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ABSTRACT

This thesis studies Digital Broadcasting Terrestrial technology (DVB-T2) and
standard of digital television in Thailand. This is transmission standard for digital
terrestrial television system that is advance, Digital signal is stable and flexible to use
more than analog signal is encrypted before being sent out Today, the television
terrestrial broadcasting system has been developed from analog to digital. This is the
new standard that mostly used in the world because the performance of new standard
is better than the old one and it is good at management in propagation channel. This
thesis studies on measurement level of receive signal and modeling statistical model
for indoor reception to analyze effect in an indoor environment. We used frequency
at 626 MHz. The dipole antenna was used as reception with horizontal polarization.
The receive signal strength each sample point was studied and shown in the term of

path loss function.
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menenuaznelueInsieAIesiiAsziLauAILd (Spectrum Analyzer) Iumifmuav
Tuiinwa warldaneorndlalnadiuasennasuduain eussdiunanmsin arnthuinai
Ipandesgsiluguiuuveanisgadsidain

1.5 Y8ULYAVBINITANEIINY

?mawﬁwuéﬁiﬁmuaLLUULquﬂﬁsUizLﬁumaﬂwmmLﬁaL%diammzazmq wag
nansEnuvesAuIngenluuTniuiliing UuﬁugwummqmﬁmmmiqﬁglﬁaL%ﬁﬁ way
mausuldldiesoriinseradnadi wanadosfulnsirdlunisiansan n1sialdinnag
nPapTLeIMS waziuiilngsouihe U LLé’ﬁQﬁﬂmamﬁmﬁlﬁmﬂiz@umamiqigl,?ia uay
Anszresdygamall

1.6 YumpuNISANEANE

PnuIRnasmdnnsiddnauelunedwusaduil mmaaaqmﬁuﬁu’umumiﬁﬂm
FunnIsAnugfkaendnn1sUssiudosdaynn WAYNTEEYLARLTNAR ntunais
Funaunismaaeive Tudruveinisianisnszaedygialnsiailagldiaiosdins
anauuazansenalalna Tudrmnudlnsiainineailugunsalilivaaesids uay
sUwuuBmsinlneBandnanuuuuukuiieanuuuld Wilimnyauazanusouszendldate

Ineriinusaduididuiaidevndu 6 un Ao Tuunil 1 nadrunduuvesuide
ﬂfnmjwmal,t,as";’maﬂi“mﬁ auNfgIu nquily veuLIAveIN I LazdunounIs Anw
Pntuuni 2 namdunaluladinsiadszuuiinea Uszneusedss Tawavauduun
aﬂ‘wmwimamlﬂsuaqimwmmmaa ALAUVBINIANTFIUINTTIAUATA DA ﬁULLUWmammmm
THlunisds unil 3 AR B haENaNN1TUTLIUNATBINTFYLFLTITN WarnIs
asizivesdyyio und 4 NAINFURUUNITIIRBY AT N1SLATEUNITIN kazn1Tin
Fyoalnsimissuuiinea Usenaudie wuudiaeenisia aseiniafildvaaay was
AsTmedane wdiwaildannnisialuinisiesent waznsussduranismeaedise
wandliluund 5 warund 6 suifuasunanisivonazdalauanus
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n13nTEAedsinglnsiindszuuiineaniaiufulugaiiass ddelunisAnw
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wang laun anuduuvesinsiimiszuuidnea umsgrun1snszatedygrulnsiad

AANUAUTEUUATADALANADY kaglhuUTIa0IteIdy I N IATIEnn 1T Udy ol
InsvimlnaiuAusTUUAINDA

2.1 anuduanvesinsiiAdszuuidnea

Junamaneduifimsinsimisrundenliuinsgiuuiaiiniuaifionaded
wazanantiinafadaiaiuiu Sanuneiemandiuuniasgiunisadnsiaidusegn
Tnsvenl v1-en AdsuuduaLNUsaEe 4 SEUUAD 405, 525, 625 WAy 819 LU ideifias
2 SYUUAB 525 LAy 625 LdU kadlszuulnsviaud 3 seuu s NTSC, PAL way SECAM Ao
s¥UU NTSC 525 18U PAL flvis 525 / 625 18 wag SECAM 625 1y iilemaluladlésuns
Waunluglnsvimdgafdnea Fsa1avieiuinuiasduinsgrulnsnadssuuineaiies
unsgIuies eslsfn lumsfiRussmansongud semai Jugiimanaluladeiied
aunnsgulvsmiszuuAtneaiiiuresnuestunidny udnsedy efledunailag
fugruudauinsgrueesutazsyvuiaflddggan miduiinoauaglénisdusauuy
MPEG-2 nilaufiu

InsviAiAdnea (Digital Television #39 DTV) AassuunIsinsdegannaaoulm
wardyanadesludinsassulnsinumedyyiufines Fauand1eiunsiidyyiu o¥UA
anluszuulnsvimiszuiasan lneyalunsvimissuuRdnealddygaunineangnivdauas

v L'y 1y = ) (<1 £ ¥ & Y P = [ [} LY A (%]
\15%a MPEG-2 n1s5urudsdnludedldgunsaloansia 3981980 1n5ouiusiiaIeedy
Insiiadiasninlulnsvialgulniindniunniosessussuuainea nieasilugunal
nonsviauenaglang lugunsalinesiudyniniiieonit naessudynia (Set Top Box) &4
THlun1saensiadynatazdeulinuinsossulnsiadesunaen Adldausily wnduns
SurumsAIesReNiames Naziin1sasudununaunsanensials lussuulnsviruninea
éfgyzgmmwLLazLﬁaaﬂ%’ﬂﬁﬁamquqﬂ’jﬂszw‘[mﬁmﬁasmﬁaﬂ Wasnwmalulagfanead
Ianuannsalunisvdndymaesduausumulannitezuiden nwdsstnaulddnim
197 miLﬂﬁauLLﬂaﬂlﬂzjqﬂImﬁﬂﬂinﬁ%maaﬁudwLﬂuﬂﬁﬂﬁi’ammﬂmﬁﬂﬂ@amfmau

a Y4 ° & o ea v a a '
Wasuanlnsvadura-aluidulnsviaud delviAngsfauazlanialnigluienis

Y a

a = 1 v 6 = a a 6 v 6
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FTUUNTEIAYYIATNOanIANUAU (Digital Terrestrial Television Broadcasting:

o
v Y ¥

DTTB) l93snstudauasiinsviateyanisunnsgiu MPEG-2 Wuligdiuninsgu DVB-S uag
DVB-C s¥uu DTTB l#unstamniulneiingusvasdifiownuiiszuulnsvimderunden lng
szuulmiiiifeffodsautesmenannniuasdiannmuesnuasdesianinsmiss
widen dmsumssudygraausansgynlalagldarseniasudygralnsirunuusssun
AldfusgmautuEounll Ssazdsevdaninsldausudyganafiouvidenisasasidu
aunFnuecdaitl tagtuszuy OTTB lulaniifiog 4 snmsgu léud

1) ATSC Qﬂﬂ’@umﬂﬁumﬂuﬂizmmw%’gam%m

2) DVB-T gnitanntusrluvivglsy

3) ISDB-T gt duslussmedyu

=

4) DTMB gniaudusnlulseimaiy

Feusznelve nany. liuszarainlildszuu DVB-T2 Mlunisusuussssuu DVB-T
wlviiusgansnmlumsldanuunnidu lneivuaninufoenainieegtugas UHF Band

Il OVB-T & DVB-T2
[l DVB-T (RRC'06 Signatories)*

i Atsc
[ 1SDB-T & SBTVD-T
DTMB

JUN 2.1 nsldanulnviadssuufanealulssinasie vilan [1]

Tusui 2.1 uansnsldaumaluladnsimidaneauuusineg Aillildaululan Tae
Insitemiszuuiineaniafiufugaiiaes ilumnmsgunsdeszsuuAineaiitiviuasiuad
flan AfusyAvsnmmslinuasaaluned dygrafenuamy uasdanudangulunsly
1 Idnausniswandaygiad (Modulation) szuuluiign wazimaiansidsiadaayrid
Uwﬁwﬁquawh‘ﬁﬁisﬁqmiumieiﬂimﬁﬂﬂuﬂﬁ'umm?iﬁdqé’aujzmmmw uazldes Lagns
Uinnsdadoyailddmiuiaiessulnsviminuuiadeud (Portable) uagia3osiulnssiminuy
i90® (Mobile) ﬁudwLﬂuizuuﬁﬁﬂisﬁw%mwaéwaﬁaaqmdw 50% U993z UUAsd
Insimiszuufdneadus vlan



2.2 195gIUN1NIEeFyIIniAlszuUATneanIAN UALEANEDY

PR .

:Jwmgmmﬁmzmaéi'q;ﬁg']mimﬁﬂﬁszwa%maamﬂﬁuauqﬂﬁaaa  Digital Video
Broadcasting — Second Generation Terrestrial (DVB-T2) 1dus1nsgiuveslnsiiadidnea
metuRuivsamdlnedenunldunussuy PAL Sudufussuvozundondslduuiunt 40
U ludnanuiiiuinsimiszuuiineasranansodsldsiumgesfininniniy nusedygyio

sunulasndt wazsesiuresnnuaNtngs (High Definition: HD)

DVB-T2 ’Iﬂé’fmiua@Lamé’mmmwu&%mﬂﬁﬂuL%ammﬁ (OFDM) L¥uLABIAUNIT
ﬂizmaé’agapm%wq‘[mﬁmﬁmﬂﬁuamw%u6] DAB uaz DVB-T luged 1990 iluumsgiuwsn
Tunsnszaedyananmaiuiy ﬁi%lmﬁﬂmﬁua@mmﬁ (?T’aLwimmgmmmimﬁﬂﬁizw
Aamoanaiiupufiadu szuudeanslfaneuilnneg (9 IEEE 802.1.1 IEEE 802.16 way
LTE ausnuiaiunainisn1saswuy OFDM

Single or multiplea

input streams
+ \ -\
Input
processing
4
_ & BCHY Bit Darmu bits
""""""""" LOPC inferlegver o cells
BICM
S, B Tirve Ceall Consladaton rotation
interieaver inmerisaver | and cydic O -delay
A
p
Frame
Builder
b Fraguency
i y rberheaer
i I J
i
1
i TN Pilot insertion & durmny
| EEEE—— h MISD | 1|:II'IE' I'E"SEP.ETH:II'I IF'-_r
OFDM e — TR
generation P1 symbol Guard Irferval PAPR
Il insertion | insartion 4 |, reduction
f L ——— 1.1_ _____ T A
| \ s

v
Group 1 Group 2
RF RF
signal  signal

gﬂﬁ 2.2 LNUANUR95UU DVB-T2 [2]



muflenga1alitnediu u1nsgiu DVB-T2 wsnisulaiAntuainaudesnislunisiiy

JszansSnmveaidnasulunisiaaulnsvedssuufaneaniafiuau Tu919a21u0 UHF/VHF

LY a

Wnsgruiiianugangugilunissinduresdygin nsi1sia MIteglaanITdinesane

[ |

Inenisdsdyayrasves DVB-T2 wanslugui 1 Faduduneuiidifgeneg esuieldanmss

Y a1

1 2.1 Mleagudonineg Linail

A19197 2.1 LaASTORIUAIUAN) V8958 UU DVB-T2

Block New Features Benefits
Input PLP Flexibility
New Input Formats Flexibility
High Efficiency Modes Less Overhead
BICM LDPC Robustness
256-QAM Capacity
Rotate Constellations Robustness
Time Interleaving Robustness
Frame Builder FEF Flexibility
Larger FFT Size Capacity
OFDM New Bandwidths Flexibility
Generation Pilot Patterns Performance on Mobile
PAPR Reduction Energy Efficiency

