
� �م ��ا



�������	
�� 

�

\

��� �������������� 

������	 
���������

������ ����	 �������� !"� 
�#$ 
� �

�������� ���	�
���������

	%&'	 ('$ %�" ��

������ 	��
� 

!�)�%�	���)�!�

*+,*

���



�)�-���	 .�/$���� !0 1�!�	 23����4	 5


6��� 6 3�
�7�0�����8���/"� 9��:�;�	 <

� �= ( ��-	��)-��?
 (��� ������� -0 <���	�

A?� ������.



��� ��� �� ���

�������	
�� 

�!"�# ���$.

�������

& ���'�	�� 

��()��� 

�&��(*�����+ 

�&����� �	��	�� 

�- � �

�&��� .�(
 �-� 

��� �������������� 

������	 
���������

�������	���/� �
����������$+� 

��-�* ! 0 

������ ����	 �������� !"� 
�#$ 
� �

�� 3
-0����4450�6�
��7 	�- ��-40 8���� 9��

��� ��� ���	���

���� ���	:
��

���	����

���	&��(*

���� ��,	

��,	���

��0 ;�(�������	 ���	 �� 

�������

���

��0 �	�=>?/2>/12

2A������ 	��
�����

>A�� �8�� 	��
����

BA�8�	 	��
�

?A�8�	 	��
� 

CA	��
��8�	

DA	��
��8�	

!
���
4 0�;<



��	
��:
م���،

...



 E6F 	-G �7�.��	 6������� 	��
���H$+ I�H�J ��)���#��H�� �H��	���

�� �8�7��������� 8 !������ KE	-HL� �M�H
� �H�� NH��O0 �H7 �	�$ P�H��

��	��$ 8 ���0����7 ���..



!�� 

1��4	 A?!�C 

����-"��
9M�Q !
��" ............................................................................................................................................................. !�� 

�R���................................................................................................................................................................................ 2

�6� DEC :-	%/	 
2A2���ST��� ............................................................................................................................................................. >

2A>��8� �7�����, E���� ��/ .............................................................................................................................. D

2A>A2��8� �7U8� ���OMA ..................................................................................................................................D

VAWAWOMA �	�-X� Y�� 0 ���Y��-��� ........................................................................................................... 2B

٣-٢-١�	�S�
� 6�OMA �	���	�7��, Z(�5 ............................................................................................................. 2?

2ABZ��:0 �([�..................................................................................................................................................... 2D

2A?���G�
 ����� ��� ............................................................................................................................................... 2\

G6� DEC :��% �!C�C��E� �
>A2�����]� �"	�40 ............................................................................................................................................. 21

>A>�������"��"	�40 �	�6-� ��6 ..................................................................................................................... >D

>AB�������"��"	�40 �	�6-� ^����" ................................................................................................................ B2

>A?���50 ��������� �������"��"	�40 �	�6-� ��6 ........................................................................................ BC

>AC���50 �������"��"	�40 �	�6-� ^����" .................................................................................................... B\

G�? DEC :H6
 �;� 
 ���I	 ���OMA (�8�	 
� �!0
�J ��!0 ��
�6� �
BA2��) ............................................................................................................................................................... ?2

BA>U8� N��L0 �6-� ^��,�" (FDD) .................................................................................................................. ?>

_AWAV`�� ���6 ��-[0 ................................................................................................................................................ ?>

_AWAW.���-TM� ���50 ��������� P�	- ....................................................................................................................... ??

_AWA_���
��/ Y��-��� ��.......................................................................................................................................... ?C

_AWAaU8�EFDD .................................................................................................................................................... ?C

_AWAbU8� CFDD .................................................................................................................................................. ?c

BABU8� 	-L�7 ��"�� MCFDD ............................................................................................................................... ?\

BA?U8� SSI ......................................................................................................................................................... C2

_AaAV�-�
F-�" ��6 ����# ..................................................................................................................................... C2

BA?A>^��0� d-(7 NO�� ........................................................................................................................................... CB

_AaA_��-40 �	�, ...................................................................................................................................................... C?

