
���������
	��������	�����	���������� 	����!�#"#$&%'���)( *�+

RF FM Signal

Baseband
Input Amplifier

RF Amplifier
Low-Pass

Filter
FM

Modulator

Clipping
,

Pre-Emphasis

-/.10�2436587:9 ;:<>=@?1ACB�DFE�.1GH0I36GKJLACM/GKNO-/PRQS3�GHNUT�JV.1QSQ)5C3#9

W 5XGHD�MY3�5CZK2U5CN4B6[\E]5C^�.1GHQ).1ACN_9a`bNUB�365XGHT�.�N40cQ)dU5e?15C^I5C?fACM�QSd45OJVAXE�24?�GKQS.1NU0gT�.10INUGH?h.1NUB�365XGHT�5CT'Q)dU5

GHJVAX2UN4QiACMhB6?1. W�W .1NU0OGKNUEjQ)dU5e3�5CT�2U?�Q).1NU0aE].�T�QSAX36Q).1ACN_9'k@5CE]2UB�.�N40aQSd45lJVACE]2U?1GHQ).�N40mT�.10INUGH?h?15C^I5C?

3�5CE�24B65XT�B6?1. W�W .1NU0nE].�T�QSAX36Q).�AXNpoH2UQ>GH?1T�Ah365XE�2UB�5CT�Q)dU5q3�5CB�5C.1^�5XE8T�.10�NUGK?�r!Q)ACr!NUAC.1T�5s36GKQS.1Aqt!uwvik@xb9�y/dU24T

Q)dU5fB�?1. W]W .1NU0f?�5X^�5X?K.1TzG{B�ACJ W 36AXJV.�T�5@oH5XQS|s5X5CN}E�.1T�Q)AC3�QS.1AXN}GHNUEn3�5CB�5C.1^�5X3 W AX|s5C3�AC24Q W 2UQ�9Uy�dU5@3�GHQS.1A

ACM W 5XGHD W AC|s5X3�QSA}3�JVT W AC|s5X3�.�T&T�5CQ~QSA}GKoHAX2UQ *�� E�=�M!AC3nT W 5X5CB�dFT�.10�NUGK?�T&�!;K�b9

� ?�AX|sr W GHT�Th�U?1Q)5C3�3�5CJVAC^I5CTfd4GH36JVAXNU.1B6T W 36AXE�24B65XE�oK[&QSd45nB�?�. W�W .�N40iGKNUEpQ)dU5s3�5CT�2U?�Q).1NU0iT�.10�N4GH?

.1T�24T�5XE�Q)As^�GK36[8QSd45nM!365XZH245CNUB�[}AXM:GHN'k�-\ACT�B6.1?�?1GHQ)AC3#9wy/dU.1TfAXT�B�.�?1?1GHQ)AC3�� T�AX2UQ W 2UQ�.1TqGHJ W ?1.1�U5CE�GHNUE

Q)36GHN4T�JV.1Q)QS5XE�AC^�5X3�QSd45�B�dUGHN4NU5C?)9

�>� �>� � ���_�������i�]�H���
�U�]�

RF Input

Baseband
Output
�Discriminator

De-Emphasis
Filter

Squelch and
�

Audio Amplifier
�

RF
Amplifier Mixer

Oscillator
�

IF Filter Limiter

-/.�0I2U3�5i7w9 �w<�=@?�AXB6DOE].�GK0�3�GHJLACM�GHNe-/P�3�5CB�5C.1^�5X3#9



���� �¡�¢
£�¤�¥�¦�§�£�¨�©�£�ª�«�¬��¤ £�¨�©!«#®#¯&°'«�¤)± *�²

³ -/´sPµJVACE]5CJVT�B�GHN�GKE�G W Q{QSA�B�dUGHN4NU5C?�B�ACNUE].�Q).1ACNUTpoH[eT�5XNUE�.1NU0aM!5X|s5C3poK.�Q)T�ACN�T�24oHB�dUGHN4r

NU5X?�Tn|s.�Q)dmd4.�0Idm5X363�AC3{3�GHQ)5CTn�!� *X¶ �H7��b9�y�dU5�y·5C?15CoK.�Q�B�ACJ W GKNU[�JVGKNU2UM!GHB�QS24365XTiAXNU5}T�24B6dOJVACE]5CJ ¶

Q)dU5'¸�¹�º�»!¼Y½�¼YºX¾�¿�¹À9�y·5X?�5XoH.1QS� TsJVACE�24?�GKQS.1ACNaQS5XB6d4NU.1ZH2U5 ¶ ´ � POÁ � PÂtY´�[�NUGKJV.�B�GH?1?1[ � E]G W Q).1^�5}PO2U?1r

Q).�B�GH3�36.15C3hÁ � POx ¶ T�5CQ)TnQ)dU5{NU2UJVoK5C3hAXM�oH.1QSTnQ)3�GHNUT�JV.�Q)QS5XEpACNF5CGKB6dlT�24oHB�dUGHN4NU5C?:GKB6B�AC3�E�.1NU0}Q)AÃQ)dU5

ZH24GH?1.�Q)[�AXM/Q)dUGHQ@T�2UoKB6d4GHNUN45C?��!�H7]�b9

Ä �Å�gÆUÇ/�]ÈmÉ

y/d45ÊMYGKE�.1NU0eAXNcË8-ÌB�dUGHN4NU5X?�TpE].�M!M!5C3�T�M!3�ACJ�Q)dU5�M!GHE�.1NU0FACNcJVAXoH.1?�5�36GKE�.1AVB�dUGHN4NU5X?�TI9ny/dU5'N4GH36r

3�AC|soHGKNUE�JVACoK.�?15p3�GHE].�A8B6d4GHNUN45C?>M!GHE]5CT&ZH24.�B�D·?1[VoK2UQ@.1T&NUACQ�M!365XZH2U5XNUB�[VT�5C?15CB�QS.1^�5}|sdU.1?15}QSd45�Ë8-

B�dUGHN4NU5C?�MYGKE�5CTsT�?1AC|s?1[pGHNUE'.1T&MY3�5CZK2U5XNUB�[�T�5C?15CB�Q).�^I58�!�K;]�b9>y/dU5&B6AXdU5X365XNUB�58oHGKNUE�|�.�E]QSdOACM/GKNOË8-

B�dUGHN4NU5C?�B6GKNOoK58?15CT�TiQ)dUGHNFG'MY5X|Íd42UNUE]365XElË85C3�Q)ÎH9

POGHNU[ONUGK363�AC|ÏB�dUGHN4NU5C?1T ¶ 5CGKB6dÐ?15CT�TÊQ)dUGHN *��K� Ë8Î ¶ B�GHN�oK5l2UT�5XEgQ)AeGK^�AC.1E\QSd45lE�.1T�QSAX36Q).�AXN

Q)dUGHQ_|sAX2U?1EÊ3�5CT�2U?1Q~M!36AXJÑG�T�.1NU0�?15{|�.�E]5Cr!oHGHN4E�|s.1E�Q)dlT�.�0INUGH?)9>uw24B6d�JVACE]5CJVTqd4GH^�5{oH5C5XN�2UT�5CE�AXN

Ë8-jB6d4GHNUN45C?1T{T�.1NUB�5�Q)dU5Ã5CGK36?1[ *�ÒH²H� Ti�!�H; ¶ �H� ¶ � ²K¶ � + �b9>PO2U?1QS.1r!B6GK363�.�5X3{T�[�T�QS5XJVTnB�GHNaGH?1T�AÃoK5824T�5CE

M!AC3�B6d4GHNUN45C?>ZK2UGH?1.1QS[pJV5CGKT�2U3�5CJV5XNUQ)T{�!�HÓ]�b9

�>� � �@�����@�ÕÔs�_Ö4×_×_��Ø

� N ³ -/´sP�ÙÚ-/PÕT�[IT�Q)5CJÛB�AC24?�Em2UT�5VQ)dU5�T�GHJV5VN4GH3�36AX|soHGHN4Ea-/PÜ3�GHE�.1AXT�Q)dUGKQsGH3�5�B�2U363�5CN4QS?1[F.�N

2UT�5\oH[gGH?1JVACT�QpGH?1?s?�GKNUEÝJVACoH.1?15\3�GHE�.1AOT�[IT�Q)5CJVTI9Ýy/d4.�TeT�5XB�QS.1ACNÞE�5XT�B�36.1oH5XTlQ)dU5 W 5C3�MYAX36JVGKNUB�5

B�dUGH3�GHB�QS5X36.1T�Q).1B6TnACM�NUGH3�36AX|soHGKNUE�-/PRQS3�GHNUT�JV.1QSQ)5C3�T{GKNUE'365XB65X.�^I5C3�T�9

�>� �>�àß ���_���������ÀÖ4×_ÉCÈm�
áâá ���

-/.10�24365i7:9 ;ÊT�dUAC|�T{GÊoH?1ACB�DlE].�GK0�3�GHJãAXM/GKNF-�P�Q)36GKNUT�JV.�Q)QS5X3À9 � M!QS5X3qQSd45ÃoHGHT�5CoKGHNUEVJVAXE�24?�GKQS.1NU0

T�.10INUGH?�.�T&GKJ W ?1.��45CE ¶ .1Qf.1T W 24Q�Q)dU36AX2U0IdmG W 3�5C5XJ W d4GHT�.1T{�U?1QS5X3À9�y/d45 W 2U3 W AXT�58ACM_Q)dU.1T{�U?1QS5X3&|s.1?1?

oH5Ã5Cä W ?1GH.1NU5CE�.1NOu:5CB�QS.1ACNe7w9 �w9 Ów9

y/dU5mT�.10�N4GH?1� Tek@-åoKGHNUE]|s.�E]QSdÞJV24T�Q�oH5g365XT�Q)36.1B�QS5XEÝQ)AgGK^�AX.�EÅ.1NUQ)5C3�M!5C3�5CNUB�5g|s.1QSdæGKEâç�GHB�5CNUQ

B�dUGHN4NU5C?1TI9 � B�?�. W�W 5C3}?1.1JV.�Q)T8QSd45 W 5CGKDj^�GK?�245VACM~Q)dU5VJVACE�24?�GKQS.1NU0lT�.10�NUGK?�GKNUEOQ)dU2UT�?1.�JV.1Q)TpQ)dU5



è�é�ê�ë�ì
í�î�ï�ð�ñ�í�ò�ó�í�ô�õ�ö�÷�î í�ò�ó!õ#ø#ù&ú'õ�î)û * �

�>� ü>� � ýÃ�þÉXÖUÇ/�4ÖU×_á ÖUÿU�]É8Æ����8�@ý8�

³ -/´sP�.1T&T�5XNUT�.�Q).1^�5�Q)A}GHNU[�E�.1T�Q)AC3�QS.1ACNOQSd4GHQ�E�.1T�QS2U3�oHT&Q)dU5ÃAX36Q)dUAX0�ACN4GH?1.�Q)[VACM�QSd45�B�GH3�36.15C3�T�9 � N4[

T�24B6d E�.1T�Q)AC3�QS.1AXNÅB6GK2UT�5CTFB�36AXT�T�QSGK?�DÝ.1NUQ)5C3�MY5X365XNUB�5moK5CQ)|s5C5XN Q)dU5aT�2UoKB6d4GHNUN45C?1T�9 � NÞ.�J W AC3�QSGKNUQ

B�GH2UT�5mACM{T�2UB�dÅE].�T�QSAX36Q).1ACNÞ.1TlGHJ W ?1.1QS24E�5\JVAXE�2U?1GHQ).1ACN B�GH2UT�5CE�oH[gMYGKE�.1NU0U9 � NUACQ)dU5X3lB�GH2UT�5m.1T

M!365XZH2U5XNUB�[pACM!MYT�5CQ)T&E]2U5}Q)AÃT�[�N4B6d436AXNU.1Î�GHQ).1ACNO5C3�3�AC3�T�9

y/dU5l5CM!MY5XB6Q)T�ACM W dUGHT�5OGKNUEÐGHJ W ?1.1QS24E�5{ç6.1Q)QS5X3VGKNUEÐQSd45m5CM!M!5CB�QSTVAXMsGÐT�.1NU0I?�5 W dUGHT�5OAC3Ê0�GK.�N

B�dUGHN40�5gE�2436.1NU0�GÌT�[IJVoHAX?i|s5C3�5jT�QS24E�.15CEÅ.1Næ�!;�����9Í`bQ'|�GHTeM!AC24NUE Q)dUGKQVQ)dU5gB�36AXT�T�QSGH?1DÅNUAC.1T�5

W 3�ACE]2UB�5CE�oK[ÊT�JVGH?1?�GKJVAC2UN4QST{ACM�GHJ W ?�.1QS24E�5/ç�.1QSQ)5C3�AC3�0�GH.1NOdU.1QST{t!Q)[ W .1B�GH?1?�[p2 W Q)A *�²�� AC3�7ÊE�=@x

