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AR, KEAZRZERETEHR/ NG S 8B OMISED T ICEE PR AE AR
TRRFGRHEE AT o L RREZ L L 00D TH S, KERORFICH ) —BLT
EEOBRE L MY, WIHELED o7/ MESHBICRL L VHEOEE R T2 KET
H5.

KR EE L OB I, KRAZASEE TR A 82 TR T E 72 2 HE0R,
HEIEETBbo7:. CCRRCEHDOELXRTHORETDHA.

KIEARERSEBAE R L ) BET RS L ORI L Ol MEREEb -7
KIRAZ TEHAE ERL R SR, KRR TN HEsE, RibmEEsE,
FUBEHiE8dE, FTHEEREY LU0 &+ 5 KEAZASE TR AHEE TR D%
GetE i & NS KBRS A28 T2 MAE TR H R L ¥ — T2 BH EA BHRE
B L ET 5,

FLATRICHEL, FICMACARLHEES, BaH, BEEE BV RRAZRERT
ERFAHE ARSI, FSRE—BEdE, RESMKSEL:, IERM—FIcis
DRk L T 5.

S6i, KEFEO®RE, BUAEHRLARZEYE, ABHrHVEREREL (3
EREEBERATET) 213 U0 L+ 5 REAETHIEE T 2REEA 2 b U FEH
INBORFSRSE, ZRKTTREE DRI L BT 5.

BRI, BICRLLERE LB TELME, MIFEELL TXBYEb o7, KEA
2T MAEED T CHALE LT 2RETH 5.
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MZLTW5, |
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5 EREHEICBNTREMEREZUET LI LB THAL I LEZRL TS,
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A, B - BHEOEHRBR OERR, WX — A0SR - BREMICHT A ERD
%ib#&,m%@?49&wwﬁﬁb%nfwéuum.M%®?4V&ww%ﬁ5:
kb, Bg - FEEROINEELZHIRL, SRS EREMBRSEHTE 57:0, fEk
D7 FTUTHRELASEDEETRBZHNCTEF Y VA NVF—ECAPTREL &), FEIFIC
EREHEDERSHETES. Zoky, REROBMHE T L ¥HE (High Definition
Television:HDTV) DEBANFNF 7 4 T 5 VBGRIBE T 584 BREFATb T 5 [3)-[7].
51T, BYR - BEEBHRIZT CTEAEET — I RFIOVTHITRTF AV VTF—F L L
THABICI Y RO HAT 4 ¥ & V% (Integrated Services Digital Broadcasting : ISDB)
PEBTBI0DDOMED BRAED LR TWA [8]-13].

ISDB TRRAEDH —CAPHA SNARETHREENRDL I EICLY, HAEREHREKICL
TRABRE T —CAPBBICFIACTES L) icka 2 &, SBZEONERS T ETS. £
72, BUg, TE, Ty Vo RBIERIEIT A VI MELTERERSL 2D, fBOEE,
AVEA—FERETAILICLY, TVF AT AT H—ECRARWHN - FR (155
25 47)P—CEXOEHRDEEEL 2 H. 5|2, ISDB TIHEEFHRST 1 VI NVEFTL
LTH—HICRb B 720, —ODOBEEZ ED LI IE) DPOEHEIR 7 FOFBED
BAICHRTREL, FHRK L EOFHEERRROFT Y — EANDLIREICEN TN S,

¥/, FAVFIVIERIZ, TFusHREICEARL ) ECERX S B (Carrier-to-
Noise Power Ratio : CNR) TZEWRE% L, FIERERELLNESTES, 361, BF
D7 FUTREDEREH EFHT ALY, THa 7 OB EE & EFRRkEED
FERECEERS AT B S L ic ko T, BIAEDT F U7 BREA b OB EE KIBICER L,
BESRIIE 2 EOREER S STV Do 2 EREERE AR T2 2 L AT E 2 [14].
T 7:F— AR DORE % £ EBEE L T SFN(Single Frequency Network) & X iTh BRI+ v b
J— 7 BRTAZLICLY, THORREESTEBEROAENFAATEEE % 5 [15).
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2 E1E Fi@

KT, FATHVERTIE, REAMIC 1N 1 ORRER RO BEORELERD, B
REEDRE HEROBEMIH L CERY ABICES T LESHS. —BISBEY T A
R EE L BERE L DR S ILTH ), BRI TIERD b DR
YR S L sk WFEERBEYEIR L, —F, BEEASLCIRBBICITTERS &40
THZLICE DEYITERFTY, BEOEEERBOTVS. Vv /) v OB (16] 12 LU,
IR L BB S E 2NN & S REE L7 b OFEE L BEY AT A THD
ATV, LALZOESE, R3EAEOZRERLHTREOHRICOVTIRERLT
BHT, £, BEMRHKEP—FIRIN 131 OBEOHEIRONLD, T1IF NV
BRI LCEDOETIHEAT A LI TE 2V,

FAYEVHED L ) CREREOR L DEROSER~OFANSEE 21T ) BE, BRS
HORFZSERICBI AERERL, BRGEOLELTERICBY AEAERE F L
FA7ORRICHH. DL E, BBERFRNEZAVSIILIZL ST, LRV EHFRE
EATREY 25 [17). WBESHR IR, WHREASL L BEBF SO BN LEE 2T
TW3, Thbb, BREFSLOBIUERERE, ZOBROBOBEERIIE U TR
BRI AE L, BERFELTR, FAThOREOROEENIIE U EEEES 2 TE
$EAT). ZLTREBRZAZAOERGE G L REBRY 2ET 5.

¥/, FAUYVHGETIR, 25 CONR 2hAELRLTHIT S L AHICRERENS
45, VbWB 7 Y7727 b 18] BRET S &V REEDH 55, BBELHREE
HA+AZLICkoT, SELEMEEBRFEICBLTEZL2HLTS, ZV—XT VT
TP avEERTAILNTEA.

BEREGERLT 1 V5 VERT 256, BBERFRIBCHRUTHS. Zhi,
F— Y EROBRALERY, BECEEERILT LS TORTLERELEL ST, 2
BLEHRRIE LSRR COBESTRTHL O TH S, HICAROBHREL LD
EERBEREZRNEREET A0, ERFEROBBEEREFRNIZOVTRA BRIl ZIN
TV 5 [19]-[26]. |

BBEIRERFR T, BREFEC BV CHHE S EROBHRE v F £ 20EE
P, BIERER)EECE LTREB AL, —F, BERSEBLUERARICLST
FNEROWE LT, ZOMBICEE A EROBEE I U7 B 2 EHEEY 52T,
EEROELRIT). BWRBEGEEFRE AL 2 L0 L o, %80 s Tigs
SOERTETNIRE L, RO LERERFTEEL 25, £ LT, BlkMRESES
FREEIS B0, (R, ML LCHIRENT SRR 4V ¥ VIER (HHIAT
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L), BRYITERF BEEFSL) BIUERAIRELIRNICHAS D2V AT
ARTERTALEND .

BRI LICERZLIEREEZ SR TEERTHHEL LT, BEEFSILICBVWTIHEN—EY
ZTIEf¥ 5L (Unequal Error Protection : UEP)[28] Z A5 AR R, FEH— LEEHRE T F
OMBEREHCEIERRENDHE. ThECORBEEAIRNCHETIHETIE, FTH%E
EREMETWETH7:012, BEBHSLERE UEP HRIC L o TRBIRZE T 5 AR [20],[24]
R, BBILIZFYVRAVAEL, EF Y VANVORBEENZHET 5 AR 22, 57,
F U ) AFF5EZEA (Trellis-Coded Modulation : TCM) A3 Cxt L TR AR HAE
b, TVBEVERVITERNEELFRX 27 2L, BAbBBEEXFRITBRHE IR TVES,
L L, BHREFTL, BERFTLSE LUEROETORES I L TR 2T, R%E
W -BBROFHZEMELRRICT S, BREGEZFXOEELICE T R fThNT
Wi, ’

PED LI BERIIHEINT, KHX TR, BHREFTL, BERFSBIUEHAAR
ML L RBEBREE VAT LAERRET S, 2L T, REVATFARHEET 1 VF VK
EOMMRREEERBIUBHZERETIEBIA VA — 72—V UV T ERBEVWS 2D
DERYEZBIF LCHEAL, BREVATF AL BEREGRTEERICOWTEL (R
LB, TOEHUEZERUICHLMICTS, 351, FNFROEREEBKIZBWT
BRETIRBERERY AT LADOERELEST.

¥4, B2ETIE, BERERLEREXBCIBVTT AV MERTHE, ERERORE
DR REREEFIH LB 2T, BBERARX T BV THEROEER IS C/2EH
HCEBREREEET S, FILVWBBEEFALRETS. REFATHE, EHEFERD D B,
B L CBRABEELRSEEVWERARCERATAZI EICLY, ERE) ORE L
THATEGOKEZ RELLEHC I LTEL, 2oTRET, BBEGEELARB L
URBERAROFHE LNV AT AEREHEL, WEFSLERBEROMR ) REFEL, &
ETHRBEREFROEER ) R ZHEBFNCIVHALPICTS, 2L T, HBAF TR
MEBRREBICBIAREV AT AOBEBRERFEEZ, STEM I2V—Ta VIZXYVHLR
24 5.

