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ABSTRACT

This thesis is to study the result of ground reflection model in rough surface for ultra-
wideband impulse (UWB) radio which investigated the effect on character of chznnel and pulse
signal. We studied and analyzed base on ground reflection model (two-path model) divided into 2
parts. First part is to estimate ground reflection model on rough surface by stipulating different
surface types and rough levels of surface with Ray-Leigh criterion equation. Second part is to
measure signal inside building by setting model and measurement means with different surfaces.
Both parts are used for result examination of signal channel and pulse of received signal between
frequencies from 3 — 11 GHz. However, we used Vector Network Analyzer (VN.A) which is the
core instrument to measure and test signal. Its result is analyzed in order to find vital parameters
indicating the result of UWB channel changing and pulse of received signal variation due to
signal reflection from rough surface. Lastly, we use those results to improve and develop the

effectiveness of signal transmitted in UWB in the future.
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MsNoATUAYNINONYTYA (Amplitude-Shift Keying)
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W0 INIAAIUSY (Receiver antenna)
sasdmndyyuiisulddedyiusunau (Signal to noise ratio)
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R (Decibel) dB
159 (Farad) F
1FTA (Hertz) Hz
AnzI83Ad (Gigahertz) GH:
AT (meter) m
BITRYT (Second) s
W luIun (Nanosecond) ns
AR (Watt) W
ﬁﬂﬂniﬂﬁ(Milliwatt) mW
mmﬂﬁuﬁﬁwmmummﬂﬁmmanﬂfﬁuw?aﬁ'u Yoy 1014 (Effective area) A,
AT IIUUAIAN (Fractional bandwidth) B,
ﬂ'mn'%"mm (Velocity of light), ¢ = fA=1/ m ~3x10°, m/s c
LULN3 (distance), m d
ﬂ'ﬂll?; (Frequency), Hz ifi
ﬂl']ﬂ'J’llig'Lluﬁlﬂlix‘UUﬂ'ﬁﬁ&i‘)ﬁ'ﬁ fH
mANuddNeITEULUNSs doms A
DRI VUIWYDINWDINIATY (Receiver gain), dB G,
DN 1VUIWYDIFA WD INIAE (transmitter gain), dB G,
i thJﬁ%"]J"lﬁ (Receive power), W £
ﬁwﬁ'muﬁff& (Transmitt power), W B
Fulsz@nimsdarn (Transmission coefficient) L
Mszansmmmsazioundy (Reflection coefficient) &8
1201 (Time), s t
mmunﬂﬁzu (Wavelength), m A
ﬁuﬁuﬂwﬁum?u%ﬂ (Intrinsic impedance), n =/ u/&,Q n
AMNWUBN (Permittivity), & =¢,¢,,Fm”™ £
ﬂ"lﬂx'lﬁ%ﬂﬂ?\ﬂﬂ?ﬂ (Dielectric constant) £,
anmueuveseImadna (Permittivity of free space), ¢, ~1/362 <107, Fm™ &

XV



0 [V V] d
s1eMIMdonazdyanyol (Av)

anuauany'la (Permeability), g = pou, , Hm™

AMuANAY 1AYI0INIAIN (Permeability of free space), u, ~ 400z x10™, Hm™
mw?uumm'lﬁﬁ'uﬁﬂﬁ (Relative permeability)

A Wi I (Conductivity)

fiun?;unmﬂsz"?a (Mean excess delay), s

AIMIsIHY 5239 (RMS delay spread), s

AardudulseFnd anduius (Correlation coefficient)
AdurlszAninisaeiou (Reflection coefficient)
milasumsgaydniiiosninn1snsziansE b (Scattering loss factor)
ANUYIINYA

auflvauumasg m‘lmqﬁyuﬁammqa (The standard deviation of the height surface)
ﬁ1ﬂdﬁ%ﬂlﬂﬁl°ﬁﬁﬂ{é’uﬁuﬁﬁu6 (Modified Bessel function of zero-th order)
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gan31 10600 -51.3 -61.3

[ i w o A [ as a
Tudui 14 uaius 3 ae. 2002 e Fec lReenngdaususzuuuaouninegs
A o ' o o ar c= A o ar q'
sudlunmssmuavouivaveimsuninsenemasnuatiuivisdmivszuunauninduas
FaoyanaliidumaluTatnFludnyuzmanmisadndie Tavswnuaigauesilizme
o o a4 Ay ' o A - o 2
uazszifoumsntuinilaldmeunsaemsisaruluiui 22 Wowmwwiou U . . 2002 %4
¥y 1 & ¥ y A o °
Tuenais lanandimseygialdauluszuvuauninoaie 4 dszanuazmsfimua
' o w o o Wi ' a ¥ v ¥ o
youwaAMIuns nsznwmdsnudmsunsidlulszianae q Tasnintiowdredulanms
ansinssiia B, 1ihilddnd1 02 awaunisi 2.1 wazdedidamsuninsznieidany
o P o ot y e‘:
Tau Fec Tduanaldiiulumnei 22 dmfuldlumsdeasdoyanimelunaznisuen

[RRIANF]

2.3.2 ngieNsnuvesszuutaun NI lugls
i Insssvesdeimuaszuuuounietalunidylsdeglugiesedeyania
] 1 ' H ¥
matinfifoIfuransznuvesszuulaunNBIvussuuAuhil 19iueg TaonsgTsthiuug
¥
diuvesdeimuaszseunsun VoI anigemim mszmedglsthinludiuves
Pl "y 3 d " | 3 & L] = | a da
maluTadlnidewaasliiiundwansznudoonse ludawansznuidomesossuuanig
¥ v
oglasdoiiiamsunsnszneidanudmivmsidounsmelunazmouenemsiidmua

Tau ITU %30 ETSI naasldiiuluaisian 2.3




13

M52 2.3 Sartmualumsuninszaiwdidsni Tav ETSI dmsumsldamlunmsdeas

¥
ﬁanwu1uua:ﬂwuuan61ﬂ1s[7L[8]

Frequency range [GHz]
¥ < 3 3.1< f<10.6 f>10.6
Indoor mask -51.3+87log( f /3.1) -41.3 -51.3+87log( f /10.6)
Outdoor mask -61.3+87log( f /3.1) -41.3 -61.3+87log( f /10.6)

