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A Study on Mobile Reeption Tehnique forTerrestrial Digital Broadasting�Katsushi Sanda
AbstratTerrestrial digital broadasting in Japan ommened in Deember 2003 in threemajor ities; Tokyo, Osaka, and Nagoya. Sine then the servie area has beenexpanding and onventional terrestrial analogue broadasting is sheduled to beterminated in 2011. BST-OFDM (Band Segmented Transmission-OrthogonalFrequeny Division Multiplexing) has been adopted in Japanese terrestrial dig-ital broadasting to simultaneously provide a variety of servies over a singlehannel, suh as HDTV (High De�nition TeleVision) for the home environmentand low bit-rate TV for mobile terminals. The reeption of HDTV in a mobileenvironment with the same quality as that ahieved at home has been onsideredto be diÆult to ahieve.In an attempt to solve this problem, �rst, I have proposed an adaptive beamsteering tehnique for Japanese terrestrial digital broadasting and developedits system. The experimental results revealed that the reeption performanewas signi�antly improved, suh that terrestrial digital television broadasts anbe reeived in high-speed moving environments, and with the same stability asbroadasts that are reeived at home in a �xed reeption area.Next, I have studied a Doppler shift-ompensating adaptive beam steering sys-tem by fousing on a new idea, in whih I use multiple antennas set in the moving� Dotoral Dissertation, Department of Information Systems, Graduate Shool of InformationSiene, Nara Institute of Siene and Tehnology, NAIST-IS-DD08610006, February 3, 2010.iii



diretion and then estimate the reeption signals from multiple stati points onthe road in order to suppress Doppler shifts and then �nally ombine the resultswith the adaptive beam steering tehnology. I simulated a multiple Doppler shiftsenvironment, and then it is observed that the probability of ahieving good reep-tion in using the ombined tehnique involving Doppler shift ompensation andthe adaptive beam steering method was signi�antly improved ompared withthe reeption ahieved by only adaptive beam steering tehnique.Finally, I have attempted to solve some problems in developing a produt of theDoppler shift ompensator. Although the proposed Doppler shift ompensator iseÆient tehnique to ompensate for Doppler spread, it is sensitive to phase shiftamongst array antenna elements. The proposed sheme monitors the residualphase di�erene between the yli pre�x and tail of the OFDM signal and adjuststhe phase shift to keep the phase di�erene minimum. Evaluation results on�rmthat the proposed sheme an avoid the performane degradation due to phaseshift.Keywords:terrestrial digital broadasting, ISDB-T, mobile reeption, adaptive array, Dopplershift ompensation, antenna array alibration
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Desired wave

Undesired wave

Fixed reception at home Mobile reception on an automobile
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Wi<7UH)

,s2ilk%

lD\Ou.EO,e$3HG"k%HmGNGju.~N"sFJOLo$

Oeb 10mJeN0,NeK_V5lk,$+0VGO;$<$ 2m0eG"k%
7?,CF$+0VGNu.EOO$HmGNGju.KfYF 1=5A1=10Kc
<9k%9K$c$"sFJ_VbO$1Ku.EOre/9k@1GJ/$~

UNz*KhjWC5ld9/Jk%7?,CF$HmGNGju.KfYF$

u.D=(j",K<K9/JkD=-,"k%

sD\O^kAQ9D_NFAru1d9$3HG"k%HmGNGju.G

O$EHN~h}~,{NG"k?a$T$X~-rbC?"sFJ,Q$il3



k%l}$+0VGO~-dljKhCFEHN~h}~,Q=9k?a$M9

J}~+iN~hHKP~D=J5X~-"sFJ,Q$ilk%7?,CF$

\hO,WGJ$TWH^Gbu.9k3HHJj$^kAQ93DKhjC-

t=rz-/39D=-,"k%

0D\O$u.EHD-,~9o9HQ09k3HG"k%3lO$u.@,

+0VN\0Kgo;F0/3HKhj/89k%CK^kAQ9D-<GO$

\0K<$U'<8s0dICWi<7UH,/89k?aK$u..fN6}&

Lj,c7/Q09k%O$S8gs|wGQ$ilk64QAM}0GO$6}
HLjN>}KG<?,Ev5lF$k?a$3NEHQ0rd57J1lP$

4/|4G-J/JkD=-,"k%

3Nh&J\0u.~N]jrrh9kjJH7F$"@WF#V"l<;Q[9, 10℄,-zG"kHM(ilk%3N;QO$#tN"sFJGRGu.7?
.frE_U17Fg.9k3HKhCF$"sFJNX~-rER*K)f9

kbNG"j$0RN0DN]jNrh,|T5lk%3l^GN"@WF#V

"l<;QO$gKpOIXN,Qr0sH7F!$5lF-?%c(P$PHS(Personal Handy-phone System)L.79F`K*$FO$pOIK"sFJX
~-)f;Qr3~7$L.(j"NHgH>NpOI+iN3D^5rTCF

$k [11℄%ITS (Intelligent Transport Systems)N,nGO$DSRC (DediatedShort Range Communiation)N)&L.!K*$F$"sFJNX~-rL.
HiRC/K~8F)f7$5~j=<9N,ZJdjvFrT&5~><sN

0*)f,&f5lF$k [12℄%^?$|wX"GO$|wj+ifQ|wIX
NAwjJH7F$FI+iN.fH,u1?^kAQ9dU'<8s0r^5

9k&f,B\5lF$k [13℄%3lKP7F$+0VKk\9ku.79F`
O$#(Gg]+jJ=.GbvF5lkFoN5~L.pOIHO[Jj$V

\39HdBuN@+ifS*JWJ=.GzLNb$"<-F/Ac,aai

lk%^?$>hN"@WF#V"l<"k4j:`O$gKl<@QH7FM

F5l?"k4j:`K<r/7F*j$j>HN~h}~du.@XN~hH

tc7/Oj>HNHA,{NG"k3Hr0sH7F$k%7+7$OeG8

?k|wN\0u.K*$FO$j>HN~h}~d~hHt$j>HNHAK4



D$Fu.&GOT@G"k?a$>h"k4j:`N,QO$qG"C?%J

eN3H+i$\&fGO^:$\0u.K*1k0RN]jrrh9k?aK$

OeG8?k|wNV\u.79F`K,7?"@WF#Vu.;Qr!$7$

<b0NB3rL8F=NzLr!Z9k3HrhlN\8H7?%

9K$b.\09k\0NGbOeG8?k|wrBj7Fu.9k?aKO$

?EICWi<7UHNdjrrh9k,W,"k%OeG8?k|wGOQ4

}0H7FOFDM,NQ5lF$k,$?tNBwH (5V-cjd)r~Ht
4eK)K[V7FBsAw9k3HKhj$b:YJO$S8gs|wrB=

7F$k%7+7$^kAQ9AB)rb.\09kH$[JkICWi<7UH

ru1?EH,1~Ku.5lk?EICWi<7UHD-HJk?a$OFDM
NW?*Je@G"k5V-cjdV3D,/87$C-rg}Kt=5;k%

"@WF#Vu.;QG"sFJX~-r)f9k3HKhjICWi<7UH

NFArZ:9k3HOD=G"k [14℄,$=NFAr04K|n9k3HOG
-J$%=3G$\07J,iE_u.O@N.frdj9k3HKhjICW

i<7UHN/8=NbNr^)9k$>hKOJ$77$ICWi<7UHd

~;Qr!$7$1;QH"@WF#Vu.HrH_go;?;g}0NzLr

!Z9k3HrhsN\8H7?%

GeK$sF79F`rO<I&'"=&=J=9k]N]jrjP7$=N

rhvrMF$BZ9k3Hrh0N\8H7?%1.2 \@8N=.
\@8O;DNOhj=.5lF$k%^:\OGO$\&fNXJZS\*

rRYF$k%2OGO$OeG8?k|wN\0u.Hj7F$|\NOeG8?k|w}
0dOFDMN5Wrb@7?e$OeG8?k|wr+0VJIN\0NGu
.9k]N]jrs2k%3liN]jrrh9k?aK>h+i!$5lF-

?"@WF#V"l<;QHICWi<7UHd~;QN&fcrRp7$Oe

G8?k|wN\0u.X,Q9k]N]jr^HaF$k%5



3OGO$OeG8?k|wK,7?"@WF#Vu.79F`KD$F!$
7F$k%OeG8?k|wN\0u.K*$FO${NN2H.fdj>HN

~h}~JIN=wN1rQ$?"sFJX~-)f,$qG"k3H+i$V

i$sI)f,,WG"k%33GO$OeG8?k|wK,7?"@WF#V

u.79F`rsF$+/7$<b0NB3K*$FzL!Z7?kLr^Ha

F$k [15℄%4OGO$^kAQ9AB)rb.\09k]K/89k?EICWi<7U
HXNPvr!$7F$k%"sFJX~-)fKhj$ICWi<7UHNF

ArZ:9k3HOD=G"k,$04K|n9k3HO$qG"kHM(il

k%=3G$"l<"sFJrQ$F\07J,iE_u.O@rdj9k3H

Khj$ICWi<7UHN/8r^59k?EICWi<7UHd~;Qr!

$7?%9K$ICWi<7UHrd~7?.frQ$F"@WF#Vu.Kh

k"sFJX~-)frT&7}0rsF7$<bB3D-KFC->ArB\

7F$k [16℄%5OGO$4OG!$7?ICWi<7UHd~h}rO<I&'"=&=J=
9k]Ndjrhvr!$7F$k%ICWi<7UHd~h}N0J,K*$

F$"sFJGRVKLjm9,88kH$ICWi<7UHd~N:Y,g-

/t=9k3H,@i+KJC?%w..fdEH~h}~,{NNro<GL

jm9rd59k>hN"sFJ;5!GOJ/$33GOB]N|wHru.

7J,iLjm9rd59k}!r!$7F$k%OeG8?k|wGQ$il

kOFDMNC'rxQ7FICWi<7UHd~h}eN.fNLjQ0r!
P7$=NkL+i"sFJGRVLjm9r+0*K!P&d59k}0rs

F7$W;!7_el<7gsG=NzLr!Z7F$k [17, 18℄%6OGO$\&fG@il?kLr^Ha$3l^GK!$7F-?C-~1
vN-z-rk@E1k%

6



2. OeG8?k|wN\0u.2.1 |\NOeG8?k|w}0
|\K*1kOeG8?k|wO$2003/Kl~$ge$>E0N0gTTw

G$2006/+iO4qG5<S9,+O5l?%OeH|wNG8?k=NajC
HNlDH7F$sVd+0VJIN\0NGb/j"JG|u.,D=G"k

3H,s2ilk%̂ ?$\0fNFops}8O$HSECGN$s?<MCH

"/;9d ITSNrLps[.K+ilkh&K$IT (Information Tehnology)
=KHCFsoKEWKJCF-F*j$CKgFLAw,D=JOeG8?k

|wK|T,s;ilF$k%

|\NOeG8?k|wO ISDB-THFPlF*j$FqNATSC}0d$#NDVB-T}0HO[Jk|\H+N}0G"k%ISDB-TO$DVB-TH1MK>r
~Ht,d?E}0OFDMrNQ7F$k,$ISDB-TGOlDNAcMkG#t
N5<S9r1~Ks!9k3H,D=JBST (Band Segmented Transmission)-OFDMG"k@KC',"k%2.1.1 OFDMN5W
5~L.rT&]$pOI+iw.5l?EHO$z*dOLJIKhj?M$

s^$6p7FP)9N[Jk#tNAB)rLCFu.5lk%3Nh&KP

)9N[Jk#tNAB)r^kAQ9AB)HFV [19℄%^kAQ9AB)r
LCFu.5l?EHO$~#~VN[Jk#tNYdH,.6CFu.5lk

?a$7s\kV3D,88k%CK$|\NTTtNh&KbXSk,)87

F$klg$3liNYdHNFA,2xK=lk%

=NPvH7F$|\NOeG8?k|w ISDB-TGO$Aw}0H7FOFDM
,NQ5lF$k [20℄%OFDMO$?tN>r7?BwH (5V-cjd)rQ
$FAwrT&^kA-cjdAw}0G"j$J<NsgC'r-7F$k%� ?tN5V-cjdr~Ht4eK)K[V7FBsAw9k?a$~H

txQz(,b$% 7



� 7s0k-cjdAwKfYF7s\k9,9/$^kAQ9AB)Kh
kYdHNFAru1K/$%OFDMNlD\NC'H7F$~HtxQz(Nb$}0G"k3H,s2i

lk%$UN~V.f x(t),"k~| Ts [s℄N"3.fG"kH-$x(t)O~|TsNUtG?(ilk~Ht., 1=Ts [Hz℄H=N0t\N~Ht., n=Ts [Hz℄
NBH7F==G-$#GU<j(it [21℄=(Khj!0G?(ilk%x(t) = 1X�1Xnej2� nTs t (1)Xn = 1T Z T0 x(t)e�j2� nTs tdt (2)
?@7$jOut1Lr=9%OFDMGO$U<j(Q9K*1k~Htn=TsN
59Hr5V-cjdH7FQ$$P~9k6}Xnrw.psK~8FQ=5
;k3HKhCFw..fr8.9k%3NMRr^ 2(a)K(9%U<j(it
8+KpE$F$k3H+i$e-N59HOhV [0; Ts℄G_$K>rX8K"
k%OFDMN~VHA xBB(t)O$!0G=5lk%xBB(t) = Ns�1Xn=0 s(n)ej2� nTs t (3)
33G$TsOOFDMN-z7s\k9$NsO5V-cjdtKy7$%D^j$nV\Nw.7s\k s(n)rUU<j(Q99k3HKhj$OFDM.fHA
,@ilk%OFDMN~VHAO^ 2(a)Nh&K$is@`-,/$3H,C
'G"k%

l}$^ 2(b)O$^ 2(a)N~VHAr~HtNhG==7?bNG"k%F
5V-cjdO=l>l9ShN~Ht9Z/HkG"k,$9YFN5V-c

jdr~Ht?E9k3HKhj$OFDM.fOkAN~Ht9Z/HkHJ
k%F5V-cjdO_$K>rX8K"k?a$F5V-cjdNGgEOr

(9~Ht@K*$F$=N>N5V-cjdNEOMO9YFm/m97F$

k%7?,CF$~Ht4eK?tN5V-cjdr)K[V7F$kKb++

oi:$F5V-cjdGQ45l?.f,_$K3D9k3HJ/|49k3

H,G-$=NkL$~HtxQz(,b/Jk%J*$OFDMN~VHAKP8



7FU<j(Q9r,Q9k3HKhCF$F5V-cjdN6}HLj$D^

jw.7s\krjP9k3H,G-k%OFDMNsD\NC'O$̂ kAQ9D-K/$3HG"k%OFDMO?tN
5V-cjdr~Ht?E7FBsAw9k}0G"j$7s0k-cjdQ4

}0KfYF7s\k9r9/9k3H,G-k%lLK$7s\k9,9$[

I$^kAQ9D-K/x9k7s\kV3Dru1K//Jk%9K$OFDM
GO,<I$s?Pk (Guard Interval: GI)HFPlki9.frUC9k3H
KhCF$,<I$s?Pk9J<NYd~VK*$F7s\kV3Dr04K

|nD=G"k%^ 3O$OFDM7s\krO0*K(7F$k,$,<I$s
?PkO-z7s\khVNvxNHAr#=7$7s\kh,KUC7?bN

G"k%

^ 4rQ$F$^kAQ9D-<GN7s\kV3D|nNEH_rb@9k%OFDMN|4h}K*$FO$-z7s\khVrU<j(Q99k3HKhC
FF5V-cjdN6}HLjrF89k%c(P$^ 4(a)Nh&KhTHHY
dH,8_7$>TNYd~V9,,<I$s?Pk9hjb.5$lgrM(

k%hTHN-z7s\khVKgo;FU<j(Q9Nkr_j9kH$Yd

HN,<I$s?PkNlt,kbK8_9k%7+7$,<I$s?PkO0

RNH*j$-z7s\kvxN3T<G"j$1l7s\kN.,G"k%7

?,CF$^ 4(a)Nu7GO7s\kV3D,/87J$%D^j$hTHHY
dHHN~V9,,<I$s?Pk9hjb;1lP$7s\kV3DNFAr

u1:K.fr|59k3H,D=KJk%l}$^ 4(b)Nh&K$Yd~V9
,,<I$s?Pkhjbg-$lgO$U<j(Q9NkbKlD0N7s\

kN.f.,,^^lF7^&%3NkL$7s\kV3D,/87$U<j(

Q9NPOkLKm9,88k%

3Nh&K,<I$s?PkhVN95rGgYd~Vhjb9/9k3HG$

7s\kV3Dr04K|n9k3HOD=G"k,$,<I$s?PkhVN

w.EOO|4-=Ks?7J$?aEOz(Oc<9k%=N?a$,<I$

s?Pk9O[j5lkAB)NYd~Vdw.EOz(JIrM87F,ZK

hj9k,W,"k% 9



＋＋＋＋

＋＋＋＋

＋＋＋＋

＋＋＋＋

GI Effective symbol duration:

Symbol duration

Time[s]

＋＋＋＋

＋＋＋＋

＋＋＋＋

＋＋＋＋

Frequency[Hz]

Frequency[Hz]

(a). OFDMの時間波形 (b). OFDMの周波数スペクトル

s

1

T

0

s

2

T

sT

k

0 sT

sT

＋＋＋＋

＋＋＋＋

^ 2 OFDM.fN~VHAH~Ht9Z/Hk
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GI Effective symbol 

gT sT

copy

GI Effective symbol 

^ 3 OFDM7s\kN=.
GI Effective symbol 

GI Effective symbol 
＋

FFT window

(a). 遅延時間差がガードインタバル長以下の場合

Desired wave

Delayed wave

GI Effective symbol 

Effective symbol 
＋

FFT window

(b). 遅延時間差がガードインタバル長以上の場合

Inter-symbol interference

Desired wave

Delayed wave GI

^ 4 ^kAQ9D-<GN7s\kV3Dc:NEH_
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S/P

Transmission data

IFFT

)(ns

D/A

D/A

LPF

LPF

I

Q

+GI

+GI

)(RF tx

-90°

P/S

Received data
FFT

A/D

A/D

LPF

LPF

I

Q

－GI

－GI

-90°

(a).  OFDM送信機

(b).  OFDM受信機

×

×

×

×

～

～

＋

( )sBB mtx ( )[ ]txBBRe

( )[ ]txBBIm

)(RF tx′
( )[ ]txBBRe ′

( )[ ]txBBIm ′

( )sBB mtx′
)(ns′

^ 5 OFDMwu.!N5,=.
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!K$OFDMNwu.jgrJ1Kb@9k%^ 5(a)O$OFDMNw.!N
5,=.G"k%w.G<?r7j"k&Qilk (Serial to Parallel: S/P)Q9
7F$F5V-cjdKdjvFQ49k%nV\N5V-cjdN#GQ47
s\kr s(n) = sI(n) + jsQ(n) (4)
H9k%s(n)KNs@NUU<j(Q9r,Q7F~VNhN.fKQ99k%3
lO-z7s\khVNOFDM.fG"j$5sWjs0~|r tsH9kH$xBB(mts) = Ns�1Xn=0 s(n)ej2� nTsmts (m = 0; 1; 2; � � � ; Ns � 1) (5)
HJk%NsOOFDMN-z7s\khVN5sWktKP~9k%!K$,<
I$s?PkrUC9k%0RNH*j$,<I$s?PkO$-z7s\kN

vxr3T<7F7s\kh,KUC7?bNG"k%,<I$s?PkhVN

5sWktrNgH9kH$,<I$s?PkrUC7?OFDM.fO$xBB(mts) = 8>>>><>>>>: Ns�1Xn=0 s(n)ej2� nTs (mts+Ts) (�Ng � m � 0)Ns�1Xn=0 s(n)ej2� nTsmts (0 � m � Ns � 1) (6)
HJk%J_ND@rJ1K9k?aK$-z7s\khV (0 � m � Ns� 1)N
_NOFDM.fxBB(mts)GD@9k%OFDM.fOG8?k&"Jm0 (Digitalto Analog: D/A)Q9oHm<Q9U#k? (Low Pass Filter: LPF)rL7F"
Jm0Y<9PsIOFDM.f xBB(t)KQ95lk%xBB(t) = Ns�1Xn=0 s(n)ej2� nTs t (7)Re [xBB(t)℄ = Ns�1Xn=0 �sI(n) os�2� nTs t�� sQ(n) sin�2� nTs t�� (8)Im [xBB(t)℄ = Ns�1Xn=0 �sI(n) sin�2� nTs t� + sQ(n) os�2� nTs t�� (9)Re[x℄; Im[x℄O=l>l xNBtt$uttr=9%GeK$Y<9PsISNOFDM.fr5~~HtSX~HtQ99k%It/.oN~Htr fl [Hz℄H13