EIFETIE, HEDRIBIF2BRMHREEAR G L CHBEEV AT A2EHT 5.
10GHz B E O FREFERZ WA HERR TRBEMICL 2 BESKE L, DROEEELR
BT 270 I EMBIARFEEL 25, BRRNREICE ) ERAESHILT L L &, ZEMH
i aus Wt ERL, 272727 MARET S, 22T, BEERAREZEAT
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28280 T, FAVIVERIIBWTY, TTIUTRED L) ITBEDRZ IWBLT
SPEMENLEELPIHIT S, FV—ATINFTISF—a v 2ERTHILHITE, [
MR YUBESNL LR, BRENBIUVRIER Y I2L—Ya v illoTHLPICT
5. 3bZ, B, HEROMICBIT 5 BEREMEARE L TR SN Twab ORS (On-board
Resource Sharing) 53\ [37] L IRETLIWELEEFRZHEL, REFAFTT A TNEZ
EERL, MAREHATLIHAORRNLERFRICOVTHRATS.

BAETIE, BEZERETICBIA VA V-7 2=V 7 BEKRII L THBEEY A
TAEEHATA, VA7 2V V7 ERBRTIEEHEMEFFEFICKERBTHREICE
BTac0, BREBERERLAEESECERTAIREFRNIERH THLLEL LD, 22
T, MEFRDOVA) =7 =TV TRETICBIT HEEFHICT LT, HERB LU
FHEMY IaL—Ya Vi, REFROEFUELRT. 610, FREBERZERE
FEBWTHEEGRERMELE270, BYFTEARYEAL, ZORETEERST
EEHLPICL, EOUBRRICOVTREFTZ4T.

BEETIE, MBERZMWAT AV VIR EBEIRZERICL o TRET S0,
EkIEHRE ZBF 5L, BB 16QAMEF5 % QPSKEB L AR L TEBIERETAZ LI
SoTEERBDARZET S, WBFT 1V VHEOBEKESZEHFREZRETS. B
EREFATE, BVAI VUV RVHOETEOEEIC L WVIERERET LD, 72—V
VTR Lo TRERBEONMPERKDL DI YV KRELTREZLICIZBEETMYBRICL
ATED, iz, MHEEHZHETILEN 2D, ZTEBON—F 7 o 7HEED HFEL
THRZLWTEL, T/, BHZEARDLI YV RVS ) DBAF v 7 I —BRERERIC
X5y bR REEICOVWTER 2T, FEOY Y RV EEZELDDLELICONV
THLPIZT 5.

BOEIFERTH Y, AFRTHLNIERIZOVTERELIT.



2.1 S

TNF AT A THERD ) BEEOFOHBREE, OTF AP REFFLENTEEICKE
, ZOBHEEEHRARDBAICHEIAL TS, LrL, BEEEHIN-EEERE,
BFR L HRTEEEDS 5 BFEERICBWTERETAHE, DT P REER) OREN
HEBBROERLHLZFIERILTLE ). 2000, FEEREZA LSS0
DETIEF S L 24T ) LB D B2, TREFRE v FAMFMEI N5 -0 EBZRIFRICE D XU T
bRy FEBMETL, BERENFHETSH. 610, EERBMEETLRYVITEFSD
BE DR BRIERBRYVPRBET L L, BREOBEFAURBL LBV 4ELS.

—F, T4 VF VRS INERERICE, EERYPRBELLBAICKREL2HLES]
ERITHERYE Y M, EXRRVIFIBELCOEBRREICELALZE LG A L WERYE v
MSEENTWS, ED7:0, ETOEY FPEETH VEERYDELFINLENWT—F
ERERLY, BRERTREAEEMENORE ZHALTIZIRI I BVDOTHNE, 5%
BRI EETHBELUBERTHI LN TES.

ZFZTAHRETHE, ERERLERGERICBWTT A VY VMERT LK, BREROFO
ERER Y REREZARE LB EEFRZRETSH. BREVAT AR, B2 T 5 EEER
PEEBRVEEICICUTHESEIL, FhehoiEr, £0BR)REILE CLERETE
BTHZ LY, ERBREEOHIT L TREREFLZONIIHNT S, whwb s
V=AINFTI7—2aveERTH, 22 TREY, BEVAT LAOXEHERERT
LIz, BEBERAROERNLZEREICOVWTRRS, RIZ, BEIVATLATHWSHE
JOHERR 2 A 2 (Adaptive Discrete Cosine Transform : ADCT)[29] BE&4#F 51t HzD
FEZBRRD L2, ADCT ARICE ) Feb SNAEBRBEROR ) BRERTE L, €O
BALFEICOWTHREZAT). T72, BREVAT ATHIEBRERICEE T 458 DB HEIRE

5




6 F2E ENEGEEAX

ROBBILIZOVTIZEREIT). £LT, BEMASNFEREZELRLEEETRIEET
% BB AR FROGER ) I T 5 BRI E AT, BREER NS A -5 I 2 HE
HOEREEEDOEMIC OV TR EIT ). BRI, REVAT 20MERBET Y A%E
(Additive White Gaussian Noise : AWGN) DFET HEEKICBIT 5 X EHEMERFEE
BRERY Iab—Ya VICE VLT 5.

2.2 VAT LIER

! More Significant Bits | Bage Layer | 5
E [ : g H16QAM !
Input : ADCT E ; PR : Output
rE——_— 1 ' P —r .
Image | Encoder ; E b ¢ 73| ' Signal
i [ 5 R ;
+ Less Significant Bits E EnhEE;:Tent : E
Hierarchical Image Coder Hierarchical Modulator

K 2.1: YAFAEFIV

2,113 8T 5 B EIRIEE RO Y A7 AR ERT. BEV AT AT, EETAE
RIEHE EERBF LRI L o T2 o0MBICAE L, BEERBICL-T, 2heho
BRI L CEMBOEERE IS U BHEEY 52 TEX TS, MBERFREH VLI
X, EREROBELBSIHECELEL, BYSRELTLEEAEZOSEICAE R
FbE 5L VIR ES 2 S ALKR L, HAREORY ¥ HAE L L CHERERY
FHZLicL Y, Skl LTEROELREB L SEREE LI ESELZ LA TED,

X 2.21c, BRBEXFROEEBHE L ZEREORGRERT. BREXEHFREAVLZ
LItk oT, ROBBETDEVERLIY S, BELESES 2 EATRE 1 L&
WEEABRETLRETAIENTES, ZOL X, BB 2 0BBOZEICITE ) EVER
BEESLEL Y, WE 2 OBBICIIRERARL Y DS DERE) IRET B, B
212 o TIERE ENB BHRITEEE D I LR B ERES Th 5720, SEERICITA
Bt 5 2w, 2HLT, EREGMEORBIGU-ZENERB/BALILINTESLT:



2.3. BERFERMTEILAHR 7

0, MmEDOEET S EREERICBWT, IVEREREGREEIERTE S,

% Hierarchical

> . . —
= Digital System
@
=
O
O
% Analog System
E
i®)
2
8—3 <+— Conventional
D Digital System
cl | .-
s >

Channel Quality

B 2.2: BREMEXFTROER M

2.3 EZBEEFSIEAR

2.3.1 SEBEE Y1 o THEGFESEARK

ADCT 51t AL, BECREINTVAHFEIARXDOHRTY o & b EMEOFHVHFZ
fEBFRD—2THY, LLICEHEEFFILEIT) 220, JPEG EEFSLHR [30] E T
BHRGFFALFRERL Y, EERIVIBELLBACEABERIIBITABRVERISBE LR
WEWI)FIE RO [31). K232 ADCT BgF st ARO7 0y JHE/RT. 22 Tid,
SIDBA #E#Ef% “GIRL” (I 2.4 : 256x256 3%, 256 Bif) ZHIic, REEHS(LT LT
YA AERT.

1. E4% 8 xSEHRIT LDV T Tuy 2 LTHEIL, FH 770y 71k L T2 KT

BEEL 24 A~ 2# (Discrete Cosine Transform:DCT) 2479. 70 v 7 ADHE (3, 5)
DEFIEFEME f(,5), DCT BEHMEZ Flu,v) L T5E, 2RI DCT IXRATEE

hs.

F(u,v) = %C(u)C(v) > f(4,5) cos (2 -&iﬁl)urr cos (2 _*1_61)1)”» (2.1)

u=0 v=0




#2E BEWEGEXLA

SubBlock Classi-
AC Energy fication

11 4

Variance |:i Bit
Matrix Allocation

v
5 Normalization

Factor
—r !
v vy

—& DCT Normalization

\ J

X

Quantization

Coding —>

X 2.3: ADCT EigFF st D70 v 7K

L, Clw)=1/vV2 (w=0), Cw)=1 (w#0)TdH5.

CEBEANI T Ty IR, FORBESZANVF—DREZWCEIN4DOD7 5 R

SETDL, TOLE, BISAZEINAIY Ty ZOBMAERLCICES L DI 5.

TIT, (m)BEEOFT IOy 2 IZBTHACIZANE— B, WRRCEHINS.
7 7

Enmi = [Fni(u,v)]* = [Frn(0,0))? (2.2)

u=0v=0

“GIRL” IZB/T 5 7 5 A5H0M%Z X 251273, Kb, \OBRBHILE, &, O
BREDEGHD o L DIRBHASZANVF—DOBWVWI S IZHEIN, SEOFHL
BEL DT o L DRBHSZANF—DENT I AL IZHHEENT WS T L3S
bbb,

BT I ANDERERBEDOFEERRICE Y RD S,
256 M/16 L/16

02(0,0) = I Z_jl ;[Fm,,(o,())]?—w (2.3)
, 256 M/16L716
oi(wv) = 37 3 DlFaiwv), (w,v) #(0,0) (2.4)

m=1 [=1

CCT, M, LEZNTNERDEE, KFHRADERY, ali&Z 5 RABT 5 F,,(0,0)
DFEEZ R LTS,



2.3.

