EVA

g 8g
A
=

Exs

DAA 5

-r-n\ CcrT FreY :3 SIGNAL ¥T

\).—.—.

DchA' TV N THAE‘;A.\EB

: e 2 s Feai b
& N AR RINNTIRIN TRV ISy
RN o'§"':e~i§.;‘§£ IRANTERTIISULTS




dirlmoayana nazeeunMmANITN

w

msdszanammsiaduanuddneaniliulszmalne

EVALUATION OF FIELD SIGNAL MEASUREMENTS OF

DIGITAL TV IN THAILAND

KINUPONG CHOMSUK

%mﬁwuﬁdﬁsﬂuﬁmﬂﬁwmmsﬁnmmum‘fnqmﬂ‘%q;muﬁmmsumamumﬁ’mfﬁﬂ
INIAINTIHINIANNAN
VA INgag
amTUMAlHIaE NS Z2oUNA NI IYINHITAIANIZT
WA 2550

KMITL-2007-EN-M-010-114



EVALUATION OF FILED SIGNAL MEASUREMENTS OF

DIGITAL TV IN THAILAND

KINUPONG CHOMSUK

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN TELECOMMUNICATIONS ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2007

KMITL-2007-EN-M-010-114



COPYRIGHT 2007
SCHOOL OF GRADUATE STUDIES

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



vnaInenas

aoumalulainszoemndudgunmsainnszila

v = d
lususe i neninus
v YV oa =Y d " V) aa =
1D INTHNUS nslsznammsiadyiuataoaind lulszmalne
Evaluation of Field Signal Measurements of Digital TV
in Thailand
w & a L4
WNANE WBAYWIY YUY
stiadszdinn 48060959
IS INTIUAAATUN T UNA
CARRELR 0551 InsauuIAy

¢al a a ¢ -
mnwﬂ%mmmuwuﬁ TIA.AT.NOULY AYHIY

= a d A 4
AUZNITHMITOLINGIHNUE ,  owileyo
ST quusioy W= A
A3.UUAT Adu 9(";'%" Aol
TA.I52ANA 1Y ATITH /O,._‘ZS—
o = =) a d
3f.A3.1ANA ¥IqING pE\
3.93.NDUYY IAFHIRY
v A o 4 o
Tu/wew U faeu 19 woATMmou 2550 1381 09.00-11.00 U.
v ¥
aounaey o 9115 A U 3 Weailsuaw 1 .
7 g N
um'-ﬁmnmamuwmm

/7.'7\/‘-
6‘5?‘ 12k H ‘il'lE'Jﬂi miﬁuq‘u)

ﬂﬁ!ﬂﬂﬂm"ﬂﬂ?ﬂﬂ'lflﬂ

..............................................




o e

Wt Ineniinus mstlsznanimsiadyaiaaiaoanilulszmalng

Vinfnu WA FuaY
sHanAnE 48060959

ayan IINTIUMNAATU I UNA
NI Jrnssu Insauuiny
WA 2550

dal a a ¢ W
mmianﬂ’%nmmmuwuﬁ IALNOUYY ATHITY

UNAALD
a a Jd @ 3 a o o = v
INVNIWUTRTVY T UAUoNavBINITNADIS UTYYIUNI91NNITAI0ONDINIA
ey e " i i A
nuvatnealudszmalne Tasldszuu DVB-T (Digital Video Broadcasting — Terrestrial) %4
T8ims1dauudlunai 9 Yszmalaommizilszmalunoundiylsy Taodmualdeglu
= 4 o' =~
1A33IU ETS 300744 DVB-T 1ims 19aaum ¥ luszuy COFDM uagiimsiaon 1452 u1ue
QAN LUV QPSK, 16QAM, 64QAM uazaninlsnnuniawossesld 6, 7 n5o 8 MHz
= - @ w = A a = d o ¥ o
Taviimstiudadyaranmdsauy MPEG2  Faluinetinusatiuil ldvinmsnagoums
o @ ' = | [ d' 3 é =~ o
Sudganalaomieenitiuaesguuuio msfuupuneluemsiduiesddidnyuzuoy
a & oo g B @ A ' [ P a
Pauazmssvuuunmsueneimssiianuuzysiuinlunssuiuanaieiu Taglfiaseasy
neAsHadyaIa DVB-T uazinsesiioiaszaudyaia udnhwan ldvinmiialuuaazuuy
whmsdszdum wenidasiduanudesnsvesdyauaodya s uniuiinemsiy

a =

o - ' 4 4 4 vy ¥ = o )
Gluﬁﬂ‘utuwmaﬂmlmumazwuﬂ Lwdlﬂ"lﬁﬂmmwmamn'lmmmmumummmm:mm



Thesis Title Evaluation of Field Signal Measurements of Digital TV in Thailand

Student Mr.Kinupong Chomsuk
Student ID. 48060959

Degree Master of Engineering

Program Telecommunications Engineering
Year 2007

Thesis Advisor  Assoc.Prof.Dr.Kobchai Dejhan

ABSTRACT

This thesis presents the results of receptions TV signal from digital transmission in
Thailand by DVB-T (Digitat Video Broadcasting—Terrestrial) system DVB-T used in many
countries around the world. The terrestrial standard for the transmission is defined in ETS
300744, DVB-T, coherent COFMD carriers is used and select the type of modulation such as
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(receiver DVB-T) decoder, instrument and results from measurements to evaluate the best of C/N,
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4 ar 1 4 9/ 4
319N 3.1 uerAsdasmsdadeyaves COFDM fimsIdamuannud 8 MHz

Bits per Guard Interval
Constellation Code rate

Sub-carrier 1/4 1/8 1/16 1/32

2 12 4.98 553 5.85 6.03

2 2/3 6.64 7.37 7.81 8.04

QPSK 2 3/4 7.46 8.29 8.78 9.05
2 5/6 8.29 9,22 9.76 10.05

2 7/8 8.71 9.68 10.25 10.56

4 1/2 9.95 11.06 11.71 12.06

4 2/3 13.27 14.75 15.61 16.09

16-QAM 4 3/4 14.93 16.59 17.56 18.10
4 5/6 16.59 18.43 19.52 20.11

4 7/8 17.42 19.35 20.49 21.11
6 1/2 14.39 16.59 17.56 18.10

6 2/3 19.91 2212 2342 24.13 N

64-QAM 6 3/4 22.39 24.88 26.35 27.14
6 5/6 24 .88 27.65 29.27 30.16

6 7/8 26.13 29.03 30.74 31.67

" W @  d an H
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P = Y d 2 1w [ " T e [ & 9
DVB-T [12] M319% 3.1 Yauaas Iimudamdasimsdedeyalundazaidnilsaie 9 dalvan
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muiiszy 1Inem1s19vedsz 11 COFDM uadamvi 1dnd1ndisduersiisiuaugununi
ANNEIII0 luMsTuvesdyanuuunaoui 1ivanINTinsTUAIUIFL (Phase noise) T1HA
[ . Y T
mdlszaninmvesmsiudyapaumdeuiniuiesnimssudyanauuegiun
o ar @ ar A o a0 as Y oo P Vv
dwmiulumasudygradielinisnsesnnuddinduuudidygiun ldszgninlag
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TyanueneuiaeniilualneauaziomeIdyg iU (Guard interval) 000l m1ntiulas
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1 b4
ulasdyauiuadumvuznndumanduuitudyauniwiazidosdnaia niadu
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3.1.1 gUnuuvesmsdamsulu COFDM

lumsdsdaauues COFDM udmlszneuds 9 ﬁag}mui‘uuﬁmLﬂﬁu%gaﬁgwuﬂ
819U 68 symbol lugawaan 7, Tavfuaas symbol fi¥awnanilu 7, melusmauves
TunuAduN MU K= 1705 carrier dM3UILUUMIAUY 2k 1A% K= 6817 carrier
dmFuszuumsdauy 8 k fuanslumised 3.2 (121 uenaind Tugaanm 7, 1dgnuis
sonifusaavesnailddmsunmslFouie T, uastanamwesturu A Feiinsuaas
swazduavesdunmiiluanei 3.3 (121 msuvesdeyaiidaudsznevvesdayan
Twaon fuaasiensiIiwiouf (synchronization) lugwvesamud,nar, msudeya, n1s