9kH$5~~HtSNOFDM.f xRF(t)O!0G=5lk%xRF(t) = Re [xBB(t)℄ os(2�flt)� Im [xBB(t)℄ sin(2�flt) (10)= Re "Ns�1Xn=0 s(n)ej2� nTs tej2�flt#= Ns�1Xn=0 �sI(n) os�2� �fl + nTs� t�� sQ(n) sin�2� �fl + nTs� t��
^ 5(b)O$u.!N=.r(7F$k%u.~Op\*KOw.~HUNj

grHk%u.&GO^:$1|s)K*$F$BwHH/mC/rF89k%

=Ne$F87?BwH~Htrm<+k.fH7FHQ7F1|!H7$Y<

9PsI.fr@k%9K$F87?/mC/G"Jm0&G8?k (Analog toDigital: A/D)Q97Fu.Y<9PsI.fx0BB(mts)r@k%,<I$s?P
khVr|n7?e$x0BB(mts)N-z7s\khV TsKNs@NU<j(Q9r
,Q9kH$=NPO s0(n)O$s0(n) = 1Ns Ns�1Xm=0 x0BB(mts)e�j2� nTsmts (11)
HJk%w.&N xBB(mts),t=J/u.&KAw5l?H>j9kH$xBB(mts) = x0BB(mts) (12)
,.j)D%7?,CF$0 (11)O$J<Nh&KQAG-k%s0(n) = 1Ns Ns�1Xm=0 "Ns�1Xk=0 s(k)ej2� kTsmts# e�j2� nTsmts (13)= s(n)
B]KO$^kAQ9D_JINWxKhj$u..fN6}$Lj,p5l

k?aK$U<j(Q9@1Gw.G<?r|5G-:$AcMky=JINh

},,WHJk%2.1.2 |\N8`,J ISDB-T}0N=.ISDB-TNAwQia<?r=1K(9%ISDB-TGO$HQ9k5V-cjd
tN[Jk 3o`Nb<I,QU5lF$k%b<I 1O5V-cjdVV,-14



= 1 OeG8?k|wK*1kp\AwQia<?Transmission parameter Mode 1 Mode 2 Mode 3Bandwidth 5.575MHz 5.573MHz 5.572MHzSub-arrier interval 3.968kHz 1.984kHz 0.992kHzNumber of sub-arriers 1,405 2,809 5,617Modulation system QPSK, 16QAM, 64QAM, DQPSKE�etive symbol duration: Ts 252�s 504�s 1.008msGuard interval: Tg Ts/4, Ts/8, Ts/16, Ts/32Inner ode Convolutional oding (1/2, 2/3, 3/4, 5/6, 7/8)Outer ode RS (204, 188)Information bit rate 3.65Mbps { 23.23MbpsNumber of OFDM segments 13Hierarhial transmission Max 3 levels
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$?a$b.\0u.~NICWi<7UHK<&5V-cjdV3Dru1K

/$H$&x@,"k,$7s\k9,;$?aK^kAQ93DKhkYd-

,jKe$%l}$b<I 3O7s\k9,9$?aYdHKhk7s\kV3
DK/$>L$5V-cjdVV,9$?ab.\0u.Ke$%b<IKhj

5V-cjdtO[Jk,$$:lb 1AcMkvjN~HtShOs 5.6MHz
GAwD=JpsSCHl<Hb18G"k%

F5V-cjdNQ4}0O$QPSK$16QAM$64QAM^?ODQPSK (Dif-ferential QPSK),"j$,<I$s?PkO-z7s\k9N 1/4$1/8$1/16$1/32N 4H*jG"k%^?$mj{5dfH7F$bdfKv~_df,Q$
il$df=(O 1/2$2/3$3/4$5/6$7/8N 5H*j+i*r9k%0dfK
Oj<I=mbsdf (Reed-Solomon Code)rQ$k%
^?$|\N ISDB-TNC'H7F$,XAw,s2ilk%ISDB-TGO$1AcMkN~HtSh 5.6MHzr 13N;0asH (1;0asHNSh}O6/14MHz)K,d7Ft,*K[JkAw}0rdjvFF1~KAw9k3H

,D=G"k%3Nh&K,XAwD=JAw}0G"k3H+i$BST-OFDM
}0HFPlk%

^ 6O$=_NOeG8?k|wN;0asH=.r(7F$k%13;0as
Hf 12;0asHrHCFHm~1NO$S8gs|w,$f{N 1;0asH
rHCFHS<v~1|w (os;0|w),TolF$k%=_N|wGOYd
HPvrEk7Fb<I3,NQ5lF*j$+0VGNb.\0u.KHCF
O77$roG"k%Hm~1NO$S8gs|wOQ4}0H7F64QAM,
Q$il$,<I$s?Pk9O-z7s\k9N 1/8$v~_dfNdf=(
O 3/4G"k%l}$os;0|wO$Q4}0OQPSK$,<I$s?Pk9
O-z7s\k9N 1/8$v~_df=(O 2/3G"k%2.2 \0u.K*1k]j
0RNH*j ISDB-TGO$4 13;0asHfN 12;0asHrHCF$H

m~1NO$S8gs|w,$DjN 1;0asHGHS<v~1Nos;0|16



HDTV for home environment
(12 segments, 64QAM)

Low bit-rate TV for mobile terminals(1 segment, QPSK)

Frequency

13 segments

^ 6 BST-OFDMN5W
w,TolF$k%\&fGO$Hm~1NO$S8gs|wr\0fN+0V

GbBju.9k;QNN)r\X7F$k%

HmGNGju.KfYF+0VGN\0u.,$qG"k}3O$u.EO

,e$3H$̂ kAQ9NFAru1d9$3H$=7Fu.EHD-,~9o9

HQ09k3HJIG"k%CK$^kAQ9AB)rb.\09k]K*$F$

u..fN6}HLj,c7/Q09kl$j<U'<8s0=]H?EICW

i<~Ht7UH,/87$u.C-rx7/c<5;k%Bj7?O$S8g

s|wN\0u.rB=9k?aKO$3liNu.EHQ0XNPv,,\G

"k%2.2.1 l$j<U'<8s0
>\H,z*JIKhCFWC5l$?M$s^$6pJIKhCFM9J}

~+iEH,~h9k^kAQ9AB),A.5lkH$u.@GO?tN~h

H,3D7g$$j_H-NE'&,[HJk%3Nh&JAB)r\09k3

HKhCF$6}dLjK^cJQ0,88kU'<8s0=],/89k%C

K$~h9kGHNt,soK?/$=liNEO,1xYG"lP$u.HNq

m~NN()YXtOl$j<,[K>&%3Nh&JU'<8s0rl$j<17



U'<8s0HFV [19℄%u."sFJN"ifk}~+iEH,~h9klg
K$u.EHNqm~r x(t)$LjQ0r �$,6r �2H9kH$qm~ xZS
LjQ0 �NN()YXtO$!0G=5lk%p(x; �) = x2��2 e� x22�2 (14)p(x) = x�2 e� x22�2 (15)p(�) = 12� (16)x(t)H �O_$KH)Jis@`N(QtG"k%^?$_QN(,[$9Jo
AlYk,RJ<G"kN( P (R)O$!Nh&KJk%P (R) = 1� e� R22�2 (17)10dBNlYkQ=KP7F$_QN(, 1eQ=9k@,l$j<,[NC'
G"k%2.2.2 ?EICWi<~Ht7UH
\0u.K*$FO$u.<vN\0K<CF5V-cjd~Ht,7UH9

kICWi<~Ht7UH,/89k%\0fN+0VN0}+i~h9kEH

O~Ht,b$}~K7UH7$UKe}+i~h9kEHO~HtNc$}~

X7UH9k%^ 7Nh&K$u.<v,.Y v [m/s℄G\0fK$iV\NGH
,JT}~KP7FQY �iG~h9klgrM(k%D@rJ1K9k?aK$
w.I+i1l~Htf [Hz℄NEH,w.5lkH9k%"ky.~V�t [s℄K
*$F$+0V,\09kw%O v�t [m℄G"k%3NH-$w.I}~N\0
.,r�d [m℄H9kH$ �d = v�t os �i (18)
HJk%^ 7K(9u7GO$3N�dN,@1w.IHu.<vNAww%,
;/Jj$=NkL$u..fNLj,Q=9k%3NLjQ=Lr~HtG=

=7?bN,ICWi<~HtG"k%D^j$iV\NGHNICWi<~H18



��� ����� �	
 ���
��� ������� ���

�����������

^ 7 +0VHw.IHNLVX8
t fdi [Hz℄O$!0G?(ilk%fdi = �d��t (19)= v� os �i= fd os �i
?@7$� [m℄OH9r=7$w.r  [m/s℄H9kH$� = f (20)
G"k%^?$fd [Hz℄OGgICWi<~HtHFPlk%7?,CF$iV\
NGHNu.~Ht fi [Hz℄O$ fi = f + fdi (21)
HJk%

^ 8O$1xYN/YrbDGH,$9YFN}~+ilMK~h9klgK$
5X~-"sFJGu.7?u.HNEO9Z/Hk,[S(f)r(9%
u.9k9YFNGH,1l}~+i~h9klgO$9YFNGHK18

ICWi<7UH,/89k?a$u.!N0JK_1il?+0~Ht)f(Automati Frequeny Control: AFC)s)G|n9k3H,D=G"k%7+19



cf dc ff +dc ff −

power

( )fS

^ 8 ?EICWi<7UHD-GNEO9Z/Hk,[
7$^kAQ9D-G"ifk}~+iGH,~h7?lgKO$F~h}~+

i[JkICWi<7UHru1?.f,1~Ku.5lk3HKJk%3Nh

&K$#tN[JkICWi<7UH,/89ku7r?EICWi<7UHD

-HFV%?EICWi<7UHD-<GO$u.7?OFDM.fNF5V-c
jdVN>r-,xl$5V-cjdV3D,88kD=-,"k%CK$Oe

G8?k|wGO$5V-cjdVV, 1kHzHsoK9$b<I 3,NQ5l
F$k?a$5V-cjdV3DNFAr//u1$u.C-,g}Kt=9k%

c(P$5~~Ht 700MHzN|wHr~. 100kmG\07J,iu.7?l
g$GgICWi<~HtOs 65HzHJk%3lO5V-cjdVVNs 6.5%
Kbjv9k?a$5V-cjdV3DNFA,5kG-J/Jk%2.3 >h;Q
Bj7?\0u.rB=9k?aKO$cu.EO$U'<8s0$ICWi<

7UHNdjrrh9k,W,"k%3liNdjrrh9k?aK>h+i

M9J!$,J5lF$k,$fGb"@WF#V"l<;QO9YFNdjK20



P7F~1zL,|TG-$>h+im\5lF-?;QG"k%"@WF#V

"l<O$#tN"sFJGu.7?.frE_U1g.9k3HKhCFER

*K"sFJX~-r)f7$j>Hr/aTWHr|n9k3HrB=7F$

k%=3G\aGO$^: 2.3.1aK*$F>hN"@WF#V"l<;QN5
WHOeG8?k|wXN,Q]jrRYk%

^?$=_NOeG8?k|wGO5V-cjdVV, 1kHzH9$b<I 3
,NQ5lF$k3H+i$ICWi<7UHPvNEW-,KaFb$HM(

ilk%=3G$2.3.2aGO>hNICWi<7UHd~KX9k&fvcrR
p7$OeG8?k|wXN,Q]jr^Hak%2.3.1 "@WF#V"l<;Q
\aGO$"@WF#V"l<Khk"sFJX~-)fN6}$>hNgJ

j!HOeG8?k|wXN,Q]jrRYk%

#tN"sFJGR (KGR)rQ$F,~*KX~-r)f9k79F`N
lL*J=.r^ 9K(9%^fN#Gh;o (Complex multiplier)O$F"s
FJGRGu.5l?.fKP7F$=l>lN6}HLjr409k?aNb

NG"j$Y<9PsI.fh}GOu..fK#GtNE_8trh;9k3

HKhjB=5lk%

~o tK#tN"sFJGRGu.5l?.f x1(t); x2(t); � � � ; xK(t)O$=l
>lE_8tw1; w2; � � �wK ,]1il?eKg.5lPO.f y(t)HJk%3
3G$u..fZSE_8tr$=l>l!Nh&KY/Hk=(9kH$X(t) = [x1(t); x2(t); � � � ; xK(t)℄T (22)W = [w1; w2; � � � ; wK℄T (23)
HJk%g..f y(t)O$y(t) = XT (t)W� =WHX(t) (24)
H=5l$g..fEO PoutO$Pout = 12E [y(t)y�(t)℄ = 12WHRxxW (25)21



#1

( )txK

Combined signal
)(ty

＋

Combiner

Complex
multiplier

#2

#K

Weight
controller

Weight

Antenna

( )tx2

( )tx1

1w

2w

Kw

^ 9 "sFJX~-)f79F`NlL*J=.

22



HJk%?@7$y�(t)O y(t)N#G&rr=7$XT OXN>Vr$WHOW
N#G&r>Vr=l>l=9%^?$E[�℄O|TMr=9%RxxOjXTsr
=7F*j$!0GjA5lk%Rxx = E hX(t)XH(t)i (26)
!K$^ 10rQ$F"sFJX~-)fN6}rb@9k%"sFJGR,

>~uK[V5l?lg (jK""l<)rM(k%~hH,"l<"sFJN
~eKP7FQY �}~+i~h9kbNH9k%LjNp`@ (Datums)GN
u..frE0(t)H7$F"sFJGRNu.C-,y7$H9kH$kV\N
"sFJGRNu..fO$!0G=5lk%Ek(t) = E0(t� �k) (27)�k = dk sin � (28)
?@7$ [m/s℄OAB.Y$dk [m℄Op`@hj,j7? kV\NGRNw%G$k = 1; 2; � � � ; KG"k%9K$u..f,"l<N+}9 jdk � d1j [m℄KP7F
=,K9ShG"klg$D^j�f [Hz℄ru..fNSh}H7?H-K$2��f jdk � d1j � 1 (29)
G"lP$f [Hz℄rBwH~HtH7F$E0(t� �k) �= E0(t)e�j2�f�k (30)
H=5lk%7?,CF$0 (27)Nh kGRNu..fO$Ek(t) = E0(t)e�j2�f�k (31)= E0(t)e�j2�f dk sin �= E0(t)e�j 2�� dk sin �
HJk% 23



＋

#1#2#k#K

kk cd τθ =sin

θ

kd
1dKd

KA kA
2A 1A

1δ2δkδKδ

Antenna

Amplifier
Phase
shifter

Combiner

Combined signal
)(ty

)(0 tE

Datums

Weight

)(tEk

^ 10 "sFJX~-)fN6}
24



F"sFJGRGu.7?.fKP7FE_8trh8Fg.9kH$g..

f y(t)O$ y(t) = E0(t) KXk=1Ake�j2�f dk sin �+jÆk (32)= E0(t)D(�; f)D(�; f) � KXk=1Ake�j�2�f dk sin ��Æk� (33)
HJk%33G$Ak; ÆkO=l>l kV\N"sFJGRKh8ilkE_8twkN6}HLjG"k%D(�; f)O$"l<"sFJNA#Xtr(9%~Htfr f0KGj7}~ �rQ=5;?H-ND(�; f0)O$~Ht f0K*1k"l<
"sFJNX~-r=9%^?$}~ �r �0KGj7~Ht frQ=5;?H
-ND(�0; f)O$�0N}~KP9kx@N~HtC-r=9%7?,CF$E_
8tN6}AkHLj Ækr)f9k3HKhj$"l<"sFJNX~-ZS~
HtC-rQ=5;k3H,G-k%

"@WF#V"l<O$"sFJX~-N)f}!Khj$Lk9F"js0

HS<`9F"js0Ng-/so`K,`5lk%0TO^ 11Nh&K"s
FJNX~-Nc6Y}~ (Lk)rTWHN}~K)f9k}!$eTO^ 12
Nh&Kj>HN}~Kb6YS<`rA.9k}!G"k%

"@WF#V"l<;QO$EHD-KX9kpsrX,7J,iE_8tr

977$"sFJX~-d~HtC-rQ=5;k%TWHd(;r^s@EH

D-+i,ZJ"sFJX~-d~HtC-rB=9kE_8traak?aK

O$lLKj>.fKX9k=wN1,,WHJk%>hN"@WF#V"l<

;QO$E_8t;PKQ$k=wN1ZS>AXt (\*Xt)Nc$Khj$
!N 5H*jKgL5lk [9, 10℄%� G.shm9! (Minimum Mean Square Error: MMSE)� Gg S/N! (Maximum Signal to Noise power ratio: MSN)� 4+UPOEOG.=! (Constrained Minimization of Power: CMP)� jqm~! (Constant Modulus Algorithm: CMA)25



Desired wave

Undesired

Directivity pattern

^ 11 Lk9F"js0N$a<8
Desired wave

Undesired

Directivity pattern

^ 12 S<`9F"js0N$a<8
26



� Ggfg.! (Maximum Ratio Combining)
J<$gJj!KD$FJ1K^Hak%

G.shm9!'MMSE
G.shm9!O$g..f y(t)H2H.fHN9$D^jm9.frG.=

9kh&KE_8tWr)f9kj!G"j$Lk9F"js0H1~KS<

`9F"js0rT&3H,D=G"k [22, 23, 24℄%
G.=9km9.f e(t)$D^j2H.f r(t)Hg..f y(t)HN9O$e(t) = r(t)� y(t) = r(t)�WHX(t) (34)

G=5lk%7?,CF$m9.fN?Qshm9N|TMO$E hje(t)j2i = E hjr(t)j2i�WTr�xr �WHrxr +WHRxxW (35)
HJk%rxrO$2H.fHu..fY/HkHNjXY/HkG"j$!0G
jA5lk% rxr = E [X(t)r�(t)℄ (36)
G.shm9!GO$E_8tY/HkWr,ZK*V3HKhCF$0 (35)
N?Qshm9rG.=9k%0 (35)OWNs!XtG"j$jXTsRxx,
5tG"k?a$G.M,,:8_9k%7?,CF$?Qshm9rG.K9

kE_8tY/HkNMO$0 (35)NE_8tY/HkN{[, 0KJklgG
"k%D^j$ ��WE hje(t)j2i = �2rxr + 2RxxW = 0 (37)
G"j$aakG,E_8tY/HkWoptO$Wopt = R�1xx rxr (38)
H3+lk%D^j$aakG,E_8tY/HkO$jXTsNUTsHjX