P o ° o o
Taolunisiai 22 uag 23 uaaslimudanisuSvuivudetivuanissinag
a1l nNAsUAMNDVDITZVULOVNANABITLH I FCC nay ETSI nwlunazniguenesinisaiy

RN

2.4 unaql
v ' ¥
Munii1dnandeseiannuduuiveana Tuladuoun?1989M350 Ultra wideband Aaus
= -~ ar = o I'd 9 9 @ o ] [N [
panvufailegiusiudemssmuanginuailunisldau detsdvdie 9 Tiaezidluaag
d'd' ¥ 4 Y o o o o o u o .:' 1 o’;
AN 1F T FUNU T AULUUAIANYDITE VY TEAURIGINURUNINTz I ane Tulay
oo ¢/ Aa Y Ao ¥ a . A
AVUBNDINTT NAIMUA TALDIANT NN ININGIVDIDINIYU FCC UWBWG ETSI 30 ITU
vy A ﬂ o v A Fi o o ) 3 aa
Wi datluessnnudidesduveamaluladiidmsvmsanuduaiuagideluszuuuoy

Yy a
NN



UNN 3

NYUHVOITTVUMTTOMISHUUBOVN INE

' o
3.1 P
:Iy a - d-g - 3/ o ] as F a
Tuyniiszesvivtmgunuguilslunsinesresdyyiuununineds uag
= ' A ' =] o v A Y
nouimsunsnszaneaduutiman i TaveziinsniuluGesvesnisasieunaznis
" ¥

nszdansznvvesdygaluszuunaunings uazudnnisvearsa sudluiuguvesssuy

: ¥ A & o a ' o i
msdems 1¥ae oz Anmanyazyeamsildountasvesresdygulussuunauning

a o = 4 ad a Lo { o '
g3 azeziimsefuunguvesmsazfonunununionssdd uaznislinesn1ee Nilkade
nsnldounasgudnyuzyoIreIdyy I IFUMIAANDUVDIMTINIU HANITNTTIIUN

a d’ a a a e‘qy o o "
1t uazANuAAmouveIdy e WAL ez Inniinusie Idvdnmsdnanlumsasie
o a J £ o ] @ a L4
apunaninatu Favzlslunisasreasunissiassresdyginlasldsunsunaununes nos
o o l = ] o' -

asvaonlasmitadyaudiuiniosdingizd Inssouuunames lulamunud laves

a ] & o dv ¥ o [ a cd
asuwluunde 1l davzriwai ldvinnisasasasuTasnssrasauaznisia uAmszian

wismesgramsilavunas Fezudainaluuni s uazuni 6

Y] 1 ﬂ‘. ] o ].1
3.2 nanmsunsnszarnaumiman v
v
AT ALY (Reflection), N15188UUY (Diffraction) HAZA1TNTLIANTEVIY (Scatter)
[ : 4 4 1 1 4 & '3 s
Wunszuiumsuninszneduiugiu Fellnansgnuaenmsuninszawadunieniasanuly
4 P P w o o o o o w e
szuunmsdemsinaeuinazndsnuiiuld Tnem luidumsiimesSagiansomanziu
¥ v
1A TunanNITAUIIHVDINITUNIATLNIVUUMTHANNITAZHOU MISIALAVU HAZNITNTLTA
nszaolumaddnd
9/ a é‘ A - L] o 9/ 1 a o v
msaznou inadwiloaduuiman i lduwsnszvwnsznuuuiagiiivua Ing
& = = ™ A A ' o > ' ] a 2 a
denlSoufouduanuoraauvesnduutdman Wiy @y msazewszievuaniilan
N3 DAV OUINAINIDINT
dy _ 3 ¥ _y ) 4 1 @ 1 o Qr ﬁ' =1
AISIAUUVY NATUE DNANIINITUNINIZIWAAUTLHINAITINALAIT VR TINA
- 2 A a4 d 4a 4 o
ynalaviesdsiavnaiuiidnuziuyuumoay uaziindu 2 adufiinatiuvinnsiouy
e a a - A A a ' A 4 a 9 o A A
FUJUNNATINAVIIADAAUNAUNIIAILBINIAUALAAUNAUN VAU AV ITIAA
ia 4 & ¥ i & @ ;
¥218 TunnudigaiumsionuunazmsgzAeuiueganyuzn1snen mueIing uRed

as o o 4 { dy
A vue auazns s lssaduueIndunanns snuUNAveINISIae 1Y
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o = J 4 ar 4 ' ' 0’: 4 o
ATINITIANISY mmmﬁﬂmnnuﬁqmmin'szfnwmuuuﬂizﬂamhumqwm
d da = o A A o [ N 2 v u’: =) v A A
I.ﬂﬂ‘ﬂllﬂl'l..l’]ﬂ1ﬂglﬂﬂ%ﬂﬂﬂ')’lut)'l’]ﬂﬁu mammuummqwanummuuuwmﬂimg AAUN

= 3 4 a 19 -] a a 4 ' a
grnszRaiudiumaninniiufifvguse Saguunadnniedsiavnaduludesdayniu

et S e i

Transmitter

Street

Receiver

4 o U 5 ] o
U 3.1 dnvazmsunsniznoaduniman

3.2.1 Maziou

o lsinduing@umunndanmanilslgendnamilsiifigamniama i
uanaefiu AALINgURdmsIRamsazReutazudmsiRamsdeiu T nagdszun
vosnaufinnnsznuuuiaguiialadidnasnauyselium (Perfect dielectric) 1WINNId Y

voandsnuazaumaru 1 ludanarain 2 uazvaruaznoundu Ty ludanarsn 1 uazee

51U 3.2 nuuaesmsastouveunsaua
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Tismsgudowdanulunmsgeadundnuvesionas uazdidanarsi 2 uiageiiadni
L4 ' as ol: o o [
AUV (Perfect conductor) VTWUTMAINUNIMUATIANNITZNYIzazioundy iy
v [] L
Fananad 1 Tavhifimsgadosidanu wazanuduvesauy i iasdeunagderinniu
P v ow e A A wa g P A a Vow a
winnuduiusiuaduiannsenunazgumniavesdinaiei 2 MGenNdulszdnims
u‘.! q’: J ' o
Az Mouvouns aiua (Fresnel reflection coefficient) Tavnalihiudiuegns Tws lsdimdu yu