_AaAa!M�� �����M�, ................................................................................................................................................ CC

_AaAb���50 ^��0� .���
 ......................................................................................................................................... CD

_AaAef�M��+ P�	- ........................................................................................................................................................ CD



!�� 

����-"��
G
��K DEC :H6
 ��L���	
�� ���M� L�N�� 6 � �?�8 �

?A2��) ............................................................................................................................................................... C1

?A>U8� ����6�
��J P��T�
 ............................................................................................................................. Dg

aAWAVU8� !�-)0 ����, ��Y��-� �)"8 (ALE) ....................................................................................................... D>

aAWAWU8� ALE �	h6-� ^����" ............................................................................................................................ D?

aAWA_U8� �M������R ALE �	h6-� ^����" ............................................................................................................. DC

?AB���/8� i�5�0 ^����" ������-��� ........................................................................................................ Dc

aA_AVf�f0�-� ............................................................................................................................................................. D\

aA_AW^���� f�f0�-� �S�j ......................................................................................................................................... D1

aA_A_U8� ALE �0�M���� 8��R �M���� .................................................................................................................... cB

?A?	������ Y�^���� i�5�0 Y��-��� ���J .................................................................................................cB

O&= DEC :H6
 �0� 9
� ��-�I8 < !P 9� Q��R	 ���%� �9�? 

CA2��) ............................................................................................................................................................... cc

CA>i�5�0 ��fJ� ���-��� ............................................................................................................................... c\

�-١-٢��kl0 ��������� T8δ�	 ^���� �	������ ....................................................................................................... c1

CA>A>����) ^���� ������-��� ���7 ��R HSR Z(�5 ......................................................................................... \g

CABm��5�
� ��������� P�	- �7U8� CFDD 8MCFDD .................................................................................. \?

CA?�6�
��J P��T�
 ���	h6-� ��6 ................................................................................................................... \c

CACm��5�
� ��������� P�	- �7�	�S�
� 6�P��T�
 ����6�
��J ��/ ..................................................................1g

O�8 DEC :S �	9� ���0!&� �
DA2��) ............................................................................................................................................................... 1>

DA>�-6+ �7��0 ��0 �	F-"..................................................................................................................................1>

eAWAVn�/ `��6+ ..................................................................................................................................................... 1>

eAWAW�L
�  ^���� ���Y��-��� Z(�5 ................................................................................................................. 1C

٣-٢-٦m��5�
� ��������� P�	- �7U8� MCFDD ..................................................................................................11

eAWAa����) U8� ���CFDD 8MCFDD .......................................................................................................... 2g2 

eAWAb�6�
��J P��T�
 =
�� ��0 �	F-".................................................................................................................... 2gB 

eAWAef�M��+ P�	- �0��(�* �7�	�S�
� 6�P��T�
 =
�� �6�
��J ��/ ............................................................................ 2g\ 

DAB�-6+ f�M��+ P�	- �0��(�* Y���/� ��8	 ��:�o ...................................................................................... 22g 

eA_AV���
��/ Y��-��� ��3
-0 ^���� ���Y��-��� Z(�5 ................................................................................ 22g 
eA_AWm��5�
� ��������� P�	- �"	F-" �,��L �7U8� MCFDD ........................................................................ 22> 

O��� DEC :T�M 3������= 6 �%0 

cA2p�J ���7 ..................................................................................................................................................... 22? 

cA>;�	������ ���7 �����, ���J ...................................................................................................................... 22D 

pJ�� ............................................................................................................................................................................ 2>2 

��



!�� 

A?!�C��
����� 6 ! 6�E�
D78 ����-"��

NO/2A2A�-6+�6+ �	 P�	-���T�. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . ..B

NO/2A>A�-6+(�* P�	-�0��8� �7��-0-�8�	-G Y. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..C

N�/>A2A�8 E��#��	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . ..>2

NO/BA2AE��#��	SVD��/ I�5��� 	- �	�6+ �J�	 Y� �T��L�� p7�0 8�	U8�EFDD. . . . . . . . . . . . . . . . . . . . . . . . .?D

NO/BA>AE��#��	SVDU8� �	 ��/ I�5��� 	- �	�6+ �J�	 Y� �T��L�� p7�0 8EFDDY��-��� Y�� 0 Y� �, ��$8

!
� ��/�	 	-J8 �7�5��� 	- �	8�  �	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .?c

NO/BABA�	�6+ �J�	 Y� �� � U6��7 8Y��-��� �($ qr��	U8�CFDD. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .?\

