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ABSTRACT 

This study develops a microscopic airspace simulation model while 

accommodating the characteristics of Taipei Flight Information Region (Taipei 

FIR). The factors taken into account in this model include sectors, aircraft 

characteristics, separation requirements, flight speed restrictions, en route flight 

rules, vectoring, and flight levels. This model is developed based on ANS, while 

taking into account the logic of SIMMOD. The network employed in this model 

is composed of nodes and links and could accommodate three-dimensional 

operations. The parameters for each node include flight levels, separation 

requirements, holding pattern characteristics, arrival and holding rules. Also, 

the parameters for each link include flight levels, speed restrictions for various 

aircraft, capacity, passing rules and vectoring time. 

A comprehensive model validation is conducted in this study. The validation 

criteria include inter-arrival time and flight time. For each criterion, both the 

average and the distribution are examined. The results indicate that the model 

can simulate the operation of Taipei FIR quite well. With some enhancements 

this model can be applied to the area of real time air traffic management. 

Key Words: Airspace simulation; En route flights; Taipei FIR 
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(@) ����»¼*+<Z
½ SDAT" 

( ) ������¾'¼<=<Z
½ TMAC� FLOWSIM" 

(¤) ������¾¿¼<=<Z
½ TAAM� SIMMOD���À9HIy ANS<Z" 

SDAT (sector design analysis tool)
 [1] 
Á� FAAjHI
*+<Z
v�ÂÃ����

Ä"$<ZÅÆ¨vÇÈÉ�/ÊËqob�ÌÍ�y�����b��"TMAC
 [1] 
<Z

¨v���Î��Ïb����12�ÐÑ����yÒÓ�ÔÕ"$<ZÖO<=��

�×ØÑÙ{|Ú;�y 3Ñm
�ÛÜÝ���Þ�ßyà�áâ
ã$<Z\]�

MITRE�¨v
Gädeåæ"FLOWSIM
 [1]
 <Zç5<=è��é#��,	��j�

�
ÔÕ
$<Zêv�Îb����,	<Z (airport capacity models) �ÐÑ�ÎyÔ

Õëé"$<Z�de<=��'��������yìe"TAAM (total airspace and 

airport modeller)
 [1] 
6<=������¾y@JíîYZ"z<ZO<=�ï�ð�ñÌ

òóð�ñîh�9y�Y
6Í�<=<Z'¯6ôõÇ"SIMMOD
 [1,2] 
6@ö��÷

øùú<=<Z
O*+�����îM{|y:;
�PQû·r]¬lm"üýj4

^þyb�	¡B��
��b���¬^þ45��¡Bû
��¬ëé"ANS
 [3] 
<Z

6������<=<Z
D�<=�ï�����	Ìòó����	y���Y
r

]
Ö6@÷øù
�¿¼y<=<Z
j�÷øy��

�÷ø�Y� (event schedule 

list) 6²�" 

ß�y<=<Z� SDATj4^þyb�¯�
�<Zj4�9ëéÖ¯�
T\P

Q��b�
de89õ�*+"FLOWSIM�OÛÜ���ÔÕëé
ãde<=��

'��yìe"TAAM� SIMMOD�Oæ�n�ÔÕ�n��9ëé��'ÔÕ��'

�9ëé���4��ï�� �ð�ñ¨v ��Ø� �ôõyb�
�OPQ¨v

Ç89!"*+
ýr]Ö¯6#�"TAAM� SIMMOD <Z$�G�ë%HI
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3.1 ���� 

z%&²�������Y; (ATP) kl
 [4] 
�*+��{|*+mnop (SAR 

Tape) 
����qµ
T��*6¤·¸¹" 

1. r¹
��sï�r	� 300,000t (u) �ßÇ" 

2. �¹
��sy¯�ï�r	v� 12,500tÌ 300,000tÇ" 

3. w¹Ë.¹
��sy¯�ï�r	� 12,500t (u) ��Ç" 

��!��*¸½� 1" 

3.2 ���� 

²�����ZÙ
;x³´d*
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� 1  ������� 

�� � � �� � � � � � � � 

�� A300�A330�A340�B747�B767�B777�DC8�DC10�L1011�MD11 

�� A310�A320�A321�B727�B737�B757�B738�MD80�MD82�MD83�MD90

��	
� ATR72�B12�BAe146�DO228�DH8�DH3�DH2�FK50�FK100�SAAB340
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��
4\���ZÙ
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g���
��96�r�OP" 

(@) ��s�: 

²� ATPycÑ
�v×Ø�:��×Ø�Ï.� 40�ë
��s�:y¯�89

6 3�"�G
²�����Y;cÑ
MN����y��s¬O]������OP

y��séup�¯��:"¯°
z%&]� ATP jcÑ
�ÄßAvy¯��:8

9�����ïòëy¯��:89;6<Z�w
}~¶�" 

( ) ��sqµ�î 

²� ATP ycÑ
���u�	�vqµ�îk'æ��sj4y�:"B:vq

µ�îë
u:v��g�y@º 

1. ag°@��s�q 

2. agF@��spq 

��
 Og������Ï
��s�Ñ�îqµ" 

(¤) �þ�Ä
�a�; 

²���`a
Bè��1ë8þ��³´��pþ¡1�Ïë
�a�a ¡
W

�¢����a�;"$G
67Ø�;x£¤��:
���O¥¦â¦qµ*§
�

�¨S�°�×Ø©���'�ª�ìZw��a�;" 

(©) ×Ø©� (vector) 

j«×Ø©�
Á67�:�¢¬�­®���;x£¤Ë¯°�±�
U����

��©���s"��'
�Ä×Ø²p����$v�×Ø©�
��Ä
¾³´µ  

(¶Ëè¾) ·I 15�
[1W�Ä¸¹� 25Ì 40�"��\����©����'º

»¼9" 
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(�) ½µ�:¬���¾ 

6w�½µ�:
�Ä'
���¿²��¹�ïÀ��¬��ì´�Ñ���¾"

�W4Á�y�Ï6A
�¥Ì½Â�ÏÃv 240���¾�220���¾¬ 200���
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������ 

4.1 ���
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�_¬�Ï6��
ÄzÅ�ZÙ
OÅ�
��Äjyz��ÄB��Ù
½Æ 1"