BEfREERSIEAR

% 2.4: SIDBA 1ZH#H{% “GIRL”

[] Class 1

Class2 [ Class 3

2.5: 79 A5EIOH

B Class 4




#28 BEEGEXHTR

10

eoueLeA

(a) Classl

soueleA

(b) Class4

(a) Class3

f& (GIRL)

2.6: 79 A% DCT REDO5EL



2.3. EERERMETELAR , 11
4. BIZSADY T Ty 72T Ay FEUTEXRRICI WV ET 5.
1
Npi(u,v) = 5 logy[o}(1, v)] — log,| D] (2.5)

ZZ°C, Did ADCT iz & B ERA SRS Hd 535 A— ¥ Ths. “GIRL i2B1F
BEIFADHT 7Oy 21T HEY MY U TOFERK2.7I2RT. K LR
FIANVFEF—DE NI FRAFIEZLDE Yy b ZHYV LU TEATVWEZ L ¥bh 5. ¥
7z, 770y 7AICBWTIE, BWEABEBESIZESCOE Y FIEIY) Y THH
TVWBZ LN bRD,

5. %L, EFIREICTEVR K D ERLT 5.
o (u,v) = c- 2NERwO)=1 (4 ) £ (0,0) (2.6)
TTT, clHEIETEY M1 THLERDERRETH 5.

6. Max EF1L2% [32) ICE DV EFILL, FF5ILT 5.

2.3.2 E&REOFHEE%E

AFETIEIRBEGREE Y AT 2 OFHEE#EL LT, BEEROY -7 E7EIXMEE
71}t (Peak Signal-to-Noise Power Ratio:PSNR) & V2% . 256 FEa#H D€/ 7 HERI3 TS
AT D PSNR [dB] iZRD L ) ICEHTE S,

. LxLy ZI_O Zy—o( Ty x,y)

ZZC, Ly Ly3ERDOKF - BEFEOEEBTHY, oy, Sh, 3 ENETNTEBRS LT
BAEBRO (xy) BEBETH 5.

ADCT EEHFHLHRE A7 HE 05 (JEME) L PSNR BEHEORRE,
SIDBA #Z#: (% “GIRL” (X 2.4) , “AERIAL” (X 2.8) , “COUPLE” (X 2.9) 8L
“MOON” (2.10) DFNEFIIIX LT L7ZEREZM 2.1LTIRT. M85, EEOHIC
£ DRD RERE &L “AERIAL” Tif, FIUE@RRE 2ERT 5 70T BRENEZ 4
BIZhBIEbRL. T, HEEE 1.0 bit/pixel BLEO#IFATIIAF LR L PSNR[dB]
ZIZIZRAILTBY, —7F, KEILE0.5bit/pixel LT OEETIX, ERMEIHILIC0N
ERGESBBIHTEI L TbR b,

(2.7)
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12

Horizontal Frequency
01234567

[—|—]O0|0|I0|I0
| |—O|0|I00|0
|r|r=|r—i—|O|O|O
AN = |r—|r—|—|O|O
AllIAN A [y |r—|—|O
MIN|AN|AN |y~ |+—|O
<IN NN~ |r—|v— |+
Q|| fy— ||
|r—|r=|r—|—|O|O|IO
||| |r—]|O|O
Al|r—=|r—|r—|r— |||
AN NN ™|y ]|r=|r—
MOMD|MAN|ANIN |
< T O[NNI |
TolaSging (apllap] aV](qV]) o
QOO IO -
OL g€ Vv S 9 L
Aousnbai4 jeoiusp

Class 2

Class 1

OI0|I0I0|I0|0I0|I0
OI0|I0|I0I0|I0|I0|10
O|I0|I0I0I0I0I0I0
O|I0|I0I0|I0I0I0I0
OI0|I0I0|0|I0I0|10
—|O|OI0|0I0I0I0
A—|O|0I0|I00I10
N—[—|ololojolo
O|I0I0I0I0I0|I0|0
OI0|I0I0I0I0I0|0
|00 |I000|0
|| |OI0I0|0|0
|| |OOI0|I0
Aljr—|v—|—]v—|O|O0|O
MDA~ |r—{r—]—|O|O
OIM AN |r|r—|r—|—|O

Class 4

Class 3

B 2.7: 25 ARy FEI S DB (GIRL)



2.3.

BEFHEEFSEAR

2.8: SIDBA 1ZH#EEI& “AERIAL”

2.9: SIDBA B#H/{& “COUPLE”
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PSNR {dB]

F2E BEERzEAR

40
38

36
34
32
30
28
26
24
22
20

SIDBA Z#E % “MOON”

T

T

1 L 1 1 L it 1 | i

00 02 04 06 08 10 12 14 16 18 20

Compression Rate [bit/pixel]

2.11: ADCT BEAF 5 (L7530 AR ) i B 5



2.3. EfRERTSIEAR 15

AERIAL —— |

1000 & MOON - 3
5k '
&

w

2 100

&

w2

p=
-8 10}

-7 F

Base Layer <> Enhancement Layer
1 1 1
0 64 128 192 256

Index Number of Allocated Bit

2.12: ADCT o LiE®mYE v + OFR Y RBEFE

2.3.3 E{RIFHROREEIL

X 2.1242, 4 FEHD ADCT FF5LEZ DK DCT 770y 78751y b 472)
DB KEREDNS 57 %7RT. ADCT HEFEILARNTR Ty 7FELe )70, 1§
Y MR PRE LGSR, BVEY ME2ELDCTH T 70y 7 OETOEEICEE
#5256, #0720, T TEHEREYVEKEL UTERZRD ADCT o LEZ I3 5 FAER
B DFHEE= (Root Mean Square Error : RMSE) Z HivTwa. 75795, ADCT 5
bENBBE]E Y MIRYVBREICKELREND Y, —HOBRE v F 2T FIFH VR KE
RO LEFDbPS,

FFFRTIHERT S ERIERE 2 2OBB T L, ERRY IS L TRECEERE %
LV BWEEETEE TS, K2.1312, DCT BBEESS TN LT y ML BB
EORFERT. TANVF—ORPTLEHBEHRTICELDEY FHFFY BTLATEY,
ZDH)LDEMYE Y P HMERER D I L TRR B OB®RY v e b, Dk, X ViEX
Yy MR ICBR R EBEBEESDO LN E Y F 2 E0GRKE 28 1 (Base Layer), BIE% &
DUET DL EL 2NN ERRESRGOTHYE v b B L UBEREES DFHR
Yy b &4 R %2 2 (Enhancement Layer) & 5.
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Allocated Bits

Base Layer Bit

X 2.13: BB 45E 06 (GIRL 7 5 A 1)

Aliocated Bits

B2 8 BWEGEEHA

NN

[ [ ]/ ] ]

Enhancement Layer Bit

£ 2.1 FENEBOER 1Yy PR ICHT 53D RERT

FEATIE S GIRL | AERIAL | COUPLE | MOON
e L (EHEE) 1 bit/pixel (12.5 %)
51t MSE 18.58 93.56 16.04 28.06
5L PSNR | 35.44 dB | 28.42 dB | 36.08 dB | 33.65 dB
Rk 4l 1:1
sy | BB 1| 3224 | 9189 119.4 726.0
MSE | B2 | 0.687 4.238 0.641 0.791
snp xpr | P98 1) 23.10 dB | 18.50 dB | 27.36 dB | 19.52 dB
PSNR | RyfZ 2 | 49.76 dB | 41.85 dB | 50.06 dB | 49.15 dB




2.3. ERERTS{EAR 17

7 2.1 51 1bit/pixel IZEHME L72BA DT S{LPSNR &, BESELE 1:1 & L7
BED1EY RIS T HREBIFHRYIEEEZRT. 2T, 5L PSNR i ADCT
K tREDO Y — 7558 (255%) o T A BT LSRN (F5t MSE) D TH ), {53
MOBRE L LD ol AORBEESRBEEEL TS, F/-, {E%4ER ) PSNR I, ERE
EOBIZ1 ¥y FRRYSBRELLHAD, ¥—7E5EN (2652 T A2 /5 LEB L B
ERD 1 EEH7-0) DFH 2 RREE (FRYREMSE) DHEZRL TS,

Ezrb, WESELEZ 1.1 L LGE, BE L LREE 2 Tid, MSE T 200 25 1000 15,
T%bH PSNR T 23dB~30dB DEDH ), 2 DDORBORMICIIR Y BREICKE 2 ENDH S
Zedbhs. T2, WE2HERO 1Yy A ICLAFSERICXT T 5 BAEGORE
i3 ADCT HFELIFNETLBEL B LT20 0D 1UTTHY, BB 2 BHRIERRY AT
RBELIGAICS, BEERIIIDLDTPLRHMELPEI TV EFDRS

