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du��Ïëê�m�3ÍÜ'X [12], Ïd,

ÏLO\���m�XÚ&Eþïáõ�Ïë
ê·b�mS�ýÿ�., �¦��m¥�:�$
Ä;,��Cý¢��ÏG¹. Týÿ�{À�õ
��Cë�:é�ëê?1p��:KÜ, ¿éK
Ü��#ëê�mS�?1�Ú½õÚýÿ,¢�
(JL²T�{äk�p�ýÿ°Ý.

2 õëê�mS����m�9Ù
ëêO��{

2.1 õõõëëëêêê���mmmSSS������

�â Takens ½n [13], ÄåXÚ�üz&EÛ
¹3?�©þ�uÐL§¥, éuüëê�mS
� {xi} (i = 1, 2, · · · , n), ÏL�½��ò τ *	é
�Ü·� m��þ, ��Ñ��U¡E�ÄåÆ
XÚ���m, =

X =
x1 x1+τ · · · x1+(m−1)τ

x2 x2+τ · · · x2+(m−1)τ

...
...

. . .
...

xn−(m−1)τ xn−(m−2)τ · · · xn

 , (1)

Ù ¥, X(k) = (xk, xk+τ , · · · , xk+(m−1)τ ), (k =

1, 2, · · · , n−(m−1)τ ) L«m���mþ����
:. �X k �Cz, XÚüz�ÄåÆ1��dd
�m¥�: X(k) �$Ä;,L�Ñ5 [14]. Ón,

Äu©z [15], é®k M �ëê�mS� {yi,j}
(i = 1, 2, · · · , M ; j = 1, 2, · · · , N ) ?1õëê��
m�, Kõëê��m¥��:�±L«�

YM (k) =(yi,k, yi,k−τi , · · · , yi,k−(mi−1)τi
)(

i = 1, 2, · · · ,M ; k = j, j + 1, · · · , N ;

j = max
16i6M

(mi − 1)τi + 1
)
, (2)

Ù¥, ò´�m τi (i = 1, 2, · · · , M ) æ^��p&
E{?1O�, i\�êmi (i = 1, 2, · · · , M ) �O
��{ë�©z [16]. 3õëê�mS����
�m¥, õëê·b�mS��� Lyapunov �ê
�O��{�üëê����. ©z [16,17] �O
�(JL²æ^õ�ëêS�O��� Lyapunov

�êI��Ú��á, °Ý�puüëê�S�O

�(J.

2.2 ppp���������mmm¥¥¥������:::KKKÜÜÜ

©z [18] JÑ�«p���mþ��:KÜ
�{, ¿y²
KÜ��#�m;,�¹
��m
;,�Ì�A�, ÙáÚf¥yÑ��m¥üëê
��A�, U
Cq/%CXÚ�ý¢G�. æ
^©z [18] ¥��{ép���m¥õ��Ïë
ê?1G�KÜ, ¿rKÜ��µdG�¡�õë
êG�. äN�{Xe.

b�M ��Ïëê�8�z�N��õ��
�m¥, I�KÜ��:8Ü�

Dk =[y1,k+(q−1)τ ; y2,k+(q−1)τ ; · · · ; yM,k+(q−1)τ ]

(k = 1, 2, 3, · · · ,M ; q = 1, 2, 3, · · · ,m), (3)

-

yi =(yi,k, yi,k+τ , · · · , yi,k+(m−1)τ )

(i = 1, 2, · · · ,M), (4)

K (3)ª�{��

Dk = [y1; y2; · · · ; yM ], (5)

(5)ª¥ yi (i = 1, 2, · · · , M ) L«?¿ M ���m
:. � zk L«KÜ���:, KÙ Bayes �O�

p(zk |y1, y2, · · · , yM ) =
p(zk; y1, y2, . . . , yM )
p(y1, y2, · · · , yM )

. (6)

b�ëê zk Ñl N(z0, σ
2
0) ��©Ù, � Dk Ñ

l N(zk, σ2
h) ©Ù, P a =

1
p(y1, y2, · · · , yM )

, @o

p(zk |y1, y2, · · · , yM )

=a
M∏

h=1

1√
2πσh

exp

[
−1

2

(
yh − zk

σh

)2
]

× 1√
2πσ0

exp

[
−1

2

(
zk − z0

σ0

)2
]

=a exp
[
− 1

2

M∑
h=1

(
yh − zk

σh

)2

− 1
2

(
zk − z0

σ0

)2 ]
. (7)

d (7) ª�wÑ, Ù�êÜ©´'u zk ��g
¼ê, ¤ ± p(zk |y1, y2, · · · , yM ) E Ñ l � � ©
Ù N(z, σ2), =

p(zk |y1, y2, · · · , yM )
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=
1√
2πσ

exp

[
−1

2

(
zk − z

σ

)2
]

. (8)

�â (7)ªÚ (8)ª��

z =

M∑
h=1

yh

σ2
h

+
z0

σ2
0

M∑
h=1

1
σ2

h

+
1
σ2

0

, (9)

K Dk = [y1; y2; · · · ; yM ], Ù � ` K Ü � : zk

� Bayes �O ẑk �L«�

ẑk =
∫

Ω

zk
1√
2πσ

exp

[
−1

2

(
zk − z

σ

)2
]
dzk = z.