�_Þ���ÁCf8
B��def8Ì�@�Ä�Ïë
����_89�'�ª"

$Äj6¤µ�é
Ö]yu7�¾
~m"$G
�_�¯.�ªëé�,	��ª1

2��Ø�_W;�~m"ý'¯.�ªëé6��Q��'�ªë
��ª��Ì�4

��yëé"$@ëéç5ÛÜ����ª��89�'�ª
�RÇ�ªÄB¼9@È


ëé" 1�ª��
�ªÄB �¡1
ý�9�¾�³´���´É�cÑ
�ý

¯.�ªëéÖ�j 1" 

�Ï[`�_
D�q ������¾���,	���×Ø©�ëé�ÁCÅÆ
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4.2 ������ 

z%&�YÑìZ<=�¾:;
yz���
ï��ª_�Òv��
ëé¬:�
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YÑ�¾��^8­®½�º 

(@) ��²�Î�MN���ï��ª_" 

( ) B��:�÷øHNë
ÓÔ��yF@:���
�:ÁCÕÖ
×ÓÔÁCEO

P����8�"��8���D�¨v��
�aØ"¯°ÓÔ����¶ÁC�

,	³´�" 

(¤) B@ÙÓÔdÚ
:���ÛXÒv��
�f8Ì���_"C�Ð>?�n�ß

�ª" 

(©) �����¯°8�_yF
aÜÝ��ÁCÞ�"QÁÞ��f8Ì¯°8�_Û

Xòó"C�Ð>?��'89�ª" 

(�) ����òóÌß:��°
à���_á�
`â<=" 

4.3 ���� 

������*y<=ç5����_Þ�<Åãä����y^8
Q�>589

�î��F°�:�pq��q��;��'�ª�¨��!·12ë
�×åæýçè

YZ��º 

(@) ����^8­® 

��ß:��°]8þ��Äjß
�_
ý^8­®½�º 

1. ��é��ÄB
����_f8Ì�@���_
@ê�Ø��ÄB
¯°@h

���_ (A½ón) °`â" 

2. �Ä�Ïßy��ëéç5Á��Ï�:����ë
��qµ�ìUæ
QFì
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��	��
O��î��qµË�×Ø©�ìZ/Ê��y��ëé
ã��ì

Z
4�¯�K
��" 

3. ��¬F°�yé4�í¯.¢¬�:" 

4. ���ØÎ@���_ë
����_Þ�<Å89ÜÝ
�ÐÑÁCf8Ì�@

�_Ë�'�ª" 

5. ¶���îf8Ì1@�_
�'�ª¯ï
����aØ" 

( ) ���_Þ�­® 

���Ø���_ë
MN�Ø���_÷ø
�9���_Þ�<Å"���_Þ

�<Å
ç5E
�ÜÝ��ÁCO�f8Ì�@�_Ë4�'�ª"Q��3ø
ð

x
���åæf8ÆOº 

1. ��j��_d���ª 

2. ðx�@�_�ª12 

3. �@�Ï��¶�Ø,	 

4. �@�Ù��	�Ø,	 

åæf8ÆOy°
�ì����@�_
ñ��Øëé (time of arrival, TOA)
�

¢��ØW;"Q¬ýç���: Õ
��î��qµ£Qdef8
�4�'�ª" 

z%&y���_4��è·b�ò� (queue) v�<=���Ø�_¬�'�ª

¦Ç
*iÁñ��Øò� (arrival queue) ¬�ªò� (holding queue)"���EF�_

ó�@�_f8ë
ýñ��Øëéôþ�@�_
ñ��Øò�'
��ñ��Øëé

89�;"$G
<=YZ�õn��qµ�¢��Ø���_÷ø�öq�_ñ��Ø

¶	�öq�Ù���¶¬�Ï��¶"Q��4�'�ª
��ì�ªëé
ôþ�ª

ò�" 

(¤) �_�ª12 

���Ø���_ë
���_Þ�<Å²��@�_�ª12
ÜÝ��ÁCO�

f8"�_�ª12���¤·º 

1. EF�_����ªë
ýç�_ æf8ÌEF�_" 

2. EF�_�ª	�Ø,	ë
ýç�_ æf8ÌEF�_" 

3. EF�_�ª	pßñ��Ø¶¨�,	ë
ýç�_ æf8ÌEF�_" 

(©) �_�ØW;yÐÑ 

��åæf8ÆOy°
z<Z\���_�Ø�;ìZ�ñ��Øëé
ÐÑ��

�Ø�@�_
�;Ù�
�3���yé�ÕÖëé�:"Qëé�:ÕÖ
]O�9

f8<Å�pþ÷ø�
C�Ð>?�î��qµ�/Ê�Øëé
�×W�;�w��

:"z%&PQ¤·�_�Ø�;ìZ<=����Ä��ëg��
��ìZ
yza
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�a ¡ (QFIFO)�qµ�î (SpeedFit) ¬û��qµ�î (MultiFit)" 

1. a�a ¡ 

6¯a8þñ��Øò�
��>�af8Ì�@�_
q���@÷²;��¯°

@hÙ��Ø"�ø²;½�º 

(1) q�����¿qµ��" 

(2) q����q��" 

(3) q����q�ù�×Ø©�" 

(4) q����'�ª" 

2. qµ�î 

�qµ­®'
q���O�úF�Pû�Ø�@�_
 >ü]��¯°@hÙ

�
��O�îq���qµ�ýÕ�:5�"Va
þ��@{qµ�
ñ��Øëé

;6q����ØW;£QdeýÕF°�:5�ë
��½qµ´F��O9Ù�£Q

�î�¯½qµÏ 9
���qµ´°��O9Ù�
¯°�~�¢��¯°@hÙ

�"��6qµ�î
­®�;" 

(1) ~�@{qµ�
�;Ù�
q���ÁC¬F°���: 

�þ���¿qµ��" 

�þ�pq��" 

�þ��q��" 

�q����q�ù�×Ø©�" 

(2) ́ F��O�¢�
Ù� 

�þ�pq��" 

(3) ́ °��O�¢�
Ù� 

�þ��q��" 

�þ��q�ù�×Ø©�" 

��'�ª" 

3. û��qµ�î 

û��qµ�îìZ¬qµ�î¡�
(i��û��qµ�îO�8@�þ��î

�;'
F°!@���
qµ¬�Øëé
¨q���ðx�:5�U]¢��ý'"