¥ Y
Uszinuyesdaygu MIiNedMiuAIUAUMSINATYYIUIUNIUNIYL (phase noise)
= U

dlonandemvessmaunduninzil¥lu corpm smualiilua K Tastivnuilu k

=0uaz K, = 1704 dmiuInue 2k uag K_ = 0 1ay K, = 6816 A1 Tviua 8k auday

M13190 3.2 naaaner a1 9d msudya e COFDM d§ms1 2k tay 8k

Parameter 8 k mode 2 k mode
Number of carriers k 6817 1705
Value of carrier number K min 0 0
Value of carrier number K max 6816 1704
Duration Tu 896*10 sec 224*10 “sec
Carrier space (1/Tu) 1116 Hz 4456 Hz
Spacing between carriers K min and K max (K-1)/Tu 7.61 MHz 7.61 MHz

¥
@ e

Aufuaumsvosdygrandeninnnnsae 1anh

67 Kmax

s()=Rele”™ 3> Sy, 0)
=k

m=0 =0 k

(3.1)

min
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jZR';—(!—A—les—68xmxT_‘)
tiio Vo ik (t ) =& (3.2)

2 ((+68xm)xT. <t<(I+68xm+1)xT,

EL) Wik (t) =0

ta lildegluveuvadiedu Tuvazh

K ﬁmuﬂiﬁaﬁuﬁuﬁwmﬁiytymﬂﬁuwmz (Carrier number)

/ U111 Y93 COFDM symbol

m fudwmveusudeyalunsds

K ﬁ'lui°|mmmmﬁn‘!n‘;mﬂﬁiumwﬁgnﬁq"lﬂxxf’h

T,  Pu¥381904 symbol

7, iudunduvesresnvesnaunive

A iWu9a19037U¥Y (Guard interval)
£ duenuinmedyandumnng

kK Hudriivosntunmziduiusiunnuina viok -k - (K +K,) /2

iy fp sub-symbol n3o complex symbol FMTUATUNIMZOUADT k VDI symbol

Yo yai 1 melumlsudoyaii m

M13190 3.3 LAAY91981 Symbol 1A Guard interval

Mode 8k 2%k
Guard I.nlerval,A/ I, 1/4 ] 1/8 | 1/16 1732 1/4 l 118 1716 1/32
Duration of symbol part, 8,192xT 2048 xT
T 896 x 10°s : 224105
Duration of Guard Interval | 2048xT 1024xT 512xT 256xT s12xT 256xT 128xT 64xT
A 224x10°s 112x10°%s | 56x10°s | 28x10°s | 56x10°s | 28x10°s 14x10°s | 7x10%s
Symbol Duration 10240xT 9216xT 8704xT 8484xT 2560xT 2304xT 2176xT 2112xT
T=A+T, 1120x 10%s  |1008x 10®s | 952x10%s | 924x10%s | 280x10°s | 252x10°s | 238x10°s | 231x10°s
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3.1.2 &’m“mumé'nﬁq (Reference signaling)
4 o ¢
3.1.2.1 HINAMIMNOUYBAFAAAN 9
v 9 ' 3 Yy a by 1 ¥ = @
isudoyaves COFDM ldgnuagan agludoynd1ae9indiua uazdoalimasunsiu
k4 o & o d"d & o o o & d
Tuasudyana Fuwsaaais q dimsnszne lldudygnamiv Tudnuvesndunivaiy
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Tnuavas COFDM dautapeniilu 2 Tuuafie 2k w3o 8k carrier Tasudaz lwaonsznszawoy
o o . — ' —
nn 1 Ty 4 vealsudeyalu symbol $1uruv0adoyaNIN (data carrier) W1HiTluAIRsRaN
symbol 919 symbol 134 1,512 carrier TuTvua 2 k waziily 6,048 carrier 11 Tvua 8k A0S
N . p
nszavedyg s Inasnldgnuiisesnyin PRBS (Pseudo random binary sequence) Faiilu

s soiq o R [
wanmnaai 15 lumsinisrsvesdyana lwaonoon il
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[

dayaa pilot iN3NszIB0N lAwmsuegqaniineIveesnUYLIUNITVEL PRBS [12]

o

(PRBS sequence), w , Haziimsaauaued awddvuesdriidygismine (Carrier index)

L

& o e a
i k %QilU'JuﬂJﬂdﬁfyﬂﬁmthﬁﬂﬂu i;:"lﬂf;uamirjnﬁmmi’fﬂna‘lu Transmission parameter

au

é = o o '
signaling, TPS ¥99z 1asimsvinaueluiidods Ty

s

= vy & o = I ya oy A
YUIUNTT PRBS HﬂWiﬁiTQiﬁuﬂﬂLLﬁﬂﬂiu;ﬂﬂ 3.3 3¥IHMUI PRBS Ilﬂ!.ﬁllﬂu'ﬂ UYIMU

A n‘: @ o o o
ﬂﬂﬂliulliﬂuuﬂﬁQﬂuﬂuw'iﬂﬂqusf]wgauazinﬂz‘].jﬁllﬂ_ﬁwvlu'ln“ﬂq PRBS ﬁﬂ

I 2
Gx)=x + x +1

1 1 1 | 1 1 1 1 1 1 1

1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit
» > i > ia > ’

delay delay delay delay delay delay delay delay delay delay delay

(&

[nitialization Sequence

317 3.3 msAuiinvesvuIu PRBS

v
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3.1.23 duvisveauvaamsnszaedayanalwaen
a o« a T d o —
Yoyad1avei lannvuiudiads gl luadmsnsznevesdyana lnasniin 9

td k4
symbol uazwas q i Wi liaumsaevausimsueqandail

4 1
Relc, , J==x2| =—w, (3.3)
u 3 2
mi{c, ,,}=0 (3.4)
= o
10 m e astveunsy
kA9 A¥iANNDYDIAAUNING

o

I fp A¥HIA1989 symbol

] ¥ ] ]
d M3V symbol Nawtiilu 7 1iu (0glus997n 0-67) Fyanamivzara q fudazasiin k
dulmunsatiosues { k=K, + 3 x ((mod 4) + 12 p/p Wludrd i, p > 0,k e [K

4 " .
;K. |} Fagnnszniedyana pilot

max

A éﬂ o d 1 A 9 1 [ uly v -
e p IUUMTHIUAUATH U mxmuﬂﬂuﬁumiwmawm k 32 110719 9] WA10aNi

= 1 A 1o P [ a 9/ [ 1 [
uAziANANT HIBMAUAUE FaIenNuNa k NlAvzeglusisenink, K,

K,= 1704 if 2K
=0 K= 6816 if 8K

— Symbol 67
— Symbol 0
— Symbol |
-~ Symbol 2
— Symbol 3

ooooOOOOGO® ~

TPS carriers and continual pilots between K. and K, are not indicated.
® Boosted pilot
~ Data

310 3.4 Aumiavesdyana pilot TuneTaseadaveunlsy OFDM
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o 1 as tﬂy o J 4 o ] a o
Aumvdsvesdyaa Iwaen dgndmuaiiuieldnsatuquisiagesdygy i yada

o Q

¥ ¥

IR “boosted pilot” MinTza1wved lwasniwa awaumstisdulumsifiudoyadieds
¥ v

dmsunsdedyanalnaen 11 uazgadud Aedeyalumlsy uensintinisiei 3.4 12]

Wumsuaasdumisvesdyaa lwaon luanudnimzaiais q Taslulnua 2k 5w

v v v
vodlwaennanua 45 aud uaz Tnua 8k W91 177 N0 Mud1ey

" 0 ] ar — A 4 d
119N 3.4 uaasd v svesdgana Inasn NanudaduNIHA1E 9

Continual pilot carrier positions (index number k)

