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Research on improved BP neural network

in forecasting traffic accidents
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Abstract: The traffic accident severity is affected by many factors. It is suitable for

modeling and forecasting by using the artificial neural network (ANN). Because standard

BP(back propagation) neural network has the defect of slow convergence, based on the

improved BP neural network with adaptive learning and additional momentum factor[1], so

the additional momentum factor was made to be self-learning for further optimization and

improvement. Using the improved BP neural network algorithm, the public traffic accident

data set in Leeds of England was selected to construct and train the neural network to

predict the latest records. The data set includes many kinds of influencing factors and

accident severity. After a lot of experiments, by comparing the convergence rate and

prediction results, it has been proved that the improved algorithm has faster convergence

rate and higher forecasting accuracy rate.
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�Ï¯�¬ÚuØÓ§Ý�/J5�J, é<�)·Úã�E¤î­K�. �Ï¯�ý

ÿï�éýÿ�Ï¯�î­§Ýäk­�ý�¿Â, ±B3¯��Uu)c9�éf¨


uÑJ2, ¦Ùæ��A�Aé��, ùé~��Ï¯��u)k�����^.

�mS�{!£8�.{[2]
!��d�ä[2]

!�Úýÿ{[3]�´�Ï¯�ýÿ�.~

^��{, �k ²�ä{[4], ûüä{[5]
!�Úê��Åó�.{[6]Ú�Ú ²�ä|

Ü[6]��#�ýÿ�{. 3��¯Kþ, �~^�²;ýÿ�{�', ²�äýÿï�¿

ØäkAO�`³, 
3~^�²;ï�ýÿ�{éJ)û½öýÿO(Ç��IØn�

�,  ²�äï�ýÿÒw«ÑÙÑÚ�A5; cÙ´é�Ï¯�p�Ï��­�§ÝØ$


)�,  ²�äï�ýÿÒLyÑ4��(¹5Úk�5. ��5Ú�Å5´�Ï¯�u

)�ü�A:, Ø·Ü^�5£8ýÿ©Û�{éÙï�ýÿ.  ²�äduÙÕA�`:,

�~·Ü^uõÑ\��5E,'Xï�ýÿ, ÏdU
éÐ/Aé�Ï¯�u)�î­

§Ý���Ï��ýÿ�.¯K.

�é�Ï¯�u)�õÏ�Ú��5A:, 3nÜïÄ�'ï�ýÿ�{�, �©é

Äug·AÆSÚÄþÏfU? BP ²�ä[1](Back Propagation Neural Network, {¡ BP

 ²�ä)�
?�Ú�`zU?,¦ÄþÏf�äkgÆS5, ;�Ø��ÄþÏfÐ©�

é(JÂñ���K�. �þÁ�(JL², gÆSÄþÏfU?�BP ²�äÂñ�ÝØ

ÉÙÄþÏfÐ©����K�, U
�¯�Ð/ýÿ�Ï¯��î­§Ý.

1 BP ²�ä

1.1 IO BP ²�ä

<a�M&E�D4±9é	.e-�)��AÑ´d���� ²�éÜ��

�, <a��MÒ´dù��þz·���� ²��¤. <ó ²�ä(Artificial Neural

Network, ANN), ´é�½�Ôö��, ²LõgS�Ôö, ÅìN� ²�mpë��, �

ª¦XÚ��Ø�Âñ½����Ø��¦��{.

BP ²�ä´�«UØ���DÂ�õ�(�� 3 �)c"�ä. duÙg�¤äk�

A5——��5N�A5!õÑ\õÑÑA5Úg|�gÆSA5�,¦� BP ²�äU


�·Ü?n��5õÑ\õÑÑ�E,¯K.

BP ²�ä�.´dÑ\�!Ûõ�(�±kõ�, �����)ÚÑÑ��¤�, z

�dNõ¿�� ²�|¤, Ó�S ²��mØ�pë�, ���� ²��m´�pë

��ªë�.  ²��.Xã 1 ¤«, IO� BP ²�ä(�Xã 2 ¤«. ã 1 ¥-¹¼ê

´òÑ\�¦±��¦Ú���=z�T!:�ÑÑ. ~^�-¹¼ê´Sigmoid¼ê, Ùê

Æ/ª�

f(x) =
1

1 + e−x
. (1)

3�ï� ²�ä�ÿÀ(��, �I�é�ä?1ÆSÚÔö, âU¦�ääk�U

A5. éu BP ²�ä, ÆSL§´d��DÂÚ��?�DÂüÜ©|¤. 3��DÂ

L§¥, Ñ\��Ûõ��D4'X�

yhk = f
(

N
∑

i=1

ωhi · xi + bhk

)

. (2)
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ã 1  ²��.