û��qµ�î
�ø²;½�º 

(1) ~�q�����¿qµ��ë
�ØW;
ÁCO9"Va
ü�îq���


�Øëéº 

�q�����¿qµ¢�" 

�q���pq" 

�q����q" 

�q����q�ù�×Ø©�" 
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ýW
/Ê�;'
F°��qµº 

�F�pq�q����¿qµ" 

�F�pq�q����q" 

�°��qËù�×Ø©��q����¿qµ" 

�°��qËù�×Ø©��q���pq" 

	F�pq�°��qËù�×Ø©��q����¿qµ" 


F�pq�°��qËù�×Ø©��q����qËù�×Ø©�" 

�F�pq�°��qËù�×Ø©��q���pq" 

(2) ́ F��O�¢�
Ù�"rq�ÑF°�
A½�;óF@Ùë
ßW�;'


F�/;°�"²�$@4Ñ
þ����î" 

�q���pq" 

�F�pq�q���pq" 

�°��qËù�×Ø©��q���pq" 

�F�pq�°��qËù�×Ø©��q���pq" 

(3) ́ °��O�¢�
Ù�"rq�ÑF°�
A½�;ó°@Ùë
ßW�;'


°�/;F�"²�$@4Ñ
þ����î" 

Va
ü�îq���
�Øëé 

�q����q" 

�q����q�ù�×Ø©�" 

�q����'�ª" 

ýW
/Ê�;'
F°��qµº 

�F�pq�q����q�ù�×Ø©�Ë�'�ª" 

�°��qËù�×Ø©��q����q�ù�×Ø©�Ë�'�ª" 

�F�pq�°��qËù�×Ø©��q����q�ù�×Ø©�Ë�'�ª" 

¨vÇO²�����áâ
����_b�	'*ig!�_ÈvABy��ìZ

;6<Z^þK"÷�ß��ìZT²j�Ù�&mU�j 1
@{U|
�����

���\
¯°8�_
��
�����$�ÛX9�8�
qµ¬½µÛXò�
#

$���9qµO�î
³´*6��
�����4~	��¨v�;
�ëm
�@

{�va�a ¡yìZ"Ûy
����Ä'�9ë
*O]gqµ89�î
#$
q

µ�î��
û��qµ�î�
��ìZ�*��5lm" 

4.4 ���� 

z<ZÄz�4½�º 
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(@) �4����Äß
�9��6êÏ�:
 yz����¬�òj�GMN
½µ

�:
� yu���9ë2¿µ¶����
�G�:" 

( ) �4�� Eß:j4Ñ
�ÏU¬ýç�Ï���jGH" 

(¤) �41@¸�¹y~m¡1
��� ��ªÊÑ��9�h�Ú;�#@OP�9

ëé¬qµ" 

����¿:;
¦â�
��uë�n�9��Ñ
�Äß
#$�� Ì�MN

��µ
����ò�Ë����
¦Ç
�z%&�4�9��6êÏ�:"$G
�

�¿¦â�
MNß:�Ñ�ÏU���'\
÷ø
�EÖ �
��� "�4" 

g����9qµ�*
÷�ß]¨Á1�¹y��
ým]�>í¬¡1
�²¯

°�Ú;
�Ã
ÖO]���¿
()"z%&������{|'y{|*+op 

(system analysis recorder tape, SAR tape)
*+����:;yqµ
`aHÍ��y�9

qµ¬¤·#@¡¢
yz�¹�ïÀ����9�Ï"ý'�¹S�
ýë
�9qµ

*§£U¡1��y�¹
� 1��ïò
� 1
�9qµ
@{U|
:;��Ï

�:*�
���*§qµ
� 
½� 2j!£$G1@�����
"#Ö� 1


�9qµ
�¿��Äß
qµú�������³´�
qµ§
#$z%&T�Ä*

6û3�ÏÏ#
*i�_ýqµK
����
���9qµ� *b (empirical speed 

distribution)
;6<Z^þb�" 

� 2  �������������	� (dalin-water) ����� ! 

���� ���� 
��	
 

��
���� 
��� 

400 1 

411 14 

450 21 

458 13 

�� �� 

480 7 

250 1 

384 7 

432 11 

�� �� 

450 10 

427 1 
�� �� 

442 2 

�� �� 397 4 

4.5 ���� 

<=<Zj4^þyb�O$*6Äjb��:;b��ýçb�¤¸
2�6©h



������� �	
	�� ��
� ���
	����

�332� 

b�	
ýY5ª«½� 3j!" 

� 3  "#$%& 

 � ! "# $# %# & 

'()*� ! +,-./0123)*� 4 

'567� ! 8'56739:;<=9:>?=67@ABC�DEFG;<4

HI� ! J�HIKLM8HINOPQC��?4 

)* 

�  

'56R� ! 
8'56R3ST67=U
=VW=1@HI='XYQ=6R@
A=>?=Z[\]^_�`BNOaEbc�d4 

)e� ! f����ghij��3i)eKL`B1kli674 

)emn� ! 
opC�f����ghij��1mni)eKL`B1kli6
74 

C�'�qr� ! st1uC'vwxyz{�x|w+,}~3'�qr4 

'X� ! 8C'��3�x�8CR�C����'X3��4 

C���	
� ! 8����d���xkl��'56R��	
i���4 

/0 

�  

C���	
YQ�
 ! 

