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1 Ú ó

·I¢½�Ï�;.A:´Å�·Ü, ��´
ãþg1�ÚÅÄ�·Ü1¨, ���?1<!g
1�ÚÅÄ�·Ü. 31<6þé��´ã, Xû
��!/c�, ÅÄ�Ú1<�m�Z6'�î­.

<1î�´ø1<îBÅÄ����Ï��, Ù�
ÅÄ��²¡��. ÅÄ��1<�m�ÀâÌ�
u)3<1î�?. éu´ãþ���<1î�,

XJ1<6þ�, Ä�Ø¬éÅÄ�6E¤wÍK
�; XJ1<6þ��, ²~¬k1<Ø�Å�Ï
5K, ¬éÅÄ�6�)��K�. 3���?, d
um=ÅÄ�ØÉ&Ò��, 31<É�� , 1
<Úm=ÅÄ�¬ÑyÀâZ6 (Xã 1 ¤«). �
±`<1î�?1<ÚÅÄ��m�Z6´ÊH
�3�, ùØ=E¤6þ�eü, 
����Ï¯
�õu.

�cé·Ü�Ï6�ïÄÌ�kõ�«·Ü

�Ï6�ïÄ, Å�·Ü�Ï6�ïÄ, ÅÄ�Ú
1<·Ü�Ï6�ïÄ. 3éõ�«·Ü�Ï6ï
Ä��{¥Ì�k�*�.Ú÷*�.. 3�*
�.�¡, �-ô� [1−4] æ^��gÄÅ�., ©
OïÄ
ü��ÚV��^�eõ�«·Ü��
Ï6A5. 3÷*�.�¡, Wong � [5−8] �ÄØ
Ó�ýa.�Ý��É, é LWR �.?1*Ð, ¿
�\©Û
�.�5�. 3Å�·Ü�Ï6�ï
Ä¥, 3�*�.�¡, Faghri Ú Egyháziová[9] J
Ñ
·^uÅÄ�Úg1�·ÜXÚ��¶�.;

Oketch[10] nÜ�ý�¶5KÚý�$Ä, ïá

�x�ÅÄ���¶�.; Meng � [11] JÑ
�
ð�Ú�÷�·Ü1¨�ü����gÄÅ�.;

Zhao � [12,13] ò£ãÅÄ�6� NaSch �.�£
ã�ÅÄ�6�õ���gÄÅ�.kÅ/ÍÜ
å5, ïá
ÍÜ��gÄÅ�.éú�Ê�ÕN
CÅÄ�Úg1���pK�?1
ïÄ. 3ÅÄ
�Ú1<·Ü�Ï6�ïÄ�¡, Ì�´'51<
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L�éÅÄ�6�K� [14−16] Ú<1î�?L�
1<�1�A�Ú1<6A5 [17−19].

ã 1 ���?m=ÅÄ�Ú1<Z6Àâ«¿ã

8c��gÄÅ�.2�A^u�ÏXÚ�
ï�, 3ÅÄ�ï��ïÄ�¡, kü��ÚV�
�ï�, r�´©¤lÑ��fæ^����g
ÄÅ�. [20−23]. 1<ï�ïÄ�¡, æ^���
�gÄÅ�., r<1î�©¤����fïÄ1
<L��A5 [24−30]. �ÅÄ�ï�ïÄ�¡, Jia

� [31,32] æ^õ���gÄÅ�.ég1�6?1
ï�. 3Å��pZ6�ïÄ�¡, Zhao � [12,13]