Y/HkHNQHJk%7+7$lLK$UTsi;NW;iY,b$?a$\27



0u.D-GNj"k?$`J"sFJX~-)fKQ$k3HOq7$%=3

G$`!W;KhjE_8trG,=9kLMS (Least Mean Square)"k4j:
`$RLS (Reursive Least Square)"k4j:`,lL*KQ$ilk%
JeNh&K$G.shm9!O2H.fr,WH9k"@WF#V"l<}

0G"k%7?,CF$l<@JINh&Kj>.fNHA,{NG"klgK

OFWK,QG-kl}G$OeG8?k|wGO{NN2H.fr@k3H,

q7$?a$,Q$qG"kHM(ilk%

Gg S/N!'MSN
GgS/N!O$g..fN.fP(;EOfS/NJSignal to Noise power ratioK

rGg=9kh&KE_8tr)f9k}!G"j$TWHN}~K,~*KL

kr~1k3H,G-kLk9F"js0G"k [25, 26℄%
u..fY/HkX(t),$j>H., S(t)$TWH.,U(t)ZS.(;.,N(t)+i=.5lkH9kH$X(t) = S(t) +U(t) +N(t) (39)

H=5lk%g..fK*1kj>H., ys(t)$TWH., yu(t)ZS.(;.
, yn(t)N=l>lNPOEOO$PSout = 12E hjys(t)j2i = 12WHE[S(t)SH(t)℄W = 12WHRssW (40)PUout = 12E hjyu(t)j2i = 12WHE[U(t)UH(t)℄W = 12WHRuuW (41)PNout = 12E hjyn(t)j2i = 12E hjnk(t)j2iWHW = 12PnWHW (42)
HJk%3NH-$PO.fK*1k.fP3D(;EOf S/IN (Signal to In-terferene and Noise power Ratio)O$S=IN = PSoutPUout + PNout = WHRssWWHRnnW (43)
G?(ilk%RnnOTW., (TWHZS.(;)NjXTsG$Rnn = Ruu + PnI (44)28



GjA5lk%?@7$IO1LTsG"k%Gg S/N!O$E_8tY/HkWr409k3HKhCF$0 (43)N S/INrGgK9k%0 (43)NE_8t
Y/HkKX9k{[r0H9k3HKhj$!0NG,JE_Y/Hkraa
k3H,G-k% Wopt = �R�1nnVs = R�1ss �S (45)Vs = [vs1; vs2; � � � ; vsK℄T (46)VsOj>HN}~Y/HkG"j$vsk(k = 1; 2; � � � ; K)O kV\N"sFJG
RK*1kj>HNLj`r=7F$k%�SOj>HN}~Y/HkVsNjt
\ �G"j$a$sm<VN}~rhak9F"js0Y/HkHFPlk%
Gg S/N!NG,E_8tY/HkO$0 (45)G(7?h&Kj>HN~h

}~,{NGJ1lPaak3H,G-J$%9K$j>Hr^^J$82HZ

S(;N_NjXTs,,WHJk%7?,CF$Gg S/N!Ol<@,ndG
jL.K*$FO~Q5lF$k,$\0NL.XN,QO$qG"kHM(i

lk%

}~4+UPOEOG.=!'DCMP (Diretionally CMP)
4+UPOEOG.=! [27℄NloG$j>HO4+roG]n7J,iPO

EOrG.=9k3HKhj$j>HJ0N.,r^59kLk9F"js0}

0G"k [28℄%^:$1l}~N4+rcKHj$4+ror(9%"sFJG
R,9YF5X~-H9kH$6} a1(t)$BwH~Ht f1$~h}~Ne?Q�1$7:Q �1N9Sh.f (GH),"l<"sFJK~M7?H-$g..fy1(t)O!Nh&K=5lk%y1(t) = KXk=1w�ka1(t)ej�k(�1;�1;f1) (47)�k(�1; �1; f1)O$kV\N"sFJGRK*1k.fNLjr=7F$k%3N
g..fKP7F$ y1(t) = A1a1(t)ej� (48)29



HJkh&K4+ror?(kH$!NX80,@ilk%KXk=1w�kej�k(�1;�1;f1) = A1ej� (49)
3lrTs==K~akH$C1TW� = H1 (50)C1 = hej�1(�1;�1;f1); � � � ; ej�K(�1;�1;f1)iT (51)H1 = A1ej� (52)
HJk%3liN0O$1l4+ror(7F$k,$>N~h}~d~HtK

P7Fb1MN4+ror_1k3H,G-k%7?,CF$J<Nh&KlL

=G-k% CTW� = H (53)C = [C1;C2; � � � ;CN ℄ (54)H = [H1; H2; � � � ; HN ℄ (55)
?@7$NO4+rotG"k%CO4+Ts$HO4+~zY/HkHFPl
k%}~4+UPOEOG.=!Np\6}O$0 (53)G=5lkE_8tKX
9k4+roN<G$g..fEOrG.=9k3HG"k%D^j$!Nh&

K=5lk% minW �Pout = 12WHRxxW� (56)subjet to CTW� = H
3Nh&JroUG.=djO$LagrangeN$j8t!rQ$Fr/3H,G
-$=NkL$!0G(9G,E_8t,3P5lk%Wopt = R�1xxC(CHR�1xxC)�1H� (57)
3Nh&K$}~4+UPOEOG.=!O$4+roK]n5l?j>H.

,O=N^^G$=N>N.,,POEOG.=Khj^55l$=NkL$g

..fK*$Fb$ S/IN,@ilk%7+7$4+ror_j9k?aKO$G
g S/N!H1MK$j>HN~h9k}~,{NGJ1lPJiJ$?a$Oe
G8?k|wN\0u.KO,Q7K/$HM(ilk%30



Qo<$sP<8gs!'PIAA (Power Inversion Adaptive Array)
Qo<$sP<8gs!O$"klGRNE_8trGj7?uVGg..f

EOrG.=9k}! [29℄G$4+UPOEOG.=!NloG"k%j>H$
TWHNhLJ/$EON/$gK<$LkrA.9kLk9F"js0}0G$� "l<N+3Y (K � 1),TWHNtHy7/$+D� j>HEO,82HEOhjb.5$
lgKxQ5lk%3Nror~?9lgO$"sFJ~O<GOe+C?j>H

,g.eK/45lFDj$.fP3DEOfS/I (Signal to Interferene powerratio)r?>5;k3H,G-k%
h 1GRNE_8trGj7?lgNG,E_8tO!0G?(ilk%Wopt = R�1xx �S (58)�S = [1; 0; � � � ; 0℄T (59)

Qo<$sP<8gs!O$Gg S/N!N9F"js0Y/Hkd}~4+UP
OEOG.=!N4+Y/Hkr0(59)N �SKV97?79F`Kjv9k%^
?$j>HN~h}~KX9k=wN1OTWG"k%7+7$OeG8?k|

wN\0u.K,Q7?lg$GbEONb$j>H}~KLk,A.5lF7

^&?a$u.C-N~1,q7$HM(ilk%

jqm~!'CMA
jqm~!O$6}ljNQ4}0,Q$ilklgK*$F$g..fNq

m~ND.,,G.KJkh&KE_8tr)f7$?EH&3DHr^59k[30℄%j>H,qm~ljN-ArbDH$&ror~?7F$lP$=wN1
TWGG,JE_8t,aailk@,g-JC'G"k%jqm~!NG.=

9Y->AXtQO!0G=5lk%Q(W) = E [jjy(t)jp � �pjq℄= E h���jWHX(t)jp � �p���qi (60)31



33G$�Og..fPOK*1kj>Nqm~MG"j$p; qO5N0tGLo1^?O 2rHk%FGRNE_8tO3N>AXtQ(W),G.KJkh&K
)f5lk%J*$OeG8?k|wGQ$ilF$k OFDMQ4}0O$~
VHAN6}Oc7/Q09kNG$jqm~!O,QG-J$%

Ggfg.!'MRC
Ggfg.GO$g.eN S/NrGgK9k?aK$F"sFJGRGu.5

l?.fKP7F#GE_8tWKhCF=l>l,1LjKJkh&KE_

U1rT$$=Neg.9k%"i+8a2H.fH7F${N.fHA,?(

ilF$klgKO$D9Nu..fH2H.fHNVNj_jXMraa$3

lir#GE_Y/HkWH7FQ$k3HKhjGgfg.rB=9k%9

JoA$E_8tY/HkWO$2H.fr r(t)H9kH$W = r�(t)X(t) (61)
G=5lk%@i+K$E_8tY/HkWNFWGNdPMO$P~9kF

u..fN6}Kfc7$WNLj.,O2H.fHFu..fHNLj9K

P~9k3H+i$0 (61)GGgfg.,B=5lk%
Ggfg.O~hH}~K"sFJX~-r~1kS<`9F"js0G"j$

>\*KTWHr|n9ko1GOJ$,$S/NN~1KhkL.JAN~e,
|TG-k%

l}$OeG8?k|wNh&K$v0K{NG"k2H.frxQ9k3H

,G-J$lg$E_8tr;P9k?aNp`.fH7F$lDN"sFJG

RGu.7?.frp`H7F>j7$>GRNu..fHfS7FE_8tr

hj7$6}$Ljr409k}!,M(ilk%c(P$h 1GR (k = 1)r
p`GRH9kH$h kGRGu.5l?.f xk Hh 1GRGu.5l?.fx1HNjX8trh kGRNE_8tH9k%W = x�1(t)X(t) (62)
7+7$^kAQ9D-K*$FOF"sFJGRNu.lYk,g-/Q09

k?a$0 (62)NE_8t;P}!GO)f,TBjKJkH$&dj,"k%32



3lO$U'<8s0Khjp`HJk"sFJGRNu.lYk,g-/nA

~`0eG$.fNLj,g-/Q=9k?aG"k%3NH-$p`HJk"

sFJGRN.fH$=N>N"sFJGRGu.7?.fHNLjr7(k?

aK$E_8tNLjr^cKQ=5;J1lPJiJ$%=NkL$EHD-

Q=KP9k"sFJX~-NI>-,T-9k$^?O.fNLjKT"3,

88kJIN@2,/3k%2.3.2 ICWi<7UHd~;Q
\aGO$b.\0u.~K/89k?EICWi<7UHrd~9k>h;

QrRp7$OeG8?k|w\0u.XN,Q]jrRYk%

{NNQ$mCH.fKhj~Ht*U;CHrdj7d~9k}!,sF5

lF$k [31℄%\&fO7s0k-cjdQ4}0rP]H7F$j|*K^~5
lkQ$mCH7s\kKU<j(Q9h}r,Q7F~HtNhKQ97?e

K?j=7$^ 8G(7??EICWi<7UHD-NEO9Z/Hk,[ (IC
Wi<9WlCI)rdj9k%=7F$EO9Z/Hk,[Nf4~Ht (^ 8
N fKjv)rdj7F$3lr~Ht*U;CHH7F|n9k3HG$C-
~1rn_F$k%7+7$3N}!OICWi<7UH=NbNrd~7F$

ko1GJ$?a$5V-cjdV3D,/87d9$OeG8?k|wN\0

u.K,Q7Fb~1zLO.5$HM(ilk%

^?$5~ LANN IEEE802.11aK*$F$"@WF#V"l<rQ$FIC
Wi<7UHLNg-J~hHrhj|/3HG$?EICWi<7UHrd~

9k}0,sF5lF$k [32℄%3N}0GO$5~LAN,J 802.11aNC'r
xQ7F$"sFJX~-)frB=7F$k%=lO$Q1CHh,K*$F

G<?AwKQ$k9YFN5V-cjd+iOFDM7s\k9N 2\N{N.
f,wP5lk3HH$oK 0NMrHk5V-cjd (Lk-cjd),_1i
lF$k3HG"k%ICWi<7UH,/89kH$Y\9kLoN5V-c

jd+iN3Dru1$Lk-cjd+ismNu..f,PO5lk%sF}

0GO${N.fhVK*$FU<j(Q9rsY"37F,Q7FLk-cj

dN.f.,r!P9k%=7F$=N.f.,, 0KJkh&K$"@WF#33



V"l<NE_8trLMS"k4j:`Gdj9k3HG$g-JICWi<
7UHru1?~hHr|n9k%3Nh&K$sF}0O IEEE802.11aNC'
rHCF"sFJX~-)frB=7F$k%7+7$ISDB-TN{N.fO9
-cC?<IQ$mCHHFPl$~Ht}~H~V}~K^PiK[V5lF

$k3H$=7F7s\k9 2\N{N.f,^^lF$J$3H$9KOLk
-cjd,_1ilF$J$3HJI+i$=N^^GOOeG8?k|wNu

.K,Q9k3HOG-J$%

9K$-X~-"sFJGRr#tQ$F$?EICWi<7UHD-GNC

-t=rZ:9kn_bJ5lF$k [14℄%c(P$V>0}He}K=l>lX
~-rbD#tN"sFJrQU7$V>0}ZSe}+i~h9kEHrL9

N"sFJGu.7F$u.!KF>TN~Ht9rd57F+ig.9k}!

,s2ilk%F"sFJGNu..fO$"sFJGR1NNX~-Khj?

EICWi<7UHD-KOJjK/$?a$g.}!r)W9k3HG$IC

Wi<7UHKP9kQ-N~1,|TG-k%7+7$"sFJGRr-X~

-K9k3HG$FGRG*(ilk~hHNt,:k?a$@$P<7AzL

,.5/JkH$&g@,"k%0e+i18h&KEH,~h9klgOh$

,$0}N_+iEH,~h9klg$V>e}KX~-rbD"sFJKhk

@$P<7AzLO[HsI|TG-J$%2.4 \ON^Ha
\OGO^:$|\NOeG8?k|w ISDB-TKD$FRY?%ISDB-TG

NQ5lF$kOFDMO$~HtxQz(,b/$^kAQ9D-K/$H$
&C'r-7F$k,$=_NAwQia<?G"kb<I3GO5V-cjd
VV,s 1kHzH9$?aK$b.\0~K/89kICWi<7UHKhCF
5V-cjdV3D,/89kD=-,M(ilk%^?$lLK\0u.GO$

cu.EOdU'<8s0$ICWi<7UHJINdj,"k3HrRY?%

!K$\0u.~Nt-JEHD-r~19k?aNj!H7F"@WF#V

"l<;Qrs2$"@WF#V"l<Khk"sFJX~-)fN6}He=

*J)f"k4j:`KD$F5b7$=l>lNC'HOeG8?k|wN\34



0u.X,Q9klgN]jrRY?%[HsIN>h}0GOE_8tN;P

K=wN1r,WH9k?a$OeG8?k|wXN,Q,$qG"C?%Oe

G8?k|wGO=wN1r,WH9k3HJ/$"sFJNX~-)f,D=

J;QrN)9k,W,"k%

9K$b.\0~K/89kICWi<7UHrd~9k>h&fH]jrb

@7?%$:lbICWi<7UHNFArZ:9k3HOD=G"k,$u.

.fK^^lk?EICWi<7UH.,=NbNrd59kH$&,\*Jr

hKOjCF$J$N,=uG"k%
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3. "@WF#Vu.;QKhku.EOc<ZSU'<
8s0Pv3.1 \ON5W

|\NOeG8?k|w ISDB-TGO$BST-OFDM}0,NQ5lF$k?
a$1AcMkNSh}rQ$FHm~1Nb:YJO$S8gs|wHHS<v
~1Nos;0|wr1~KAw9k3H,D=G"k%os;0|wOQPSK
Q4}0,Q$ilF*j$u.-=N37$HS<vGbBj7?u.,D=

G"kl}G$Aw.YOc/^(ilF7^&%HS<vN.5JhLGos

;0|wrk09klgOdjJ$,$=Nt\A10\xYNg-5NV\bK
?Gk09kNK=,JhAG"kHO$(J$%^?$Hm~1NO$S8g

s|wGOgFLAwrB=9k?aK64QAMQ4}0,Q$ilF*j$o
s;0|wKfYFN$:Q-,KaFc$%7?,CF$\0fN+0VNt

-JEHu.D-K*$F$O$S8gs|wru.9k3HOTD=G"kH

$olF-?%7+7$O$S8gs|wN\0u.KP9kK<:O$DMQ

N+0V@1GJ/$?/7dP9$sVJIK*$FsoKb/$^?B=G

-?H-N$sQ/H,g-$3H+i$+0VGNO$S8gs|wN\0u

.B=r&fF<^H7FhjHsG-?%

+0VGNO$S8gs|wN\0u.,HmGNGju.HfYF$qG"

k}3O$gK!N0DG"k%1. "sFJ_Vb,c$?aK$u.EO,e$%2. 5X~-"sFJrQ$k?aK$^kAQ9NFAru1d9$%3. +0VN\0K<$$EHD-,c7/Q09k%
\OGO$3liNdjrrh9k?aK$"@WF#V"l<;QrQ$?O

eG8?k|wN\0u.79F`rsF9k%"@WF#V"l<;QO$#

tN"sFJGu.7?.frE_U1g.9k3HKhCF$"sFJNX~

-rER*K)f9k;QG"k%2.3.1aK*$F>hN"@WF#V"l<;36



QrRp7?,$$:lbOeG8?k|wN\0u.X,QD=JbNGOJ

+C?%

"sFJNX~-r)f9k}!H7FO$Lk9F"js0 (^ 11)HS<
`9F"js0 (^ 12)NsDK,1ilk%OeG8?k|wN\0u.K*
$FO$^kAQ9D_Nd5hjb"sFJ_Vb,c$3HKhku.EO

c<XNPv,hjEWG"kHM(ilk%=3G$"@WF#VS<`9F

"js0Nl}0G"kGgfg.}0r~Q9k%Ggfg.GO$g.eNS/NrGgK9k?aK$F"sFJGRGu.5l?.fKP7F$#GE_
8trQ$F1LjKJkh&KE_U1g.9k%3Nh&J)frB=9k

?aKO$LjNp`HJk2H.f,,WHJk,$OeG8?k|wGOv

0K{NN2H.frxQ9k3H,G-J$%"k"sFJGRNu..fr

p`.fH7FQ$F$=N>N"sFJGNu..fNLjr)f9k}!,

!$5lF$k,$^kAQ9D-<GOp`GRNEO,g-/c<7?]K

)f,TBjKJkdj,"C?%

=3G$3Ndjrrh9k?aK$p`.fH7Fg.eN.frQ$k}

0rsF7F$k [33, 34, 35, 36℄%J<K$sF}0N5Wrb@9k%^ 13K
OeG8?k|wK,7?Ggfg.u.}0N=.r(9%kV\N"sFJ
GRGu.7?.fKP9kE_8t wkrhj9k?aKO$^: kV\N"
sFJGRGNu..f xk(t)Hg.eN.f y(t)HNjX8t rxky raak%
3NH-$g.eN.fOj>H,Y[*G"kH9kH$rxkyN6}Ou..
f xk(t)K^^lkj>H.,HN6}9r=7$rxkyNLjOg..f y(t)K
^^lkj>HN.,Hu..f xk(t)K^^lkj>H.,HNLj9r=9
3HHJk%7?,CF$kV\N"sFJGRKP~9kE_8twkr$wk / rxky = E [xk(t)y�(t)℄ (63)
H*/H$F"sFJGRGu.5l?.f xk(t)K^^lkj>HN.,O9
YF1LjHJk%xk(t)KO$j>HZSYdHN.,,^^lk,$j>H
NLjr7(Fg.9kH$j>H.,,/45lk%3NH-$xk(t)K^^
lkYdHNLjO=l>lis@`G"k?a$g.7Fb=N6}ON(*