+,8|�x3	
�O�M���y�`��-��C�	
��
�Z[]lC�	
3�Y4 

��� ! 8C'��3����4 

C��w� ! st1uC'vyz{�xO����w4 

C�@A� ! 8�x��B���123��U
4 

{� 

����� ! J�������3�d=6RB��'X4 

4.6 ���� 

z<Zy{|çYZ�Y½Æ 3
�¾2��h<Å�èYZ
���� 12h<Å�

èYZ
��@0�%&<Å" 

z%&jw�y<Z6¿¼<=<Z
<Z�
<Å$~	��:;
W�Uw�


g�hi
������Ë�����y&m
��b�^þìZ��"<=<Z�<=

�Y'
²é<ÅjÑ'y:;­®
��xj^þyb�
¢���
^8��ª�%

&
#$z<ZOfghi��y:;89õ�<=" 

�¥��¦§�yuûh������¬�����
�!���y:;&m �¡

1
z%&êv�¾Äjb�	T!���!������yb�p�4Ñ
$G���

Ùb�	����Ïb�	
Og 1�Ùy��¦Ç89-."#$B������:

;ë
yu��MN�ï��òó�÷ø
É��¾<Å��£UB���ï�
89�

9��'�ª�÷øë
����<Å��"UB�0�%&ë
�(&0�%&<Å" 



������������� !"�

�333� 

��

����

���	


��


���

����

��

�

�

���

��
�

������ ������� !"#

����$%&'
�

��()!"#

*+��!"#

,-.)!"#

�/
�

0�12
�

�/3456
�

�789!"#

34:;56!"# 1

<=>?!"#

@.!"#

34:;56!"# 2

AB!"#

C->?!"#

D-EF!"#

GH�!"#

I��<=>?!"#

.)89!"#

 

� 3  '()*+,*� 

(@) �¾<Å 

1. YÑ�¾��MNèYZ 

$@èYZ�<=ÛXyF
Û(�¾
Î�	)
*'j���b��MN�ï�

�ª_"B<=ëé^8�ñ�:�ëéë
ÐMN:�÷ø
�9YÑ:�èYZ
½

Æ 4j!" 

2. YÑ�¾����<Å 

$@<Å���¢��ÒvËÞ�
÷ø
²���
÷ø¸¹
��gu
èYZ

��
½Æ 5j!" 

3. YÑ:�èYZ 

$@èYZ���ï�F
a3Ñ��EFÞ��¬F��:ÕÖ� EOPýç�

�8�ón
T°�áþ���_
C�Ð>?Ô+:�"��
�@÷øÁÞ�÷ø


�!��ß:°
��Þ�
½Æ 6" 

4. Þ�÷øèYZ 

$@èYZT��À���_á_�¨��á,8!6Þ�
�ÐÑ�W¨v��


÷ø�a�;
½Æ 7" 



������� �	
	�� ��
� ���
	����

�334� 

��

������	
�

�
������

�	�������

�����

���� !"

#$��E_RwyR

�
����%

&'��

()

�*+,-.

/

-.(0?

1

��

������

��E_RwyR

	
��
�� ����
�� ����
��

��

���� ����������

 

� 4 -./0��123*+ � 5  -./0456789,*� 

,*� 

5. ¯°8�èYZ 

$@èYZT��À¯°8�_á_
�áþ���_"��
�@÷øÁÞ�÷

ø
�!��ónß:°
��Þ�
½Æ 8" 

( ) ��<Å 

��<Åy:;]��¢������'�Ø!h�_
ëé
ý~	��ÁCOf

8�j4
�9ëé�ÁC¬F°���íÕÖ
�:�¬ýç�Äy����Ë�-¦

â�ÁCÅÆ¨F�#@
8U._@���12" 

���*2�6 h<Å
yzº���_Þ�<Å��'�ªèYZ��_�ØÞ

�èYZ 1�qµ�îèYZ�f8èYZ��_�ØÞ�èYZ 2��;èYZ�F° 



������������� !"�

�335� 

��

������	

�

�
��
��
��
����	

���
�����

���������

�

�

���
�����
��
�����

�
��

�
����

� �!"�

�#	

�

�

����
�

$%��&'

(�!")��!"

E_RwyR

*+

,-./01'

(�2��!"��

��34
�

�!"��=BigT

��!"���

�
����

��

��!"

./01'

��5��

01	

67(�!"89:;
<=>!"?
�!"@

�

�


�!"��=BigT

A�

<�
��@


�

<�
��@

��B��$C

DE����F GHI&'

=>01'

��5��

01	

�

=>!"��=BigT

�

*+

 

 � 6  -.:�3*+,*� � 7  ;<=>3*+,*� 

��������	


��	��
���( �����
 )

���
�� = TNOW + ���� + ����

���� = �
 !"#$%&�� E_RwyR

'(

��

 

� 8  ?@A�3*+,*� 



������� �	
	�� ��
� ���
	����

�336� 

�îèYZ�´°/�èYZ�O¨�èYZ�û��qµ�îèYZ�8��ªèYZ

�" 

1. ���_Þ�<Å 

B���Ø��'
Î@�_ë
$<ÅÞ���ÁCf8Ì�@�_"��ÁC]

Öf8
'Ð���3øº 

(1) EF�_V�ýç*û�Ø
���ª" 

(2) ýÕ�@�_
�ª12" 

(3) ��¨��@�ÏO,0
��¶" 

(4) ��¨��@�ÙO,0
��¶" 

Q12ß�Î@3ø
Ð¦���EF�_89�'�ª"Bj�3ø
ýÕë
�

\�ÜÝ����@�_ë
�Ø�;"$��èhèYZãä�Ø�;
ÐÑ
*iÁ

3�_�ØÞ�èYZ 1” � QFIFO W�¢����Ø�;�
�_�ØÞ�èYZ 2�

� SpeedfitËMultifitW�¢����Ø�;"ôõy­®½Æ 9j!" 

2. �'�ªèYZ 

B��>?89�'�ªë
$@èYZ�ì��j4
�ªëé
�T��4þ�

ªò�'"�ì��
�ªëé
4~���#@º 

(1) ��ÁC�@W89�'�ª" 

(2) Ì�_
¯.�ªëé" 

(3) Ì�_
49ëéé�" 

ôõ:;�Y½Æ 10j!" 

3. �_�ØÞ�èYZ 1 

$èYZ�a�a ¡ìZ¢���
�Ø�;
.eÁTF�
�Øëé;6ß

�
q�����îqµ�ðxëéß�
½Æ 11" 

4. qµ�îèYZ 

6ðx��
ëé��
$@èYZ�p�qµ�×Ø©�
ìZ�î���Øë

é"Qß�ìZË 9ë
�¦��89�'�ª
½Æ 12" 

5. f8èYZ 

$@èYZT��^8Ì�@���_��î!"<=}¶
ã�f8yFEa~�

¬�¾5\yv��*"¯°²��@���_y¹,
MN¯°8�÷ø���`â÷

øË�_�Ø÷ø
½Æ 13" 

6. �_�ØÞ�èYZ 2 

$@èYZ�qµ�îËû��qµ�î­®����
�Ø�;
�~�ÁCO�

¨SF�"�����Ø�;ë
?~�è·¸¹
F�"ý@61�¾
F�
ý 6

61�¾
F�"°Ç���¾ 1
�d?~��:7�
ê\f8]O"Qô��1



������������� !"�

�337� 

�¾
F�ë
Ð>?w�F°�:"��48@�ÜÝ$@F�Á~�1�ÏËÁ�ý 

��

������
	
��
��� ?