ANNTENVUAZANUDUDIATUINY AN 3.2

L [ = a o =
3.2.1.1 m3azneuaningyialadidnain

= - A' [ =1 a n;. Y] ar
137 3.3 uaasnanduiman Ilihnannsznuiyy 6, Aussuivvesdinan

a d = : ar Vo [ tu o o 4
ladlanaTnnaaeann ua:mngﬂﬂzwmmmquumamunzﬁxﬁaunu"lﬂuamnmaﬁ 1470
yu 6, uazmdanuundanzduinulludinan 2 Aoy 6, Tavsssumniaveants

4 =Y 4 ar A a
shousziAvunasauianiaveenis Ins lsdaduvesauin I Faeziiosanves 2
- o r-; = o s - ar

nstiAIzUN 3.3a uannans Ins1lsdasuvesauiy Wi dvuiudussuivveanisan

P =& o o = n’a’ as
nszN uazgili 3.3b naasians Ins lsdiduvesauny Iihidemndussuuveanisan

(3.3a) (3.3b)

510 3.3a waz 3.3b msaziouvesnduuiman I luud Tns1 lsdduvesaunTnih

ngy it MDA UINUBINITANNTENY MIASTOULALAITAINIUAINRIAY
UAZATE, g 0, WAZE, i1y 0, WIWDIAIANINEDY (Permittivity)  ATWHILFNTA
¥ L) [

(Permeability) tazA 11117 I (Conductance) vaanaanaaroImud vy voonsanained

ma'ladiinasnvosinguiialadidnadnauysaluuy (ifimsgade)  seiimaninvey

n

o o o ] - [ 1 3 o a d a
Fuut(e,) 19U £ =¢,¢, 1avh &, AoAnai 8.85x10-12 F/m wazdiingladianaTnuuui

]
=S

a =) a a ' = ad a
msgadoievszifansgyidondanuasmusosbieluglvosmnaives ladianasni

=1°f'11=1’f’au (Complex dielectric)
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gEge = je (3.1)
il
. o
&=— (3.2)
25

=\ ¥ o

:é ' =) " L] G o/ = ¥ " 1
¥IAT o ADAITNINUI (Conductivity) UDIIANN A9nnsiasinioidu Siemens/meter du

q

-~

¢, uay o Tavia Tsesou ImadeanuiuaziloTagdudniiia (f < o/(e,¢,))

= a d a = = v v ' - '
dnsdl ladianasnuuviinsgadedons a1 g, uag ¢, szaglugdvosmnsinluua

v
=1

i A J L 4 ar ‘3’
azANNIUA o ﬂ:ﬁiuagmmﬁ Aanvzianluasan 3.1

3 ' ' o [ a d a
MT1aN 3.1 manmoen uazaranmiwesiag ladianasn 9], [10]

Material Relative Conductivity, o (S/m) | Frequency(MHz)
permittivity, &,
Poor ground 4 0.001 100
Typical Ground 1.5 0.005 100
Good Ground 25 : 0.02 100
Sea water 81 5.0 100
Fresh water 81 0.001 100
Brick 4.44 0.001 4000
Limestone 7.51 0.028 4000
Marble 11.6 = -
Glass, Corning 707 4 0.00000018 1
Glass, Corning 707 4 0.000027 100
Glass, Corning 707 4 0.005 10000

¥
"o = o ] o o ] a
ﬂ1ﬁﬂﬂi$ﬂ1’lgﬂﬁ ﬁ:ﬁaumnmﬁmﬂsmmmmﬂwﬂ"lscmcmw mﬁmmmmﬁﬂ"lﬂﬂﬂuﬂﬁ

n’:’ adw 3 aod =
mMavuutazaannlunsandanaramsaeuiiuladidnasn

g, _1m,sinf, —n sing,

I, =— (3.3)

1 : N
|' n,siné, +n,sind,

r -5 _m sinf, —n, sing,

ul

. - (3.4)
g, 1n,sin@, +n,sing,

I

61643
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5 a A o a a oa = o o a § L
iio n, AoduRUAUFVEIBUNTUFN (Intrinsic impedance) YOIRIGW VA i (= 1,2)
4 e o v " ] d o @ a
Fadwan 1d0n |y, /e, fodasidmvesanin Iihdemuuuimandmivszunnlnaves
: o y ' d o a ' o
adu nazaud nauudman Ifdwaalden 1/ /g, /e, naznnuinuiovdovesds

o v nlsu
ﬂﬂ?ﬂﬂﬂﬁﬂ\?ﬁ’uﬂiQi‘ﬁﬂaﬂﬂiﬂlluﬁ A

Ju, /€, sin(90-0.) = Ju, /¢, sin(90-6,) (3.5)

L4 o 3
HAZINAHVOAUNBLIAANT N

6, =6, - (3.6)
wor E, =TE, (3.7)
E, =(1+T)E, (3.8)

4 & J o ‘: o
e Cunu T, uag I, Favunuauy i lunuadesainnseuuaueuiussuy

VDINIIANNIENU
o o Aad o a4 ' J " oo o o Y
mmunsm'nmﬂmawnuaﬁ‘lummmmmzm =1, mdulszansnsaznou

3 L4 o 0’: o '
qlﬂﬂﬂﬂﬂﬂaﬂﬁfﬁiw5']ulﬁ“ﬂl“ﬁ‘]iullu’-]ﬂ‘ulﬁx“u‘luﬂu fnLﬂiQﬂ‘]uqmblgfﬂ'INﬁNﬂ'liﬁ']uaﬂlq

_ —&,sinf+4/g, —cos’ 0 59

£,sinf++/g, —cos’ O

sin@ — /e, —cos’ 0
= (3.10)

T
sinf + /¢, —cos®

¥ o d
3.2.1.2 mmxﬁaumnmmauusw (Perfect conductors)
4 v o ] = L] (Y] = o Q o o @
aduuiman I himnsodumaiu Tl luiageiiadnhauysol iildhden
o’: 3 ar 1 o aAa a0 P o
Wainuaazteundy'ly aumuiman ihnArvesd nheeiauduguilugonaimuaunis
VOUNNDIIAA HAZAAUAZNOUILTANNINUVVYLIAYDIAAUANATENY FIMTUNTUNIT LW

] L4 a a 0’: A - ﬂ
sswwuﬁuamum1ﬂﬂ11ui:u1mmﬂ1smﬂnswu muunwuwmmmau"ﬁmm U
0 =6 (3.11)