KOQ=7J$%7?,CF$kL*K~hHK*1kj>HHYdHNEOf37



#1

( )txK

Combined signal
)(ty

＋

Combiner

Complex
multiplier

#2

#K

Weight

Antenna

( )tx2

( )tx1

1w

2w

Kw

[ ]*yxEw kk =

Weight controller

^ 13 OeG8?k|wQN"@WF#Vu.;Q
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D/U (Desired to Undesired wave power ratio)hjb$g.eND/U,g-/J
j$5X~-"sFJGu.7?lgKfYFYdHNFA,Z:5lk%

sF}0NC'O$p`.fH7FE_U1g.eN.frQ$k@K"k%

F"sFJNu..fr,ZKE_U17Fg.9k3HKhj$g.0hjb

YdD_d(;N/J$.f,@ilk?a$g..fOp`.fH7FQ$k

NK,7F$k%^?$E_U1)fNi|J,K*$Fg..fKYdD_,

^^lF$?H7Fb$U#<IPC/)fKhkE_8t97K<$YdD_

N/J$g..f,@il$y9K,ZJE_K}+9k%

sF}0GO$#tN"sFJN.frC;7Fu.EOrg-/9k@1G

J/$~9o9HQ=9kj>HN~h}~K"sFJX~-rI>5;k3H

,D=HJk%=NkL$\0u.C-rtv*K~19k3H,D=KJj$2003/ 1nKO|\GiaFO$S8gs|wN\0u.,D=G"k3HrB
Z7? [37℄%sF}0Nx@O$OFDM|4h}0GN"sFJX~-)fG"
k?aKJWKB=G-$HQ9k"sFJ\tKP9k91<iSjF#,b

$3H$u..fG-NpsrHQ7J$?ab.J)f,B=G-k3H$a

G#"No`K++oi:~QD=G"k3H,s2ilk%

X"&fKO$OFDM|4h} (U<j(Q9)eK5V-cjd4HKg.
h}rT&}0 (5V-cjdg.),"k%^kAQ9D-G88k~Ht*r
-U'<8s0K/$H$&C'rbCF$k,$5V-cjd4HKE_U1

g.s),,WGs),O,DgHJk?a$"sFJ\tKP9k91<iS

jF#,c$%

\OGO$sF9kOeG8?k|wQN"@WF#Vu.79F`KD$F

b@9k%3.2aGO^:$sF9k"@WF#Vu.79F`N4N=.H=N
"k4j:`rb@9k%3.3aGO"@WF#Vu.79F`NO<I&'"
=.rb@7?e$3.4aGOb.\0~Nt-Ju.D-r<bGF=7$s
F"@WF#Vu.}0Nu.C-r>A7?kLr$3/ 3.5aGOU#<k
IGNB3kLr(9%
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3.2 4N79F`5W
\aGO$sF9k"@WF#Vu.79F`N4N5WZS"k4j:`r

b@9k%"@WF#Vu.79F`N4N=.r^ 14K(9%^ 14O 4\N
"sFJrHQ7?H-N=.r(7F$k%4\N"sFJGRH$4"Ae<
J (Tuner)$"@WF#Vu.fKCH (Adaptive beam steering)$OFDM|4
o (OFDM demodulator)ZSMPEG-2G3<@ (MPEG-2 deorder)$=7Fb
K? (Monitor)+i=.5lk%Ae<JO~HtQ9oHbFPl$470MHz
+i 700MHz^GN5~~HtS (Radio Frequeny: RF).fr$tMHzNf
V~HtS (Intermediate Frequeny: IF).fKQ99kbNG"k%~HtQ
9h}O$u.RF.fKP7F$It/.oG/85;?59H.frh8k
3HKhCFB=5lk,$lDNIt/.oNPOr4,[7FFAe<JG
&LKxQ9k3HKhj$"sFJGRVNjP*J~Ht*U;CHN/8

rI$G$k%^?$Ae<JNbtKO IF.flYkr,ZJlYkK)f9
k3Hr\*H7?+0x@)f (Automati Gain Control: AGC)s),woC
F$k,$=Nx@r)f9k?aN.fO$eJN"@WF#Vu.fKCH

+iU#<IPC/5lk%"@WF#Vu.fKCHO$~O5l? 4\N IF
.frOFDM|4oN0G 1\Kg.9kbNG"j$soKJWJ"k4j
:`GB=5lF$k%3N"k4j:`O$#tN"sFJGNu..frg

.9k3HKhj.f=NbNr//9k@1GJ/$"sFJX~-rj>H

N}~KER)f9k3HKhj$+0VN\0Khj88kEHQ0NFAr

^59k3H,G-k%7?,CF$OFDM|4h},FWKJj$79F`4
NN-=r~19k3H,D=KJk%^?$3N"k4j:`Ou..fNC

'KM87J$h}G=.5lF*j$b.)f,D=G"kHHbK$OeG

8?k|wJ0NaG#"XN,QbD=G"k%=Ne$OFDM|4oZSMPEG-2G3<@rP37FG|$;<,F85lF$bK?eK=(5lk%
^ 15O$sF9k"@WF#Vu."k4j:`NJ1JVmC/=.r(7

F$k%[HsI9YFNVmC/O$G8?k.fh}KhCFB=5lF*

j$~OOF"sFJN IF.f$POO=lirg.7? IF.fG"k%^:$
G8?k=5l?eNF"sFJN IF.fr$Y<9PsI (Base Band: BB)40



Tuner

Tuner

Tuner

Tuner

OFDM
demodulator

&
MPEG-2
decorder

Monitor

RF signals IF signals

Combined
IF signal

AGC signal

Adaptive
beam

steering

^ 14 "@WF#Vu.79F`N4N=.
.fK~HtQ99k%3NH-F"sFJNBB.fO 5.6MHzNSh}G"
k,$3lrSh,dU#k?Gs 2MHz}N0DNt,ShK,d9k%3l
iN0DNt,ShO$~HtNc$}+iLow-band$Mid-band$High-band
H9k%Sh 3,deNF"sFJNBB.fO$=l>lNt,Sh4HKE
_U15lF 1\Kg.5lk%3NH-NE_8tO$g.e.fN S/N,G
gHJkh&KLjH6}r)f9k?aN8tG"j$F"sFJNBB.f
Hg..fHNjXi;KhCFaailk%Ft,Sh4HKPO5l?g.

.fO$9K 1\Kg.5lF5N 5.6MHz}N.fKa5lk%GeK$g.
eNBB.fO IF.fXH~HtQ95lF$OFDM|4oXHO5lk%3
Nh&K$sF"k4j:`O 5.6MHzNShrhj9$t,ShK,d7$F
t,Sh4HKE_8tr979k?a$^kAQ9D-Gb5NKS<`r)

fG-k%J*$3N"k4j:`rBu7?"@WF#Vu.LSI (Large SaleIntegration)r{K+/7F$k [38℄%
e3NaGO$sF9k"@WF#Vu."k4j:`K*$FEWJAGC$

Sh 3,dZSE_8t;PNF}!KD$Fb@9k%
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Weights
A/D Com

biner

Weight
controller

Low-band
Mid-band
High-band

Com
biner

Up-converter

Down-converter

Band
segmentation

filters

A/D
A/D
A/D

Spectra

Low

High

Mid

Combined
signal

AGC signal
controllerD/A

^ 15 "@WF#Vu."k4j:`
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3.2.1 AGCE5N8.
#tN"sFJGRrQ$Fu.JAr~e5;k79F`GO$F"sFJ

GR4HK6}lYkr,ZK)f9k,W,"k%LoOA/DQ9oN@$
J_C/ls8r-zhQ9k?aK$F"sFJGRN.f6}lYk,G,

KJkh&KAGCrH)K)f9k3H,lL*G"k%D^j$9YFN"
sFJGRN IF.flYk,1lKJkh&K)f5lk%l}$F"sFJ
GRNu.EOfK~8F#tN.frE_U1g.9kGgfg.rB=9k

lgO$"sFJGR<GNu.EOfrg.~KF=9k,W,"k?a$F

"sFJGRNAGCpsrg.h}tKA#7J1lPJiJ$%7?,CF$
79F`,soK#(=9kdj@,"C?%

=Nh&Jdj@rrh9k?aK$9YFN"sFJGRNAGCKP7F
&LN)fE5rQ$k}!rNQ9k%#sO$4"sFJGRNfG$u.

EO,GgN"sFJGRN.flYk,,ZKJkh&KAGCE5rhj9
k3HK7?%3Nh&Kha?AGCE5rQ$F$4"sFJGRNAGCr
&L)f9k3HKhj$F"sFJGRNAGCs)Nx@,ljHJk?a$
F"sFJGR<GNu.EOf,]}5l?^^$.fg.h}tK~O5l

k%7?,CF$Ggfg.JIN.fh}rJWJ=.GB=9k3H,D=

KJk%

^ 16K$AGCE58.tN5,=.r(9%AGCE58.tO$(1)FGR
N?Q6}MW;$(2)GgM=j$(3)\8MHNm9;P$(4)AGCx@Nh
j$(5)AGCE5MXNQ9+i=.5lk%
u..f xk(t)O$5sWjs0~|r ts [s℄$5sWkVfr mH9kH$xk(mts)H=93H,G-k%xk(mts) = xIk(mts) + jxQk(mts) (64)xIk(mts)$xQk(mts)O=l>l$xk(mts)NBtZSut.,G"k%^ 16(1)G

O$F"sFJGRN.fNV~6}Mr"khVG?Q=9k%qN*KO$
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Averageamplitude

BB
signals

Averageamplitude
Averageamplitude
Averageamplitude

Selection of m
ax

value

＋

－

Referencevalue

Calculation ofgain value AGC table

AGC 
signals(1) (2)

(3)

(4) (5)

( )smtxk kx

{ }k
k

xmax

REF

AMPe

AGC signal controller

^ 16 AGCE58.tN=.kV\NGRN?Q6}M j�xkjO$j�xkj = M�1Xm=0qx2Ik(mts) + x2Qk(mts)M (65)
HJk%33G$M O?Q=KQ$k.fN5sWktrU#9k%D^j$\
VmC/NPOG"k?Q6}MO$F"sFJGRNM DN5sWk,~O
5lk4HK 1sPO5lk%
^ 16(2)GO$F"sFJGRN?Q6}MN&AGGgNbN$maxk fj�xkjg

r*r7$eJKO9%3Nh&K#tGRfNGg6}M,jjNlYkKJ

kh&KAGCNx@r)f9k3HKhj$Gb/$"sFJGR,A/DQ9
~KvF5lk@$J_C/ls8r6(F*<PUm<9k4[,J/Jk%

^ 16(3)GO$\8H9k6}M (AGC\8M)KP7F$Gg6}MHNg
.r=j9k%qN*KO$Gg6}Mmaxk fj�xkjg+iAGC\8MREFrz
-;7?kLrm9.f eAMPH7FPO9k%eAMP = maxk fj�xkjg � REF (66)44



eJNh}GO$3Nm9.f eAMPr.5/9kh&KAGCE5r)f9k%
^ 16(4)O$0 (66)Nm9.f eAMPr 0KaE1kh&K$AGCN}}(r

Q=5;k%c(P$AGCN}}(r 1024J,NlYk$}}()f.fG=
=9k%3N}}()f.fOAGCN}}(GgNuVr 0$}}(G.Nu
Vr 1023H7$=NVr 1024y,9k%>K$AGCN@$J_C/ls8,70dBG"C?H9kH$}}()f.fNM, 1Q=7?H-NAGC}}(N
Q=LO$ 701024 ' 0:068[dB℄ (67)
HW;5lk%!K$}}()f.fN97}!rb@9k%}}()f.fO$

=NM,.5$H-OAGCN}}(Nb$uVr$=NM,g-$H-OAGC
N}}(Nc$uVr(9%0J+iO5lkm9.f eAMPNdf,5G"k
lgO$~O.f,j>NlYk (AGC\8M)KP7F/$3HrU#9k?
a$}}()f.fNMr 1:/5;k (AGCx@r 0.068dB<2k)%UK$m
9.fNdf,iG"klgO$~O.f,e$3HrU#7F$k?a$}}

()f.fNMr 1}C5;k (AGCx@r 0.068dBe2k)%3Nh&J97
h}r$AGC~|4H$D^j (1)N?Q=h}KQ$k5sWktM 4HK
BT9k%3Nh&K7F975l?}}()f.fO^ 16(5)KO5l$AGC
E5KQ95lk%

^ 16(5)GO$(4)+iO5lk}}()f.frB]NAGCE5KQ99k%AGC}}(HAGCE5O$lLK^ 17(a)K(9h&Ks~AJC-HJCF
$k%=N?a$AGC}}(N9-,^Jt,GO79F`,TBjKJj$U
KAGC}}(,Kd+JH3mGO)f,K}KJjI>-,-/Jk?a$>
hO~AKa$t,N_,Q$ilF$?%^kAQ9D-<GNu..fN-

$@$J_C/ls8KP7FBj7?AGCrD=H9k?aKO$}}()
f.fKP9kAGCE5NP~X8r^ 17(b)Nh&Ks~AJX8H9lP
h$%3lrB=9k?aK$^ 16(5)GO}}()f.f+iAGCE5XN
Q9rROM (Read Only Memory)F<VkN2HGB=7F$k%
JeNh&K7F@il? AGCE5MO$D/AQ9oG"Jm0E5MKQ

95lFAe<JK~O5l$AGCNx@)fKHolk%45
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^ 17 AGCC-Nlc3.2.2 Sh 3,dU#k?
sF"k4j:`GO$Sh}s 6MHzNBB.fr 2MHz}Nt,Sh0D

K,d7$Ft,ShK*$FG,JE_U1r7F1\N.fKg.9k%^18K$Sh 3,dU#k?N-5KhkC-~1zLNlcr(9%3lO$j
>HHTWHNEOfD/U, 3dBN0*l$j<U'<8s0D-K*$F$S
h 3,dNzLr>A7?bNG"j$Yd~V9KP9kC-r(7F$k%
Yd~V9, 0.25�sJ<NroG$Sh,d7J$lgKfYFg-/C-,~
17F$k3H,,+k%33GO$6MHz}NShr0DNt,ShK,d9
k?aKHolkG8?kU#k?NB=}!rb@9k%

Lo$3Nh&JSh 3,dh}rB=9klgO$Low-band$Mid-band$High-bandN=l>lN.frjP9kG8?kU#k?rDLKQU9k,W
,"k%Ft,ShNBB.fO$>r|4eNBB.fKP7F#GNU#k
?8trh8$=lirC;9k3HGB=5lk%c(P$~omtsK*1kkV\N"sFJGRNu.BB.fr xk(mts)$"klDNt,ShrjP9k
U#k?N iV\N#GU#k?8tr f(i)H9kH$"klDNt,ShNP
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OBB.f x0k(mts)O$x0k(mts) = Nf�1Xi=0 xk ((m� i)ts) f(i) (68)
GW;5lk%33GNf OG8?kU#k?N?CWtr(7F$k%0 (68)
N xk(t)ZS f(i)O$:lb#GtG"k3H+i$h;st, 4NfHJk%?
@7$lLKOG8?kU#k?N8tO$f4?CWr-K=NdPM,PN

KJk?a$c(P?CWt,vtNlgO$h;stO=N>,N2NfHJk%
7?,CF$0DNt,Sh,Nh;strgo;kHgW 6NfHJj$s),
O,g-/Jk%

=3G$G8?k.fh}N5sWjs0l<HH$t,ShNSh}HNX

8Ke\7F$Sh 3,dN?aNU#k?h}r/J$h;otGB=7?%
33G$>r|4eN6MHzSh}NBB.fN5sWjs0l<HO8MHzG$
t,ShNSh}O=N 1/4N 2MHzH$&X8K"k%
^:$Mid-bandrhjP9?aNp\m<Q9U#k?r_W9k%Mid-band

O>.., (~Ht 0)rf4H7F�1MHzNOObNShG"k%3Nh&K$Mid-bandO~Ht 0rf4K7FPNJShG"k3H+i$Mid-bandrjP
9kU#k?O+CH*U~Ht 1MHzNLoNm<Q9U#k?r_W9lP
h$%3lO#G8trbDU#k?GJ/$Bt8tN_NU#k?GB=9

k3H,G-k%3Np\m<Q9U#k?N iV\NU#k?8tr fI(i)H
==9k%3NH-$Mid-bandQU#k?NPO.fxMk(mts)Om<Q9U#
k?N?CWtrNf H9kH$xMk(mts) = Nf�1Xi=0 xk ((m� i)ts) fI(i)= Nf�1Xi=0 fxIk ((m� i)ts) + jxQk ((m� i)ts)gfI(i) (69)
GW;5l$h;stO 2Nf HJk%
!K$3Np\U#k?N8tK�2MHzN#G-cjdrh8$p\U#k

?NLaShr�2MHz:i93HKhCF$Low-bandZS High-bandNU#
k?r_W9k%33Gh8k-cjdN~HtO$5sWjs0~HtN 1/448



G"k@,$#sNJ,=N]$sHG"k%8MHz5sWjs0~N2MHzN
-cjdO 1~|vj 4@G5sWjs05lk%7?,CF$Low-bandZSHigh-bandN iV\NU#k?8tO f(i)e�j �2 iG==G-k%=NkL$Low-bandZSHigh-bandNu.BB.f xLk(mts)ZS xHk(mts)O=l>l!0G=
5lk% xLk(mts) = Nf�1Xi=0 xk ((m� i)ts) fI(i)ej �2 i (70)xHk(mts) = Nf�1Xi=0 xk ((m� i)ts) fI(i)e�j �2 i (71)
33G$e�j �2 iO0$�1N$:l+G"k%3N3HO$Low-bandZSHigh-band
rjP9k?aNh;,TWG"k3HrU#9k%D^j$0RNMid-band
QU#k?i;NltG"k xIk ((m� i)ts) fI(i)ZS xQk ((m� i)ts) fI(i)Nh
;kLKP7F$0^?O�1rh8?eC;9lP$Low-bandZSHigh-band
NPO.f,@ilk%JeNh&K$Sh 3,dU#k?O$5sWjs0~
HtHSh}NX8r&^/H&3HG$h;t 2NfGB=9k3H,G-k%
GeK$p\U#k?N?CWt, 5NlgrcH7F$Sh 3,dU#k?

