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ABSTRACT 

This study develops an adaptive signal control logic for an intelligent traffic 
controller “TCIS” (Traffic Communication and Information Station). The 
method uses two stages rolling on the projection horizon for vehicle estimation 
and phase-changing decision, which modifies the OPAC (Optimization Policies 
for Adaptive Control) model. The proposed method can save time for 
decision-making, and reduce errors from detectors. A system for application and 
simulation of the proposed model is built. The performance criteria guiding the 
decision model is the total delay time, estimated on the basis of queue lengths 
for all the approaches. For the simulations of the study, the model works well in 
conditions of under saturation. The delay observed is reduced when V/C is 
lower than 0.7. This constitutes an improvement compared to a pretime system. 
The optimal effect occurs when V/C has a value of 0.5. However, when V/C 
approaches 0.8, the proposed model gradually becomes equivalent to a pretime 
system. 
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 [1,2,3,4,5,6,7,8,9]

�r�stcd:uvwxyz

A{�(�|}J~�cdZg�S�	� TCIS [10,11,12] 
opK�)*+�@����c

d�L2Nn�	Z#\�J�pqo���9:��$��	�����u2Nn��

�	o������"�B'�N����A{ TCISO��2Nn�	J 

�pq�d���g��@���(1) 2Nn��o����� J(2) 2Nn���
�o$��	b¡J(3) �	����¢£¤¥¦J(4) 2Nn���	2�W§@¨Jp
q©ª'V,«¬�­o2Nn���	�B\®¯°±�	J²�«¬�­³~�´�

µ'�
¶¥��·¸�¹º»�¼½�mu¾ �o��"�S��	$�¿��J�

pqÀ�ÁÂnÃ�ÄÅ?Æ���ÇÈ�¢£�	����É,�­�	ÊH$��Ë

M#�­ÌÍÎ$Ï��	ÐÑJ 

��OPAC ���	 

�%ÒÓ2Nn����"���gÔÓÕÐ���Ö#×ØÕÐ���MOVA�SAST
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¤ COMDYCS-IIIÙuÚÛ����ÜÝÖÓ#�ÞnÕÐ���OPAC��ß#ÚÓà