WawlSeutfisuniuseuu DVB-T sguu DVB-T2 ladin1siiiuesAusenau T2-Gateway
dnlgeuuiuegannsesuegianlussuuiivhnisuuastu SFN UShaiasesseiienii
T2-MI (T2 Modulator Interface) [3] T2-Gateway 3¢ViNlusidenLanyne dagianndyyI

Inegludyaunnuiviediu vselunsaduain 2 &y As MISO SFN

2.2.1 LﬂﬂIu‘Iaﬁmin'szmaé’zymvwmimﬁﬂﬁmﬂﬁuauizwa%ﬂaaqﬂﬁam

ﬂ15ﬂizmEJéfaqu,gwmimﬁﬂﬂiwua%maamﬂﬁuﬁuqﬂﬁam Digital Video
Broadcasting — Second Generation Terrestrial (DVB-T2) 13wy wmgmﬁﬁmmmma
WINIFINNINIEId Y lnsTirdseuuATneagausn (DVB-T) lnginalianisuegian
warmsidsfauuulmdulddelinsldaunasilunisdedyyrassnndes leuavdoya
fuszAnsaimundu dmfundnnisdiarutu DVB-T2 19n1suegiadunuy OFDM
(orthogonal frequency division multiplex) uLfigaAuN1m3gIU DVB-T d1m5unasuily
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foyaRnnaiatiu DVB-T2 1438nadrsauuuildfuuinsgiu DvB-s2 lduAnadsiauuy
LDPC (Low Density Parity Check) #4143 un151415%auuy BCH (Bose-Chaudhuri-
Hocquengham) Wil afignidnsianuniusedyaaunsnasn (Interference) was
dyanusunuiitlsziugslid uarddnualvednsimiszuuidneadusgui 2.3

L\31vl

(% L3

JUN 2.3 fydnualveswnsgiunnssaedyanalnsiminaiufussuuiineagaiiass [1]

TnoanadAndAyveanaluladivi DVB-T2 fo

(1) Multiple Physical Layer Pipe Tiinnsuenuiulnuaieadunisivuaaininy
asuvesdanilnsvim lunsiegsessunsiiuinsddnsimflusuuuudmsaninnisly
U A20879 19U nsTudgrulnsiaunislueins wien 1s5udyralnsviauain
AeNmATRNRIULMEANUasTASTInoIRE Bndtaelinsasdanalnssiad ez
\A3eafulnsimiiesendandsnulunisaensiadygiaanisnisasdyanalns e
enmsdgadledisutiunisaensiansiiuinsdsdugamatesienissaudi (Multiplex)

(2) Alamouti coding 3an1snatnuanglunsasdygialngyiag asyredsuliue
UsmsSudaanalnstm luedotiemsdsdnsimlaudieatu luiuiiusasvunndn

(3) Rotated constellations l#nsifinAnAmurasda alnsialunsdinis
seeUs

(4) Extended interval ﬁumaﬁdaqé’zgcmmiuﬂ13daﬁﬁ’auuaé’mwzgﬂm1uﬂ1ilﬂu%’auﬂa (bit)
Wsmuangudoya (cell) Widadauian wagiingaanslinauanud

(5) Future Extension Frame (FEF) Wiunasgrunsasdyannlnsiimifiaonndosnns
U%U@mﬂwwqaﬁuiuauwﬂm

2.2.2 Tasetneanudifen

TnsvimiszuuAinoagmiauduluniveisy Tl a.a. 1998 ovaunuszuy PAL &
SECAM 625 1&u 50 Hz lag@efnas Digital Video Broadcasting Project (DVB) @a1duanu
Sudaiusening andinglnsim uazusendnangunsallugaamnssuinglngiad lnenis
ﬂizmaé’zgzywaﬂ,‘m5‘171’981‘1§33UUaﬁmaamﬂﬁuﬁugﬂaaﬂLLUULﬁ@lﬁmmmmamqmﬁuﬁwm
uinnslaAvaluunailifeduingsuniu uagluuinaiiaduingsuniu Ineiadessu
awmaa%’ué’muzmmlﬁﬁhjdﬁm'%laq%’uﬁ’agﬁgwm%agjﬁ’uﬁw%ﬁwé’uﬂ?{auﬁagjﬁmm nINTU
Faraduwnuinisilifindusuniuazaiuisouduialdmuivasindoud JTUUYN
oonuuulsimumumueannsudyyasdeunnaduingfagvieuainguun e1ans
v3odsneadne waranunsoudyananienfuiideenunanaanidmans s aanfindouduls
Falpsareuuuiiionin lasstreauiiion (SFN : Single Frequency Network) Wenaini



11

INSVAUSEUURINDATIANUNTD I ILAUAAUAINND b o8 9TUSEANS AN WAL ELAIN I UNISANESS
Y9 IUANLA

LA Signal
Programme ——» B L ET G
Studio

Signal +
extra information

Distribution
Nen’vo_rk

LR SRNTAtWOTK NN

i o
4 .
't 0
™ " o T,

e |

g‘d‘ﬁ 2.4 Tasstheaudiies (Single Frequency Network) (3]

dayaranmuazideavesinsiimlssuunaneagnidudauuy MPEG-2 uagnisHay
dyeyrautiuazldiuuu COFDM (Code Orthogonal Frequency Division Multiplex) @414

AFUNINYIAIINIU 2,000 wae 8,000 AFY UAagAdLIzdUSIMtayaliundn Jeiiay
VUVNUABAN NN S U1 HaUINAALINGLUUNYRA (Multipath) 66

2.2.3 32Uy OFDM (Orthogonal frequency-division multiplexing)

NaNNI5%1914ves OFDM azAangnu A1stafwanduuuluinaui(Frequency
Division Multiplex #1358 FDM) Hufesia OFDM wag FOM (Junisifafinanddmanumnans 9
Y IUNIoN1TUUTBIAIMNAIEAIUD WAIEUANAIINUATIN FOM 1WDuifissnisuwus
dyanuanufesnandutivelilsardesdytatulddnissunuiu uan1sinazyinliunas
1 [ 1 YR o @) a v =) [ = ) 1 d'
dosdaaliunsuniuiutudnduiiazdedinautesnu (Guard band) @atdugaeainud
sEINveddanuiartet et ldannsaldanugimnuails Sanateduanugaylan

mtudielinsidadmandluldennudfivsedniamannuisdnisiausuuian
iefizantivetauleiu lnsuwifavilaiiausfonsviliusasvesdygranieddu
dasyronuuazliaunsanazdmansenusenuiaziuls Fanisvilivesdyauniesdasy

Y
i
% U

sefuanunsailalngliusdasdyaasaain (Orthogonal) sefuiledayanaesdya s
andefu AaguueNinevesdyaamndineanifanlugud Jsireidudaszraiu
Tneluudinislday oFoM Fududnuuvesnisdearsuateadunis (Multi-carrier
communication) ansnsatieluidesedyaiasuniusian 16a
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o

Tngagyinsnsyaedyaueendunatsy dunazdaudnlulunsaztesdyaraiie

A%

devanemiednitvile JU 2.5 uansnsuenandaya1aueuy OFDM

T T T T
4Rz 3Rc 2R¢c Rz 0 R

gﬂ‘ﬁ 2.5 wnupudvesdayayias OFDM [2]

dennisnsdedanauednsiimissuurineatuaunsadoniudslévarsia 3
anunsaiienassnsidn (Bit rate) vasnisdslaions 4-32 Mbit/s lughuemaid VHF uaz UHF
YoUARzUTEINA N15180NM 1 TRaRe T N1RUTRII18N1TUINTTI WAREINNAYDULIRYEY
fidensliu3nig ilessrndeantinniednu ON aavumusean s Uy s deu
MNARUANGUUUNIAE (Multipath) wagnisiushetedesfusuunnwuiontsiulugumnuy
vozipdeuTfsuanslus U 2.6

Reflected Wave

Direct Wave -~

&

JUN 2.6 nsdafminduuu OFDM vinlilianumumusiedesdayayiamyin [3]
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eRnaNtEamaiavednsvimiszuuidneaiiannsadendauyseine e szuuds
fAnudanguannnii Ae
(1) @3304deNNTUBRLEALUY QPSK, 16QAM %38 64QAM L4
(2) @u15aLdeNdNIINTSIUTHELN leAuRanataluulug1enin (Forward Error
Correction) 19 5 8ns1f0 1/2, 2/3, 3/4, 5/6 way 7/8
(3) @unsaidenaetesiu (Guard interval) 1e 4 wuude 1/4, 1/8, 1/16 way 1/32
(4) au150L8NWILARUNIAL 2 LUy fe 2K WiB 8K

2.2.4 madsiiadaya

Tuszuu DVB Conditional Access (DVB-CA) aziinmsimustiunou Jaiitonisidnsita
%a;ﬂaﬁjugm DVB Common Scrambling Algorithm (DVB-CSA) tiaz Common Interface
(DVB-C) Lﬁaﬁm%’uiﬁﬂumiﬂizmama%’ayjaﬁlé’gﬂﬁﬁﬁa (scrambled content) Tagg
1%U3n15 DVB Suasfesimuiszuy Conditional access fmelddasitnmudinis DVB
fsrunun Tudeyadidsnannsdifuinisiu awvsznoulufedoyaiiugu (Metadata) 4
3an1 DVB Service Information (DVB-S)) fzidusuenseasidealosuliiulusunsuil
wnzaufuteyaiiden Teyalu Sl lesfivenismuduiusvestiayasna 4 fieglu MPEG
Stream ifiotidayaluldasratlevfiuyudanunsadlaldBndae Loy Electronic Program
Guide (EPG) 98n81n1A AAIMMUAYUIATIIAT1ULIAT (Guard interval size) Tun1snivun
dayeyrauiirses (Pilot signal)

= Q’lj o w i ! o « (Y a a a s

Feluvauzdl DVB Maseglumiuimuisanistesiunisazlindvdns Inen1smni
Josiuldlviveyansadenylilaviin1sgnadly Set Top Box hllaunsatiluineunsuy
. [ | a 12 = A i a @ 1 LY v & = &
internet 1o uianusanaglvildluduvdeluasedne i lugdmilamingi dasenssuuii
DVB-CPCM

2.2.5 MIUIYIAALUURIAUTY (Hierarchical modulation)
dmSumsusgianluuan Uty ansuveslayanuand1aiu 2 Ussinnazgnueg
A oo S A = o = i A Aa o o o w
WamdeLigsEnIuLAel Tngansuussinnusniithinteganisendt ansundaruanudfy
a4 (High Priority 58 HP) @eansuuszianilaggnilaasluansuiididuainudifgsn (Low

7 1
Y I

Priority 50 LP) d1wsutasessunudygalanazsvansudeyalivisaasussnm luraeh
dld o U o o

a' v ado o T o Y = a v Y] Y a
Lﬂi@ﬂﬁUVlﬁUﬁiy/iyﬂmimll@ﬁ]Si‘U‘lﬂLWUﬁamﬁuﬂﬂﬂuamﬂa']@'Uﬂ']']@Jﬂ']ﬂan I(’WEJ‘VVJIUE\J‘Uﬁﬂ']i

vy
v ! [ 4 Aa o !