æ^£ãg1�6�õ���gÄÅ�.Ú£ã
ÅÄ�6� NaSch �.�ÍÜ�.�[ÅÄ�Ú
�ÅÄ��m�Z6A5. 31<ÚÅÄ��m
�Z6K�ïÄ�¡, Ì��ék&Ò����
<1î�?, ïÄ1<L���
A5, 
vk�
ÄÅÄ�Ú1<��pK�'X. ïá�ÅÄ�Ú
1<�.�©lm, vk�éÅÄ�Ú1<��X
Ú?1ï� [17−19], �Ï3uéÅÄ�Ú1<?1
Ú�ï�'�(J. �©æ^��gÄÅ�.rÅ
Ä�Ú1<éXå5é��XÚ?1ï�, rÅÄ
�����Ý�<1î����>��½��Ó
��. �©�.dn�Ü©|¤, ÅÄ�æ^²;
� NaSch �., 1<æ^ Blue �JÑ�ü��1
<��gÄÅ�., ��Ú\
<1î�?1<Ú
ÅÄ��Z6Àâ5K, ddïá
ÅÄ�Ú1<
Z6Àâ�.. ÏLê��[ïÄ
1<��Ç!
ÅÄ���Ç!1<kxB�ÅÄ���K�±
91<éÅÄ�¯aXê�Ï�éÅÄ�Ú1<

6þ�K�.

2 � .

��gÄÅ�.duÙg�ÕA�`:
�
2�^u�Ï+�, ��¡§U
£ã¢½�Ï�
�
E,5A:, ÙgduÙ{ü�5KéN´3
O�Åþ¢y. Ï
�©æ^��gÄÅ�..

éÅÄ�æ^²;� NaSch �. [20], é1<
æ^ Blue �. [24],Ó��½ÅÄ�Ú1<�Àâ
Z65K, é1<6ÚÅÄ�6²¡��XÚ?1
ï�, ±�x´ãþ<1î�?ÅÄ��1<�m
�Z6!���?m=ÅÄ��1<�m�Z6.

3��y©�, <1î�y©���/��f, z
����UNB��1<, ÅÄ�����Ý�u
<1î�þ���>�. b½<1î�þ���>
� l = 0.4 m, z�1<Ó/¡È� 0.16 m2, <1î
��°� w ���, ��m ���; ÅÄ���Ý
� L ���, °Ý W � 2.8 m, �Ò´`ÅÄ��
°ÝéA<1î�þ 7 ���, ÅÄ���<1î
�¥m 7 1��­Ü; zýÅÄ���Ý lc � 15

���= 6 m, <1î��ý1����éAÅÄ
��þ1 (L − w)/2 ���, ÅÄ���<1î�
­Ü�«��Àâ«� (Xã 2 ÒKÜ©«�).

ã 2 ÅÄ�Ú1<��gÄÅ�.ã

2.1 ÅÅÅÄÄÄ������...

1992 c Nagel Ú Schreckenberg JÑ
Í¶
� NaSch �., 3ù��.¥, �m!�m±9
�ÝÑ��êlÑz. �´�y©¤lÑ��
f, z����o�ÅÄ�Óâ, �o��, �ý
�Ý�±� 0, 1, 2, · · · , vmax, vmax �ÅÄ���
��Ý.

�
 < 1 î � þ 1 < � S �, Å Ä � ¬ ~
�ÏL<1î�, 
�d�f¨
Ñ'�>&.
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b ½ Å Ä � � � � Ý vmax = 40, å l < 1 î
� � u 32 m (80 � � �) �, � ý � � � � Ý
� vmax = 20, ÅÄ�3<1�þ1¨����
Ý vmax = 10. ÅÄ��\�Ý a = 5, ål<
1î��u 6 m (15 ���) ½3<1î�þ�,

= (L − w)/2 − 15 < xn < (L − w)/2 + w, ÅÄ�
\�Ý a = 1. üz5K�:

1) \�, vn+1 → min(vn + a, vmax), �ây¢
¥iÅÏ"±���Ý1¨�A5, z��mÚ\
�Ý� a ���;

2) ~�, vn → min(vn, dn), f¨
�
;�Ú
c�u)-E
æ�~���;

3) �Åúz, ±VÇ p, vn → max(vn − a, 0),

du�«Ø(½Ï�E¤�ý~�;

4) ��#, xn → xn + vn, �ýUìN��
��Ý�c1¨;

Ù¥ xn, vn ©OL« n �� �Ú�Ý, dn =

xn+1 − xn − lc L« n �Úc� n + 1 ý��m�
���ê, lc��ý��Ý.