NO/BA?A�	�	 I�5��� ;8�S0U8� �	 �� � U6��7 8 �����CFDD8MCFDD. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .C2

NO/BACA��-��U8� �	 ������� E��#��	 Y� 6� ��SSI8���	-������. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Cc

NO/?A2AP��T�
 Y��-��� `57 �6�
��J. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .D2

NO/?A>A����� !�-)0 ��, �- ����-��� �)"8 ���. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .D2

NO/?ABAY�	-��� 8 �"	�40 `57 8	 �7 P��T�
 �6�
��J ����. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .D>

NO/?A?A�)"8 	-G f�-� qr� .���
 ��, �- �. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .D?

NO/?ACA�s��� ���G�0 �:Q$ 8 P��T�
 ;�:Q$ �	�, ��J. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .DC

NO/?ADA��	-��PSD�S�j f�f0�-, 8 ��/ ��G�
 P��T�
 Y����P��T�
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .c>

N�/?AcA]0�: ;�����f0�-��f��7�PSD5�0 8 !7�k�i��� 0�-�����2gf0��. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .cD

N�/?A\A���7 f�f0�-� ���: ;���]0PSD���-��� ��� 0 i�5�0 8 �	�6+ �J�	 �� .���
2gf0��. . . . . . . . . . . . . .cD

N�/CA2A�����-��� ^��)� U8��	�����(��7�HSR=0.01 8δ =2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .c1

N�/CA>A�����-��� ^��)� U8��	�����(��7�T=20 sec., HSR=0.02. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .\g

N�/CABA���7 Z(�5 ���-��� ^����HSR=0.25. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .\2

N�/CA?A���7 Z(�5 ���-��� ^����HSR=0.02. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .\>

N�/CACA���7 Z(�5 ���-��� ^����HSR=0.01. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .\B

N�/CADA�� �SVD�6+ �J�	 ���R .���
��L/ �	��/ �6�
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .\?

N�/CAcA�	�	�� � ����� �7 	- �� �7�5��� ���U8� �	 ��/ U6��7 ���MCFDD. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .\?

N�/CA\A��	-��SVD
�L/ .����6�
�� ! 0 ��/���8���-�����2/B8C/Cf0��. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .\C

N�/CA1A�-��� qr������ � U6��7 8�U8� �7CFDD. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .\D

N�/CA2gA�-��� qr������ � U6��7 8�U8� �7MCFDD. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .\D

N�/CA22A6�
��J�
�U8� �7 P��TSANC. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .\\

N�/CA2>A6�
��J�
�U8� �7 P��TALE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .\1

N�/CA2BA	��� E��#������U8� �	SSI�������� m��5�
� �7 v-7��
 6� P�	-�6�
��J P��T�U8� �7 ��/SANC. . . . .1g

N�/CA2?A	�E��#�SVDU8� �	MCFDD�������� m��5�
� �7 v-7��
 6� P�	-�6�
��J P��T�U8� �7 ��/SANC.12

NO/DA2A-40���-6+7��0�0�	F-" ��. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..1B

�	



!�� 

D78 ����-"��

NO/DA?A����^����-������7 Z(�5 Y��-6+0�� �7 ����8���-����-$ Y�. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1D

NO/DA>AF��+ ��T�
	�/�:0�� �f�����"��\�M���,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1?

NO/DABA-40���-6+�7�&. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .1C

NO/DACA����^����-������7 Z(�5 Y��-6+0�� �7 ����8���-����Y3
-�. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .1c

NO/DADA����^����-������7 Z(�5 Y��-6+0�� �7 ����8���-����YZ�:&. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1\

NO/DAcA��	-��SVD�7 v-7��-6+0�	F-" �U8� �7 �MCFDD. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11

NO/DA\A��	-��SVD�7 v-7��-6+0�	F-" ���-��� qr� 6� �:7�Y��. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2gg

NO/DA1A�	�	���7�5������7�� � ����� �7 	- �����U6��7 ���/U8� �7MCFDD. . . . . . . . . . . . . . . . . . . . . . . . . . .2gg

NO/DA2gA� ��SVD 0�	F-" ��–��8���-����Y>BBf0��. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2g>

NO/DA22A� � U6��7�U8� �7 E-
 	-CFDD. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2g>

NO/DA2>� � U6��7�U8� �7 E-
 	-MCFDD. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2g>

NO/DA2BA6�
��J�
�=
�� P��T��0U8� �7SANC–�-��� ;�/�:& Y�Z. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2g?