wninmnsviadazmviualiansunidaduanuaifgysiidseyailonsinisdeloyaas uay
WgdmIUATesTURY UTl aghau deygyad HDTV

Insvimiszuuiineadusyuuildmaunvivansadu lngldmaun1visiunu 2,000 e
8,000 AAUY LLazLwiasﬂﬁlui%'i'%ﬂﬁmaué’zyzymuw QPSK, 160AM %58 64QAM 8nfiiae19
Asvalael fﬁ’mwﬂ,ﬁiswﬁwmimaué’ayapmsﬁaagaLﬁwﬁuﬁmmwmﬂﬁuwwﬁuw 64QAM
waziinsilednanadeyangnuogianuuu QPSK aslusne fauanslusud 2.7



“High Priority”
stream bits

-~
b

“Low Priority"
<tream hits
11 0100

JUN 2.7 msuagianwuudsiutu tngldnsueaanansudeyaiuy 64QAM wazilsanIudeya
MgnuegLaniuy QPSK adluse [2]

vilslusuuuulmives DVB-T2 Aensld mevauaouamaty Janadafina1niindu
Tuuny dgyrarinuuumainyvang (signal space diversity : SSD) iileagulsiinisldaula
nesiiauisoldauivintoyadidamddoufumnls M l#isnsdanusodiu
Usgavsmmuosmesuldmillenuiuannzmsananevesdesdyyia waziiledinisviuiad

Lufiyusing dauanslusun 2.8 lnowdleviyuluds 16-0AM AuaLALatUIzUIIN AN YaET
eyl Tneyuvesnisnyuastuediunsitaunaudwmiaty

Alm Ny
&7
' I R ‘,-‘ \ X
(B —;A—Q———'t .- -
o \‘ | ‘ \ ~
ST N
\ \ i AL A |
Y Vi 5 S I
‘ ' { ‘.‘\ &‘
\ \ P
\ | | . |\
.l ~~~~~~~ \ _‘V_JL/'_- _'|| _____ Jll
W o M
i ¥ X | ‘\' | \‘
\ F i\ bF A I \‘__
§i ) I\ +—R
\ (I | & [ \
l——«\.— - - :-’_'ﬁ-,’-f"? — *

JUN 2.8 n1smpuamaty 16-QAM TAWUUSTTUAT UAzWUUINTYIY [2]
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2.3 fanuunvain1snszaedyyrulnsialadnaalulssmalneg

Tunnsdnsiy 2498 Usainelvedinmsunsnszanedaaainsimiadusnfussuuen
A1 525 L 1195518 NTSC (National Television Standard Committee) 89na10 1A
aonillnelnsvieidos 4 Aursgunsy dounludn.a. 2513 InrsUasuutasssuunisds
Insvimivmunduszuunisdalngvieud 625 du u1n5g1u PAL (Phase Alternation Line)
%qmmgmﬁ Tdnsudwauauivesnisidauesnmdugiuninud VHF (Very High
Frequency) wazeueud UHF (Ultra High Frequency) Tnefignunanud VHF %QIé’QﬂT%’ﬁlu
Fa aenilnsrimifisndeunnlvfsdeddluguannud UHF dofu ghumnuiinmsdsdann
Tnsviadluszuu vHF wae uhF luussmdlng Wudmsned 2.2 ddl

A

AN5199 2.2 GIUANUDNTAIAUNIUINTFTLUSEUU VHF wae UHF Tuusemdalne

annfllnsvien SEuu (Wo9) | Yespud | wuudiad
(MHz) (MHz)

aniimelnsvimilvediddes 3 UHF Band IV | 558 — 566 8
(32)
UHF Band V 782 — 790 8
(60)

aniimelnsviminesinuntes 5 VHF Band | 174 - 181 7
(5)

aonillnsiiaddnesinuntes 7 VHF Band Ill 188 - 195 7
(7)

anfllnsiiadlaasuludiiives 9 VHF Band Ill 202 =209 7
9

anfmelnsvimiursUsenelngsed 11 | VHF Band Il | 216 — 223 7
(11)

antlnsiieuiiilvneg UHF Band IV | 534 = 542 8
(29)

2.3.1 dyarainsimineiuiuszuuadnealussmdlng

Tutszinalne lofinsdsussuuinsimiveusenuinsgiu PAL undu szuu
InsviAuATAeaN1nIgI1u DVB - T2 (Digital Video broadcasting - second generation
terrestrial) S fuszuulnavimifineanaiuiuiifmiuasiuadofian Wesainimu
U$UU533191n 5 ULATE L DVB-T Slsgdnsnimnisldauifian Tngu naluladniswa
ammm OFDM (Orthogonal frequency division multiplex) I@&Jmmmﬂaummmwmw
ANUALDYY 1IN LW@IMﬁﬂﬁﬂJﬁJ’]mVIMﬂ’MNmWU wazldimataszuutasiuuiluaig
Anwainvesdnyia Feifu UssAnsnmnsdsdygravesteyaieunnnitszuvansgu
DVB-T #¢ Usnad 1.5 i
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a1

waNIINULUTLUUNINTFIU DVB-T2 au130311039518n1sIMSTAT1IULN Wigene

[y

AUSUNTINATTIAMNEUAIGY) LLANUAINUTIE g Ialun1sdInIsseAua SauaUsy

T

Aunasuluemanziulid anuuaniswesdygalnsiriniaiufussuuesunden

AR}

wardeyalnsiainIANUALTEUUAINDS UAAIRINITINN 2.3 Laza15199 2.4 fsil

A9 2.3 mqmmm@hwaqé’f gralnsrunMaiuAusEuUREUaen Way deyanalnsyiey

A

aa

mMARuRLsTULRSRea
. dysyrainsiiaunianua
AMNNURIF YU - —
STUULBUTADN ITUUAINDA
W\
Analog )) W Dlgltal ]} ))
B Slgnal , Signal
AMNTNVRIF YR IUNIN
Fyananzivasuluainsgau AN NANTABELHLD
AN TIOE AUl
. doygrutdssurlusguu | dyrandssunlussuuse
ALY 2D | AN
ALnasle 2 Fosdaygna AiAve 5.1 Wosdayey1a

uennidygralnsvialausnamutesndygia usedisiallaluduniesiu

o

v Yo

yanadnsiayd Sudunisindelasaseszninaanddeiududunia vy nsds gy

Y] 1

IVliVlﬂuNWUﬁ’WEJIﬂLL@ﬂL%EJa vseangddlounauiias waglnsian N’]‘UE)‘L!LV]E]iLuG] (IPTV) Lﬂumu

A9 2.4 mwmmnsﬁwmé’y ralnsitamianaiuAusTuverwIden way feuayradlnsviend
meafuRuszuURInea (o)

HeuaynalnsiiAunANUAY

AMNTNUBIN YY1 - —
sTUULaULEaN STUUAINDA

!
!

AMNTNUBININ
Feazedlussduifiveniny | Bageglusziuanuaudngs
Y

AutALATZIL (SD) AD 4:3 WLAFull HD) fie 16:9

-5¥UU DVB-T dsdeyaynadlu
Uszansmwmsldadn | Yessiensiéifiostossonts | wuu SDTV 14 8-10 s18ns

AR Len 5¥UU HDTV 2 518015 Way
SDTV 2 518015




17

Insvimiszuuidneanlnelidsszuuaineatafuszuy MPEG-4 Alnsviminnszuusu
1§ Ineldndessudygusyuuiineadeudeniu HDMI nmileenunasfivedaniinisdeu
a1e AV Wusgann (szuvdsdygadvnsvimlssuuidneaduuinsgiumadenlunisdude
Fyaanmmmisaideduluy MPEG2 wie MPEGA Huauazesnafiu uilaevilunisdsdayao
InsvieiAdneanilanlutiagiiu dnazidenliuinsgiunsdusadyyinniniwuy MPEG-
4/H.264 AVC Wagilinnsguvesnsousndnya aideuy MPEG-9/HE AACV2 Baflunsviany

waglviusednSamasndy MPEG-2 a1n)

2.3.2 efedadnsirinauiuszuuRIneawasrunevfiaanainia

nany fngin yndesfiesnainialnsvimlsyuufineadosdsiuaifiesldfon
nQ) Must carry 109 nave. theardunisiudseAuitliivssnvuagldinaluladlog lunns
Surnlnsvietiazannsasusnusnsinsiainineaildnduminadaduusnmsildnsnens
vesdldedainiieuuaziie ok lnsiinasasudngraumniissegudiliiindvelas
annsaudyanaldifivausdedvuiiiiudes HD (muaudngs) Tunsdliiedesiu liseasu
AMSEUU HD Adsanunsasuanded HD ¢ udaglamauaudavesninluwuuuni (SD =
Standard Definition) Wiy

namy fviun Iinsiaindneaiinmun 48 Yos lasfidsenisviosiuesumy 12
P04 IIUNITANTITUE 12 YB3 FI8NTAMTUNIAGIND 24 Be3 tnelu 24 Y09l 17 dosaniy
11955 UNA (SD) wazdn 7 YeuluuinsgiumIuautngs (HD) wagd msussuulnsvie
sunuulmivesszimalnefiddesidadulul 2557 4 agldsguu DVB-T2 Fadussuy
MPEG-4 tTunnsgu Inenanznssumstanisnszaeidesiazianisivsvia (nan.) 16
srualiRugossensinsiminaiuiuvesssmdlnefisndy 48 doe wadurowsain
9ONMAHILITUULAN (ay1ndan) $110u 6 Y04 dwdn 42 e aziluteal3fiifieanaina
Tussuuianea uanslumsnsd 2.5 feil

a = Y a ! Y X a aa
M13197 2.5 T1eveRliusnslasanginsviminiaiufusEUUsInea

aunsalsau LavYassyynl AU Y ,
. . Jliusn1slaseding
dsdeyayas | (l@wizdaunIwuw) | (MHz)

aa v 6 [}
aninglnsvimiuriassinalne

MUX#1 26 514 S
LUUN L8R (PRD)
MUX#2 36 594 | aanifinglnsvimineayinun (TV MUX2)
MUX#3 40 626 USEN 2dun 9 100 (Un1ww) (MCOT)
IANITNTLANULFLILAL LN NN
MUX#4 aq 658

ans1suzkislseinalne (TPBS)