> 0?QH i

����
����

jHS

�

QH j ?HCQH jj ?HCQAQH jjj

�� 2

����
��
������?

� �

�

� �

�

�

������

����?

����� �
���!"?

�

����
�#$��

��%�& '()1 ��%�& '()2

QFIFO SPEEDFIT
MULTIFIT

*+

�

,-./01

+ Sep= TODTOD
p

ii

�

,-./01
�

,-./01
�

23��'()

�

23��'()

23��'()

p
j+ TOAInitT

InitT = TNOW + TI

4567

8��9:
(Holding Queue) ;<


�=����*+��

8>,?�9:
(Arrival Queue) ;<


�@A?�����

AA

��1

A

��3

A

> 0? ≥ ≥ ≥

�

 

� 9  /B	
CD89,*� 



������� �	
	�� ��
� ���
	����

�338� 

��������	
 (Holding Queue)

�����
 ( Qhi = Qhi + 1 )

������

������

��

�����?
TD>0?

HSP=0
��������

TD=HoldT-Tnow

�
���?

HSP =1?

��������
TD=HoldT-Tnow-TF

�� !����

"��#$

EventT=Tnow+TF

%

&

&

%

������"��#$

EventT=Tnow+TF+

([ TD / TI ]+1)*TI

������#$

HoldT=InitT

'(

�
�)*+�
,1

T1 = T       + (D/Vnorm)
NOW

41,2,3

�������

��������
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��TUB = T1

+SepTOATUB=
p

j

EventT=InitT

�	


�

�
�����

�����

SP

T3 = T       + (D/Vmin)
NOW

T4 = T3 + TVec
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T1<TUB?

T3<TUB?
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SP = 3

InitT = TUB

���� = Vmin

�������� = TUB - T3

SP = 2

InitT = TUB

������

��  = � / ( TUB - TNOW)

��������! = 0

"�#����	�

$%&'(��
)

�*+�,- 


SP = 1

InitT = T1

���� = Vnorm

��������! = 0

$

$

./

Vnorm>VAcSpeedMax Vnorm<VAcSpeedMin

$ $

Vnorm=VAcSpeedMax

#���0

��12���34

Vnorm=VAcSpeedMin

#���0

��12���54

Vnorm=Vnorm

#���4�6

%

#���$%'

7��12��

�34

#���$%

�8��12

���54

%
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)
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$

%

%
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SP = 4

InitT = TNOW + HoldT

���� = Vmin

���� = TUB - T4
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,

,
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T1=TNOW+(D/Vnorm )

T2=TNOW+(D/Vmax )
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T4=T3+TVec
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SP=1�InitT=T1

���� =Vnorm
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������

SepTOATLB

SepTOATUB

s

j

p

j

−=

+=

TUB=TOAP*
j
+Sep

��

�����
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TLB>=TUB?
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EventT=InitT
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��MultiFit
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EventT=InitT
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=��/(TUB-TNOW)
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EventT=TLB

��=��/(TLB-TNOW)

��	
��
� = 0

"#� !

&�'(� !

�

�

T3>=TUB?

T4>=TUB?

 

� 15  MN3*+ 



������� �	
	�� ��
� ���
	����

�344� 

��������  ( P = P - 1 )
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�������
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MultiFit���
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TUB = min ( TLB , T2 )

TU = T2
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EventT =InitT

������
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EventT =InitT
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EventT =TLB
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InitT<=TLB?
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TGap: ��������	
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OPQRS
�TUV	WRS
�XYZ[�	�8D\]^��Z_`aabc


d	efgh	XYiGj�kl8Dm�no	p�]X�O
��qrst<ih

uRS
�TU�[�	Mv
�TU	wZ,6xya
d
�z{|}	~����

i���wZ�� ���	��iM�)���^�}Z�����X��	�a
d


�#�i��
 [6]
< 

�a
����~��� 6���a�����	C��#�8D� 	#���

���^�#�I 8¡¢£���	"(�zc��¤¥	��¦§I 8¡¢£�¨

©�� _ª	C�c��I 8¡¢£)h«#�I 8¡� 	¦¬}­�RS#�

I 8¡�	M®�¯°a�±²0\E³´±	p�,� \�n}µZ¶�<¤O\

·a¸�¹�i�^º	»i���iWh�¼½º<OPQ�a¾�¤¥	c��¤¥

]��h«�I 8¡¢£���u¿h«�#�I 8¡<¤6c\mp	OPQMÀ

 �TU��c]oÁÂ¼½
�� �®Ã�m�< 

p�,TU��ZÄ´\	OPQÀ ÅÆÇS�È�ÅÆÈÉ�È<Ê6�4¸�

�
dËÌÍÎÏ�'�«RÐ./¢£�'�ÑRqr	ÒcÇS�ÈbcTU	kË

ÌÍ
�6�4�M��^	3ÅÆ�ÈÈÉ�È	�]ÓÔ�Õ�Ö9ZI �×	�

�ØÙ�klÚÛno	�ÜN
d
�]:ÂÇ'ÚÛ���7ÝÞß< 

à�X�
�á��}âãklÂä�^åh	æ^Raç��èé_`ê���_

ë<cêìíRS
�TU�MÀ �TU¯°ÐTU���TUîï�ðhTU�Gj< 

5.1 ���� 

O
�M®ñò�¯°óôõö<i÷	
��ø�º~��ùú¯°ÐÇ'ûü¯

°Ðc�Ç'�B¯°Zø�Ä´<�ýìíLê< 

(a) þ�¯° 

®ÌÍPQ�4�Z8Dþ�Ð8D���� ¯°<c����8D¶4��	i

8D	����
�8D�	8D��Ê 1,500�
 240Ç'�B	�����Ð���

��þ�< 

(Ø) A9¯° 

A9]czPQ�4�Z'07�9Ð789Ð./9�Ç'ûüZ��9<A9¯

°ÌÍcêè���� 

1. ./� �Ý�c�A9Z�B�w��./� <O
���·aA9])./


�a�'�< 
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2. ./¢£�}ñò�� 1�	ÜN�wVA9�'�./�	i�A9¦±«R


wVA9<�a¢£� 6A9 SWÐROMEOÐTONPUÐXEROXÐSWORDÐDALINÐ

WATER	�'ùZ÷�A9	¦z !���÷./ZA9	� �a�<a"

