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Optimization of the timetable for a hub-spoke airport coach
network

YANG Zhong-zhen, LU Jing

(Transportation Management College, Dalian Maritime University, Dalian 116026, China)

Abstract To depart the coaches for the hub-spoke airport coach network, a time-and-space network

is constructed and the behaviors and process of passengers going to at the airport with the coaches are

analyzed. Based on the fight schedules the model to optimize the coach timetable is developed under the

constraint of the upper limits of the airport waiting time and the hub transfer time, and corresponding

algorithms is designed. Based on the effects of the different combinations of the time limits on the operate

cost, a rational timetable is obtained.
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t cihdihxih
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h

∑
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khA
t chAdhAxhA
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��, C= ��������S 	"#, &(���� 	"#, ((���� 	"#. i=
��%�, h= !"%�, A= �; dih= ����, dhA= ����; t=1 � 24 ���T���, cih= ��
��%H]H�	 "#, chA= ����%H]H�	 "#. xih

t  0-1 M	, !$�� (i− h) � t ��
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0, �� i − h � t ��OD����
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t = �� (i − h) � t ��N%�����
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�� (4)  P, �� Ns= ���� S�Q	,
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t = �� (i − h) � t �������R
, �� �(�TO_.
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⌈
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t /Ns
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t J$
� (5)  P, �� qir = i %�(4 r ?���R
; yiht

ir  0-1 M	, !$�� (i − h) � t

�������*NP:�4 r ?��SV. stihir = t !$PSV, �W 1, NU 0(� (6)).
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R���� (i − h) &�, =� t ��&

+������R
 qir · yir
hAt ���:��R
 qhr · yhr

hAt �� (� (8)). ST, yir
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4.2 NOPQ
• XYRZ[;SNO

0 <
(
tAir − 0.5 − thA − t

) · xhA
t ≤ T (11)

0 <
(
tAhr − 0.5 − thA − t

) · xhA
t ≤ T (12)

0 <
(
sthA

ir − tih − t
) · xih

t ≤ T ′ (13)

� (11) %� i �4 r ?����W���(QUT, 	� 0 *US\����VD(9��
WX��K�A, F�(Q T *%S\W��&T@A((Q, $UY`V���9?
, @LB
�����, ��JaZ� (12). � (13) K�����!"��)���Q>UT, V��� (11) "�.

• [T[];UNO
� (14) b;�� (i − h) �4 r ?���[^� (11) ����, SVX���RV��IV�(9

������. ��, K [^?c (11) ��D����I	��, B K WW� sthA
ir J>������!

"%���d����. � (15) �� (16) �5*K�������%�������!"��� ��U
T, V��� (14) "�, K ′ � K ′′ �M	 K �V�"�.

sthA
ir = K, K ≥ t · xhA

t > 0 (14)

stihir = K ′, K ′ ≥ t · xih
t > 0 (15)

sthA
hr = K ′′, K ′′ ≥ t · xhA

t > 0 (16)

• V<]NO
� (17) !$��� (i − h) (, : xih

t = 1 �, � t �������
&W 0, � (18) �� (17) ^
N, Q�����KM. (
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t − 0.5

) · (xih
t − 0.5

)
> 0 (17)(

nhA
t − 0.5

) · (xhA
t − 0.5

)
> 0 (18)

5 JK9WXY_

����� W�]&Æ;, !�������� ���, a*�e	, N%$�*� [J, 
f
`�X\�XYPZ [9] Q>]a.
5.1 Z[\a]

^_JX\#* 4 �$, ^_JX\�>�?�5KM�*� ��RB���, ��f`Y`�Hb
KM�*� �gZ�h�, Y`�W!$RB�A��*N� , 1 !$� , 0 !$&� .
5.2 ^_cRM

��M
UÆa[PZ, E�^PZ�ML\
]I	�[GIi, !��ML\
�\
dbM�
\
, #� (19) �$.

FitV = −C (19)

0 1 0 0 …………… 0 1 0 1

1 0 0 1 …………… 1 0 1 1

1 0 0 0 …………… 1 0 0 0

1 0 1 0 …………… 1 1 0 0

1 0 0 1 …………… 0 0 1 1

…
…

…
…· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·

24

10

+ 4 `abecde+

71

27

148

71

35

78

61

45

49

212

37

64 32

30

306
171

127

30

169

220

3

11

2

8

10

7

1

9

4

5

6

+ 5 ()*.+/012-



2054 O P X G 9 I 5 J Y � 32�

5.3 ffghg
�
%�h], c\@>h]^d Pc SVT�_�J, =�B;(�h]�, e(BT�_�J�K

M�h]��]`[!
WQ>h) [10].

�
%�M^, c\@>M^^d Pm SVN%Q>M^��J, =�SV[!H, e(
_f"�
�
`a7[!��
W [11−12].