áÕÐ��JâÔÓ��Òg)ãyä�)àáÃ�@å�½� 

×ØÕÐ��)�	W´O�æ��ºçè,©ª�é,ÒÓW	êëàáo��J

�àás�"��ì�	W´íîïhiÕÐW´�)ðñ,òóWôõt�õt ©ª� 2

ö5÷ô��øÖùÕÐW´"�fú�×ØÕÐ���S�àá#ûÍðü�ý/Öù

õt Wô�þk��ü�ý/S�@4êëo<����B�� !ÍÎ�o�	��J

ÕÐ�
ì��ÖùõtW´S����	W´ì�
½�ÖùõtòóWô���O�à

á��o�éJ 

�ÞnÕÐ��ß#OÖ�	�´� 50ö100÷�,)�	ðñ©ª�Bì�	ðñ

©ªíîïhiòóW´õt�G×ØÕÐ��\P�#)�	©ª����æ��ºç

èðñO¤�¥��ºçèðñJ����$2¿W	ÕÐ½����ÚÕÐW	 (�

�)�)ðñM,�æºçðñ�BÄ�	ðñ�½��Öù�æºçðñJ�ÞnÕÐ

��oQ����?l��� !�	W´oWôðñ����M !�æ��ºçè�

"� !�¥��ºçè��ø#$2¿�ÕÐs�"�f#O�	W´d¾g��ºç

è�é,ÒÓW	êë�àá$%J[:)$2¿ÕÐ��ÕV$�W	êëWôä�&

�½��Öù��ðñWô���S�$2¿ÕÐàáJ 

�pq'�N����'(���	� TCIS�S�2Nn�	���	��i)*

® OPAC ���R+�,, OPAC ,�Þnoàá���2{'(S����À�)~

-./01�23,����'�4UV5æoMWab6N������ÕÐ��JO

�7 OPAC��89:;J 

OPAC (Optimization Policies for Adaptive Control) ���: Gartner [6,7] 
²�«¬�­

¾-<o4UV5æoMWab6N������ÕÐ��J=Ö � OPAC$�¿�

�Y (>?, OPAC-1)�,ÖÓ./01��Y��i�´ÕÐs��F@$�¡ÐÑJ

)'�AB#:¶¥�C<�D�¥�@4¹èEº»[F���¥G�Hù5æo5æ

¹è!�?I�J¤KgIoº»�9�üL/�M/�Tm�­$�¿���� (./

01Y)�®¯�­$ðý/G$Ný/O	¤P�PQQR�����W	�	�ES

ðñ�TE¤ÍÎ*Hé,ÊH;ÉJ 

:u OPAC-1aUV�	W´dWX��
=Yºç�Ä��ZN�Wôd��¾g

X[�,Ú OPAC-1�\B\]{WHn��3W'(23|GKY�N��g)^}_

y�`�Ju#g�=× $�¿��Y (OPAC-2) �9mOC OPAC-1./01Y�

OPAC-2��é,� 

1. ì�	W´ T1@,ab�´ (stages)�Toðñ~-uT!�5æðñþcð (� 50

d 100÷)�øù�´f@,XHù (Kù) eT�W´ (intervals)��f', 4þ 5÷ (g

/9Fh�i
Wôðñ)J 

2. øù�´"dj��Ö#���êë�$i8�hdk#��)��l#,�5$�¿

�ab6NÐÑ�mnnJ 
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3. OPAC-2 ��$�¿W	êëoÞ¾5��XY?p$�¿ÞqO	rsYt(Optimal 

Sequential Constrained Search Method, OSCO)J�ÉuH,Ò�­ÊH;ÉoÌ_��

v#��Ò8�X[oÊH;É�8�X[M,��´ nWêëoÞ�aÚÖX[�Ê

H;É���ÖX[,��ß8C �ÖX[�ûßMwxS��ÖX[����$½

M8y<$ÏÊH;É�oX[z{J)ÊH;É (performance function) M,�´d

�{|ES�Dðñ�9��=Y�
H½&}t~Á�
H�Ì_� 

)(),,( 0321 ii
i

n DAQtttP −+=∑  (1) 

)" 

0Q �{|ES�ðñÜ 

iA �øùQ� i¾=Y��
HÜ 

iD �øùQ� i¾~Á��
HÜ 

1t � 2t � 3t �W4êëoWäJ 

OPAC-2����Z� OPAC-1�mMWn�r��mgXù�´��
=Yºç�

+�é�,Ú��\��$�¿s�oÊH����¹è�	X�éCS�M�5���

¶¥�¾-.oºç�O�?��Y (ROPAC) ��	¹èJ�?��Y�ìÖù�´ 

(stage) �ðñ@ï KùW´���´ðñl43uÖù?I5æðñJ:Ò³~�´o�

�¶¥�¾y<% r ùW´�_`�¹ºç (?,��)����� k-r ùW´ ("�) ß

:23�����y�J��é�#ì¶¥��'u��­T���� 10d 15÷�:¹

��WôF���ðñM,�
���¶¥�dT����:¹��WôðñJ)�é�

Þ, (*�� 1)� 

1. ÕV�?l�� k�¤��æô rJ 

2. :¶¥�y<%Öù rùW´ (��) o¹èº»��:"&����½ k-rùW´ ("

�) o�¹ºçJ 

3. À� OSCOY��$�WÞêëÐÑJ 

4. ����æô (��) �WÞêëÐÑJ 

5. �� rùl��?� (projection horizon)���<���´Ü��Q� 2d 5J 

OPACÕV"����gkÓ� 

1. "&UV�� (Fixed Tail, FT)�"&�øÖQ�Eu�	W´?I¹è�fHJ 

2. �/"&�� (Static Tail, ST)��´d�øÖQ�5�Ö\P��)�,�	W´�


=Yo5æn?I�J 

3. ./"&�� (Dynamic Tail, DT)�Û-u�/"&���Mì�	W´d�øÖQ�

do_`�
=YH��s;H?�Y��<J 
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TA IL

PR O JEC TIO N    H O R IZO N

H EA D

PR O JEC TIO N    H O R IZO N

H EA D

PR O JECTIO N    H O R IZO N

H EA D

r0 k

r 2r k+r

2r 3r k+2r

STA GE 1

STA GE 2

STA GE 3
TA IL

TA IL

R O LL
PER IO D

R O LL
PERIO D

 

� 1  ��������
 [7] 