2k mode 8k mode

048 54 87 141 156 192201 255 279 282 333 432 | 0 48 54 87 141 156 192 201 255 279 282 333 432
450 483 525531 618 636 714 759 765 784 804 873 | 450483 525531 618 636 714 759 765 780 804 873
888 918 939 942 969 984 1050 1101 1107 1110 | 888 918939 942 969 984 1050 1101 1107 1110
1137 1140 1146 1206 1269 1323 1377 1491 1683 | 1137 1140 1146 1206 1269 1323 1377 1491 1683
1704 1704 1752 1758 1791 1845 1860 1896 1905 1959
1983 1986 2037 2136 2154 2187 2229 2235 2322
2340 2418 2463 2469 2484 2508 2577 2592 2622
2643 2646 2673 2688 2754 2805 2811 2814 2841
2844 28502910 2973 3027 3081 3195 3387 3408
3456 3462 3495 3549 3564 3600 3609 3663 3687
3690 3741 3840 3858 3891 3911 3939 4026 4044
412241674173 4188 4212 4281 4296 4326 4347
43504377 4392 4458 4509 4515 4518 4545 4548
4554 4614 4677 4731 4785 4899 5091 5112 5160
5166 51995253 5268 5304 5313 5367 5391 5394
5445 5544 5562 5595 5637 5643 5730 5748 5826
5871 5877 5892 5916 5985 6000 6030 6051 6054
6081 6096 6162 6213 6219 6222 6249 6252 6258
6318 6381 6435 6489 6603 6795 6816

313 f'i'lﬁ")l!‘l]‘i‘llmﬁ'ﬂjuﬂlulﬂlmidd TPS (Transmission parameter signaling)
s é d' o @ 9 ::: = | L ar ]
hdvauntandiaglulnssadransyvos COFDM 1y Asmiauilsvesdygunisas
é 1 ar a/ T ar 4
(Transmission parameter signaling) maﬁwammswammmwum uﬁ'mmnmmgmvm
Yt o A o 1 a g ' P - o & A o A <
DVB-T vlﬂllﬂﬁﬂﬂ"iuﬁﬂ\‘lﬂ'ilm‘lN“UENU‘ﬂ‘IJi‘JM"ﬁﬂ'N"] m“flumuaumm HIDITHTINDUINDIA

a‘: ¥ - o n’: = @ A 9/ ol
uils (parameter) HU 9 Tﬂﬁiﬁiulﬂij']utﬂﬂ')ﬂuﬂﬁﬁllﬂ uﬂﬂmuamnmﬂﬂﬂuammummw
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waziies Faowilu MPEG-2 sauflaszuumsilostumsdnasudaymio (Scramble) iy
WneaNu N luszUuMINegIan Y99 COFDM sdnaiidalsznounsudauiia 3 daudo

1) msnszmmmmm'lwaaﬂ (Scattered pilot cells)

2) ﬁiyﬁy’lmﬂ’JWéW‘lTﬂWﬁBﬂﬁﬁﬂlﬁﬂﬁ (Continual pilot carrier)

3) A dmsumdaunlsdayanamsds (TPS carrier)
ﬁ'aifud'mﬂs:nauqﬂﬁwmnﬁ'lﬁ'ﬂrinunfurﬂumﬁaui’fagmmfiﬁamlsﬁi’]auﬂlﬁﬁn
szuumsuegan Tanswlasimsssydumisvesdyapunauningiuga q aseadi
aruavesns e i luasei 3.5 (121 dmsuluTrua 2k Snou 17 awd uazlunua
gk fi§1u2u 68 AW ua:nnﬁ;maammﬁﬁmaﬂu'ﬁhﬁmﬂixﬁﬂ'sﬁ’uﬁy’aﬂnﬂmaaﬂdmmmﬁ

U 9

13190 3.5 uaaadumtieve TPS Tuanudnviaie 9

2k mode 8k mode
34 50 209 346 413 569 595 688 790 34 50 209 346 413 569 595 688 790 901 1073 1219 1262 1286
901 1073 1219 1262 1286 1469 1594 1469 1594 1687 1738 1754 1913 2050 2117 2273 2299 2392 2494
1687 2605 2777 2923 2966 2990 3173 3298 3391 3442 3458 3617 3754

3821 3977 4003 4096 4198 4309 4481 4627 4670 4694 4877 5002
5095 5146 5162 5321 5458 5525 5681 5707 5800 5902 6012 6185
6331 6374 6398 6581 6706 6799

a o & o Y @
ANUDNINYDA TPS HUINMIAVDY AR
[ 9 1 - ﬂ v . -
1) msueqian swAeaved @ Fuiluarlums  Non-hierarchy 130
. 1 U a g 1
Hierarchy Taom1 o sefiauily o0 - 2 autlndudeeiianilu o
2) FI90MMUBY (Guard interval)
3) DATIVDINITENTHE (Inner code rates)
4) Twuavoamsdetoya Ao 2k N30 8k
o o
5) Swouveudsudoyalualnledmsy
£ o ~ ' : ] =
Tulsudoyasnau 68 symbol wea COFDM fuiludauves TPS 11y uAaz symbol i

ANUHUIBATNAIT19N 3.6 [12]




= =2 ¥ '
M13197 3.6 uaAsttoyanie 9 lu TPS
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Bit Number Purpose/Content

S, Initialization

S,—8 ;4 Synchronization word
S;,— 85 Length indicator

Sy 0y Frame number

8sxs s Constellation

S Bz g Hierarchy information
8.4 850 93 Code rate, HP Stream
K gy 0 Code rate, LP Stream
Siss By Guard interval
Seiig Transmission mode
| Reserved for future use
Slop s Vep Error protection

3.2 mstlszanaesdyana

nanms laoiia lveamslszainamyesdyanamnetamsmmnmingauigadiviy

LI dl Y ' o = 9 s | Y Y o Qs P Y ] A
msihdaanai ldninuasdudanedasunauau v lndmosdudygiunnnaiuag 4

=) o @ s ] 1 ar o 4 E [ 3
AdsiimsfimuasHansedynaesnndudandsiuiy e linuhdyananiv

¥y & .. i ¥ o ] o ¥ o A v -
hlﬂlﬂmlta”a AU 1 Training sequence i]s‘iQﬂNWﬂ‘liﬂ‘U'i%U‘Uﬂ"ﬁﬁﬂﬂﬁll‘lJ‘lJ'liﬁ‘IUmE)

fuaiiouyasuduveanslsziaresdaygia (Channel estimation) [12] 33UTIMIAIRY

Fraaumazmsnuguanun I augaiulunssu-dadyauves COFDM dmiuiiszuy

aa = o VY 1 = ' o [ = ¥
ﬂﬁlﬂﬂﬁﬂﬂﬂ"ﬂu1ﬂ11‘ﬁﬂﬁlﬁl ﬂﬂ1'3ﬂﬂﬂ15‘lj'§$ﬂ1m‘1§€l~3ﬁﬂgm1m!ﬁuﬂ15ﬂﬂﬁf'}ﬂﬂﬂQL'JZ’ITVIQﬂﬂﬂ»11'11

M5 5UAYQY 1IN Training sequence o IR muIsaAuTya udTaeandunlild nanmsh

Y ' ar | v w & i & v a  ow =
¥fumsdszinagesdyanufemsanduius (Correlation) Fuilums 1d)sziiiudyaun

3 o 1 &L o oa ' & A o ' £ ) o Yy ¥V o s ]
vlﬂ‘ill‘ii’lﬂ‘li'N!']ﬁ'l'ﬂ'l-.lQﬂ‘UBﬂ‘B’Nﬂﬁ'lﬂufl‘lﬂ‘H?Qﬂ‘l«lﬂﬂ‘ﬂﬂ ﬁ1ﬂ§ﬂ1ﬁ‘1ﬂﬁmuiy1m“lﬂﬁﬂulﬂu

o w - o o a o ad
Aunavvosda i taziinai 1z @ninmveamiiuaiu
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Py (n o )
x(n. k) Tx Rx
T, (n R )
Diversity .
xn. k)
o (.k) v
Rx
A :
H (n. k)
Channel Estimation
310 3.5 madsznaresdyaavesszuumsSudygw
vnjIil 3.5 dyapainsylddedmualimeeimamedusuidiusmou fe
r(nk)=> H (nk)(nk)+w (nk) (3.5)
!