2.3.4 BEGREERFSILICET 385

KIZ, EREY) 2 ZE LBEROBBICOWTRET 5. —#RICT 1 Y ¥ VEIEEAF
LTI, BgEE %2 2.140 & 912 I(Intra-coded), P(Predictive-coded), B(Bidirectionally
predictive-coded) D 3TEFD 7 L — A L LTHEILT5 [33]. 1 2DI7VL—ALBEHDP,
B 7 U—2A%% L7t GOP(Group of Picurures) & LITN DB FILOBAIC LS. 17
V- AR TFRAFE LR DY, ADESREZOTTEEOMEERE A CFETCHTLIN
5. P7V—ARERMOI 7 V-2 AWTTAFTLZITH. FHAKFSLTIE, 7V—2A
MoOB X METFHZT, BIEN2 PV EESREREFFLTS. B7LV—Ald, §ig2o
DITV—AE72IP 7 V— AL DB TTFEFFILEI ). 29 LT, BIEBRFFILTIZP
TJV—ABIUB 7 V—a I LTTFRIFFILZT) S LICED, F—FEZRE CHIRT
x5,

L2, BIBOEET L—-20BREACZTFUARSEEIT IO, I7L—20F—%
CIERBR Y FRETE L, 2017V —a0EETNhAE GOP D& TOEAEBZSLILL, P
T U= ADF—F ERB ) BRELZEAIE, ZOPI7L—0Lk, BiEOB7L—20
FAEEBRICHIPELS. 2070, ERRVBEI 7 V- 2D0FF LT — s R IRY K
EXml, P7b—4, B7V—ADRICGRY) BERIELES. I 7V—20/F5LE v b
DEYWEEICEH LTI, 17— A#LEROBA LR LHFSTLFELHV 720, §if
TOBILEGH LT - ORVRECHE TN E0ETEATES., /12, P77V




18 #2E BEWEREEAX

Bit

X 2.14: BhE{ES 5L

AOBELE Y b T, BIENRZ P AVOF—F b o L BRERBS L 1D, ThE, B
N7 M VOBRIIZEB Y PIRET DL, L ZEMERPELLZEIRLTY T BAH
BIZHILEG 25720 THS. BIL—LDFFLE Y MELTIE, P7L—ADEEE
FRCBI E X7 P VOTF - PEETHH LERLNDDY, BT L—ADHFFLT— 5 DR
%ﬁbu%@B7v AE%LL#%ﬂ%ﬂ%tué&m#b I, P7L—ALHRTH

B2 5 2 BIERM ) OBBIINE i B,

DI, BEBEFESLTIE, 17V —A0FELT — ZEEFHEREADORE X
B 570, RFFETIRI 7 V—2D/FFHT — 7 ITHY T 2 8L EROBBIEAFEICD
WTHEHZ ED T L.

2.4 [EEZEHRARX

R AL S N7 EHRIERIL R 16QAM B [36] 12L& o T, WEBOEEM IS U/EEKT
FhEMEEENS. 2151208 16QAM FROEFHERBEEZRT. ZOERAFATIE,
BErREBERBILICI TR ZABRLTBY, BHEEANSLORBICNET S »IC L o TR
B 1 oE#%E, RIENOELZINBT A0 Lo THE 2 DEHREY, 2LENMERT S, B
B1ORYVR2FOLEFTHAHESE D, %, WE2ORVELIOLETSHER D, LY E
{FHZLiICkoT, BB 1OEHEZEED I6QAMEASRL W DB VWEERETERT S



2.4. BEERHX 19

LHRTED,

RS 16QAM FRIC L o TIERZAT I BE, B AHEEEOR = D2/D1 N |-
ET, 2ODBBOBHEDEZERICERT LI ENTES, ZOLE, A =13EFD
EHETEEED 16QAM LEMTHY, A =01k 1> VRV T it DIEEZITFH QPSK
(Quadrature Phase Shift Keying) a4 & & L \»,

FEE 16QAM O AWGN (ZEBRICBITAHE 1, BE 20 RiZZzhZEh

11 iD;\ 11 3D+ D,

P, = 3 5erfc(\/_d) 3 2erf( o (2.8)
11 5 D2 :

P, = 3 Eerfc(\/_a) (2.9)

THENS [34],[35]. 22T, 2R F Y ARBEBNERT.
SO, FREREN CE DD EHVTROL S ICEEND,

11 2\’ 1 3 ?
Pu = 33 ((%Dl) +2(( D)+ (5 D1+D2))+(§Dl+\/502))
1
= Z((D1+D2)2+D§) (2.10)
2T, WBERREE)=D,/D;tBLL, Dy =AD&V
C = (D1 + D,)* + D2 _ (D1 + ADy)? + X2 D?
- 4 - 4 .
D% 2 2 '
= —Z—((l+)\ ) + A?) (2.11)
Do 4C
"D} = TSN T (2.12)

Iﬁﬁb:, D1=D2/Al b, .
(D1 + D2)* + D% _ (D2/ X + D2)2 + D%

C = 1 = 1
> 2
= 4DA2((1+A) + %) (2.13)
4X2C
* 2 -_— ————————————n e
D= 22 +2) +1 (2.14)

Lo THE 1 DR FRIE, CNEyEBREREBENZHWT,

1 D\ 1 D+ D,
= = fc | 2
P., 4erfc ( \/50) + 4er ( s

1 D? 1 (3D, + D,)?
= —erfc ( o2 + Zerfc ( J——F—




20

ierfc

lerfc

4

Zerfc

#2E BEEGEEHTA

D}

(B

L4 )+22)D?
2

o2

)

%1 4C
802 2)2+4+2)\+1

g 41
AN 44X +2

4

—erfc

4C

1 AN
) + Zerfc (\/ 52

222 4+2) 41

[V

ERINS (36). T/, FRRICHRE 2 DFR)RIE

1
—erfc

Pe2 4

(

D,
220

1

D2
= Zerfc 2

802

(

1

1 422C

—erfc

4
1

—erfc

4

[/

)

T2AZ 42X+ 1

8g?

My
402 + 40+ 2

ERIND., TIT, erfe() BREMBEBTHYRANTEREINE.

erfc(z) = 2 /oo e P dt

™ Jz

oA+ 2X+1

)

AT+ 2N+ 1

)

(2.15)

(2.16)

(2.17)

X 217128 16QAM FR DY v F &Y & (Bit Error Rate : BER) ## D7 5 7 %R .
TS50, BMBEFRREAZNELTIILICL), LVEELXERESEECHRELO

BER B2 ETEXH 2 Libhr b, $ 72,

CEHIERE LA,

ALY BB R OEREREREOEZ T 5



2.4. BERMERAR

1122700710 01,27 % 11
P BRRRE N A IR,
foree e .| P ..... \
RN N (00l
| P Y | P Y
IR R DU IRRB %
01\ s..~...-j."..".’-’o() 00 \"‘.;t;'a.'11 0

Ich

-

10".’. .'-;".~ 00 00¢ .’:-.—:~.~ 01
'i'":.".iziﬁzi:k b IR 1Y
g0 s £ \
PN K R -0 ]
SIS [ IR NN '
-------------- l ‘l . . - - . . - .l

- TETN 00N ,’ \.\ ........... ’
11\\.‘-'-t._.’. 01 10 \.‘.-.-.*.’ 11

X 2.15: B8 16QAM FRDEF HEE

P(d)
)\

\ 4
a
\ A
\ 4

D1

2nd-Path 1st-Path

[ |
2nd-Path

Threshold Threshold Threshold

X 2.16: &8 16QAM HRE T L T OHER BB




22 #2E BWEGEXHR

1 T T T T
Enhancement Layer 2 =0.2
1 — 04
1 O— .. "’“--.,‘,‘\_“::"‘* 0.6 7
0.8

Bit Error Rate

A\

| 10 Bas° N \\‘ ’Q'/,/ . |
TR

| 10° | 160AM \@‘Q/ 1
\

104} apsk”

\\
3
1311

10°° T B ‘
5 10 15 20 25 30
C/N [dB]

Xl 2.17: F&/8 16QAM FD ¥ v PR M
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2.5 B&HJIFEZEEBICHE T 3EEEGEX S

KIZ, REFHRB L UHERD 16QAM, QPSK DEHFRIZDOWT, AWGN ERBICBITF
%, CNR 3§ 5 ZEWE D PSNR % K 2.1812RT. QPSK AR Tid, BHIEREE
PDFRDPEGD 1YV RVLI2Y 2y b THAHD, 2EBERED S LESFD, B
B 1DBROAEERE LAE/RERLTVWS, ZDL %, QPSK IZ & {52 TiHE%E CNR
A¥10dB IZE THIEL TH, 30dB DEHAERD PSNR 2RO, HEHIES LMEZE SR
W7z, {ERE CNR SR E S NGAICD, THhEED PSNR DXEIZE LW,
F72, 16QAM AR TIETRTOBEHRZEET 5729, CNR OFBWEERTIE, BRFSLD
BOBTIMSOXBILEREFH DAL ZT BT T, BVEELZBLILITED,
LAaL, ZOFRIMMEEBEMEDHICFEL, CNR 4% 20dB 2 b AWIZZEE G LIS
FAb % tE%®, CNRAT15dB BLFIZ4& 5L, QPSK 2 &k A{E%4M % THA.