MUX#5 52 722 | anilfinglnsviminesinun (TV MUX5)



http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%96%E0%B8%B2%E0%B8%99%E0%B8%B5%E0%B8%A7%E0%B8%B4%E0%B8%97%E0%B8%A2%E0%B8%B8%E0%B9%82%E0%B8%97%E0%B8%A3%E0%B8%97%E0%B8%B1%E0%B8%A8%E0%B8%99%E0%B9%8C%E0%B9%81%E0%B8%AB%E0%B9%88%E0%B8%87%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B9%80%E0%B8%97%E0%B8%A8%E0%B9%84%E0%B8%97%E0%B8%A2
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%96%E0%B8%B2%E0%B8%99%E0%B8%B5%E0%B8%A7%E0%B8%B4%E0%B8%97%E0%B8%A2%E0%B8%B8%E0%B9%82%E0%B8%97%E0%B8%A3%E0%B8%97%E0%B8%B1%E0%B8%A8%E0%B8%99%E0%B9%8C%E0%B8%81%E0%B8%AD%E0%B8%87%E0%B8%97%E0%B8%B1%E0%B8%9E%E0%B8%9A%E0%B8%81
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%96%E0%B8%B2%E0%B8%99%E0%B8%B5%E0%B8%A7%E0%B8%B4%E0%B8%97%E0%B8%A2%E0%B8%B8%E0%B9%82%E0%B8%97%E0%B8%A3%E0%B8%97%E0%B8%B1%E0%B8%A8%E0%B8%99%E0%B9%8C%E0%B8%81%E0%B8%AD%E0%B8%87%E0%B8%97%E0%B8%B1%E0%B8%9E%E0%B8%9A%E0%B8%81
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NIENNUAMENTTUAITAINITNTLAULELIAINST LNV ALLAE AINITINTANUIALLIAIYR
(naw) IdfinsUszyamnetavdesinsiiminldesnennalaegiiussyasuzieyaniugean
"LéfLﬁaﬂ‘wmaLaGUﬂ'aummé’ﬁé’uiumiﬂizgﬁﬂ%ﬂﬁlé’ﬁpﬂﬁﬂ%ms Tasenelnsviminiad uiu
szuuRinea utlagtufivonun 5 MUX andliuins 4 esdns

9 nave. IdinnsdntessemsinsimifiazesnonemuusazUssian v
48 909 uanIFInNTT 2.6 fadl

A519% 2.6 518970 INTNAUNANUAUSEUUAINDA LazuueLavildaanaInia

USLENNUSNISE151504 ANINAUA 12 BB

LAYYDY A deyanwual Hovas 3¥UUNITDBNDINTA
1 594 MHz (MUX#2) 2y NNU.5 HD
2 | 514 MHz (MUX#1) b NBT HD
3 658 MHz (MUX#4) Vi Thai PBS HD
4-12 lifinseenernie  iesandslaliigldsuluoygaliiams
UgeLANuIN1SNIN§3na ‘VIQJ’JWVISJILﬁﬂ L8712 LAZASDUATD ﬁﬁ”ewm 3 Y99
13 | 658 MHz (MUX#4) ((3) 3 Farnily SD
a3 MCOT Kid &
18 | 626 MHz (MUX#3) Y SD
Family
15 | 658 MHz (MUX#4) @ LOCA SD
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[

lumsieszinisunsnszaedyaulnsvialszuufdnea 3nnadsluautanasy

= o

mIsiasantesdeygiusie Juesdygrainnudsgluogiann Wesnduimnaisues

o

a

n1saer Uy warduanlateuseAnSnInvessuUad Yy I WasUBNANAINYEY
daulasneie

3.1 #UN15N15gRYLHeTedn
ANSATUIUNINTSAULEULTIID (Path Loss) 31NTEYENIIVDINIAFINIDINIATU

v

ansnsouanslaluaunisy 3.1 [4]

PL[dB] = PL(d,)~+10log (dij (3.1)

0

e d Ao S28EN19 (km)

d,  #e s2e2e1989 (km)

1 74
3.2 WUUINADIUDINY Y10
YesdnnIa Vangie Fonansseiinanfii nasiAun1eny 91aagluennie aie
QA9 nIonanlumenYeInsERaIslaneI1 desdnafedonarslunissuds

<

Und
ToyaTeninedlgaInAdinaza18e1n1Asu Auanvazvesdy g uideulsening

3]

Y

d1881N1AdUAa189INIATU LAWY N UTHELNNTYYI0LAUNIINIUFINRBY LAY
91A15 Angs AUl JULUUTRId NS UlANF Y NAINNTE N INAN 8RN ANIEDIRE
15uN97 “UuudnaestesdngyId” [5]

[

14 ! o v Ao ¥ Y
MAmMaesdyunsulauanslansaunas [5]

F’r(0|)=d£n+X (3.2)

' 1%
= 1 = L4 = a

Ao ANPTIURINTASE Il IiAUAIATUAY

= U

Ao AuUsdUvINISAnAUaTEId

e xX X

o

N

=
o)
®
=
=
=T

TdavesnsasaslulEune
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]
aaa

WUUINaB95LInTaduULTaLdu (Linear regression model) Lduuuudiananisadian
anunsatnndusuudmiumsinsesideyald iesnndumsfnvmuduiusssninag
wUsgeeRndanudunusiunselunasianudunusiuluszaula nan153as1e9
ANUFUNUTDEN99Y ML IURIAUFURUSAINa1 IHANuduusadesnuiululy
Femanertunislionaaziemin ez ilngofeainsvanndudsndadiuly
WensaiAvesdnfanUsnivindanuslsiuludadiuintlenieluszdula nsieszily
Snwazvasinasiiieldluniswensaldl 3endn nsiAs1zinsanase (Regression
analysis) 6?5@5?(57’3LLUiV]’jﬂaaqﬁmmé’uﬂ’uﬁ‘ﬁuaej’lqauyﬁai TawdiaanudulndiAssiu 1.00
vi3e -1.00 geummnedeimaneinsaiazsfianugniosmniu (6]

el y =P (d)[dB], A=-10n, x =log(d) wag B =P ()[dB] axls
y=Ax+B (3.3)

fdayantaainnisindiuan N deya deduazla y, =P(d;)[dB], x =log(d;)

o 1=1,2,3,..., N 9léien Error vasdayai i 1lu

E =Yy, -Ax-B (3.4)
Total Square Error A®
N N
Y EI=2 (Y- Ax —B) (3.5)
i=1 i=1

vikouly Least Square Error

a N

s —Ax —B)>=0 3.6
aAg(y. X, —B) (3.6)
ii( —Ax.—B)*=0 (3.7)
B & Yi i = .

gl

N N N
DXy —AY X' =B x =0 (3.8)
i=1 i=1 i=1
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N N
Dy —A> X' —=BN =0 (3.9)
i=1

N

Ulnaila

=]
CaN

"
N N N

AY X2 +BD X =) XY, (3.10)
i=1 i=1 i=1

Aixi+BN :iyi (3.11)
i=1 i=1

NTNNMaLadsvsdyyInsuls

Pr(d)=Oln (3.12)
azla
P.(d)[dB]=—-10nlogd + K[dB] (3.13)
P, (d,)[dB] = ~10nlog d, + K[dB] (3.10)
le d, #e 528¥N13871994 (Reference Distance) axlel
P.(d)[dB] = -10nlog (dioj +P (d,)[dB] (3.15)

[

Tng? P.(d) Ao minmasdyenaunsula

r
1NAUNISN 3.2 NA1salumnenved X ¥3euUsguveinisiia Multipath fading
! = ! d‘ ¥ :.; % a
namfe nsunsvespaulUlalunasidunis Myassluluszauanent (LOS) waglinain
nsazvieuing ey seninadunie mlvnasiuvesdyanansulananisindsiuainaiui
wwsunuateid@ung Wunamidygransuladinisidsunvasmisvunnuasiva wansle
plagu
Y
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.y

sUf1 3.1 MsiinAaura1edn

Tagann1sAlglun1siesIes Multipath fading anansauanslansaunis [6]

X =P.(d)~P (d)[dB]

Wio X A9 NMSAeuaneIn
P.(d) Aa Masdygunsula
P(d) @ Masvesdyaiu

v i aa 1 a ¢ =% 1= U Y o
wazazlivguilumsadnviglunisiingeat dsagnandsluitedaly

(2]

22

(3.16)
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= aa 1 [
3.3 nquaMsdnALazauLIasdy
doyaauilaianunsadalawuueu visliannsaimarminls dyyadssnniag
WWaduluszuvdearsvsluanvusMiludyyiunlunesnts Aodudyyiusuniu was

o o

doyaauiidieants Aedyandeyatiias Wesnndyaausuneuludyaranliaiunsed
nsasuwtasiudueuls nsdanisiudygradssinniiisfesddndnnisnisedfgnngag
Uszanaunuandivesdygia Wnemaedy AnuuUsusi wazd ot uuuInggIum

HatduanuruindulazkankasaNudIazduilanuuuaeaneani [7]

3.3.1 fauuseu

ﬁmmLﬂuﬁaﬁ%’uﬁﬁﬁhﬁLﬁulﬂifé’ﬁ;]'jmuWumé’zuwzgwmwmuasﬂuﬁaﬁ%’uﬁu n30L1a
$1e9idulsdutiazdiosssnaulufeteyautaznuesdyyradaiuiusduasiiniog
Tuthsiitiesianlufarnanniianveadeyadaya o

3.3.2 AL0AY
fimuabidyaasduilaidu nt) Sdegluta t, 89 t, azldanievesdyyin
Judsaunisil 3.17

1%
[n(rydt (3.17)

2 t

n=

a ¢ & LY ~ = [ ¥ ! v o vYa v
ANFATIIEN wzmmwulmmum %QQ%LUU%@HGLL@&%Q@&@@WN mwumﬁl‘wma&a

UavNn N 30 ToyaraduAazInwnume X 18 i=12,3..., N azladiade
I
ATRRAYIRYLS!

o X. (3.18)

N
i
=1

1
N
3.3.3 duUguuNInNggIU

fdmualidyaroaduiledtu n@e) Seeglutee t Gt aglddudeauu

1InsPIUTDIAYs 18Ty

\ 2
o= 1t J’[n(t)—ﬁ} dt (3.19)

tl_ 2

wdyayamuulisados Basnludeyausazqadyaa Mvualiddeya
vosdniaiun N 9a Jayavedwsazyaunusie X e i=123,..,N azlddu

ANTILATY

ee

I

Wesuunasgiuvesdyaandy
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1 2
s= WZ(xi—X) (3.20)

3.3.4 anuudsusau
aimusbidyaasluileddu nt) Teeglutg t 8a t, agldaundsusiuves

ol = t itl tj[n(t) —ﬁ]zdt (3.21)
2 t

ASILAT

ee

vidyeauulusianlies Jsasudeyawiazaadyann AMvualiddoys
vosdeaiaiNn N 90 Jouavesusiazgaunumig X We i=123,..,N 3liany

wlsusIuvasdy ey

s? = %Z(xi LI (3.22)

3.3.5 N3uanuasdoya
A & aa o P A v o A
NISLINLIIAINND L‘U‘L!’Jﬁﬂ’]if\]@LiEJQGUEJiJvaVlVL@ﬁ]’mﬂﬁiﬁ@U?@LW@ﬁ%@iﬂiuﬂ’liLL‘Ua
AURLNY LUNITHANLAILUVUNG (Normal distribution) ANTHaNLAgkUU t (T-distribution)
nTaANBAsLUUlAaLAIS (Chi-square distribution) LaznN15WANUAILUU F (F-distribution)
[~ v
Wunu [7]

N15LANLIILUVUNRASENDNDEIIATIIN NNTHANBIILUULNIENTDNITHINIILUULNE
\Weu (Gaussian distribution) Iae Karl Pearson tuauLsniimsIsinIswanuaswuuilude
P [ a | Ao < a -Qsild o ¥ a
A. 1893 Fadunisuanuasanudvesimninduuninisuanwasuuuiiinsihluldinnigaly
NsIANITeya aunisveadulaung laun