OPAC���f2{N��@���	o«¬�­�F�§"��J¶¥�'�uT

��¤��FÒÖù���·¸¹è¤KgIJ¼ OPACo'��ß"�ú� !ÍÎ

$Ï,)ÊH;ÉJOPAC,�Þn�ÕÐ����æ�
ºç�d���WX�¡�	

W´do�
=Yºç��+gHUVB�	�­ÊH�r#8+:u¶¥�o ¡��

�=�æºç�¢£n�9��	W´�ð�a�� ¡�ì� !g��������

�­ÊH¤¥�þk#GY¦��æo��J,Ú�pqìO¤¥�æ�
ºç� ¡,

X��À� OPACo��ÍÎ¹��O¤�?��Y�BÄ9m§¨W4o���©N

�	W´ðñ�À�×ØÕÐ���}j¶¥� ¡�� !ÊH��o��JBÄú�

Java��ÇÈ�¢£2Nn���	��J 

��������	
��
� 

�­���èªWô�«ä�\á¬.��I­¹èW2�VW���	�r#�¬

.®¯���®°��7�5<�­ÒW4gHý/W´�5�HI¤¥�,Ú'�2N

n���	���7��UVÚÖ�É�������A{¶¥�o'����T��G

��¶¥��À�¶¥��·¸MW��¹èº»�±7#�æ��ºçè (advance 

traffic information)�À���¹è�¥���ì�æ��ºçèêëï�æ²Y�­T�

�o�æ��è (expected traffic data)J��pqo��"ì����æ��è��Ô�

@�Ö#«¬�­³~�´�T��%oES�ðñ�ÝÖ,�Ö�´²YT��o�æ

�
=YèJ 

®è³c´µ¶·ðñ�NÄ�¹¬.����·¸�ðW´ÄWX (�®¯§�E)

��æ��ºç¸��^}���pq-<pÔ�´�?��Yt(*�� 2) é,¹Jº
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N_`���¬¿�Y=2Nn�	���J�YM»¼O×ØÕÐ��CS OPACo

$�¿ÕÐ¹��Mú©N ROPAC��G"�oðñÒ,õt�'Võt, 5÷�©N�

	W´,Ôùõt�´�M, 10÷½�)"õtðñEu�æ��ºçðñJ©N"�ð

ñoãä�\aC<¾ðWôoWX�æ��ºç�ÕÐWô©N�,Úa�æ��ºç

è�� ¡���ÖùÕÐòóWô"8OMWºN�9O¿¢�ÀÁ�æ��ºçèo

 ¡ÂÂ����	ÊH���ñ�ÏJ 

�pqo�­ÊH�Ëú��­ÌÍÎ,ÊH;É�rG OPAC¾\P�u�pq

®è�#§¨W4�ÍÎ�JËM�pqo��OÒ³~�´oES�ðñÌ_, !�

ÍÎ��®¯ÔW4oÒ�´�ES��
H�Oé,y<ý/7o*®$%J 

� 2  	
������ 

3.1 ������ 

�u�pqo !�'V,«¬�­������Ã',� 

1. �æ��ºç\®¯§���J 

2. g/9�FhW´{�,i
WôÄ, 5÷�)Ã'Å%Æ�
«¬�­��­�Ï�

'��g/ 3÷�Fh 2÷J 

3. 4UV5æO	�$�ý/Wô, 120÷�$Ïý/Wô, 15÷J 

4. �æ��ºçðñÌÄ, 10÷�aO?IJI 36km/hr �����¶¥��'ó�a

� 80ö90>ÇFJ 

5. «¬�­g�ù³~�´�úC×W4���W4'���´È�, 1�2�3�4J�

´ 1�2,=ÖW4Ü�´ 3�4,=×W4J 
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3.2 ���	 