(10)

�â±þL§�gé¤k�:?1KÜ��
�#��m�: Zk = ẑk, ��¼�#� m���
m

Z = [Z1, Z2, · · · , ZM ]T , (11)

ª¥,

Zi =
[
zi, zi+τ , · · · , zi+(m−1)τ

]T
(i = 1, 2, · · · ,M), (12)

Ù¥, Zi L«KÜ��#�:, i ��mS�¥?
¿�I:, M ���mê. �
�y�ëêÑU3
Ó���m¥��/�¿�Ø�ý, ����i
\�ê mi Ú���ò´�m τi �#���m.

3#��m¥¤��õëêG�U
�¹z�
üëê��A�, éuõ�Ïëê, �,ØÓë
ê�A��kØÓ, �Ñ´lØÓ�ÝéÓ��Ï
6G���N, Ïd, |^õ��Ïëêµd�Ï
G�'|^ü��ÏëêU��¡/�N�Ï6
�¢S�¹.

3 õëê�mS��ÏG�ýÿ

� Ä õ � Ï ëêG ��m S � {zi} (i =

1, 2, · · · , k), é (12) ª¥��mS�?1��m
�, ?¿À�ü��Ð© � (Ï~�Ð©:Ú
�Ù��C:), O�ü:m�Ð©ål d(0),·�
À�Ú� ∆t Ú�m�Ý t = k∆t, O�²L�m t

üz�ü:m�ål d(k∆t). ÀJ Lyapunov �ê
��þzÐ©;���êuÑÚ�OXÚ�·b
þ, �â�� Lyapunov �ê�Ôn¿Âk

λ1 =
1

k∆t
ln

d(k∆t)
d(0)

, (13)

Ù¥, λ1 �XÚ�� Lyapunov �ê. eýÿ¥
%: ZT ��;�: Zt �m�Ð©ål d ²ü
z k∆t�m�, ZT � Zt ©O¤� ZT+k Ú Zt+k,

K�â�� Lyapunov �êýÿ�{k

ZT+k =Zt+k ±

{
m−1∑
i=1

(
ZT+k(i) − Zt+k(i)

)2

−
(
(ZT − Zt) eλk∆t

)2
}1/2

, (14)

ª¥, Ø ZT+k ��	Ù { þ�® � þ. Ï d,

� (14)ª�¦�¤Iýÿ�. äN�{6§Xe:

1) ©Oé M �ëê��mS� {Xi} (i =

1, 2, · · · , M ) ?18�z?n, ¿(½�ëê·b
�mS���i\�ê mi ( i = 1, 2, · · · , M ) Ú
ò´�m τi(i = 1, 2, · · · ,M );

2) (½#���m�êm Úò´�m τ , ò M

�ëê�mS��g��#���m¥, l�
��¹¤k M �ëê&E�#KÜ��m;

3) 3p���m¥|^ Bayes nØ��Ñ#
�ëê�mS� {zi} (i = 1, 2, · · · ,m), ¿éÙ·b
A5?1©Û;

4) �â�� Lyapunov �êýÿ�{, éÙ#
ëê�mS�?1ýÿ.

4 Á��y9Ù�J©Û

�½�¼«Üì¯pÏ´?Ñ�Ì¢«
��Ï�, Ùe����Ï6G�ýÿ��1
5Ú��5Ø=é�Ï&Ò�¢���ûüä
k'���^, �é�Ïp�äké��K�.

Ïd, |^d´�þSC�gÄ�ÅuÿìÚÀ
ªiÀì¤Jø�²þ�6þ {Qst)}!²þÓk
Ç {Os(t)}!²þ�� {Vs(t)} n�ëê�mS�
�ïÄé�, ïÄT´�3�Ó�mS�S�ÏG
��Czª³, ±Bu9��æ���, ;��Ï
P×.

