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Abstract In order to improve forecasting model accuracy of BP neural network, an improved prediction

method of optimized BP neural network based on modified particle swarm optimization algorithm (PSO)

was proposed. In this modified PSO algorithm, an adaptive mutation operator was proposed in PSO to

change positions of the particles which plunged in the local optimization. The modified PSO was used

to optimize the weights and thresholds of BP neural network, and then BP neural network was trained

to search for the optimal solution. The availability of the modified prediction method was proved by

predicting the time series of real traffic flow. The computer simulations have shown that the nonlinear

fitting and accuracy of the modified prediction methods are better than other prediction methods.
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�����������
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����, ������������. ����	
������	�������
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2 BP JKLMN-OP

������.�	!3�
���?45, 6�73����/6�08����3�
��
F (·) , 6:

F (Xi) = xi+T (T > 0) (1)

7�, T %
8��45.

81	!���9� f(·) @Æ� F (·) �
���	, BP "��#:�	�81�������
�� F (·) ��;
�.

A	!���BC3����9 % Xi =
(
xi, xi+τ , · · · , xi+(m−1)τ

)T, 96% yi = xi+1, :27��
D8 BP "��#, 3�Æ BP "��#�����, "��#9 8�"�4�����08;
<�E <� m �, ��==��; [9], >F BP "��#�9 !�% m�58% p�96!�% 1,
6 BP "��#>�7G f : Rm → R1, �58?@��9 %

Sj =
m∑

i=1

wijxi − θj , j = 1, 2, · · · , p (2)

7�, wij %9 8858�HAI!; θj %58@��9!.

BP "��#:;9�$Æ Sigmoid 9� f(x) = 1/(1 + e−x), 658@��96%

bj =
1

1 + exp(−∑m
i=1 wijxi + θj)

, j = 1, 2, · · · , p (3)

��, 968@��9 �96�9%:

L =
p∑

j=1

vjbj − γ (4)

xi+1 =
1

1 + exp(−∑p
j=1 vjbj + γ)

(5)

7�, vj %588968�HAI!; γ %968�9!.

BP "��#�HAI0 wij�vj �9! θj�γ B<�7 BP "��#?Æ�:, > xi+1 �B���.
7 (5) 6% BP "��#�����.

BP "��#=C@?Æ
D?8�HAI!E9!AF;@%% [0, 1] ��!, ��B�#%�A
F;@%CCGD BP "��#�#)$�*, J( D>?H=%�>#I. $Æ%��,"-#%��
B<�;@I!<E9!�<��#%, #%�;@I!�9!�D BP "��#��J=���.

3 @ PSO QABCÆ

,"-#%�� [10] � Kennedy � Eberhart = 1995 �EK�LM��H=�N>, �7�OP-Q
R7���SD�-K�%?�6�	���-F���T"AFGH��. =����, U!#%45�
L:I��GH<�	!," (particle)�/6,U!,"���	!3V@9�MA����! (fitness
value), ,"�$�MA�I�BJ�
8�NB. ,"���WE�C�B��K��36DE, 6,"�
WLFE�>#I�E!�-F
FE�>#I. �G=I<��HGH, �8����%G.
3.1 RH PSO SI

X=	! S <�GH<�,3 n!,"J���-W = (W1, W2, · · · , Wn),��I i!,"JM%	
! S<�8YWi = (wi1, wi2, · · · , wiS)T,KJI i!,"= S <GH<��NK, JM	!45�Z=I.
��V@9�B��6U!,"NK Wi ������!. I i !,"�$�O% Vi = (Vi1, Vi2, · · · , ViS)T,
�!F#!O% Pi = (Pi1, Pi2, · · · , PiS)T, �-T"�#!O% Pg = (Pg1, Pg2, · · · , PgS)T.

=U	LMK7��, ,"�7!F#!�T"#!JO�W�$��NK, JO��%

V k+1
id = ωV k

id + c1r1(P k
id − W k

id) + c2r2(P k
gd − W k

gd) (6)

W k+1
id = W k

id + V k+1
id (7)
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7�, ω %S�I0; d = 1, 2, · · · , S ; i = 1, 2, · · · , n; k %F
MKL�; Vid %,"�$�; c1 � c2 %�R

S�, T%�$N"; r1 � r2 %�<� [0, 1] ��AF�.
3.2 O PSO SIPQT

3� PSO�,"8�W��>TNK�aRU-F��>TNKKV, R�,"�-�W$b�=�,
( 6S! " #!�S�#)UTTSU [11]. %�$"+&��, #'XYU�����UVVW, =
PSO���W ���UV�",6�c�UY<	A�Vd0O;@%. UVWXXY�=MK��HY
"��-GH<, D,"�ZZ6�
GHE�>#NK, =J��<�CYGH, ���X��-	
[�, �=��\#FEJ#!�B��. ]eH[����\f�FWX.