Hag
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E =E (3.12)

i . - ¢ ﬂ - A ﬁ )
Smsunsainis w1 lsarduvesauin A uTunuruouiu veuwaveadon lvaziiluiwy

AYINY

0. =0 (3.13)
e

E =—E (3.14)

q‘; ' o o o o 1
VINTUNIITNHUA ﬂzwmnn‘smmi‘lummﬂnumnmu 1 1““ =10 FJ_= -1

3.2.2 MINILINNILDY Scattering
o o o v 3y a b a A A o =
Faunsuldnuisiluanzimadonvesingindouninizianuisives
v ] ¥ .
dyanennnnndainanziuenuuusinesmsazieunazmstoaun lasiirungnniiie
i o i o d o p & < P v
aauIngannsznuUuNuAINv s nasnuiastoudumznszne Iy nfiama ag
o1y o T du'ld fneznsznendasm luimaiena Wumaldifandenuaduing
A X do o o
LU DTy I
.; a oA & A (] [ A o Vv
TuamwiuAsvuFdivialngnnninnuenaaueivssgnimuagduuulv

ﬂ = a_f a A 1 3/ 3/ " o .: = = qyw
I NLHUUUWNN'Jﬂﬁ'liI']iﬂ‘if’JUﬂ"IEﬁz‘ﬂﬂ‘uvlﬂ EJU'IQvliﬂGﬂllﬂ'J'tM‘UE"LI'i:‘J‘U'ENWHPE'J‘lﬂJﬂLIlJﬂ%S

b.

' a ' 4 a ' = a @
Ao liiiamsunsnszaw dsiinansenuaninmsazieoulusdunuidesiinmismanziu A

¢

¥ o 7 o . i
1anan 13d1edu anwaguszinezganameulasldinuyivousda (RayLeigh criterion) N1H
AinanuAugvesdiuiituesnniennugednga (4,) lugdveumannsznu (6,)

SIGLG
b, =——— (3.15)

v Ao a a0 A o : a a0 '
munﬂuwum"lwu uA1 A ABIZAUANUTIVDIWUHINUATNINNI I/ s RFYR B

c
¥ ¥ »
& A o 1

[ vlyu ﬂ A A A vy =] ¥ i [ M Yo df = 5
AR AW UAIUUUUNUHINYTUTE LA A UMUDENI hc CTAIWITDNATD ].ﬂ'J'IWLIN'J‘N‘H

Ay a da
rﬂuwummmu
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4’ o LY dy
31]'“ 3.4 aNHUSAMITSNOUUVUNUUTUIL

4 ¥ o 3 o Y1 ow a o v 4 °
donuruduiingvsshiamdulse@ninmsazdenszdouddoundasly Tanh
A1 edumsqauduiiiosnInnisnszIAnsz 91y (Scattering loss factor), [11] w115 Tumsyiulys

1 r - Q’ A o i::
ﬂ'l?f)J'iJ‘iSﬁ‘nﬁﬂ'l‘iff%iﬁﬂu mmmmmmm"l#’fmnanmm 3.16

2
) p(g[%f’] J (.16

lay g, ﬁaﬁ1Lﬁuq1uun1ﬂ51§1umaaﬁuﬁ'smmqa (The standard deviation of the
height surface) H?ammﬁuquwmﬁuﬁ:ﬁmqmsxuaﬂuiwamnﬁufﬁ'uumﬁﬁuﬁa
¥3¥355MI GUIUUNITHIIINIUUING (Gaussian distributed random) @91 1# A Tladun1s
quiduilesnnmsnsziansznonldon U fsaumsdi 3.17

2 52
o, cos o, no, cosb,
h—) 1 [_J'___ (3.17)

A

P, =exp| — 8(

Tay I " 19 Modified Bessel function of zero-th order 11% fi1 Bessel function 9211
Yoomn Ssmmsanan ldmilisonsgadsiiesnnmsnszianszawiiininszawaiu
qummm&fuﬁﬁnﬁﬁumﬂﬂ%’nmiqmul?rmﬁaqﬂmmsnszﬁ'ﬂnszmu AT 3.16

uazs«‘iﬁ]a%ﬂmiqmut?rmﬁawmmiﬂiz%’ﬂﬂszi}wﬁmm%”mqumﬁ:uﬂszﬁﬂﬁlﬂﬁ

ALVNOUAITUNITN 3.18 Az 3.19

rv,rough =Py Fv (3]8)
rh.roug}t = ps : F}s (319)
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3.3 npudiaedlumsgaams o
3.3.1 Magaaealueimana

y @ " " o lﬂ. o = J | 1
Tuszuvdoais 1¥a10 (Wireless communication) 7 IMNAUTATUIINA AT AN

v o
)
- a Y °

- s I'd - 9 & ar
anrfigivvesszuu Insdwmndeuindenirldewdawoimmwendasdyyiu
a d = 4 @ & ' = . ) o '
siannsotind liudygiuaduwimanTiA (Electromagnetic field; EM) @M UUNWS

' A w & o -~ A o - ] o ] A o o
nsznoiudedyarudlaoi lfsoma e dyyiadunadinaiuuniod Insimy
4 ad a o o W e 4 . 4 o v o i [ o e 4
wasuNfvzimoeImadmiviudynu Faihmihinduiunuinndnesudygyiuaau

' 4 a o ad a  d n’: 4 1
uimdn IihsondanduIidudygrudiannseidnddnass lumsAnuiseamsuninse
DIoFoy 1092 URITUININUNAAT YR I UNNTANIA (Isotropic radiator) §Ng1 3.5
¥ ]
azvudidmuald Piflumdveamasduidadya o udmnnumumiuhdvesdoyaui
dumiavingeen ) 4 szlinuiny

P
p(d)= 4,;12 (3.20)

= o @

] ’ ¥ .
Taof 47242 ADWUAIVDANTINANNTTAININY o

3UM 3.5 unasduliadygauuunnnaynng
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o A at o @ d‘ o . 1 1) 1 o o o
dnirewoimianiiadu lSudygrundmuaiiannmaaunIn ¢ Maaves