N 2 2
Y=—— g (20 (3.23)
o2

ANGIAAUDILAULALIDL U UUULAY X

Y 9
SRITEINIGH
drufoauunnnsgulunIsuanuas

ANLRABYDINITUANLAY

= Q =z <

=
A
=
A
=
A
=
A



25

3.3.6 Weduannuvuuiuauinsdy
Amuel Anuesly P{X <x} umnutiasiduvesvansal X <x uae

sl £, (x) W@uileidunnuvuiutuananinasdy Saenandu
d
f (x)= ™ P{X <x} (3.24)
X

HarduanumuwiueuasuliguaniRniddy fo

f, () =0 (3.25)

I@ f, ()dx =1 (3.26)
ZORRACLE 620
P{x <X <x| =I f, (x)dx (3.28)

3.3.7 Wandunsuanuasazey
Anueld Aunsdy P{X <x} Jumutesluvesnnmsal X <x uae

mmualy £ (x) Wuisntunisianuasazaunnuiazidu defisnandu

F (x)=P{X <x} (3.29)

Handunisuenuasauiasdullnaandand gy Ao

F(-0)=0 (3.30)

F () =1 (3.31)
0<F(x)<1 (3.32)

F(0) S F (%) 1l x <X, (3.33)

P{x <X <%} =F(%)-F(x) (3.34)
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3.4 a3

’Luwﬁiéfﬂdnﬁwqwaﬁiﬁﬁumﬁmswﬁ@aaé’zgfgmiumsdashué’i’igigmimﬁﬁﬂ
FInoa Ingazutsiheenaenidudiusing q il ludmiFusundnimauimsussgndld
GLERREHRIGEINARR ﬁ]’lmj;uléfﬁ’lLa‘uaLLUUﬁWaaﬂﬁaﬂﬁmmﬁmLﬁaaLﬂi’]%ﬁizUUmiﬁﬂﬁmiyﬂm
wiouldthuuudassaamsnnoadudunlddmiunmsinseine ludunasudided
ldfasanldiniediinneianasilunisiananismaass uaziteyadildunagunaluds
ann 1ugﬂﬁuamqr§%'umwmmLLﬁummm%Lﬂu wawileidunsuaniasazan
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Tuuniinanfswuuknunisnaassiauazneassindygyralununiuuinig gl
AMUEIRYogNEdluNSLARDIUTTANS AN UR ST A By Y8l

4.1 LHUVUNBUNITALLUIY
o a I3 I3 ~ = = a )
AsALRuNIsnaaed Lulusuvdanlneswnsy UM 4.1 FALAAIITELUYU VUADU
#1949 FlauFNITSNANYITY

4 N\
AneAuAdwAenfumalulag DVB-T2
(& J
e l a
NARDLANANHUTAIEBINANTINA N

\ J/
A\ 4

4 \

ARsaneaINIAN LN sliU-Tadeyrynny

L J
\ 4

'd N\

ToLaTn AL

. J
\4

(" \

UNALAZALAINZING

\ J
\ 4

( 3\

agutia
\ J

JUN 4.1 vdenlaesunsudunaunIsNAaeINIsInYesdynyio

FaluuniifunstiaueuuukiunisInuas LU kLN 1snnaes tngldiinisiaa
melu wavmsuenetms meluuinaeaiuiifudygravesaniumaluladnszaounan
LAUNIITAIANTEU Fmendnugilainisussdiulszansamuesdosduauniely
Uinadnan dadumaifudeyaieuumislumsesnuuuszuunadsdayayn tielinng
Surilnsimiszuuidneainusydnsanasan TngsngaziBentunounImnaaesaLIsaLans
esastoluil
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4.2 %uﬂ@uiuﬂ']ﬂﬁ%ﬂuﬂ'ﬁ%ﬂﬁ@ﬁ

4.2.1 erganidlalna

Tuinendnusilald arsenialalna afiausuaudlalugas UHF-Band 1Ju
avwomalunsnaassiudyanalnsimissuuiinea daguil 4.2 Tnsangeiniaaunsa
nevauedutaudldnuldiduesed Sandufivaudiiiu 50 Tevia Wethlusefuaie
Fyaiavia3eaiiaszianasundn aunsaiunalaegawsiudgndes waziiludeniu
naesdudyaufionnasuiulnsimiannsasuduaaldase

sUT 4.2 angemelelnanldlunismaass (Dipole Antenna)

11@189107@ AL na kU UUTUAUD LA b U989 UHF Band Taganudalslunis
71A8D9 AD 626 MHz ANUIUAIAILENIARULAIL AN AUEVDILAALDIAUTENaUTlAT
WINAU 11.5 b URLURS

’ I N s

7/
)

$11 (dB)
:
-
<
el

25—

30—

35 | | | | | | | | |

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1
Frequency (GHz)

1UsEANSNNSaLUNaUVRIAER A LI LNE
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4.2.2 Lﬂ%ﬁtﬂiﬂ:ﬁﬁtﬂﬂﬂ%’ﬂ (Spectrum Analyzer)

WspiAssRanndy 8o Rover aunsoldeldnslulaseng DVBT2, C2 uay
S2 WAZANNNIOLAAINATDY TEAUANULIAYYIU ORT1AIUTTNINAIFVDIFYYIUFDNRA
YOI IUTUNIU (SNR) LAZAITINTZUIUNNT constellation

sUN 4.4 \pSediiaszviadnmsy

4.2.3 naaudyaalnsiiAilAinea (Set Top Box)

1< e o v ¢ 5 ' Ya s v a §f [ v 6

Jugunsainvilviinsvied anunsassenliduwesisivdumesidasasyinlilnsvied
ANITOAIAINITIULAZODATHANITUNI NN TVIFLUUAIRDa DTV Set Top Box U14ATY
38nd1 §I5U (Receiver) Set Top Box dnuunndwiudwulnsviaindesnisldinsveen
WhenlsuNMNAInea

sUN 4.5 naesfudygadnsiinliinea
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4.3 W1510M05NITluN1sNAaaY
wsdwesnldlunisneasslanandmiiulunisneg 4.1

A1519% 4.1 W51 NLTIUNISNAADY

w1s3mes A
el eatty 470 - 890 MHz
ILYEN 25 Alaluns
au9INAGS 91ANSLUTLN 2
GACRRIRLEY awﬁgwnm;mﬁ'gasm
vilnvesa180InIA agonelalna
N1579818010A WUIUDU
ANNGIVDIELRINIATY 1.5 s
WUURINGS 8 MHz
Fos (Ad) %93 40 (626 MHz)
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5.2 HAN1SNAABIIALAZIATIZH
5.2.1 nan1snnelueiang
PnMInadeusUdyulnsialszuuAIneatuaniaznglueims vialimsiuaves
WISITADIAN wAAIRInTTIaT 5.1

M19199 5.1 Uoyauasdysy1ns od 39@080ee19 Melueians

Point Power (dB) CNR (dB) MER (dB) BER
PO1 43.6 25 24.7 2X(101-3)
P02 42.3 23 2% ax(101-3)
P03 45.1 25 25 3x(101-3)
PO4 312 4 4.3 ax(101-3)
PO5 31.2 16 16.4 1x(107-2)
P06 40.8 19 19 9x(101-3)
PO7 J¥ad 17 173 1x(107-2)
P08 31.2 14 14.3 1x(107-2)
P09 41.2 22 224 1x(107-2)
P10 4a4.2 24 24.2 ax(101-3)
P11 a5 26 26.2 7x(107-3)
P12 4a1.2 26 26.3 1x(107-2)
P13 4a4.2 27 27.3 6x(101-4)
P14 as5.7 27 26.9 2x(101-4)
P15 42.6 27 26.6 3x(101-4)
P16 38.3 15 15.1 1x(107-2)
P17 29.9 16 16.2 1x(101-2)




P18
P19
P20
P21
P22
P23
P24
P25
P26
P27
P28
P29
P30
P31
P32
P33
P34
P35
P36
P37
P38
P39
P40
P41
P42
P43
P44
P45
P46
P47
P4s
P49
P50
P51
P52
P53
P54
P55

38.3
38.1
40.2
aa
36.9
38.9
39.9
36
38.9
36.8
20.3
19.4
19.6
20.6
20.2
18
34.5
27.2
= 2
~2 Vi
21.2
33.8
35.1
R (A
25
27.2
2ol
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
34.8

17
20
24
28
21
25
24
20
23
22
18
18
12
18
12
14
21
19
16
16
17
19
19
18
15
14
13
13
13
13
13
11
11
12
12
17
15
14

17.5
20.1
239
27.6
20.9
24.6
24.2
204
233
224
18.3
18.4
11.7
17.6
11.7
14.5
20.7
18.6
156
16
174
18.6
18.7
18.2
14.8
14.5
13.4
i’ 9
13.2
12.8
12.8
10.9
11.3
12.2
12.5
16.8
14.6
14

1x(107-2)
1x(107-2)
5x(101-3)
2x(101-4)
1x(101-2)
2x(101-3)
1x(101-3)

1x(101-2

1x(10A-2
1x(101-2
1x(101-2
1x(10A-2
1x(10A-2
1x(107-2)
1x(101-2)
1x(101-2)
1x(101-2)
1x(10A-2)
1x(101-2
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1x(107-2)
1x(107-2)
1x(107-2)
1x(107-2)
1x(107-2)

)
-2)
-2)
-2)
-2)
)
)
)
)
)

)
)
)
)
)
)
)
)

35



36

P56 271.2 14 14 1x(107-2)
P57 271.2 14 13.6 1x(107-2)
P58 33.9 16 15.9 1x(107-2)
P59 27.2 14 14.3 1x(101-2)
P60 27.2 16 15.7 1x(101-2)
P61 27.2 15 147 1x(101-2)
P62 27.2 15 14.6 1x(101-2)
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NNINAADUSUA YN TVIFUIZUUATINOAUTIIATOULDNAID1AT YNNI IUAY

YOINNTTNDTAN) UAAIRINITNAN 5.2

M19199 5.2 T0yav0sdya) 0l ol 3008196197 BULDNDIANT

Point Power (dB) CNR (dB) MER (dB) BER
1 41.3 159 16.5 1.00E-08
2 51.8 21.6 24.6 1.00E-08
3 35.6 0.5 - 1.00E-08
4 41.2 10.9 18.4 1.00E-08
5 45.2 199 241 1.00E-08
6 34.6 9.0 10.5 1.00E-07
y/ 36.8 10.7 10.9 1.00E-08
8 34.8 9.2 17.6 1.00E-08
9 a1.7 6.8 85 1.00E-08
10 41.0 208 22l 1.00E-08
11 283 ik 2 1.00E-08
12 471.3 214 17.8 1.00E-08
13 345 123 18.5 1.00E-08
14 46.1 20.8 O 1.00E-08
15 36.4 0.9 1 1.00E-08
16 37.5 6.7 16.4 1.00E-08
1k 62.2 2713 26.2 1.00E-08
18 a1.7 6.3 13.5 1.00E-08
19 354 9.9 18.7 1.00E-08
20 46.3 20.9 29.5 1.00E-08
21 31.7 6.4 7.0 1.00E-08
22 26.7 1.2 - 1.00E-08
23 33.6 8.2 13.2 1.00E-08
24 35.9 10.0 16.1 1.00E-08
25 50.3 19.7 26.7 1.00E-08
26 58.5 334 30.8 1.00E-08
27 48.4 23.0 29.7 1.00E-08
28 354 9.7 9.3 1.00E-08
29 a1.7 16.1 19.8 1.00E-08
30 40.4 15.0 17.5 1.00E-08
31 39.2 13.6 9.1 1.00E-08
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37
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39
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41
42
43
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45
46
47
48
49
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41.2
52.6
47.8
37.4
45.7
47.5
49.5
64.9
33.0
29.0
41.3
46.6
41.4
50.8
52.9
46.7
36.9
32.6
26.0

15.6
21.8
21.8
25
20.5
17.3
9.3
34.8
7.6
4.1
15.8
6.6
15.9
252
26.6
e Q
{90
2.0
0.8

18.7
24.1
14.0
16.1
22.8
20.2
27.5
249
14.6

154
22.0
18.3
L[t
14.4
Pt
18.2

1.00E-08
1.00E-08
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1.00E-08
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1.00E-08
1.00E-07
1.00E-08
1.00E-08
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Experimental Study of DVB-T2 Propagation Loss in
an Indoor Environment
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Abstract—In this report the measurement DVB-T2 (Digital
Video Broadcasting — Terrestrial 2nd Generation) signal in an
indoor environment of the faculty of engineering KMITL,
Bangkok, Thailand. DVB-T2 fr: ission were performed in the
626 MHz frequency band (Channel 40). And analyze the
variations of some of the key link budget parameters for planning
digital terrestrial television networks for portable indoor
reception, such as the building penetration loss, the standard
deviation for location correction factor, and the height loss.