B�AC2U?1E\oK5'3�5CE�24B65XEgGKoHAX2UQ *�� E]= oH[e2UT�.�N40FGHNÐGKE�G W QS.1^�5'5XZH2UGK?�.1Î�5X38B�ACN4T�.1T�Q).1NU0FACM�GOT�5C^I5CNUr!Q)G W
Q)36GHN4T�^I5C3�T�GK?>�U?1Q)5C3sA W 5C3�GHQ).�N40�.1NeQSd45�M!365XZH2U5XNUB�[pE�ACJVGK.�N�9

�>� ü>� � �h�À���4�þÆ
	_É�����Ø �
�HÖ4áâ�
ÆU×_É8Æ
���Ã�@ý8�

³ -/´sP�JVAXE�5XJVTnGK365ÃB�2U363�5CN4QS?1[poH5X.�N40p24T�5XEVMYAX3sE]GHQ)GÊQS3�GHN4T�JV.1T�T�.�AXNFAC^�5X3�QS5X?�5 W dUAXNU58B6d4GHNUN45C?1T�9

³ -/´sPerY?1.�D 5}JV2U?1QS.1r!B6GK363�.�5X3qJVACE]5CJVT&d4GH^I58GK?�T�A}oH5X5CNF2UT�5XElM!AX3sË8-ÐtY;�QSA}; � POË8Î�x/3�GHE�.1A}B�dUGKNUr

NU5X?�TI9

����ØÚ����_ÆU×_�pÔs�_Ö4×_×_��Ø_�gÆ4Ç/��ÈmÉ

³ -/´sPÜJVACE�5XJVTÃGH3�5�2UT�5XEaACNcQ)5C?15 W dUAXNU5p?1.�N45CT8oK5CB�GH2UT�5ÊQ)dU5�T�2UoKB6dUGKNUN45C?1T}E]AÊNUAXQqNU5X5CEmQ)A�oK5

5CZK2UGH?1.1Î�5XElGHNUE'oH5XB6GK2UT�5 ³ -/´sP�.1T&?15CT�T{T�5CN4T�.1QS.1^�5ÃQ)A}.�J W 2U?1T�5iN4AC.1T�5]9

y/dU5��sGKNUE�GK?�M������>¿�¹������U¿�� .1TlG ÒH+H�K� o W T ³ -/´sP JVACE]5CJµE�5X^�5X?�A W 5CEÌ.1N Q)dU5e?�GKQS5mÓ � � T

�!; ÒH¶ � � �b9:`�Q/|sGHT�.1NUQ)5CN4E�5XEpM!AC3~A W 5C3�GHQ).1ACNVAX^�5X3�T�|s.�Q)B�dU5CE8Q)5C?15 W dUAXNU5�?�.1NU5XT�9:y/dU5nJVAXE�5XJ 5XNUB�ACE�5XE

² oK.�Q)T�ACN�5CGKB6dÐAXM ² 7mB�GH363�.15C3�TÊGHQn;KÓmoHGH24E>9Êy/dU5'T�.10INUGH? W 3�ACB�5CT�T�.1NU0O|sGHTpE�AXNU5�oH[eG\B�2UT�Q)ACJ

POuw`�y/y� W 3�ACB�5CT�T�AC3�GHNUElQSd45ÃJVACE�5XJ T�AX?�ElMYAX3�T�5X^�5C3�GH?>Q)dUAX2UT�GKNUE'E�AX?�?1GH3�T�9

v"!�#jJVGHNU24MYGKB6Q)2U3�5CTqG *�Ò 9 7�D·o W T�^IAC.1B65Xr!oHGHN4E�|s.1E�Q)d'JVAXE�5XJÑMYAX3�24T�5{AX^�5X3�B�ACN4E�.1QS.1ACN45CE�Q)5C?15Cr

W d4ACN45m?�.1NU5XTFQ)dUGKQ�24T�5XTlGÐQS[ W 5mACM{JVAXE�24?�GKQS.1ACN t ³ 3�QSd4AC0IACNUGK?�Á � P ¶ T�5X5$#@d4G W Q)5C3 + xnQ)dUGHQp.1T

T�.1JV.1?�GK3sQ)A ³ -/´sP��!;HÓ��b9



%'&�(�)+*-,/.1032546,�798:,�;=<?>+@A.B,97�8C<EDEFHGI<?.KJ * ;

Receiver Transmitter
L

channelM

OFDM Demodulator
�

OFDM Modulator
�

parallelN
to
O

serialP
QAM
Q

decoder
RFFT

A/D
�

converterM
serialP

to
O

parallelN

QAM
Q

encoderS
serialP

to
O

parallelN
inverse

FFT
D/A

converterM
parallelN

to
O

serialP
serialP
data
R

in

serialP
data
R
outT

N

N

-�.�0I2U3�5}7:9 7:< � NO.�J W ?�5XJV5CN4QSGHQ).1ACNeACM�GHN ³ -�´sP�T�[IT�Q)5CJm9

ZH24GHNUQ).1Î�5XTqQ)dU5&T�.10�NUGK?S9>y�dU5nE�5XJVACE�24?�GKQSAX3hB6AX?�?15XB6Q)ThG�oH?1ACB�DVACM�T�GKJ W ?15CThM!36AXJÑQ)dU5 � ÙÚ´ ¶ B6AXNU^I5C3�QST

Q)dU5ÃT�GKJ W ?15CTiQ)AÃB�ACJ W ?15Xä�E�GHQ)G'^�GH?12U5XT&24T�.1NU0pGKNO-/-/y ¶ GKNUEFE]5CB�ACE]5CTsQ)dU5�B�ACJ W ?�5Xä�E�GKQSGÊ^IGH?12U5XT

oHGKB6DF.�N4QSAioH.1Q)T�9

�>� ü>� ü �hÇ/�UÖ4×_áâÖ4ÿU��ÉÃÆ
�1�8�@ý8�

³ -/´sPµ.1T�?15CT�TpT�5CNUT�.1QS.1^�5VQSAVQ)dU5VE�.1T�QS3�.�oK2UQ).�AXNÐAXM�QSd45'GKE�E].�Q).�^I5ÊN4AC.1T�5�Q)dUGKNcT�5X3�.�GH?~JVACE�24?�GKQS.1ACN

Q)5CB�dUNU.1ZH245CTz�!;�����9:y/d45@GH^�5X36GK0�.1NU0qACM�Q)dU5�T�.�0INUGH?KNUAX.�T�5�AX^�5X3/Q)dU5�T�[IJVoHAX? W 5C3�.�AXE{0I.�^I5CT�GU�sGK2UT�T�.1GHN

E�.1T�QS3�.�oK2UQ).�AXNlQSA{Q)dU5&N4AC.1T�5iAXN�QSd45&E�5XJVACE�24?�GKQS5XEVE]GHQ)Gp^IGH?12U5CTI9�y/d4.�Tq24T�2UGK?�?1[}365XT�2U?1Q)Ts.1NlGp?1AC|s5X3

5C3�3�AC3�36GKQS5]9

#@ACN4^�5XNUQS.1AXNUGH?@dU.10�d4rYT W 5X5CEjJVAXE�5XJVT'NU5X5CEÐ5XZH24GH?1.�Î�5C3�T�QSAF2UNUE]AeQ)dU5lM!3�5CZH245CN4B6[IrYE]5 W 5XNUE]5CNUQ

5CM!M!5CB�QST�AXM:QSd45nB�dUGKNUNU5X?S9wuw.1NUB�5�QSd45noKGHNUE]|s.1E�Q)dVAXM:5CGKB6d ³ -�´sP T�24oHB�dUGHN4NU5C?·.�TfJV24B6dVNUGH3�3�AC|s5X3 ¶

Q)dU5 W d4GHT�5pGKNUEOGHJ W ?�.1Q)2UE�5�365XT W AXNUT�5�.1T&G W]W 36AXä�.1JVGHQ)5C?1[lB�ACN4T�Q)GHN4QqAC^�5X3{5XGHB�d\T�2UoKB6dUGKNUN45C?_GHNUE

5CZK2UGH?1.1Î�GKQS.1ACNe.1T&NUAXQ�365XZH24.�3�5CE�9

³ -/´sP B�GHNÝGK?�T�AeoH5eJVGHE]5e3�5CT�.�T�QSGKNUQ8Q)AeNUGK363�AC|soKGHNUEj.1NUQ)5C3�MY5X365XNUB�5OoK[jN4ACQ{QS3�GHNUT�JV.1QSQ).�N40

E�GKQSGÊAXNaQ)dU5ÃGHM!MY5XB�QS5XEeT�2UoKB6dUGKNUN45C?1T�9



V'W�X�Y+Z-[/\1]3^5_6[�`9a:[�b=c?d+eA\B[9`�aCcEfEgHhIc?\Ki * 7

E�2436GKQS.1ACN�9

#@ACN4T�.1E�5X3&Q)dU5 W 36AXQSAXQS[ W 5pT�[IT�Q)5CJ Q)3�GHNUT�JV.�Q)QS.1NU0'oK?�AXB6D TÃACM�jlkÞ� �HÒK+ GHTÃGHNm5Xä�GHJ W ?�5]9@y�dU5

T�GKJ W ?1.1NU0l36GKQS5�|sGHT��FD Ë8ÎpT�.1NUB�5�QSd45�GH2UE].�A�B�dUGKNUNU5X?zoKGHNUE]|s.�E]QSd\|�GHT}?�5XT�T8Q)dUGKNc�FD Ë8ÎH9�-/AX3

GÐoH?1ACB�D�T�.1Î�5mACMs� �HÒH+ T�GKJ W ?15CT ¶ Q)dU5moK?�AXB6DÝE]2U3�GHQ).�AXN�.�T ²w* 7�JVT�9 � ´s-/y AXNÅQSd45e� �HÒK+ 365XGH?

T�GKJ W ?15CT W 3�ACE]2UB�5CTÊ7 � �m�\tYB�ACJ W ?�5Xä�x�T�2UoHB�dUGKNUNU5X?�TI9on/GH.13�TÊACMhoH.1Q)T'GH3�5l5CN4B6AXE�5XEj.1NUQ)AeB�ACJ W ?�5Xä

^�GK?�245CTÃtqp *�rts x�GHN4EF2UT�5CEeQ)ApT�5XQqQ)dU5}GHJ W ?�.1QS24E�5pGKNUE W d4GHT�5pAXM_QSd45�T�24oHB�dUGHN4NU5C?1Ti2UT�.�N40�Q)dU5

�Hr!Á � PRB�ACN4T�Q)5C?1?�GKQS.1ACNFT�d4AC|sNO.1NO�40�2U3�58�w9 ;w9 � ?�Q)dUAX2U0Ide2 W Q)AÃ� �KÒH+ oK.�Q)TnB�AC2U?1E'oH58Q)3�GHNUT�JV.�Q)QS5XE

|s.1QSde5CGKB6deoH?1ACB�D ¶ ACN4?�[pd4GH?1M�AXM/Q)dU5ÃT�24oHB�dUGHN4NU5X?�TnGH3�5824T�5XEVtYQ)dUAXT�5ÃoH5XQS|s5X5CN * D·Ë8Î{GKNUE';ÊD·Ë8Î�x

3�5CT�2U?�Q).1NU0i.�NlAXNU?1[i7 � �m�}oH.1Q)T�oK5C.1NU0iQ)3�GHNUT�JV.�Q)QS5XE W 5X3�oH?1ACB�D/9�uw.1NUB�5{Q)dU5sE�2436GKQS.1ACN'ACMUQSd45noK?�AXB6DV.1T

²w* 7ÃJVT ¶ Q)dU5sAC^�5X36GK?�?�oK.�Q�36GKQS5�.1Tf� �H�H� o W T�9�y/d4.�T�oH.1Q>3�GHQS5qT�Q)GH[ITfB�ACNUT�QSGKNUQ>GKTfQSd45qoH?1ACB�D�E�2436GHQ).1ACN

E�5XB63�5CGKT�5XT{oK5CB�GH2UT�58Q)dU5}NU2UJVoK5C3�ACM�T�24oHB�dUGHN4NU5C?1T{GK?�T�A}E�5XB63�5CGKT�5XT{oH[�Q)dU5ÃT�GKJV5ÃM!GHB�QSAX3À9

y/dU5 ³ -�´sP�JVACE�5XJ 0�5XNU5C3�GHQ)5CT{GÊT�.10�N4GH?�|s.�Q)deB6GK363�.�5X3sM!3�5CZH245CN4B6.15CT{oK5CQ)|s5C5XNm´6#�GKNUEFAXNU5Cr

dUGK?�MzAXM_QSd45�T�GHJ W ?1.1NU0'3�GHQ)5�9 � NU[VGHN4GH?1AC0VJVACE�24?�GKQS.1ACNaJV5CQ)dUACE ¶ MYAX3{5Xä�GHJ W ?�5�-�PÕAX3{uwuw= ¶ B�GHN

oH5V2UT�5XEaQSAVQ)3�GHNUT�JV.�Q�QSd45 ³ -�´sPÕT�.10�N4GH?~AC^I5C38QSd45'B�dUGHN4NU5X?S9 ³ -/´sP�ÙÚuwu:=Íd4GHTpoK5CQ)QS5X385CN45C3�0�[