Fig. 1 Neuron model

ã 2 IO BP ²�ä

Fig. 2 Standard BP network

úª(2)¥ yhk �Ûõ� ²���, ��ÑÑ��Ñ\, ωhi�Ñ\��Ûõ����, xi �

Ñ\��Ñ\�, bhk�Ûõ� ²�� �, ¼ê f ´-¹¼ê.

Ñ\��lÑ\�²LÛ¹� ²��D4¼ê(q¡-¹¼ê!=�¼ê)$��, D

�ÑÑ�, D4'X�

yok = f
(

M
∑

i=1

ωoi · xi + bok

)

. (3)

úª(3)¥ yok �Ûõ� ²���, ��ÑÑ��Ñ\, ωoi�Ñ\��Ûõ����, xi �

Ñ\��Ñ\�, bok �Ûõ� ²�� �, ¼ê f ´-¹¼ê.

3ÑÑ�O�¢SÑÑ, XJ�Ø�Ï"ÑÑ, K=\��DÂ. ��DÂ?U���

5K´�â�c�ä�Ø��Cz5?U�, S�´ÄUY´�â�c�äØ�þ���

�¦S�gêû½�, Ø�þ��O�úª�

E =
1

S

S
∑

i=1

(Yi − yi)
2. (4)

úª(4)¥ yi �ÑÑ� ²��ÑÑ�, Yi�êâ¥�¢S�.

IO BP ²�ä��?U��´ÀJ�cØ�~��FÝ��, Ùúª�

ω′ = ω + ∆ω = ω − η
∂E

∂ω
, (5)
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ω′ �#� ω, Ù¥ ∂E

∂ω
L«Ø��FÝ��. d�Ø�(¢SÑÑ�Ï"ÑÑ���)&Òl

ÑÑ��Ñ\���DÂ¿÷åN���ë���ÚK�, ±¦Ø�Øä~�, ����°

Ý�¦. ����?�¢Sþ´ÏLõ�����EÔö, ¿æ^��FÝeü{¦���

÷XØ�¼êKFÝ��UC, ¿Âñu��:½���¦��Ø��½S�gê���

��.

1.2 U? BP ²�ä

duIO BP ²�äkÂñ�ÝúÚk�U�\ÛÜ���":, éõÆöJÑ
�

A�U?�{. �
\¯Âñ, 3�ä¥Ú\�ÝFÝ{[7]
!Levenberg-Marquardt[8]!¢D

�{[9-11]
!âf+�{[12-14]Úg·AÆS[15]�; �
���\ÛÜ��, \\
ÄþÏf

{[15]�. �©3éþã�{�\ïÄ�, �éÄþÏfÐ©�é�äÂñ�Ý�K�JÑ


gÆS�ÄþÏf{, ÙÄ�g�´3�k�FÝgÆS�Ä:þ2�âzgS�Ø��

��~�(O�), 5g·AO�(~�)ÄþÏf���, ±�ØÄþÏfÐ©���éÂñ

�Ý�K�, 3���\ÛÜ����Ó�, \¯�ä�Âñ�Ý.

N\Äþ�´�c���þ�����ëê, ¿�Ñ��ÄþÏf��N�(²���

0 � 1 �m). ØÓ�ÄþÏf(JÂñ�ÝØÓ, Ð©���ØÜ·Ò¬î­K�Ôö�m,

Ïdk7�4ÄþÏfäkgÆS�A5. U?�����#�{�

ω′(N) = ω(N) − α
∂E(N)

∂ω
+ ηω(N − 1), (6)

Ù¥, ω′(N)�#� ω(N), ω(N)!ω(N − 1)�1 N gÚ1 (N − 1) gë���, α��äÆS

Ç, η�ÄþÏf, E(N)�1 N gS��Ø��þ��. �äÆSÇαÚÄþÏfη�gÆS

´�â�c��Ø�þ���þ���Ø�þ���Cz
�Ñ��ACz, äN�ª�

∆p(N) =











a · p(N − 1), E(N) ↓,

−b · p(N − 1), E(N) ↑,

0, E(N) ØC,

(7)

p′(N) = p(N) + ∆p(N). (8)

ª(7)!ª(8)¥ a Ú b þ�u 0, p′(N) �#� p(N), p �L α Ú η , E(N)�1 N gS��ä

Ø�þ��, p �â�c��Ø����c����'Cz
Cz�. 1�gS�� α Ú η

��½�Ð©�. 1 N(N > 1)gS��, eØ� E(N) Cz�u 0, `²�c��´�(�

��, O� α Ú η ; ��, `²�c��Ø´�(��,·�~� α Ú η. � E(N) ØC, �±

α Ú η ØC. �äÆSÇαÚÄþÏf η Ï~3 0 � 1 �m, Ïd3 α Ú η Cz�ØA�Ñù

���, ±;�Ñy��ÅÄÚØÂñ��¹.