NO/DA2?A6�
��J�
�=
�� P��T��0U8� �7ALE–�-��� ;�/�:& Y�Z. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2gC

NO/DA2CA6�
��J�
�=
�� P��T��0U8� �7SANC–�-��� ;�/�Y�-$. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2gD

NO/DA2DA6�
��J�
�=
�� P��T��0U8� �7ALE–�-��� ;�/�Y�-$. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2gc

NO/DA2cA	��� E��#��������7��-6+0�
 8 ��6�
��J P��T�U8� �7 ��/SANC. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2g\

NO/DA2\A��	-��SVD��7��-6+0�
 8 ��6�
��J P��T�U8� �7 ��/SANC. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2g1

NO/DA21A-40���-6+7��0��,��L 	F-" �". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .22g

NO/cA>gA����^����-������7 Z(�5 Y��-6+�,��L 	F-" �". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .222

NO/DA>2A	�E��#�SVD�7 v-7��-6+�,��L 	F-" �". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .22>

NO/DA>>A	�E��#�SVD�7 v-7��-6+�fJ� qr� 6� �:7 �,��L 	F-" �"��-����Y. . . . . . . . . . . . . . . . . . . . . . . . . . . . .22>

�	6��



!�� 

-	�� ���� 

M�TR p7�0�j�#	�S��"�j 8	 XYS �&�]0 9���"	�40 ��]� ;��X XC
M8��	�S� ���) � ( )s ω �0�� ^�����
�.�� [ ]D
M8��	- �	8�  �	 	�S� ���) �kE� ( )ks ω � �T(�*�� ��&�� [ ]E ∗

�0��	�) ^�	�S� � [ ]S �f� ���-" Z�j �	 ^��,�" ^���� f
��6 t M�TR p7�0��"	�40 ��]� P�����X ( )Xf x

�0������	�7 ^�	�S� [ ]U M�TR p7�0�Ew-0 P����� ( ),XYf x y

 =
����X" �	 .���!M�� ( )X t � ��	�7�8��
 �7 	��8�.�� ( )F t

.���
 =
�� ��	�7 ( )Y t M�TR p7�0�j	-G�S� XXG
)� !��$ �S��)�9Q$ kα M�TR p7�0�j�#	�S� XYG

P�	- !���� ��	�7 kβ �0�������" =
�� p7�-0 ^� [ ]H
	- N�/ ��	�7 kϕ �0���5
 ^�
�.�� [ ]K

f�f0�-, γ 	- ����/ k
E���R !�F-�, 4κ �0��
 E�J ^�.�� [ ]Μ

E8	 !�F-�, 2κ =
�� ��-�� 	��:0 N
9Q$ kλ ��j .�M�TR !Lx Z�	- ��-0kE� ( )kP ω

.� p7�0y8	 XYΛ ��j .�M�TR !Lx Z���-0 ( )P ω

�T����"	�40 ��]� �X
Xµ � z-$8 P���������A ( )P A

�&�T��L�� 9� XYρ �"	�40 ��]� P����� E�J p7�0X ( )XP x

U���)��8�^�� (�"	�40 ��]�X 2
Xσ 	8�8 	��:0��� p

��]� 	������
� q�� ���"	�40X
Xσ =
�� 	��:0�� q

.�U��� XYσ �0������ ^�� [ ]kr
^����" ω T��L�� 	-G p7�0� XXR

	- �:�Lj ^��,�"kE� kω T��L���#	 p7�0� XYR
3G ^����"fj �	 E���-" Z��f� � fω T��L�� p7�0��	�6+ �J�	 ��	-kE� kR

	- ����� !L��kE� kζ �50��0� ��T��L�� ^�Gl0 �7���6 ��l lR
Y��-��� ^���� � ��"	�40 ����N� S
�S�j f�f0�-, ℵ M�TR p7�0�j	-G�S��"�j 8	 XXS