#$A9�'�./	�i�A9¦±«R
wVA9<}ñò�� 2	ÜN�w

VA9./ Ë%� �	i�A9¦±«R
wVA9<�a¢£� 68Dþ

��Z./A9	L ZONLI	���'��÷./ZA9	�ðµ./� �D	

} ZONLIA9./ Ë&	�VA9 HLG'�¦±«R
 ZONLI<}ñò�� 3	

ÜN�wVA9./ b\�ôF%'¬� 	�i�A9Z'�¦±«R
wV

A9<�a¢£� 6()*+,DF%'�� ZA9	Lþ�ÈZ789

HLGÐTNN.	����8D¶4�ZðhR�9	L LK.< 

3. '�-ò¢£�#WFW./Ðûü01�2'�ûü01< 

(3) A0¯° 

A0¯°ÌÍcêè���� 

1. A04-�#�'K÷5Å6\79ÈZE04-		��89< 

2. A0î:�]��	:�;:< 

3. A0<º�ñò� 1ÜN<6��8D��	2ÜN<6'ù��< 

4. A0� ��A04-=cð>É-4-	ðh?\�B�< 

5. '@§�B'���� c@��'0z{ABh�'@V�< 

6. C%DE�È�c�F�	�< 

(G) ùú¯° 

ùú¯°�H«ZA9�A0�IÁ<OPQ��J�Ç'ÚÛ��KLMN (SAR 

tape) ¯°c´±'��klÇSùú<
d�	cø���O'��Ç'ùú< 

(P) '�Ç'ûü¯° 

�� SAR tape��Gj	'�ZÇSûü�êQ3épR�S� 

1. �Þ��Þ.TU�Z'�ÅÆÇSûüUV< 

2. *W���,n§�ÞX�ê	Ê¦§��*+Z'�	�¦§ZÇSûü	'0

4-UYZ'��UVûüZZ[< 

3. ÇSA0�§a�'�,Ç'Zè¼½\�¦§ZÇSûü	Ý�,'ù\Z'�

ûüf,��8D���ZûüUV<OPQ�'ù¾�2XA00½	�ýÃ�

èA0\Z'�ûü�< 

(]) Ç'�B 

��Ç'ô^_ (flight plan) ��Gj	'�ZÇ'�BÕºLê� 

1. *W���'8����'��È`a�üÉ-	gÇ'6¦§'0Z'�	�O
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6¦§ZÇ'�B< 

2. '�bc�n§'0»n§'�bcZ'�	Ý�� §a�B< 

3. �Þ�n§'0»n§'�bcZ'�	��Þ¦§�	�� ¦§ZÇ'�B<

����_ªê	n§�Þ� ¦§Ç'�B< 

��\ã��	OPQc'�ZklÇ'�B�d� (empirical speed data) ��
d

ñò¯°< 

(e) '�É- 

OPQ�� ATP
 [4] 
��	§�BVh'��ÈÀ ðfC%É-�g	LÜ 4MN< 

� 4  �Y�Z[�?\]:^_ 

���� 

� � ���� B757 ��� ��� 

B757 4 4 5 

��� 4 5 5 

��� 3 3 3 

��� 3 3 3 

�����	
��
� ATP
 [4]� 

(õ) h�i��È 

�
d'�Zi�	OPQc SAR tape÷	'�klF%'ùA9Z�È��'�Z

i��È< 

5.2 ��������	 

�
d'�6�4÷ZÑRÐbjûÐ-ò§a'0��÷./._ë	�TU��

��'�ÇS�È�F%A9�È�ÈÉ7�<iôkî��lm�ýìíLê� 

(a) '�ÇS�È 

'�6*W���A9È�nÇS�È	oÜ'�6èA0ÇS�È�np	C»Ì

Í'�6èA0\�ÇSûüÐ4-c�6A9\�./�È	p�qÊ�kl¯°�f

g	]rs
�6�4����Xº< 

(Ø) A9F%�ÈÈÉ 

Vh'�Ý¬t�4A9��ÈÈÉ	iu�#��A96	��È�I 	Ò��

��]ÓÔI �vß< 
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OPQc�wÇ'_x¶6&J 89y 8z 25{a|�M�h���
�TUgä<


�ñò¯°´}}{ SAR tape¯°	Ì~�è'�Se�A9Ðè½A04-.<è�

��ìíLê< 

(a) '�ÇS�È 

OPQ´�wÇ'_x¶÷'���U���]�*W����TUgä	Ì~��

���bÐ�����Ð�÷���Ð�b���Ð�����Ð����÷.'0< 

(Ø) A9F%�ÈÈÉ 

OPQc'�6�4÷R�U���A9RS��w�TU	Ä´ZA9�ý�

ZONLIÐANPUÐTINHOÐTNNc� HLG	��TU�½�'�F%�A9Z�ÈÈÉ< 

@�è�TU��h	)�gè���c
dGj�kl��¯°RSÛô��	1

Ý¬Ûô��h	æ±crsM�`�
�z{^�ÓÔkl���_ª<OPQ�
d

Gj�kl��¯°À ÅÆ����a�º��RSTU	cê�ýìí�< 

(a) ÅÆ��� 

�gè�TU��RS
d�kl��ØÙ�Æ�z{n.�Ûô��< 

(Ø) a�º�� 

Ê6¯°���¦�	O
�(�a|�¯°RSTU	3a|M±�¯°��Þß

z{^oÜ1�����1��<p�TUî��Ä�\�À a�� ����OÞß

z{Á�téÕ�����Áü�� (goodness of fit test)	3À �����Oz{á�

n§��Þß�a�º�� (homogeneous test) RS
�TU
 [7,8]
< 

5.3 ��
� 

(a) ÅÆ��� 

,ÅÆ���î6	����bÐ�����Ð�b���Ð�����Ð����

÷��b���.]'0�ÇS�È (LÜ 5) � ZONLIÐTINHOÐHLGÐTNN� ANPU

.�4A9F%�ÈÈÉ (LÜ 6) � P �¹µ6��5g 0.05	p�³��s��	#

è�TU���
dÅÆ��klÅÆ�] �a�	Ò�¸�Ý¬TU< 

(Ø) a�º�� 

c�����'0'�ÇS�È��	�ÇS�Èca�F�I4¡c�I	LÜ 7

MN<efg
d¢��kl��¢�h	]±��Ûô � 2.74	>6£��

=
2

8,058.0χ 15.51	��	O�wTUÝ¬<3i¤TU�w�Gj	�1¡LÜ 8<Ê��

Gj�N	, 95� ¥¦5gê	Ûô ¹>6£��	p�
dGj�kl��¯°]   