�pqo��ú� OPACo¹�9O¿C�9m§¨W4�ÍÎ�����É�¤

O	��É�ÊËÌÍp$2¿�	��N�u� «¬�­2Nn��W	ÕÐ��o

@¨pqt
[5] 
"oO	�9O¿C�)�����u«¬�­Æ��´"CÖ³ÎÍÎ

��é,����Jr��pq"B�C³ÎÍÎ�Ï,�����#ìøÖ�´oÍÎ

´Ðm���Ob<�¢£o�­ÍÎ�J��Á|W� !Ñ��´,FhW´ 5÷�

o½'VX� 1�2 ,{|ý/@4 1�BÄÁ|S�=Ö#��ÌÍÎ�@Ò, Pn1 G

Pn2JPn1 , !Íðý/oÌÍÎ��Pn2 , !��ý/oÌÍÎ���X����

´ 1G�´ 2J 

��´ 1 "�S�Íðý/Wô�ðñ,õt�þk#��ý/S�@4êëoÍÎ

����&
½��Öù�´�M���´ 2oÍÎ��9ÌÔ�´oÍÎ��ß,àá

 !ÊHoÌÍÎ��9Oàá#ûÍðþ���%@4�S�/�êëJ 

�êëoÞ k < i < jW�S�ÔW´o Pn1G Pn2o���aÕVÍðý/Wô�ß

��ÖùW´õt�&S��Ö�´o����� 3 ¾1J3êëoÞ i < k W (k�Min 

GreenTime/õtÜMin GreenTime = 30 secÜõt = 5 sec)�ß!1|GY$Ïý/WôO	�

ì\S�/�êë�þk#3êëoÞ i = jW ( j�Max GreenTime/õtÜMax GreenTime = 

120 sec�õt = 5 sec)�!1ZY$�ý/WôO	�4� !ÌÍÎ#ûàá�Íðþ�

�ü�ý/���4ÓÔSm@4êëJ 
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�pqo����¹��� 4¾1J]�:;��� 

Pn1(i)�= iùêëoÞ�=ÖW4ý/wxÍðoÌÍÎÜ 

Pn2(i)�= iùêëoÞ�=ÖW4ý/êë=×W4ý/oÌÍÎÜ 

Pn min�$ÏÌÍÎÜ 

T0�$ÏÌÍÎoêëoÞÜ 

Ti�= iùêëoÞÜ 

j�Max GreenTime/õTÜ 

$ðý/Wô�120 secÜ 

$Ný/Wô�30 secJ 

� 4  �����
� 
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3.3 �������� 

�pq�OÒ³~�´oES�, !�ÍÎ��®¯ÔW4oÒ�´�ES��


H�Oé,y<ý/7o*®$%J,Ú�pqo��#OK�u«¬�­�³~�´T

����)�
³~ÍÎ��$Ï¿��Ï,~�Wô��«¬�­$2¿2Nn��W

	@¨o�ÉuHJ 

�ÉuH� 

Min ))()()()(( 4321

1

0

kPkPkPkPJ
k

kk

+++= ∑
=

 (2) 

O	�� 

)1()1()1()1()()1( 432100 ++++++++=+ kPkPkPkPkPkP   (3) 

))()())(1()(())(1()()()1( 115111 kukCLkukELkxkFAkSWLkP ×+−××−−+=+   (4) 

))()())(1()(())(1()()()1( 225222 kukCLkukELkxkFAkSWLkP ×+−××−−+=+   (5) 

))()())(1()(()()()()1( 335333 kukCLkukELkxkFAkSWLkP ×+−××−+=+   (6) 

))()())(1()(()()()()1( 445444 kukCLkukELkxkFAkSWLkP ×+−××−+=+   (7) 

)()(2)()()1( 555 kukxkukxkx ×−+=+   (8) 

)1()1( +=+ kPkSWL ii   (9) 

����� 

)(0 kP ���� k	
��
����������� 

)(kPi , i = 1 ~ 4���� k	
��
��������
������ 

)(kSWLi ���� k	
��
��������
���� !"#$%&� 

)(5 kx ���� k 	
��
���'��()*+,- )(5 kx = 0���./	01
�2(*+�- )(5 kx = 1���.3	01�2(*+� 

)(ku � �� k	
��4567(+89:;,- )(ku = 0���<67(+89�
- )(ku = 1���67(+89� 

)(kFAi ��� k	
��
�������
� !=>?� 

)(kCLi ��� k	
���@A	BC�
�������
�� !DE?� 

)(kELi ��� k	
���FG2(	
C�
�������
�� !DE?, 

3.4 ������ 

HIJ�KLMNOP 4Q��-6RSL Pn1T Pn2UV	���()W./	0
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2(*+�X )(3 kx = 0�FY�Z[\]^_� 

(1) ̀ <a�()�X )(ku = 0�b./c
de���
����W� 

1111 )1( ELFASWLP −+=  (10) 

2222 )1( ELFASWLP −+=   (11) 

333 )1( FASWLP +=   (12) 

444 )1( FASWLP +=   (13) 

 fg./c
����� P(1)W� 

)1()1()1()1()1( 4321 PPPPP +++=  (14) 

 hiSL.3c
����
����O�jdk� 

1111 )1()2( ELSAPP −+=  (15) 

2222 )1()2( ELSAPP −+=  (16) 

333 )1()2( SAPP +=  (17) 

444 )1()2( SAPP +=  (18) 

 lm=.3c
����� P(2)W� 

)2()2()2()2()2( 4321 PPPPP +++=  (19) 

 noZc
SL�lYm=./	02(p<a�()������ Pn1 X"�.