�Ï6uÿêâz 5 min �|, z|êâzU
�) 288 �P¹, ±�Ù 2 U (2011 c 12 � 27 F
(ÏÊÚ 28 F(Ï8) �¢ÿëê�mS�9Ù
éA��ÏG�Xã 1 ¤«.

w,, ØÓ�Ïëê£ã�Ï6G��3�É,

�ØU�¡O(/�N¢S�¹, ¤±ATnÜ�
Ä�Ï6��«ëê, lØÓ�Ý���Ï6G�.
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UìþãõëêKÜ�mS�·býÿ�{
éÙ?1©Û. Äk, ©OéüU�uÿêâS�
U (15)ª?18�z?n:

u(n) =
x(n) − min

(
x(n)

)
max

(
x(n) − min(x(n))

) , (15)

Ù'é�ê�(½�±�«�Ïëê�N�m'
é�ºÝCz5Æ!�N�m'é§Ý9�N'
é�ºÝCz�É. |^'é�ê�{ (G-P �{)

©Oén|�Ïëê��mS�?1©Û, ±Ñ'

éÈ© C(r) �Ù?¿�» r � lnC(r)-ln r �,

Xã 2 ¤«.

�â'é�ê�½Â, lã 2 ¤«��þé
Ñ�Z[Ü��, T���Ç=�'é�ê D. Ä
uÓ�´ãþn��Ïëê�¢ÿêâ, A^'é
�êéÙ3üUS��ÏG�Cz�¹?1
ÿ
Ý©Û. �âO�(J, 'é�ê Di (i = 1, 2, 3) �
i\�êmi (i = 2, 3, 4, · · · , 15) �Cz�¹XL 1

¤«.

ã 1 Ó�´ã3�Ó�mS��Czª³9G� (a) ²þ�6þ��m�Cz; (b) ²þÓkÇ��m�Cz; (c)

²þ����m�Cz; (d) �ÏG��mS�

L 1 'é�êDi �i\�êmi �Cz

Di
mi

2 3 4 5 6 7 8

D1 0.7886 1.3417 1.7687 2.6174 3.6706 4.5402 4.0146

D2 1.0103 2.0419 2.7692 2.9795 4.4049 5.0678 5.3170

D3 0.9718 1.9798 3.1652 4.1120 5.0687 4.9687 5.1736

Di
mi

9 10 11 12 13 14 15

D1 4.6396 5.0047 4.7446 4.9806 4.7639 5.0474 4.8942

D2 5.6863 5.8237 5.8201 5.5396 5.9450 6.3710 5.8783

D3 5.9305 5.7574 6.2447 5.8491 6.2893 6.2190 6.1293
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lL 1 ¥�±wÑ, �Xi\�ê mi �O�,

'é�ê Di ÅÚªu½, l(½�ëê�i
\�ê!��ò´�m9ÙéA��� Lyapunov

�ê, XL 2 ¤«.

L 2 XÚ�ëê�O��

�Ïëê mi τi λ1

Qs(t) 7 8 8.2540

Os(t) 9 5 2.8113

Vs(t) 6 7 6.8691

�
¦�U��/¥yn��Ïëê��Ü
A�, À����i\�ê mz Ú���ò´�
m τz ����m��ëê, =

mz = max(mi), τz = min(τi) (i = 1, 2, 3). (16)

�â (16)ªé�ÏXÚG�¤(½���m�
ëê�� mz = 9, τz = 5. ,��â (3)—(12)ªò
n|�ÏG�S���:3#���m¥��`
KÜ, (JXã 3 ¤«.

� � � � � � � � � � � �� � �� � �� ��� � � � � � � � � � � � � 	� 
 	� � 	
�� � �� � �� � � �  � � ��  � � ��  � � �

� ���� ���
� ���� ���
� ���� ��� � � � � � � � � � � � �� � �� � �� � �

嵌入维数

嵌入维数

嵌入维数

� � � � � � � � � � ������ � � 	� � 	� � 	
� ���� ����� �� ��

� ���� ����� �� ��
� ���� ����� �� ��

� � � � � � � � � � �����
� � � � � � � � � � ������

ã 2 ØÓ�Ïëê�mS�� ln C(r) � ln r � (a) ²þ�6þ�'é�ê; (b) é (a) �5[Ü��Cz�¹; (c) ²þ
ÓkÇ�'é�ê; (d) é (c) �5[Ü��Cz�¹; (e) ²þ���'é�ê; (f) é (e) �5[Ü��Cz�¹

� � � � � � � � � � � � � � � � � � �����交通状态

时间序列

ã 3 õ�Ïëê���mKÜG�
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ÏLéã 1 Úã 3 �é'©Û¿(ÜÀªã
��G��½, uyKÜ�#��ÏG��mS�
�Tuÿ´ã�ý¢�ÏG��ÎÜ, ù�?�Ú
©Û#G��mS��A5¿éÙ?1g�'5
u�Jø
&EÄ:. ²L¢�O�, �i\�ê
� 10, ò´�m� 15� (Xã 4 ¤«), Ù'é�ê
ªu½.

�
u�õ�ÏëêKÜ�¤�#G��m
S��·bA5, æ^�êâþ{O���#G�
�mS���� Lyapunov �ê� 0.01794. O�(
JL²õ��ÏëêKÜ��#G��mS�C
zE,¥y·bA� (λ1 > 0), �±|^·býÿ
nØ?1ýÿ, �#G��mS��� Lyapunov

�ê�O�I��Ú��á, °Ý�puüëê�
S�O�(J.