—%, EFRICL BEHETIE, 16QAM E[F L & 9 2 CNR 2%20dB 3154 5 41L& 158
575, 16QAM X ) JIERBREOHLICHE V20, L )& CNR T HWVWREHEE PSNR
MEEBAHILATEL. FRC, BEEHEE) =04 O%AI21E, CNR 2%20dB L EDH
BiCBWT 16QAM A& F%EDOFEAE® PSNR E 2R - T8, PSNR=35dB #7155
7eDIE% CNR I, 16QAM FREL VD BL 3B HEEN TS, 52T/, WE
1 DIBRIZER Y 2354 LA ERME TR Z {HL 2450 5 PSNR=30dB %2155 720 |2 E
Z CNRIZBWTH, QPSK I W BL#2dB DLz EEoTwah, ZDESIZ, REF
R, ERBEORESHLIT L TRLPICEHEMESHNLT S, WbWAT V—AT7 VTS
SF—a VEERTEALAZ LI A, ,

2.1912, AWGN 1R BT 5 BBARBENI T 5 ZEE R PSNR S L RT. &
T, A=0.0BLU) =1.0 DEEFEFNREN QPSK H3, 16QAM FRDEFHEEIZDH
725, M6, {E3%E CNR 4520dB DL EOFISTIE, A4%0.3 L EOE CREE G ML A
—BLRoTVAZ Wb rb. 7z, {EEH CNR 4% 18dB DHBAITIIA = 0.7 25H@E & R
BEFBMTHY, E%ECNR BMETTAICONT, \OBEBHEIINS otz
Whird, Tz, EEOEVICLAEEHORERE(ITEL, 727, “AERIAL” OHAITK
CNR TOY—ZEFMBD 3EE L ) R KELL L oTWS, Zhid, AERIAL ORgRE 2
DIEWAMD 3ER L D DR Y RENE W20, BB 2 OERICH L) BWEEBASER X
NA7HTHA.
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B8 RWEGEXHR

4 ' ! T
* ["GRL
a =
: A=0.0(QPSK) —
: A=0.2 —— |
) A=0.4 -
A=0.6 - -
A=0.8 —--
2=1.0(16QAM) ---- |
15 [T . | |
3 10 s ” o
: Channel CNR [dB]
(a) GIRL
40 .
"AERIAL"
35 ¢ -
%‘ 30 |
> P T
& T |
1=0.0(QPSK) —
A=0.2 -
A=0.4 - T
A=0.6 -
A=0.8 -
A=1.0(16QAM) ----
15 20 y
Channel CNR [dB]
(b) AERIAL

X 2.18: AWGN fZEH 2Bl 2% % CNR 5% {EHE & PSNR H:i



2.5.

B AESEEBICH T 3 REESREESEE

4 . | |
0 "COUPLE"
> P — :
% 30 ;
£ 25 _
) 2A=0.0(QPSK) —
' A=0.2 -
. ',"‘..". ’ A'=0.4 ---------
o 1=0.6 —— -
e A=0.8 -—--
A=1.0(16QAM) ----
15 : . .
5 10 15 20 25
Channel CNR [dB]
(c) COUPLE
40 OON"
35 F |
B T
/':;.7’;;7* /,/" !,/'
a ’I /.I/. ’ll —
-

2.18: AWGN 1RREEEIC BT 215K CNR x5 HE % PSNR F#%

4=0.0(QPSK) —
1=0.2 -~

A=04 -
A=0.6 -— 1
2:08 P
A=1.0(16QAM) ----
15 20
Channel CNR [dB]
(d) MOON

25

25
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PSNR [dB]

PSNR [dB]

#2E EWEEEEAX

24 ICNR=20[dB] — "~ 1
| 18[dB] R
22 16{dB] e T
20 f 14[dB] — e -
12[dB] —- R
18 F  10[dB] ---- . . T i
0 0.2 04 0.6 0.8 1
Hierarchical Parameter A
(a) GIRL

16

14

- 12(dB] - el
10[dB] - T
0 0.2 04 0.6 0.8 1
Hierarchical Parameter A
(b) AERIAL

B 2.19: AWGN {ZE &I BT 2 EFFEE T ZEE % PSNR B



2.5. B8HY IABBFRXRICE T 3 EREGZEEFE

38 ' r ' .
"Couple”
36 |
34 7
32 ,'.»’,’-"_:f-"'
3 30
= e
26 | 20[dB] — A
18[dB] ——-
24 + 16[dB] - T 3
14[dB] — T
22 | 12[dB] -~
0dB] -~
20 1 1 ~L 1
0 0.2 0.4 0.6 0.8 1
Hierarchical Parameter A
(c) COUPLE
34 | "MOON" ' I ]
— “~. | \\ 1
a 26 B ) \\\. ]
% \\\\\ '\..\
g - N ™~
& s T g ]
221 20[B] — e s
| 18[dB] - TN T i
DT 6dB] o e T
18 + 14[aB] ~— T .
12(dB} -~ e
16 | 10[dB] ---- | . T .
0 0.2 04 0.6 0.8 1
Hierarchical Parameter A
(d) MOON

2.19: AWGN 1EX 2 BT A ZREEIT ZEE R PSNR F4:
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28 F2F EEEEEZZEER

2.6 ¥E

RETIE, ARR L A CRIBR OS2 BRIEREIC BV CHRINEE 7 195 MERT
BB, EEIEHROBOM) RESE Y FIH L BB ERER SR RE L. 22T,
ADCT BB HROBEHF SN HROBREE BD L 312, BB NEEREHRD
WY v FRUER Y BB L, ZORBILREICOVTRIT 5 L3, BERESROKE
ERIOWT O ZEEFore. $7, BB SN H8ER% 2 EEECRESEET 2 BB
16QAM ARITDOVT, ZOIERI Y REHIC T 2 BRI LTV, BBLH T A—¥
I B B8 Ok DIEREER OB ORTF R BSPIT Lz, £LT, BEY XF 5D AWGN
ERBICBY 5 SEEGRHEEECOVTHERERY Ialb—Ya v ifiolk. ZOKE,
REHFRNBFERD 16QAM FR L D B EEBOHILICEL, L DEVWEEBRHZIZBWTY
BVREEGRSEESLND L EH L L,



e
oo
e

FHE BIRERERIZERIC T 3 EE{m&*

Lo

wz:|

3.1 #¥E

10GHz P EDOBHEF R AV A2 HEERR CTREERICL 2BRESKE VLD, ERMOE
EEZHETALD CERRNRENEFEEL 25, BRREICI VEGRESHILT S L
&, FAUVINMEREIBBRTENEELRL, »2MMETBL CEMBEIHLLIEE,
ZREMEVPRBIIHTH L WHRHENEDHAE. £2T, T4 VI NMERIZBWTY, 7+
TIRREDEHIC, BRICLI2BEORE IS L TCZEMEFRELPIZHILTE, wbY
YT V—RAINTTIT—ary” 2RBT5:0, BBEEHROBHIEHTHS L
Zzbhb,

F7-, BFREARE LT, BRORBMEEFAL, BRRBICHRERR (BSEHL L)
DERDZEN YT, UZHBROENBENBENLBLTAI LI VEEREZHRET <L
F ¥ — A REENHE A (On-board Resource Sharing : ORS) #SHfFE 3T 5 [37]. &
2T, ORS FRIHELZEFRZEATAZLIZL), BRRHEICL2SEEZGNE NS
b2 HETEL [38]. T4abb, BROZVEAER ORS ICL )V BRHEREZHME I TN
BAICIE, TRTOBEREEETHILICLIVEREREREZEEZEAL, £ OB TH
IR IZFEFRATRAE L ORS I L 2 EMREOHE S TE 2 WIS, BB 1 D% 2 HEC
REETAZLICEYVRELZEHBOHLEHS LA TE S,

RETIE, HEORICBT 2ENREEOHEEB LU ORS YA F ADFEBIZOWTHE
R, E2ETRRLIBBEEVATLAT ORSHEEME VAT AICEALIEHL
WHREZREL, BEIWICBI 2 EHRERE T CORE Y X7 A O#IEEREXFEY,

29




30 £3E HEORBREAREXRICHT IEMEESTR

BB S UETEBRY I 2L —Ta VIZE VLT A.

3.2 HELOKICHTIBHERE

3.2.1 BEREOHEE

e ROGAD 95, 40~50mm/h DT OIS IEXEBER TG TEB S NS, ROy

MENBIERDIA EARET S L, EOHEFEBE f(R) ZXRANTEINS [39)].
K log,s R — m)>
R s (3.)

ZIZT, K=logge=04343, m BLU s it log,o ROFHEB LUHETH Y, BRI
RE2DIHIZRDLATNS,

W, PENBESMENGBERS A TEUL CTENRES R ZEETLHHE, R=0%%<
EALRGH VD EHEREVELS7:0, £HB LUERPEOEHMD L, BRO
2\ 90 % DIFFIZ R38R D 10 % DR (54 X)) ook Hv 5.

£ 3.1: HHIIBTLBRFREESMDINT A—F
320 G35 SRR

ﬂﬁ)ﬁ: m S m S
ALIUE | -0.277 | 0.549 | -0.0757 | 0.551
& | -0.214 | 0.576 | -0.181 | 0.634
3 | -0.305 | 0.655 | -0.280 | 0.737
KEX | -0.332 | 0.674 | -0.190 | 0.683
10 | -0.187 | 0.608 | -0.201 | 0.660
fBM | -0.262 | 0.678 | 0.032 | 0.650




3.2. HEEHRICHT KT 31
3.2.2 HEBHRICH I IBRMEREDHTEE
RERRREE A 1T

A=y [ Rde (3.2)

TERIND., ZIT, v, n BEEBLRBEKFETHNNTA-5THY, BRIOKRICIYE
3DEHERDLNTWE, W, BFEE ROSAVR (3.1) OMBERSAIC LA o
TEETHHE, BRRER A DGHIL, me,s. /37 A— & LT A5MEEMi THELT
&, RATHEN3S.