NB=cr^ 19K(9%Mid-bandjPQNU#k?h}OW 10sNh;GB
=5lk%Low-BandZSHigh-bandO$Mid-BandNh;kLrC;c7/O
:;9k3HGj>NPOr@k3H,G-k%3.2.3 E_8tN;P
\aGO$sF"k4j:`NfGGbEWJE_8t;Pi;KD$FRY

k%E_8t;PtN5,=.r^20K(9%E_8t;PtO$(1)#GjX
i;$(2)6}5,=h}ZS (3)?Q=h}+i=.5lk%3NE_8t;P
Ot,Sh4HKDLKTolk,$^:OD@rJ1K9k?aKSh,d7

J$lgrcKb@9k%

^:$^ 20(1)GO>r|4eN BB.fHg..fHNVG#GjXi;r
T&%kV\N"sFJGRNBB.fr xk(mts)$g..fr y(mts)H9kH$49
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^ 20 E_8t;PtN5,=.
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kV\N"sFJGRNjXM rxkyO$rxky = 1N N�1Xm=0 xk(mts)y�(mts) (72)
HJk%@il?jX8t rxkyNLjO kV\N"sFJGRHg..fHNV
Gd57J1lPJiJ$Lj9r=9%D^j$3NLj9N,@1 kV\N
"sFJGRNLjrd59kH$g..fNLjKy7/Jk3HrU#9k%

^?$rxkyN6}OBB.fHg..fHNjXN/5r=9%3N rxky,bD
LjZS6}psO$sF"k4j:`G#tGRrg.9k]KGbEWJW

GG"k%^? N O#Gi;KQ$k BB.fZSg..fN5sWktG"
j$+DjXM rxky,975lk~| (5sWkt)G"k%N OlLKOFDM
.fN7s\k~|hjb;$~VK_j9k%7?,CF$SkNp)9kT

9Odb.;)JIGNvTK*$Fbc7$EHD-KI>G-$Bj7?\

0u.JA,N]G-k%

jXM rxkyO$u..fNQ0Nu7KhCF=N6}MOg.M9KQ=9
k%lLKQ0,c7/JlPJk[I$rxkyN6}MO.5JMHJk%3N
jXM rxkyr=N^^E_8tH7FHCF7^&H$E_U1g.eN.f6
},c7/Q09k?a$u.79F`KHCF>^7$u7GOJ$%=3G$

^ 20(2)GO 4GRNjX8tN6}NB,ljKJkh&K$jX8tN6}
r5,=9k%5,=eNjX8t r0xkyO$r0xky =  rxky4Xi=1 jrxiyj (73)
HJk%OjtN2$sG$Lo 1\G"k%
E_8tN^cJQ0O79F`4NNu.JA (CK OFDM|4oNh}

:Y)K-FAr?(k3H,"k%=3G$^ 20(3)GO5,=eNjX8tr0xkyr kV\N"sFJGRNanNE_8tw0kH?Q=9k%?Q=eN7
7$E_8twkOJ<N0GW;5lk%wk = �r0xky + (1� �)w0k (74)52



33G�O?j=8tG"j$0 < � � 1r~?9%33G@il?wkO$4G
Rrg.9k]NE_8tH7FHolk%3Nh&K$?Q=h}KhCFE

_8tN^cJQ0r^($~UD-NN$:KFA5lJ$Bj7?E_U1

g.)f,D=KJk%

!K$Sh,dh}rB\9k]NE_8t;P}!KD$Fd-9k%0R

Nh&KE_8t;PtNjXi;O$FGRNBB.fHg..fHNVNi
;G"k%p`HJkg..fH7F$Ft,ShNg..frQ$k}!,^

:M(ilk%Mid-bandrcH7?lg$Mid-bandNg..fr yM(t)H9k
H$E_8t;PKQ$ilkjX8t rxMkyM O$rxMkyM = 1N N�1Xm=0 xMk(mts)y�M(mts) (75)
HJk%Low-bandZSHigh-bandNjX8t rxLkyM$rxHkyM b1MKaail
k%3liNjX8t+iaa?E_8trQ$FFt,ShNg..f yL(t)$yM(t)$yH(t)r8.7?e$3lirC;7Fg..f y(t)raak%y(t) = yL(t) + yM(t) + yH(t) (76)
3Nh&K7Faa?g..fy(t)N9Z/Hkh|Nlcr^21(a)K(7F
$k,$Ft,ShN-\UaN~Ht.,,e/Jk=],7P7P/89k%

3lOFt,ShNg..fNLjp`,[Jk?a$^ 21(b)Nh&KY\9
kt,ShNg..fVKLj9,88k3HK/x9k%=NkL$OeG8

?k|wNu.C-,t=9k3H,"k%

3Nh&Jdjrrh9k?aK$G**Jg..f y(t)rp`H7FFt,
ShNE_8traak}!rNQ7?%c(P$Mid-bandNjX8tr!0
Gaak% rxMky = 1N N�1Xm=0 xMk(mts)y�(mts) (77)Low-bandZSHigh-bandb1MKaailk%3N}!GOFt,ShNE_
8t;PKQ$kp`.f,&LHJk?a$Ft,ShG@il?g..fK

Lj9,88:$^ 22K(9h&KI%J9Z/Hk,@ilk%53
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^ 21 Ft,ShNg..frp`H7?lgNg..f9Z/HkHt,Sh
VLj9
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^ 22 G*g..frp`H7?lgNg..f9Z/HkHt,ShVLj9
55



^ 23 +/7?OeG8?k|wQ"@WF#Vu.79F`3.3 O<I&'"=.
+/7?OeG8?k|wQ"@WF#Vu.79F`N0Qr^ 23K(9%

3N79F`O$Ae<J+iN 4GRN"Jm0 IF.fr~OH7$uVb
tG"@WF#Vu.h}r,Q7$=NkL8.5lkg..fr"Jm0IF.fH7FPO9kbNG"k%pDeKO$ALTERAR=NFPGA (FieldProgrammable Gate Array)G"kAPEX II (EP2A70B724C9), 1Dk\5lF
*j$"@WF#Vu.KX9k9YFNh}r3NFPGAeGB=7F$k%
!K$"@WF#Vu.h}rFPGAeKB=7?]Ns)VmC/=.r^24K(9%^?$FVmC/Ns),Or= 2K^HaF(9%E_8t;Ps

) (WeightController)GGb?/NO<I&'"q;rxQ7F$k%^?$"
@WF#Vu.GEWHJkSh 3,dU#k?s) (DivFilter)$E_U1g.
s) (PhaseShifter)$E_8t;Ps)G4NN63% N@};kH$96%Nab
jrCq7F$k3H,,+k%J*$#sHQ7?FPGAKBu7?H3m$
@};kHQ(Os 96% $abjHQ(Os 18% G"C?%56



RxFilter
Down-converter

DivFilter
Band segmentation

PhaseShifter
Maximum ratio combining

WeightController
Cross-correlation

AGC
AGC signal
controller

TxFilter
Up-converter

FPGA (APEX II)
A/D
A/D
A/D
A/D

D/A

D/A

^ 24 "@WF#Vu.h}Ns)VmC/=.
= 2 OeG8?k|wQ"@WF#Vu.79F`Ns),OBlok name Logi ells Memory bitsRxFilter 8,992 0DivFilter 4,838 0PhaseShifter 7,709 0WeightController 28,377 201,472TxFilter 9,132 0AGC 735 0others 5,151 8,192Total 64,934 209,664
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3.4 <bB3kL
b.vT9k+0VG|wHru.9klg$|wHN~h}~d+0VN.

YKhCFICWi<7UH,/87$|wHNu.~Ht,Q=9k%c(P$

0}+i~h9kEHrvTfN+0VKw(U1il?"sFJGu.9kH$

=Nu..fN~HtOb$}~KQ=9k%UKe}+i~h9kEHO$=

Nu.~Ht,c$}~KQ=9k%3NICWi<7UHO$b.vT9k+

0VK*$FOeG8?k|wNu.JAr-=5;kg-JWxNlDG"k%

CK$^kAQ9D-GO$[JkICWi<7UHru1?~hHr1~Ku

.9k?EICWi<7UH,/89k?a$OFDMN5V-cjdV3DK
hCFu.C-rx7/c<5;k%=3G\aGO$b.\0u.~K/89

k?EICWi<7UHD-<K*$F$sF"k4j:`N-=r>A7?%

sF"k4j:`NzLr!Z9k?aK$1cJ 2HNICWi<7UHD
-r<bGF=7$+/7?O<I&'"rQ$FC-r>A7?%<bGF=

7?B3D-N$a<8r^25K(9%3lO\0fN+0VG2Hru.9k
D-rF=7F*j$l}NEHO+0VN?5L+i$>}O+0VN?em

+i~h7F$k%0}+i~h9kEH,e}+i~h9kEHhjb 12dB
/$H7$2HNYd~V9O 1.0�sH7?%"sFJO+0VNJT}~H?
TK_V7$"sFJVVO 0.3H9G"k%2\N"sFJOHbK5X~-
G"k3Hr[j7F$k?a$$:lN"sFJb0e>}N~hHru.9

k%3lO0RN?EICWi<7UHD-G"j$5V-cjdV3DKhC

Fu.C-,g-/t=9k%

ICWi<~HtKP9ku.C-r>A7?kLr^ 26K(9%^ 26G
O$1"sFJu. (Single)$sF9kGgfg."k4j:` (Adaptive)$Z
SOFDM|4~NU<j(Q9eN5V-cjdg.}0 (Post-FFT)N 3}0
KD$F$u.C-rfS7F$k%0iUN#4OICWi<~Htr=9%

c(P$ICWi<~Ht 40HzH$&D-O$0}+i~h9kEHNu.~
Ht, 40Hzb$}X7UH7$e}+iNEHNu.~Ht, 40Hzc$}X
7UH9k3HKJk%7?,CF$>TN~Ht9O 2\N 80HzHJk%^
?$D4Ou.(r(7F$k%<bB3GF=7?OeG8?k|wGO$;58



Antennas

0.3λ

Stronger signal Weaker signal

Front side Rear side

Right side

Left side

^ 25 B3D-N$a<8
<AcMkK 1kHzNH<s.frEv7F*j$=Nu.uVru.(H7F
jA7F$k%

^ 26NkLr+kH$sF9k"k4j:`O$1"sFJu.d5V-cj
dg.u.KfYFI%G"k3H,,+k%100% u.D=JICWi<~H
tO$1"sFJu.~G 30Hz$5V-cjdg.u.G 67Hz@C?NKP7$
sF"k4j:`GO 80HzG"C?%
3Nh&JkLr88kWxH7F$sF9k"@WF#Vu."k4j:`

,OFDM|40 (U<j(Q90)G.frg.9k?aHM(ilk%sF9
k"k4j:`O$?EICWi<7UHD-r^`^kAQ9D-<G$Gb

EON/$EH~h}~K"sFJX~-r)f9k%#sNB3D-K*$F

O$+0V0}+iNEH,/$?a$0}+iN~hHKP7F"sFJX~

-N6Yr/akh&K)f5lk%33G$^ 25H1MND-<G$sF"
k4j:`GW;5lkE_8tG<?rh@7$@il?E_8tG<?+i

"sFJNX~-Q?<srW;7?kLr^ 27K(9%3lO$,jfK@
il?E_8tG<?NltrjP7$"sFJX~-Q?<srW;7?H-

NkLG"j$+0VN~O 360YKP7$=l>lN"sFJX~-N6Yr
s!5?LeKPtG==7?bNG"k%

^ 27NkLr+kH$sF}0O+0VN0}KP7F"sFJNX~-r59
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0dB
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+5dB
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Stronger signal Weaker signal

^ 27 W;7?"sFJX~-NQ?<s
5NK)fG-F$k3H,,+k%/$EH,~h9k+0VN0}KP7F$

"sFJN6Y,s 3dB~17F$k3H,,+k%l}$e$EHN~h9k
+0VNe}KP7FO$6Y,/J/Hb 1dB^55lF$k3H,,+k%
3lO0}N6Y,e}KP7F 4dB//Jk3HrU#9k%D^j$0eN
EHN/5Nf, 16dBND-HyAHJk%3Nh&K$"@WF#Vu.O
e$EHNFArhj.5/9k3HKhCF$?EICWi<7UHD-GN

5V-cjdV3Dr^59k3H,G-k%7?,CF$"@WF#Vu.N

eJNOFDM|4oKO$?EICWi<7UHKhk5V-cjdV3D,
^55l?.f,~O5lk?a$OFDM|4N]N7s\k1|h}dAB
)djh},7d9/Jj$kLH7Fu.kL,I%HJk%

l}$1"sFJu.d5V-cjdg.}0NlgO$?EICWi<7U
HKhk5V-cjd3Dru1?.frHCF$OFDM|4obN7s\k1
|h}dU<j(Q9h}$AB)djh}r7J1lPJiJ$%#sNB3

D-K*$FO$0ef 12dBNEHD-N^^3liNh}r7J1lPJi61



Two antennas
on windshield

Two antennas on rear fender

^ 28 B3V>N0Q
J/Jj$OFDM|4~Nm9,88d9/Jk%m9N?$.f1Nrg.7
?H3mG$`*J-=~1O+~aJ$%3N3H,5V-cjdg.}0K

P7F$OFDM|40Gg.9ksF"k4j:`,%LK//WxHM(i
lk%3.5 U#<kIB3kL
\aGO$sF9k"@WF#Vu."k4j:`N-z-r$00NBvT

GN'7?kLr(9%

^:$00B3ND-KD$Fb@9k%#sHQ7?B3V>N0Qr^ 28
K(9%^?OeG8?k|wu.QK+/7?U#k`?$WN"sFJ [39℄
r^ 29K(9%3N"sFJrUmsH,i9eK 2GR$jdPsQeK 2G
R_V7F$W 4\N"sFJrHCF\0u.B3rB\7?%
!K$B3VbKk\7?B379F`N4N=.N5,r^ 30K(9%^29K(9H?"sFJ 4\Gu.7?RF.fO$Ae<JG IFSN.fK~

HtQ95l?e$"@WF#Vu.fKCHG 1\N.fKg.5lk%3N
g..fOOFDM|4o$MPEG-2G3<@rP37?e$bK?KG|H;62



^ 29 OeG8?k|wu.QN"sFJ (H?)
<,F85lk%u.(O$MPEG-2NHis9]<H9Hj<`KUC5lk
(i<Ui0r+&sH7$vTw%KP7F(i<Uj<HJklj(G==

9k%B3VKO3lJ0KbE&/Y,jo (Field strength measurement)HGPS (Global Positioning System)u.!rw(F*j$3liNpsOOFDM
|4o+iPO5lku.u7HHbK$Q=3sK]85lk%

3Nh&JB3_wrQ$F$>E0T~UNb.;)ZSlL;)K*$F$

OeG8?k|wN\0u.B3rB\7?%3NOhNOeG8?k|wO$

%MTK"kw.?o<+iPO5lF$k%#sNB3GNw.Qia<?r

= 3K(9%
\0u.B3NkLr^31K(9%>E0T~UNO^eK$vTfNOeG

8?k|wNu.(r',17F=(7F$k%D'NWmCHOu.( 100%
G4/(i<J/\0u.G-F$kuVG"j$V'O4/u.G-J$uV

G"k3Hr(9%^?$O^eN%'N(j"O$%Mw.I+iNEHrH

mGu.9k3H,G-J$OOr(9%3NkLr+kH$sF"k4j:`

rHC?\0u.D=J(j"O$HmGNGju.(j"H[\1yG"k3

H,,+k% 63
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^ 30 U#<kIB379F`N5,
= 3 w.Qia<?Mode 3Center frequeny 527.143MHz (22h)Transmission power 3kWHeight of antenna 245mLoation of antenna Seto ity
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^ 32 E&/YPu.(NX8
9K$vTfKh@7?u.(ZSE&/Y,jM+i$E&/YPu.(N

X8r4:7?kLr^32K(9%sF9k"@WF#Vu.rQ$kH$b.
vT~G"CFbE&/Y 54dB�V/mJeG"lPu.( 90% JeHJj$B
j*J\0u.,B=G-k3H,,+C?%3.6 \ON^Ha
\OGO$OeG8?k|wK,7?"@WF#Vu.}0rsF7?%sF

}0OGgfg.!r~Q7?bNG"j$=NC'Op`.fH7Fg..f

rQ$F$F"sFJGRNE_8tr;P9k@K"k%3lKhCF$EH

,c7/Q09k\0u.D-<Gb$E_8t;P)f,Bj7F0nD=H

Jk%9K$1AcMkNShrG8?kU#k?Gs 2MHzNt,Sh0DK
,d7$hj9$t,ShGE_8tr)f7Fg.9kSh3,dg.}0r66



NQ7F*j$^kAQ9D-<Gb5NJ"sFJX~-)frB=G-k%

sF}0KD$F$G8?ks)=7FFPGAeKBu7$<bZS00B3K
*$F=N-z-r!Z7?%CK>E0Oh~UN\0u.B3K*$FO$

m3J,x=7F$k%Mw.INGju.D=(j"bG$[\Bj7?\0

u.,D=G"k3HrBZ7?%3N3H+i$\0u.N]jG"kcu.

EOHU'<8s0NdjrrhG-?HM(ilk%

?@7$^ 32N@~bNh&K$fS*u.EO,/$u7K*$Fb$u
.C-,t=9ku7,+ilk%3lO$b.\0u.~K/89k?EIC

Wi<7UHKhkC-t=HM(ilk%"@WF#Vu.O"sFJX~-

r)f9k3HKhj?EICWi<7UHNFArZ:9k3HOD=G"k

,$=,GOJ$H$(k%=3G$9Jkb.\0u.r[j9klgO$?

EICWi<7UHXNPvrhj/=9k,W,"kHM(ilk%
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4. ICWi<7UHd~;QKhkb.\0u.;Q4.1 \ON5W
=_|w5lF$k|\NG8?k|wN\0u.O$3OGb@7?"@W

F#Vu.;QKhCF$Bj*Ku.G-k3H,,+C?%7+7$|\N

b.;)N)B.YO~. 100kmG"kNKP7F$t0qNb.;)GO=
lJeN.YG+0VNvT,D=G"k%^?$74~JI+0VhjbOk

+Kb.GvT9k\0Nb"k%~. 100kmr6(k\0u.D-<GO$"
@WF#Vu.;QN_GBj*Ju.rB=9kNOq7$HM(ilk%^

?$>E0OhGNOeG8?k|wO=_$500MHzSN5~~HtrHCF
|w5lF$k,$OhKhCFO 700MHzUaN~HtSGb|w5lkD=
-,"k%1lNV.G"CFb$5~~Ht,b/JlP\0u.~K/89

kICWi<7UHNLb?/Jj$Bju.,hj$qJu7KJk%

3Nh&K$9Jkb.vTG"CFb$^?9Kb$5~~HtG"CFb$

OeG8?k|wNBj*J\0u.rB=9k?aKO$"@WF#Vu.K

C(F$ICWi<7UHNFAr9KZ:9k;QN3~,,WHM(ilk%

=3G$\0}~K[V7?#tN"sFJrHCFOLKP7FE_7?#t

O@Nu..frdj9k3HGICWi<7UHN/8=NbNr^57$=

NkLrHCF"sFJX~-r)f9kH$&>hKOJ$"$G#"Ke\

7?ICWi<7UHd~?"@WF#Vu.}0rsF9k%\OGO^:$4.2aK*$F$ICWi<7UHd~;QN5,rb@9k%!K 4.3aGO
ICWi<7UHd~;QH"@WF#Vu.;QHN;g}0KD$FJ1K

b@7?e$4.4aGO<I&'"=.r$4.5aG<b7_el<7gsN>A
kLr^Hak%4.2 ICWi<7UHd~;QN5W
OeG8?k|wN\0u.~K*1kC-t=WxH7F$2.2.2aGRY

?ICWi<7UH,s2ilk%ICWi<7UHO$+0VN\0KhCF68



u.@,\09k?aK/89k%7?,CF$\0fNu..f+iOLKP

7FE_7?O@Nu..frdjG-lP$ICWi<7UHN/8rI03

H,D=KJkHM(ilk%sF7F$kICWi<7UHd~;QO$\0

}~K[V7?#tN"sFJrHCFOLKP7FE_7?u.@N.frd

j7FICWi<7UHN/8=NbNr^59k;QG"k%^ 33(a)K 2G
R"l<"sFJrHC?ICWi<7UHd~;QN$a<8r(9%3lO$

+0VN\0}~K 0.5H9$~NVVG"sFJ 1$2ra\[V7$=NVK
LV9kO@RGNu..frdj7$=Nu.@r+0VN.YH18.YG
e}K\05;k0nr(7F$k%"sFJ 1$2NVK8_9ku.@N.f
O$"sFJ 1$2N=l>lNu..fKP7JWJ.fh}r\93HGd
j9k3H,G-k%lLK$HQ9k"sFJ\tr}d9[I$hjg-J

ICWi<7UHrd~G-k,$+0VGvTD=J.YG88kICWi<

7UHrd~9kNG"lP$2GRG=,G"k3Hr{KN'7F$k [40℄%
=3G\@8GO$J< 2GRN79F`GD@9k%
J<K>[E_u.@RK*1ku..fNdj}!Nlcr(9%~o tK

*$F$"sFJ 1$2Nu..fr=l>l x1(t)$x2(t) H9k%"sFJ 1$2VN>[u.@RNu..f xest(t)O!K(9uV*Jl!b^h}Gdj9
k3H,G-k% xest(t) = d(t)D x1(t) + (1� d(t)D ) x2(t) (78)
?@7$"sFJ 1$2VNw%rD [m℄$"sFJ 2HRNw%r d(t) [m℄H9
k%=7F$>[u.@RrOLKP7FE_5;k?aK$d(t)OV. v [m/s℄
Ge}X\05;k%

33G$>[u.@RNLVHu..f xest(t)N~VHAHNX8r0}9
k%^ 33(b)O$u..fxest(t)NOFDM7s\kN~VHAr(7F$k%0
RNH*j$,<I$s?PkH7s\kvxO1lHAG"k%,<I$s?