4 CÆ PSO QAUZ BP JKLMN-QA

%� PSO ��#% BP "��#�����#4[�].
Step 1 ;@%Y�, Z]�-^��MKL��
�N"<ENK�$�F!�^Ag. ��, ,"

�$�;@%�,"NK�,"$�[\AF!.
Step 2 ����9 96Y�!�8
 BP "��#XhH8, AFL�	!�-," Wi =

(wi1, wi2, · · · , wiS)T, i = 1, 2, · · · , n, KJ BP "��#�;@!, ��
S = RS1 + S1S2 + S1 + S2 (8)

7�, R�S1 � S2 �9% BP "��#9 8H���58H���968H��.
Step 3 �A,"�i_9�. `A	! BP "��#�%Y�, D Step 2 �:E�," Wi � BP "

��#I!�9!��[!,9 ?Æ[#��"��#?Æ,\EXA���:E	!�#?Æ96! ŷi.
6�- W �!F Wi ����! fiti A]%

fiti =
M−1∑

j=1

(ŷj − yj)2, i = 1, 2, · · · , n (9)

7�, ŷj %?Æ96!; yj %?Æ96j_!; M %08;<�;��; n %�-^�.
Step 4 ��9 96[#��U!,"NK Wi ������!, ��;@,"���!�A!F#

!�-F#!, ]DU!,"�>;NKX%���>TNK.
Step 5 =U	LMK7��, ��7 (6) �7 (7) �7!F#!�T"#!JO,"�W�$��N

K; W a^���UV�", =,"ULJO��<	AVd0O;@%,"; ��O,"���!, ��
O�-,"���!JO,"!F#!�-F#!.

Step 6 ��>�MKL��, D%�,"-��:E�>#,"� BP "��#HAI!�9!��
[!, BP "��#�����?Æ�, ����>#I96.

5 CÆ PSO QAUZ BP JKLMN-QA

5.1 ^VWX
%�`&#'����=�,=Matlab2009bbc],$ÆMatlab_a_b�����,]�ÆMat-

lab"��#��c8
� 3�����, �9�:%� PSO��#% BP"��#���� (MPSOBP�
�)�PSO ��#% BP "��#���� (PSOBP ��) �	`� BP "��#���� (BP ��). �
��	����	��, ����Y�����K.

�K����	����a7 (10)b���!% 0�̀ c% 1��	%��,]��	%�
���;<08.

yi =
xi − 1

n

∑n
i=1 xi

max(xi) − min(xi)
(10)

7�, {xi} %a��; {yi} %�	%���.
�K�ddi_F�$Æd�dd err���d�dd MAE �;�dd perr, 6

err = xi − x̂i (11)

MAE =
1

Np

Np∑

i=1

|xi − x̂i| (12)
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perr =
∑Np

i=1 (xi − x̂i)2∑Np

n=1 x2
i

(13)

7�, xi � x̂i �9%b�!���!; NP %��[#�.
�K$Æ m− 2m+1− 1D8 BP"��#H8, m%��	���;<08E <�F 5; BP

"��#Y�XK%: ?ÆL�F 100, ?ÆV@F 1.0e-005, 
�dF 0.01; ,"-��Y�XK%: �-
^�F 30, �%K�F 100 L, �$N"F c1 = c2 = 1.49445, ���UV�"UVVdF Pm =0.01–0.05,
,"NK�$�F!g�9% [−5, 5] � [−1, 1].
5.2 YcZ[\]^_`PYadb

eb�K��&���	����feebk��f�$��, U 5 �eOl	L��, �gL 1302
!��.

F���	��
 1200 !��%?Æ[#, � 102 !��%��fK[#. %�f��
��
��, F���Y�?Æ[#���K. g 1�g 2 �g 3 �9`6� 3 �����=?Æ[#% 1200��
�[#% 30 ����H=, J 1 `6� 3 �����=���Y?Æ[#hg] 30 !��[#����
�d�dd MAE �;�dd perr.

1200 1205 1210 1215 1220 1225 1230
0

200

400

600

 /

1200 1205 1210 1215 1220 1225 1230
–100

–50

0

50

100

/

1200 1205 1210 1215 1220 1225 1230
0

200

400

600

 /

1200 1205 1210 1215 1220 1225 1230
–100

–50

0

50

100

/

BP

/5

/5

/5

/5

PSOBP

c 1 BP defghijfkg c 2 PSOBP defghijfkg

1200 1205 1210 1215 1220 1225 1230
0

200

400

600

 /

1200 1205 1210 1215 1220 1225 1230
–100

–50

0

50

100

/

MPSOBP

/5

/5
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hg 1�g 2 �g 3 B<h6, 3 ��������H=��Z�;ij7��	YU%�bi�^m,
`&� 3 ��������;i��&���	Y�����.

hJ 1 B<h6, F?Æ[#% 800 �, 3� PSO ��R�,"�-�W$b�=�, "��#! 
" #!, NG PSOBP��6S�����k� BP���ni. ?$Æ'�� ���UV�"� PSO
��#%� MPSOBP ��, 3�lo� PSO �,"8�W��>TNKU-F��>TNKKV?R�
��-W$b�=�, �����T =� PSOBP ��� BP ��, `& MPSOBP ���������
	�����=�.
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h 1 lfmnopqrsituvwjkjfxl
jpkml 1200 1000 800 600 400

+2kml 30 30 30 30 30

MAE

BP qm 24.1353 25.5804 34.2720 31.1454 37.6787

PSOBP qm 25.4632 26.5499 29.0602 30.5280 33.0644

MPSOBP qm 22.7096 23.5779 26.2551 23.4968 28.1463

perr

BP qm 0.0150 0.0158 0.0365 0.0263 0.0364

PSOBP qm 0.0144 0.0158 0.0216 0.0258 0.0305

MPSOBP qm 0.0134 0.0136 0.0164 0.0130 0.0204

hJ 1 jB<h6, ?Æ[#mr, MPSOBP �������� PSOBP ��� BP ���=:m	,
��&���	�S"[#����0�n].

6 yz{

o� BP"��#��n=" #"'!�#)$�*�45,= PSO���W ���UV�",�
6�	���%� PSO ��#% BP "��#�����
�. D��Æ�n�����	��, ]
� PSOBP ����� BP �������. H=J&: �
���kk� BP "��#����! " 
#"!�B���=���#)$�. ;�� PSOBP ����� BP ����, �
������	��
J;����O[���J=�����.
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