K (logyg A — m.)?
f(4) = 2/ms. A xp { 252 (3:3)
Z Z T,
1 o
m, = logjops — 510810(1 +-7) (3.4)
Ha
i
Se = Kloglo(]. + "—2—) (3-5)
Ha :

ThD. T72, pa, ol iETIRER A OTHME, ST, Theh

lo +nm  n?s?
4y = D-exp ( gw'}( + 2K2) (3.6)
4
o} = —E{D+2 (D+§\/D+§5> e"”m—%}
a o « 84
2 2
exo {2(log10 2 tnm) | (%) } {exp (%) _ 1} (3.7)

TREINS, 122L, DRA—REMROBRNRERZ X LILRE, HEONVES L UL
BT ATHEEBEEICL o TROLNS., T2, lIBEWBEOZEZHMBEMBETH Y. HEN
BIZBIT AHOEHRETIE a=035 LEEENS,

WEL 62 FTOWIRE (FLIR, Ml&, B3, KK, B, BE) BB 24MB L U0%H
WHOBRNRERMIAOMEMEZK 3.1, 3.212RT. &8, T Tk, #ILEREONEY
HE130°, HEPLLOT ) M TOREHIE 21 2GHz F R IRET 4. 75, $XTOH
BRCERORBIBIEY 1 % TICT 57201213, 5dB OBFRES— IV, 0.3 %UTF
T 57201212 10dB DRERBRE~Y—Y V35, FNENLEL 2L /bbb, T/, #
B L o THRMRBREDOREREIKEL RLLZ 3 b25b
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Rainfall Attenuation [dB]

#3E WEORBHNREREXRICHT IEMEEAR

% 3.2: KABBOBERBDING A =% v,n

R % (GHz) 0% n
11.45 0.0784 1 0.88
14.0 0.0803 | 0.88
17.7 0.169 | 0.88
21.2 0.225 | 0.88
29.25 0.346 | 0.88
50.0 0.537 | 0.88
100.0 0.655 | 0.88
Sapporo —
Sendai —
Tokyo - i
Osaka —
Matuyama -----
Fukuoka ---- 7

0.01 0.1

Probability of exceeding Y-axis value[%]

3.1: FEFRREERAR A DHEEME (4 F9)

10



3.3. BREEIC L 3 BREXEROLLEME | 33

30 T —
\ Sapporo ——
\ Sendai -
25t Tokyo -
=) Osaka ——
= Matuyama -—--
g 20 1 Fukuoka ---- 1
3 v
]
=]
§ 15}
<
€ 10}
E
5 -
O . P | —— L 4
0.01 0.1 1 10

Probability of exceeding Y-axis value{%]

B 3.2: FERIRIERE DM OHEEM (FARIRE)

3.3 RERERICL 3EEEXEROLLFE

AE T, BT HHBEREL SR L HEORENREEREE T LCER L2BED
ZREGBMEICET ARFEICOVWTENEIT). 22T, BIEHREOME LR 130°,
HEFLOT Y BT OREETIRE 21.2GH 7, ZEHEEKKE L, #EITHEE “GIRL”
(5163 1 bit/pixel, 5t PSNR=35.4dB) % F\TIT\, i, BFRICER S5 HEIER
IREREERODDE LTV,

9, EHARE LTEED 16QAM 2 HW5E0, BRO%VWEA O R EHIE LR
mE L ZEEGRHEFDH LR EMEL THLIEROMBK LR 33RT. Brs5, 16QAM F
REHAVEE, FEZEFESEPSNR 2 35dB &+ 5 L &, BEMIEFICBIT 2 ¥ — ¥ AR
I3 99 % (BT 1 %) 2135 7:01213, {ZXH CNR22dB L ETHHZ L ¥birb. £
72, ZOBAFTEZEE® PSNR % 30dB & i, ¥ — Y ALRERRIRIL 99.5 % (BEiT=
0.5%) L% 5.

RIC, BETHIHBEXFAL HEORERRFEEERICEHE LBE0, BEBEREK
A LFAEZEEEMSE PSNR 45 35dB B LU 30dB # THEIAHEFOMKRZTN 348 LU 3.5
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Outage Probability [%]

Outage Probability [%]
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0.1

HEERERERIEERIC B SEMEEHR

PSNR=35dB ——
34dB -
33dB
32dB —

15

10

0.1
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, 25
Channel CNR [dB]

B 3.3: 16QAM HFROZEE B M E AP EME % T [0 5 FEFE

\ 2202 PSNR=35dB
\\\
N\ 16QAM
\\

N A=0.8
i 3=0.4,0.6 ]
L =~ e 4
15 20 25 30 35

Channel CNR [dB]

X 3.4: B2 16QAM HFRDZEBRL LR AR
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10 T .
Y PSNR=30dB }
S
=
= 1
2 :
S i
£ r
[ 3
&
=
o
0.1 F
10 15 20 25 30

Channel CNR [dB]

X 3.5: B 16QAM HRNDORE 1| IEHIE%ER ) Bk

WZRT. TTT, ZEHEE PSNR 4°35dB % FHEIAHE L ITRE 2 OBBICTERRY 2584
L, ZEEGMLICHEFRELLGAEZEL TS, M3405, BMBERKEMA T 05 L
LB R SEEEOHIRERELETELI bR S, DL X, BEHFRITHE
EDI6QAM AR LI DD, BWER1 %E2HBL:0CLELFHEEREY CNR * 2.5dB h#ET
X, ¥/, {5EH CNR #522dB DBADEMTEIZ 0.5 % TH Y, 16QAM HFRDE5ICHE
TEXLZ bbb,

—7%, ZfEE% PSNR #°30dB % FTRIZHA L IIHE 1 OFRICEZBIFIREL, %E
EEICEREZHBRELBEEERELTVAS, 204, BE 1 BROEREEEI R
BEL L7090, K35»OMBEFBEENIKTAIILE)BERRIIES LS. HiC
A=0.2 DEFAIIE, 12T QPSK FRLASOERLEOLNALAZ LITDRA,

RIZ, EBOEEDOHLORT AL, BREEOFTEMY I 2L —Ta V21T,
EFRRER OLENIEZEE CLBELREE L KT ARV, | HOEREEOMIT—E
® CNR %182 AWGN EEBTHL L EZONE,. 22T, BROLZWIRETOD CNR %
25dB LIREL, ZOREPSBEMICE o TRELZ R 7B EDHEEFRNOEBREEY I 2
L—2a VERZK3.6~38IIRT. H3.60 QPSK HFR T, fZEBME DK X 2HLIC
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B3E

(a) H3E7% L (PSNR=30.79dB)

(c) E 10 dB (PSNR=30.79dB)

~

HEEREMBRIRXEIC B 3EEEEAR

(b) #3 5 dB (PSNR=30.79dB)

(d) W3 15 dB (PSNR=30.55dB)

3.6: Bk 2 3Ib—Ta UER (A=0.0: QPSK)



3.3. BREERICLIEREREGROLILEM

(a) #WFE % L (PSNR=35.44dB) (b) #3 5 dB (PSNR=35.44dB) |

(c) #3E 10 dB (PSNR=28.01dB) (d) #3% 15 dB (PSNR=18.04dB)

B 3.7: {ZEdaIlb—va R (A=1.0:16QAM)
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(a) 3% L (PSNR=35.41dB) (b) #3% 5 dB (PSNR=34.70dB)

"

(c) 3% 10 dB (PSNR=33.25dB) (d) #3 15 dB (PSNR=29.43dB)

3.8: Tk a3Ib—2a VR (BEHFRX  A=02)
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L TIHMBOFR L D NS 0D, BB 2 DEREZEZEL Tk Wwid, ERESEESL
ZTTVREVWEEDOREPMERLR LY L oTw5E, KITIRT 16QAM FR T, 1
BREFBRELEXT TV RVWBAISVREOBEEBREHBL L TE LY, EABMEH
CETLBAICE, RELBAERBEOHLERITTVS, LrL, HISIIRTHREE
AHRNTIE, HEOLVHACIBRAEOBLEBREBL I LFNTE, EBPOEXRERLE
PETLAEAICYH, BEEEDOHILE 16QAM HFRELVIIMETETEY, BEBEHALK
WKLo TTV=ATINFT ST =2 a yPFEREINTWES,

3.4 TILFE-LXEENHHEBEEEXSK

BB TRBARENEZR 3.90 K 512 6 BIRICFHT 5. D 6 #ifit 22GHz i
BN THEINZ6FMDAR Y P E—ADRFHIBETICLTWS, H5HIBD 50 %L
LA T imm/h LEORWSEBAI SN2 &, ZOHIBICERIBE L LHET L 5HE,
FEFR O S MR 3 5 TR R 2 K 3.10127R T [37]. B S, BRFMATHAERICD
2o TRRICBRETHILRIZLALRL, HEROERNOBFHEIIENZ L25b2 b,

QIVFE—-LREBHHME (ORS) Y AT AT, OO BHEZHV CREFBRO
ZEREZHETS. T4bL, XEENZEACHETREYVFE—LT V7 ) & EH
LABREZHAVAI LICL), BRI L TROMBmT OREBHI~— V284 T
5, TOFRERAVEZLIZE T, BRHBROZEREIBEIREENFREIRET S
ZLHTES.

