«�£Ä, ~�
¤Iæ�âf�ê8, ü$
O�I�. ��, ò¤J�{A^u`{<�lXÚ, Jp
`{< ���l°Ý. �ý¢�(J�y
�©�{�k�5.'�
 `{<�l, [�AkâÈÅ, âfÈÅ, þ�¤£, G��O¥ã©aÒ TP391

Quasi-Monte Carlo Filtering for

Speaker Tracking

HOU Dai-Wen1, 2 YIN Fu-Liang1 CHEN Zhe1

Abstract A mean shift quasi-Monte Carlo (MS-QMC)

method is proposed for speaker tracking. To explore the state

space more efficiently, deterministic samplers are used instead of

random draws according to a quasi-Monte Carlo integration rule

in the new method. Furthermore, a mean shift procedure is ap-

plied to move particles toward the modes of the posterior, leading

to a more effective allocation of particles thereupon fewer par-

ticles are needed. Simulation results show that compared with

the traditional particle filter, both speaker tracking accuracy and

convergent rate of the proposed method are improved.
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7Ï û�©�: Äu[�AkâÈÅ�`{<�l�{ 1017ì�l`{< �, 3�½§Ýþ)û
J(
¯K, �3��5!�pd*ÿD(^�e, �^k�ùÈÅ�{¤��O(J ���. �Ä�âfÈÅ[4−5] �{U
k�/?n��5!�pd¯K, Vermaak �[6] ÚWard �[7] ©Oæ^âfÈÅ�{é`{<?1�l, ²w/Uõ
`{<��l�J.3��þ, âfÈÅ�{´|^��G��mþ�æ�:8Ü5%CëY�©Ù¼ê, Ïd, æ�: ��À�ò��KǑé©Ù¼ê£ã�O(§Ý, ?
KǑâfÈÅ�{�5U. 3âfÈÅ�{¥, �Åæ�L§�¼��âfäk�¿5, ù¬E¤âf8Ü3G��mÈà3�å½/¤�É, l
ØU¿©£ã©Ù¼ê. Ǒd, Guo �JÑ
[�Akâ (Quasi-Monte Carlo, QMC) ÈÅ�{[8], T�{±(½5æ��O�Åæ�, |^[�AkâÈ©¥�$ �S�[9−10] �O�Åæ�:8Ü, �æ�âf��§Ý/p��l, l
Jp
âfÈÅ�°Ý. �´, du[�Akâ�{�O�E,Ý�æ�âf�ê�²�¤�', O�þ�XÚG��êO\¥�ê/ªO�, �G��m�êO\�, [�AkâÈÅ�{¬ÏǑO�þ��
��¢^d�. Ǒ
ü$O�E,5, �©JÑ
Äuþ�¤£ (Mean

shift, MS) Eâ[11] �[�Akâ (MS-QMC) ÈÅ�{. T�{3zgÈÅS���, ­#N��âf� �, ���q,������£Ä, l
Jp
æ�âfé©Ù¼ê�L«Uå, ~�
¤Iâf�ê8, ü$
O�I�. ��,òMS-QMC�{A^u`{<�l. �ý¢�(JL², �©�{k�Jp
`{< ���O°Ý.

1 [�AkâÈÅ�{
1.1 âfÈÅ�{��5ÈÅXÚ�G��§Ú*ÿ�§�±L«Ǒ

xxxk = f(xxxk−1) + vvvk (1)

zzzk = h(xxxk) + nnnk (2)Ù¥ xxxk ∈ R
nx L«XÚG�, zzzk ∈ R

nz L«*ÿþ, f(·)ǑG�=£¼ê, h(·) Ǒ*ÿ¼ê, vvvk Ú nnnk ©O´ÕáÓ©Ù�L§D(Ú*ÿD(. ·��8I´ÏL*ÿS�
zzz1:k = {zzzi, i = 1, · · · , k}, 4í�OXÚG����VÇ�Ý¼ê p(xxxk|zzz1:k), l
��XÚG� xxxk ��`�O.��d�O�{ÏL±eS�L§, 4í�OXÚG����VÇ�Ý¼ê

p(xxxk|zzz1:k−1) =

∫

p(xxxk|xxxk−1)p(xxxk−1|zzz1:k−1)dxxxk−1 (3)

p(xxxk|zzz1:k) =
1

ck

p(zzzk|xxxk)p(xxxk|zzz1:k−1) (4)

ck ,

∫

p(zzzk|xxxk)p(xxxk|zzz1:k−1)dxxxk (5)âfÈÅ�{, Ǒ¡S0�Akâ�{, §ÏL�Akâ�[¢yG����d4í�O[4]. ÙØ%g�´: ^�|�Åæ�:9ÙéA���L«¤I���VÇ�Ý¼ê, ¿|^§�4í�OXÚG�. �æ�:�êªu�¡��, �Akâ�[�VÇ�Ý¼ê�du��VÇ�Ý¼ê, �A�G��O��Cu�`���d�O.