P, A ;
P,=p(d)A_=—"—"—"<  watym" (3.21)
R p( ) er 4]7112

@ o

- A4 da < < - Y . P
Tﬂﬂ Aw ﬂﬂ'U'LITQWUTTH'JWJBQTT‘\UE]']ﬂ']ﬁﬂﬁ’IU’ﬁﬂﬂﬂ"lﬂl'ﬂiB‘J"U fyﬂJ'\mylﬂ (Effective area) M N

¥
mafudyaru awaunsas 1l

total power  strated

er = . . . (3'22)
incident power flux density

I v ¥
lunsaiisnhmvoimenlddedygrunangs 151925 0nMIHuIUNURIAING1IN 4, uaz

=) =

ia o ] as ' 1 o o i
drawomeninssnd hilimsssydanudnilumoeimadiniesunzSontivmaivua

v
= £

.: o oo ' 1 M dy a = @ ar o o
WHHIAINDTIII Ae IﬂUTi"Jvlﬂ‘UN’Iﬂ‘UﬂQW‘NH'l Ae UANUAUNUTNUVHIAWHNHINTINIUNTN

B

s dy
YOI INA Apmu

A, =nA (3.23)

P

oA a a & a o ar
TﬂU n ﬁﬂ ﬂ'I'VI“UQﬁﬂﬂﬁﬁﬁﬂﬁﬂ?ﬂﬂﬂdﬁ'lﬂﬂ']ﬂ']ﬁ manﬂwﬂszmm 0.55 T INIALUY
NuUNIT U (Parabolic shaped reflector)

“ I 0w o 4 ar .
WTS'I?JI.FIﬂiﬂﬂ'}ﬂﬂ]u%ﬂﬂ')ﬂu‘!‘llﬂﬁﬁ']U‘é]']ﬂ']ﬁﬁ'i) DATIVYUIWVDITIWUDINA (Gain) H?'ﬂ

¥ ¥
Sundu q 91 ¢ MoasvevyesmeemaiiumnToumouanuansalumssuiias

¥
@ a -

o o o = = d = ar ar o
‘ilﬂdﬁﬁulﬂﬁmﬁ'lﬂiUﬂﬁﬂanﬂﬂﬁ‘YIN"HuQWIUUﬂ'Uﬂ'NﬂJff'lN'l'iﬂiuﬂ'l‘iiUﬂTﬁs‘lﬁfyiUu’lﬂl"l]'lﬂ'W'L!

HIVDINTINAY

1o

3 ' [
mamswmu"ummummﬁummﬁuﬁuﬁﬁwu IANHNRIVDIT WD INMIANT NI

@ o

¥
=] w A
AFuNIoSUdy I A, el

G=—= dmiunsain 4, >> 1’ (3.24)

w

J y A o o ‘; 4
Tau A fie Arnnweaau Faduiusiunnud £ lugl c = Af die cifluanuiirveuds

3x10° m/s
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a = { = : ar & o d 1
ﬂ?l‘UlJ'IW‘il'l‘iﬂnﬁhﬂ’liﬁ 3.21 DNATY QWﬁUﬂ’J'ISJ?fN'NHﬁﬂ'IMﬁIJﬂTS'ﬁ 3.24 152001

[ a A A e (- ") " e 31
fumsAnIsiuRuinssiimemadaiindasivnoiny G, Aves1aa

, = 2t (3.25)
(4n)°d”

1

v o daAy Ydaaa a v W ' .. L. . a '
aumsanuduwusn 18iHveSoniun21191 Friis transmission equation [9] a9zna1 1Ay

azidualudoda
TumsdendudygisriueIniaing meseioyIdninsgydusaaslueamaig

s

vldnefdsvesdygiun

s

(Free space path loss) HAntusasidmsznasdsveadygyinn

¥
=)

' 4 @ o i
qnaseon Fuiluginauduius 1dds

P, N
k-GG, == 3.26
e ”[mx} -

Tavhi P, Ao Mdswesdygruniuld

o 3

P, fio Maswesdygiundinon
=
f

o

G, 19 §AT1U0WYBITIWOINIATY

G, A0 0A319UIWVDITIWDINAA
' § 4 P ]
A fio MAuAIUAY A =c/ £ Taoi c Aoanusauas 3x10° nvs

A Py o
ae £ Ao ANUDYIdYYIM (Hz)
d A9 T2ULITHINNIATVUALNIATL (m)

a o w " ' M a ' “ A o
msgapdoidavesdyanalueiniaielani ludrezAasuiiumisvveundiva (dB) il

ANNINY

L, = 10log( P, ) — 10log( Py )

= 32.44 + 20log(/) + 20log(d) — 10 log( G, ) — 10log( G, ) (3.27)

Tauf d Sniaoidiu km waz rimindlu MHz
dy o (L = as A " :
MINAUMTHILINUNAINI YT DUDITYYIUILAUATEIZN A AINNNDYD



= a adg l;l -5 O |
3.3.2 MIGUIaUIyINUDINNWHHIAUILY
¥ ¥
Tududeiivznaninansenuvosiurinemsduriudyyiu lao/Soumouiy

1) ] o A : d” =Y 1 ' o d"q J =y 4 ¥ =
msaarudyanalueiniring Mallauudldnsdsudygiaiinatuluuinuninuds

- 9 A a a > . - o 9 i
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J (3.68)

)

PL = QOlog( A

v, (1)
Tauh
- o ar .:: 9o
v, fio seAudygunlyds
A o a o
v, fio szAudaaunsula

.
e o = e

Y s =) a : - °
Tavlumsinszimsgadovesiidsamluszuunouninegs PL,, WuzRasaifiia
o —Hq ¥ 1 0o o ar o ) o o
4'\14'(1@f[ﬂ‘llBaﬁﬁljﬂ]u']ﬂl‘ﬂﬂl‘h’ﬁ\ulﬁzﬂ'lﬁafz\lqﬂﬂlﬂqﬁflluiy"lﬂlﬂiU'lﬂcﬂil;juﬁdﬂ‘ifu'UﬂQizﬂzﬂTQ

(@) Taoiiiowih T)awaunis 3.69 uag 3.70 mudiay

PL,,,(d)dB]=20lo _maxpy t) (3.69)
UWB = g .
max|v, (t,d)

¥ 1 A ]

Taoluaumsi 3.29 1ddmualivinaveadyanaiilddaismiiu 1 dsaumisthadn
PLy (d)dB) = ~201og(max]v, (¢,d)) (3.70)