GHN4EFT W 5CB�QS3�GH?�5XM!�UB6.15XNUB6[49 ³ -/´sP�ÙÚ-/P d4GHTiQ)dU5�GKE�^�GKNUQ)GH0�5�AXM_oH5C.1NU0'B�ACJ W GHQ).�oK?�5�|s.1Q)dm5CäI.�T�QS.1NU0

JVACoK.�?1583�GHE�.1A}5XZH24. W JV5CNUQ�9

�>� ü>� � u�Èv/ØÚ��Èm��×�áâÖ4áâ�
ÆU×�Æ
���Ã�@ý8�xwà�@�

-/.10�24365�7w9 7F.�TÃGFoH?1ACB�DaE�.1GH0�3�GHJ ACM~GHN ³ -�´sPÕ.�J W ?�5XJV5CN4QSGKQS.1ACN�9fy�dU5 ³ -�´sP JVAXE�2U?1GHQ)AC3&GHNUE

E�5XJVACE]2U?1GHQ)AC3pGH3�5l.1J W ?15CJV5XNUQ)5CEg|s.�Q)d�E�.10�.1Q)GH?@T�.10INUGH? W 3�ACB�5CT�T�AC3�TI9Êy/d45FJVAXE�2U?1GHQ)AC3�B6AX?�?15XB6Q)TÊG

oH?1ACB�DgAXM�oH.1QST�M!36AXJ�QSd45'E]GHQSGOT�AC2436B�5 ¶ 5CN4B6AXE�5XTÊQ)dU5XJ�.�N4QSA�B�ACJ W ?�5Xält!Á � POxfE]GHQSGO^IGH?12U5XT ¶ GHNUE

B�ACNU^I5C3�QSTÊQSd45lE�GKQSGmQSA�T�.10INUGH?@T�GHJ W ?�5XTÊ2UT�.1NU0OGHN�.1NU^I5C3�T�5l-�-/yf94y/dU5lE�.10�.1QSGK?@QSA�GHN4GH?1AC0mt!´~Ù � x

B�ACNU^I5C3�QS5X3nQ)dU5XN W 3�ACE]2UB�5CT{Q)dU5ÃoHGKT�5XoHGHN4E ³ -/´sP�T�.10�N4GH?)9

y/dU.1T&oHGKT�5XoHGHN4EeT�.10INUGH?�JVACE]2U?1GHQ)5CTiG'QS3�GHN4T�JV.1QSQ)5C3#9@y�dU5�JVACE�24?�GKQS5XEFT�.10INUGH?�.�T&Q)3�GHNUT�JV.�Q)QS5XE

AC^I5C3iQ)dU5}MYGKE�.1NU0�B6d4GHNUN45C?)9 � 365XB65X.�^I5C3&3�5CB�AC^I5C3�T8QSd45�oKGHT�5XoHGKNUEaT�.10�N4GH?�|sdU.1B6d\JVGH[�dUGK^�5�oK5C5CN

B�AC3�362 W QS5XEloK[ÊM!GHE].�N40�GKNUE'GHE�E].�Q).1^�58N4AC.1T�5]9

y/dU58E]5CJVAXE�2U?1GHQ)AC3{E]AC5XT&Q)dU5}.�N4^�5C3�T�5�9 � N\GHN4GH?1AC0�Q)A}E�.10�.1QSGK?�B6AXNU^I5C3�QS5X3&t � Ù ´�x/T�GHJ W ?�5XTiGHNUE



y'z�{�|+}-~/�1�3�5�6~��9�:~��=�?�+�A�B~9���C�E�E�H�I�?�K� *K*

M!365XZH2U5XNUB�[cE].�^I5C3�T�.1QS[j365XE�24B65XTeM!GHE�.1NU049�u W 3�5CGKEÌT W 5CB�QS3�2UJ�T�[�T�QS5XJVTOGK?�T�AaE�5X0�3�GHE�5O0�3�GHB65XM!2U?1?�[

GHT�Q)dU5lN42UJVoH5X3pACMh24T�5C3�TV.1NUB�3�5CGHT�5CT�GHNUEgGH3�5l?�5XT�T�T�5XNUT�.1Q).�^I5lQSAqç�GHJVJV.1NU0U9VË8AX|s5C^I5C3 ¶ T W 3�5CGKE

T W 5CB�QS3�2UJ T�[IT�Q)5CJVTnGK365ÃN4ACQ�|s.1E�5X?�[p24T�5CEV5Xä�B�5 W Q@.�NeJV.1?�.1QSGK36[}G W]W ?1.�B�GHQ).�AXNUTnE�245}Q)AÃB�dUGH?1?15CN40�.1NU0

T�[INUB�dU3�ACN4.�Î�GHQ).�AXN W 3�ACoH?15CJVT{Q)dUGKQ�.1NUB�365XGHT�5�Q)dU5X.�3sB�ACJ W ?15Xä�.1QS[pGKNUE'5Cä W 5CN4T�5]9

�>� ü �8�#áâ�_Æ4ÿUÆU×�ÖUØz�@�À����	_�]×_���eýÃ�þ�4�þÉX�þÆ4×��x	_ØÚá ��/ØÚ���4�þ×�ÿ

�>� ü>�àß ýÃ��ÉC�K�À�-/áâ�
ÆU×

³ -/´sP .1TfG8JVACE]2U?1GHQ).�AXN'JV5CQ)dUAXE�Q)dUGHQ�2UT�5XTqM!365XZH245CNUB�[iE�.1^�.1T�.1ACN'JV24?�Q). W ?15Cä�.1NU0&|s.1QSdVT�24oHB�GH363�.15C3

M!365XZH2U5XNUB�.�5XTsT W GKB65XEÊGKQzQSd45&T�[IJVoHAX?�tYoKGH2UE]xw3�GHQ)5�9>y/dU.1TqM!365XZH2U5XNUB�[}T W GHB�.�N40}JVGHD·5XTnQ)dU5{B6GK363�.�5X36T

AC3�Q)dUAC0IACN4GH?UAX^�5X3�AXNU5sT�[IJVoHAX?4.1NUQ)5C3�^�GK?U�!� ¶ ;H� ¶ ; ²�¶ ; +K¶ ;KÓK�b9>y/d4.�T�GH?1?�AX|sTh5XMY�4B6.15CN4QzJVAXE�24?�GKQS.1ACNVGHNUE

E�5XJVACE]2U?1GHQ).�AXNOoH[�2UT�.�N40pE�.1T�B�365XQS5Ã-/AC2436.15C3nQ)36GKNUT�MYAX36JVTstY´�-/y·T�x��!; + �b9

POACE�24?�GKQS.1ACNj.1T�E�AXNU5VoH[l24T�.1NU0FT�5X^�5X36GK?zoH.1QST�t!Q)[ W .1B�GH?1?�[FQS|sA'Q)AV�U^I5Cx~Q)AVT�5XQsQ)dU5VGHJ W ?�.1Q)2UE�5

GHN4E W d4GHT�5'AXM�5CGKB6d ³ -/´sPµB�GH3�36.15C3#9�y/dU5'JVAXE�2U?1GHQ)AC3�.�T�GKNÌ.1NU^I5C3�T�5V´s-/yÞQ)dUGHQ{B�ACN4^�5C3�Q)T�Q)dU5

B�ACJ W ?15Xä W dUGHT�5âÙÚGHJ W ?�.1QS24E�5gE]GHQ)GÌM!AC3F5CGKB6d T�2UoHB�dUGKNUNU5X?&.1NUQ)A\T�GKJ W ?15CTOACM{GHN ³ -/´sP T�.10INUGH?)9

y/d45�E]5CJVAXE�2U?1GHQ)AC38.�T�GO´s-/yÅQ)dUGKQ{5Cä�Q)3�GHB�QST�QSd45 W dUGHT�5'GHN4EjGHJ W ?�.1QS24E�5ÊACM@5CGHB�dÐB�GH363�.15C3pM!36AXJ

Q)dU5ÃT�GKJ W ?15CE ³ -/´sP T�.10�NUGK?S9

=@5CB�GH24T�5 ³ -/´sP B6GKN'oK5n2UT�5CE}Q)As5CM!�UB�.�5XNUQ)?�[iJV2U?1QS. W ?15CäiJVGHN4[8oK.�Q)Tf.1NUQ)A{ACNU5soK?�AXB6D�t!T�[�JVoHAX?�x ¶

Q)dU5foKGH2UEÃt!T�[IJVoHAC?1x]3�GHQ)5fB6GKN�oH5f0�3�5CGKQS?1[s3�5CE�24B65XEÃB�ACJ W GH3�5CEÃQ)A�B6AXNU^I5CNUQ).1ACNUGK?]T�5C3�.�GK?HJVACE�24?�GKQS.1ACN

JV5CQ)dUAXE�TI9�y/dU58T�[�JVoHAX?�36GKQS58.1TnQ)[ W .�B�GH?1?�[p365XE�24B65XEloK[Êd42UNUE]365XE�T&AX3sQ)dUAX2UT�GKNUE�TnAXM/Q).�JV5XT�9

y/dU5&T�GHJ W ?�.1NU0Ã36GKQS58JV24T�QzoH5&0I365XGHQ)5C3hQ)dUGKNeQ)|s.1B65{QSd458oKGHNUE]|s.1E�Q)deAXM�QSd45&oHGHT�5CoKGHNUE ³ -/´sP

T�.10INUGH?)9>y/d45iNU24JVoH5X3sAXM�T�GHJ W ?�5XT W 5C3hoH?1ACB�D ¶+�V¶ .�TsQSd45 W 36AXE�24B6Q~AXM/Q)dU5&T�GHJ W ?�.1NU0�36GKQS5&GHNUE'Q)dU5

oH?1ACB�D}E�2U3�GHQ).�AXN_9wy/d45h´s-�ye5CäIQS3�GHB�QSTzQ)dU5 W d4GHT�5�GHN4E8GHJ W ?1.1QS24E�5h.1NUM!AC3�JVGHQ).�AXN�M!AC3�����7{t!B�ACJ W ?15Xä�x

T�24oHB�dUGHN4NU5X?�TOMY3�ACJ Q)dU55� tY3�5CGK?�xiT�GKJ W ?15CTO.�NæQ)dU5coH?1ACB�D/9Íy�dU5jN42UJVoH5X3FACMioH.1QSTm.1NæG�oH?1ACB�D

.1TÊE]5CQ)5C3�JV.�N45CE\oH[mQ)dU5VNU2UJÊoH5C3�ACMhT�24oHB�dUGHN4NU5C?1Tp24T�5CE\GHNUEgQSd45lNU2UJÊoH5C3�ACM�oK.�Q)TÊQ)3�GHNUT�JV.�Q)QS5XE

ACN�5CGHB�d T�24oHB�dUGHN4NU5C?)9�uwAXJV5aT�24oHB�dUGHN4NU5C?1TFJVGH[jNUACQ}oH5m24T�GKoH?15aoH5CB�GH24T�5mT�ACJV5mT�24oHB�dUGHN4NU5X?

