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c(τ ; t)
»�ÈÆÒJ¸ Áu¹q½�ÁLÅÆ­u­u¹+ÇJ´·¹+¹�­«Õ�¶

¸ Áu¹>¼ ¹P½�¹+¾ ¿Æ¹+¼è¾Ã´èË9¹P´ ½�¼ ¾ ÕC¹PËZÕ�¶

c(τ ; t) =
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∑

i=0

αi(t)δ(τ − τi(t)),
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¾Ã´qÅ«Êu¼ È{ÊuÅÆÀ&Å"¸ ¾ È{­w¹+­�¿�¾ ¼ È{­uº(¹+­&¸z¾Ã­�ÓèÁu¾Ã½�Á�¸ Áu¹}´·¾ À{­LÅÆÇT¾Ã´z¼ ¹�Ï
½�¹+¾ ¿Æ¹PË�Å"¸Î¸ Áu¹>¼ ¹P½�¹+¾ ¿Æ¹+¼NÒÔ¼ È{º ºvÄuÇ ¸ ¾ ÊuÇ ¹>ÊLÅ"¸ ÁL´ÎÀ{¹+­u¹+¼�Å"¸ ¹PË«Õ�¶
ºvÄuÇ ¸ ¾ ÊuÇ ¹«¼ ¹�aL¹P½�¸ ¾ È{­�ÅÆ­LË;´·Êu¼ ¹PÅ{Ë9¾ ­uÀ�¹�bJ¹P½�¸�´+ÌBLÎÁu¹P´·¹~¹�bJ¹+½�¸�´
º~ÅP¶�Ç ¹PÅ{Ë�¸ È~ÒlÅ{´g¸zÊuÁLÅ{´·¹�ÅÆ­uË�ÅÆº(ÊuÇ ¾ ¸ ÄLË�¹�¿"ÅÆ¼ ¾ÃÅ"¸ ¾ È{­L´+ÌcS�Å{½�Á
ÊLÅ"¸ Á}¾Ã´X½�ÁLÅÆ¼�Å{½�¸ ¹+¼ ¾ W+¹PË>Õ�¶v¾ ¸�´Xº(¹+ÅÆ­(ÊCÈmÓN¹+¼P»Æ¾ ¸�´GÊu¼ È{ÊLÅÆÀ&Å"¸ ¾ ÈÆ­
Ë9¹+ÇÃÅP¶}ÅÆ­LË�¾ ¸�´�²zÈ{Ê9ÊuÇ ¹+¼'ÊCÈ"ÓN¹+¼'´·ÊC¹P½�¸ ¼ Äuº1Ë9¹+ÊC¹+­LË9¾ ­uÀ>È{­�¸ Áu¹
¹+­&¿�¾ ¼ È{­uº(¹+­&¸P»{¸ Áu¹zº(È{Õu¾ Ç ¹z´·ÊC¹+¹PË~ÅÆ­LË(¸ Áu¹z½+ÅÆ¼ ¼ ¾ ¹+¼'È{­~ÓèÁu¾Ã½�Á
¸ Áu¹�´·¾ À{­LÅÆÇN¾Ã´v¸ ¼�ÅÆ­L´·º(¾ ¸·¸ ¹PËbÌ�¬®­�À{¹+­u¹+¼�ÅÆÇ^»T¸ Áu¹�Êu¼ È{ÊLÅÆÀ&Å"¸ ¾ ÈÆ­
½ ÁLÅÆ­u­u¹+ÇE¾Ã´Î¼ ¹+Êu¼ ¹P´·¹+­&¸ ¹PË�Å{´qþ

g(τ ; t) =
∑

q

αq(t)e
−2jπfcτq(t)δ(τ − τq(t))

î â ñ

ÓèÁu¹+¼ ¹
αq(t)

¾Ã´�¸ Áu¹�¸ ¾ º(¹�Ï_¿"ÅÆ¼ ¶�¾ ­uÀ�Å"¸·¸ ¹+­�ÄLÅ"¸ ¾ È{­�ÒlÅ{½�¸ È{¼P»
fc¸ Áu¹�½+ÅÆ¼ ¼ ¾ ¹+¼NÒÔ¼ ¹PÂ&Äu¹+­L½�¶�ÅÆ­LË

τq(t)
¸ Áu¹

qth
ÊLÅ"¸ Á�Ë�¹+ÇÃÅm¶{Ì�LÎÁu¹

Êu¼ È{ÊLÅÆÀ&Åm¸ ¾ÃÈÆ­}½�ÁLÅÆ­u­u¹+Ç9¾Ã´'Å{´ ´·Äuº(¹PË�­uÈ{­9Ï_¿"ÅÆ¼ ¶�¾ ­uÀqÈ{­}È{­u¹è½+ÅÆ¼·Ï
¼ ¾ ¹+¼èË9Äu¼ ¾ ­uÀ(Å(´·¶�º�ÕCÈ{ÇbÊC¹+¼ ¾ È9ËbÌ�¯z­wÅ}À{¾ ¿{¹�­w½+ÅÆ¼ ¼ ¾ ¹+¼

fm
ÅÆ­LË

ÒÔÈ{¼(¸ Áu¹
nth

¼ ¹P½�¹+¾ ¿Æ¹PËò¯q±G²q³ ´·¶�º�ÕCÈ{Ç^»�¸ Áu¹�½�ÁLÅÆ­u­u¹+ÇèÀ&ÅÆ¾ ­
ÒlÅ{½�¸ È{¼ÎÕJ¹P½�È{º(¹P´+þ

cmn =
∑

q

αqe
−j2πfmτqδ(τ − τq).