[

o H,(nk) dmuadlusesmsaevauesnnudilwaenInu Suduil  kuazlsuvog

' ]
=t QA

COFDM 8UAUN n AIUNISADUAUBIVDINIWOINIANGININN i uazdlnsSuUNAIWwe 1IN j
b4 [}
MUIBANUNANHULYDINIAINTZNdYRIUNRT szUUATR0A TuNuAiaseIN AR uAY)
3 'ﬂ o a [l o u!: 9 = 9/ a a cg‘
anninaseunquld ¢ (n,k) iluilandunamsds dnivendesdimsadeaoundunuiy
4 ) -~ Y ] @ 4 g .
welmifulnssiw Tasld3tnsveslnsaviodyaunnufifeiu (Single  frequency
[ - [ o EUEY o a -
network, SEN) [13] @9 w, (n,k) fediudsznevveadgyaan ldnnmsSudym nions
sunudusIvnanIndIulsznovvesdygINd o
4 " w a s o
luszvumsdomsunn1¥me msaovauosresdygIn LUUBUNAE (Channel impulse

response) aunsoesueld ﬁ\‘}'f:
h(e,7)=> 7 (O)e(r -7,) (3.6)
x

ie 7, iWhumsmizsvesnanludumsvosdidui k
b umsaeuauoImIvINAFTou (Complex amplitude)

() dudyanuiadlumsasvausiniud
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L] o o o 4-'-!- ' 1 J L7 ] d‘
MIAUIINOATINEY kAF Maundoves A(n/)uaz GA1doend K ) w2Au0giuminiem

¥ Vv
navuyosresdya s lueimadiluszuy COFDM nagaundiu K / KAf=K KT, 1oy

s

= 1 Y
umlndifoanu 7,

'
oo ¥

Asnidyaadmedusunaiga (Multi-path) 1 1dmailymvesmsszmugia

g o

[ ¥ ¥ 1
Fyanufioniu 3311191351399 Correlation 11T uiiug 1w iedygmnsaouauoa

ANUANAAD & 11 sub-symbol Mindayanaddun i Tuaums (3.9) ag'ldn

Ky -1

H (n.k)="> h(n1p7" (3.10)
=0

¥ .
viude  H, (n,k)dlumsaouaussnnuives 4 (n.l)

vnaums (3.5) dyanaiidiue 18
2
y(nk)=> H.(nkk (n.k)+w,(n.k) (.11)
=1

e k=01,...... K-1 "naues » uazmsaadaya e «(nk) 1 i=1.2



UNN 4

UKVl U AN

o =) 3 s 1
MIINMIWVDIAYY Y (Multi-path fading) IIAYUINHAWA UM TUANYULYDINITAY
dygraluszauaival (Line

o 1 t& ]
of sight) mMasasun ldlu 2 dau dedolduily

dauszneuvesmisudya uiufe Longterm fading 1a% Short-term fading [11] lagil
AUN1TAIY

r(e)=m(t)-1,(0)

(4.1)
e r(r) Wudgygnuniv1d
m(t ) il Long-term fading
2 (t) iy Short-term fading
4.1 PM331 98UV Long-term (Long-Term Fading)
A3INMIBIUY Long-term, m(x) Humvoamsnansiaamas viemveuvodynia
1139194118 (Envelope)

a o

a5 A
|
| -~
iLf—\V’\,\ + 3 A~ N Y_‘!
if 1 N \
E YN~y Y !
Field
Strength

x,-Lx, x +L

Y
x

gﬂ‘ﬁ 4.1 Local mean 994 “zgfugmmi VNIV Long-term
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a = ' A - =
ﬂ1n§1h'] 4.1 ﬁUﬂ’J]lﬂu Local mean [1 1] Hiaﬂ51.|1m1]ENﬂ_ﬁﬂﬂ‘UﬁuﬂuﬂﬁU‘UﬂQﬂ'y}n“j\1

¥ '
Toynou lunAnz g Aniun11)520181993 Local mean, m (x ) 7139 x , Tunuunu x fia

_ l x +L 1 x+L
m(xt ) = 5L I r(x)dx = 5L Im(x)ro(x)cit (4.2)
x-L x-L

A

fiufte m(x,) ifuf1 local mean ign x, A1l 4.1
AT m(x=x)=m(x=x)x-L<x<x+L (4.3)

AnNuE1IEUMS L nz'lﬁ'tflu

x+L

i) =ms) 5, frlok (@

P -y “ ' ¥ -
diemves L inwieomnadalszununives m(x, )= m(x,) nio

l x+L

L ekt =) ) 1 43)

x-L

nnaumsteduldawes £ (x) Tuaumsiisuiiunisnanionuy Short-term Haza1voy

4 ' - &
m(x) UM 391911000 Long-term Fafiamauiioaninanimvesgiitlszimemazdinea’i

¥ [l " [l
1 =1 o~ a A

[ d‘d 1 Y 1 4” c; ] dg d' = -“; =i r=)
Al 9 ﬂuﬂ’nmmnmmﬂmmazwu‘n LYU wu‘nTm WHNTIULFUVT WUNDIV HIod

-

. v & : ;
wywdadiavu 1dun an thu duliluduasisae wiesummuziiudu

4.2 MIIMBUVV Short-term (Short-Term Fading)
¥
MT9NHIBIUY Short-term, 7, (x) Tudruilaiiowiiud 1909997 15919% 101V Long-

1 =) 4; 4 o o ‘:'. o L) C'l
term AtfiavWREINUMIAzHouveIdyyIMNnsyIIweon lunatenane vy dulgnadia

A

cg 1 1 o ar lé q’: U
Au'lll grun wiesmummuz udu aasardumsddyadandiye iy Fsernilunuueg

«u

] .
L=} -

ad yu = ] = y
‘Uﬁ oAU nNNAIY ‘N'Elf‘liﬂﬂﬁUQHﬂTS!.L‘lNﬂ'imﬂjﬂﬂﬂ'l‘iﬂ'lﬂﬂ'lﬂullll Short-term ﬁﬁlmmu

€

A o '

¥
maaummnmuumﬂamﬂu 5NIUAIU

q

.
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4 A v a "o { a o M A
asdifi 1 ifleyasudanureanyaiis uadndimsnameinannomuziudun

o

° A& 4
nMadnaaunay

"

2 Yo
®» Q

e Z o

51l 4.2 msSudgyanavazdmivegiun

s

g 14 A = o ¥ o
‘il1ﬂ§ﬂil$lﬁu’n1ul.lﬂ‘l‘isﬂﬁﬂuﬂﬂiﬂ&i}ﬂ‘iuﬂﬂgﬂg‘lﬂl %31ﬂﬂuﬂ1‘i‘lli]w‘lﬂ'li‘i"lJ’fTiytmﬂu‘ﬂu

s,(t)= Aexp|j27 - £] (4.6)
dl =) o -:i b 4 o
o s,(t)  fe aumsvesdyaiumInamonauiy
- as
A D YUIAYDITY U

£ fe anutvesdygnuiuds
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S o_ o

4 4 o 4 { "\ e w ' & & a P
st 2 dielimsineuiivesd s udyyudIuig i ImAEITIAUIY

4 4
s @ muvuniilussflszney

=

0 0

1 43 msmdsunTunuygu 6 Az

A v A do o A a 9y o (-1 A a 4?
lﬂﬂ’s‘f’]ulﬂaﬂuVIﬂ'lflGLﬂﬂBﬂﬂ1‘l]ﬂ’JUﬂ’Hlll‘i’] v, uﬁ:hﬂlﬂ'ﬁﬂ’i:iﬂﬂﬂﬁulﬂﬂ'ﬂu‘iﬂﬂ"}
a e ada A i ' o o ' 4 4 a i o a
uinafl lunsdindmsnisunvesduiudyaudion q vindwvfayuiniun

s 2 o 4y “a v - @ G =
U 4 mll‘ll'ul.l'ltﬂuﬂﬂﬂﬂizﬂﬂﬂﬂﬂﬂ\i'ﬂﬂﬁﬂﬂ ﬂﬂuuﬁﬂﬂﬁﬂluﬂﬁiﬂﬁ'mﬁﬂﬁﬂlﬂﬂ
s ()= dexp|j21- fit - B- xcosO)| 4.7)

o g fedwavesndy, g =2 7/ Auaz A duanuenaau

2r-ft duminnuddeumauiinaaidnnuiveamsas Tay

minszaoluFanm
“ a 4w 4 o i 4
x ApTzuzMans i v ¢ 1o v Hluanu lumanaoun
VDAWTUWIHUL
A A vwnaveadyau