T�.æ^m�>.^�, t � t + 1 �, �
�´þ��ý�#�¤�, iÿ�´þ�Þ�
Ú��� � xlead Ú xlast. XJ xlast > vmax,

K � ý � Ý� vmax � � ò ± V Ç αc ? \ �
� min(xlast − vmax, vmax). 3�´�Ñ�?, X
J xlead > Lroad, K�ý¨Ñ�´.

2.2 111<<<���...

¢S¥<1î�#N1<V�ÏL, �©��
ÐÚïÄk�Äü��1<6. æ^ Blue �JÑ
�ü��1<��gÄÅ�.é1<?1�[. T
�.©�ü�Ú½: 1) �c$Ä; 2) ��. ùü�
Ú½Ñæ^¿15K5?n. Xã 2 ¥p�ã, 1
<�±�c!��!�m$Ä, 1<�Ï"�Ý
� vp

max = 4. ed�1<¤?� �� (i, j), i L
«��¤31, j L«��¤3�, 1<��ÝP
� vi,j . t → t + 1 �#5KXe.

2.2.1 � �
�1<��C�����, 1<�Ä��,

� Ä � � ! � � ! m � c � vp
max � � �, O

� max(di,j , d
j−1
i,j , dj+1

i,j ), ÀJ^��Ð�´». di,j

�1 (i, j) ���c�����ê, dj−1
i,j �1 (i, j)

����C���c�����ê, dj+1
i,j �1 (i,

j) ����Cm��c�����ê. ���U±
e5K?1:

1) ;�-E, XJü�1<Ï"ÓâÓ���
�, @oùü�1<Óâ��Å¬´²��, VÇ
�� 50%;

2) X J � � ! � � ! m � �^� Ñ � Z,

= di,j = dj−1
i,j = dj+1

i,j , @o3��!��!m
�1r�VÇ©O� 80%, 10%, 10%; XJ��Ú
�����^�Ñ�Z, = max(di,j , d

j−1
i,j , dj+1

i,j ) =

di,j = dj−1
i,j ½ max(di,j , d

j−1
i,j , dj+1

i,j ) = di,j = dj+1
i,j ,

@o3��!��½m�1r�VÇ©O� 80%,

20%; XJü���=��Úm��^�Ñ��Z,

= max(di,j , d
j−1
i,j , dj+1

i,j ) = dj−1
i,j = dj+1

i,j , @o3ü
���1r�VÇ©O� 50%, 50%.

2.2.2 �c$Ä
1<¦�U±���Ý�c$Ä, �c1r�

Ý vi,j = min(vp
max, di,j).

1<± Poisson ©Ù��, ��Ç� αp. æ^
m�>.^�=��c$Ä ��#�¤�, XJ
1< �®�L>., @o1<lm<1�.

2.3 ÅÅÅÄÄÄ���ÚÚÚ111<<<ZZZ666ÀÀÀâââ555KKK

y¢¥, ÅÄ�Ú1<¬�)Z6Àâ. X
ã 3(a) ¤«, t ���1<ÚÅÄ�ÑO�?\�
Àâ«�, XJ t + 1 ��1<`k?\�Àâ«
�, @oÅÄ�ÒI�;4.

�â5�´�Ï+n^~6, éÅÄ�ÏLÃ
&Ò��<1î�5½�: ÏLvk&Ò���
<1î��, L;45 1<. Ïd, 3ÅÄ�Ú
1<u)ÀâZ6�, 1<äk`k�. ÅÄ�B
L<1î��c, XJc�<1î�þk1<½ö
ý��3e���1<¬?\Àâ«�, @od�
�
;�Ú1<�-E, ÅÄ�Ò;41<, Ê�
3 (L−w)/2 − 1 �þ. ù� n �Úc� n + 1 ý
��m����êÒ=��ÅÄ�Ú<1î��
m����ê= dn = (L−w)/2−xn−1, Xã 3(a)

¤«.