PkhVZS-z7s\khVN~V9r=l>lTg$Ts [s℄H9k%Tg$TsN
VKO$!NX8,.j)D [1℄% Tg = 18Ts (79)69



Antenna #2

Velocity v

Antenna #1

Position

D 0

Time

0

Guard interval Effective symbol

v

( )txest
( )sest Ttx +

(a). Movement of reception point.
2

D

sT

( )s16
1 Td

(b). OFDM symbol in time domain.

( ) ( )tTvtd D −+= s16
9

2

( )g
s

8
T

T = s16

9
T

Reception
point R

s8

9
T

( )s16
17 Td

^ 33 ICWi<7UHd~h}N50
70



#s$>[u.@RO$"sFJ 1H 2Nf@Uar\05;k3HH7?%~
o tK*1k>[u.@RNLV d(t)O$d(t) = D2 + v � 916Ts � t�= D2 + fd�� 916Ts � t� (80)
H=5lk%?@7$fd [Hz℄OGgICWi<~Ht$� [m℄OH9r=9%OFDM
7s\kNf{ru.9k]N>[u.@RNLVO$d� 916Ts� = D2 (81)
HJj$oK"sFJ 1H 2Nf@K8_9k%>[u.@RN\0OOO$0(80)+i.Y v^?OGgICWi<~Ht fdKM89k3H,,+k%\@
8GO$ICWi<7UHd~h}GN"sFJVVO D = 0:1�r[j7F$
k%,J=ICWi<~Ht fdTs = 0:1Nlg$>[u.@RO$,<I$s?
PkhVf{ru.9k]K d(Ts=16) = DG"sFJ 1NLVK8_7$7s
\kvxGO d(17Ts=16) = 0G"sFJ 2NLVK8_9k%fdTs > 0:1HJk
H$>[u.@RNLV,"sFJ 1$2NVK}^iJ/Jk?a$2"sFJ
79F`GOICWi<7UHd~,$qKJk%=3G$\}0GN,QOO

O$0 � fdTs � 0:1H9k%J*$fdTs = 0:1O$OeG8?k|wGQ$il
kBwH~Ht 700MHzr>j9kH$~.s 150kmN\0.YKjv9k%
=7FGeK$!N7s\kN,<I$s?PkhVNh,G>[u.@Rrd(0)Ka9%
^ 34K$ICWi<7UHd~zLNlcr(9%ICWi<~HtN[Jk

sDN59H,1~Ku.5lk?EICWi<7UHD-GO$^ 34(a)Nh
&KICWi<~HtN9K~8?6}Q0,/89k%33G$>K^fN@

~br7s\k~|H7F$ICWi<7UHd~h}r,Q7?kLr^ 34(b)
K(9%ICWi<7UH,d~5l?kL$7s\k~|bN6}Q0,^5

5lF$k3H,,+k%

!K$ICWi<7UHd~h}KhkC-~1zLrN'9k?aKW;!

7_el<7gsrB\7?%7_el<7gsror= 4K(9%u.EHO71



Symbol duration

(a). ドップラーシフト補償処理適用前

(b). ドップラーシフト補償処理適用後

^ 34 ICWi<7UHd~zLNlc
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= 4 7_el<7gsroBandwidth 5.572MHzCarrier spaing 0.992kHzNumber of arriers 5,617Carrier modulation 64QAME�etive symbol duration: Ts 1.008msGuard interval: Tg 126�s (Ts=8)Antenna spaing: D 0.1�Channel model Equal gain two-rayRayleigh fadingArrival diretions Uniform distributionDelay 2�sNoise type AWGN
OeG8?k|w ISDB-TNb<I 3H7?%AB)bGkO$is@`J}~
hjyEOG 2H,~h9kb.l$j<U'<8s0H7$2HNYd~V9
O 2�sH7?%7_el<7gsGQ$?ICWi<7UHd~h}tN5,=
.r^ 35K(9%"l<"sFJNGRtO2H7$GRVVO 0.1H9H7?%
^:$=l>lN"sFJGNu..fr>r|4t (Quadrature demodulator)
K*$FBB.fKQ99k%=Ne$ICWi<7UHd~t (Doppler shiftompensator)K*$FuVb^h}rT$$E_O@GNu..frdj9k%
3NH-$V.psO{NG"kH7?,$+0VNV.Qk9+iW;9k}

!d.Ydj"k4j:` [41, 42℄rQ$k3HGFWKh@G-k%GeK$OFDM|4oK*$F$G<?r|f9k%
7_el<7gskLr^ 36K(9%1GRu. (Single)HICWi<7UH

d~ (Doppler)N=l>lKD$F$,J=ICWi<~Ht fdTs=0, 0.01, 0.05,0.1NroGNC-rWmCH7F$k%#4O 1SCHvjN.fP(;EOfEb=N0r$D4OSCHmj( (Bit Error Rate: BER)r(9%K~G(9 1GR73
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^ 35 ICWi<7UHd~h}N7_el<7gsD-N5,
u.NkLO$fdTs,g-/JkK>$$C-,g}Kt=7F$k%fdTs = 0:01
G 10�3K(i<Um",=lk3H,,+k%^?$fdTs = 0:05; 0:1GOEb=N0
Khi: BER,[\ljKJCF*j$Eb=N0N~1YhjbICWi<7U
HKhkC-t=,Y[*G"kH$(k%l}$B~G(9ICWi<7UH

d~NlgO$fdTs,g-/JkHc3NC-t=,+ilk,$Eb=N0=30dB
J<NfS*t-JD-<GOE_b\0b[\1yNC-G"j$E_~N 1
GRu.hjbI%JkL,@ilk3H,,+k%

^?$$#NDAB (Digital Audio Broadasting)[43℄N\0u.KICWi<
7UHd~;Qr,Q7$~1zLrN'7?c,sp5lF$k [44℄%4.3 ICWi<7UHd~H"@WF#Vu.;QN;g
\aGO$0RNICWi<7UHd~;QH"@WF#Vu.;QHN;g

}0N5,r(9%4"sFJrHC?lgN;g}0N5,=.r^37K(9%
0RNICWi<7UHd~O$HQ9k"sFJr 0.5�$~NVVGa\[
V9k,W,"k%l}$uV*J@$P<7AzLr@k?aKO$"sFJ74
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^ 36 \0u.D-K*1kICWi<7UHd~NzL
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^ 37 ICWi<7UHd~H"@WF#Vu.HN;g}0N5,=.
OG-k@1%7F[V7?},>^7$%3liNj?9kWaK~(k?a

K$HQ9k"sFJO 2GR"l<"sFJ 2HN=.H7?%=l>lN"
l<"sFJ4HK$2"sFJVGNICWi<7UHd~h}rT$$OL
KP7FE_7?u.@r 2o`PO9k%^ 38K 2UjNE_u.@N\0
OOr(9%lD\NE_u.@O"sFJ1NLV+i$sD\O"sFJ 1$2Nf{LV+i=l>le}K\05;k%ICWi<7UHd~~K,WH
JkV.O$V.Qk9+iaak%^?$OFDM|4o+i7s\k1|Qk
9rU#<IPC/9k3HKhCF$7s\kNh,N,<I$s?PkhV

bGu.@r0}X\05;k%3Nh&K 2HN"l<"sFJ+iPO5l
kW 4o`NE_u..fO$"@WF#Vu.fKCHG 1\Kg.5l?e$OFDM|4oX~O5lk%
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^ 38 2UjNE_u.@N\0OO
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^ 39 ICWi<7UHd~H"@WF#Vu.HN;g79F`NO<I&'
"0Q4.4 O<I&'"=.
^ 37K(9=.N;g"k4j:`rFPGA\<IKBu7>A7?%+/

7? FPGA\<IN0Qr^ 39K(9%\<IeKOALTERAR=N FPGA
N Stratix (EP1S80F1020C7), 2Dk\5lF*j$ICWi<7UHd~h}
H"@WF#Vu.h}r=l>lNFPGAeKBu7?%FPGAKBu7?
s)NVmC/=.r^ 40K(9%
!K$FVmC/Ns),Or= 5$6K=l>l(9%FPGA1KO$ICW

i<7UHd~h}rBu7?%@};kNHQ(Os5% $abjHQ(Os3%$b"h;oNHQ(Os 9% H$:lNO<I&'"q;b>5,"k%J78
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^ 40 ICWi<7UHd~H"@WF#Vu.HN;g79F`NVmC/
=.

79



*$ICWi<7UHd~h}N0NLj)fs) (PhaseCont)O$"sFJG
RVK88kLj9rj0Gd59k?aN)fs)G"k%l}$FPGA2K
O"@WF#Vu.h}rBu7?%@};kNHQ(Os 96% $abjHQ
(Os 5% $b"h;oHQ(O 100% G"C?%3Nh&K$ICWi<7U
Hd~s)Ns),OO"@WF#Vu.h}KP7F+Jj.5/$;gKh

ks),O}COo:+G"k%4.5 <bB3kL
5F$\aGO;g}0N-z-r!Z9k?a$3OH1MN^ 25N?E

ICWi<7UHD-r<bGF=7$F}0N>ArB\7?%EHN~h}

~O 3OH1M0e+i 1H:D~h9kH7?,$#sOhj77$roG>
A9k?aK$0eNEHN/Yfr 3dB$Yd~V9r 0H7?%
>A7?}0N5,=.r^ 41K(9%^ 41(a)-(e)O$1GRu. (Single)$

5V-cjdg. (Post-FFT)$ICWi<7UHd~N_ (Doppler)$"@W
F#Vu.N_ (Adaptive)ZSsF9kICWi<7UHd~H"@WF#Vu
.N;g}0 (Proposed)r=l>l(9%
>AkLr^ 42K(9%0iUO^ 26H1M$#4KICWi<~Htr$

D4Ku.(r(7F$k%ICWi<7UHd~N_NlgO$ICWi<7

UHd~GlO@Nu..frdj7$=N.frHCFOFDM|4h}r7
?H-NkLG"k,$1GRu.KfYFC-,~15lF$k3H,,+k%
9K$sF9k;g}0GO$"@WF#Vu.N_NlgHfS7F$u.C

-,g}K~15lF$k3H,,+k%s 80HzNICWi<~Ht^GBj7
Fu.,G-F$k,$3lO 500MHzN|wHru.9klgK~.s160km
Kjv9k.YG"k%3Nh&K$<bB3K*$F$;g}0,?EICW

i<7UHD-<GsoK-zK//3H,@i+KJC?%
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= 5 ICWi<7UHd~H"@WF#Vu.N;g79F`K*1kFPGA1
Ns),O Blok name Logi ells Memory bits DSP elementsDopplerComp 1,486 42,692 16PhaseCont 1,616 0 0others 520 212,992 0Total 3,622 255,684 16
= 6 ICWi<7UHd~H"@WF#Vu.N;g79F`K*1kFPGA2
Ns),O Blok name Logi ells Memory bits DSP elementsRxFilter 16,039 0 48DivFilter 3,288 576 32PhaseShifter 5,093 432 12WeightController 27,329 296,192 30TxFilter 13,031 1,536 22AGC 6,157 40,960 32others 5,151 8,192 0Total 76,088 347,888 176
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OFDM
demod.

Combiner

OFDM
demod.
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(a). 1素子受信 (Single) (b). サブキャリア合成 (Post-FFT)

(c). ドップラーシフト補償 (Doppler) (d). アダプティブ受信 (Adaptive)

(e). ドップラーシフト補償とアダプティブ受信の融合方式 (Proposed)

^ 41 fS>A7?}0N5,=.
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^ 42 ?EICWi<7UHD-<GN;g}0N>AkL
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4.6 \ON^Ha
\OGO$b.\0u.C-N~1vH7F$77$?EICWi<7UHd

~}0KD$FRY?%ICWi<7UHO$E_u.N]KO/8;:$\0

K<CF/89k%=3G$sF9kICWi<7UHd~}0O$+0VN\

0}~KBYF[V7?#tN"sFJrHCF$OLKP7FE_7?u.@

N.frdj9kbNG"k%W;!7_el<7gsK*$F$,J=ICW

i<~Ht 0.1J<NICWi<7UHr[\d~D=G"k3Hr(7?%3l
KhCF$\0u.K*1kICWi<7UHNdjrrhG-k+L7r@?%

9K$ICWi<7UHd~;QH"@WF#Vu.;Qr-!*K}g7?

77$u.}0rsF7?%ICWi<7UHd~;QGdj7?E_u.@N

.frHCF$"@WF#Vu.Khj"sFJX~-r)f9k}0G"k%

;g}0rBu7?O<I&'"rQ$F<bB3rB\7?kL$;g}0O

>;QN~1zL,C;5l$b.\0u.C-,tv*K~15lk3Hr@

i+K7?%JeN3H+i$>;Qr;g7?\sF}0KhCF$OeG8

?k|wr+0VG\0u.9k]N]j$D^jcu.EOHU'<8s0$

ICWi<7UHN]jrmg*Krh9k3H,D=HJC?%
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5. ICWi<7UHd~}0K*1kLjm9d~;Q5.1 \ON5W
|\NOeG8?k|wG"k ISDB-T[1℄O$^kA-cjdAw}0Nlo

G"kOFDMrNQ7F$k%OFDMO$#tN9ShG8?kQ4Hr?t
N>r9k5V-cjd (BwH)rHCF~Ht?E7BsAw9k3HKh
j$^kAQ9D-<GN~Ht*r-U'<8s0NFArZ:9k}0G"

k%7+7$=Nl}G5V-cjdN~HtVV,9$3H+i$\0u.D

-K*$FOICWi<7UHKhCF5V-cjdV3D,/87$u.C-

,g}Kt=9k3H,NilF$k%7?,CF$OeG8?k|wrb.\

0NGBj7Fu.9k?aKO$ICWi<7UHhj88k5V-cjdV

3DNFArZ:9k;QN3~,,WHJk%

{K 4OGRY?h&K$\0}~K[V7?#t"sFJrQ$FOLK
P7FE_7?u..frdj9k3HGICWi<7UHN/8=NbNr

^57$=NkLrQ$F"sFJX~-)frT&}0rsF$+/7F$k[16, 45, 46℄%sF7F$kICWi<7UHd~}0O$\0}~K[V7?#
t"sFJNu..frHCF$E_O@GNu..frdj9k%"l<"s

FJ,BV>~eN$UNO@Nu..fO$F"sFJNu..fruV*K

b^9k3HKhCFaak3H,G-k%=7F$dj9ku.O@r+0V

H18.YG`!e}K\05;k3HKhCF$E_O@GNu..fNdj

,D=HJk%}[*JD-<GN7_el<7gsK*$F$sF9kICW

i<7UHd~}0OICWi<7UHKhk-cjdV3DKP7Fg-J~

1zL,"k3Hr{KN'7F$k [40℄%
7+7$sF}0rB]NO<I&'"eKB=7h&H9kH$7?Jdj

,/89k%"sFJGu.7?RF.fOlLKBB.fKQ95lF+i$b
^h}tK~O5lFE_u.@N.fdj,Tolk%7_el<7gsGO$

"sFJ>eNu. RF.fK*1k"sFJGRVNLjX8 (Lj9),=
N^^]?lFBB.fKQ95lk3Hr>j7F$k%7+7$B]NO<
I&'"GO"sFJ>eNu.RF.f+iBB.fr8.9k^GNaxK85



*$F$M9JWxKhj.fNLj,Q=9k?a$,:7bu.RF.fHBB.fHNVG"sFJGRVNLj9,]}5lkHOBiJ$%=NWx
H7FO$Ae<JdAFCs)GN~HtQ9h}eNLjQ=$"sFJ+
iu.!^GN1<Vk9N9JI,s2ilk%3N"sFJGRVLjm9

,$u.RF.f+iBB.fKQ95lk^GNaxGUC5lkH$b^h
}KhkICWi<7UHd~Nm9,g-/Jj$C-t=rz-/393H

KJk%

\OG[j9k"sFJGRVNLjm9O$Ae<JbtNLj1|s)(Phase Loked Loop: PLL)N0nK/x9kbNG"k%PLLO$C?s1|
9lP$"sFJGRVNLjm9OQoi:ljH+J93H,G-k%7+

7$u.AcMkrZj9(kH$=NLjroOQ=9k%9K$D9N=J

4HK[JkroHJk?a$"i+8a409k3HO$qG"j$+0*K

Ljm9rd59ks)rb"9k3H,>^7$HM(ilk%

"@WF#V"l<"sFJN,nK*$F$=_^GKM9J"sFJ;5

j!,sF5lF$k%c(P$~h}~,{NG"kH;rHCF;5rT&

j! [47℄d$L.uVbtN"k"sFJNw..fr>N"sFJNu.tX
U#<IPC/7F;5rT&}! [48℄JI,sF5lF$k%7+7$0TK
D$FO+0VGOEH~h}~,~9o9HQ09k3H$eTKD$FOL

oNu.!KOw.!=,woCF$J$3H+i$$:lbOeG8?k|w

QN"sFJ;5KOT~-G"k%^?$OeG8?k|wHNu.fK*$

F$"sFJGRVNLj9N?QMraaF;59k}!,M(ilk,$3

3GN"sFJGRVLj9N?QMKOEH~h}~KhCFh^k"sFJ

GRVNP)9HLjm9,^^lk?a$dOj~h}~,{NGJ1lP5

NJ;5,B=G-J$%OeG8?k|wNV\u.!KBu9k"sFJ;

5}!OEH~h}~,T@G"CFbB=D=G$9K;5fb|wHNu.&

|4,D=G"k3H,>^lF$k%

=3G$\OGOLoNOeG8?k|wru.7J,i"sFJGRVLj

m9r+0*Kd59k3HG$Ljm9K/x9kC-t=rd~9k}!r

sF9k%OFDMAw}0GOYdHXNQ-rbak?aK,<I$s?P86



k,_1ilF*j$F7s\kNh,K7s\kvxNHAN3T<,UC5

lk%3N1lHAKjv9kt,N?$_s0r7(F#GjXi;7?kL

r,<IjXMHFV3HH9k%sF}0GO^:$ICWi<7UHd~h

}eN.fN,<IjXMraak%3N,<IjXNLjQ+i"sFJGR

VLjm9r!P9k%=7F$33G@il?"sFJGRVLjm9,0K
Jkh&K$"sFJGRVNLj9rd59k%sF}0N-z-rN'9k

?aW;!7_el<7gsrTC?kL$sF}0,"sFJGRVNLjm

9Khkt=r|nD=G"k3Hr@i+K9k%

\OGO$5.2aGICWi<7UHd~~K*1k"sFJGRVLjm9
NFAKD$FRYk%5.3$5.4aGO$"sFJGRVLjm9r+0d59
k}0NsFH$7_el<7gsGN>AkLr(9%OeG8?k|wNu