AoanudusadunNMA AN
[

Saenso@ouaums v 1diiiy

s,(t)= Aexp[jZﬂ'(j; - %cosﬂ]l} (4.8)
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& = P A = o
e luaunisn (4.8) Taun15YDINIINY — aAUDINIUD (Doppler frequency), f, AD
v
1= Icost? (4.9)

@ 3 ) & ﬂ v a 1 A a 9 s u,: 9
auiuvnavesdyanal |s,|= 4 Fuiumaiuazmves £, M30ANBANNAUTVUUIZABY

uwadieii 1d0n 7 uazaves £, fe

1%
f,=f,—Ecost9=j:—fd (4.10)
o’/‘ dll P o/ U 9
NI IZRLUY MIIAADUNVDIPATUDYUUTZUI 6 = 90° 214
v
1= ~7 (4.11)
A e A . y %
MINADUNINMIINADUNTOUIAT 9z 14
f, = f, —cos90° (4.12)

3o L= (4.13)

Yy 1 & Ao W@ [ F
HAZOIFAIUAADUNIUVTIHIYAT 'i]z1ﬁ'J’]

f=f —%coslSO" (4.14)

30 f.=f +% (4.15)



4 5 s 4 - o 4 : L T a
p3din 3 ilegasumdouiidIsaNuEAmileennngaddyau tAfamsaziouvos

¥
o =2

RTTRLTETTY

o

=t

9oe»_.

Building 1

1 4.4 nsdinlimsazouvesdyguinyads

Yy d =2 :i o A = g & 1 e =
nngtuaasliiudanisfigasuinaeunAlsA N MMIBENNNYATITY YU UAINA

9 ar 5 - as v o Y a w 9 a as - 9
myazRouvosdaanuvulufieniaasadudin Mldinansdndnduvesdyaiu 3914

o

aumMIveIMsivdangsuilu

s,(t)= Aexp j21r(jj - %cosO“ )t] (4.16)
L
5,(t)= Aexp j27!‘[f; —-;—-)t] (4.17)

¥ 4
A W

1 e s o Y a 9 o ai Cd 9o Y a
ualunsdithilodinszowdyaialildifamsazeundunauysal sz ldinams

¥ a ar A o - n; -~
ﬂxﬂﬂuﬂﬁﬂﬂﬂﬂﬁﬂgm]ﬂlﬂﬂﬁﬂlﬂﬁlﬂﬁ'ﬂuﬂﬂ

5,(t)= —Aexp[ j27r( f+ %H (4.18)
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Sr(t): (Aegﬂr(vil)l _ Aeij(viA)l}}sz,r (4]9)

HAZAVOUIUA (Envelope) 903 § ,| S, | ﬁ:‘l?ﬁuiﬂ‘\lm Standing wave o

Sr

=24 sin(Z:r %IJ (4.20)

Y A o

Siidayananin 2 iemadundagaiuiiyuaiaiu 92140

s

2m-v
=24 cos[ 52 (cos8, —cosb, )]

]s,I =24 cos[? (cos8, —cos8, )J (4.21)

A

dﬂ. ar v a 1= o o
NIWUN 4 1UDAYYIVUTNT 2 NANN HAUJYUNANNY

0-6,

51l 4.5 fadoulvin hlveamsazieuvesdya
A o ¥ a - I
vingthiledyaaudian 2 fiems ualiyuianiufe ¢ =0° uaz 6 = 6, MNNAUMS
- i o ¥ ad ' da d do o
#1 4.8) dimiunldvunsdiil szdesdimsunumaalumeuyeamsnamonfatuna Ty
vz 14

s(t) = Ae’z"f"(e‘j&wso. g BT )

_ Aej:ef.:(e—fﬂr +e-mwos91)
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— Aefz*ffl . Ze}-ﬁr(Hcosal)f?. . COS(% — %cosﬂl} (422)

A o 9 1 A = a M A d a
e muald x = v A1UBIAAUANVDINYAUA (Standing wave), f;, NIDATIUT NFIYU

YN AMYATIA (Angular standing frequency), @, unuasludumsii (4.22) w183

v

w,=2af;= %-—?cosﬁl = 2ﬂ§-(l —cos6,) (4.23)

3o f, = EVE(] ~cosf) (4.24)

4 & ] A a a A Y
e 6, =0, £, =0 nieanudvesnsymoiiugud mnadu 2 Aanluiiemedoaiu
HazyuIMINY

[ 4 q‘: Y a A o a ] o v -
AU D1UAAU 2 AIMYUANNU AIYDI [, AD
v
= 2—4—(005192 —cos6,) (4.25)

NAUMIN (4.25) MTBAVBINIIHY — aAYBINIUD (Doppler frequency) ILUAUNINY

H a 4 n';
ANUDMIVINIONABILND & = 180° 1WUIBY

as

n3tin 5 telidyanuaziounInyRaNa

31 4.6 msSudygruanmsaziouvenau N i
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4 4 = é‘ o 4 o s 3
dlenmsaziouvesndufavududiu N vinodanaue1niudyaueInianiengg
. d'l F - | Y " [ =
(Direct wave) HHaZAAUMIALNOU (Reflect wave) SUTHANININANINIIAADUAIL 9] Haztoi]
" b ' "
wa91nUs1ngn13al Doppler frequency @30 103910 lunsdifiimsindounivesgaiviie

o o c’r’ @ ar o [ dar
AU v ﬂQHUﬁUﬂﬁ‘UBiﬂ'liiﬂﬁﬂluﬂlu’lﬂlﬁ'lﬁ'iﬂﬂimuﬁﬂ
N
s,(0)=) A7 Pt (4.26)
i=l

& & & v
19 £, ADANUNUDINITAITYRIN
< 1 o o 4 a
v fAeanuiivesdumsiudygraadoun
o fAoyui i voadygnaiidn
1

A o d’i = 1 o - d‘
£ ADUIUYeINaY UAUNINY 27/ 4 uag A AeANNEIINAY

= Y1 o a 4:1.4-_?‘I A o o =t 9"3 1 A A 2 A
ﬁ]zlﬂu‘lﬁﬁl'lﬂ'lﬂ'iﬂﬂim dqﬂﬂ“ﬁlﬂil]ﬂ’ﬁ)ﬂ"lﬂﬂﬂtm 0° - 360° HIpUAIUBINAUNYAUI
o & o ' 2 :
(Standing  wave) 1RA¥UIIANTIY 1A Igagaves £, HTomaiiu-aAveIANNIFIA

(Maximum fading frequency) ﬂﬁnﬁﬂﬁﬂﬁ‘ﬁﬂﬁﬁumiﬁ (4.24) ﬂmuﬁ‘lu

v
=— 4.27
.fmax 2 ( )

.
N ) ar o =

b ]
uﬂﬂil'lﬂﬁﬁ'lﬁ;‘ﬂﬂiﬂlﬂﬂﬂ’li'S‘UT;TiUﬂl'Iﬂ!H'c‘l"Iﬂﬂﬁﬂ'lﬂgd’t)15]‘V°lﬂﬁiﬁilﬂ'l'i“llﬂ~1ﬂ1ﬂwumaﬂ

g o

a oy

VIR NN I auN1IN (4.9) ANy £ onAw
max
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d s 1] 1 o
4.3 Hanvuanurinusuvesanuazily
Harduanumuniuvesnui1eziiy (Probability density function, PDF) 1Huiaiiia
= = Y ﬂé c:i
VONAINITINMILULHAWAANI (Multi-path fading) Bndaniisianionaasliimiudans
o o . ’ da 4 - ¢ d
wlasunaslinvesnnunsadayans (Field strength) Minadu @ilowiusundsveni

ar A.I c; a I a g [ c;
usedanuauszozveansinaoui il TasszAailu dB deiindoya daanalugili 4.7

SAMPLES WITHIN
1-dB BiN =ny3

1-68 BIN / o

13¢8
12 d8

x (n dB)

—I-I-I-l-u..l-l-lﬂfﬁ:r—:l:l
.
.
*
F.
h Y
3
-l
‘v
.