3.6.4 BNIIVLILTII0 (Path gain)
“ - d'ﬂly 9 o a ad = '3 o

Tuinoiimusiis 1¥8asnodaitinlslunsinszimnsaaneuvesdyg

AusulassasvnodaitdiudunduveansgydoFaituazaunsofuumn gy
3 ] [
Faalunuuiinesmsazteunniuiusandiuveavuiaveanauigagavesdyy i
1 ar 4 \ o o A Ll - o

AMudatuvuiaveweandungegavesdygyIud iy ssansoloulusgluglingivads

AUMIN 3.71

max]v, (¢)|
max|v, ( )|
uaz Sasvnndainiiudiunduveansgydodain Asaunsi 3.72
PG =20log,, (max|v, (t')) (3.72)

a a =

Tav ¢ Aenaidya adiusndemeoImaausy



35

3.6.5 STUZYAYINYN

mImmszozyainyueztsuenimsaaneuvesdyaau lusesdyguuaunii
8218 Taumsszozmaszninmeemeadiuds uazdmvegluszozoudaszuzyainyuey
wuiwhmsaﬂnauwaﬁn;tgmﬁsﬁwi‘fu ﬂ:mﬁauﬁudwmsaﬂmquﬁtgtgwﬁLﬁﬂ%ﬂu
9INAIY HOEAITLUENITENINAUDINIAAIUAIAZATUS ULINN DI TLUZUDIYANNY DL
wm'whmiaﬂ'nawmﬁ'tgtymﬁtﬁﬂ"i'fuﬂ:ﬁumn:iwhmsaﬂwauuaaﬁ'tytgwﬁlﬁm'fﬂu
DINAIN

Falumsmiszozvosgainyuaz1435m5a033s Tauisusnzmsinaunisves

o v o A A .
wosiua lsuduAUNNTIA (First fersnel zone) [13] MUAUMS

2 4 '
4=t o -w Pt -a 2] o (2) a7

Tl =h +h oz A=h —h,

ac - o ' ar a ad ad o w 3
ﬁﬂ’l‘i'ﬂﬁﬂd'll:.’Yl'lﬂ'li"lJi:ll'!mﬂ'liﬂf‘lﬂ')"]'!‘hlﬂ\!flﬂ'i'I‘UU'IUl‘ﬁi?ﬂllﬁz’lﬁﬂ'lﬂﬂﬁﬂﬂuBU

NA (Least square) 1UMTITUZIANNIYY

ado w | A
3.6.5.1 IEMAABIUDUNYNYITO Least square

¥
TumsniszozgarinyuIav1933 Least-squaretit 9zM191nnTMvBIMI gRyITOIF

s -

Fansesasveudain Tavseimsaumsiduase 2 iduTaoudmigadavesdumsidunss

Maapadu Az 3.8

] v
e A

msdszinamilatdulasitiasaesiesiigas: 1dfadduidudumunanga

B-

)

' ' [] »
yoadoya msz ldnnmsindudnnuamanieuvesdeyalviimieriesnga dniuiody
7w ] = 1 a1
unsmveailandu idunswhzrin T luusnugadequesdoya Tavszdarmigavesdoya

= = a’d’ Yad = )
vy Taoluinotinustios 1935904 linear regression

didoyana n ya Ianwduiusiuludnvasdadunss aunmaduaseinldnn

4
=)

3iiGund miaasssnvuiFadu Wilsiun diudunudeoyayaiiaunisiu
G(y)=4+Bx (3.74)

Nﬂfi’Ji.Iﬁ'lfTQﬁﬂQ‘UE}x'lfhlﬁﬂﬂmulﬂu



-20 Ll L} Ll T L] LI | i] Ls T

n B @
=3 (=} =4

Path gain (dB)
[=}]
(=}

_90 i i L L1l L -

10" 10°
T-R separation distance (m)

310 3.8 Fhasdeaiouiige

D=>(y,- A-Bx,)

¥
4 @ A

A, B fomnaiindssnsn Taoyinld D nmuauvmﬂ Tuno

oD

== -2y (v, —A4-Bx;)=0

Z_Jg = -—ZZ(y,. —A—B.rj)(x,.): 0

nA+BZx. =Zyi
an +BZx Zx T

uAANNITHIAY A,B 9214

36

(3.75)

(3.76)

(3.77)

(3.78)
(3.79)



4= 2 YiQx —foery.-

ny xl - (Y, f
B= ”Zx;ya _inzyi

an,.z - (Zx,. )2

M3 3.2 Sedumslsznumaanitidiaeaniosiiaa
X y Xy '
0 5 0 0
1 48 4.8 1
2 3.6 7.2 4
3 3.2 9.6 9
4 1.8 7.2 46
5 1.6 8.0 25
6 1.1 6.6 36
7 0.1 0.7 49
Tx=28 | Zy=208 | Zxy=43.7 | 2x’ =140
devnnumudumaiAy
2 y-BRix—8A=0

2 208-28B-8A =0

HAZNINA Zxy L0E 2x° unumld 72.8 - 98B - 28A =0

v
PINAUNITNIADINIA

B=-0.693

A=5.02

3.7 aql

37

(3.80)

(3.81)

dy 3y a =l qg ' A ] o [ J
“lunnu"l.mmmunmqugwui1m1aam‘suw5ﬂs:ﬂwﬂauunmaﬂ"lvlﬁmmﬂuwu

PIuveInIsAnEIdnEazvaIns)dvunlasgudnyurvesvesdygn luszuunouniass

s Y a = = " P = " A [l -4
uagdaldeuivdansgadsluzduuuanafziianinnmisunsnsznenauuiman e

W :: = o 1 { 1 ] @ '
waznanmMIvessa niounsdnuItamslinesA NHANIENUADTOIT YY1 1FUNITAR



38

¥
NOUVDIRIAINIY HANINIZDIONIINAT HazANuAAouvesFy I Wudu Taoludne

= 4

ay o & o .;{ ] [ ac M £

AnusivziimsAnuitadnuaemsdoun)asvesresdyniuaeditniemsasnounn
er = o ] s 9 Y L4 s

wuAd Taonisasieaeu Tavsransresdyyiu lavldllsunsunounaumesuaznannsves
=) o s = é o a ot 9 A‘I a d
Wi uazasrvaenTaomsiadgyinese Fegiinsdadynyiulavlaniosiingiz Iase
[ o o a I'd | o a