3c
����� P(2), 

Pn1 = P(2) (20) 

 hiSL`a�()������ Pn2�qT<a�()���� Pn1rs, 

(2) ̀ a�()�X )(ku = 1�./c
de���
����W� 

1111 )1( CLFASWLP −+=   (21) 

2222 )1( CLFASWLP −+=   (22) 

333 )1( FASWLP +=   (23) 

444 )1( FASWLP +=   (24) 

 fg./c
����� P(1)W� 

)1()1()1()1()1( 4321 PPPPP +++=  (25) 
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 hiSL.3c
����
����O�jdk� 

111 )1()2( SAPP +=  (26) 

222 )1()2( SAPP +=   (27) 

3333 )1()2( ELSAPP −+=   (28) 

4444 )1()2( ELSAPP −+=   (29) 

 lm=.3c
����� P(2)W� 

)2()2()2()2()2( 4321 PPPPP +++=   (30) 

 noZc
SL�lYm=./	02(pa�()������ Pn2 X"�.3

c
����� P(2), 

Pn2 = P(2) (31) 

oY�a�()T<a�()������SL�lYm= Pn1T Pn2�OP 5�6

7rsFZ[\]� 

(1) - Pn1tPn2�b���%2(������u�2(89��������467

�%2(/evt%&�qwxyz/e	
{|4/evt%&�}~67SL, 

(2) ̀ Pn1�Pn2�b���%2(���������2(89��������46

7(+89�6R@A	B�qwxyz/e	
{|4/evt%&�}~67S

L, 

�xyz/evt %&�byz��.3c
 !=>?"�yzx./c
 !=

>?�O�k� 

ii SAFA =  (32) 

� 5  ������ 
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�yzx./c
��"#$%&Wyz�./c
�����
����O�k� 

)1(ii PSWL =  (33) 

������ 

HIJ�����Nk'����	�F��[������lY��������

'�������	��=���'��� 

(1) ��Nk� 4�¡¢£¤lY¥¦§¨©� 

(2) ª�«��¬Y­®, 

fg�¯Z°f±'�?����²� Java ��;WH³k'�������fW

Java��4/[�F´µ¶w'·¸��plY¥¦§¹7'Nk���º�)»ª�«

� �¼½'¾¿ÀÁ��;�Java ÂÃÄ�¯¦§�;Å,fg�Æ� Java ��Ç�

��4ÈÉ'��, 

fWHIJ� Æ�Ê¨ËÌ«'ÍkÎm MÏÐ�ÑÒ67ÓL�Ô��ÕÖ�

×�� !ËÌ«ÎmÏÐFØÙ�fgÚ� M?ÏÐÛXÜÝ !ÏÞßÆ� Java

NkÇ³àËÌ«áâ !�qpQ³àáâ' !=>ãäåÄæçè (Poisson) ã

ä, 

HÃ�¢)»ª�éêëNk£¤ìíhî !ËÌ«ÏÐx�67���'SL�

ïno���rs'UV�ð���ñGÈò�¹7óô�ÈxNkõö45a�(+�

Þ),ëNk�£¤OP 6Q��÷øFÚ����O�� 

Pn1(i)�. iec
2(ùú�%����� 

Pn2(i)�. iec
2(89����� 

T 0�2(	B� 

T i�. ie89ûü� 

Max_Green�È�2(	B 120 sec� 

Min_Green�Èu2(	B 30 sec� 

SOSTC�	089�"#$%&� 

SWL�"#$%&� 

SSS�	0*+�0�./	02(ý1�.3	02(, 

�þ�¨S��ëþ�lY¨���de�
"#$%&ýÈ�2(Y�È�2(�

	Bý���ì��S	/
Ý	BýËÌ«�R�ÏÐý<a�()��� Pn1ýa�

()��� Pn2,ëþ��F
�ý�:ý��Y���de��������K;
Ý�

ìí./	0Y�.3	0'89c
�yz��evt�Y���./	0�.3	0 
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��	B,þ��ÍW��(+��P��-��¹7	�����)»(+'*+,f

Q¨S�Ã�¢)»ª�éê�� T !ËÌ«�h�ß !ËÌ«���ÏÐ8�Ü

ÝÏÞ%&�fg�F³à !áâ'þ����	��áâ� M?���ëNk67

 !SL,P 7WNk��¹7x�ëþ�"k, 

 