2 U? BP ²�ä3�Ï¯�ýÿ�.¥�A^

2.1 ��êâ�À�Úý?n

���Ï¯���Ïkõ«, XUí!�´!U�Ý!�ý!iÅ!1<!§Ý!1

ìÚP@§Ý�. �Ï¯��åÏ�m´��E,��5'X, éuÙ¥�'XéJé�,

«êÆ�., 
 ²�äï�ýÿéda¯Käk�Ð�k�5.

�©À�=I|[½ 2009 c� 2015 c 7 cm�úm�Ï¯�êâ8, �O 18 886 ^P

¹. �©êâ�)u)¯���¸Ï�!/n�I!�mÚ¯�î­§Ý�. íØ�©êâ
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8¥Ã^�á5, �ª�©À��´aO!�´L¡!1ì!Uí!¯�î­�?Ú�ý

aO� 8 �á5�êâ. �´L¡©�ZH!��!ÈÈ!XUÚÈY; ú�5O�IÚå;

¯�î­§Ý©���!î­Ú�·; Ù¦Ø��[£ã. á5a.�lÑ�©i£ã½ö

ê�. é±þlÑ�£ãá5?1êiz, ,	, �
JpO(Ç, é�3e5�á5�
8

�z?n.

2.2  ²�ä��ï

�â�Ï¯�êâ8¥�á5, �Ä�Ï¯���Ï�, À��´aO!�´L¡!

1ìÚUí� 7 �á5�� ²�ä�Ñ\, ¯�î­§Ý�� ²�ä�ÑÑ, Ûõ�

 ²�ê8�½� 5 �, �ïüÛõ���Ï¯�BP ò�ä, Xã 3 ¤«. �Ä�V­

��(tanh)¼ê� Sigmoid ¼ê�'3T¯Kþk�Ð��J, -¹¼êæ^V­��¼ê,

Ù/ª�

f(x) = tanh(x). (9)

ã 3 �Ï¯��BP�ä�.

Fig. 3 BP network model of traffic accidents

 ²�ä�ï�¤�, ¿ØäkýÿõU, �I�ÏL�þ�O�5Ôö ²�ä. U

? BP  ²�ä�Ï¯�ýÿ�.ÔöÚ½Xe.

(1) l©�¥\1êâ.

(2) Ð©z�ä, Ð©z��.

(3) òÔö��Jø��ä.

(4) Å^ò��êâJø�Ñ\�, ^úªO�Ûõ!:��, ,�ÏLúª(2)O�Û

õ��!:�ÑÑ.

(5) òÛõ��ÑÑ^úª(3)O�ÑÑ!:�ÑÑ�.

(6) ^úª(4)O�Ï"�Ú¢SÑÑ��Ø� E.

(7) UØ� E Cz�#Ûõ��ÑÑ����, ¿O�Ûõ��!:�Ø� E′,UØ�

E′ Cz�#Ñ\��Ûõ����.

(8) O�zgS�Ø�þ��, Uìúª(7)!úª(8)g·AN��äÆSÇ α ÚÄþ

Ïf η , ^úª(6)?U�ä���.
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(9) ?1e�gS�, �£�Ú½ (3), ���äØ�þ�� E(N) �uýk�½��

e(°(Ý), ½öS�gêN �u,��½��.

(10) 3���ýk�½�S�gê�Âñ, (åÔö.

3 Á�(J�©Û

3.1 U?�{��äÔöÂñ�Ý��æ

�âþã�Ï¯� ²�ä�.�ïÔö�{, ^ python ?§�ó?è¢y, ¿²L

õgÁ�, �ªÔö�ØÓ ²�ä�.. Ù¥, α �Ð©�� 0.3, η �Ð©�� 0.4,¢�¥

�
;�ÅÄL�, éu α Ú η ���Ñ��3�½���S, ^®À�ÿÁêâ8?1ý

ÿ�y, U?� BP ²�äé'Âñ�JXã 4!ã 5 Úã 6 ¤«.

3ã 4 ¥, çÚ¢­�(normal BPNN)�IO BP ²�äØ�þ���S�gêeü

�­�; J��(y = 0.031)�¢��¦�þ���, eãã¥¤«�J��þÓd.

ã 4 IOBP ²�ä

Fig. 4 The standard network

3ã 5 ¥, �ØÓ�.�­��ÄþÏf��½� 0.1!0.3 Ú 0.4��Ø�þ���S

�gêeü�­�. lã¥­�eüª³²w�±wÑ, �½ÄþÏf�Ð©�é(JÂñ

��Ýké�K�.