6 hiij

#R$A�� �������Ka, Z
gb�]aPZ��� �?������ ��!.
6.1 klMm

DE�������Hb��	*�>N],7�bjU#* 5�$�%!"� -�����
�. ��, 	C�!$!"%�, FC�!$��%�, �%���
1!$3>X_, 1–10 !$3>%�,
11 !$�; %�K��
1!$7%�B�	*�>N]; ��!$����, G�!$����, �
(�
1���]H. �����b;c�R
 =50 R, 	 "# =1.84 Y/��; �����b;c�
R
 =30 R, 	 "# =1.3 Y/��. ]a�, � Pc = 0.7, Pm = 0.1.

=<�3>	*�>A�%c��, �<���hU��,kde.
6.2 no�j

������W��(Q T = 3, �����!"%�)����(Q T ′ = 2, ]agb>���
������� ��!#! 1 �$, �L	 "# 2.9 �Y.

k 1 ()*.+/./56k (T = 3, T ′ = 2)

7i fg:; (fhiglj)

1-11 5:00 6:00 (2) 8:00 11:00 13:00 16:00 18:00 20:00 —

2-1 2:00 4: 00 5:00 8:00 11:00 13:00 15:00 17:00 —

3-11 3:00 7:00 10:00 14:00 18:00 — — — —

4-9 4:00 5:00 7:00 9:00 11:00 15:00 16:00 18:00 20:00

5-10 3:00 6:00 9:00 7:00 11:00 14:00 — — —

6-7 3:00 5:00 7:00 9:00 11:00 14:00 17:00 17:00 —

7-11 5:00 7:00 9:00 10:00 12:00 13:00 16:00 19:00 —

8-9 3:00 5:00 8:00 10:00 12:00 14:00 16:00 19:00 —

9-11 5:00 7:00 9:00 11:00 13:00 16:00 18:00 20:00 21:00

10-11 3:00 6:00 7:00 10:00 13:00 15:00 18:00 — —

k 2 *.()+/pqr (T = 3, T ′ = 2)

7i 12glkdl

1-11 28% 28% 77% 80% 78% 26% 98% 20% —

2-1 17% 14% 57% 9% 57% 11% 20% 17% —

3-11 80% 52% 69% 22% 4% — — — —

4-9 8% 5% 37% 31% 11% 17% 45% 8% 6%

5-10 20% 23% 28% 17% 20% 9% — — —

6-7 20% 31% 6% 20% 20% 20% 20% 20% —

7-11 44% 56% 54% 78% 72% 70% 94% 48% —

8-9 14% 3% 85% 60% 17% 17% 20% 6% —

9-11 16% 12% 60% 72% 26% 42% 60% 10% 8%

10-11 14% 8% 20% 18% 22% 42% 10% — —

�! 1 J$m������ md,�', �*!� �!%[^����>N], '%S\��
�W�)���&T@b;���. ��gb*[�A������� ��!, !�� ��jn'
� 6:00–9:00 � 11:00–14:00, !7��*	9%c�
k�B. �S���[cd#! 2 �$, [cd

� 60%�lmS
� 9.2%. [cd,
�j� 6:00–9:00 � 11:00–14:00�B� ���.
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� X �!$���W�� T , Y �!$�����!"%��)��� T ′, Z �!$���L	 "#
C. *�ov�
�!$L	 "#����W���)���(Q�M�EM����. :��W�
�(QÆ;, �����!"%�)����(Q T ′ pl(F�, L	 "#��� 0.35 �Y. : T ′

m 2 F�M 1 F��, ����L	 "#�
�I	,  23%. �� T ′ �&n�, ���L	
 "#��
�wqnF.

:����)���(QÆ;, ��W��(Q T pl 1F�, L	 "#��� 0.19�Y. :
T m 2 F�M 1 F��, L	 "#�
�I	,  7.1%, �� T �&n�, ���L	 �od
"#��
�wqnF.

J$m�, nF���� W�](Q 1 F����	 "#
�nF���� W�](Q 1 F
����	 "#. �*!��%��	*�>V,���%c���o, N%j���9?�[^. �
�, nF����� W�]X������!"%�����o, ����eN�� ?
�[^��
��. !�, d%������ md�d%����� mdrW%�sO"#�[G.

SJ�m, 	 p
����W�)�����E`V, Qod"#�`l
�wqnF. :W
�)����(Q?+� T = 2, T ′ = 1 M T = 3, T ′ = 2 �, ������"#`lU 33%; � T = 3,
T ′ = 2 M T = 4, T ′ = 3 �, ������"#`lU 9%; � T = 4, T ′ = 3 M T = 5, T ′ = 4 �, 
������"#l`l 2.3%. pq:���W�)���(Q�5	� 3 F�� 2 F��, ���
�od"#&fqgM�. J$r, BW��(Q; 3 F�, )���(Q; 2 F��, ����
�!�,+�.

8 z{

to�*� *�������!�����U�E��s,���gb�"�U��	9��
����W�)���. �@tq���E, >=:��W��(Q 3 F�, )���(Q 2 F�
�, >����������!,+�. d%������ md�d%����� mdrW%�s
O"#�d
. ����!��gb*$	9��r��, !������!!O+����N], '
[^�%U��	 "#�%], VD,i��
@.
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