1.2 Äu[�Akâ�âfÈÅ�{âfÈÅ�{|^�AkâEâ¢yª (3)∼ (5) �õ�È©. �CÏ�ïÄuy, ��/�Åæ�¿ØUk�|^�[êâ[12], AO/, æ�:  ¬u)à8y�, l
��æ��mÑy�Y, E¤éæ��m�|¢Ø¿©. Ǒ
¼�©Ù�\þ!�æ�S�, <�JÑ
õ«/ª�(½5æ��{, Ï~òù
æ��{¡Ǒ[�Akâ�{[10]

(Xã 1 Ú 2 ¤«).

ã 1 ���mþ 1 000 :��Åæ�:8
Fig. 1 1 000 2-D random sampling set

ã 2 ���mþ 1 000 :�[�Akâæ�:8
Fig. 2 1 000 2-D quasi-Monte Carlo sampling set[�Akâæ��±w�´��Akâæ��éA�(½5æ��{. b½·��O�È© I =

∫

Cd f(xxx)dxxx, ²;��AkâÈ©�{ÏL3 d �ü �N Cd : [0, 1]d þ�ÅÄ� N �Ñlþ!©Ù�æ�: xxxi ∼Uniform(Cd) (i =

1, 2, · · · , n), ��ÙCq�O Î = (1/N)
∑N

i=1 f(xxxi). �A/, [�Akâ�{Ǒ´3 Cd þÄ� N �æ�:, ØÓ�?3u, ù
æ�:´ÏL(½5�{¼��, §�3 d ��mþ��Uþ!/©Ù, �*d�m�ål��z, ±¿©£ã�È¼ê f(xxx) 3 Cd þ�©ÙA5. ù«ÏL(½5æ����©Ù�Ǒ5��S�¡Ǒ$ �S�. 3nØþ, é d ��mþ�¼ê?1È©, eæ�:�êǑ N , K[�AkâÈ©�Âñ�ÝǑ O(N−1 logd N), puDÚ�Akâ�{ O(N−
1

2 ) �Âñ�Ý. �â)¤�{�ØÓ, $ �S��©Ǒ Halton S�!Sobol S�Ú Niederreiter S�



1018 g Ä z Æ � 35ò�[10]. ùp·�±�N´n)� Halton S�Ǒ~, `²$ �S��)¤�{.� p Ǒ��ê, K?¿��êK ≥ 0 Ñ�±L«Ǒ± pǑÄ��ê£ã/ª[10]

k = d0 + d1p + · · · + djp
j =

j
∑

i=0

dip
i (6)Ù¥, di ∈ {0, 1, · · · , p − 1}. ù�, �±���� Halton S��1 k ���Ǒ

φp(k) =
d0

p
+

d1

p2
+ · · · + dj

pj+1
=

j
∑

i=0

di

pi+1
(7)XJ±ØÓ��ê p1, p2, · · · , pd ǑÄ, ÒU���¹ N���� d � Halton S� {uuu1,uuu2, · · · ,uuuN}, Ù¥ uuuk =

[φp1
(k − 1), φp2

(k − 1), · · · , φpd
(k − 1)]T, k = 1, · · · , N .�éu�Åæ�:8, $ �S�3VÇ�mþ©Ù�5�, ù��[�Akâ�{'�Akâ�{Âñ�Ý�¯�°Ý�p. �3(½5æ��{¥, �æ�:�mØ2�pÕá, ù��
G��O�� A5[13], 
�È©°ÝJ±�O. Ǒd, Owen[14] JÑ
ò[�AkâS��Åz��{. ²L�Åz?n���Å[�Akâ (Randomization

QMC, RQMC) S�Ø=3 Cd þ÷vþ!©Ù, 
��±
S��$ �A5.du[�AkâS�3È©L§¥�éu�Åæ�:8Üäk`�5, Guo �[8] JÑ3âfÈÅ�{¥, ^�Å[�AkâS��O�Akâæ�:8, ±¢yXÚG��O�[�AkâÈÅ�{.3?��Ǒ k, Äu[�Akâ�âfÈÅ�{Ì��)±eÚ½:

1) O�­�5æ�¼ê π(xxxk|xxxk−1, zzz1:k);

2) l­�5æ�¼ê π(xxxk|xxxk−1, zzz1:k) ¥Ä� N �[�Akâ:S� {xxxi
k}N

i=1; ¿��Åz?n;

3) O�z��æ�âf�8�z�� wi
k ∝

p(xxxk|xxxk−1, zzz1:k)/π(xxxk|xxxk−1, zzz1:k).[�Akâ�{�âfÈÅ�{���«O3u^�Å[�AkâS��O
�Åæ�:8Ü.l®�©Ù¥Ä�$ �S���{ë�©z [15−16], 3Matlab ¥, ·��±^ norminv(·) ¼ê�)pd©Ùe�[�AkâS�.

2 Äuþ�¤£�[�AkâÈÅ�{3âfÈÅ�{¥, duXÚG��©Ù��Ø´O(.½, æ�âf?u����«��VÇ��u?u����«��VÇ, Ïd, Ǒ
÷vÈÅ°Ý���, <��Uæ�O\âfê��{, l
��O�þ\�. [�Akâ�{3�½§ÝþJp
âf��^�Ç,��éuÄ�âfÈÅ�{ O(N) �O�E,Ý, ÙO�E,ÝǑ O(N2). �æ�âfê8O\�, duO�E,Ý�âf�ê�²�¤�', [�AkâÈÅì¬ÏO�þ:ìO�
��¢^d�.Ǒ
ü$O�E,Ý,�©JÑ
Äuþ�¤£Eâ�[�Akâ (MS-QMC) �{, Ù�nXã 3 Ú 4 (�e�) ¤«. T�{3zgS���, vk���OXÚG�, 
´ÏLN�æ�âf� �, 5Jpæ�âféVÇ�Ý¼ê�L«Uå, l
~�
¤Iæ�âf�ê8, ü$
O�þ.þ�¤£Eâ´�«�ëêØVÇ�Ý¼ê�O�{[11], §ÄkòlÑ�VÇ�Ý¼ê�ëYz?n, ,��

â�æ�âf¤3 ��FÝ&EN��: �, ���ÛÜ4����¤£.

ã 3 âfÈÅ�{
Fig. 3 Particle filtering method

ã 4 MS-QMC �{
Fig. 4 Mean shift quasi-Monte Carlo method�lÑ:8Ǒ {xxxi

k}N
i=1, ÙéA��Ǒ {wi

k}N
i=1, K��VÇ�Ý¼ê�ëY/ª�^Ø¼êK L«Ǒ

p̂(xxxk|zzz1:k) =
N

∑

i=1

wi
kKλ(xxxk − xxxi

k) (8)3¢SA^¥, Ø¼ê K �À�pdØ½ö EpanechnikovØ[17]. ¼ê Kλ(·) ´dI° λ IÝ�Ø¼ê, = Kλ(xxxk) =
1

λnx
K(xxxk/λ). XJ½ÂÈ©þ�Ø� (Mean integrated

square error, MISE)[17] Ǒ
MISE(p̂) = E

[
∫

[p̂(xxxk|zzz1:k) − p(xxxk|zzz1:k)]2dxxx

]

(9)KØ¼ê±9I°�À�, AT���VÇ�Ý¼ê�ØVÇ�Ý¼ê���È©þ�Ø���. 3�©¥, K(xxx) ÀǑpdØ, =
K(xxx) = (2π)−

nx
2 exp

(

−xxxTxxx

2

)

(10)��ØVÇ�Ý¼ê p̂(xxxk|zzz1:k)�, Ò�±|^þ�¤£EâN�âf� �, �Ù���VÇ�Ý¼ê�ÛÜ4����£Ä. þ�¤£ÏLrz��âfÑ=£�§�þ� 
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k) ¢y
ù�8�. æ�âfN��, Ù �Ǒ

m(xxxi
k) =

N
∑

l=1

Kλ(xxxi
k − xxxl

k)wl
kxxx

l
k

N
∑

l=1

Kλ(xxxi
k − xxxl

k)wl
k

(11)duæ�âf� �u)
UC, Ù��Ǒ7L��AN�âU�(£ãÙVÇ�Ý¼ê. 3þ�¤£�{¥, z��âf���­#O�Ǒ
wi

k =
p(xxxi

k|zzz1:k)

q(xxxi
k)

(12)Ù¥ q(xxxk) =
∑N

l=1 Kλ(xxxk − xxxl
k) Ǒ²ïÏf[18].