 �n§	#ÜNO
�]�¾ÓÔÚÛ­kvª< 
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� 5  �������	
��
� 

 ����� ����� 

 �	
 ��
 ��
 ��
 �	
 ��
 ��
 ��


�� 21.84 2.97 30.62 16.48 27.22 2.65 37.98 21.92 

�� 21.70 3.56 31.20 16.00 27.46 2.54 37.30 22.30 

P
 0.87 0.61 

���� α = 0.05 

 ����� ����� 

 �	
 ��
 ��
 ��
 �	
 ��
 ��
 ��


�� 21.08 1.71 24.70 17.10 27.22 2.99 35.90 22.30 

�� 20.31 1.95 23.30 16.00 26.79 2.47 32.60 22.70 

P
 0.11 0.38 

���� α = 0.05 

 ����� ����� 

 �	
 ��
 ��
 ��
 �	
 ��
 ��
 ��


�� 20.96 0.88 22.70 19.93 20.80 1.88 23.92 18.59 

�� 21.19 1.23 22.50 19.20 21.41 1.02 22.60 19.30 

P
 0.38 0.09 

���� α = 0.05 

� 6  �������������	
��
� 

 ZONLI TINHO 

 �	
 ��
 ��
 ��
 �	
 ��
 ��
 ��


�� 5.30 4.80 33.80 0.10 18.17 17.18 37.28 0.07 

�� 4.61 4.49 31.30 0.10 19.16 19.05 36.20 0.10 

P
 0.18 0.78 

���� α = 0.05 

 HLG TNN 

 �	
 ��
 ��
 ��
 �	
 ��
 ��
 ��


�� 4.95 4.27 23.48 0.08 6.55 6.79 17.76 0.08 

�� 4.18 3.67 22.30 0.10 5.73 5.66 16.10 0.10 

P
 0.08 0.29 

���� α = 0.05 

 ANPU 

 �	
 ��
 ��
 ��


�� 11.59 11.34 29.42 0.15 

�� 10.70 9.73 27.20 0.20 

P
 0.61 

���� α = 0.05 
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� 7  ������������������ 

���������
���� 

� !" (!) 

��#$ ��%&#$ '( ( ) 

*23.00 3.03 (4.02) 5.00 (4.02) 8.03 

23.00 ~ 24.00 12.40 (12.70) 13.00 (12.70) 25.40 

24.00 ~ 25.00 2.67 (3.84) 5.00 (3.84) 7.67 

25.00 ~ 26.00 3.13 (3.57) 4.00 (3.57) 7.13 

26.00 ~ 27.00 1.87 (3.44) 5.00 (3.44) 6.87 

27.00 ~ 28.00 10.93 (10.97) 11.00 (10.97) 21.93 

28.00 ~ 29.00 13.07 (10.04) 7.00 (10.04) 20.07 

29.00 ~ 30.00 5.37 (4.67) 4.00 (4.67) 9.37 

> 30.00 8.53 (7.77) 7.00 (7.77) 15.53 

') 61.00 61.00 122.00 

+), χ 

2
 = 2.74 

-./012$3456789#$: 

� 8  �����
� 

;<=� +), (
 

χ 

2 

) >?
 ( 2
,95.0 v

χ ) 

�@A�� 2.74 15.51 

��A�@ 3.14 14.07 

�@A�� 2.62 7.81 

��A�@ 0.45 7.81 

��A�� 1.05 5.99 

B����� 

��A�� 1.43 5.99 

ZONLI 11.77 18.31 

TINHO 1.34 11.07 

HLG 3.68 14.67 

TNN 9.69 16.92 

CDEFGH���I 

ANPU 3.88 14.07 
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6.1 �� 

(�) �������	
��
������������������������ 

�!	
	"�#$	
%&�'��()*+,�-./��0123456�7

89���!�:;<=>?@ABC 

(D) 9E	" FGHI���� ��J6��KLMN�>?�!�OPQ�RJ

6PQ�RSTPQ�RUGVWPXYQZ@[\]^P_`abPcGSTde

Q�fg'hij��:;C 

(k) �	" Jlmjnodnpqr�!Zs�no2tugv0wPx=PgvyzP

{`no|^g}6Cnp~�no�12U��?PeQ�f�?Px=�?P_

`ab0wP��������g}6C)���!no�?����Q���7j

��C�!no��2�/���� (queue) �j	
Q�{`nod��gv�

�������{`�� (arrival queue) dgv�� (holding queue)Cno{`|^

 ���jk/no{`�^'"�  QFIFOPUGVWP¡Q�UGVW+	
C 

(¢) £�����eQ����¤¥¦§ ��¨© 	"ªYPª«¬­��®�¬­

¯°9Q�e�0wdXYno@Q�±`0ww²C³´�� �µ6¶��·¸

�	"7F¹º»¼½ Q��8�¾C 

(¿) �	"7ª«noPnpPÀÁdQ�	
�Â���7�jÃÄ�!ÅÆCnoª

«��ÇÈQ�±`ÉPQ�ÊË0wd�ÌÍÎ%|Ïnpª«��ÇÐÑÁ0w

� Q�T±ÉPtc³´%|dÒÓÔ�Õ³´%|ÏÀÁª«��ÇÐÑÁ0w

� Q�T±`ÉPtc>?%|dÒÓÔ�Õ>?%|ÏQ�ª«��ÇÐ.Q�

@e�0wP��gv0wC 

(Ö) ��� ×ØHÙÚÛÜ 

1. º»���8J6Ü�	
	"N���J6&#	"�ÝÞßº»��Jà@�

8J6C 

2. *+12��áâÜ�	"Mã����-&#´ä� �å*+34 56�æ

ç*+12èéê@��áâC*+��ëìí92îïðñ:;@�9�Ó7�

ò2@	
	"���óôC 

3. õö÷ñÜ��@øùúûüý�þ���9�³������ �	��
��

8�
�}�³�¨2�æç�� ���&�7÷ñC 

4. #$��@��ß=Ü-	"�� ´ä�ç�����ö������ç	"�

7������P�� ��7#$��-eQ	
	"�eQ>�'h ��ß
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6.2 �� 

(�) �	"¨&# �!np�ç w�9�$�� Q�önp� ���� !"n

p@�#no¨�?�$%æ)&np�@Q���þ'r()C*þ-+,@-.