VIHUVAADS LazRINs AT 121 U Tamunud ¥99ze5u1035015a520a00 1AUNIs

Hravaazmisasnaoulaomsiadyauluunde 11



UNN 4

W
U

THADUNITVIADINAZNITINTEYRY I

v o
4.1 pa
dv ' =S - ﬂ‘: A
Tuuniivznandisvaziduavesiuasulunismasssyuiiunisasisaounanis
wasunlasvessesdygaluszuumsdeas 1¥aw Tava lleziinisinsaiey 2 3340
g ° ' o = o
fufe asvaeuvInmsidzduuumsiiassresdyaisuuTdsunsunouiunesuazas 9

o Yy A4 a4 da ) A a ¢ ' o &
ﬁﬂ'Uinﬂﬂ'l'i')ﬂiﬂﬂﬁl‘]ﬂﬂ'jQQUﬂﬂlsuﬂT\ lﬂﬁEN'JlﬂT.lgﬂTﬂiﬂ’iﬂmlu’ur}ﬂlﬂﬂi "H'uﬂuﬂ']'imijﬂ

]
o= oA

- = a J.:f 9 = s a 3 d’
aovuu Tamunnud ludnuniinus 1ddnudwansznunindygiunaziounnvuiEm
e;q Ll [ ) o o .U A' A
AnuugvsEiiidenudnyuzvesresdyy nuasdyaunivldvesszuunouninegs ¥y
¥
WOITUIUUAUTIUYDINITIIADIFDITYY UM IA

¥ '
M3AIIVAVINAIISIABITOIT Yy IaTHazNe s Tugeadyyiud lulimssy

s

nIUINAILeINIALAaT TN NINARDNANY TaonguinlFlunssiassresdygruldnaiin
¥ a y W & a a ¥ sAag @ o &
udrluuni 3 daunsasaeaeunnmsiavusziinminmionldgunsainlslunisia s
- - (g 4 n‘: " = u’ 4 ° - °
azidvainoInuglnsaiiusznandaluunil amsimuagduuunieuuudiaeivesns
AT0ADUVNINNITINABIFOITYYIUAUNITATIVADVIINNITIA IALITHIITUIHANTENUIIN
ﬁ. ' o 1 ﬂi q' o e
msidsuasvesnnugaunzszuznaszniemennad v duds Failudedy

Rzimuagniwadevziinadomndsuntasvesresdygiuiidesnisasinaounas

°

- @ o ay ) Y ¥ a <y a ¢4 a
‘i]'lﬂ‘lluﬂﬂuﬂ'li’mlﬁi‘i]’n’f'uﬁﬂ'ljmaﬂ‘ﬂklﬂilzﬂﬂu'lvlﬂ']lﬂi'lzﬂﬂ'wiﬂﬂkﬂiuﬂﬂll‘ﬂ‘)lﬂﬂi FIINUI

u
¥ 1 ¥
o

o = 4 [ = 4 " ] a o @
nusivziimsdinssinannanyuziuAlvesiu Hildevesdygiuuaz jUdygyiuiad

b

¥ [

a =1 a ndy ar &

afuluszuunuuinunhegalulszinuvesnsaanouuaznmisAaiouyo g doyay o

=3 d‘ = J J 4 = ar Y = o=y 1 3 M
asaesueranifatu ldiuienamsazfeuvesdygyiueniuAIsiaa19qudniuds

' 1 [ o o o hlyﬂ ' Ul = q’: s Y o P

naot1alsdeszaumainuniuldlussnlsdnnsdamunsonaasliimutinavents
N3¥IWNII07 (Time dispersion) ¥9I¥0ITYIMUAz Ty IURadnnIAiy

] " ¥ -
4.2 M391NDIFOITYYINADIID

Tumsiraesresdyauanddn ldimsosnuuudiaes 2 nuy e luudazuuy

v o = v ' ¥ a A oy 4 a
veuaa liiituramsn/asuin]asresdyga luumazamminafounision |y 4aezeTuny

¥
swazidualuniseonuuuiaztunounssiassluivedsa l



40

4.2.1 n1ss‘imew'aaﬁ'm”mgmaaﬁﬁ&m%’ummaaunans:nuumm'nﬂéuuuﬂm
ANNGIVBINYOIMANHITVIDTAIUE

mii'haﬂwﬁaﬁm"tymﬁaﬁﬁﬁm%”‘umnﬁauwaniwwmm's11]‘5cmmjmmm
qwmmummaﬁ'w%’uua:ﬁﬁuﬁaﬁy%ﬂ‘ﬁﬂsuﬂsuﬂanﬁamﬂ'ﬁum'sfnam‘&mﬁ'tgcym'lﬂu
Waunsiuduvonia uazdmualiflaiFudioTouvesmuommiaduiazda I
1 nﬁﬂﬁﬂ:"lﬁﬁmsmwwﬂnswmmﬁwmmﬁﬁﬂﬁiafgmﬁ'ﬂymwaaimﬁmmmiu?fwmﬁm
uazﬁmﬁi‘imm‘ﬁmﬁngmum“luﬁﬂymzﬁﬁmemmazﬁmmﬁimﬁt\mmh5mm:ﬁﬁzﬁau
mﬂﬁuﬁ?ﬁsfluﬁruﬁ'xﬁﬁmsﬁz‘ﬁ"auadwanusnfunzv%uﬁu‘vﬁﬂud HAZAIMUATTAVAIY
ﬂ;ui:ﬁd"laﬁu“luﬁuﬁ?‘nﬁﬂud DRI ABUTIHAVDINITNTEIIWNINVOIT DI TR IUAD
sundonansyluasmmsilssTmminninisasaeumdulssinmsaztous
ﬁamsaﬂﬂawmﬁtgiym"lmwia:ﬁuﬁ': HAZTEAUAMVTYTE 1ALTINITIININTBILLATIN

as . a w & [y "o H or o ' o 4
Flumasuie I dyaruwadiusuindandudyyransy lddedygiusuniunan

qe

Y d 4 o
4.2.1.1 anmasnlylumidiaes

b ' 1
’hlﬂﬁﬁWﬂBQiUﬂ"]NNVl?’]‘ﬁ'IHuﬂﬂ'll'illﬁllﬁ'm‘ivﬂ'lii‘iﬁlﬂdﬁdﬂ]ﬂﬂﬁ 4.1

q' = o °
M3 4.1 wnmmﬂ‘m“l%’iumsmam

=Y d U = d
WITIUINDT ATWITTIHIADT
%¥23n NN 17 3.1~10.6 GHz
Y ; = Af = o ;
PFUAVDINUHT wu‘ﬁuﬂﬁu‘gsm (IC'=-1)uay