Keywords—DVB-T2, Path  Loss,

Broadcasting Technology.

Indoor Measurement,

I. INTRODUCTION

Standard of terrestrial television broadcasting is scanning
lines 625 lines and the analog color image which there are three
systems: NTSC, PAL, and SECAM later when it developed a
digital system it has. Efforts to make the same standard.
However, in practice, A group of countries. A technology
leader in the development of digital TV as their own work. But
you can see that in most cases. Countries around the world will
accept digital TV transmission standard DVB-T and is the
same basic technology. It has compressed the same video and
audio MPEG-2 [1]. Highlights of the standards DVB-T2 signal
is mixed with the new. And can prevent errors of signal flow
better. To optimize the use of the frequency spectrum. And
new technologies. The preparation for the termination of
analog broadcasting in the next few years. The adoption of
MPEG-4 encoding in the broadcast. The quality of picture and
sound in HD makes watching them a better quality [3] and in
the future to extend the service to the receiver portable as well
[3], considered as a new standard. The highly flexible and can
be adapted to a variety of devices.

As mentioned above, the digital TV has a variety of
methods. This research will focus on the receiver on the indoor
environment. Which will be affected by the building materials
in the building, including walls, windows to make the received
signal is distorted. Need to study such conditions. To collect
data to determine the approach for the development of income -
a signal for the future. Experimental study of digital terrestrial
television signals ago. Both measure the condition of the

Sathaporn Promwong
Department of Telecommunication Engineering,
Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang
Bangkok 10520, Thailand
E-mail: kpsathap@kmitl.ac.th

building (Line of Sight) and indoor conditions (Non-Line of
Sight), which in past research. Has been considered in terms of
the capacity to deliver [6], a coded signal [6], the mixed signals
in various ways, and improved antenna used in experiments
[7]. This experiment ago. A comparative analysis of both
external receiver. And interior made aware of the power of the
signal, fading and models of channels in the area.

Tt is a new standard that is highly flexible. Can be adapted
to a variety of devices. As mentioned above, the digital TV has
a variety of methods. This research will focus on the receiver
on the indoor environment. Which will be affected by the
building materials in the building, including walls, windows to
make the received signal is distorted. Need to study such
conditions. To collect data to determine the approach for the
development of transmission system for the future.

II.. DVB-T2PROPAGATION LOSS MODEL

The Path Loss of propagation from the distance of the
receiver to the transmitter. As shown in Equation 1 [5].

PL[dB]=PL(d0)+10n10g(di] )]

0

when d is distance (m)

d o 1s reference distance (m)

i is index loss

In terms of wireless communications channel is the
medium for data transfer between the antennas transmit and
receive antennas. Features of the antenna signal to both sides.
Is based on the distance the signal travels through the
environment, like building a skyscraper tree pattern of the
signal received by a signal sent between the two antennas is
called. Channel models [2]. And the path loss can calculate
with Equation 2.

k =
P (d)=2r+X @)

Page 170

a9



ISMAC
=201

when o is signal constant

X israndom variable
d s distance (m)
72 is path loss exponent

The average model we using linear regression is a statistical
model that can be used as a model for analyzing the data.
Because of the relationship between the two variables that are
related each other. The relationship of variable make us to
predict the value of another variable.

When we consider about average receive power

P.(d)[dB])=—10nlog d +K[dB] 3)

If do is reference distance

P.(d,)[dB] = ~10nlog d, + K[dB] @
From (3) and 4)
P.(d)[dB]=-10nlogd+P.(d,YdB] (&
then

X =P (d)-P (d)dB] ®

r

III. DVB-T2 MEASUREMENT SYSTEM

DVB-T2 field trials were performed in the city of Bangkok
for the public network, specifically for the public, transmitted
in the radio frequency channel 40 (center frequency 626 MHz).
The public DVB-T2 network consists of three high-power
transmitters: Baiyoke II tower in downtown, E12 building,
KMITL in the East, which transmit an effective isotropic
radiated power of 26 kKW.

Indoor measurements in the building and surroundings
were performed to assess the indoor reference signal level,
mean and standard deviation of the electrical field strength, at
ground level in each floor, the samples were taken during 30 s.
The overview of transmission system see Fig. 1.

e,

+

=D

L @ in

BAMOKE ITOWER

SPACT RUMANALZER

Figure 1. Overview of DVB-T2 Propagation
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Fig. 2 shows the coverage of the DVB-T2 public network at
channel 40, where the location of the KMITL is represented
with a point in the right hand.

We example the measurement the path loss in E12 building
to analyze signal and this is not the standard model but we only
consider about are of KMITL to improve signal quality in area
of Ladkrabang.

~

Ea- %0 &

i e, 24 -

Figure 2. Coverage for portable indoor reception of the
DVB-T2 public network (distance 25250 m)

The measurement signal has been taken up in the corridors
of each floor inside the E12 building, Faculty of Engineering.
King Mongkut's Institute of Technology Ladkrabang between
both antennas. By using a spectrum analyzer to measure the
strength of the signal received by the samples. And walkways
Building, E-12 and a dipole antenna TV reception.

Fig. 3 show the physical dimensions of the floor: 3 meter of
width and 90 meter along the floor and a thickness of the wall
of 0.3 meter, with a lot of windows. Measurements in the
pathway were performed in every tile of 1.5 meter, and the
value recorded was the average measurement during 30 s.

WIKDOW

DDMIDBOODDINHDOOHOIIONHIMIBMMUDGNHHIMHN!I!ODUIIODNIOIODOIMHM

WIKDOW

Cussnoon CLASSI00U

=t

Figure 3. Measurement model.

Experiments measuring digital TV signals in indoor
environments of this research. The experiment measured the
signal strength with a spectrum analyzer. To study the samples
at the reception

Measurement were performed with a professional DVB-T2
spectrum analyzer and a calibrated omnidirectional antenna in
the E12 building in KMITL, which is approximately at 25 km
from the Baiyoke II transmitter. The goal of the report is to
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analyze relative levels in the electrical field strength, results are
representative. And the parameters of experiment are shown in
Table I.

Table I: Measurement Parameters

Parameters

Value

1. Channel (Frequency)

CH. 40 (626 MHz)

2. Bandwidth 8 MHz

3. Distance 25250 meter

4. Polarization Horizontal

5. Rx Antenna Dipole

6. Height of Rx Antenna 1.5 meter

7. Sample Points 60 Sample Points
8. Distance between Point 1.5 meter

9. Floors 31 to 12" floor

Indoor measurements were performed within the highest
building (see Fig. 1), with twelve floors (high per floor is 3 m).
Pathway of cach floor was chosen and measured in all 10
floors (3" to 12 floor), an additional outdoor measure were
performed at the immediate surrounding area of the building to
compare the height loss factor 1.5 meter.

Although the measurements have been done at 1.5 meter
instead of 90 meter, the standard deviation values planning
guidelines for the UHF band. It was notes that the standard
deviation is higher for blocks which have both high building.

Figure 4. Experiment Sctup

In the figure, it can be seen how to set up the Rx antenna on
each floor the antenna has 1.5 meter from ground and set to
horizontal polarize same as Tx antenna that set on Baiyoke II
tower and aim the Rx antenna heading inside the building. The
measurement each sample point to sample point by 60 points,
in line with the center of the distance from the wall of the

2015 i ium on Multimedia and C ication Ti
September 23 — 25, 2015, Classic Kameo Hotel, Ayutthaya, Thailand

corridor is 1.5 meter from the left and right of the wall. And
each point from the 1.5 meter tiles along the corridor.

IV. RESULT

Fig. 5 shows the comparison of DVB-T2 path loss between
3 floor and 12 floor in an indoor environment. The path loss
in this figure we can see that Receive Signal Strength (RSS) of
the lowest floor 3th is loss more than the highest floor12™
because the effect of reflection and diffraction in an indoor
situation. The measurement position in building from sample
point 1 to sample point 60, the distance make the difference of
receive power.
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Figure 5. Path loss on 3™ floor and 12" floor.

Fig. 6 shows the comparison between floor 4™ | 5% 6" and
7% . In the simple case the higher floor must has more receive
power than the lower floor but in realistic multipath is the
mainly effect to attend the receive power if the floor that we
consider has many objects. In this figure, the 4% floor has
more power of receive signal than 5" floor because the 5%
floor has the conference room and has many objects such as
tables, chairs and a lot of metal things. So the objects will
attend the receive power of transmission.
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Figure 6. Path loss on 4*, 5% 6™ and 7" floor.

Fig. 7 shows the comparison between floor 8% , 9% 10"
and 11" | In the same way the higher floor is better than the
lower floor because the higher has height close to transmitter
at Baiyoke II tower.
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Figure 7. Path loss on 8", 9% 10% and 11% floor.

V. CONCLUSIONS

In this report we evaluated the path loss of DVB-T2
propagation loss in an indoor environment. In the experiment,
results are evaluated path loss and comparison with linear
regression model. DVB-T2 inside the school building,
including E-12 at King Mongkut's Institute of Technology
Ladkrabang, Bangkok. By wusing a spectrum analyzer to
measure and analyze the strength of the signal received. The
frequency at 626 MHz and has a measurable effect analysis
Loss of life. And the ratio of signal power and noise. The
signal strength will be directly affected by the height of the
antenna gain. Since conditions inside the building with many
obstacles. Waves several ways. This makes a huge impact on
the strength of the signal received is lower down. And result in
a crash of a lot of information. You cannot watch TV
smoothly. But on a higher floor. There will be less affected by
the barrier. The level of the signal received is higher up. And
statistical information can be developed further in the future,
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Abrecs—Telargion terrestril of Theiknd used DVE-T2
(Digtal Video Broadcustng - Termetril 2nd Generstion). The
DVE-T2 p ropegstion chennel loss shall be study. Howewsrthe
DWVE-T2 propagation chennek perk mence & wery impertence
for Theiknd. The peper ewluation of DVE-T2 p ropapstion
channel baseon messu rement dete. In theeaperimentsl stud y od
DWVE-T2 channel with Bengkok eavirenment to p knnng d gial
terratrisl telove bn nawetk for portable in urben aress in
Eangkok Thaiknd ot Chenneld0 26 B{Hx). Thepeth bss end
thestetetics with pdfand cdfaere am bisted.