î ä ñ

Y<dlÖ ¥fe�Z _<]Pàlß{úuûXü�ÜEÝTý�û)g_ÜLÛ}ÝTý�ûlúh_7\�÷�Ü e)e ûlý�Û §Ee Û"ý�úuÝ
ß Z úuÙTÙTý�û"]

¬®­�á â"æ_»{ÅqÊuÁ&¶9´·¾Ã½+ÅÆÇ9º(È9Ë9¹+Ç9¾Ã´GÄL´·¹PËv¸ È>½�ÁLÅÆ¼�Å{½�¸ ¹+¼ ¾ W+¹'¸ Áu¹�½�È{¼ ¼ ¹�Ï
ÇÃÅ"¸ ¾ È{­}ÕC¹�¸gÓN¹+¹+­�¸ Áu¹Î¸ ¾ º(¹�ÅÆ­LË�ÒÔ¼ ¹PÂ&Äu¹+­L½�¶vÀ&ÅÆ¾ ­L´aÒlÅ{½�¸ È{¼�´

cmn¾ ­ î R ñ ÌcLÎÁu¾Ã´èº(È9Ë9¹+ÇE¾Ã´èÄL´·¾ ­uÀ(¸ Áu¹v´g¸�Å"¸ ¾Ã´g¸ ¾Ã½+´èÈÆÒT¸ Áu¹v½�ÁLÅÆ­u­u¹+Ç
ÅÆ­LË�ÄL´·¹P´ZÅ�ÕuÇ È9½�ÑA¼ ¹+Êu¼ ¹P´·¹+­{¸�Å"¸ ¾ È{­òÈÆÒ8¸ Áu¹�½�ÁLÅÆ­u­u¹+ÇzÕLÅ{´·¹PË
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ÅÆ­LË

∆f
¾Ã´èÀ{¾ ¿Æ¹+­�Õ�¶Jþ

φ(∆f,∆t) = φ(0)φt(∆t)φf (∆f),
î å ñ

Óè¾ ¸ Á
φ(0) > 0

»

φt(∆t) = J0(πBd∆t),
î V ñ

ÅÆ­LË
φf (∆f) =
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1 + j2πTm∆f
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Óè¾ ¸ Á
Bd

ÅÆ­LË
Tm
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C = (c0,0, . . . , c0,N−1, . . . , cM−1,0, . . . , cM−1,N−1)
T î"k&ñ

(.)T
ÕC¹+¾ ­uÀ(¸ Áu¹>¸ ¼�ÅÆ­L´·ÊCÈ&´·¹8È{ÊC¹+¼�Å"¸ È{¼PÌ�LÎÁu¹

(p, q)th
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Áu¹+¼ º(¾ ¸ ¾ÃÅÆ­5½�È"¿ÆÅÆ¼ ¾ÃÅ"­L½�¹�º~Å"¸ ¼ ¾ ç
Φ =

IE[CCT ]
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ÕC¹�¸gÓN¹+¹�­
cmpnp

ÅÆ­LË
cmqnq

þ

Φp,q = φ((mp −mq)F, (np − nq)T ).
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LÎÁu¹v½ ÁLÅÆ­u­u¹+ÇE¾Ã´Î¼ ¹+Êu¼ ¹P´·¹+­{¸�¹+ËZÕ�¶Jþ

C =
NM−1
∑

k=0

GkVk
î ã�� ñ

ÓèÁu¹+¼ ¹
{Vk}

NM−1
k=0

ÅÆ¼ ¹É¸�Á9¹)­uÈ{¼ º~ÅÆÇ ¾ W+¹PË�¹+¾ À{¹+­&¿{¹P½�¸ È{¼�´�ÈÆÒ
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C
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k=0
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Õ�¶Jþ

[R]t,s = J0(πBd|t− s|),
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ÅÆ­LËv¸ Áu¹
N×N
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[S]k,l =
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1 + j2πTm(k − l)
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R
ÅÆ­LË

S
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R =
M−1
∑

k=0

λk uk u
T
k
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S =
N−1
∑

k=0

µk vk v
T
k ,
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¸ Áu¹+­
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M−1
∑

k=0

N−1
∑

l=0

λkµl(uk ⊗ vl)(uk ⊗ vl)
T

î ã�V ñ
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¿"ÅÆ¼ ¾ÃÅÆÕuÇ ¹P´XÓè¾ ¸ Á«¿"ÅÆ¼ ¾ÃÅÆ­L½�¹è¹PÂ&ÄLÅÆÇ9¸ Èv¸ Áu¹
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cn+1 = A cn + vn ,
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µ
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E{c0} = (I −A)−1 µ ,
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ÅÆ­LË Í È"¿
{c0} = P

ÓèÁu¹+¼ ¹
P
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¹PÂ&ÄLÅ"¸ ¾ È{­
APAH +Q = P

Ì�LÎÁ&ÄL´
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Óè¾ Ç ÇJÕJ¹8Å}´g¸�Å"¸ ¾ È{­LÅÆ¼ ¶
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¸ ¾ È{­�º~Å"¸ ¼ ¾ ç

E{cn cHn−l} =

{

Al P l ≥ 0

P
(

AH
)−l

l < 0 .
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