M!365XZH2U5XNUB�.�5XT}JVGK[loK5ÊQ)ACA�N4AC.1T�[ ¶ AC3iJVGH[�oK5Ê3�5CT�5C3�^�5XEaM!AX3ÃT�[�N4B6d436AXNU.1Î�GHQ).1ACNj.1NUM!AC3�JVGHQ).�AXN_9sy�dU5

oH.1Qs3�GHQS5'AXM�Q)dU5VT�[IT�Q)5CJ�.1T�QSd45'N42UJVoH5X38ACM�oK.�Q)T�QS3�GHN4T�JV.1QSQ)5CE W 5C38oH?1ACB�DgE�.1^�.1E�5XE\oK[OQ)dU5VoH?1ACB�D



�'�����+�-�/�1�3 5¡6��¢9£:��¤=¥?¦+§A�B�9¢�£C¥E¨E©HªI¥?�K« *��

�>� �>� � �gÆ4Ç�	_ØÚÖUá �þÆ4×¬®	��þá Ö�¯�Ø �°�)ÆU��±8ÆU×³² ÔsÆ4�_���#��×_áq�i���H�]�þ�4���#É

-/3�5CZK2U5CN4B6[8T�d4.�M!Q�D·5C[I.�N408t!-/uµ´sx>.1TqGÊB6AXJVJVACN�E�.10�.1QSGK?�JVAXE�2U?1GHQ).1ACNlQ)5CB�dUNU.1ZH245&M!AC3�JVACoK.�?15n36GKE�.1A

B�dUGHN4NU5C?1TI9 y/dU5jB�GH3�36.15X3a.1TOJVAXE�2U?1GHQ)5CE oH[�B�dUGHN40�.1NU0�Q)dU5gB�GH3�36.15X3eM!3�5CZH245CN4B6[49 -/u¶´ÛB6GKN oK5

E�5XJVACE]2U?1GHQ)5CEÊNUACN4rYB�ACd45C3�5CN4QS?1[U9w-/u¶´Þ.1T�?15CT�T�T�5CNUT�.1QS.1^�5&Q)A{MYGKE�.1NU0}QSd4GHN�JVACE]2U?1GHQ).�AXNlQS5XB6d4NU.1ZH2U5XT

Q)dUGHQ�24T�5iGHJ W ?�.1Q)2UE�58AC3 W d4GHT�5ÃJVACE�24?�GKQS.1ACN�9

y/dU58T W 5XB6Q)36GK?�5CM!�UB�.15CNUB�[ÊACM/-�uµ´ B�GHNaoH5Ã.�J W 36AX^�5XEeoK[ÊT�5C?15CB�Q).�N40VQ)dU5ÃGHJVAX2UNUQ@ACM_M!3�5CZH245CN4B6[

T�d4.�M!Q4GHNUE&oH[q�U?1QS5X36.1NU0hQ)dU5fJVAXE�24?�GKQS.1NU0q|sGH^I5CM!AC3�Jm94�C�sGH24T�T�.�GKNUr!�U?1QS5X365XE���JV.�N4.�JV24JVrYT�dU.1M!Q4D 5C[I.�N40

t!�·�s�!POuµ´�x ¶ GHNUE �C�s5CN45C3�GH?1.�Î�5CE]�Ãy:GKJV5CEÝ-/P tY�C�s�!y/-/POxÃGH3�5g^�GK36.1GHQ).�AXNUT\AXMÃ-�uµ´�|s.�Q)d oK5CQ)QS5X3

T W 5CB�QS3�GH?>5CM!�UB�.�5XNUB�[p� *�+]¶ * Ó ¶ * ���b9

�>� �>� ü �gÆ4Ç�	_ØÚÖUá �þÆ4×¬®	��þá Ö�¯�Ø �°�)ÆU�}ÔsÆU�����À�]×_á��i�]�H�]�þ�4���ÀÉ

#@AXdU5C3�5XNUQhJVACE�24?�GKQS.1ACNgJV5XQSd4ACE�T}T�24B6dmGHT W d4GHT�5ÊT�d4.�M!QfD 5C[�.1NU0ltCn/uµ´sx_QS5XNUEmQSApoH5�JVAC3�5 W AX|s5C3

5CM!�UB�.15CNUQ�Q)dUGHN}N4ACN4rYB�ACd45C3�5CNUQ�JVACE�24?�GKQS.1ACN}JV5CQ)dUACE]T�9UË8AC|s5X^�5X3 ¶ E]5CJVAXE�2U?1GHQ).�AXN�ACM�n/u¶´Ì365XZH2U.13�5CT

B�GH363�.15C3 W d4GHT�5fT�[�NUB�dU3�ACN4.�Î�GHQ).�AXN_9�!�T�Q).�JVGKQS.1NU0qQ)dU5�B6GK363�.�5X3 W dUGHT�5@.1T�E�.1M!�UB�2U?1QwAXN}M!GHE�.1NU0hB6d4GHNUN45C?1T

oH5XB6GK2UT�58Q)dU5Ã365XB65X.�^I5CE W dUGKT�58.1T&B�ACNUT�QSGKNUQ)?�[}B6d4GHNU0I.�N40U9 ³ NU5 W A W 2U?1GH3qG W�W 36AXGHB�da.1TnQ)A}QS3�GHNUT�JV.1Q

G W .1?1ACQ�B�GH363�.15C3�|s.1QSdlQ)dU5ÃE�GKQSGÊGKNUE'365XB6AX^�5X3�QSd45 W .�?1AXQ@B�GH3�36.15X3hGHQ@Q)dU5Ã3�5CB�5C.1^�5X3�� *�Ò]¶ 7 ��¶ 7 *�¶ 7K7 ¶ 7K; ¶

7H� ¶ 7 ²K¶ 7 +K¶ 7HÓ ¶ 7�� ¶ 7 Ò�¶ ; �]¶ ; * ��9
POGHNU['JVACE]2U?1GHQ).�AXNÐQ)5CB�dUNU.1ZH245CT�T�24B6djGKT¸�sy/-/PÕGKNUEv�sPOuµ´ B6GKNgoH5'E]5CJVAXE�2U?1GHQ)5CEOB6AXdU5C3�r

5CN4QS?1[VAC3{N4ACNUr!B�ACdU5X365XNUQ)?�[49�#@AXdU5X365XNUQhE�5XJVACE�24?�GKQS.1ACNmB�GHNa365XT�2U?1Qf.�NgoH5XQSQ)5C3 W AC|s5X3i5CM!�UB�.�5XNUB�[VGKQ

Q)dU5ÃB6AXT�Q@ACM�.�N4B63�5CGKT�5XEF3�5CB�5C.1^�5X3qB6AXJ W ?15CäI.�Q)[U9

�>� �>� � ¬¹/�À�]ÖUÇº¬®/�]�Há �»	_ÈÂ�gÆUÇ�	�Ø Ö4áâ�
ÆU×

u W 365XGHE\T W 5XB6Q)3624JÜJVAXE�2U?1GHQ).1ACNÐJV5XQSd4ACE]T�T W 3�5CGKEgQSd45lQS3�GHN4T�JV.1QSQ)5CE\T�.�0INUGH?~AX^�5X3pGaoKGHNUE]|s.1E�Q)d

JVGHN4[nQ).1JV5CT@Q)dU5qoK.�Q�36GKQS5 ¶ QS[ W .1B6GK?�?1[&T�5C^I5C3�GH?HPOË8Î��!;H7 ¶ ;K;K�b9 ³ NU5fT W 365XGHE�.1NU0{JV5CQ)dUAXE8.1TzQSAhJV2U?1Q).�r

W ?1[&Q)dU5sE�GKQSG8|s.1QSdVG W T�5X2UE]ACr!36GKNUE�AXJ T�.10�N4GH?·t½¼�»!¹6¿�¾�¿��/¿�Àµ�I¿�Á
¾6¿qJVAXE�2U?1GHQ).1ACNUxb9 � NUAXQSd45C3�JV5CQ)dUAXE

.1TnQ)AÃT�d4.�M!QzQ)dU5ÃB6GK363�.�5X3hM!365XZH2U5XNUB�[pJVGHNU[}QS.1JV5CTnE]2U3�.�N40p5XGHB�dOoH.1Q W 5C3�.1ACE't½Âf¹�¿�À¶��¿�Á
¾�Ã"Ä°�B����»·ÁÆÅ�xb9

`bM&Q)dU5gT�.10INUGH?�oHGHN4E�|s.1E�Q)d .�TlJV24B6dæ0�3�5CGKQS5X3FQ)dUGHNÞQ)dU5mB�ACd45C3�5CN4B65goHGHN4E�|s.1E�Q)dÞQ)dU5g3�5CT�2U?�Q).1NU0



Ç'È�É�Ê+Ë-Ì/Í1Î3Ï5Ð6Ì�Ñ9Ò:Ì�Ó=Ô?Õ+ÖAÍBÌ9Ñ�ÒCÔE×EØHÙIÔ?ÍKÚ Ò

oHGKNUE�|�.�E]QSdF.1TnQ)[ W .1B�GH?1?�[p0�3�5CGHQ)5C3fQSd4GHNF� � D·Ë8Î{.1NO2436oKGHNeGH3�5CGKTnGKNUE'JVAC3�5&MYAX3�T�2UoK2U3�oHGHNFGH3�5CGHT

� *�² ��9s-/3�5CZK2U5CN4B6[IrYT�5C?15CB�Q).�^I5pMYGKE�.1NU0�.�T}QSd45C3�5CM!AC3�5ÊNUAXQqGOT�.10�N4.��4B6GKNUQh5CM!M!5CB�Q�MYAX3iNUGH3�36AX|soHGKNUEat *�²

Q)A}7 ² D·Ë8Î�x/-/PÂT�.�0INUGH?1Tn�!;K�b9

�>�àß�� � Û�ÆUÿÜ²Ý±8ÆU�#ÈmÖUØ���ÖUÇ/�
×_ÿ

y/d45ÊJV5CGKNÐT�.�0INUGH?~?15C^I5C?zGH?1T�AVB�dUGKNU0�5XT8GHT�Q)dU5VJV5CGKN W GHQ)dj?�5XNU0IQSdjB�dUGHN40�5CT�GKNUEOGHT�Q)dU5VQS[ W 5XT

ACM_T�B6GKQSQ)5C3�5C3�T{B6d4GHNU0I5�9_y/dU58E].�T�QS3�.�oK2UQ).�AXNmAXM_QSd45�JV5CGKNmT�.�0INUGH?�?15C^I5C?�.1T&ACM!Q)5CNmG W�W 3�ACäI.�JVGKQS5XEFGKT

?1AC0IrYN4AC3�JVGH?)9/y/dU.1Ts¼C�ÞÅ
ß·Á
�C¹��Vº�¼zM!GHE�.1NU0p.�T&T�?1AC|s5X3�GHN4EFGHM!M!5CB�QST&QSd45ÃJVACE�24?�GKQS.1ACNaJV2UB�dO?15CT�TiQ)dUGHN

Q)dU5Ãk@GH[I?�5X.10�dmM!GHE�.1NU049

�>�àß�� ü ±ÃÆU�
ÉC�

-/.15C?1E\JV5CGHT�2U3�5CJV5XNUQ)T�d4GH^I5loH5X5CN�JVGHE]5�ACM�Q)[ W .�B�GH?@NUAX.�T�5�?15C^I5C?1T�.1NÐ2U3�oHGKN�GH3�5CGKT�9py/d45'JVGHNUr

JVGHE]5aNUAX.�T�5FGHQ *��H� POË8ÎF.1T'7 � QSAa� � E]= GHoHAX^�5aQ)dU5eQ)dU5C3�JVGH?fNUAX.�T�5a?1.�JV.1Q�9 � Q * �sË8ÎlQ)dU5

JVGHN4rYJVGKE�5gNUAX.�T�5\.1T � Q)Ag7 � E]= GHoKAC^I5gQ)dU5gQ)dU5X36JVGH?&NUAX.�T�5\?�.1JV.1Q�9à#@GK3F.10�N4.�Q).�AXNUT ¶ 5C?15CB�QS3�.1B

JVACQ)AC3�T ¶¶á 2UAX3�5CT�B�5CN4Q~?�.10�d4QS.1NU0 ¶ GHNUE'B�ACJ W 24QS5X36T{GK365}T�AXJV58T�AX2U3�B65XT{ACM/k�-cN4AC.1T�58�!;K��9

�>� � ý8�
ÿU�
áâÖ4Øz�gÆUÇ�	�Ø Ö4áâ�
ÆU×5�SÆ4���gÆ�¯��þØÚ���iÖUÇ/�
Æ

�>� �>�àß �h���»�)ÆU�#ÈmÖU×_�K�'Ôs�À�
áâ�]�À�
Ö

y/d4365X5�.1J W AX36Q)GHN4Q&JV5CGKT�2U3�5CT�ACM�Q)dU5 W 5C3�M!AC3�JVGHNUB�5�ACM�GmJVACE]2U?1GHQ).�AXN�T�B�dU5CJV5'GK365�T W 5XB6Q)3�GH?@5XMYr

�UB�.15CNUB�[ ¶ W AC|s5X3�5CM!�UB�.15CNUB�[ ¶ GHNUE�E�5C?1GH[49â�¹�>¿�¾�¿Ú¹6º]¼{¿-ãCäÜ¾�»Y¿�Á�¾-ÃÅJV5XGHT�2U3�5CTldUAC| JVGHN4[ÐoK.�Q)T W 5C3

T�5XB�ACNUEaB6GKNÐoK5ÊQ)3�GHNUT�JV.�Q)QS5XEa.1NÐGF0I.�^I5CNÐoHGHN4E�|s.1E�Q)d_9n-/AC3&5Cä�GKJ W ?15 ¶ GOT�Q)GHQ)5Cr!ACM!rYQ)dU5Xr!GH36QqT�5C3�.�GK?