Cheng[11] lnØþy², þ�¤£L§òæ�âf÷VÇ©Ù��Íeü��N�, ´�«ÛÜ`zL§. ²Lþ�¤£?n�, æ�âf�q,����«�à8, ?u�\k��©Ù �, Ï
U~�¤Iâf�ê8.Ǒ
A^�B, ·�òþ¡JÑ�U?�{nÜ3�å,�Ñ
XeMS-QMC ÈÅ�{�äNÚ½:3�Ǒ k = 1, 2, · · ·
1) 3 [0, 1)nx þ)¤�¹ N ����[�AkâS�

{uuui}N
i=1;

2) �Åz?n: �) N �þ!©Ù��ÅCþmmmi ∼
Uniform(Cnx ), i = 1, · · · , N , �$� sssi = (uuui + mmmi) mod 1,K {sssi}N

i=1 Ǒ�Å[�AkâS�, Ù¥ “mod” Ǒ��$�;

3) O� k �Ǒ�­�5VÇ�Ý¼ê π(xxxk) 9ÙéA�©Ù¼ê P (xxx) =
∫ x

−∞
π(sss)dsss;

4) |^C� xxxi
k = P−1(sssi), ò�Å[�AkâS�

{sssi}N
i=1 N�ǑG��mþ�æ�S� {xxxi

k}N
i=1;

5)O��æ�âf�8�z�� w̃i
k ∝ p(zzzk|xxxi

k)×
p(xxxi

k|zzz1:k−1)/π(xxxi
k), Ù¥, p(xxxk|zzz1:k−1) ∼=

∑N

j=1 wj

k−1p(xxxk|
xxxj

k−1);

6) þ�¤£: O� m(xxxi
k) =

∑N

l=1 Kλ(xxxi
k − xxxl

k)wl
kxxx

l
k/

∑N

l=1 Kλ(xxxi
k −xxxl

k)wl
k, òâf xxxk N��Ùþ� �, ¿­#O��� wi

k = p(xxxi
k|zzz1:k)/q(xxxi

k).

3 ÄuMS-QMCÈÅ�`{<�l�{
3.1 ÙK$Ä�.du`{<$Ääk�¿5, J±^�«{ü�$Ä�.£ã`{<�l¯K,Ǒd,·�æ^·A5�r�ÙK$Ä�., Ù�A�$Ä�§¡ǑK�� (Langevin) L§[6].�`{<G�Ǒ xxxk = [xk ẋk yk ẏk]T, Ù¥
(xk yk)!(ẋk ẏk) ©OL«`{<� �Ú�Ý; b½(
3 X!Y ü���þ�$Ä��Õá, �$Ä�ª�UC´�Å�, = E[xxxk+1] = xxxk, K(
$Ä�±^ÙK$Ä�.£ã. 3X ¶þ, ÙG�÷v ẍ+βxẋ = Fx, Ù¥ βx ´�Ç~ê, Fx ǑpdxD(. éA�lÑL«/ªǑ

ẋk = axẋk−1 + bxFx, xk = xk1
+ ∆T ẋk (13)Ù¥ Fx ∼ N(0, 1), ∆T ´æ�±Ï, ax = exp(−βx∆T ),

bx = v̄x ·
√

1 − a2
x, v̄x ´­�^�e��Ç.du(
3 X!Y ü���þ$Ä�Õá5, `{<$Ä�Ä��§�L«Ǒ

xxxk = xxxk−1 + Γwk (14)

Ù¥ A =

[

B 0

0 B

] ǑG�=£Ý
, B =

[

1 ∆T

0 ax

]

,

Γ = [∆T 1 ∆T 1]T, wk ∼ N(0, b2
x).

3.2 ð�º
��mò´�O9(
½ 3`{<½ XÚ¥,du�ð�º¤?� �ØÓ,�Ñ���ð�º��m�3�É, ùÒ´ð�º�m��mò´. ·�|^2Âp�'{[19] , ÏL�)ü�ð�º�Â&Òp�'¼ê�4�:5�O�mò´.�(
&ÒǑ s(k), ü�ð�º�Â��&Ò©OǑ
y1(k) = s(k − τ1) + m1(k) (15)

y2(k) = αs(k − τ2) + m2(k) (16)Ù¥ α ´(
&Ò�P~Xê, τ1 Ú τ2 ´(
�üð�º�DÂ�m, &Ò s(k) �D(m1(k) Úm2(k) þØ�'.�&Ò y1(k) Ú y2(k) �põÇÌǑ SSSy1y2
(f) =