� 7  ������ 

P 8W/#P$�-ø��-./	02(¹7=. 7c
	�<a�()����

W 14��a�()����W 11�a�()����su�QYn%&x�6R@A	

Bc
�q67	089,fg�S./	02(�'¹7 7 ec
�2(	B�' 35

�,6R.3	02(x�<a�()����/(��a�()������fWÈu

2(	B��W 30��QY<67	089�¹7=. 7c
	�.3	02(	a�

()���W 25u�<a�()'��� 27�fgn%&6R@A	B�67	089�

fglYm=.3	02('¹7 6ec
�2(	B�' 30�,QYm=./e
Ý

	BW./	02(	B)�.3
Ý2(	Bï)�Z*@A	B 10 ���'
Ý%

&W 75�, 

n+Y�UV}~67����SLTrs�lYm=	/c
'���Y�Èò	

0¨��q��QF
Ý�OP 9, 
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HIJ��Y§,-%.�T/0,�12�W$�Æ�3456ÏÐTÕÖ56Ï

Ð67ÕÖ�	ª�T³àÃ�¢ª��rs, 

5.1 ���� 

§,-%.�7/0,�12�W893	0ª�����%.�W: Aä©�%

.�;�<Íw�¨�W���
 1�=>(7ý?8�@8�%.�<�;Íw�¨�

W���
 2�=>(7�?8��4A�@8,/0,�����1:wBäF@8 

A�¨C�,Íw¨�W���
 3�,�CÍw¨�W���
 4,� 1WD��'M

w�	�Sþ��÷
Ý%&��	0�2(	BãWEF7GFZ[��EF	B
Ý

%&W 200��GF	B
Ý%&W 150��÷øìí�	0@A	B�H()�IJ	

B' 5�, 

� 1  ��������������������� 

 �� � � � �����	 
����	 

� 

� 

1 

 

90 
 60 
 

� 

� 

2 

 

100 
 80 
 

 

���	)»ª�'0ÚK�7��ñG�L�MÍk�SLNm,HIJ�'�M

45ãO�SLÏÐL÷ø AM 08�02= AM 08�42' 40ãO'P3e
ÝÏÐ,fg

lYNL	/c
�Íw�DEQ�qyLö�Íw��c
�"#$%&��)xlm

�������R,P 10Q�W������RS$, 
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HIJY��³àÍk�³à��
 !=>ãä�qYg !=>Q�ãT67Ã

�¢)»ª���	)»ª�������ÓL�67ãUrs,�ñGVWÍ��ßÆ

�34ÏÐ7ÕÖ56ÏÐW$�67dXã12ãU�YYZHÃ�¢éê�l7¢, 

5.2 ������	
��
 

[\56�-"# ]�FG2(	BY^7DEQDE	�	��O�DE?_�

2= 5!�B,nHIJãT�<`FG2(	B^7DEQ EL = 37 4Ç³àãU,a

b EL = 3�¦c���W	 25.11��sh�ÕÖ56'¦c���	 28.68�,d

gßQ56��e���
 !=>QÏÐfRNkø�67Ã�¢)»ª��³à�÷

øÈ�2(	BL 120��Èu2(	BL 15�,³àabTÕÖ56�	)»�³à

�	)»����rs�gOP 11Q�, 

hPølY�i�HIJQjö�Ã�¢)»ª���Xã	BølYß�����

FGklm 10�Y��÷¦c���W	 5.42��sinkl 81.1�,�
Ý�R��

oH�	)»ãW 12e
Ý�n³àÃ�¢)»éêª�b> 59e
Ý�� 2��F�


Ý��	0'%&,h�ølY�i�	0�p�Èu2(��W	0%&�X67	

089, 

5.3 ������������� 

�q'³àr�È�2(	B 120�TÈu2(	B 15�Qm�ab,Hqßº�

<`'È�2(�Èu2('��6712³àãU,o�È�2(���¯eãU$
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ø�q<�Ms=
Ý�R�fW56�
' M?Bt>^7M?���
'"# ]