�	6�8	



7K��%
68���M��+�7��0 P�	- f���	�7��,��	���# �� 40 �	�	 {�����6�
 YP� 	-L�7 K�� ���( 0�(����j K�	��H��O��7�P�H��, K�H�

* K;�/�:0���9�7���� 8��6�
 !<
 `6 �	 ��������
������O K�X"�-��� ����* 8Y�!
� �	�, �� .��7�E�����-6+ P�	-H


 |F-�:��6+ �7 �}� 	�- .���L/ 6� ^� 8 ��/ N)�� ��T���6�
���/�6� 3�� P�H�*� �7��H�8��� 0 H� H: 8 ��H/ ��G�H
 Y��H7 �

 ��/�	�8 U�:0���	-/ .� 8 =
�� 6� �	�S�
� �7 ^~
�8��� 0��6���� Y#�����/���,�" =
�� p7�-0��j 6� 8 �L
�  H�U8� ��H��

M��+ Z(�5��������� KP�	- f�
 P�	-�^��,�" N�/ .�� ���Lj�:�K!L�� ��H� ����H� H m��5�H
� �H�	- NOH/ 8�	-H/ .��H7�

�7����
 6��.�� ���/�:0���}���6�
 �����:�o ��f7�����* 8�M��+�7��0 P�	- f�	8�  8 ;<O� �7�!���� 8�78��	-H/ .

��-�* �7 P�)��� ��-���N�Y���/� Y��:�o ���6+ �7 ��f7�!
� �O��� N�* �	 ��T� .�6���� #������,�" =
�� p7�-0�N  �	

��8�
 6� �*-�� �	�, m��G Ef(�� f���, ^�-� E��0 qr� K���f���O .��f�O���OM� 8�O�� 0 8��+Y�	-H7 ��fH7 �6�H


�7 �,�!
� �O��� ��# 8 NO� �� .	 q�j 6���7 �	 �T������/ p$�-���H, 3�
���H/ �H7 .�H��3�-H6+ �HS�8�H�� 8 ;�NHo�� �

-T7�-J���	-7 ���-5� ��6�.

� p"� �-}� �7�	8�  ��!��M��+ U8� K�(�* P�	- f�0��)OMA(��/ ��"�# ��O7 8 �:
-0 �!
.� �	�U8� �/�:0�� =
���
�.��

kl0 ! 0�� ����8�� �Q���/ �	���, 3�	�*��6���� #����������� m��5�
� �-}� �7 8 ��/�
 P�	-H����H$ �	�S�H
� 	�-H .�H�

�#�	�.�f 6�������) �	 U8� ��M��+ �7 ���� E�* q��:� P�	- f���T�H
	 �7 6� �H��� 0 H� LH/ 8Y��6�H
���H/�6�H 3�m��HG K

8�
 6� �6�
 �	�O����, ^��� �	 8�f� 8 �0F�7 !*�
 ���!
� ���, �� .� �	 �8<* �7�U8� �QG P����/ P-� ��/�� 3�8���8

6��:$�8���7�
 N,�.��)��/ ��J `57 �� 8���+ 6� ( !
�7�+��.M��+�/� P�	- f������6�H
 8��f7 ��8	 �H���H7 3L0�H

 ���+�O�	��- 6��M	 �7 �, !
��� 	-J8 N���8��/�:0���/� 6� No����� 68�7 8 ��H/�:0�� ;<O� 8 N�6 	�7��H, KH�	��	��	

M	 �7 ���	8�  N�!���E���� ��/ �,��-6+ 7��0 P�	-�U8� �7 ���� |F-�: q��:��8 �O� ���7 ��f� �� ���!
� �� .OMA 

�/8� ���-0�	�7��,���7��������� m��5�
��/� P�	-������/�7 ��8	 ./�:0�� =
�� ���/������8�� ��8	�� 0 H�Y�H��

�-�������0��$ 8 	�:� Y�U8� �, !
� ���OMA �7 ��H 8�H78� NOH���H�, .6H�� �H�� �	 �� H�U8� ��H� ���H�8��� 0 H� Y

-� ;�-47�S
 f� ��" ����-/ .6� �	�S�
� �-}� �7OMA ��/ �	�� 0 	-J8 3�Y����-�����fHJ� !H
� E6F Y��-��� H� Y

�
��/ ���7���kl0 ^~
 8 ��/��	 ���+ �OMA �������� 8�# ���$ �}� � No�� P�	-�8 ����� ��
 �O��P��T 8	 �7 ���7� =
��!��$ 

"	�40��� 8�	-�6�
��J Y�"	�40 `57 ^~
 8 ��/��$ �	�S�
� 	�-�# ��	�.