1< t + 1 ���±��Àâ«�, �<1î
�þkÅÄ�Óâ, ½�ý1�ýÅÄ�31<Ï
LÀâ«�¤I�mSU
�� (L−w)/2 ��
â¬É�ÅÄ��K�. XJ<1î�þkÅÄ�
Óâ, @o��ÅÄ�ÏL; XJ<1î�þvk
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ÅÄ�Óâ, Kk�UÉ�Ù�ý1�ýÅÄ��
K�, 1<e�����Àâ«��¬w�ý1�
ý��G¹; 1<�ý1�ýÅÄ�31<BL<
1î�¤I�mSØU�� (L − w)/2 ��, =
ÅÄ�é1<BL<1î�vkK�, 1<�±g
dÏL, ÄK1<ò�ÀJ´ÏL<1î��´�
�ÅÄ��ÏL.

t → t + 1 ��ÅÄ�Ú1<Z6ÀâäN�
#5KXe.

1 < � �� (i, j), ½ Â Å Ä � � þ å
l (L − w)/2 �ý1�ý�� l, mý1�ý�
� r, dl ��ý l 31<ÏL<1î��mS�±

1¨�ål= dl =
W

vp
max

× min(vl + a, vmax).

(1) (L − w)/2 6 xr 6 (L − w)/2 + lc − 1

t + 1 ��?\�Àâ«��1<É��ý r

�K�, d�1<Ê�3 i =i′ (i′ �<1î�þ;
�ÅÄ��e�����î�I (Xã 3(c))) ?�
�ÅÄ�ÏL. Xã 3(d) ¤«, ÅÄ�3<1î�
þ, 1<��ÅÄ�ÏL.

(2) xr > (L − w)/2 + lc − 1

XJ xr − lc − 1 6 (L − w)/2 + w − 1,  �
3 xr− lc−1−(L−w)/2 6 j < w � t+1 ��?\
�Àâ«��1<É��ý r �K�,Ê�3 i = i′

?��ÅÄ�ÏL. Xã 3(b)!(c) ¤«, �ý r v
k��lm<1î�, xr − lc − 1 − (L − w)/2 6
j < w � t + 1 ��?\�Àâ«��1<É��
ý r �K�, ���ý rÏL.

 �3 0 6 j 6 min(xr − lc − 1, (L − w)/2 +

w − 1) − (L − w)/2 � t + 1 ��?\�Àâ«�
�1<�#5KXe.

1) xl + dl > (L − w)/2

t + 1 ��?\�Àâ«��1<É��ý l

�K�. b� t ��?\�Àâ«��1<êþ
� Np, � u i = i′ ?�1<���m�L�½�
�m, 1<¬æ�kx1�B�<1î�, éÅÄ
�¬�)�½�K�, 1<kxB�ÅÄ���K
�� Tp.

�XJ3 i = i′ ?1<��ÅÄ�ÏL��m
�L Tp, @oò±;4VÇ p1 UY��ÅÄ�Ï
L; ÄK±VÇ 1 − p1 ?\Àâ«�. du1<�
�ÅÄ��m'��, Ø�¿UY��ÅÄ�ÏL,

Ï
 p1 ��A��.

�XJ t ��1<?u��ÅÄ�ÏLG�
� t ��vk1<?\�Àâ«�, @o1<UY
��ÅÄ�ÏL.

�XJ±þü«�¹ÑØ�3, 1<ò±;4
VÇ p2 ?\��ÅÄ�ÏLG�, Ê�3 i = i′

?��ÅÄ�ÏL, ±VÇ 1 − p2 ?\Àâ«�.

ùp p2 = max(p0 − β × Np/w, pmin), �X Np �
O�, 1<du��y�, p2 ~�, p2 ����
p0, ���� pmin, β L«1<;4ÅÄ��¯a
Xê.

Xã 3(c) ¤«, �3 0 6 j 6 min(xr − lc −
1, (L − w)/2 + w − 1) − (L − w)/2 � t + 1 ��?
\�Àâ«��1<��X�ý lÏL.

ã 3 ÅÄ�Ú1<Z6Àâ«¿ã (b)—(d) �±w¤ÅÄ�Ú1<3Àâ«�^S«¿ã; (b)� xr > (L−w)/2+ lc −1,

xl + dl< (L − w)/2 ��¹; (c) � xr > (L − w)/2 + lc − 1, xl + dl > (L − w)/2 ��¹; (d) � (L − w)/2 6 xr 6
(L − w)/2 + lc − 1 ��¹
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2) xl + dl < (L − w)/2

1<ØÉ�ý�K�, 1<æ^ Blue 5K1
r. Xã 3(b) ¤«, �3 0 6 j 6 min(xr − lc −
1, (L − w)/2 + w − 1) − (L − w)/2 � t + 1 ��?
\�Àâ«��1<æ^ Blue 5K1r.