BÒ�/e
ÝCDEuv�QYq<�>=È�2(��,WwxÃ�¢)»ª�ñG

�RN&�yzãT³àÈu2(	B��W 30�ý45�ý60�ý75��\], 

� 3���[Èu2(��\]'¦c���ýT�	ª�¦c���rskl�{

ãrý�÷ª�	
�
Ý�,o�ø�i-Èu2(	B����|)	�¦c���

}�|)�
Ý�b~�,J÷o�rfÈu2(	B'��|%ß¶�-"# ]Y^

7DEQDEux�	0�tX	�����	0��
"#$ùú|)������²

m������|�¶���ñGkl, 

hY�ãUlYm=�%.�T/0,�12�� M?t>^7 M?	�`��

������Èu�h¦c���kl'�&Ç��Èu2(	B'���u�Òm=È

u'¦c�����4	089ß�+���,fg�?l��'�����Y�7��

+��	B�HIJ�WÈu2(��� 30 = 60 �Bý¦c���kl 50� = 70��

BWlh����, 

5.4 ��������� 

[\�è�� [4] �IJ�- V/C�� 0.4	��	ª��K;ñGß�<ò��Ã�

¢éêbÃ��øý�M?��T4 V/C�_� 0.3�0.6	,fg�Y�ß67ãU<

` V/C��HÃ�¢)»éê'������R,HIJ67 0.4ý0.5ý0.6ý0.7ý0.8�

e<` V/C ��³àrs�V/C ��SL�rd\1�XKõIJQ�2001 §����

� ?¡¢£
[13] SL��4Y���
 ?W¤¥�QmabO� 4Q�, 

� 11  �������	
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� 2  �������	
��
��� 
���� 

 ���� �	 1�� �	 2��  ���� �	 1�� �	 2��


 1�� 45 25 20 
 30�� 40 20 20 


 2�� 40 20 20 
 31�� 40 20 20 


 3�� 40 20 20 
 32�� 40 20 20 


 4�� 40 20 20 
 33�� 40 20 20 


 5�� 40 20 20 
 34�� 40 20 20 


 6�� 40 20 20 
 35�� 40 20 20 


 7�� 40 20 20 
 36�� 40 20 20 


 8�� 55 20 35 
 37�� 50 30 20 


 9�� 40 20 20 
 38�� 40 20 20 


 10�� 40 20 20 
 39�� 40 20 20 


 11�� 40 20 20 
 40�� 40 20 20 


 12�� 40 20 20 
 41�� 40 20 20 


 13�� 40 20 20 
 42�� 40 20 20 


 14�� 40 20 20 
 43�� 40 20 20 


 15�� 40 20 20 
 44�� 50 20 30 


 16�� 40 20 20 
 45�� 40 20 20 


 17�� 50 20 30 
 46�� 45 20 25 


 18�� 40 20 20 
 47�� 45 25 20 


 19�� 40 20 20 
 48�� 50 25 25 


 20�� 45 25 20 
 49�� 50 20 30 


 21�� 40 20 20 
 50�� 40 20 20 


 22�� 50 20 30 
 51�� 40 20 20 


 23�� 40 20 20 
 52�� 40 20 20 


 24�� 40 20 20 
 53�� 50 20 30 


 25�� 55 20 35 
 54�� 45 20 25 


 26�� 40 20 20 
 55�� 40 20 20 


 27�� 40 20 20 
 56�� 40 20 20 


 28�� 40 20 20 
 57�� 45 25 20 


 29�� 40 20 20 
 58�� 50 20 30 
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� 3  ����������������� 

��
��� (����) 15 30 45 60 75 

����� (������) 5.42 7.93 12.63 14.61 17.65 

���������� 81.10� 72.35� 55.96� 49.06� 38.46�

������� 59 34 24 19 15 

� 4  �� V/C������ !"� 

V/C 
��
��� 30� 

0.4 0.5 0.6 0.7 0.8 

 �������� 18.11 25.31 33.28 42.65 125.47 

!"#������� 7.20 9.25 14.61 21.10 125.50 

�$ 60.24� 63.45� 56.10� 50.53� −0.02� 

 

� 4��HIJ�Ã�¢)»ª�éê�����}i V/C�'|)�|),� V/C

�W 0.4ý0.5ý0.6 	���ñG¦§i0-¨�'*+�ª�ñG{©�'r�	)»

Wò�- V/C�>= 0.7	�Ã�¢)»ª�'ñG��O�	ª�/ª��«¬)­�

qF®¯°��±²��³������ñG´Ô!��	)»ª�,- V/C = 0.8 	�

�	)»THÃ�¢ª�éê'���§i�µ*+��/u	�³àx�����ãT

W 125.47Y� 125.5�B0-<¶·,����¸N���	)»Y�HIJ�Ã�¢)