.Ae<JGOBAJe=/.orQ$F~HtQ9rT&?a$LoOu.e

NBB.fK~Ht*U;CH,D19k,$AFCs)KhCF|n9k3H,
G-k%=3G$5.3aGOAFCs)NeGICWi<7UHd~h}rT&7
9F`r[j7$~Ht*U;CH,8_7J$roG"sFJGRVLjm9

rd59k}0r(9%^?$TNNu.!N0JKICWi<7UHd~h}

reU19klgO$ICWi<7UHd~h}eKAFCs),8_9k79
F`,[j5lk%=3G$5.4aGOICWi<7UHd~h}K*$F~H
t*U;CH,D19kroG$"sFJGRVLjm9rd59kj!r(9%5.2 ICWi<7UHd~h}K*1k"sFJGRVLjm9N

FA

\aGO^:$ICWi<7UHd~h}K*$F$"sFJGRVNLjm

9,C-KINh&JFAr?(k+r7_el<7gsG>A7?%"sF

JGRVLjm9HO$~hHN"sFJP)9r|$?"sFJGRVNL

j9N3HG"k%7_el<7gsror= 7K(9%u.EHOOeG8?
k|w ISDB-TNb<I 3[1℄H7?%AB)bGkO$2H,yEOG~h9k
b.l$j<U'<8s0H7?%2HN~h}~O7s\kbGOljG"k87
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eθ

^ 43 ICWi<7UHd~h}N7_el<7gsD-N5,
,$17s\k4HKis@`KQ=9kbGkH7?%,J=ICWi<~H
t fdTs = 0:001; 0:01; 0:03; 0:05; 0:1H7?%~h9k 2HNYd~V9O 2�sH
7?%u.uVNI%JroG"sFJGRVLjm9NFAr@N=9k?a

K$SCHvjNEO)YP(;EO)Yf Eb=N0O 30dBH7?%7_el<
7gsGQ$?ICWi<7UHd~h}tN5,=.r^ 43K(9% 2GR
N"l<"sFJO5X~-G$"sFJ 1,V>0}K$"sFJ 2,e}K
[V5lF$kH[j7?%^:$=l>lN"sFJGNu..fr>r|4

tK*$F BB.fKQ99k%"sFJ 2N BB.fr\jo (Phase shifter)
K~O7$"sFJGRVLjm9 �erF=9k%=Ne$ICWi<7UH
d~tK*$FuVb^h}rT$$E_O@GNu..frdj9k%ICW

i<7UHd~h}KOV.ps,,WKJk,$\@8GO3lr{NH>j

9k%GeK$OFDM|4oK*$F$G<?r|f9k%J*$\7_el<
7gsGO~Ht*U;CHr 0H>j7?%
^ 44K7_el<7gskLr(9%^ 44O$#4,"sFJGRVNLj

m9 �er$D4,S?S|f0NBERr(7F$k%,J=ICWi<~Ht88



= 7 7_el<7gsroBandwidth 5.572MHzCarrier spaing 0.992kHzNumber of arriers 5,617Carrier modulation 64QAME�etive symbol duration: Ts 1.008msGuard interval: Tg 126�s (Ts=8)Antenna spaing: D 0:1�Channel model Equal gain two-rayRayleigh fadingArrival diretions Uniform distributionDelay 2�sSimulation period 500 symbolsNoise type AWGNEb=N0 30dBfdTs,$:lNroK*$Fb$"sFJGRVLjm9,J$lgO 10�3xY
NBERHJCF$k,$S?S|feNBERO 2� 10�4J<HJk?aj<I
=mbs|feK?w(i<Uj<HJj$OeG8?k|wrI%Ku.D=

G"k%^?$$:lNroGb"sFJGRVLjm9,g-/JkH$BER
,t=9k9~,+ilk%^?$C-t=NxYO$ICWi<~Ht,g-

/Jk[I2xK=lF$k3H,,+k%3NkL+i$"sFJGRVLj

m9rd57J1lP$ICWi<7UHd~NzL,=,K@ilJ/Jk3

HO@NG"k%
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5.3 "sFJGRVNLjm9N+0d5;Q
\aGO$AFCs)NeGICWi<7UHd~h}rT&79F`r[j

7$~Ht*U;CH,8_7J$roG"sFJGRVLjm9rd59k}

0r!$7?%5.3.1 "sFJGRVLjm9N!P}!
0RNH*j$OFDMAw}0GOYdHXNQ-rbak?aK,<I$s

?PkhV,_1ilF*j$F7s\kNh,K7s\kvxNHAN3T<

,UC5lk%3N1lHAKjv9kt,N?$_s0r7(F#GjXi;

7?kLr,<IjXMHFV%J<$^ 33(b)r2H7F$,<IjXMrj
A9k%nV\N OFDM7s\kN BB.fK*$F$,<I$s?PkhVNh,
N~or t = 0H9kH$ICWi<7UHd~eN.f xest(t)N,<IjXM(n)O!0GjA5lk%(n) = 1Tg Z Tg0 xest(t)x�est(t+ Ts)dt (82)
b7wu.!VNp`.fN9[Khk~Ht*U;CH,J$lgKICWi<

7UHd~h},ICWi<7UHr=,K-cs;kG-?H9kH$,<I

$s?PkH7s\kvxO1lHAHJk%D^j$xest(t) = xest(t+ Ts) (83)
,.j)D%l}$"sFJGRVLjm9KhjICWi<7UHd~:Y,

t=7ICWi<7UHr|nG-J+C?lgO$7s\kbGLjs>,8

8k?a>TNHAKc$,88k%3liO,<IjXMKhCFjL*K=

=G-kHM(ilk%

=3G$^ 43N7_el<7gsD-G$UN"sFJGRVLjm9rF=
7$^f (a)NICWi<7UHd~eN,<IjXMHNX"r4:7?%7
_el<7gsroO= 7H1MG"k%"sFJGRVLjm9HICWi<91



7UHd~e,<IjXN?QLjQHNX8r^ 45K(9%0iUN#4O
"sFJ 2KUC7?Ljm9 �e r(9%^?$D4O 5007s\k,NIC
Wi<7UHd~e,<IjXN?QLjQr(9%nV\N7s\kNICW
i<7UHd~e,<IjX (n)NLjQ �(n)$N 7s\kG?Q=7?Lj
Q ��(N)r=l>l(9% �(n) = argf(n)g (84)��(N) = 1N N�1Xn=0 �(n) (85)
33G$argfxgO$xNPQr=9%^?$N O 500H7?%
$:lNroGb"sFJGRVLjm9,g-/JkKDlF$ICWi<

7UHd~e,<IjXNLjQ,g-/Jk9~,+ilk%"sFJGRV

Ljm9HICWi<7UHd~eN,<IjXNLjOUjKJCF$k%,

J=ICWi<~Ht fdTs,g-/JkKDlF$"sFJGRVLjm9KP
9kICWi<7UHd~eN,<IjXN?QLjQNdPM,g-/Jk3

H,,+k%#s[j9k 0 � fdTs � 0:1NroK*$FICWi<7UHd~
e,<IjXN?QLjQNdPMO$"sFJ 2KUC7?Ljm9NdPM
hjb,:.5/Jk%Jer^HakH$!0Nro,.j)D%sgn(�e) 6= sgnf��(N)g (86)j��(N)j � j�ej (87)
?@7$sgn(x)OdfXtG"j$xNdfr(9%^ 45ZS0 (86)$(87)+
i$ICWi<7UHd~e,<IjXMNLj,@1"sFJGRVNLj9

rd59k3HKhCF$"sFJGRVLjm9ry9K0KaE1kh&J
U#<IPC/)f,B=D=G"kHN+L7r@?%
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5.3.2 "sFJGRVLjm9HICWi<7UHd~e,<IjXNrO*
!Z

0aN!$kLKD$F$^ 33rQ$FrO*K!Z9k%"sFJGRV
Ljm9 �e,8_9klg$>[u.@RNu..f xest(t)O$xest(t) = �(t)x1(t) + f1� �(t)gx2(t)ej�e (88)�(t) = d(t)D (89)
H==G-k%,<IjXO0 (82)GjA7?,$33GOD@rJ1K9k?
aK,<I$s?PkhVf{ (t1 = Ts=16)H7s\kvx (t2 = 17Ts=16)HN
#Gh;N|TMrW;9k3HH7?%E [xest(t1)x�est(t2)℄= �(t1)�(t2)E [x1(t1)x�1(t2)℄+ f1� �(t1)g f1� �(t2)gE [x2(t1)x�2(t2)℄+�(t1) f1� �(t2)gE [x1(t1)x�2(t2)℄ e�j�e+ f1� �(t1)g�(t2)E [x2(t1)x�1(t2)℄ ej�e (90)
^?$>[u.@RN\0OOO$"sFJ 1$2Nf@KP7F8&PNG"
k3H+i$ �(t1) = 1� �(t2) (91)�(t2) = 1� �(t1) (92)
,.j)D%U'<8s0N~VZSuVjXOhloYC;kXtJ0(x)G=
=G-k [49℄3H+i$0 (90)rJ<Nh&KQA9k%E [xest(t1)x�est(t2)℄= 2�(t1)�(t2)J0 (2�fdTs)+�2(t1)J0 �2� �fdTs + D� �� e�j�e+�2(t2)J0 �2� �fdTs � D� �� ej�e (93)94



9K$D = 0:1�G"k3H+i$E [xest(t1)x�est(t2)℄= 2�(t1)�(t2)J0 (2�fdTs)+�2(t1)J0 (2�(fdTs + 0:1)) e�j�e+�2(t2)J0 (2�(fdTs � 0:1)) ej�e (94)�(t1) = d(t1)D = 12 + 5fdTs (95)�(t2) = d(t2)D = 12 � 5fdTs (96)
HJk%0 (94)-(96)NrO0O$,J=ICWi<~Ht fdTsH"sFJGR
VLjm9 �erQia<?H9kXtG"k%33G$0 (94)NLjQr �sH
9k% �s = arg fE [xest(t1)x�est(t2)℄g (97)�sO$,<I$s?PkhVH7s\kvxHNLj9$D^j7s\kbLj
9r(7F$k%fdTsH �eKP9k7s\kbLj9 �sNX8r^ 46K(9%
#4O"sFJGRVLjm9 �er$D4O �sr=9%fdTs,$:lNroG
b$^ 45N7_el<7gskLH1yNkL,@ilF$k3H,,+k%
^:$fdTs = 0:1NlgKD$F$M!9k%0 (95)$(96)hj �(t1) = 1$�(t2) = 0HJkNG$0 (94)Oh 2`N_HJk%7?,CF$=NLjQ �s

O$ �s = arg nJ0 (0:4�) e�j�eo = ��e (98)
HJj$"sFJGRVLjm9Kfc9k%3NroGO$ICWi<7UH

d~eNu..f xest(t)O$,<I$s?PkhVf{ (t1 = Ts=16)G"sF
J 1Nu..fHJj$7s\kvx (t2 = 17Ts=16)GO"sFJ 2Nu..f
HJk?a$=NVNLj9O^ 43G"sFJ 2KUC7?Ljm9 �eHy7
/Jk%^?0 (82)$(97)O$:lb$7s\kvxNLjrp`H7?H-N
,<I$s?PkhVNLjraaF$k?a$"sFJGRVLjm9 �eO
ICWi<7UHd~eN,<IjXLjQ�(n)d7s\kbNLj9 �sKP95
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7F,:UjKJk%7?,CF$3NroGO$7s\kbNLj9 �sN,@
1"sFJGRVNLjr409lP$Ljm9,d5G-k%

!K$0 � fdTs < 0:1NlgKD$FM!9k%3NroGO0 < �(t2) < �(t1) < 1 (99)
,.)7$>[u.@R,"sFJ 1$2NVKoK8_9k%fdTs,=,K.
5$lg$>[u.@RO"sFJ 1H"sFJ 2Nf@UaKoKLV9k%
7?,CF>[u.@RNu..f xest(t)O"sFJ 1$2Nu..fNdg,
7s\kbGg-/Q=7J$?a$"sFJGRVLjm9NFA,.5/J

k%fdTs,=,K.5$ror>j9kH$�(t1) = �(t2) = 1=2HJj$0 (94)
OJ<Nh&KawG-k%E [xest(t1)x�est(t2)℄� J0(Æ)2 + J0(Æ + 0:2�)e�j�e4 + J0(Æ � 0:2�)ej�e4= J0(Æ)2 + J0(Æ + 0:2�) + J0(Æ � 0:2�)4 os �e+�J0(Æ + 0:2�) + J0(Æ � 0:2�)4 j sin �e (100)
?@7$Æ = 2�fdTsG"k%Æ,=,K.5$lgO$0 (100)N 3T\K(9
BttO5tHJk%l}$4T\NuttO$BjJ/ 0Ka$MrHk%7
?,CF$0 (97)GjA7?7s\kbNLj9 �sO$"sFJGRVLjm
9 �eKP7F$ j�sj < j�ej (101)
NX8,.j)D%?@7$jxjO$xNdPMr=9%"sFJGRVLjm9
,8_9klg$7s\kbNLj9 �sO 0J0NMHJkNG$�sr 0KaE
1kU#<IPC/)fr3~9k3HG$"sFJGRVLjm9r|n9k

3H,G-k%fdTs,.5$[I$�s, 0K}+9k^GK~VrW9k,$"
sFJGRVLjm9KP9kC-t=Yg$b.5$NG$g-JdjKOJ

iJ$HM(ilk%^?$"sFJGRVLjm9 �e,�180YNlg$7s97



\kbNLj9 �sO 0YHJCF$k%0 (94)K$�e = 180Yre~9kH$E [xest(t1)x�est(t2)℄= 2�(t1)�(t2)J0 (2�fdTs)��2(t1)J0 (2�(fdTs + 0:1))��2(t2)J0 (2�(fdTs � 0:1)) (102)
HJj$BttN_HJkNG$�sO0Y+180YN$:l+KJk%0 (102)rQ
$FW;7?H3m$0 � fdTs � 0:025GO �s = 0YHJj$0:025 < fdTs � 0:1
GO �s = 180YHJk3H,,+C?%5.3.3 ICWi<7UHd~eN,<IjXMrxQ7?"sFJGRVLjm

9d5s)5.3.1, 5.3.2aGO$ICWi<7UHd~eN,<IjXN?QLjQH"s
FJGRVLjm9NX8r@i+K7?%=3G$ICWi<7UHd~eN

,<IjXrW;7$=NLjQN,@1d5rT&=.r!$7?%5,r^47K(9%"sFJGRVLjm9d5s)GO$^:0 (82)Khj nV\N
7s\kNICWi<7UHd~eN,<IjXM (n)rW;7$0 (84)GL
jQ �(n)raak%!K$"sFJGRVNd5LjQr979k%(n� 1)V
\N7s\kGaa?d5LjQr �(n� 1)H9kH$nV\N7s\kG97
5lkd5LjQ �(n)O$ �(n) = �(n� 1) + �(n) (103)
HJk%?@7$d5LjQNi|M �(0)O 0G"kH9k%GeK$975l
?d5LjQKP~9kg-5 1N#GY/Hkw(n)r!0Gaak%w(n) = ej�(n) (104)
0 (104)N#GY/HkrICWi<7UHd~0Nl}N"sFJGRKh

8k3HKhCF$2\N"sFJGRVNLj9r409k%3lr+jV998
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H$"sFJGRVLjm9 �eHd5LjQ �(n)NB (D1Ljm9)�e + �(n)
, 0KaE-$"sFJGRVNLjm9,d55lk%
33G$D1Ljm9N}+-KD$FRYk%^ 48O$Yd~V9r 2�s$

"sFJGRVLjm9 �e r 180YH7?H-ND1Ljm9N}+-KD$
F$7_el<7gsG>A7?kLG"k%#4O?Q=h}rOaF+iN

7s\ktr$D4OD1Ljm9r=l>l(9%GgICWi<~Ht fdTs
,.5/Jk[I$D1Ljm9N}+K?/Nu.7s\kr,WH9k3H

,,+k%3lO$^ 45K*$F$fdTs,.5/Jk[I$"sFJGRVL
jm9KP9kICWi<7UHd~e,<IjXLjQN9-,Kd+KJk

3HK/x9k%Gb}+NY$ fdTs = 0:001GO$D1Ljm9N}+K 500
7s\kxYrW9k3H,,+C?%

9K$fdTs = 0:01K*$F$Yd~V9KP9k}+-r7_el<7gsG
>A7?kLr^ 49 K(9%Yd~V9, 2�sZS 64�sNkLrPf7F(7
F$k%Yd~V9,g-/JkH$D1Ljm9Kc3NQ0,+ilkbN

N$=N}+-OYd~V9K++oi:1xYG"k%3N3H+i$Yd~

V9Ng-$D-K*$Fb$"sFJGRVLjm9N+0d5,-zK!=

9k3H,|TG-k%5.3.4 7_el<7gskL
!$7?"sFJGRVLjm9d5s)N0nrN'9k?a$= 7Nro

G7_el<7gsrB\7?%7_el<7gskLr^ 50K(9%0 (103)
Nd5LjQ �(n),=,K}+7?eNC-r>A9k?aK$7_el<7g
sO 1,0007s\k,BT9k,$BERW;KOe>N 5007s\kNkLr
Q$?%$:lNICWi<~HtK*$Fb$"sFJGRVLjm9Ng.

K++oi:[\1lNkL,@ilF$k3H,,+k%^?$EH~h}~

,is@`GJ/$CjN}~+i9~V~h9kh&JlgKICWi<7U

HKPj,88k,$=Nh&JroK*$FbICWi<7UHd~h}tG

ICWi<7UHNQ0,-cs;k5lICWi<7UHd~eN,<IjX

K"sFJGRVLjm9NFA@1,!P5lk?a$sF}0,,QD=G100
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^ 50 "sFJGRVLjm9Nd5h}r,Q7?]NkL
"k%JeN3H+i$\}0N-z-,N'G-?HM(ilk%5.4 ~Ht*U;CH,"klgN"sFJGRVLjm9d5

s)

TNNOeG8?k|wu.!N0JKICWi<7UHd~h}reU19

klgO$ICWi<7UHd~h}eKAFCs),8_9k79F`,[j
5lk%=3G$\aGO$ICWi<7UHd~h}K*$F~Ht*U;C

H,D19kroG$"sFJGRVLjm9rd59k}!r!$7?%5.4.1 ICWi<7UHd~h}eN,<IjXM
^:$~Ht*U;CH,8_9klgK*$F$5.3.1aH1MK"sFJG

RVLjm9HICWi<7UHd~eN,<IjXMHNX"r4:7?%^103
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^ 51 "sFJGRVLjm9H,<IjXN?QLjQNX8 (~Ht*U;C
H 100Hz)43N7_el<7gsD-K*$F$ICWi<7UHd~0N=l>lN"s
FJGRK 100HzN~Ht*U;CHrUC7F$5.3.1aH1MN>ArB\
7?%kLr^ 51K(9%
^ 45N~Ht*U;CHNJ$lgHfS9kH$^ 51N~Ht*U;CH100HzNlgO$ICWi<7UHd~e,<IjXN?QLjQ,s 36Y7

UH7F$k3H,,+k%3N 36YNLjs>O$100HzN~Ht*U;CH
KhCF 17s\kN-z7s\khV TsbG88kLjs>G"k%D^j$
~Ht*U;CH,8_9klg$ICWi<7UHd~e,<IjXN?QL

jQO$"sFJGRVLjm9NFA@1GJ/~Ht*U;CH.,,UC104



5lk3H,@i+KJC?%7?,CF$~Ht*U;CH,8_9kro<

G^ 47NLjm9d5s)rHQ7?lg$"sFJGRVLjm9@1GJ
/~Ht*U;CHN,^GLjd55lF7^$$u.C-,t=9k%5.4.2 ~Ht*U;CHNJW!P}!
0aGO$ICWi<7UHd~e,<IjXNLjQKO$~Ht*U;C

HKhkLjs>H"sFJGRVLjm9NFAN>},=lk3Hr@i+

K7?%b7$?i+N}!G~Ht*U;CHKhk7s\kbLjs>r!