�	����M�
� ����^���5�0 Z(�5��fJ� i��-����
��7 8 �:M�Q 	�- Y���"�# ���$ �fH"� �-H}� �H7�H
��� 8 !H$	 `��	 !

5�0��-��� i�Y�����J ^���� Y���	�# 	�������!
� .�������� m��5�
� �-}� �7�U8� P�	- �H��H��L��HL0 �H7��6-H� N

^��,�")FDD (N�/EFDD 8CFDD K� 8 �:M�Q 	�-��	� 6�
�H�"�# ���$���H� .� �	 H�U8� ��H� �H������� m��5�H
� 6� NHL$�

KP�	-�fJ���-�����
��/ Y��
-7 ��/���� �(��-��� ^��j 6� KY� �����7��QG����,�" =
�� p7�-0 6��H qrH���H�	�# .�H7

� 	�O(�* 	-L�7 �-}��U8� �����/ �	�� 0 	-J8 3�Y����-����� �	 Y���H/ n<Ho� U8� �M�
� �MCFDD ��	���H� ��H/

!
�.	 U8���T�� �	 �H, H� ��H7 ��8�H� ��� 0 	-HJ8 NOH� 6� �-HL* H�Y�H���-��� H� H�"�# ���H$ �	�S�H
� 	�-H Y�6�H
��J�


�P��T ���M��+ 6� NL$ =
���(�* P�	- f�0��!
� .
��7 8 �:M�Q 6� ^��U8� ����J!�J 	-J- Z(�56�
��
�P��T ��8	 �H7

`57 "	�40��� 8�	-�U8� KY���� 9
����	� 6�
��"�# ���$ �	�S�
� 	�- 8!H
� �."	�H40 `H57 6��H
�m��5�H
� !H�J P��T

���������U8� 3
-0 P�	- ���FDD 8^��H,�" h6-� �	SSI�	�S�H
� ��H6 �6-H� �	 !H
� ��H/.+��H, 8 !H$	��U8� �H��

8 	-J-��	������j 6� ���7��L/ ���6�
�E�� ��f"��
��7��) 8��/ ��^~
 8 �+��,�����+ �6+ �	�H(�* ;����j 6� H� ��-H6+ 

M��+�(�* P�	- f�0���0 Y�	F-" ��8�6�� �,��L 	F-" !,�/ �" Y�7��	�#��!
� �.����L/ ���6�
�8�-6+ ���H(�*�	-HL�7

����� U8� 6� No�� ��	�����U8� �7 !L�� ������� �� 	-J-!
� �	�	.

(� ;��(����:2AM��+�(�* P�	- f�0��>A� 0��-��� ���BA/����8	 �?AP��T�
 �6�
��J 



�6� DEC 

-	%/	 

*U*=�
����� 

M��+�+�" KP�	- f�:0 ����0�� ��-G ��	����O��
Y�^��H,�" 9HM�$ �	 .�H� �H��Lj�H:�K!LH�� ��H� 

�����#��O7 8 ��	- NO/ 8���� �-}� �7 ���+�M� 	�����&��	 ���"� 6�����O��Y
�.�H� H/�:0���!H
� .

��� P� ��&��
 P�	- P���	�	 K�+ ;�45� �7 v-7� ;�*<j� 8 .�� ����� P�	-� �����-H/ .��" �H7��H�

 m��5�
����������P�	-�
Y���� 6� �	�S�
� �7 .���6� No�� ��-6+ P�	-K�
��/��P�	-1 ��S#�	-/ .

�-6+ �O0 KP�	-�7��0 Y���7�P�	- P� �	�8+ !
	 �7�
Y�QG .���]����!H
� ��H6 �7 �.�	

M��+ z-���7��0 P�	- f��	�+ �(�� �
 N�/ 6�H
���H7��-H6+ �6��H�� K#H���H���,�" =H
���m��5�H
� 8

���������!
� P�	- .6�
 �	�+��-6+ O0 I�5��� N�/����#� 0 z-� K�� 0 v�)� KY�Y8!5H
 �H���f"��

�6���� #���8 q�j �� 6�:0��P� �
��� ����
��/ 8�HT�	 q�j 6� �QG 	���� N�-* !H
� .P-Hj �	 �-H6+ 

����,�" =
�� p7�0 K�*-�� Y�W(FRF) �6���� #���G� 8� ���:0 �-}� �7 �:7 �(�� �	 �0 	-/���������� ��

M��+ KP�	-���-/ f.