JVACE]2U?1GHQ).�AXNÐQ)5CB�dUNU.1ZH245 ¶ �sy/-�P tC�sGH24T�T�.�GKNÌyUGKJV5CEm-�POx ¶ B6GKN�Q)36GHN4T�JV.1QsGKoHAC24Q *�+ D·o W T�ACN�G

7 ² D·Ë8Î8B6d4GHNUN45C?z� *�+ �b9'å��çæ�¿6¹Ã¿-ãCäÜ¾�»Y¿�Á�¾-Ã\JV5CGKT�24365XT8QSd45�5CN45C3�0�[F365XZH24.�3�5CE W 5C3ioH.1QqM!AX3ÃGl0�.1^�5XN

=�!@kn9»¼�¿�¼Yº�ÃÌ.1T�.�J W AC3�QSGKNUQ&.1NÝ.�N4QS5X36GKB6Q).�^I5lT�[�T�QS5XJVT�9�y/d45FGHB�B65 W Q)GHoK?�5FE]5C?1GH[aE�5 W 5CN4E�T�AXNÝQ)dU5

G W]W ?1.�B�GHQ).�AXN_9



è'é�ê�ë+ì-í/î1ï3ð5ñ6í�ò9ó:í�ô=õ?ö+÷AîBí9ò�óCõEøEùHúIõ?îKû �

ACM@QSd45�365XB65X.�^I5CEmT�.�0INUGH?~5XNU^�5X?1A W 5ÊB6GKNÐoK5'E�5X36.1^�5XEmM!3�ACJ�Q)dU.1T W AC|s5X3iT W 5CB�QS3�2UJm9ÃyU|sA�ACM~QSd45CT�5

GH3�5ÃQSd45�?15C^I5C?wB�36AXT�T�.�N40Ê3�GHQ)58t· '#@k@x�GHN4E�Q)dU5ÃGK^�5C3�GH0I58M!GHE]5�E]2U36GKQS.1ACNOt ü#x��!;K�b9

y/dU5@?15C^I5C?]B�36AXT�T�.�N40�3�GHQ)5f.�TzQ)dU5�GH^�5X36GK0�5f3�GHQ)5@ACM�5XNU^�5X?1A W 5@B63�ACT�T�.1NU0IT�2 W Q)dU3�AC240�d�GnQ)dU365XT�d4AC?1E

?15C^I5C?)9�y/dU58?15C^I5C?>B63�ACT�T�.1NU0�36GKQS58tC �#�k@x�t!MYAX3{GÊ^I5C3�QS.1B�GH?�JVACN4A W AX?15}GHNUQ)5XNUNUGKx�.1T&�!;K��<

 '#@kþý=ÿ ���������
	����� ���������
|sdU5X365��8.�TsQSd45Ã?�5X^�5X?�GHoKAC^I5}QSd458JV5XGHNeGHN4E����h.1T&QSd45ÃJVGHä�.1JV2UJL´�A W�W ?�5X3n3�GHQ)5�9

y/dU5�GK^�5X36GK0�5nM!GHE]5qE�2436GHQ).1ACN'.�T�QSd45nGK^�5C3�GH0I5�Q).1JV5nQ)dUGHQ�QSd45n5XNU^I5C?1A W 5sT�Q)GH[ITfoK5C?1AC|�G8QSd4365XT�d4r

AC?1E'?�5X^�5X?S9�y/d458GH^�5X36GK0�5ÃMYGKE�5ÃE�2436GKQS.1ACN �}.1T&0�.1^�5XNaoK[��!;��b<

 "!$#�%�&('*)+
,.-�/ 0�1 2�3�46587
|sdU5X365�98GHNUE;:�<hGK365}GHTnGKoHAX^�5�9

�>�àß��àßR���À���+	_��×����Ü²C¬·�]Ø �]�Háâ�
�U�V�@ÖUÇ/�
×_ÿ

� JVAX365ÃB6AXJ W ?15Cä W 3�A W GH0�GKQS.1ACNFJVACE]5C?U.1NUB�?�24E�5CTnJVGKNU[}E�.1T�B�365XQS5ÃT�B�GHQ)QS5X365X36TI9+!@GKB6d W 36A W GH0IGHQ).�AXN

W GKQSdlB6GKNldUGH^I5&GÊE].�M!M!5C3�5CNUQ�GKJ W ?1.�Q)2UE]5 ¶ W 36A W GK0�GHQ).�AXNFE�5C?1GH[ ¶ GHN4EÊ´sA W]W ?15C3qT�d4.�M!Q�9wy/dU5&E�.1T�Q)36.1oH24r

Q).�AXNgAXM/Q)dU5XT�5�Q)dU365X5�^�GK36.1GHoH?15XT{.�TÃB6GK?�?15CEFQ)dU5"�U¿�¼Yº�Ã�ßÝ¼¸�Þ���>¼!¿6¹ W 3�AC�4?�5�� * 7���GHNUEOE]5C�UN45CT&QSd45�|sGH[

Q)dU5Ã365XB65X.�^I5CElT�.�0INUGH?�|�.�?1?�oH5ÃE�.1T�Q)AC3�QS5XE>9

=gdU5CNgB6AXJ W ACN45CN4QST8GK365V365XB65X.�^I5CEm|�.�Q)dgE�.1MYM!5C3�5CN4Q�E�5X?�GK[�T ¶ Q)dU5 W d4GHT�5ÊE�.1M!MY5X365XNUB�5CT�oH5CQ)|s5X5CN

Q)dU5CJ |s.1?�?zoH5�GFM!2UN4B6Q).�AXNcACM_Q)dU5�T�.�0INUGH?�MY3�5CZK2U5CN4B6[49qy/d45ÊQS.1JV5CTÃAC3iQSd45 W ACT�.1QS.1ACN4TÃACM~Q)dU5�M!GHE�5XT

|s.1?�?wE�5 W 5CN4ElACNOQSd458M!3�5CZH245CN4B6[49>y/dU.1T&.1TnD NUAC|sNOGHTnM!3�5CZH245CN4B6[IrYT�5C?15CB�QS.1^�58MYGKE�.1NU0U9

-/.�5X?1E}JV5CGHT�2U3�5CJV5XNUQ)Tq� +]¶ Ó ¶ � ¶ * ; ¶ * �K�UdUGK^�5sT�d4AC|sN'QSd4GHQ/Q)dU5sE�.1T�Q)36.1oH24QS.1ACNVACMUQSd45 W 36A W GH0IGHQ).�AXN

E�5X?�GK[Ã.�TfE].�M!M!5C3�5CN4Q�.�NV2U3�oHGHNVGKNUEp3�2U3�GH? GK365XGHTqoK2UQ�Q)dUGHQ�QSd45n3�JVT�E�5C?1GH[ÃT W 3�5CGHE�>_.�TfT�5C?1E�AXJ JVAX365

Q)dUGHN *��@? T�9
y/dU5fMY3�5CZK2U5XNUB�[{36GKNU0�5sAX^�5X3~|sdU.1B6dpQSd45qB6AX363�5C?1GHQ).1ACN�ACM·MYGKE�.1NU0{T�.10�N4GH?1T@5CäIB65X5CE]T � 9 Ò .1T@E]5C�UN45CE

GHT&Q)dU5"¾���AU¿�¹6¿�Á�¾�¿CBHº�Á
��æs»C��¿DA\�!;]��9/`bNm0I5CNU5X36GK? ¶ dUAX|s5C^I5C3 ¶ Q)dU5}B6d4GHNUN45C?>|s.1?1?�T�5X^�5C3�5C?1[ÊE].�T�QSAX36QfG

T�.10INUGH?~|sdUAXT�5'oHGHN4E�|s.1E�Q)djT�.10�NU.1�UB�GHN4QS?1[F5CäIB65X5CE]TpQSd45'B�ACd45C3�5CNUB�5'oKGHNUE]|s.�E]QSd�9}y�dU5'B6AXdU5X365XNUB�5
E�FHG�IKJMLONQP�I�RTSVUONXW�JMIYSZP\[TN^]_G.I`JMa�aZ]Qacb�]MG�IKNMIYdYaZe�PfdYIYe�]MJMScRgLOaZLOIYe�]hacbi]MG�I`P.I�RjSZUkP�[jNX]_Jl[Tm�n�]l[TaZepo�qYrts



uKvxw�y{z}|V~\�
����|����_|����.�{��~Z|����M�����p�@�.~�� Ó

!@GHB�dÐACMhQ)dU5V365XB65X.�^I5CEgB�ACJ W AXNU5XNUQ)TÊ|s.1?�?@dUGK^�5lGOE].�M!M!5C3�5CNUQ&´sA W]W ?15C3�T�dU.1M!Q�9�y/dU5'T�dU.1MYQ&|s.1?1?

E�5 W 5XNUEcACNÅQ)dU5e3�5C?1GHQ).�^I5F^�5C?1AXB6.1QS[goK5CQ)|s5C5XNÝQSd45OT�B6GKQSQ)5C3�5C3pGHNUEÐQ)dU5e^�5XdU.1B6?15�9Oy/dU5OJVGKä�.1JV2UJ

´sA W�W ?15C3sT�d4.�M!Q@t}��� x_.1Tn0I.�^I5CNOoH[

���������V�� �����6 8¡
|sdU5X365£¢�¤�.1TfQ)dU5sB6GK363�.�5X3�M!3�5CZH245CN4B6[ ¶H¥ .1TqQSd45q^�5Cd4.�B�?15{T W 5X5CE ¶ GHN4E@¦_Q)dU5s^�5C?1AXB6.1QS[&AXM W 3�A W GH0IGHQS.1AXN_9

y/d458NUACJVAX0�3�G W de.�Na-/.�0I2U3�587w9 * T�dUAX|sT{Q)dU.1T{365X?�GKQS.1ACN4T�d4. W 9

vehicle speed§ Doppler rate§ carrier frequency§

1

10

100

1000

km/h

1

10

100

mi/h

10

100

1000

10000

MHz
¨

1

10

100

1000

Hz
©

0.01

0.1

1

-/.10�24365'7w9 * <sviAXJVAC0�3�G W d�T�d4AC|s.1NU0OQ)dU5V365X?�GKQS.1ACN4T�d4. W oH5CQ)|s5X5CNcJVGHäI.�JV24JÜ´sA W�W ?15C3Ã3�GHQS5lt}ª�« x ¶
^�5XdU.1B6?15}T W 5X5CE�t}¬Xx ¶ GKNUEFB�GH3�36.15C3�M!365XZH2U5XNUB�[Vt}�®Úx�9/´s3�GH| G�T�QS3�GH.10�d4Q�?1.�N45�.1NUQ)5C3�T�5XB6Q).�N40�QSd45�G W]W 3�ACr
W 3�.1GHQS5iGHä�5XTnGKQ@Q)dU5ÃQ)|sA8D·NUAX|sNFZH2UGKNUQ).�Q).�5XT�9>y/dU5824NUD·N4AC|sNe.1Tn3�5CGHE'GKQ@Q)dU5Ã.1NUQ)5C3�T�5XB6Q).�AXNOAXM/Q)dU5
?1.�N458|�.�Q)dmQ)dU5ÃGHäI.�TnACM�QSd45824NUD·N4AC|sNa^�GH3�.1GHoH?15�9

y/dU5�E].�T�QS3�.1oH2UQ).1ACNlAXM4Q)dU5s´sA W]W ?15C3fT�dU.1M!QSThGKNUE�QSd45n3�5CT W AXNUT�5sAXM:Q)dU5sGHNUQ)5CN4NUGpQ)AsQ)dU5sE�.1MYM!5X365XNUQ

B�ACJ W AXNU5XNUQ)T�E�5X�UNU5ÃQ)dU5 W AC|s5X3sT W 5XB6Q)3624JãAXM�QSd458B�ACJVoK.�N45CE�.1NUr W d4GHT�5ÃGKNUEÊZH24GHE�3�GHQ)2U3�5ÃB6AXJ W AXr

NU5XNUQ)T}� *�� �b9�y/dU5ÊT W 5XB6Q)3624J ACM~QSd45�5CNU^I5C?1A W 5pB6GKNgQSd45CNmoH5�B6AXJ W 24QS5XE>9@uwAXJV5�24T�5XMY24?zT�Q)GHQ).1T�Q).�B�T



Ôs�_Ö
/á ���p�

�i���4�þ�i¯LÆ
�1�q�À�]�U�
Æ�	_É±°OÆU�g²

y/d4.�T�B6d4G W Q)5C3~365X^�.15C|sThT�5C^I5C3�GH? Q)A W .1B�T�Q)dUGKQ/GH3�5s365X?�5X^�GHN4Q�Q)AsQ)dU5q|sAX36D�E�5XT�B�36.1oH5XE}.�NVT�2UoKT�5XZH2U5XNUQ

B�dUG W QS5X36TI9wy/dU5qT�5XB6Q).�AXNUT�oH3�.�5 á [&E�5XT�B�36.1oH5�QSd45nJVAXoH.1?�5q36GKE�.1AsB�dUGHN4NU5X? ¶ AXQSd45C3~E].�0I.�Q)GH? JVACE�24?�GKQS.1ACN

Q)5CB�dUNU.1ZH245CT ¶ ³ -/´sP ¶ GKNUE'-/P�Q)3�GHNUT�JV.�Q)QS5X3�TiGHNUE'3�5CB�5C.1^�5X36TI9

�>�àß �@�����gÆ�¯��þØÚ���iÖUÇ/�
ÆOÔs�_ÖU×�×_��Ø

n/3�A W GH0�GKQS.1ACN'GHQ�³{Ë8-aGHN4Eµ´iË8-mMY3�5CZK2U5CN4B6.15CTh.1TfJVAXT�Q)?�[ÃoH[83�5 á 5CB�QS.1ACN ¶ E�.1MYM!3�GHB6Q).1ACN'GHNUE�T�B�GHQ)Q)5C3�r