RIFAT TR RO 720K 31LSRT & 9 % 2 DOHIRICx LT ORS 2 & 5 EHES
EATIBEAEEZ L. 2DO0HEP L OBROERE BT, RREEHZES LERHRD
EXBREZEETS. &5, HRFEROERICIBEBERFRNEEAL, EXEZME
FRREMIZ L W RELHLERITH I L2,

TDLE, ELELP—FOBBTOARNIRA L, ORS 12 & )RR OE XK ME
DREVURELRIFE L, WAHDOHIBR CTREMASEEL, ORS I X5 EIMME DWEISAEE
RHEICONVT, BBERBENE TR EEEICEfIELZ LY, LB, ZfE
EgAEFLETELDLELILNS.

ORS 2L 2 BHES DT M 3121378 F. FHIBICBVWTHERICL2BED L WES
WCHBEL LR BEEBNEL Py, BEDOTRTOBHZZFHIRIIHEFICFH LI2HED 1 #if
Wi DBHE Pl Th. BEBHY—V V% Pt dhE, ORSICEoTEIHBTHZ L
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3.4. VIFE—-LEXEBHFIHREE=EAR

Input Data
for Zone A

Input Data
for Zone B

Rainfall Information

FICTIITY- TITTLITN

Hierarchical Hierarchicalf
Source Coder Modulator { :
e i Amplifier
PR S—
 J
Hierarchical | ~fHierarchical
Source Coder L, Modulator

Amplifier

3.11: ORS EERBIZESFRD Y AT AET WV

>
—

Transmission Power

> >
Rainfall in both zones Rainfall in cither(B) zone

[ ] Threshold Power : Pt (w]

Base margin :Pux  (w)
B ORS margin :Pu-Pk w)

£ 3.12: ORS 12 & A B HE S

41




42 3 E MEORBNREAEEXRICHD SEBMEESTX

OHELBNIE P, — Pl %h., £oT, ORSIZL o THEENLEEEME Mogrs[dB]
BARAXTEHE LA,

(P — Pui) + P
mbRs=1om&o{ (P Pk)+ k} (3.8)

3.4.1 VIFE—-LZRESHFRAX EBEBZEFNDFELER

B 3.14i12< VF ¥ — AREBHHHE (ORS) AR L MBEXAFRNOEEEGME T2
SIDBA iZ#:[E{% “GIRL” (5L 1 bit/pixel, 51t PSNR=35.4dB) % Fi\> THEAT 7= 4
BERYT. 22T, ORS THEIT A ARy + ¥— AMEHIEE % 2, ORS TREFHERICA
S ENDERBESY— VY Mors% 5dB, BRBERIIBWT, FhtEb b hr—H DI
P OBRTHLHEERE 70 %, WHDOHBCHERIRE L CWAHEERL 30%E LTV,

K225, ORS FREBATAZ LICL o TREEBRBEIKRESYUFINL I L3P 5.
¥:1Z PSNR=30dB %152 70 D E{E% 4% CNR 12 12dB £ & 9, 16QAM R & BB L TH
4dB DHEENFA LML, LarL, FU{{E%E CNR i 12dB D & 2 Z{ZE& PSNR=30dB
REBLIENTEL, BBEREBEAI04DEAOWBER IR, E2XH CNR 512~
17dB O#iPHT ORS AR L ) b HWEEEMR PSNR LR LTEY, Zo0hH % B
THEHT2HEI2IE, BRBEZRARDIZIPVPENRNTVWLI LD, S.

3.4.2 VIFE—-LZXEEHHFHHERBEZEARDREERRZERFMY

B 3.141Z8RET 5 ORS WEEXFRNOZEEZMERELRT. Hrb, BRBEEAX
REHTAHZLICLoTORS ARDERFUNKECUBEINL Z LADRB, 22T, B
BEAREBRORELEZEZ S, $72, K3.153.16XEX RO EHEBRMLEZHE L 720
LHE7%, FE CNR it L REERBEBROBGRE ENETURT.

B 3.15% 6, EFORBEELNTIX, FHEE PSNR HE 35dB 2155 B DHE CNR
IIFEBERIEENT048 DL ZICHREME15.6dB %2 & A Z L 0%h b, THIZxHLTORS %
BHLHA I, K3.16525, A =04 DL %|ZFFE CNR 3 REfHE 14.0dB £ %21, ORS
REATHILICLY 1.6dB OXEIELND. Z0OHE, FHEEPSNR K 30dB %8
5728 DFTE CNR i1 8.4dB &, FHE{R PSNR fZ 30dB 285 7-0 IC B EFKEZ &
BEL, A=01 ., LAGAL L TIdB D% b %545, A=01 & L7-3BAI1Ciz LY
BVWREOEBREZET A ENTELL (LA,
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38

36

34

32

PSNR [dB]

30

28

26 £

10 12 14 16
Channel CNR [dB]

18

20 22

B 3.13: ORS R HAB L U GEEHRDIEEE CNR X F3%/E PSNR K4

PSNR [dB]

5 10 15
~ Channel CNR [dB]

25

X 3.14: ORS BE{REFADIEEE CNR x5/ PSNR 454
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EIE HEORBRNEAREERICH ZBMEESAR

25 Y T T T
R PSNR=35dB —
Py 34dB -
\ 33dB -
20 32dB ——

Required CNR [dB]

04 0.6 0.8 1
Hierarchical Parameter A

B 3.15: FRBIREHTRDOBERBERELHITE CNR it

25 r T
! PSNR=35dB ——
\ 34dB —
33dB -
A 324B ——

20 " i 31dB - T

Required CNR [dB]

04 0.6 0.8 1
Hierarchical Parameter A

B 3.16: ORS F&/Efm:% DR ERIEES T E CNR Hi:



3.4. VI FE-LREBRAFHERRESR

Improvement of Required CNR [dB]

Outage Probability [%]

10

0.1

| with ORS PSNR=35dB |
Without ORS
0 0.2 0.4 0.6 0.8

HierarchicalParameterA

K 3.17: HaEHFADHTE CNR &R

¥ T Ll

PSNR=35dB
16QAM

ORS+16QAM

H16QAM (A=0.48)
ORS+H16QAM (A=0.4) /

1 L N

14 16 18 20 22 24 26 28 30

Channel CNR [dB]

K 3.18: BIZEHADZEERS LA REE
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46 E3E HEORBNARERRICH T IEMEEAR

R, IEREEGLE* 35dB & LA 0, BMBERKEK L EBED 16QAM HRixt
TAHRMERFRDOMBIEEBEME OUEEDOBREE 3.17IIR Y. K45, ORS # BT
BHLZHE (A =1.0) DWEEIIN 1dB THH 03t L, BEEEHFRNzBEMTHEALL
BEDOBRRUEFERED 24dB &, FTEZEEGETE 35dB 2155 -0 2 IR IZR R % EH
LB BRNTHAHZ elbs, 7z, MAREHHALIZREORAKYFEIIH 4dB &
Y, MARTBEMTEAE LIEAOUEBEOML DD E5I20.6dBOYEINTEY, I
FREBATHILICLIHMBEHRIBONTVS, ZhiE, ORS ARZHWVWAZ LIZLE o
TIEZEB CNR S L D EWERIC O o TEBITAZ LICE o T, MBEZRARPLVER
IHERT A7 EELLNS,

M 318 BERMED 35dB 2 T D, ZEERICHIIELLHEELRT. Kb,
I-ET5H ORS BBIEREFRIE, EEED CNR 4722dB DA ICHENE 03 % THY, @F
D16QAM FRD 3 FD 1 ICHRMRIPEBETEHZ L b1 5.

3.5 =E

RETE, TAVYNVEERR BT 2BENEFHRE LT, $2ETRE L BERE
FREFEORERBRECEEICEAL, ZOEXBELZHALMITS LT, EREY AT
B L7238 D ADCT BRFFLEZOMELLITOVTRFEZIT o7, €DOER, B
ERARZBEHTAHZLICLD), ZEERDBEIMEERBRHE DB E - THRAIET T
B, “GV—RAINFTITF—2ay" xEBTELI L%, sHEBYI2L—Taiziy
oz L7,

& 512, ORS HREWEBEE IR EZMAEDELT LVEMRESRARNEREL, #F
B R IR R B S B 5 Bl 2 BB AR RIS DOV TREN T 5 L 3iC, BRBEEHRN
YHAEDEL I LIZLASRESRFBELMCT S L, HBEHROTFELELR L.



B 4=

BEAZERETICE T IEBEESR

4.1 HE

HRZHOLTHINT AT 4 TERY, BEMERIOT L TEMRERT 254, BT
BB LSHIRENB 2T TEL, 72—V V7 IV EEBRBEIKE LB 5 [40].
BoBTREL-BBEMGEREY AT AT, 20X IEREOSE I & IcEE T2
BARWERE LS. ThiL, ERBROGEFETLAEEICIEELRERESATEHEE R
REERERL, EEABROMEVRIFZEEICIIAINNBEREBIERETAHIILICL T, EX
BORMBIIE IR ZTI LI TELIZOTH A, '

RBETIE, VAV 72—V V7R 2 BEHRZERET IO L TRBEBEEY AT
AEBERAL, SRR I V- Va VICE Y RESADEREERFELHLPICT S, &5
i, FELEBHAZEEET LBV IXGESZMELMLEES7:0, RYETEFRNLEH
L, ZOXRAZEHFELUEHRICOVTRITEZT .