ã 5 ÄþÏf��½�� 0.1!0.3 Ú 0.4 ��ä

Fig. 5 Network with fixed momentum 0.1, 0.3 and 0.4

3ã 6 ¥, çÚ¢­��gÆSÄþÏfÐ©�� 0.4�, Ø�þ���S�gêeü

�­�; çÚ:y­���½ÄþÏfÐ©�� 0.4�, Ø�þ��eü�­�, ­�ké²
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w�Âñ�Ý�É, `²
U?� BP ²�ä3ÄþÏf� 0.4�äk�¯�Âñ�Ý.

ã 6 gÆSÄþÏf� 0.4 Ú�½� 0.4

Fig. 6 Self-learning momentum factor 0.4 and fixed value 0.4

�
�yØÓÄþÏfÐ©�3gÆS�¹eÑk�¯�Âñ�Ý, �ÄþÏf η Ð

©�� 0 � 1 �m�å 19 «�¹?1Á�, Ù²þÂñ�¹Xã 7 ¤«. ã 7 ¥, çÚ¢­

��U?� BP ²�äØ�þ���S�gêeü�­�; çÚ:y­���½ÄþÏf

BP ²�äØ�þ���S�gêeü�­�, Ø�þ����®� 19 «�¹�²þ�.

ü­�k²w�Âñ�Ý�É, �y
U?�BP ²�äk�¯�Âñ�Ý.

ã 7 gÆSÄþÏfÚ�½�30�1�m

Fig. 7 Self-learning momentum factor and fixed value between 0 and 1

3.2 U?�{�ýÿ(JO(Ç�J,

�
�yU?�{ýÿO(Ç, À�S�gê� 1 200 g!�äÆSÇÐ©� α �

0.3!ÄþÏf η � 0 � 1 �m�å 19 «�¹, �¤éIO ²�ä!�½ÄþÏfÚgÆ

SÄþÏf ²�´�{ýÿ�.�Ôö, ,�éÿÁêâ8?1ýÿ�y.

òÿÁêâ8Ñ\�®²Ôö��.¥, ØÓýÿ�.Ò¬��ØÓ�ýÿ(J, �Ò

´�äéAÑ\�ÑÑ�(ØÓ�¯�î­§Ý�) ©OéA��!î­Ú�·. �¢Sî

­§Ý?1é', IO BP ²�ä!�½ÄþÏf ²�äÚgÆSÄþÏf ²�ä�

�.ýÿ(JXL 1 ¤«.
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LLL 1 ØØØÓÓÓ���{{{���ýýýÿÿÿOOO(((ÇÇÇ

Tab. 1 The prediction accuracy of different methods
�äaO ²þO(Ç(ÄþÏf η � 0 � 1 �m)

IO�ä 0.87

�½ÄþÏf 0.9

gÆSÄþÏf 0.913

dL 1 �±²wwÑ, 3�äÔö�Ó�S�gê�¹e, U?��äýÿ�O(Ç�'

IO�äÚ�½ÄþÏf{�O(Ç�p�:. O(Ç²þ=J,� 1.3 �z©:, ´Ï��Ï

¯�p�Ï��Ø(½5±9�êâ8¿vk�¹�Üp�Ï�, ù�´û½�{O(Ç�þ

��. �ù=k�J,éu�Ï¯�é<�)·ã�E¤�­����´ék¿Â�.

dýÿ(J�O(Ç��±wÑ, ýÿ�.¥ ²�äÑ\�¤Ñ\��´L¡!1ì!

Uí�Ï���Ï¯�î­§Ý'éé�, �±�Ä3±þÏ�þæ���±~��Ï¯��

u).

4 (å�

�©3�ÝïÄ\¯BP ²�äÂñ�Ý�U?�{�, JÑ
�«�ØÄþÏfÐ©�

éÂñ�Ý�K��gÆSÄþÏf{, ¿ÏL�þ��Ï¯�ýÿ¢��y
T�{�k�

5. ýÿ�.nÜ�Ä
�Ï¯��õ«��Ï�, �ï
gÆSÄþÏfU? BP ²�ä.

du ²�ä3��5!Ø´ïêÆ�.�¯Kþ�`�5, U?���äU
éÐ/Âñ�

�½�, ¿�U
éÐ/ýÿ¯��î­§Ý.

é�Ï¯�î­§Ý�ýÿØ´ý��8�, ����8�´3Ñy�Ó�¸�, U
9

��Ñý�üÑ, 3¯�u)cr��ü��$, (��Ï�äØÉ�Ï¯�K�
{l, �æ

<�)·Úã�ØÉ��. du�¢�Éêâ8K�, �U¿©�Ä�Ï¯�u)�¤kpuÏ

�, ò5�±3��êâ8�¡?�ÚJpýÿO(Ç.
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