.1NU0'MY3�ACJ oH2U.1?1E�.1NU0IT�GHNUElACQ)dU5C3iAXo�ç�5CB�QSTI9 � T8QSd45�365XB65X.�^I5C3&JVAC^I5CTÃ.�NgQ)dU5�.1NUQ)5C3�MY5X365XNUB�5 W GKQSQ)5C3�N

B�365XGHQS5XE�oH[�Q)dU5ÃE�.1MYM!5X365XNUQ W 3�A W GH0IGHQS.1AXN W GKQSdUT ¶ QSd45�3�5CB�5C.1^�5XE'T�.10INUGH?�T�Q)365XNU0IQSde^IGH3�.�5XT�9

#@?�GK36D 5C� T�T�.�J W ?�5'JVAXE�5X?�� *�� �fGHT�T�2UJV5XT�JVGHNU[eT�B6GKQSQ)5C3�5C3�T�24NU.1MYAX36JV?1[eE].�T�QS3�.1oH2UQ)5CEg.�NcG\B�.�3�r

B�?�5gGK36AX2UNUE�QSd45gJVAC^�.1NU0�3�5CB�5C.1^�5X3À9 y/dU5mT�.10INUGH?{B�ACJ W ACN45CNUQ)TO3�5CB�5C.1^�5XE MY3�ACJ QSd45gT�B�GHQ)QS5X365X36T

GH3�5VGHT�T�2UJV5XEjQ)A�dUGH^I5V5CZH24GH?@GHJ W ?�.1Q)2UE�5XT�GKNUEm.�N4E�5 W 5CN4E�5CN4Q ¶ 2UN4.�M!AC3�JV?1[�r!E�.1T�Q)36.1oH24QS5XE W d4GHT�5XT�9

`bMq5CGKB6d�AXMhQSd45O3�5CB�5C.1^�5XEÐB�ACJ W ACNU5XNUQ)T'.�TV5Cä W 365XT�T�5CEj.1N�B�ACJ W ?�5XämN4ACQ)GHQ).�AXN ¶ QSd45eB65XNUQ)36GH?h?1.1JV.�Q

Q)dU5CAX365XJR� *K* �~.1J W ?1.�5XT�QSd4GHQsQ)dU5 W 3�ACoKGHoH.1?1.�Q)[eE�.1T�Q)36.1oH24QS.1ACN4TpAXM�Q)dU5V3�5CGH?�tY.1NUr W d4GHT�5Xx@GKNUEO.1JVGH0�r

.1NUGH3�[et!ZH2UGKE�3�GHQ)2U365XxfB�ACJ W ACNU5XNUQ)TpGK365°�sGH2UT�T�.1GHN�98y/d45 W 36AXoHGHoK.�?1.1QS[aE�5XNUT�.1Q)[eM!2UNUB�QS.1AXNct W E�M!xfAXM

Q)dU5Ã5CN4^�5C?1A W 5}t!JVGH0INU.1QS24E�5}AXM/Q)dU5ÃB�ACJ W ?15Xä�T�2UJVx/B6GKNOQ)dU5XNOoH5ÃT�d4AC|sNOQSA}oK58k@GK[�?15C.10�de� *H* � ¶

¶�·}¸�¹»º
¼½¾ ½¿�À .�MÂÁ±ÃÅÄ
ÆÇÉÈÉÊ�ËYÌVÍ�ÎYÏ .�MÂÐ±ÑÅÒ Ó�Ô�Õ×ÖÉØ

GHN4E�Q)dU5}B624JV2U?1GHQ).�^I58E�.1T�Q)36.1oH24QS.1ACNeM!2UN4B6Q).�AXNetC#@´s-/x/.1T

ÙÛÚ}Ü�ÝKÞ$ßàá
àâ
ã .�MÂä±åÅæ
ç(èêé�ë�ì}íZî�ïYð .�MÂñ±òÅó ô�õ�ö6÷8ø

|sdU5X365úù�.�TsQSd45�?15C^I5C?wACM�QSd45�5CN4^�5X?�A W 5iGHNUElQSd45ÃJV5CGHNe.1Tüû ýQþ�ÿ��À9
+



�������
	������������	����������	! "�#� ²

#@dUG W QS5X3 ² E�5XT�B�36.1oH5XTmQ)dU5cJV5CGKT�24365XJV5CNUQ)TaAXNÍG W 3�ACQ)ACQ)[ W 5 ³ -/´sP�ÙÚ-/P T�[IT�Q)5CJm9 y/d45CT�5

JV5CGKT�24365XJV5CNUQ)T}.1NUB�?�24E�5VQSd45�=�!@kÍGKNUEmT�AXJV5Ê-/P�365XB65X.�^I5C3&GHN4E\Q)36GKNUT�JV.�Q)QS5X3ÃB�dUGK36GKB6Q)5C3�.�T�QS.1B�T�9

y/d458JV5CGHT�2U3�5CJV5XNUQ)T{^�5C3�.1MY[pQ)dU5}GHT�T�2UJ W QS.1ACN4Tn.�NeQSd45ÃJVACE�5X?�GHNUE'Q)dU5ÃNU24JV5C3�.�B�GH?/3�5CT�2U?1QSTI9

#@dUG W QS5X3 + 5Xä W ?1GH.1NUTOT�AXJV5j|�GH[�TOQ)Ag.1J W 3�AC^I5jQ)dU5g=�!�k W 5X36M!AC3�JVGHN4B65\ACM ³ -/´sP�ÙÚ-/P�9 �

JV5CQ)dUAXE�Q)Aa3�5CE�24B65mQSd45gB63�ACT�T�Q)GH?1D B�GH2UT�5CE�oH[ÐM!GHE].�N40c.�TeE�5XT�B�36.1oH5XE>9�y/dU.1TeJV5CQ)dUAXE ¶ E�5CB�.1T�.1ACN

M!5C5XE�oHGKB6DeB�AC3�365XB6Q).�AXNFtY´�-�#@x ¶ 2UT�5CT{QSd45Ã365XB65X.�^I5CElE�GKQSGÊQ)A}3�5CB�365XGHQ)5}Q)dU5 W GK36Q)TnACM_Q)dU5ÃT�.�0INUGH?�?1ACT�Q

.1NjM!GHE]5CTI9�uw|s.1QSB�dU.1NU0'E�.1^�5X36T�.�Q)[�GHN4EOMYAX36|sGK36EO5C3�36AX3{B�AC3�365XB6Q).�AXNjtY-'!�#@x�B6AXE�.1NU0lGH3�5�GH?1T�ApoH3�.15 á [
5CäIGHJV.1NU5XE>9

#@dUG W QS5X3H�FB�ACJ W GH3�5CT ³ -/´sP�ÙÚ-/PÕ|s.1QSd ³ -�´sP�Ù u:uw= GHNUEO|s.1Q)djJVAX365�B�ACN4^�5CN4QS.1ACN4GH?zT�5C3�.�GK?

JVACE]2U?1GHQ).�AXNOQ)5CB�dUN4.�ZK2U5CTI9

#@dUG W QS5X3�ÓOB�AC^�5X36T�^�GK36.1AC24T�Q)A W .�B�TÊACN�Q)dU5�.�J W ?�5XJV5CN4QSGHQ).1ACNcACM ³ -/´sPpÙ -/PµT�[IT�Q)5CJVTI9�y�dU5

B�ACJ W ?15Xä�.1QS[ÊACM_Q)dU5�E].�0I.�Q)GH?�T�.10�NUGK? W 3�ACB�5CT�T�.1NU0Êt!´suµn�xzdUGK36E]|sGH3�5p3�5CZK2U.1365XEOGHN4EFQ)dU5 W 36AXoH?15CJ AXM

T�[INUB�dU3�ACN4.�Î�GHQ).�AXNOGH3�58oK36.15 á [ÊB�ACN4T�.1E�5X365XE>9

#@dUG W QS5X3 Ò T�2UJVJVGK36.1Î�5CTÊQ)dU5lB�ACN4QS3�.�oK2UQ).�AXNUTVACM�Q)dU5eQ)dU5CT�.�TpGHNUEgT�2U0I0�5XT�Q)TÊT�AXJV5lQSA W .1B6TÊM!AC3

M!2U3�QSdU5X3n3�5CT�5CGK36B�d_9



$�%�&�'
(�)�*�+�,�-�.�(�*�/�0�1�2�(!3"/#. �

T�AX2U3�B658ACM�NUAX.�T�5�9�y�dU58JVGH.1NOB6AXNUQ)36.1oH24QS.1ACN4T&ACM�QSd4583�5CT�5CGK36B�dO.1NUB�?12UE�5]<

4 T�5C^I5C3�GH?>JV5CQ)dUAXE�T&Q)A W 3�5CE].�B�Q�Q)dU5}oH.1Qf5X363�AC3�3�GHQS5�t!=�!@k�x W 5C3�M!AC3�JVGHNUB�5}ACM ³ -/´sP�ÙÚ-/P�T�[IT�r

Q)5CJVT ¶

5 GÊJV5XQSd4ACElQ)AÃ3�5CE]2UB�5}Q)dU5ÃB�36AXT�T�QSGH?1DeB�GH2UT�5CE'oH[�MYGKE�.1NU0 ¶

6 JV5XGHT�2U3�5CJV5XNUQSThAXNVG W 36AXQSAXQS[ W 5 ³ -�´sP�Ù -�P T�[IT�Q)5CJÏQSAs^I5C3�.�M![}Q)dU5 W 5X36M!AX36JVGHN4B65{GKNUGH?1[�T�.�T

GKNUE'QSAiE�5XJVACNUT�Q)36GHQ)5}QSd45ÃMY5XGHT�.�oK.�?1.�Q)[�ACM ³ -/´sP�ÙÚ-/P ¶ GHNUE

7 .1NU^I5CT�QS.10�GKQS.1ACNFACM_Q)dU5 W 5X36M!AX36JVGHN4B65}AXM ³ -�´sP�Ù -�P T�[IT�Q)5CJVTs2UT�.1NU0ÊM!AC3�|sGH3�E�5X363�AC3{B�AC3�3�5CB�r

Q).1ACNFtY-'!�#@x�GHNUE'T�|s.�Q)B�dU.1NU0�E�.1^�5X36T�.1QS[49

ß�� � �8�#ÿUÖU×_��8IÖUáâ�
ÆU×�Æ��~áâ���l�@����ÉC�
É

#@d4G W Q)5C3�7 W 3�AC^�.1E�5XTVoHGHB�D·0I36AX2UNUEc.1NUM!AX36JVGHQ).1ACN�ACNÌJVACoH.1?15F3�GHE�.1A W 3�A W GH0�GKQS.1ACN ¶ ACQ)dU5X3VE].�0I.�Q)GH?

JVACE]2U?1GHQ).�AXNÐJV5XQSd4ACE�TÃM!AC38JVACoK.�?15Ê3�GHE�.1A ¶ Q)dU5VB�dUGH3�GHB�QS5X36.1T�Q).1B6T�ACM~-/PµB�dUGHN4NU5X?�T ¶ GKNUE W 3�5C^�.1AX2UT

G W]W ?1.�B�GHQ).�AXNUTnACM ³ -/´sP�9

#@dUG W QS5X3&;OE�5XT�B�36.1oH5XT�Q)dU5VJVACE]5C?�2UT�5CEaQSAÊGHNUGK?�[IÎ�5ÊQ)dU5V=�!@k W 5C3�MYAX36JVGKNUB�5�AXM ³ -/´sP�ÙÚ-/P�9

y/d45ÊJVACE]5C?�B6AXNU^�5X36Q)T}Q)dU5�M!GHE�.1NU0�ACM_Q)dU5�k�-ÅT�.10INUGH?_.1NUQ)Ap5CZK2U.1^�GH?15CN4Qq5XMYM!5CB�Q)T�AXN\QSd45�oHGHT�5CoKGHNUE

T�.10INUGH?)9sy/dU5'JVACE]5C?�B6GKNÐ.1NUB�?12UE�5�3�5CB�5C.1^�5X38M!2UN4B6Q).1ACNUT}T�2UB�djGHTÃGH2UQ)AXJVGHQS.1B80IGH.1NjB6AXNUQ)36AX?~t � � #�x

GHN4EpT�ZH2U5X?�B�d_9>y�dU5nJVACE]5C?·GK?�T�A&G W�W ?�.15CThQ)A ³ -/´sP�ÙÚuwuw=Ð.�NVQSd45&B6GKT�5sACM W 5C3�M!5CB�Q_B�GH3�36.15X3hT�[INUB6d436AXr

NU.1Î�GHQS.1AXN_9 � NV5Xä W 3�5CT�T�.1AXN'MYAX3�Q)dU5s=�!@kjACM ³ -�´sP .1TfAXoHQ)GH.1NU5CEpGKTfG}M!2UN4B6Q).1ACNVACMUQSd4365X5nT�Q)GHQ).1T�Q).�B�T