TOTAL SAMPLES =N {

0dB

plx=12= ?'!‘_2_

311 4.7 dedramsquieivamninziuvesssdudyaud 12 dB
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HeanFuanumunivvesnmitnaiu epr) suiludesiinisutisrisvoszozni
20NINANTEAUT Y IUNADINITATIVADY 1FU ABINIATIADUIZAUTYIMNTYIA 12
v
= 1 1 o o & o '
dB 303009 n ,NAGIaNNA N 98 naauilu px =12) a3l Falunisiorsanar PDF
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4.3.1 Hanvuanammivueannaniazilvuss Long-normal

o o [ 4” a = - =)
Waﬂﬂuuiumumﬂumseﬁmummsimmmmu Long—term %30 Local mean 'SJE“[J“UEN

v
AUNIIAL
1 ~(y-m)
)= exp 01 29
270, 20,

110 P (y) = Long-normal PDF

y = anlsues Long-normal

m = Local-mean UY93015914H10L1U1Y Long—term

o, = Andlsauuinasgu mioily dB

o ¢ w Y [ :
anvzveslantuszamnasiuawe daaasluziin 4.8

1
3 I\ iy x

m m+o m+20

311 4.8 manszareuuunAvesst PDF
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43.2 Wanvuanumnivvesnhaniluyes Rayleigh
v
s T [] 1 9 =y
AsrFusrmmunnivvesnmnieziiluduil AesmseFuiofans ey Short-

term 139013 1910 UMAIWNAMNIS (Multi-path fading) 1HiBININYAT UAYYIVUNNITIATBUNI]

v
AUMIALL

r - ."2
plr)= ey exp(;—;) (4.29)

p(r)=2Re xp(— Rz) (4.30)
N3 ply)= ifn-:p(i) (4.31)

($100)] I = Aunaeved Signal to Noise ratio (Average S/N)
y = 1194 Signal to Noise ratio (S/N)
r? = A1049RA0UINITVNMIBLLY Short—term

r = A1A9Y99N1I VNN Short-term

R = AwdsAumavuiaves Rayleigh danuilu +r2/r?

o o o a' ) a c!l ' s o
dnvuzveslendu uaaluzlin 4.9 ez liauuiasiu ¥3919AY Long-normal d 113U

ANUFUNUTYDY .,y 1IAZ R AD

- = R? (4.32)

ANDOUIUIAIFIY, o, AB

o, = 4_”(\/F) (4.33)
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o Jr~ f9A1 root mean square (rms) Y84 r

f1 mean Y04 Rayleigh Ao

(4.34)
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MYpIMaunie 1z0gNIzA1 63 % YOIMAININYA HAZAIIYDI mean VTOYN 63 % YD
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0.1 \J
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317 4.9 dnwazmisnszaevesm PDF Tugiuuuves Rayleigh
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4.3.3 Manvuanaumumiuvesn nuihaziluves Rician

o ar 1 H 4 & 1] & P dw
AanFuarunidumsuaasds aau luumassswduaduannmsaeiou Jaunsal

r ~r2+a2j| [ r a :I
r)=2—exp| ———|1, . (4.45)
plr) r p{ g NP2 A2

1y r = MﬂUﬂJﬂdﬁﬂgﬂpﬂ&ﬂﬁ%NWﬂ
-2 o
r = ATIWNHWRAY
o A
a = fAVUIAVDIAAUUUINGY

1 o @ o & w ¥
AUl l“ﬂuﬂ’ﬁﬂizqnﬂﬁﬂﬂ"ﬁﬂuﬂﬂﬂuﬂ'ﬂﬂﬁ Bessel function "Iiulﬁﬂqgjﬂﬁllﬂ'ﬁﬂqa

0 2n
L(z)=Y — (4.36)

)
“—2"nn

~ Yy 9 Y1
nz>>1 ﬂﬂﬂ1§ﬂ]10ﬁﬂ%&’1¢]’ﬂ

e’ 1 9
I\z)= 1+—+ gt 4.37
(2) \/27.-.2[ 8z 128z ] it

= = o ar 1 ] = P
11.!21]1’1 4.10 Li‘luﬂﬁuﬁmmﬂaﬂﬁvummwumuummmmuwmﬂm}m Rician Nva1

V04 r UANUUANANAUYDY a, =a/\r2 /2 1 ra>>r™

9
o e

= o
Aariy aumsves p(r) Jnaoily

B
p(r)_\/rj

w Y - (r - a)2
(—J YD —— (4.38)
2ma r
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5.1

RF Carrier (DVB-T)
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5.2.1.1 MPEG2 Encoder U1 Tiernan U TE 300 A $112u 2 @2

£

511 5.2 gilnsal MPEG2 Encoder 9¥® Tiernan 31 TE 300A

5.2.1.2 COFDM Modulator 1l52n81A2u
5.2.1.2.1 TV Exciter 590 R&S Ju SX 800 §1u7u 1 #2
5.2.12.2 Control unit 80 R&S Ju NET CCU 800 $112u 1 @2

31 5.3 galnsal TV Exciter 3u SX800 1Az Control unit 3u NETCCU 800 610 R&S

5.2.1.3UHF Amplifier tH0 R&S M VH 6010 $112u 1 @2

- e P ” '
51 5.4 @1lnsal UHF RF Amplifier 8o R&S 1 VH6010 A2

< o
5.2.1.4 HAURIT891MA YAGI 9419 5 Element ﬂﬁf) NEC 91U 4 1KY

e B e ——
1 5.5 gUnsallinamuBIMA YAGI 5 element 2x2 stacks
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522 nsAaryagUniaiiniesdsinaimissuuadaea
’ . wv . &

Tumsdadsginssinindidygiu Insimiszuudtasameldosno1mmivluiiosdu
v 1¥9unsel MPEG 2 Encoder 12w 2 &1 titeiiog laTolsunsusiomsiiez 14oonoima
S 2 swmsiuanaieiy SedgyanuiidelidhdigUnsed MPEG 2 Encoder aziiiu
dy@y 1 Video, Audio output 910 Source generator Iﬂuﬁﬁwea MPEG 2 Encoder Yi‘l 2 A0
avoynsuiuie 191y Multiplexer uaz91ndayQ 101 out put ¥4 MPEG 2 Encoder ¥4
(fu ASI (Asynchronous Series Interface) W WSTi#3 Exciter Modulator tiefvzutlaaiiu
dQye 1% RF ¥04 52 uazdrelnainseadweudy i (UHF RF Amplifier) VX 6010 A2
IO AI88NOINIARIBUHINIUBINALUY YAG ¥U1A S Element $1UIU 4 UHIABLUY 2x2
Stacks 1A8il Direction HU 2 NAMIMIUAY 90 7 Qnﬁmfi"qaq'uumumn Temporality 219UU
Fumaihvoserms 4 Fu éq‘ﬁﬂ'quumnszﬁuﬁuﬁuﬂi:mm 30 wasuaz T&MmMsuwsan
nsznuduseeneimaluszuudinoadionnuiitun UHF %0452 (718 - 726 MHz) uazi

yuamasdauniiny 10 Tadanie 40 dBm uaaslugui 5.6 uazgin 5.7

Z5

YAGI 2x2 stacks
AIVINPUT L [ oo
— PC
MPEG 2
Control
l MUX
AIVINPUTZ [ oot it - =
——’ ™ =
MPEG?2 Exciter Amplifier | RF (CH 52)
Tieman TE 300A x2 R&S SX800, NETCCUS00 R&S VH6010A2

a =3 1 o A 1 o o an
511 5.6 uden laezunsumsdegilnsaiyaniesdaInsvimiszuuainea

YAGI 2x2 stacks

A/VINPUT | -
— =
A/vmn_rrzl

=] RF (CH 52)

R&S VH6010A2

Tieman TE 300A x2

y A 1 5 1 @ Qo
51 5.7 ammsiseudeginsaiinieada Insiimiszuualaea
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52.3 minareuyagUnsaiiniesdalnsianszuuAvasa