E[YYY 1(f)YYY ⋆
2(f)], \�¼êǑ ϕϕϕ(f), 2ÂpõÇÌǑ

ΨΨΨy1y2
(f) = ϕϕϕ(f)SSSy1y2

(f), K2Âp�'¼ê�L«Ǒ
Ψy1y2

(τ ) =

∫ +∞

−∞

ϕϕϕ(f)SSSy1y2
(f)ej2πfτ df =

∫ +∞

−∞

ΨΨΨy1y2
(f)ej2πfτ df (17)ù�, üð�º�m��mò´ τ = τ1 − τ2 éAu2Â�'¼ê�4�: �, =̂

τ = arg ma
τ
xΨy1y2

(τ ) (18)3ª (17) ¥, À�ØÓ�\�¼ê ϕϕϕ(f), �±��ØÓ��ò�O�{. 3� C� (Phase transform, PHAT)[19] �{¥, \�¼ê�Ǒ ϕϕϕ(f) = 1/|SSSy1y2
(f)|. T�{ÏLépõÇÌýxz, �Ø
��ò�'�põÇÌÌÝ&E
=�3� A5, ±bz¼êúª Ψy1y2
(τ ) �4�, l
��/³�D(Ú·Ǒé�ò�O�KǑ. ���mò´�O�,Ò�±é`{<?1�l. �3,��Ǒ k, ð�º
�����ò�OǑ τk,i, `{< �Ǒ rrrk = (xk, yk), �A�ð�º �©OǑ rrr1,i = (x1,i, y1,i) Ú rrr2,i = (x2,i, y2,i), (Ñ3�í¥�DÂ�ÝǑ c, K�mò´ τk,i �`{< ��m�'XǑ

τk,i = c−1 · [|rrr1,i − rrrk| − |rrr2,i − rrrk|], i = 1, 2 (19)=
τk,i = c−1 · [

√

(x1,i − xk)2 + (y1,i − yk)2−
√

(x2,i − xk)2 + (y2,i − yk)2] (20)éª (14) Ú (20) �¤�`{<�lXÚ, |^�©JÑ�
MS-QMC ÈÅ�{, ÒU
4í�OÑXÚG����VÇ�Ý¼ê p(xxxk|zzz1:k), ?
dÙþ���`{<� �&E.

4 O�Å�ý(J3`{<�l�ý¢�¥, ·��O��l�YXã 5¤«. 3 3m × 3m ��mS, 3 X!Y ü���þ, ©O��ü|�¹ü�ð�º��5
�, ð�º�m�ålþǑ 60 cm, `{<÷��/;,$Ä. ð�º�Â�



1020 g Ä z Æ � 35ò�&Ò^ IMAGE �.[20], ,�\þ 30 dB �pdxD( T60 = 0.39 s, é�Ñ&Òz� 32ms æ8�vêâ, ^
PHAT �{�O�mò´.

ã 5 `{<�l�O�Y
Fig. 5 Speaker tracking scenario`{<$Ä�.¥�ëê�Ǒ: βx = 10 s−1, v̄x =

1ms−1, ∆T =32ms;�©G��Ǒ x̂xx0 =[2.2 0.1 2.5 −0.3]T.Ǒ
u� MS-QMC �{3¢SA^¥�5U, ·�òÙ�Ä��âfÈÅ�{Ú[�Akâ�{?1
�ý¢�'�. 3�ýL§¥, �ÈÅì�^�Ó�*ÿÑ\�Úq,¼ê, ��©^�Ú��½Ǒý�, ±;��©zéÈÅ5U�KǑ. âfÈÅ|^
õ�­æ�[4] L§, [�AkâÈÅL§¥�^9Ï�*�k�ùÈÅì)¤¤I�­�5æ�¼ê.�æ�âf�êM = 40 �, ²L 30 g�Akâ¢�,��`{< ��O�þ��Ø���mCz­�Xã 6 ¤«. lã 6 �±wÑ, �©¤kéuÄ�âfÈÅ�{�U?, ÑUk�Jpé`{<��l°Ý. du(½5æ�UJpÈÅ°Ý, [�AkâÈÅ�éuâfÈÅ�{��OØ�ü$
� 20 %, MS-QMC '[�Akâ�°ÝJp
� 50%, ù´ÏǑþ�¤£L§�æ�âf�pq,«�£Ä, Or
âfé��VÇ�Ý¼ê�L«Uå.�ÈÅ�{�ÈÅ°ÝÚÈÅ�m�âfê8�CzXL 1 ¤«, ÈÅ�m´3mÆ 2.0 GHz CPU Ú 256 M RAM��<O�Åþ, �^ Matlab 6.5 ^�¢yÈÅL§�Ú