ACM�QSd45Ã365XB65X.�^I5CElT�.10INUGH?�?15C^I5C?)9

y/dU3�5C5�JV5CQ)dUACE]T�Q)dUGHQh|s5X365�E�5X^�5X?�A W 5XEaQ)AV5C^IGH?12UGHQ)5�Q)dU5�=�!@k W 5C3�M!AC3�JVGHNUB�5pACM ³ -/´sPÕGK365

E�5XT�B�36.1oH5XEg.1Nâ#@d4G W QS5X3��w9}-/.136T�Q ¶ oHAX2UNUE]T�AXN�QSd45'=�!@k B6GKNÐoK5'ACoKQSGK.�NU5XE\MYAX3poH?1ACB�DgE]2U36GKQS.1ACN4T

JV2UB�dmT�dUAC3�Q)5C3&AC3{JV2UB�dg?�AXNU0I5C3nQSd4GHN\QSd45�GH^�5X36GK0�5�M!GHE]5�E�2436GHQ).1ACN_9�uw5CB�ACN4E ¶ QSd45�=�!@kÞ5Cä W 3�5CT�r

T�.1AXNUT}E]5C3�.�^I5CEa.�N #@dUG W Q)5C3Ã;OB6GKNgoH5'5X^�GH?12UGKQS5XEO|s.1QSdcGOPOACNUQ)5 #@GK36?1AVNU24JV5C3�.�B�GH?_.1NUQ)5C0�3�GHQ).1ACN

JV5CQ)dUAXE>9j-/.�N4GH?1?�[ ¶ GÐT�.10�NUGK?�r W 36AXB65XT�T�.�N40jT�.1JV2U?1GHQS.1AXNÅB�GHNÝoH5m24T�5CEcQ)AaT�Q)2UE][ ³ -�´sP .1N�JVAX365

E�5XQSGK.�?)9



9�:�;�<
=�>�?�@�A�B�C�=�?�D�E�F�G�=!H"D#C ;

T W ?1.�Q�2 W .1NUQ)AqJVGKNU[&Á � PJIbr!JVACE]2U?1GHQS5XEiT�2UoKB6GH3�3�.�5X36T@�!�K�b9 ³ -/´sP Q)dU2UTzQ)36GKNUT�JV.�Q)T@oK?�AXB6D T�ACM·E�GHQ)G

.1N W GH3�GH?1?�5X?~.1NUT�QS5XGHEOACM_T�5X3�.�GH?1?1[U9�y/d45ÊT�[IJVoHAX?_E�2436GHQ).1ACNj.1T�Q)[ W .1B�GH?1?�[�.�N4B63�5CGKT�5XEOoH[lGFM!GHB�Q)AC3iAXM

dU24NUE�3�5CE]TÃAC3{Q)dUAC24T�GKNUE�TI9fy�dU5�.�N4B63�5CGKT�5CEeE�2436GHQ).1ACNmACM_5CGKB6dmT�[�JVoHAX?_B�365XGHQ)5CTiGFQ).�JV5XrYE].�^I5C3�T�.1QS[

5CM!M!5CB�Q~oH[�JVGKD·.1NU0p.�Qz?15CT�Tn?�.1D·5X?�[}Q)dUGHQ~Q)dU5&B�ACJ W ?�5XQS58T�[�JVoKAC?U|s.�?1?�oK5&T�5X^�5C3�5C?1[�MYGKE�5XE>9�Ë8AC|s5X^�5X3 ¶

M!GHE�.1NU0iE�.1T�Q)AC3�QSThQ)dU5sT�2UoKB6GK363�.�5X36TfGKNUEp3�5CE]2UB�5CT�Q)dU5X.�3�AC3�QSd4AC0IACNUGK?�.1Q)[�K�9wy/d4.�T�365XT�24?�Q)Th.�NVB63�ACT�T�Q)GH?1D

oH5XQS|s5X5CNeQ)dU5}T�24oHB�dUGHN4NU5C?1T{Q)dUGKQ�E]5C0�3�GHE]5CT W 5C3�M!AC3�JVGHNUB�5�9

y/dU5 ³ -�´sP T�.�0INUGH?�JV2UT�QfoH5�JVAXE�2U?1GHQ)5CElACNUQ)A�GHNmk@-ÐtY3�GHE].�A�MY3�5CZK2U5CN4B6[Ix�B6GK363�.�5X3À9 ³ N45pG W r

W 3�ACGKB6d�.1T�QSAhQS3�GHN4T�?1GHQ)5�Q)dU5qoKGHT�5XoHGKNUE ³ -/´sPÏT�.10�N4GH?�2 W QSAhQ)dU5qE�5XT�.13�5CE8k@-FM!365XZH2U5XNUB�[{oH[&2UT�.�N40

T�.1NU0I?15{T�.1E�5XrYoKGHNUEÊtYu:uw=@xwJVACE]2U?1GHQ).�AXN't ³ -/´sP�ÙÚuwu:= ¶ AC3hT�.�J W ?�[ ³ -/´sPOxb9Ày/d45 W 5C3�M!AC3�JVGHNUB�5{ACM�G

B�5C?1?�24?�GK3iQS5X?�5 W dUAXNU58T�[IT�Q)5CJÛ2UT�.�N40 ³ -�´sP�Ù u:uw=Þ|sGHTiT�Q)2UE].�5XEe.1Nj� * �b9�-/PÜtYM!3�5CZH245CNUB�[ÊJVACE]2U?1GHr

Q).�AXNUx/B6GKNeGH?1T�A}oH5Ã2UT�5CE�t ³ -�´sP�Ù -�POx�� ² ��9

³ -/´sP�ÙÚuwuw=�T�[IT�Q)5CJVTÃ365XZH24.�3�5�N45C| GHN4EFB�ACJ W ?15Xä'uwu:= 365XB65X.�^I5C3�TÃGHNUElQS3�GHN4T�JV.1QSQ)5C3�T8|sdU.1?�5

³ -/´sPpÙ -/P T�[�T�QS5XJVT�B6GKN�24T�5�5Xä�.1T�Q).1NU0m-/P 3�GHE�.1AF5CZK2U. W JV5XNUQ�9�-�AC3ÊQ)dU.1Tp365XGHT�AXN ³ -/´sPpÙ -/P

|sAX2U?1E8oH5q?�5XT�T@5Xä W 5CNUT�.1^�5qQ)Aq.1J W ?15XJV5CNUQ�Q)dUGHN ³ -�´sP�Ù u:uw={9�Ë8AC|�5C^�5X3 ¶ Q)dU5 ³ -/´sP�ÙÚuwuw=jT�[IT�Q)5CJ

W 3�A W ACT�5CE�.�Ne� * ��.�TsJVAC3�58T W 5XB6Q)36GK?�?1[V5XM!�UB6.15XNUQ�GKNUE'JVAC3�5 W AX|s5C3�5CM!�UB�.15CNUQ~QSd4GHNaQ)dU5 ³ -/´sPpÙ -/P

T�[IT�Q)5CJ E]5CT�B63�.�oK5CE�.�NeQSd4.�T{Q)dU5XT�.1T�9

ß�� ü ¬·�KÆ�/��Æ��@áâ�_�V�@����ÉX�þÉ

y/d4.�T�QSd45CT�.1T W 365XT�5XNUQ)TfQSd45n3�5CT�2U?1QSThACM·3�5CT�5CGH3�B6dV.�N4QSA{Q)dU5 W 5X36M!AX36JVGHN4B65�ACM ³ -�´sP�Ù -�PLM!AX3�JVACoK.�?15

3�GHE�.1A}E]GHQ)GÊB6AXJVJV2UN4.�B�GHQ).�AXN_9

-/?�GKQ�tYN4ACNUr!M!365XZH2U5XNUB�[�r!T�5X?15CB�QS.1^�5Xx:M!GHE].�N40Ã|s.1?�? oH5nGKT�T�2UJV5CE�oK5CB�GH2UT�5 W 36A W GH0IGHQ).�AXNVT�2U3�^�5C[ITq� +K¶

Ó ¶ � ¶ Ò �:d4GH^I5&T�d4AC|sN'QSd4GHQ/Q)dU.1Th.�TqGp0IACAXEpGHT�T�2UJ W QS.1AXN'M!AC3@NUGH3�36AX|sr!oHGHN4EÊtY24NUE�5X3f7 � D·ËÃÎ�xUT�.10�NUGK?�TI9

y/d45h3�GHE�.1AhT�[�T�QS5XJ E�5XT�.10�Np.�T�GHT�T�24JV5CE&Q)AqoK5fGiB6AXNU^I5CNUQ).1ACNUGK?�NUACN4rYB�5C?1?12U?1GH3zE�5XT�.10�NpQSd4GHQ W 36AX^�.1E�5CT

5CN4AC240�d W 3�ACQ)5CB�Q).�AXN�MY3�ACJ B6AXB6d4GHNUN45C?H.�N4QS5X36M!5C3�5XNUB65�QSAhJVGHD 5qGKE�E�.1Q).�^I5³��GH2UT�T�.1GHN�NUAX.�T�5hQSd45qJVG�ç�AC3
LNMPORQTSRU!Q�V!ORU!WYX
Z\[^]`_aV!ORSRW�bdc�SRO^]aQ�Ve_fc�gih�j!WNWlk^WNmNVe_fc�gonRp q^p r^p
sNtvuRw
xzy#{R|N}e~f��{R�Y�R���"�����#���N���!�����!�l�����f���!���#�������"�#�������R�����`�� �¡¢¤£R¥�¦"§!¨�©�ª"«!¬�¯®±°�²v³R´Nµ!´�¶¸·a¹»º"¼#½Y¾�½N¿e·fÀ^ÁdÀ�¿ÂÁRÃR¿!Ä�ºe·aÀ�ÅÀ�ÆPº!¼R½Ç¹"·fÈ�Å#Ä�ÉËÊdÌ¸¼R½NÅ¸ÍRÎ�Ï!Ð�Ñ�ÒRÓÕÔNÖ�×!Ø�Ù�Ú!ÛoÜÞÝfß�à"á�Ú�à"ÛNÜâà!ãRÛoä�Ù�å�æÞÝfà!çRÜRÛèá�évà!ãRÛêÝaæRà!ÛNå�Ú!Ù�ë�ÝaæRìNÚ!ÛNÙ�ß!ÛNßíÙ�æ#ÜâÝfæÕà!ã^Ýfßîß!ÛNæ#ß!Ûèà!ãRÛá�Ú!à!ãRá�å�á�æ#Ù�ëïÝaàeð�Ýfß\ñ!Ú!ÛNÜRç#ì�ÛNÜ#òRó



ô�õ�ö�÷
ø�ù�ú�û�ü�ý�þ�ø�ú�ÿ�������ø��"ÿ#þ 7

GHN4EÊACQ)dU5X3hACobç65XB6Q)T�9>y�dU5i.1NUQ)5C3�M!5C3�5CNUB�5&oK5CQ)|s5C5XNlT�.10INUGH?UB6AXJ W ACN45CN4QST W 36A W GK0�GHQ).�N40pGH?1ACN408E�.1MYM!5C3�r

5CN4Q W GHQ)dUTiMYAX36JÊT8G W GHQ)QS5X36NaAXM_^�GK36[I.�N40'�U5X?�EFT�QS3�5CN40�Q)d_9�y/dU5�3�5CB�5C.1^�5XEFT�.10�NUGK?/?15C^I5C? á 2UB6Q)2UGKQS5XT
GHT&GÊ^I5CdU.1B�?�5}JVAX^�5XTnQ)dU36AX2U0IdmQ)dU.1T W GKQSQ)5C3�N_9�-/.�0I2U3�5 * 9 7VT�dUAX|sT{Q)dU5}E�5C5 W M!GHE]5CTnQ)dUGKQ�GH3�5ÃB6d4GH36r

GHB�QS5X36.1T�QS.1B�AXM�QSd45'3�5CB�5C.1^�5XEgT�.10�NUGK?S9}y/d45�B�dUGK?�?15CN40�5�.1T�QSA W 36AX^�.1E�5�5XM!�UB6.15XNUQ{GHNUEm365X?�.1GHoK?�5�E�GHQ)G

B�ACJVJV2UN4.�B�GHQ).�AXNaQ)dU3�AC2U0IdeQ)dU.1T{B6d4GHNUN45C?)9

0� 1� 2
	

3



4
�

5
�

6
Distance (m)

0� 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1�-40

-30

-20

-10

0

10

Time (s)

S
ig

na
l E

nv
el

op
e 

A
m

pl
itu

de
 (

dB
)

�

Carrier frequency = 900 MHz
Vehicle speed = 24 km/h
Doppler rate = 20 Hz
Sampling rate = 2 kHz
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}j=HG � (<7;��!�4�1*)�7;/6!�( Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�Á�ÁDC�S

}j=HG�=HG ~[��2_)%��/6�]78/0!#(À!� -�A7;:*�#�[I9!�4�1*56&�78/0!#(d�Ù��)�:*(*/6��1<��2�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�ÂDC�S
}j= S o-!�iA���A¶� "<)%/6��(<)%PCÃ�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�ÃDC�b