>?/!��!�ö2�@�!��0TÌZ1d±ÌZ12��9èé34�-T

ÌQ�56d±ÌQ�Î789��ç:��'cG�;%�<=ÒST$>@�

¾C9?@�ç��A�>?ì³;j_`abP=Ò§B�CZ1�@Q�@'"

D��æþ%zEFiQ�@e�²TC#G#���7N�ç/H�$np�¾�

�IY:;C 

(D) �	"�Q�öJh�8	
èéHz��*�KQ�L�P(�M�N�¾�#�

��7WO�Ì�P EQ	
	"�(r9�R7	
SWQ�ÍT 	"C�P

	"7N�Q�ö�Ì�8��U�	
�jD�Q�
<öV�WP¯X(�M�

NPL�Z1®YPL�Z[\�@P(�]ZÍÎd^�g_`�æç7N�M�

N¯XPL�Z1g����C 

(k) �	" D��ab;eQ�¾��*��!�@Hb;�¾ij:;�Úc�:�

 ()PdeT±ÌeQZ1 ���f0�¾Ó�'rQ�eQ0w@ôdd�!

@gh�A�9ðñ#��� iAC 

(¢) j��	" .kª«�Â�7���ÃÄ��)&�!@�8ÅÆ�:;ÀÁ>?

l8=gC 

(¿) �	"�*IY:;<=>?yz�m�ö�	"-ä"B�0� 1no`bp%

&d3456�#G*+7j�	"9AB���IY :;C�aþq�>?ÑÁ

;(� eQ>?yzÇÈÜJhgvyz  (ground holding)P�³=r�yz 

(metering) d<=>?yz (flow control) g�*+7�ç��:;C 

(Ö) st�ö>?yz �
�¡ujvw (static) '"��:;��öx�*+@y¾

$d�æþ*ßz��-�8�@\�y¾{Y�=�æç¨��yz F�6!±

�?Cþ#2|w	" (dynamic model)�}7�=*+@$~�6æ��*F�6

�2�Cæç���öyz�
 ���-ö:; 0�?'h ,��*�<=>

�yz ���£´�� Tp���'7¼½�p���j�'r¼½���8 

��d���æç#$�ßFé�`���8yw 	
	"�9èé�L@iAC

�ç�*+7j����¨#$ 	
	"9AB��eQ<=>�yz����P

ÃÄd���j�
Þ�@yzC 
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1. Odoni, A. R., Existing and Required Modeling Capabilities for Evaluating ATM Systems and 

Concepts, 1997, pp. 23-48. 

2. CACI Products Company, SIMMOD: The Airport and Airspace Simulation Model, User’s 

Manual / Animation, March 1991. 

3. ���������	
���
������������������������

��� !�� "�#$%� &�'�( 207-244) 

4. #*+,-.,/0123���	
�� (Air Traffic Control Procedure, ATP)�#$4

�%&5') 

5. 673#*+,-�
����������  (Aeronautical Information Publication 

Taipei Flight Information Region����AIP Taipei FIR)�#$4�4&8') 

6. Law, A. M. and Kelton, W. D., Simulation Modeling and Analysis, Second Edition, McGraw-Hill 

International Editions, 1991. 

7. 9':��������#;-�#$4�<&%') 

8. =�>�����?@ABCDE1�#$4�5&8'�( 487-490) 
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�� � �� � � � � 

i ���	
�� 

j 
�
�� 

QH
 i ����
��������� 

QH
 j 
�
��������� 

QA
 j 
�
�����	����� 

HC
 j 
�
������� 

TNOW ����� 

SP ���� �� 

Vnorm ���!���� 

Vmin ���"#$�%&'���� 

Vmax ���"()�%*'���� 

D +,
-./� 

Sep %&0/��� 

1�1 
23 


�
���41567 1� 

���� 
�
���41567 28�9
��:;��'<��=>?@A
0/�BC
8@D����EF
GH8I!���J418KLM
NO�PQRST��@D8U9
<�CV�%WX� 

Y���
��� 

Z[\=����]^8:_N�
`abcIde��f�����
g8hcI��i���j���
��8kI>?lm�0/8In
of���"@D`��p	q
r� 

HS
 j 
�
��st56� 

HS
 j = 1 ��
�u�����8:;
�

9vwxy��
�� 

HS
 j = 2 ��
����z	���8:;


�9vwxy��
�� 

HS
 j = 3 ��
����P{���	�|

}���8:;
�9vwxy�
�
�� 

 

�� � �� � � � � 

P �
��p	��~�7�8p	
����������� 

P
*
 ��-7��� 

S �
��p	��~�7�8p	
�����j����� 

TOA *

jp
 �� Pp	
� j���� 

TOD *

jp
 �� P/�
� j���� 

EventT %���7����� 

InitT �������\����'<�
�R������� 

HoldT ���
�{�������8J
������ 

HSP �� ��HSP = 0��z����
�8Zj�G�P%&���X

TI�HSP = 1���x���8��
G��7%&��J TF� 

TI �G�P%&���X� 

TF ��G��7%&��� 

TD ����  (HoldT-TNOW) =��
����%&�� (TF) 7_���
�g�������� 

T1 I!���R����'<
8p
	
�
����� 

T2 %*��R����'<
8p	

�
����� 

T3 %&��R����'<8P{ 
	¡¢ (vector) £¤
8p	
�

����� 

T4 %T¥¦
�p	��
 

=
 

T3+TVEC�

TVec %*§¨©< ( 	¡¢) ��� 

TUB �	��{ª� 

TLB �	��
ª� 

TU «��� P* ªt��	��{ª�
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