O���. dL 1 ��, �Xâfê8�O\, ¤kÈÅ�{��OØ�Ñ¬~�, �âfê�Ó�, âfÈÅ![�Akâ!MS-QMC �ÈÅØ��g~�, ù�ã 6 �(J´���, �¤I�m�gO\, =°Ý�Jp´±O\O�þǑ�d�. � CPU �mÄ����, X[�AkâÈÅ (40 âf) ÚMS-QMC (29 âf), MS-QMC �{��O°Ýpu�A�[�AkâÈÅ�{; ��OØ�Ä��C�, X[�AkâÈÅ (300 âf) Ú MS-QMC (20 âf),[�Akâ�{z�±Ï� CPU $1�m��puéA�
MS-QMC �{, = MS-QMC �{U
3Ó��O°Ýe,ÏLü$¤Iæ�âf�ê8, ~�
O�I�. lL 1 ��±wÑ, �Xâfê8�O\, MS-QMC �éu[�Akâ�5UUõ§Ýü$, ù´ÏǑ3âfê���, �·ÜéÙ �©Ù�`z?n.

ã 6 `{< ��Oþ��Ø�
Fig. 6 RMSE of speaker tracking3âfÈÅ�{¥, k�æ�âfê (Effective sam-

pling size)[13] ´ïþâfPò§Ý��«ëê, §�±�dw�l��©Ù¥Ä��ÕáÓ©Ùæ�:��ê. 3�ý¥, ·�éæ�âf�ê M = 40, �ÈÅ�{3ØÓ�ǑéA�k�æ�âfê?1
ÚO, (JXL 2¤«. lL
2 �±wÑ, �S�gê�O\, ¤k�{¥�k�æ�âfêþÅÚ~�, � MS-QMC �{¥�k�æ�âfêo´�uâfÈÅÚ[�Akâ�{, ùl,���¡`²

MS-QMC �{�`�5.L 1 æ�âfêCz�, ØÓÈÅ�{¤^�mÚ�O°Ý

Table 1 Filtering time and estimation accuracies of different filtering methods with varying number of samplesÈÅ�{ æ�âf�ê z�$1±Ï¤^�m (s) X ¶þ���OØ� (m) Y ¶þ���OØ� (m)âfÈÅ 40 1.579667 0.159939 0.032126âfÈÅ 80 3.002100 0.120170 0.034739âfÈÅ 200 9.972367 0.091070 0.021831[�Akâ 20 10.078133 0.053727 0.032087[�Akâ 40 38.429700 0.049299 0.029440[�Akâ 300 367.124642 0.017849 0.015126

MS-QMC 20 24.341167 0.014169 0.013904

MS-QMC 29 40.663651 0.011764 0.011342

MS-QMC 40 65.056767 0.010339 0.009825



7Ï û�©�: Äu[�AkâÈÅ�`{<�l�{ 1021L 2 ØÓÈÅ�{3ÈÅL§¥�k�âfê
Table 2 Effective sample sizes of different filtering methodsS�gê k 4 7 15 27 35 45 60 95âfÈÅ 3 3 2 2 2 3 4 3[�Akâ 10 5 7 8 7 5 6 9

MS-QMC 24 26 28 18 17 18 11 9

5 (Ø�©JÑ
�«Äuþ�¤£Eâ�MS-QMC �{.�éuÄ��âfÈÅ�{, T�{|^(½5æ��{,�y
æ�âf©Ù�þ!5, �æ�âféXÚG���VÇ�Ý¼ê�£ã�\¿©; Ó�, �^þ�¤£L§N�æ�âf� �, ��÷FÝ���pq,«�£Ä, l
O\
k�æ�âf��ê, ~�
¤Iæ�âf�ê8;d	, T�{3zgS���, Ñd­�5æ�¼ê­#)¤âf8Ü, ù;�
âfòzy�, Ï
Ø2I�­æ�L§. ò�©�{A^ué`{<�lXÚ, |^ð�º
��Â�Ñ&E, ¢y
é`{<�k��l. �ý(JL², �©¤J�{U
���p��l°ÝÚ�¯�Âñ�Ý.
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