1. Modal Identification  
2 . Frequency Response Function (FRF) 



M��+�G� ��	 �
 �	 �, P�	- f�6 �:
-0 ��	������	�7��, �68�� �	�, ����	���# ���	n<o� 	����O�

�6�
 P� 	-L�7 K�� ���( 0�(����j K��7�	 ����H��O�P�H��, K* K;�H/�:0�� H�9H�7��H���� 8��H� ��H/�:0�� `�

�6�
 !<
 
��� �	 �����O K�X" �-��� ����* 8Y��	�, �� !H
� .U8� �H&�� P�H� �	 �H��HS(�5���H7�

E�����-6+ ���� 8 P�	-��O0 ��Y���*-�����7��������� m��5�
����/ �'��� P�	- !
� .���O0 �H�Y�H� 

��7�;F���	8�8 Y�A�J8�G Y�VK�	8�8 Y�AJ8�G ��R�W	8�8 ��R 8�AHJ8�G �H�R�_�	 h6-H� 

��64�	 8h6-�^��,�"5�:
-0���"� ��� .U8� �68�� ���M��+ Z(�5�E�H� 9M�$ �	 P�	- f�H���f"����H�0��H7

 ���$ �	�S�
� 	�- 8 ��/ �&�* ��6�7�#���� .�R �#��-6+ 7-G �7 P�	-�:�o �	!��	�7��, 8�ZH(�5 �+

��"�# ���$ �	�S�
� 	�- !
� M�U8� �O ���	8�  �
 �7 P-�:�6 h��* !������ 8�78� �:

•�	�-6+ ��7 P�	-��6���� #���FRF 8��7�& =
�� p7�0 �e(IRF)  � 0 6��Y�����G�H
 h�H/

:��� �	�S�
��M 	-/��6���� �O #���FRF ��IRF �6�
 N  �	 ���f7��7 ��8 NOH� �� H� �

��!
� �O�� .

•�7 �	����6���	�7��,��:�o���/���, 3�:$�8���/ �7�3�-6+ ����� ;8�S�.

•�6+ �	��57 ���0 ��T��	�- �6�
 6��6+�` ���$�#�� �rM 8 	����/ 	���6�H 3��H7 �7�HQ

:$�8�!
� �QG �7 ����� 8 NO� !.

NO/ �	VAV-40���6��-6+ �6+ �	 P�	-�!
� ��/ �	�	 ���� ��T�.

NO/2A2A�-6+ �6+ �	 P�	-���T� 

1. Single Input Single Output (SISO) 
2. Single Input Multiple Output (SIMO) 
3. Multiple Input Multiple Output (MIMO) 
4. Time Domain 
5. Frequency Domain 
6. Impulse Response Function (IRF) 
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1. Operational Modal Analysis 
2. Natural-Excitation Modal Analysis 
3. Ambient Modal Analysis 
4. Output-Only Modal Analysis 
5. Poly Reference Complex Exponential 
6. Extended Ibrahim Time Domain 
7. Eigen Realization Algorithm 
8. Natural Excitation Technique 
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1 . Stochastic Subspace Identification 
2 . Auto Regression Moving Average 
3 . Stochastic Realization 
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1. Random Decrement (RD) 
2. Cross Correlation 
3. Auto Correlation 
4. Fast Fourier Transform (FFT) 
5. Vevtor Triging Random Decrement (VRD) 
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1 . Variance 
2. Cross Power Spectral Density 
3. Frequency Domain Poly-Reference 
4 . Stochastic Subspace 
5 . Subspace-Base 
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1. Non Stationary 
2. Empirical Mode Decomposition 
3. Modal Response Function 
4. Reference-Based Combined Deterministic-Stochastic Subspace Identification 
5. Confidence Intervals 
6. Second Order Blind Source Separation 
7. Power Spectral Density 