4.2 LAY)—7 11— 0%

BEIEGEREE, BBRELOMER Y X K5, E, #HElE2%T5-0%5H
BRI L 5. COBA, BEIRELICIIEL 2 HAD»SBRT 5 2B OESE VI TH
LAV, SV ALEEEMOBRASMIEREINS. 0L ) ZEREEOBRAI
DhEBEIRFBE TS L, ZEEOLERENMIN4I10LIICT VT AEFHT 5.

ZTT, ZWRPLE—FER [ OBREFREEINTVLEEZ2ER L. RERISER
=% AL CEBOFERE E o TEIRL, BERERICT V¥ ALk EEEEOERES
HEHHTSdDETSH. v, nFHICERT 2 KK e.(t) P BEVE DOEATHENX LT

47




48 F4E BEAZERETICBU IEMEESLX

R(t)
#iE

1008 §

-1 /I ]
NERZARYA

Bl 4.1: 72—V 7 SEHROEE DR

AESTERLTWEIDETNE, XRDEHICHFEREND,
en(t) = Re[z,(t) exp 7(27 f,t)] (4.1)

22T, Rel]| BEEROEMIME L HI LEERL, 2(t) i n BB OFREOEE LT
BB, Filen(t) HES L OEMEERELTHRT 0L L, REROKEEL), BER
DEATHRES vE T2k

ln - n
zn(t) = Rnexpj (_27r__vt)\c—os¢ + Hn)

= za(t) +jyn(t) (4.2)

DEHIZFEREINS, TZT,.RBILUGIInFHICHRTAREDOEMMEMHETDHY,
WEND T VY AGHERERTH 5.

BT B RBEOME NETHE, SEE e(t) BRRD LD CRRENS.
N

e(t) = D en(?)

n=1

N

= Re|3 za(t) expi(2nfit) (4.3)

n=1

2T, XEEDEMBS z(t) L BERBS y(t) AW,

z(t)

> #n(t)

n=1

N N
E_Zl za(t) + 7 ; Yn(2)

= w4+ (4.4



4.2. L1YU—71—J T IRERE 49
3B LRAZ™A.
e(t) = z(t) cos(2n fot) — y(t) sin(2n f.t) (4.5)

K (4.4) I2BVWT, NPT+ RESEREDHRIPTRCABETH S LTI, PRABEER
FEICEY, 2(t) BLXU y@t) 3FBHEF0 TELVHHEETAEWVIHMY 2EESN 7 X
BEICED, (82T, z=2() BLWy = y(t) DEGHEFREER p(z,y) TRAD L HIC
5.

i y2) (4.6)

1

p(z,y) = Inb; &P (- %,
7272L, —co <,y <400 T, bliEHZEENLTA.
R (4.5) DRAZULIE, TR R(t) LALAHO() THWT

e(t) = R(t) cos[2m f.t + 0(2)] ‘ (4.7)
LEFIENRTES. 22T, o(t),y(t) & R(t),0() & OHERKR

{ z(t) = R(t) cos[0(t)]

y(t) = R(t)sin[6(¢)]

THERONB DS, HBREPERIZLY R=R(t) £0=0(t) DEAHEFER p(R,0) 1T
REDLHITRDOLNS.

(4.8)

R R?
e (19)

72750, 0SR,-n<0<nThHb. ThIY, RBIVUIENWIIHMIZT V¥ AEMTH
D, ZRENOREHEERKp(R) BL U p(0) 3RRDL Itk ENS,

{ P(F) = g e (_%0) (4.10)
P(6) = o=
ESRED, 75— VY S REROTMEE ORI, LA )~ & AT
Ebrs. ,
Kic, S OTHRAR (4.10) O LA ) — 125 > TEIT 5 B4 D ONR 4055
PRDODL, ZEBOEEFTTHE p. L THhE, ZEHEOEKERITRTHS L ED CNR ~i
R2




50 B4R BBHFIERETICH) IEMEEAN

L%h. BRERERICL Y EOREBEEBEE p(r) TRDL L, RAD &) LG I
5.

1
p(y) = %e‘”’“ (4.12)

ZZT, y20THY, v =0by/p, i3 FH CNR TH 5.

4.3 L1V —71—-I I RETICHST 322 EEBSGREESE

VA =7 2=V V7 %% 5 BEVESIRER IS L THE 16QAM AR EHT 556
BEBILoYy FEREDFIL, KX (2.15),(2.16) X (4.12) IR ENBEEBE OB CNR D
HEREFREBBIC L o TEHL, RAD I HITKD B LAITE B [41].

-

1| 1 1 1
Prl(A)’YO) = -|1—- 5 + — 1-— 2 (4.13)
4 L \/1 +4 ’v:/\ o 4 \/1 + (2,\312,\1/\1/;)70
1 1
P2(Ay) = 5|1- N (4.14)
L Ao

®, I TES ORI AAEFRE 2 IRE L TWwA.

4202V A4 ) =7 2— T Y TREBIZ BT 5 BB 16QAM RN E v 54 1) 3 (Bit Error
Rate : BER) f#MzR¥. M2 b, BMEBERARTHVAZ LICL o THBEREE /N
ETBEE2ODHEBOEEMERZSEMEELNDLZ DAL, T, V=020
BAIIE, BE1DBER % QPSK L iZIZFASICE TRETAIENTES,

ADCT Z AW EEA L HVIZGE, EREBICBVWTIEY FOERDIZEST
BETHLHEEBROEABNEENEFN D, D, L T5. ZOB, ZHBOEREKBLERAE
AWTRZ 58 ) RTHEE LIRS, BAEERD PSNR 35X (4.13),(4.14) FHWT

2552
y70) + D2 Pra(A,70)

THEz2bN5. |

JFE% “GIRL” 12X+ 52 ZEEMBRO PSNRFHDY I 2L —Ta VERER 4.3, 4.413R
Y. BPS, REARICBWTHEBERBER ) £ 02 L LEAICD oL 3 PSNR Hias
B A EAFbRPrb. ZORE, #ED QPSK, 16QAM D AR L 0 b HICEN %
ZRLTBY, FIERBEOMELT 20dB 75 35dB O#FATIX, PSNR #%8 X % 3dB (&
SRTWAS, Thid, A2 021 LG4, BEECNRASSKELSHILLIZEBAICRET S



4.3. LM —=T - 7BETICH T 3R EERDEIFYE 51

Bit Error Ratio
5

—h
<
N

1072 :
10 15 20 25 30 35
C/N [dB]

4.2 VA Y—7 2—=TVTRETICBIT ARES BER $34

BB 1 DIEERD S, QPSK I AEEDFEICIZRF LA ZIBRECEITHEINSL 0
THb, TOHA, BE2OBYRIHMT 45, F2ETRLALL I, KE2OFERD
Oy FERDEEIFEFEINS WD, BB 20O BER ML THBABEZMREICEX
P BYH5RT, &R LTOZEREFEEINS. 51, BR CNR FERWEEIC
X, R 2 DERD ERICERENBEZLICL Y, REFREHWIFAEERSE A QPSK
FREDIRELHEFBEINTVS.
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F4E BBFIERETICHT IEMzEAK

36
34
= 32
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)
g 30
g
go 28
E 26
g
Q
= 24

22

e
e
-
-

20

X 4.3: B EEHRDOEERFEY CNR xF 4 5E PSNR £

25

Mean Image SNR [dB]

20

15

X 4.4: BRIEZFROERBE) 1 FHERMHE PSNR Frit

Proposed System -@—
QPSK -0
16QAM -3 ]
20 25 30 35
Mean Channel CNR [dB]
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CNR=20dB -0—
I 24dB -0 i
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Hierarchical Parameter A



4.3.

L1y —7 11—

v

STRETICHT 3 FEEGRAERE

(d)A = 1.0(16QAM)

% (“GIRL”,CNR=20dB)

53




54 E4E BRBHSERETICSU IEBEEAR

(a)A = 0.0 (QPSK) (b)A = 0.2

o

()X = 0.5 (d)A = 1.0(16QAM)

2 V#E (“GIRL”,CNR=25dB)




4.3.

LY== 0BETICHET 3 2EEGRESMN

(c)A =0.5

(d)A = 1.0(16QAM)

47 EHEIE%Y T2 —3 3 YR (“GIRL”,CNR=30dB)

95




56 F4E BHEZERETICH 2EEEEAN

ou

(a)A = 0.0 (QPSK) (b)A = 0.2

(A =05 (d)A = 1.0(16QAM)

4.8: HfgImEY I 2l —T a3 YR (“AERIAL”,CNR=20dB)



4.3.

L) -7 - FBETICET 3R EEGRLERM

X 4.9: Bzt I 2L —

~

V-3

Ve

(d)A = 1.0(16QAM)

# 8 (“AERIAL” ,CNR=25dB)
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(a)A = 0.0 (QPSK)

F4E BRHARERETICHY IBEEREAN

(d)A = 1.0(16QAM)

B (“AERIAL”,CNR=30dB)




4.4. BERFIRYITEFS{EEREXAER 59
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