3KÜ�¤�#�ÏG��mS��Ä:þ,

Uì (14)ªé´���ÏG�?1õÚýÿ, À�
ã 3 ¤«G��mS��c 555 �����O�
Ä:, éÙ� 15 ���?1ýÿ, ýÿ(J9Ù�

¢SG��é'�¹Xã 5 ¤«.

dã 5 �±wÑ, Äuõ�ÏëêKÜ�·b
ýÿ�{äk�Ð�ýÿ�J, ýÿ(JU
éÐ
/�N�ÏG�Cz�ª³Ú5Æ. �du�ÏX
Ú¥Ø(½5Ï��K�, ýÿÚ��L 12 �, �
ÏG�ýÿ�Ø�²wO\. ¢�L², 3æ�±
Ï� 5 min ��¹e, Ù�ZýÿÚ� 12 éA��
�ýÿ��� 60 min, �Ò´`, k¿v��mé
=òÑy��ÏP@?1Zý, ¦�U/�y�´
�Ï.

�
é'©Û, ©Oén��Ïëê?1�
�·b�ÏG��mS�ýÿ, Ø�O��é'
�Iæ^
²þýéØ� MAE (L«ýÿ��*
ÿ��¢S �ýé��þ�)!²þýé�éØ
� MARE (L«ýÿ��¢ÿ��¢S �ýé�
Ó*ÿ�z©'�þ�) Úþ�Xê UC (L«ýÿ
��¢ÿ��[ÜÝ, �� 0.9 ±þ��Ð�[Ü)

éýÿ��¢S�?1'�,¢~ýÿ5U�u�
(J�L 3.

ã 4 KÜG��mS�� ln C(r) � ln r 'Xã (a) G��mS��'é�ê; (b) [Ü���5Cz�¹
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� � � � � � � � � � � � � � � � � � � � � � � �� � 	
���� �  � � � � � �
 预测值

预测步数

融合后的交通状态序列值

� � � � 
 � 
 � 
 �� � � � ��� � � �� � 
 �道
路
交
通
状
态

误
差

时间序列� � � � � � � 	
ã 5 õ�Ïëêe�ÏG�ýÿ(J (a) ýÿ(J�ý¢��é'; (b) þ��O�(J

L 3 ýÿØ��Ié'

Ø��I Qs(t) Os(t) Vs(t) Zs(t)

MAE /veh 10.55 10.52 8.93 8.13

MARE /% 14.17 15.09 13.11 11.84

UC 0.9357 0.9356 0.9505 0.9528

lL 3 �±wÑ, �'u��æ^ü�ëê�
mS�ýÿ�{, õëêýÿ�{�ýÿ(J3
ù 3 �Ø��Iþþ'ü:ýÿ�{Ð, Ù MAE

Ú MARE þ²w~�, UC �k¤O\. ¤±, Äu
õëêG��mKÜ�·býÿ�{3ýÿ°Ý
þ�y
�´�Ï6G�ýÿ���5.

o�,Á�(Jy¢
�´�Ï6G��õë

êKÜýÿ�{3ýÿ��Úýÿ°Ýü��¡
þU÷v�´�Ï+n�I¦.

5 ( Ø

ÏLé�:!�/�ÚO£ã, 3p���m
¥é�A�:?1KÜ, òõëêN���¹�ë
êA��#ëê, ,�|^�� Lyapunov �ê�
·b�Sýÿ�{, é�´�ÏG��Cz�¹?
1ýÿ. ÏL�üëê�mS�ýÿ(J?1é'
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Abstract

In view of the chaotic characteristic in road traffic flow and the actual traffic condition that cannot be comprehensively reflected

by single traffic parameter, a fusion algorithm of multi-parameters for traffic condition forecasting, with the consideration of the

relationship between multiple parameters, is proposed. This algorithm is based on the reconstruction of phase space. According to

Bayesian estimation theory, the multiple traffic parameters are optimally fused into phase points in the same phase space. Accordingly,

the phase space information increases and the phase points are closer to dynamical behavior of the traffic system. On the basis, by using

the multi-parameter chaos prediction method, the tendency of dynamic systems from different aspects is described, with reference to

the method of predicting single parameter chaotic time series. The experimental results confirm that more features of real traffic

condition are reflected by fusing multiple traffic parameters. The multi-parameters forecasting algorithm reduces the prediction error

and improves the equalizer coefficients compared with the results generated from single parameter prediction. That is to say, the

prediction method used in this paper is effective and accurate for predicting traffic condition based on multiple traffic parameters.

Keywords: traffic parameter, traffic condition, prediction, reconstruction of phase space
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