Eeywords— DVE-T2, DVE-T? propegetivn, DVE-T2
Measurement, Keaconrad § gnel Streapth Ind istion (BSST) CHE

I. INmODoe oo
The digial temestrnl television (DTT) which ic ako
hwwn as digital wideo broadeasting - temestrial (DVE-T), is
m effiierd  commumication  teckhnology  for
brzmdcasmg TV [1]. fnd vow this stardard has demeloped to
Digital Vidko Broadcastng — Temestrnl second generation
(DVE-T2). Thi system cm smulameols tansmision o
multpk semices md can be st differert. cafigmtion md
resistard for derfererce by the cordiguration s kcted. DVB-
T2 system is capable of broadcastig eiher ficed reception o
mcbik reception, depending o the cafigmtioy pameter,
supports far SD (Stanvhrddefintion tekvisian), HD (hizh
defmition televkion), UHD (Ua-high-defidion tekwision),
mchik TV, nd.m,otmycomburmm multiple digial
broadeastivg. The aims of the standard far digial terrestrial TV
tramsmEsion progressime and modem. The most porerful
applications mnowe. Sizns are durable amd flexbk mouse. The
modabtin system ¥ a rew OFDM (Orthoganal Fre quency
Dmsm!\ﬁﬂnplmc) dimided by the yomber of wery small RF
frequency. b arder the snd a sigal. The dmblk, highly
effciot codihg techriques that are used I telemisin
tramsmission. The qaaliy of picture avd sound it HD makes
watching them a better quality ad othe fubre to extead the
serrice to the receimer portabk as weell [2], c ansidered as a xewr
stavdard. The highty flecblk and cambe adapted to a mriety of
demices. As mertioned abore, fhe digital TV has a variety of
m ethods. This research will focus on the receiver onthe rdoar
exvramert. Which will be affected by the building m aterils
inthe building, mchding walk, windows to make fhe receired
signal is distorted. The measuremert has candiion of the
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Faculty of Engiwering,

King Maghat s tinte of Techmology Ladkmabang
Barghok 10520, Thailmd
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building (Live of Sigt) and kudoor corditions (More-Line of
Sight), which i past research, Has teer corsidered iterm s of
the capacity to delimer and coded sigral [3-5], the mited
sigals 1 mrinx ways, md mproved wtara wed in
experimerds [6-8].

This paper evalted the DVE-T2 propagain chareels
base on measurem et data with Banghole exorroranert. The
multpath fadivg md the effect from building of DVE-T2
propagtian loss, The resuks are shoarpath Joss wifhure gression
model, FDF, ad CDF.

II. DVB-T2 PROPACA TION MODFL
The DVE-T2 propagtion chareel means meditor a
e rm ediary frough which irform ation trave k. Maybe it's the
ar. The signal e B ofter mords, o terms of wireless
canmupdcations that, TV is the medim for dam travefer
betrmen the ardernas tinsm & ard receime adermas.

A Choxmel Model

Feahres of the signal to the awderra tRnsmitig amd
Tecelring arterens. I taged o the distance fhe signal tamels

throagh fhe ene iranm ext, ive building a sheysaaper tree pattem
of the siznal receired by a signal sat betreen fhe tao
arterps is calkd “Chorewel ModeI" The sigral powmer of
transm ks on can caloubte wrifh Egaation 1

P,(d)=§"+x {1

W issignal corstart
isradom variabk
is distance (m )
ispath boss exporent

B by oy

B Repression Model

Liwear Regression Model ¥ a statiticalm odelthat canbea
model far data avalysic. Becaase of fhe relatiorship betmmeen

429



55

Digitd Economy fr sustanable Growth
17-20 ¥ebuary,2016, The Mantrini, ¢ hangra, Thailand

COAMT

the two Tariblk s that are related or not, and are related vy
level. The aalysk simple rehtianship. To make them arare
of sachrelatiorships. That relatiorship is amenablk to fhe same
direction or may require aalysis by the moam mahe o ore
wariabk to predictthe malie of a varmble then, ore that varies
n proportion to howr much o to what edert. Analkysk of the
rabre of the aitern to be wed the forecast called re gession
aralysis.

The arerage model Re using livear regressian k a stnnsw:nl
model that can be used as a model for amalyzing the
Becams: of the relatiovship betwreen the tweo variabks thtm
rebted each ofher. The relatiovship of varible make us to
predict fhe mahe of wother Tarable [9].

Considering awerge receive porrer

—_—F

Rld)= 2
2 e i2)

E(d)IdB] = -1010g[ ]+P(d‘)[d’31 3]

As dy=1m

B(d)[dB]=~10nlog(d)+ B([dB]  (4)

From Equtian 1 intemms of the probabiliy of of curerce
of wave propagation hultpath fadirg is pessbk & margy
directiovs. Fifher directly i the Ime of sight (LOS). And
refkctios cased by objects inthe path. The am of the siznal
receired from the desructive wave that spread from seweral
directiors. The effect of changirg the receired sigral amplimde
ard phase.

X=R(d)-B(DE {s)

C. Swfisticel axd Frodadigy

The signal fhat careot hrowr o adrarce. These signak are
gererated i the canmardcation system i a m awer that does
notwart to sign. Is the roise. And the desred signal ¥ asignal
rfarmation. The mndam signal ¥ a signal thathe camot Inowe
that for sure has changed. To deal with this type o sighal can
be used to help estim ate the datitical propertes of the sigral
On amerage, varmce ad demiation, of the dexeiy
function and probabiliny distrbntions are made to the statistical
model.

D, Average of sipnal

Aralrck of didete siguls which each signal poit
Defie the data. A1l sigals poirt dfommation of each poit
remessrtby X mben 1=123 N

e [

1
X= FE X, i6)

E. Sondord deviation

Arakrek of deaete sdguls whdch each signal polt
Def e the data. All sigals poirt ¥formation of each pokt
remesertby X when 1 =123 N

o -_—
EE_‘I (x-X)° (7
F. Prododility Density Function

K protability P{XZx} & probability o evert
{X 22} wd asin f(x)is probability ety fimetion
[6]- (7] which & defined as

=
j;(x)-de{X5 2} i8)

G Cumulative Dispidution Function

F probabilty P{X<x} & probabiity o evert
{X <5} and assign F(x)is probability dersiy fimction
[6)- [7).miuch & defimed as

Fx)=P{X < x} i9)

H Data Disvidution
The frequency disrbution as a Ray o sat fe dim
obtakwdfram experin et far ease of kterprettion

o Gt
re 13 e (10)
aNzT

when ¥ is haxtosis of aurve
N isnmber of dan
a is stamdard demiation
M is mean of distribtion
X is rawr data
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III. EXPERIMENT SETUP

The antenna to receive signals, digital TV by connecting it
to the measurement of spectra to measure the level of the signal
from the station at the BAIYOKE II tower using dipole lock
open hostility on portable receiver. Frequency 626 MHz
spectrum analyzer used to measure the received signal strength
and data storage. DVB-T2 field trials were performed in the
city of Bangkok for the public network, specifically for the
public, transmitted in the radio frequency channel 40 (center
frequency 626 MHz). The overview of transmission system see

figure 1.

INDOOR ANTENNA WITH
SPECTRUM ANALYZER

Figure 1. DVB-T2 Propagation Model.

The public DVB-T2 network consists of three high-power
transmitters: BATYOKE 1I tower in downtown, which transmit
antenna effective isotropic radiated power of 26 kW.

Measurement were performed with a professional DVB-T?2
spectrum analyzer and a calibrated omnidirectional antenna in
the building in each sample point, The goal of the report is to
analyze relative levels in the electrical field strength, results are
representative. And the parameters of experiment are shown in
Table I

Table I. Measurement Parameters

Parameters Values
1. Frequency Band 626 MHz (Channel 40)
2. Bandwidth 8 MHz
3. Polarization Horizontal

4. Distance 8 km, 14 km, 25 km
5. Rx Anfenna Dipole

6. Antenna Height 1.5 meters

7. Sample points 30 points

The DVB-T2 indoor measurements in the building and
surroundings were performed to assess the indoor reference
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signal level, mean and standard deviation of the electrical field
strength, at ground level in each point, the samples were taken
during 30 s. The DVB-T2 measurement location are shown in
figure 2.

Figure 2. The position of sample points in experiment.

IV. RESULT

Table 1I shows the comparison of DVB-T2 receive power
in an indoor environment at the different antenna height. The
receive power in this figure we can see that Receive Signal
Strength (RSS) are low because the effect of reflection and
diffraction in an indoor situation. The measurement position in
building from sample points. the distance make the difference
of receive power.

Table II. Receive Power in each sample points (dBm)

Distance 8 km 14km 25 km
Point 1 -52 -47 -62
Point 2 -51 -67 -57
Point 3 -64 -61 -52
Point 4 -50 -62 -53
Point 5 -56 -50 -56
Point 6 -51 -68 -68
Point 7 -57 -56 -59
Point 8 -57 -57 -59
Point 9 -49 -46 -42
Point 10 -50 -37 -61

From Equation (5)

PIdBM]= -11.7872log(d)- 4348  (10)
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v Figure 3 is shows the receive signal strength compared to
linear regression model. This parameter is the exponent of loss,
the pace of polarized horizontally at a height of 1.5 meters, the
power of the signal received at a distance of one kilometer is -
43.48 dBm, which results that have seen. The graph shows the
strength of the signal received three stages 8, 14 and 25
kilometers is -53.70, -55.10 and -56.90 dBm, respectively,
caleulated from the average. The data obtained by measuring
the strength of the signal and the result of channel models with
linear regression model be seen. The data was compared with
regression model is not as linear as they should. Because too
little information. You cannot see the relationship between the
— Regression model variables. The strength of the signal received on the distance

O Measurement clearly. Figures 4 and 5 shows PDF and CDF of multipath
55 %) fading when the value of standard deviation is 7.27 dBm.

Distance (km)

o]
o

23
&

Received power (dBm)
&
3

&
)

00
©

V. CONCLUSIONS

Figure 3.Comparison of power loss between RSS and regression model. In this paper - we evaluated the DBV-T2 propagation
channel base on measurement data. By using a mathematical
model is a linear regression models are being applied to the

8

signal received. Show with equations and graphs. That is, when
a distance away from the signal strength is reduced. Received
005 signal is decreased. This is due to the path loss. It also relies on
a statistical model, which consists of. The graph function
004 probability density and cumulative distribution function. Make
/ a chart of the acquisition was fading in the distance from the
/ transmitter as well. The strength of the signal received and
go [ 1 d, there is not the same. The loss caused by the
\ environment. The effects of DVB-T2 signal are consider from
] h the reflections due to tall building.
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Abstract—Antennas which are used to transmit and receive
ultra wideband impulse radio (UWB-IR) signals should be able
to accomodate its large bandwidth. Moreover, the signals should
not be distorted too much when they pass through the antennas.
Therefore, the transfer function of antennas should be known the
performance. The indoor and the outdoor localization are usually
evaluated by using the of Friis’ tr ission formula.
However, it is not directly application to UWB transmission sys-
tems. This paper are presentation, the characterization of UWB
antennas performance that takes into account the transmission
signal waveform, its distortion due to the antennas, and the
receiver. Since the antennas are significant pulse-shaping filters
in UWB, various kinds of antennas are experimentally examined,
especially focusing on the UWB template waveform.