1] ¥ ' v
MINA 5.1 MINUTAIMIAINMIWIAB3 Y81 COFDM 1 lumsdsundougiluuums

1 A 1 s aa
f’fi'lli)Qlﬂfﬂiﬂﬂﬂiﬂﬂﬁizuﬂﬂﬂﬂﬂﬂ

QOFDM mode 2K 8K
Number of carriers K 1705 (0 .. 1704) 6817 (0 .. 6816
Bandwith of RF channel 6 MHz 7 MHz 8 MHz 6 MHz 7 MHz 8 MHz
Spacing Kg and Kngx 571 MHz | 6,66 MHz | 7,61 MHz | 5,71 MHz | 6,66 MHz | 7,61 MHz
Carrier spacing 3348Hz | 3906 Hz | 4464 Hz | 837 Hz 977 Hz | 1116 Hz
Duration Tygy 299 s 256 ps 224 ps 1195pus | 1024 ps 896 ps
Guard 14 75 us 64 ys 56 us 299 s 256 ps 224 s
Interval 1/8 37 ps 32 ys 28 ps 149 ps 128 ps 112 ps
118 19 ps 16 ps 14 ps 75 us 64 ps 56 ps
1/32 9 ps 8 ps 7 ps 37 ps 32 us 28 us
Carrier modulation QPSK, 16-QAM, 64-QAM
Inner code rate 112, 213, 3/4, 516, 718
Modulation Code Guard interval
rate 14 18 116 1732
bandwidth bandwidth bandwidth bandwidth
[MHz] [MHz] [MHz] [MHz]
[ 7 8 6 7 8 6 7 8 6 7 8
QPsK 112 373 | 435 | 498 | 414 | 483 | 553 | 439 | 512 | 585 | 4,52 | 527 | 6,03
23 497 | 580 | 664 | 552 | 6,45 | 7,37 | 585 | 683 | 781 | 6,03 | 7,03 | B04
U4 559 | 653 | 746 | 622 | 7,25 | 820 | 658 | 768 | 878 | 6,78 | 7,91 | 9,05
56 622 | 725|820 |691 |806|922|731|853)|976| 754|879 |1005
8 653 | 762 (871|725 | 846 | 968 | 768 | 896 |1025] 7,91 | 9.23 | 1056
16-QAM w2 746 | 870 | 995 | 829 | 967 [11,06] 8,78 [ 10,24 | 11,71 9,04 | 10,55 | 12,06
23 995 | 11,61 | 13,27 | 11,05 | 12,90 | 14,75 | 11,70 | 13,66 | 15,61 | 12,06 | 14,07 | 16,09
34 11,19 | 13,06 | 14,93 | 12,44 | 14,51 | 16,59 | 13,17 | 15,36 | 17,56 | 13,57 | 15,83 | 18,10
56 12,44 | 14,51 | 16,59 | 13,82 | 16,12 | 18,43 | 14,63 | 17,07 | 19,52 | 15,08 | 17,59 | 20,11
718 13,06 | 15,24 | 17.42 | 14,51 | 16,93 | 19,35 | 15,36 | 17,93 | 20,49 | 15,83 | 18,47 | 21,11
64-QAM 12 11,19 13,06 | 14,93 | 12,44 | 14,51 | 16,59 | 13,17 | 15,36 | 17,56 | 13,57 | 15,83 | 18,10
23 14,92 [ 17.41 19,91 ]| 16,58 | 19,35 | 22,12 | 17,56 | 20,49 | 23,42 | 18,09 | 21,11 | 24,13
34 16,79 | 19,59 | 22,39 | 18,66 | 21,77 | 24,88 | 19,76 | 23,05 | 26,35 | 20,35 | 23,75 | 27,14
5/6 18,66 | 21,77 [ 24,88 | 20,73 | 24,19 | 27,65 | 21,95 | 25,61 | 29,27 | 22,62 | 26,39 | 30,16
78 19,59 22,86 | 26,13 21,77 | 25,40 | 20,03 | 23,05 | 26,80 | 30,74 | 23,75 | 27,71 | 3167

57

a " : ' = 4 A v v - &
fetamsannniimeiveunisadensz ¥ lumsda Taamiounnaise Felugiuuy

M3sunuunsnee 19 Tnue 8K uazgduuumsunnaeunez 14 Mode 2K

M35 Modulation tAan 1#31n QPSK, 16-QAM (1az 64-QAM

Taed11% Modulation
Code rate
Guard Interval
<14 Data Rate

ihudu

64-QAM

2/3
1/32
24.13

us
Mbps
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5.3.1.1 Field strength t"® Promax U Prodig-5, Prolink -3C+

M Prodig-5 {MProlink-3C+

51/ 5.11 gUnsal Field strength

5.3.1.2 DVB-T Set-Top Box

51 5.12 g1ln3al DVB-T Set-Top Box

5.3.1.2 DVB-T Demodulator

51/ 5.13 g1lns8l LCD DVB-T Demodulator
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M3 6.1 A nEasvayeamssudygrugduuuai luiewuualu Tnuask,

64-QAM, CR 2/3, GI 1/32 ps, DR 24.13 Mbps

63

4 L Field strength C/N ARUNWYRIT YR I
an AWMU BER =
receiver (dBm) (dB) AN and

1 1A -71 21 5.10e-6 Fuld fuld
2 1B -69 223 8.10e-7 Suld uld
3 iC -69 2 6.10e-6 jula Suld
4 1D -70 217 6.10e-6 FulR fuld
5 IE -71 21.8 7.10e-6 11k Suld
6 2E -70 22 3.10e-6 ule iR
7 3E 68.5 0 2.10e-6 1R suld
8 4E -69 222 2.10e-6 fuld Suld
9 5E 69.8 21.9 2.10e-5 fula suld
10 6E -70.8 21.7 2.10e-6 fu'lé suld
1 7B -70.2 20.9 3.10e-5 fuld 5uld
12 8E -69 216 2.10e-6 uld fuld
13 9E -70.8 21 5.10¢-6 fuld ula
14 9D -69 22.1 2.10e-7 Fuld Suld
15 9C -71 21.5 1.10e-6 Fuld 1A
16 9B 68.7 23 2.10e-7 u'ld 14
17 9A 71 2 1.10e-5 Sula sula
18 8A -71 21.6 2.10e-6 Fuld suld
19 A 71 21.5 1.10e-5 suld fuld
20 6A -71 21.5 6.10e-6 Suld uld
21 5A -70 21.6 1.10e-7 suld fuld
2 4A -69 22 1.10e-6 Fuld uld
23 3A -68 23 2.10e-7 suld fuld
24 2A -69.5 25 2.10e-7 suld fuld
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Fhe Estimation of Field Measurement for Mobilq‘
Digital TV signals

Kinupong Chomsuk and Kobchai Dejhan
Faculty of Engineering and Research Center for Communications and Information Techonology
King Mongkut's Institute of Technology Ladkrabang, Bangkok 10520, Thailand.

Abxtracs - Vtilizing the Digital video Broadcasting Terrestrial
(DYR-T) specification fully will allow broadcasters choose
from different modulation formats including QPSK for
transmission of MPEG2 signals over difficult media. Very
rugged signals with excellent power and echo performance can
be sclected with DVB-T modems for contribution circuits. This
paper details preliminary results of the transmission of a 6
Mbit/s MPEG2 signal from a mobile vehicle to a main station
on an upper adjacent channel with existing PAL G broadcasts.
it shows that it is possible to use DVB-T signals for
contributions  from mobile transmitters without signal
degradation.

I. Introduction

The European terrestrial digital television standard
which has been developed by the digital video broadcasting
project (o allow the maximum possible functionality to be
chosen by the network operator, depending on performance
and economic criteria [1]. It has been shown that operators
can choose to use the standard to implement sophisticated
networks including single frequency networks [2] (SFN)
and hierarchical transmission systems [3]. However, the
standard can be applied to allow the transmission of low bit
rate multiplexes (4.98 to 10.56 Mbit/s payload), over
difficult media without signal degradation. Selection of
thesc modes makes the standard applicable to unusual
contribution circuits from, for example mobile units, and to
other low power budget transmission systems. There is
considerable interest in utilizing these features of DVB-T
modems to transmit QPSK signals at low power over hostile
media. To test the possibilities mobile transmitter, installed
a 10 Watt digital TV transmitter into a digital measurement
vehicle. The purpose of these experiments are to test the
feasibility of transmitting moving pictures and audio
(MPEG2 signals) from a mobile vehicle. The techniques
might be used by camera crews and reporters using DVB-T
and DAB technologies for low cost portable/mobile links. A
6 Mbit/s MPEG2 signal is used as the payload. This
iepresents a high quality contribution link.