P7$=lrICWi<7UHd~eN,<IjXLjQ+i97z/3H,G

-lP$"sFJGRVLjm9r5NKd5G-k%=3G$~Ht*U;C

HNJW!P}!H7F$F"sFJGRNICWi<7UHd~0,<IjX

MKe\7? [50℄%
ICWi<7UHd~0NF"sFJGRN,<IjXKP7FLjQ0r?

(kWxH7F$~Ht*U;CHHICWi<7UH,s2ilk%~Ht*

U;CHO~V*JQ0,[HsIJ/ljG"k%ICWi<7UHO\0.

YKhCF~Ht7UHL,$EHN~h}~KhCF~Ht7UH}~,=l

>l~9o9HQ=9k%+0VOsVdtT!JIN>N\0NHO[Jj$

rL.fGNdVJIG.Y, 0KJk~Vdg,b$3H (ICWi<7UH
, 0KJkdg,b$3H)$JT}~,QKKQ=9k3H (ICWi<7UH
N}~,QKKQok3H)JINC',"k3H+i$V\u.!N/0>e
+iICWi<7UHd~0N,<IjXLjQrW;7F9~VKo?j?Q

=9k3HKhj$~Ht*U;CHN_r!PD=HM(ilk5.4.3 ~Ht*U;CHKP~7?"sFJGRVLjm9+0d5s)
=3G$^ 52K(9h&KICWi<7UHd~0eN,<IjXM+i"s

FJGRVLjm9.,N_rjP7Fd59ks)rMF7?%^:$0 (84)
rQ$F$nV\N7s\kK*1kICWi<7UHd~eN,<IjXLj
Q �(n)raak%1MK7Fl}NGR ("sFJ 2)NICWi<7UHd~105



0N,<IjXLjQ �b(n)raa?e$?j=8t�rHCFanNMHNV
G?Q=rT&%ICWi<7UHd~0,<IjXN?QLjQ ��b(n)O!0
Gaailk% ��b(n) = 8<: �b(0) (n = 0)��b(n) + (1� �)��b(n� 1) (n > 0) (105)
33G$= 7NroG fdTs = 0:1$~Ht*U;CH 100HzH7$ICWi<7
UHd~0,<IjXN?QLjQ ��b(n)r~OsG^Ha?bNr^ 53K(
9%?j=8t � = 0:1$0:01NH-NkLr(7F*j$#4O?Q=h}rO
aF+iN7s\ktr$D4O,<IjXLjQN?Q=h}kLr(7F$

k%� = 0:1GO$?Q=h}eNLjQ, �36Yrf4K�5YNOObGc
7/Q07F$k3H,,+k%l}$� = 0:01GO$?Q=rOa?>e+i
ICWi<7UHd~0,<IjXNLjQQ0,}+7F$k3H,,+k%

3liNkL+i$?j=8tr� = 0:01H_j9k3HKhj$Bj7F~H
t*U;CHLr;PG-k3H,,+k%^?$� = 0:01NkLO?Q=h}
>e+i}+7F$k3H+i$?Q=h}NaOuVG)fk<WK-FAr

?(kD=-Oc$HM(ilk%

!K$ICWi<7UHd~eN,<IjXLjQ �(n)+iICWi<7U
Hd~0,<IjXN?QLjQ ��b(n)r97z$?"sFJGRVND1Lj
m9 �0(n)O$ �0(n) = �(n)� ��b(n) (106)
HJk%

GeK$�0(n)r0 (103)N �(n)Ke~7Fd5LjQ �(n)r$0 (104)GL
jd5Y/Hk w(n)r=l>lW;7$w(n)rl}N"sFJGRKh8k
3HKhCFLjm9d5rB=9k%

JeNh&JsF"sFJGRVLjm9+0d5s)Khj$ICWi<7

UHd~eN.fKO~Ht*U;CHN_,Dk,$=NeNAFCs)Kh
j$=ND1~Ht*U;CHNd5,TolFOFDM|4oK~O5lk%
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5.4.4 7_el<7gskL
MF}0N-z-r!Z9k?aK$= 7NroG7_el<7gsrB\7

?%"sFJGRVLjm9d5tK*$F$ICWi<7UHd~0,<Ij

XLjQN?Q=Qia<? �r 0.01H7?%\7_el<7gsGO 1,0007
s\k,BT9k,$BERW;Oe>N 5007s\kNkLr?Q7?%JeN
roK*$F$MF7?"sFJGRVLjm9d5s)r0n5;F$100Hz
N~Ht*U;CH fo�,8_9klgN"sFJGRVLjm9KP9kBER
C-r>A7?%

7_el<7gskLr^ 54K(9%$:lNroK*$Fb"sFJGR
VLjm9K++oi:I%JC-,@ilF*j$^ 50N~Ht*U;CH
NJ$lgNkLH1lG"k3H,,+k%J*$~Ht*U;CH fo� r9
K}d7Gg 100kHz^GQ=5;Fb$^ 54H1MNC-,@ilk3HrN
'7F$k%D^j$OFDMN-z7s\k9Os 1msG"k,$=N|Vb
KLjr 360YJeQ=5;kh&J~Ht*U;CH,UC5lFb$"sF
JGRVLjm9,5NKd5D=G"k%

JeNkL+i$~Ht*U;CH,8_9kD-K*$Fb$u..fNIC

Wi<7UH,?Q*K0H+J;kroG"lP$#sNMF}0Khj"s
FJGRVLjm9,d5G-k3H,N'G-?%5.5 \ON^Ha
\OGO$ICWi<7UHd~h}N0KUC5l?"sFJGRVLjm

9KhCF$ICWi<7UHd~h}NC-,g-/t=9k=]r@i+K

7$3Ndjrrh9k}!H7FICWi<7UHd~eN,<IjXrQ$

?"sFJGRVLjm9d~}0rMF7?%2Hb.l$j<U'<8s0
D-<G7_el<7gsrB\7?kL$#sNsF}0Khj$$UN"s

FJGRVLjm9KP7Fd5G-k3HrN'7?%3lKhCF$ICW

i<7UHd~}0rO<I&'"=9k]N]jrrhG-?HM(ilk%

^?$#sO 2GRN"l<"sFJrHQ9klgrP]K7F$"sFJ109
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GRVNLjm9d~}0r!$7?%2GRNlgO$fS*JWJ}!GL
jm9Nd~,D=G"k3Hr(7?%3GRJeN"sFJGRrHQ9k
lg$#ssF7?Ljm9d5s)r"sFJGRtK~8FIC7H)K0

n5;k=.GOG,JuVK}+7J$3HO@i+G"k%#eOLjm9
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6. k@
|\K*1kOeG8?k|wO 2003/K0gTTwG$2006/+iO4q

G5<S9,+O5l?%|\N}0O ISDB-THFPl$1AcMkShbG
bhA&b:YJHm~1O$S8gs|wHHS<v~1Nos;0|w,1

~KAw5lk3H,C'G"k%+0VK*$FO$os;0|whjbO$

S8gs|wru.9kK<:,b/$^?;Q*JIbb$%=3G$\&f

GO$\0fN+0VbK*$F$Hm~1NO$S8gs|wrBj*Ku.

9k;Q&79F`NB=r\8H7$!$rJaF-?%1OZS 2OGO$^:|\NOeG8?k|w ISDB-TN5WH\0u.K
*1k]jrRY?%HmGNGju.KfYF$\0u.~NC-,t=9k

WxO$(1)cu.EO$(2)^kAQ9D_$=7F (3)EHQ0 (U'<8s0$
ICWi<7UH)G"k%3liNWxr9YFrh7J1lP$Hm~1N
O$S8gs|wr\0fN+0VGBj*Ku.9k3HOG-J$%3li

N]jXNrhvH7F$"@WF#V"l<;QH$ICWi<7UHd~;

Q,s2ilk%2ONe>GO$3liN>h;QKD$F5b7$OeG8
?k|wXN,Q]jrRY?%>hN"@WF#V"l<;QO$gKl<@

QH7FMF5l?"k4j:`K<r/7F*j$j>HN~h}~du.@

XN~hHt$j>HNHAJI,u.&G{NGJ1lPJi:$+0VGN

OeG8?k|wN\0u.K,Q9k3HO$qG"C?%^?$ICWi<

7UHd~;QOM9J}0,>h+i!$5lF-?,$.fG-NpsrQ

$k?aKOeG8?k|wXN,Q,$qG"kbNd$"sFJX~-r)

f9k}!G~1zL,T=,G"kbNJI$OeG8?k|wK,QD=G

zLNb$}!,8_7J+C?%

=3G^:$3OGO$OeG8?k|wN\0u.K,7?"@WF#Vu
.79F`r!$7?%"@WF#VS<`9F"js0Nl}0G"kGgf

g.r~Q7$JWJ=.GB=D=J"sFJX~-)f}0rsF7?%G

gfg.OGb/$j>HN}~K"sFJNX~-r)f9k}0G"j$T

WHNFArjP*K.5/9k3H,G-k%7?,CF$+0VK*1ke

- (1)Ncu.EOH$(2)N^kAQ9D_Ndjrrh9k3H,G-?%9112



K$sF9k"@WF#Vu.}0GO$JWJW;KhjE_8tr;PD=

G"j$=NkL$"sFJX~-Nb.)f,D=HJC?%=3G$e- (3)
NEHQ0$CKU'<8s0Ndjrrh9k3H,G-?%>E0OhK*

1kU#<kIB3NkL+i$HmGNGju.(j"H[\1yNOOG$

O$S8gs|wN\0u.,D=G"k3Hr@i+K7?%?@$sF9k

"@WF#Vu.N_GOe- (3)NICWi<7UHPvOT=,G"j$b
.\0u.~NC-K]j,D5lF$?%

=3G$4OGO$>hKOJ$77$"$G#"KpE$?ICWi<7U
Hd~;Qr!$7?%3lO$"l<"sFJrQ$F\07J,iE_u.

.frdj9k3HG$ICWi<7UHN/8=NbNr^59kbNG"k%

W;!7_el<7gsKhj$,J=ICWi<~HtfdTs, 0.1J<G"l
P$ICWi<7UHNFAr[\^5G-$e- (3)NICWi<7UHdj
NrhN\h,D$?%!K$ICWi<7UHd~h}eN.frHCF"s

FJX~-r)f9kH$&77$"@WF#Vu.}0rsF7?%3lKh

j$3OGRY?"@WF#Vu.Khku.(j"HgzLH$ICWi<7
UHd~Khkb.\0u.C-~1zL,;g5l$e-0DN]jr9YF

rh9k3H,D=KJC?%?EICWi<7UHD-r<bGF=7F>A

7?kL$~. 160kmjvN.YG\0u.7FbBj*Ku.D=G"k3H
r@i+K7?%3$4OGO$"@WF#Vu.;QHICWi<7UHd~;QN;gKhC
F$+0VGN\0u.~Ndjrmg*KrhG-k3Hr(7?%!N9FC

WH7F$u.79F`rO<I&'"=&=J=9k]K88k]jrrh9

k,W,"k%=J=N]K#ldjKJkNO$"sFJGRVNLjm9G

"k%"sFJGRVKLjm9,88kH$ICWi<7UHd~N:Y,t

=7$4OG(7?~1zL,@ilJ/Jk3Hr@i+K7?%5OGO$3
Ndjrhje2$B]N|wHru.7J,i"sFJGRVNLjm9r+

0d59kj!r!$7?%qN*KO$OFDM7s\kNh,KUC5l?
,<I$s?PkhVH7s\kvxHNi;Khj7s\kbNLjQ0r!

P7$=NkL+i"sFJGRVLjm9r+0*K!P&d59k}0rs113



F7?%W;!7_el<7gsG>A7?kL$fdTs, 0.1J<G"lP$L
jm9r04K!P&d5G-k3Hr@i+K7?%3lKhCF$=J=K

~1?cIrhj|/3H,G-?%

JeNh&K$\&fGO$\0fN+0VGO$S8gs|wrBj*Ku

.9k3Hr\8H7F$"@WF#Vu.;QHICWi<7UHd~;Q$

=7F>TN;g;QrsF7$\0u.~N]jrmg*KrhD=G"k3

Hr<b0NB3rL8F@i+K9k3H,G-?%\@8GsF7?}0O

$:lb$.fG-Npsr,WH7J$.fh}GB=G-k%7?,CF$

OeG8?k|wJ0NL.aG#"XN,QbFWG"j$\&f.L,g$

Kr)DbNH|T5lk%

114



U-

O8aK$\&frkT9kK"?j$oK-WJfu@HYtKOkfX3

r$?@/HHbK$\@8rf::$?@-^7?`Ih<JX;QgX!g
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U?A. Qtlw
Qt> U#j ut1LxBB(t) ~o tK*1kOFDMNw.BB.fs(n) nV\Nw.7s\kTs -z7s\khV9 [s℄Tg ,<I$s?PkhV9 [s℄Ns FFT]$sHt$^?O-z7s\khVN5sWktsI(n) nV\Nw.7s\k s(n)NBt.,sQ(n) nV\Nw.7s\k s(n)Nut.,ts 5sWjs0~| [s℄fl It/.oN~Ht [Hz℄xRF(t) ~o tK*1kOFDMN5~~Ht.fx0BB(t) ~o tK*1kOFDMNu.BB.fs0(n) nV\Nu.7s\kf f4~Ht$BwH~Ht [Hz℄v V. [m/s℄�t y.~V [s℄�d w.I}~N\0w% [m℄�i iV\NGHN~hQ (e?Q)fdi iV\NGHNICWi<~Ht [Hz℄� H9 [m℄ w. [m/s℄fd GgICWi<~Ht [Hz℄fi iV\NGHNu.~Ht [Hz℄xk(t) ~o tK*1k kV\N"sFJGRNu. (BB).f121



Qt> U#wk kV\N"sFJGRNE_8tX(t) ~o tK*1ku..fY/HkW(t) ~o tK*1kE_8tY/Hky(t) ~o tK*1kg. (BB).fPout g..fEORxx X(t)N+JjXTsE0(t) ~o tK*1kLjp`@GNu..fEk(t) ~o tK*1k kV\N"sFJGRNu..fdk Ljp`@+i kV\N"sFJGR^GNw% [m℄� EHN~h}~D(�; f) "l<"sFJNA#XtAk kV\N"sFJGRNE_8twkN6}MÆk kV\N"sFJGRNE_8twkNLje(t) ~o tK*1km9.fr(t) ~o tK*1k2H.frxr 2H.f r(t)Hu..fY/HkX(t)HNjXY/HkWopt G,JE_8tY/HkS(t) ~o tK*1kj>H.,Y/HkU(t) ~o tK*1k82H.,Y/HkN(t) ~o tK*1k.(;.,Y/HkPSout g..fK*1kj>HEOPUout g..fK*1k82HEOPNout g..fK*1k.(;EOys(t) ~o tK*1kg..fK*1kj>H.,yu(t) ~o tK*1kg..fK*1kTWH.,yn(t) ~o tK*1kg..fK*1k.(;.,nk(t) ~o tK*1k.(;.f122



Qt> U#Rss j>H.,NjXTsRuu TWH.,NjXTsPn GRvjN.(;EORnn TW., (TWHZS.(;)NjXTsI 1LTsVs j>HN}~Y/Hk�S a$sm<VN}~rhak9F"js0Y/Hkai(t) ~o tK*1k iV\NGHN6}M�i iV\NGHN~hQ (7:Q)yi(t) ~o tK*1k iV\NGHNg..f�k(�i; �i; fi) kV\N"sFJGRK*1k iV\NGHNLjC 4+TsH 4+~zY/HkQ(W) jqm~!K*1k>AXtrxky ~o tK*1k kV\N"sFJGRNu..fxk(t)Hg..fy(t)HNjX8txIk(t) ~o tK*1ku..f xk(t)NBt.,xQk(t) ~o tK*1ku..f xk(t)Nut.,j�xkj kV\N"sFJGRN?Q6}MREF AGC\8MeAMP Gg6}MHAGC\8MREFHNm9.ffI(i) p\m<Q9U#k? (Mid-band)N iV\NU#k?8tNf p\m<Q9U#k?N?CWtxMk(t) ~o tK*1k kV\N"sFJGRNMid-bandNu.BB.fxLk(t) ~o tK*1k kV\N"sFJGRN Low-bandNu.BB.fxHk(t) ~o tK*1k kV\N"sFJGRNHigh-bandNu.BB.f
123



Qt> U#r0xky ~o tK*1k kV\N"sFJGRNu..fxk(t)Hg..fy(t)HN5,=jX8t� ?j=8tyL(t) ~o tK*1k Low-bandNg..fyM(t) ~o tK*1kMid-bandNg..fyH(t) ~o tK*1kHigh-bandNg..fxest(t) ~o tK*1k 2"sFJGRVN>[u.@RN.f$^?O
ICWi<7UHd~eN.fd(t) ~o tK*1kV>e}K_V9k"sFJ (# 2)H>[u.@R
HNw% [m℄D 2"sFJGRVNw% [m℄fdTs ,J=ICWi<~HtEb=N0 1SCHvjN.fP(;EOf�e 2"sFJGRVNLjm9(n) nV\NOFDM7s\kK*1k,<IjXM�(n) nV\NOFDM7s\kNICWi<7UHd~e,<IjX (n)
NLjQ��(N) �(n)rN 7s\kG?Q=7?LjQ�(t) ~o tK*1kb^8t�s 17s\kbNLjs>Q$^?O7s\kbLj9�(n) nV\NOFDM7s\kK*1kd5LjQw(n) nV\NOFDM7s\kK*1kd5Lj8t�b(n) nV\NOFDM7s\kNICWi<7UHd~0,<IjXN
LjQ��b(n) nV\NOFDM7s\kNICWi<7UHd~0,<IjXN
?QLjQ�0(n) nV\NOFDM7s\kND1Ljm9124



B. ,llw
,l 50>N |\l=-&U#AFC Automati Frequeny Control +0~Ht)f (s))AGC Automati Gain Control +0x@)f (s))ATSC Advaned Television SystemsCommittee FqNOeG8?k|w}

0AWGN Additive White Gaussian Noise r',&9-(;A/D Analog to Digital (onverter) "Jm0&G8?k (Q9o)BB Base Band Y<9PsIBER Bit Error Rate SCHmj(BST-OFDM Band Segmented Transmission OFDM Sh,dAwOFDMCMA Constant Modulus Algorithm jqm~!CMP Constrained Minimization of Power 4+UPOEOG.=!DAB Digital Audio Broadasting G8?k;<|wDCMP Diretionally CMP }~4+UPOEOG.=

!DQPSK Di�erential Quadrature Phase ShiftKeying 90MLjP\Q4DSRC Dediated Short RangeCommuniation lQ9hL.DSP Digital Signal Proessor G8?k.fh}KC=7
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,l 50>N |\l=-&U#D/U Desired to Undesired wave power ratio j>HPTWHEOfFFT Fast Fourier Transform b.U<j(Q9FPGA Field Programmable Gate Array Wm0i`D=J@}8Q
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