Index Terms—ultra wideband (UWB), impulse radio (IR),
Friis’ transmission formula, indoor localization, antenna.

I. INTRODUCTION

In UWB communication systems, any frequency selectivity
causes distortion of the transmifting pulse shape. Therefore,
antennas usually act as significant pulse-shaping filters [1], [2].
Consequently this will increase the complexity of the detection
mechanism at the receiver. Moreover, low cost, geometrically
small and still efficient structures are required for typical
wireless applications. Therefore the antenna design for UWB
signal radiation is one of the main challenges.

For narrowband wireless systems, Friis’ transmission for-
mula is used for the line-of-sight (LOS) link budget evalua-
tion [3]. However, it is not directly applicable to the UWB
impulse radio (IR) system as the bandwidth of the pulse is
extremely wide. Moreover, the effect of waveform distortion
shall be quantitatively considered in the link budget evaluation.

Ref. [4] treats the special cases of constant gain and constant
aperture antennas, but no general discussion had been made.
McLean et.al. [5] considered the antenna and the receiver
template waveform to evaluate the free space transmission
property, but they only considered the relative performance.

In this paper, we discuss the UWB antennas performance
evaluation scheme with measurement data. This scheme is
based on the Friis’ transmission formula, adapted to UWB,
in the sense that we derive the equivalent transmission gain
of UWB systems. The transmission and the receiver template
waveforms are the keys for the extension of the Friis” formula
to UWB. Experimental investigations are done for different
types of wideband antennas.

978-1-4799-4075-2/14/$31.00 ©2014 IEEE

II. . ANTENNAS PERFORMANCE EVALUATION
A. UWB Transmission Waveform
Free space channel response including antennas is obtained
by using Friis’ formula as

He(f,d) = He(f. d)He(f. Q) - Hi(f. ), (€]

where Hy (a = r or t) is a complex transfer function vector
of the antenna relative to the isotropic antenna towards the
Q, = (8., @,) direction, i.e.

Ho(f. ) = Hi(f.0a.94)
= O H,0(f,0a; 0a) + P Hog(f, 0a. Pa),
2)
where a =rort,
| A 3
Hi(f.d) = o, oxp(—jkd) (3)
is the free space transfer function where
27
k= X 4)

is the propagation constant. Unit vectors 0., @, express the
polarization and are defined with respect to the local polar
coordinates of the antennas. The following relations can be
easily derived.

9, 20, 5
b= —Pp ©)
The spectrum of the receiver input Vi(f) is given as
Vi(f)= He(f, V(). @)
where Vi(f) is the spectrum of the transmit waveform.
B. UWB Correlation Receiver

UWRB correlation receiver shown in Fig. 1. The output SNR
is dependent on the choice of the template waveform. The
correlator output vo{7) is therefore expressed as

V() = /W et hw(t = 7)dt, ®)
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where v () is the receiver input waveform which is the inverse
Fourier transform of Eq. (7), and hy{#} is the template wave-
form. 7 corresponds to the timing of the template waveform,
and the optimum timing 7 is chosen as

To = ALGI0AX 0o{T). Q)

Hereafter hy,(#) is normalized as

OC:
/ It dt = 2B, (10

where B is the signal bandwidth, so that the output noise

power is a constant as Ny /3, where 7° is the power spectral
density of AWGN.

Under the constraint of Eq. (10), /g () maximizes vo{7 )
when hyn(#) is a time-reversed and scaled version of (¢},

ie.

V2B {r, = )
\/;j‘ fee {£))2 ke
where 7, is usually chosen so that by {t) = 0 for £ < 0 to
satisfy the causality. /wn(f) is called the optimum template
waveform hereafter. It is noted that the link budget evaluation

is identical to that in Ref. [6] when hym{#} is used as the
receiver template.

ham{t) = (1)

C. Feasibility of the Optimum Correlation Receiver

It is obvious from Eq. (11) that the optimum template
waveform is not the simple time-reversed version of the
transmitter waveform, but the channel characteristics including
the antennas and the free space propagation. Therefore, it is not
always feasible to adapt the template waveform to the angular-
dependent antenna characteristics, since the waveform shall be
generated at the clock rate of tens of gigahertz. Therefore, we
consider a canonical template waveform hyc{#}. In this paper
we have chosen hy.(#} that is optimum for the isotropic and
the constant gain antennas, i.e.

V2B (To — 1)

Bueltyi= e
72 feciso (8174t

12)

Y v(7)
R~ [dt |t
’U,~(t) Output
I
Received/Isotropic
template

Block diagram of transmission system Model for UWB signal.

where

K
ity = | Hi{DW(exp(iZaftidf  (13)
4 =
is the receiver input voltage for the case of isotropic antennas
used in both sides. The difference between the optimum and
the isotropic templates indicates quantitatively the distortion
of the waveform.

ITI. EXPERIMENTAL EVALUATION OF CHANNELS WITH
VARIOUS UWB ANTENNAS

A. The Transmitted Waveforms of UWB-IR System

The effect of the waveform distortion is more obvious
when the bandwidth is wider. We considered the transmit-
ted waveforms that fully cover the Federal Communications
Commission (FCC) frequency band, ie., 3.1 — 10.6 GHz [8]
and common frequency band available between the FCC of
USA, European Conference of Postal and Telecommunica-
tions Administrations/Electronic Communications Committee
(CEPT/ECC) of Europe and Ministry of Internal Affairs and
Communications (MIC) of Japan, ie., 7.25 — 8.5 GHz [9].
In this paper, the rectangular passband and root raised cosine
passband waveforms are used as the transmitted waveforms.

1) Rectangular Passband Waveform: The rectangular pass-
band waveform is the waveform with rectangular spectrum and
its spectral density is defined as

L R TF E A

Vire = ; A 14

oelf) { 0 otherwise 9
where f. is the center frequency and f, is the spectral
bandwidth. For satisfying the FCC spectral masks for indoor
and outdoor limits, f. and f, are set to 683 and 7.50
GHz, respectively. For satisfying the common frequency band
spectral mask, f. and f;, are set to 7.875 and 1.250 GHz,
respectively.

2) Root Raised Cosine Passband Waveform: The root
raised cosine passband waveform is the waveform with root
raised cosine spectrum and its spectral density is defined as

o O R =
Volf) = § A S8 cif-rl g 5
Q otherwise

. (15)

60



Fommemmmmmm ==

e e 1 n
2 6 8 10 12
Frequency (GHz)

Fig. 2. /N lized spectral d

igh2. pared with FCC spectral masks
for indoor and outdeor limits

) L Y b =+= Rectangular passband waveform
5p= :++ Root raised cosine waveform
—
2
o E
€
E ol p
g
3-10F B
2
o5 H d
g
=20k =
©
%-25 - -
5 -30 -
z
—35p =
1 1 1 1 1 L 1 1

T 12 gy 7%, ] e me Je@)Va4lllad | las
Frequency (GHz)

Fig. 3. Normalized spectral d
band spectral mask

where

A\ = YR 1+ conilg) - Rl 0,

T = 1/ fy is the reciprocal of the symbol-rate and £ = 0.3 is
the roll-off factor. For satisfying the FCC spectral masks, f.
is set to 6.85 GHz. The spectral bandwidth f}, is set to 6.37
and 5.94 GHz for satisfying FCC spectral masks for indoor
and outdoor limits, respectively. For satistying the common
frequency band spectral mask, f. and fi, is set to 7.877 and
0.975 GHz, respectively.

The normalized spectral densities of these waveforms com-
pared with FCC spectral masks and common frequency band
spectral mask are shown in Figs. 3 and 4, respectively.

B. Experimental Setup and Measurement Model

An UWB radio channel transfer function was measured as
Sz in frequency domain by using a vector network analyzer
(VNA) in an anechoic chamber. The VNA was operated in the

Fig. 4. The instrument setup.

response measurement mode, where Port-1 was the transmitter
(Tx) port and Port-2 was the receiver (Rx) port, respectively.
Both Tx and Rx antennas were fixed at the height of 1.75 m
and separated by 4 m.

The setup is sketched in Fig. 4.

We used a biconical antenna as the Tx antenna. We have
chosen this antenna for ease of fabrication, as well as its low
distortion property. The geometry of the antenna is shown in
Fig. 5. The upper cone is connected to the center conductor of
a coaxial line while the lower cone is connected to the shield
conductor. The maximum diameter is 65.3 mm and length is
37 mm. We changed only the Rx antennas to compare the
transmission properties.

IV. RESULTS

In this section, standard broadband antennas and deployable
antennas are used in the measurement for the link budget
evaluation.

Recently, many UWB antennas have been proposed for the
short range communications and radars. Among them, we have
used a miniature antenna that is commercially available, and
a trapezoidal antenna with an L-shaped ground plane that is
easily fabricated.

1) Biconical Antenna: First, the same biconical antennas
were used both at Tx and Rx sides. Figure 7 shows the normal-
ized UWB transmission gain as a function of antenna pointing
angle in the E-plane. Well-known 8-shaped patterns were
obtained. Two template waveforms were used for comparison,
and the difference was rather small. The phase center of the
biconical antenna is the feed point and it has theoretically the
frequency independent gain at broadside direction, and that is
why the waveform distortion effect is small compared with
the isotropic template.

2) Log-Periodic Dipole Antenna: A log-periodic dipole
antenna (LPDA) is also used at broadband. It also has a
frequency-independent gain. Different from biconical anten-
nas, however, the dispersion characteristic of LPDA is rather
big, since the phase center changes with frequency due to the
resonance of the dipole elements [10].
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We used a commercial LPDA, Watkins—Johnson’s AR7-
15A, shown in Fig. 8. The antenna has been designed to
operale in the range of 1 o 12.4 GHz. Figure 10 shows (he nor-
malized UWDB (ransmission gain pattern for biconical-T.PDA
link in E-plane. As is known, an LPDA is uni-directional
and its gain is higher than that of a biconical antenna. The
degradation of the transmission gain is observed when the
canonical isolropic template is used, since the waveform
dispersion is obvious [10].

V. DISCUSSION

The UWB antennas performance with transmission gain,
using both the received signal template and isotropic template
wavelorms, gives us quantitalive measure of the link budgel.
Since we have chosen broadband antennas, the trend of the
narrowband gain is reflected in the UWB transmission gain.
Another issue is the distortion of the waveform. The difference
between the optimum and the isotropic templates is a measure
of the wavelorm distortion. It is obvious that the use of LPDA
caused the biggest distortion among the sample antennas, as
its dispersion characteristic is significantly large.

V1. CONCLUSION

This paper we evalualed the antennas performance, which
includes the transmit waveform, antennas, free space propa-
gation, and receiver correlator template waveform for UWB
localization. By using the definition, we have evalvated three
types of broadband antennas. The formulation presented in the
preceding paper [6] is a special case for the optimum template
waveform in this paper. Therefore, as is also presented in [6],
IEEE 802.15.3a path loss model [7] is also a special case of the
formulation presented in this paper, by counsidering the single
ASK pulse, the frequency independent isotropic antenna, and
the optimum receiver lemplate.
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Biconical antenna structure.
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spectral mask for biconical-biconical link.

e Received signal template
30

180° - - Isotropic template
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