The transmissions from the vehicle are received at the
Sakhew  mainstation transmitter site in the Ban Nonsaard
overlooking the city. Here, the COFDM signals were
demodulated 1o extract the MPEG2 data stream. and
converted 1o a 34Mbps G703 format to be sent via the
cxisting microwave link system to the Sakhew studios in
‘an Nonsaard. At Sakhew station they were sent to the
on-site link housc to be monitored and graded.

The vehicle was driven around Sakhew city whilst
reception was monitored in the link house. Some bit error
rate (BER) measurements were made initially at the main
station reception point in Ban Nonsaard. UHF Channel 51
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was chosen for the set-up as it had been used before foi
DVB-T transmissions from Ban Nonsaard to in town aw

“T” channel, as it is upper adjacent to PAL G transmissic
from Ban Nonsaard on channel 50 (20 kW ERP). 3
therefore might be useful in the future for these application
This document describes the testing arrangements used and}
details the results of the fests performed to date. Table
shows the mode that was used for the broadcasts.

TABLE 1
THE MODE THAT WAS USED FOR THE BROADCASTS. -4
Modem R&S 4
Modulation QPSK
Carriers 2k
Gl 178
Code Rate 172
Payload (Mbits/sec)  6.00
Data input DVB ASI
Clock source Data derived
Clk SRC Internal

Data input format 204 bytes with gaps

Digital output Baseband

II. Transmission/Reception
Equipment
The details of the equipment used in the trial are as follows;

Transmit site : Mobile Vehicle |
* UHF YAGI antenna (NEC), Gain = 10 dB, 50 ohn

*  Omni-directional whip aerial, 50 ohm GP
Receiver.
¢ Rohde & Schwartz 10 Watt rms DVB

transmitter.
* Laptop PC.
* Rohde & Schwartz MPEG 2

The MPEG 2 test sequences were broadcast using &
“2k™ modulator on UHF Channel 51 using a VH6010A2
solid state transmitter from Rohde & Schwartz. This 10
Watt rms RF signal could bz passed via a co-axial switch
either a Whip antenna at mobile with roof height or to a log
periodic antenna located at the top of the 10-metre ~height
mast. The DVB-T transmit equipment was installed in &
mabile van reception survey vehicle, the set-up is shown in
Fig. 1. The exact broadcast location was recorded using
GPS (Global Positioning System). :
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DVE-T Trausmitting in Vae
. CO-AXIAL EW -,
. Vi Whip Antenna
. T " MPEO 208N , R chi-5)
= KAl 10W PA .
. VH6010A2 oo
: IF UHF Amplifier
Modem R&S
NEC Antenna
ASl | SX200 TV Excirer

R¥2312
Personal
\Coulpuer
Fig. I Set-up of the DVB-T transmitting equipment

The off-air reception equipment comprises of a R&S
EReceiver site :  Ban Nonsaard "2k" COFDM demodulator, and a 34 Mbit/s MPEG2
cation : Sakhew mainstation Ban Nonsaard, Sakhew network adapter, (ARG 1734 Tx). After off-air reception
city. the UHF signal was passed through a UHF channel filier
710-718 MHz (ch 51). (Ch 51) and on to the demodulator. It was possible 0
2k. record the bit error rate performance using a BER meter,
| UHF panel (gain = 11 dB). when a PRES signal was transmitted. In normal operation
geder loss : 4.2 dB. however, an MPEG2, 6 Mbit/s signal. was the broadcast
olarisation:  Vertical. signal. This was passed onto the SDW/PDH microwave
¢Filter: Channel 51 band pass filter link network (155 Mbit/s, STM-1,) via the 34 Mbii/s

MPEG2 network adaptor as show Fig. 2).

Ban Nunsaard Receiving Equipment
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e
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|
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Fig. 2 Set-up of the DVB-T receiver and monitoring equipment
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Link House
rcadions Tank House, In Town, Sakhew city.
MRS Network adapter Receiver ARG1734
MPE2 Diecoder (Rohde &Schwartz),
Audw inonitor (Videoteck ).
Eotamecam video recorder (Sony).
woedeo monitor (1VQ). '
The cquipment mentioned above was site used to
vomtor the veceived signal shown from the mobile

Alonitoring sife

Fig. 3

1. Field Measurement Results

In Fig. 3 shows the location point of performance
resnlts and the locations visited and the performances are
recorded in table 2. It was not possible to record the bit
ervor rale at all sites because of a PRBS signal was not
breadeaed due to the time constraints. The distance from
the vehicle to the Ban Nonsaard receive site was
measurcd using the GPS. Note that if a line-of-sight to the
transmitier was available. speeds up to 50 mph were
recorded. The sites visited were mainly located in urban
arcas with large buildings causing obstructions to the
fransnmssion  path. If the vehicle stopped moving
performance  improved  indicating that portable
fransmission is possible at all but the most obstructed
sites. The receiver aerial system at Ban Nonsaard was not
optimised  for - broadcasts  from the city centre and
consequently the performance achieved could have been
improved with a better aerial system. To assess possible
mterference from channel 51 to the existing cable system
the fransmitter output was passed though the Yagi antenna
and then pointed at a domestic “tap” unit outside a
selected home. The analog TV channels were monitored
for interference and no objectionable or perceptible

interference was noticed to a domestic analog television
e

Lacation pomnt of performance results

<G

vehicle at a more realistic recciver location (Sakhewi
Studios). The signal was transmitter over the microwave 8
tink network and the MPEG 2 bitstream extracted by theg
34 MBit/s network adapter. This 6 Mbit/s data stream was
then converted to an analog video signal (CCVS) by the;
MPEG 2 measurement decoder. This video signal wasy
then recorded on a betacam video recorder with time%
codes and monitored both video and voice. Both the
receiver site and the monitoring site set-up are shown i in
Fig. 2

IV. Conclusions

The employed system used the DVB-T spccif'cation.

to deliver a 6Mbit’s MPEG2 signal from a low power !
transmitter located in a vehicle to a mainstation
transmitter site using a “T™ channel. It was successful as
the signal was received without error at nearly all sites’y
using only a whip aerial. It was possible to broadcast
signals at speeds up to 50 mph. The system is rugged and
limited by field strength as the transmitter used was low’
power (low). No interference to cable TV was noted:
despite of the attempts to direct a signal onto the cable}
network. By using vertical polarisation enhanced
performance was found due to the discrimination of the
received antenna to horizontal polarised signals (Ban®
Nonsaard Channel 50) and due to the better performance#
at ground level of vertical polarisation. The trials have
proven the potential of the DVB-T standard to be used for &
contributions over difficult media and for portable/moblle 3
transmitters.
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Table 2:
Performance results
Location Distancc to | Antenna Mast MPEG | MPEG BER Speed mph
Point No. Sakhew Extended Sound Video
station
| 11.9 km Whip No _ Yes Yes 10e-6 o o
2 13.4 km Whip No Yes Yes 10e-6 o
3 12.1 km NEC Yes Yes Yes 10e-8 0
4 18.6 km Whip No Yes Yes 10e-5 0
] 17.2 km Whip No Yes Yes 10e-7 0
6 18.0 km Whip No Yes Yes 10e-5 S0
7 20.0 km Whip No Yes Yes 10e-5 40
8 19.0 km Whip No Yes Yes 10e-6 35
9 22.0 km Whip No Yes Yes 10e-5 30
10 10.0 km Whip No Yes No 10e-4 10
11 9.0 km Whip No yes No 10e-3 20
12 8.0 km Whip No yes No 10e-2 20
13 9.5 km Whip No Yes Yes 10e-7 20
14 8.5 km Whip No Yes Yes 10e-8 20
15 8.1 km Whip No Yes Yes 10e-8 20
16 10.0 km Whip No Yes Yes 10e-7 15
17 10.0 km Whip No Yes Yes 10e-7 20
18 9.5 km Whip No Yes Yes 10e-7 2
19 10.5 km Whip No Yes Yes 10e-8 10
20 10.2 km Whip No Yes Yes 10e-8 0
21 10.0 km Whip No Yes Yes 10e-8 o
22 9.0 km Whip No Yes Yes 10e-8 15
23 8.5 km Whip No Yes Yes 10e-8 15
24 8.0 km Whip No Yes Yes 10e-7 .20
25 8.0 km Whip No Yies Yes 10e-6 30
26 9.0 km Whip No Yes Yes 10e-8 10
27 9.5 km NEC Yes Yes Yes 10e-8 0
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