}j= Sj=HG c[�-�-IÅÄ�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�ÄDC�b
}j= Sj= S c[I9h�� Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�Æ�ÆDC�b
}j= Sj= b �[�-~[IÍ��hjhUFxÇ�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�ÇDC�m
}j= Sj= E �[�-~[IÍ���-I È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�È�ÈDC�m

}j= b FO&�(<4]i[/64]78:d¶O �*)%/6�#(*)%P_É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�É�ÉDC�m
}j= bj=HG c[�-�-IÍ��c[I9hÊ� Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�Ë�ËDC�m
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mj= Sj= E ~[hjo ¶O��1</0��$'��(<7�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�Ì�ÌDE�E
mj= b ¶ ° ������/0$���(*78&�5^hj!# �7;i[&��%�¾Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�Í�ÍDE�t
mj= E I9��&�2X1*��/6(*KN78:*�+FO&�2_��\�&�(*4�hU��nO:<&��%&�)%78����/62X78/0)�2�Î�Î�Î�Î�Î�Î�Î�Î�Î�Î�Î�Î�Î�Î�Î�Î�Î�Î�ÎDE�t

mj= Ej=HG �-:*�YI9!#4]1<50&�7;/6(*K�hj/6K>(*&�5j�-�#,>�#5ÐÏ�Ï�Ï�Ï�Ï�Ï�Ï�Ï�Ï�Ï�Ï�Ï�Ï�Ï�Ï�Ï�Ï�Ï�Ï�Ï�Ï�Ï�Ï�ÏDE�}
mj= Ej= S �-:*�YF�&�2X�#\�&�(*4��-�%�#��1<��(*)�PNMO&�(*K.�#Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�ÑDE�}
mj= Ej= b hj!# "78i[&����Yo-�%�#��$'��:*&�2_/62µÒ�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�Ò�ÒDE�C
mj= Ej= E FO/67OMO&�78� Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�Ó�ÓDm��
mj= Ej= m I9��&�2X1*��/6(*K�78:*�Z� ��hj�ÃMÕÔ�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�ÔDm��
mj= Ej= t nO!�(<,>�#�%78/0(<KÍ "��!�$ �±��hj��MÂ78!+¶×ÖQØ��sÙ�Ú�Ú�Ú�Ú�Ú�Ú�Ú�Ú�Ú�Ú�Ú�Ú�Ú�Ú�Ú�Ú�Ú�Ú�Ú�Ú�ÚDmUG
mj= Ej= y hj��n�1*��,>�YI9�#&�2_1*�%�#$'��(<7�I9��78:*!#4ÜÛ�Û�Û�Û�Û�Û�Û�Û�Û�Û�Û�Û�Û�Û�Û�Û�Û�Û�Û�Û�Û�ÛDmUG
mj= Ej= } hj��n�1*��,>�YMO�#2X1<50782�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý�ÝDm�b

mj= m FO¶OM·&�(*4�É�¶OMÂI9��&�2_1*����$'�#(*782 Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�Þ�ÞDm�E
mj= mj=HG FO¶OMÈMO�#2X1<50782Ðß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ß�ßDm�E
mj= mj= S FO!�1<(*4�MO��2_1*567;2áà�à�à�à�à�à�à�à�à�à�à�à�à�à�à�à�à�à�à�à�à�à�à�à�à�à�à�à�à�à�à�à�àDm�m
mj= mj= b ¶O � "�#)%7O!# -FO56!�)�ª|~[1<�%&�7;/6!�(d&�(*4�~[!����]56���²MO&�7;�+ô�â×ãåä�õ æ�æ�æ�æ�æ�æ�æ�æ�æ�æ�æ�æDm�t
mj= mj= E É�¶OMÝM���2_1*567;2èç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�ç�çDm�y

mj= t MO&�(<4]!#$f�-I é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�é�éDt��
mj= y o-��!�\�&�\�/650/678PÍ~[/62X78��/0\�1*7;/6!#(À!� -78:*�ZFO&�2X�#\�&�(<4���!�/62X� ê�ê�ê�ê�ê�ê�ê�ê�ê�ê�ê�ê�ê�ê�ê�ê�êDtUG
mj= } ¶ ° &�$'�]56�Y!# -MO�#)%�#/6,>��4�hj/6K>(*&�5X��&�561*�#2ìë�ë�ë�ë�ë�ë�ë�ë�ë�ë�ë�ë�ë�ë�ë�ë�ë�ë�ë�ë�ë�ë�ë�ë�ëDt�S
mj= C nO!�(<)%561*2_/6!�(*2 í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�íDt�S

W Rî2º�Lòvì�ï<è�4`ï=0²ó�òví8ì*ò12º�34MU�ó WX7
tj=HG � (<7;��!�4�1*)�7;/6!�( ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ðDt�m
tj= S hji[/67;)�:*/6(*Kz~[/6,>����2X/678P'ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñ�ñDt�t
tj= b �-!���i[&��%4�¶O���%!#�[n�!����%�#)%78/0!#(ÀnO!�4�/0(<K ò�ò�ò�ò�ò�ò�ò�ò�ò�ò�ò�ò�ò�ò�ò�ò�ò�ò�ò�ò�ò�ò�ò�ò�òDt�}

tj= bj=HG �¬��2_78/0(*K+78:*�+� (<4]������(<4]��(<7O¶O����!�� u32_2X1*$'��7;/6!�(Có�ó�ó�ó�ó�ó�ó�ó�ó�ó�ó�ó�ó�ó�ó�óDt�C
tj= bj= S FO¶OMÈo-�#�% �!#�%$'&�(*)%�Y!� LFO56!�)�ª|nO!#4]�#2ìô�ô�ô�ô�ô�ô�ô�ô�ô�ô�ô�ô�ô�ô�ô�ô�ô�ô�ô�ô�ô�ôDy��

tj= E u31*78!�$'&�7;/6)[c[&�/0(9nO!#(*78�%!#5Aõ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õ�õDy�b
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bj= m I9!�4���5650/6(*Kz78:*�+�[�-~[IÍ��hjhjFÚnO:*&�(*(*�#5÷ö�ö�ö�ö�ö�ö�ö�ö�ö�ö�ö�ö�ö�ö�ö�ö�ö�ö�ö�ö�ö�ö�ö�öDS�}
bj= mj=HG �-������1<��(<)%P�&�(<4DoL:*&�2_�ZhjP>(<)%:<�%!#(*/6§T&�78/6!�( ø�ø�ø�ø�ø�ø�ø�ø�ø�ø�ø�ø�ø�ø�ø�ø�ø�øDS�}
bj= mj= S u3c[n+ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ù�ùDS�}
bj= mj= b ¶ ° &�$'�]56�Y!# -hjhUFÝMO��)��#/0,.���Ahj��n�1*��,>��2 ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�úDS�C

bj= t É9!���4'¶��%��!��AMO&�7;�AuB(*&�56P>2_/62:û�û�û�û�û�û�û�û�û�û�û�û�û�û�û�û�û�û�û�û�û�û�û�û�û�û�û�û�û�ûDS�C

v qYñM2¢ó�òvè5U����ü/Lï3����ñM�*ë�èðì34�ì<íý�[èêë��34M�À»9ì<ò1�º/²òqòvì<ò¿nm�*ë�ó]é V�6
Ej=HG � (<7;��!�4�1*)�7;/6!�( þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þ�þDbUG
Ej= S FO¶OM·FO!�1<(*4]2Ã �!��A�-&���K>�Z&�(*4�hj$'&�505ÓFO56!�)�ª¬2�ÿ�ÿ�ÿ�ÿ�ÿ�ÿ�ÿ�ÿ�ÿ�ÿ�ÿ�ÿ�ÿ�ÿ�ÿ�ÿ�ÿ�ÿ�ÿ�ÿ�ÿDbUG
Ej= b I9!�(<7;�#e"n�&��%56!Z�±(*78��K.�%&�78/6!�(d!� -78:*�+FO56!�)�ª|FO¶OM·¶O��1<&�78/0!#(*2����������������������������Db�S
Ej= E hj/6$'1*56&�78/0!#(d!� -78:*�Z¶O��1*/6,>&�50�#(*7�FO&�2X�#\�&�(<4�nO:*&�(*(*�#5 ������������������������������� b�b
Ej= m ~[��2_)%��/6�]78/0!#(d!� Lhj!# "78i[&���� ��������������������������������������������������������������� b�E

Ej= mj=HG �-&�4�/0(<K'É9&�,.�� �!���$¥cA��(*�#�%&�7;!#� ����������������������������������������������� b�m
Ej= mj= S ~[&�78&�c[�#(*�#�%&�78!#� ��������������������������������������������������������������� b�m
Ej= mj= b ��!�/62X�Zc[��(<����&�7;!#�%2 	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	 b�t
Ej= mj= E FO/67O&�(*4�
9!���4D¶��%��!��AMO&�7;�+I9�#&�2_1*����$'�#(*7�����������������������������������Db�t
Ej= mj= m �-¶On������������������������������������������������������������������������������Db�y
Ej= mj= t �@u3Ix¶�(*)�!�4]/6(*K_� ~A��)�!�4]/6(*K������������������������������������������������������Db�y
Ej= mj= y �[�-~[IxI9!#4]1*56&�78/6!�(>��~[�#$'!�4]1<50&�7;/6!�( �����������������������������������������Db�}
Ej= mj= } � ��hj�ÃMÈ7;!�FO&�2_��\�&�(*4�hj/6K>(*&�5^&�(*4���!#/02_�Yo-!#i[���²nO!�(<,>�#�%2_/0!#( �������������Db�}
Ej= mj= C hj/6$'1*56&�78��4��-&�4�/0(<KÍn�:*&�(<(*��5��������������������������������������������������Db�}
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mj=HG � (<7;��!�4�1*)�7;/6!�( 7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7�7Db�C
mj= S ¶ ° ������/0$���(*78&�5^«Y&��%4�i[&����98�8�8�8�8�8�8�8�8�8�8�8�8�8�8�8�8�8�8�8�8�8�8�8�8�8�8�8�8�8�8Db�C

mj= Sj=HG �*�%&�(*2X$'/6787;�#� :�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:DE��
mj= Sj= S �-&�4�/0(<K'nO:<&�(*(<��5jhj/6$'1*56&�78!�� ;�;�;�;�;�;�;�;�;�;�;�;�;�;�;�;�;�;�;�;�;�;�;�;�;DEUG
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Sj= bj=HG ~[��2_)%��/6�]78/0!#(>=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�G�G
Sj= bj= S � $'��50�#$'��(<7;&�7;/6!�(À!# -�[�-~[IN� �-I ?�?�?�?�?�?�?�?�?�?�?�?�?�?�?�?�?�?�?�?�?�?�?�G¾S
Sj= bj= b u34],.&�(<7;&�K.��23!� -�A�-~[I @�@�@�@�@�@�@�@�@�@�@�@�@�@�@�@�@�@�@�@�@�@�@�@�@�@�@�@�G¾b
Sj= bj= E ~[/62X&�4�,>&�(*7;&�K>�#2Ã!# -�[�L~[I A�A�A�A�A�A�A�A�A�A�A�A�A�A�A�A�A�A�A�A�A�A�A�A�A�A�A�G¾E
Sj= bj= m o-����,>/6!#1*2�u3���]56/0)�&�78/6!�(*23!� L�[�-~[I B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�G¾E

Sj= E �-:*�Y�LIxnO:<&�(*(<��5DC�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�C�G¾m
Sj= Ej=HG �-:*�Y�LI �*�%&�(*2X$'/6787;�#�FE�E�E�E�E�E�E�E�E�E�E�E�E�E�E�E�E�E�E�E�E�E�E�E�E�E�E�E�E�G¾m
Sj= Ej= S �-:*�Y�LI MO��)��#/0,.���HG�G�G�G�G�G�G�G�G�G�G�G�G�G�G�G�G�G�G�G�G�G�G�G�G�G�G�G�G�G�G�G¾t
Sj= Ej= b ~[/62X)��%/6$'/0(<&�78!��[�[1<7;��1*7���!#/02_�Yhj�]�#)%78��1*$Ö&�(*4�o-�%!#\�&�\�/650/67;PN~[/62X78�%/6\�1<7;/6!�(JI�G¾y
Sj= Ej= E MO��)��#/0,.���Ahj��n�1*��,>��2 K�K�K�K�K�K�K�K�K�K�K�K�K�K�K�K�K�K�K�K�K�K�K�K�K�K�K�K�K�G¾}
Sj= Ej= m MO&�(<4]!#$f�-I L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�L�LDS��
Sj= Ej= t nO&���7;1<�%�Y¶O � "�#)%7NM�M�M�M�M�M�M�M�M�M�M�M�M�M�M�M�M�M�M�M�M�M�M�M�M�M�M�M�M�M�M�M�MDS��
Sj= Ej= y o-�����#$'�]:*&�2X/623&�(<4|~[�#��$'�]:<&�2_/02 O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�ODS��
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bj= b FO¶OM¢u3(*&�50P.2X/62 b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�bDS�E
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