±þÏLÚ\<1î�?1<ÚÅÄ���
pZ6Àâ5K, ò£ãÅÄ�6� NaSch �.�
£ã1<6� Blue �.ÍÜå5, dd�ïÑ�
±�x1<ÚÅÄ���pZ61��#���
gÄÅ�..

3 ê��[

3.1 111<<<������ÇÇÇ!!!ÅÅÅÄÄÄ���������ÇÇÇéééÅÅÅÄÄÄ���
666þþþ!!!111<<<666þþþ���KKK���

1<6þ�ü �m!ü <1î�°Ýe
1<ÏL<1î��êþ, ^ÎÒ fp L«. ÅÄ
�6þ�ü �mÏL�´�ÅÄ�êþ, ^Î
Ò fc L«. b�<1î�°Ý w = 10, p1 = 0.2,

p0 = 0.8, pmin = 0.2, Tp = 60 s, β = 0.5.

ã 4 (a) ÅÄ�6þ fc � αp Ú αc �Cz'X; (b) 3�
 αp

e, ÅÄ�6þ fc � αc �m�Cz'X

ã 4 w«
��ÇéÅÄ�6þ�K�. l
ã 4(a) ¥�±wÑ�3���.� αc

c, §rÅÄ
�6©�gd6ÚP×6ü�Ü©. � αc < αc

c �,

fc �X αc �O�¥�5O�, � αc > αc
c �, �

��Ú6þ¿�±ØC. �X αp �O�, ÅÄ�
�Ú6þÚ�.� αc

c Åì~�, �~��ÌÝÅ
ìeü, �ª��­½�.ã 4(b) �±wÑ αp = 0

Ú αp = 0.4 ��ÅÄ��Ú6þeüé�, �±w
Ñ1<�Z6éÅÄ��K�é�.

lã 5(a) ¥�±wÑ1<��Çé1<6þ
�K��ÅÄ���ÇéÅÄ�6þ�K��Ó.

ã 5 (a) 1<6þ fp � αp Ú αc �Cz'X; (b) 3�
 αc

e, 1<6þ fp � αp �m�Cz'X

ÅÄ�Ú1<Ñ�3lgd6�P×6�
�C. �â�.� αc

c, αc
p ���±±�XÚ3�

m (αc, αp) þ��ã, Xã 6 ¤«. �ã©� 4 �«
�: «� I�ÅÄ�Ú1<6þÑ?ugd6�G
�; «� II�ÅÄ�?ugd6G�, 1<6?u
P×6�G�; «� III�1<6?ugd6G�

ÅÄ�6þ?uP×G�; «� IV �üöÑ?u
P×6�G�. �±uy1<gd6«��¡È'
ÅÄ�gd6«��¡È�. d±þ(J�±wÑ,
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T�.�±NyÅÄ�Ú1<�m��pK�. 1
<É�ÅÄ��K���, 1<�gd6«���.

ã 6 �m (αc, αp) ��ã (Tp = 60 s, β = 0.5)

3.2 Tp éééÅÅÅÄÄÄ���666þþþ!!!111<<<666þþþ���KKK���

�ïÄ1<kxB�ÅÄ���K� Tp éÅ
Ä�6þ!1<6þ�K�, ·��Ñ
ØÓ Tp

eÅÄ�Ú1<6þã (ã 7), lã¥�±w�, �
X Tp �O\, ÅÄ��Ú6þÅìO�, ù´Ï�

ã 7 ØÓ Tp e (a) ÅÄ�6þ fc �ÅÄ���Ç αc Cz
'X, αp = 2; (b) 1<6þ fp �1<��Ç αp Cz'X,

αc = 0.2

�X Tp �O\, 1<;4ÅÄ��êþO\, éÅ
Ä�Z6~�, ÅÄ�6þO\. ��, 1<�Ú6
þ�X Tp �O\Åì~�.