»ª�B¹ºFGDEg1��fg»����¼|�½÷Ã�¢ª��x¾
\nr�

	ª��¿����À��	ª��]���Á '\], 

5.5 ������� V/C �	
�� 

HqßÂº<`'Èu2(�� 15ý45ý60ý75�Y�<`' V/C� 0.4ý0.5ý0.6ý

0.7ý0.8�6712ãU, 

� 5���Ã�[\n³à��¦c���Y�¦c����k�,h� 5�k�Ï

ÐÄÅ�<` V/C�'rsOP 12,hPølY�i� V/C = 0.5	�	/[Èu2(�

�¦Fsò���¦c���k��i�÷*4 0.4�ï÷*4 0.6,wx<`Èu2(	

B��'	/ÆS$�B4��0`'Ç²�h V/C = 0.4= 0.5�¦c���aÈ�&|

)��xÉ�k��mÊ�'4Èu2(��W 15�'S$�- V/C�h 0.6��W 0.7

	�÷~�¦c����{ãr�k���hPølYEËW- M?�	���'	0


Ý89q<Ò��~���¦c���,fgn+ãUxlY�iHIJ�Ã�¢)»

ª�éê� V/CW 0.5	FÈòª�Gb�lY��kl�����,  
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� 5  ������# V/C$%&'(� 

   V/C 

   0.4 0.5 0.6 0.7 0.8 

 �������� 18.11 25.31 33.28 42.65 125.47 

!"#������� 4.58 5.70 9.82 24.23 140.01 
15 

� 
������$ 74.71� 77.48� 70.49� 43.19� −11.59�

 �������� 18.11 25.31 33.28 42.65 125.47 

!"#������� 7.20 9.25 14.61 21.10 125.50 
30 

� 
������$ 60.24� 63.45� 56.10� 50.53� −0.02� 

 �������� 18.11 25.31 33.28 42.65 125.47 

!"#������� 9.89 13.53 17.96 27.12 127.47 
45 

� 
������$ 45.39� 46.54� 46.03� 36.41� −1.59� 

 �������� 18.11 25.31 33.28 42.65 125.47 

!"#������� 12.23 15.75 23.87 32.06 138.51 
60 

� 
������$ 32.47� 37.77� 28.28� 24.83� −10.39�

 �������� 18.11 25.31 33.28 42.65 125.47 

!"#������� 15.03 19.55 27.06 37.59 138.73 

� 

� 


 

� 

� 

� 

75 

� 
������$ 17.01� 22.76� 18.69� 11.86� −10.57�

) 12  ������# V/C$%&'(���� *+,-) 
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HIJÆ� OPAC�SL��MN�Y�Ì¦yzº�qp)R��	0�SL�

�ÍÎ'Zc
Ì¦yzº�WHIJSLÃ�¢ª�éê�ÏÐ,Hº�!Ñ��Ò�

ª�	
%&�~�ËÌ«ÓÔº��ñGSL�Ms,HIJ���ñG�rL���

���WñGÕÖY����
�"#$%&�7W��'������Z	0���


'"#$ !��Y;W×m2(Ø�K�d\, 

HIJn³àãUQj�Ã�¢ª�éê�-Èu2(	B����|)	�¦c�

��}�|)�
Ý�b~�,¶or-���
t>^7 M?	���ñGð��È

u2(	B'��,�¿�}i V/C�'|)����{}�°��� V/C�W 0.4ý0.5ý 

0.6 	���ñG¦§i0-¨�'*+�ª�ñG{©�'r�	)»Wò�¦c��

�aÈ'�&{}i V/C��|)��k,� V/C� 0.7Y�	�HÃ�¢)»ª�éê

lY©�kl�����,�- M?ùú|�	���'	0
Ý89q<Ò��~�

��¦c����V/C�> 0.8	�gÃ�¢)»ª�{ßÙG,gXãtÇlÂºÚ�

	0��IJ��%
ÝÛ�
Ýº V/C��	º��ÜÁ�Msrs,�g�^7 

M*+�HIJb
ÝaL Bang-Bang ª�óô�gÞÍºlKß Chang7 Lin 0ÚI

J�b [14]
, 

HIJàz4��³à'ab��HNkál� TCISÕÖ�K;�â�Â NãÂ

���67ÕY,�¿�HIJøqt��ä ��
T��'ÕÖMs�zßä �?

9L�uå -?ÇSL,xúIJ-)R§�'ä  M�¢�³kø�²m³k��

¢j°�YåÄ§�ÕÖ M�¢, 

�	
� 
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