ã 8 ØÓ Tp e��m (αc, αp) ��ã (β = 0.5)

ã 9 ØÓ β e��m (αc, αp) ��ã (Tp = 60 s)

�
�Ð/£±Ñ Tp éÅÄ�Ú1<6þ�
K�, ã 8 �Ñ
ØÓ Tp e (αc, αp) ��ã. l
ã 8 ¥�±w� Tp ��ØÓ, ÅÄ�6þÚ1<
6þ�¬ØÓ. �X Tp ~�, «� II �«� IV �
>.��£Ä; «� III �«� IV �>.�þ£Ä;

«� II C�, «� IV C�. «� II ����ÅÄ�
�gd6
1<6�P×6�«�, «� II �X Tp

�O\
~�, ù´Ï��X Tp �O\, 1<��
ÅÄ���m~�, æ�kx1�B�<1î�,

éÅÄ�E¤�Z6ÀâO�, ¦�ÅÄ��6þ
~�. «� IV�1<6�gd6
ÅÄ�6�P
×6�«�, lã¥�±w��X Tp �O\, «
� IV �X~�, ù´Ï� Tp �O\, kx�1<
O\, 1<6þ�XO�.
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3.3 β éééÅÅÅÄÄÄ���666þþþ!!!111<<<666þþþ���KKK���

�â p2 = max(p0 − β × Np/w, pmin) ��, β

L«1<;4ÅÄ��¯aXê, U3�½§Ýþ
�N1<ÚÅÄ��m�pZ6�^�§Ý.ã 9

�Ñ
ØÓ β �e�m (αc, αp) ��ã. �X β �
O\, 1<;4ÅÄ�VÇ~�, ÅÄ�É�1<
�Z6§ÝÅìOr, ÏdÅÄ�gd6«� («
� I, II) k¤~�, P×6«� («� III, IV) k¤O
�. ��, 1<gd6«�O�, P×6«�~�.

4 ( Ø

·Ü�Ï6´·I¢½�Ï;.��ÏA5,

ÅÄ�Ú1<�m�Z6´ü$�´Ï1Uå
�Ï���. Ïd, é·Ü�Ï6Å��ïÄkX
�~­��¿Â. �©ÏLÚ\<1î�?1<
ÚÅÄ���pZ6Àâ5K, ò£ãÅÄ�6
� NaSch �.�£ã1<6� Blue �.ÍÜå5,

dd�ïÑ�±�x1<ÚÅÄ��pZ61�
�#���gÄÅ�.. ?�ÚÏLê��[�
Ñ(Ø: 1) �XÅÄ� (1<) ��Ç�O\, ÅÄ
� (1<) 6þ�5O\�����Ú6þ, �1
< (ÅÄ�) ��ÇO\�, ÅÄ� (1<) 6þe
ü, �����Ú; 2) �X1<kxB�ÅÄ��
K��O\, ÅÄ�6þO�, 1<6þ~�; 3) �
X1<éÅÄ�¯aXê�O\, 1<;4VÇ~
�, ÅÄ�6þ~�, 1<6þO�.
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Abstract

Serious interference between motor vehicles and pedestrians happens at crosswalk when pedestrian flow is large. In this paper,

cellular automata models are used to model the behavior of mutual interferences between pedestrians and vehicles at crosswalk by

introducing conflict interference rules between pedestrians and vehicles. Numerical simulations are carried out to study the fluxes of

vehicle and pedestrian, influenced by the parameters, such as the arrival rates, pedestrian waiting time and the pedestrian’s sensitivity

coefficient to vehicle. Simulation results show that the model can reflect the interference characteristics between pedestrians and

vehicles well. With the increase of threshold that pedestrians cross the traffic lane riskily, motor vehicle flow increases but pedestrian

flow decreases. With the increase of pedestrian’s sensitivity coefficient, pedestrian avoiding probability decreases, motor vehicle flow

decreases, pedestrian flow increases. The results have certain significance for the control and management of mixed traffic.

Keywords: cellular automaton model, mixed traffic, pedestrian, vehicle
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