¥
Wuvtaud(e, = —4)

ANMUTIVBIA WD IMAR LT VAL 0.01 AT 1 1UAT
fhn“jmmumm1jmmmqwmﬁfuﬁa 0.01 WASHAL 0.1 1UAT
STUTHITENINNWOIMARUT VLA A 51A3

YUVDITWOINIA llu’W{Q (Vertical polarization)

4.2.1.2 yupraesdaanamaun b

TaodndudadyanaiadilFluszuuuauniabzioguaivyia i Waduuy
nd (Gaussian pulse), W@l ﬁ’uummuﬁmynmﬂ (Pass band rectangular pulse) Wudu ualu
Inurfinutiie ¥dygraiadninisueganiFuauniauounisn (Amplitude shift keying;

ASK) 1H04910M 12 @UA UL VUM AU UA1AU T1auA T3 (Direct sequence) 1A IIWADNIT




4]

o =4 4 ' 4 é Al L o el
adudyan uaziivoanaugagaagiina 0 Fazdwaemsaseiudygialumoeimeadn

ot

' " ¥
5u Taoluszuuounataezaulunmizau1avewoan auIINN A NUAARUUYD IT YRy 104

o
ao

=e

a A a a o v daa a
Lmzﬁﬂgmumumm'nnnnﬁwmmﬂx“l‘fﬁﬂuﬁtyigmwaﬁﬂnm'sna@,mﬂmmvma

= A o a

= 4 w o -~ { s ar 1 a
uouwayaiwadiivaniludvy nazanudwinazanuonvesdygraiad lilfu 2/,

b

uaed ooy 1o 1 92 19 Nyquist roll-off filter 1A 83 Roll off factor 1M 177U 011 g Pass band

o
4 u‘: o w o =
(=L /2. [0+ 1 12) cuammm@,u'ummwawumaumm%’wam‘,npmwnﬁuaﬂmmm

=

@UNBNNAYA AagIN 4.1

¥

] v ¥
1ngUi 42 u0r 43 uaaadsdyyrn Ask #lFluinoriinuiinaneglugl

ot

o - o o e " &4 dg ya A
yaavad lu Tamunnawas Tanunennudaudau Favungdaauildlivoaniu

i W
Ve = da o

qaganyina o uaziinuuaian aseunqu 3.1 1 10.6 GHz MuNHYDI FCC Laziianlnaiy

AWMU ILURIES (Power spectral density) 13U — 41.3 dBm/MHz nasdaygai 145in1ud

(Y = : o d 1w
NANNNINY 6.85 GHz uazummﬁlmumwmmu 7.5 GHz

4.2.1.3 THABUMTDINDA
c‘: o I3 o 1 ar 3 <y o :
TunouMIanIzinstassresdyau laoldldsunsuneuriunes lavdu

apumsiassresdgygiuez ISuuuunulugii 4.4 uaz 4.5

v, = cos( 2mfyt) ASK Signal
= 6.85 GEZz
e o
fs = 7.5GHz
‘quist Filter e 1 ty = 2.1f,
= 3.1GHz
fy =10 .6 GHz f f

[
-
A

[} 1
g &

¢ 4

Spectial denaity (B H

w
-t
wh
=

1"

&
e
2
sk
S

. 5 € T ]
Tume{ns) Frequency{GHz)

w o

» ¥
U 4.1 nuuuruvesiuneumIaindyy uWaduogaaiuaunounaga



Amplitude(V)

Spectral density (dBm/MHz)

-

o
o

=
S

et
[

o

0.2

0.4

0.6

<8

-45

1 1 1 1 1 1 1 1 1 1

1

.25 0.2 015 0.1 005 0 005 01 0.5 02 025

Time(ns)

31 4.2 pluvuaduveanuaudniadeluTamuna

1 1 1 1 1 1 1

4 5 6 7 8 9 10
Frequency(GHz)

31 4.3 lnasuveanauanudn e lulamuanud

1

42



43

Transmitter signal FET Transmitter

v,.(t ) = H, =1 br Perfect Ground I
Channel-Friis’ transmission formula
[ ] b-[ Smooth Ground ]
Ground Reflection

Direction Space | Spacs ol
ngl(d,f) H g d, [f) >| Rough Ground J
|
»{ Very Rough Ground ]
: Receiver
Receiver LFF’T_ waveform
= &0
Matched Filter
H MF (f)

UM 4.4 uuuruvesms Hassdmivasnaouransznuveansnfavulasnugaves

TwoIMARIUS VLA

Channel-Friis' transmission formula

Direction Space

HIO,S'(daf)

Tx Antenna —» Rx Antenna

Ground Reflection Space

H per(d, /)

Reflection Scatter loss
Coefficient ]_“r factor o,

U4 4.5 nwunruveImsiaesredyanm lavlFaumsveanse

4.2.2 M391009% 03 “’mucuumaaaﬁﬁﬁm%’umnaauwnmz‘nnmmnnnJ'ﬁimuulm
STHZMIveImIBRIMAM T UIAzMINaY

°lumsi‘ham‘ﬁmﬁ'fgmumﬁaﬁﬁﬁm%’umswﬁauwaﬂswwmmiLﬂf?iuuuﬂaaixuz
mavesmvemadnunazdudaiue: 19 TUsunsuaeuiiunes lunis assvesdya o
Tauldaumsiuduve o uagdmualiileddudioTouvosmoemmiedufunazdaly
{1 iediey hifinsaransznuves mummﬁﬁﬁﬁiﬂﬂmﬁﬂumwwﬁmﬁ’qgmﬂnu“luﬁgaﬂm

[l b4
dmnaz$inesresdiassresdyaiulufiama LoS uazismenazieunniuf Taviinig



44

o ¥ =Y =) = F - i 3/ A
Amualududnilu 3 ¥iiafe fAuyu (Limestone), 85 (Brick) 1oz 11 (Wood) ¥19zA3 79001
o ' o/ <
N15AANDUYBITYY I HANITNTTIWNNIAIVOIFOITYYIU TINDINTATIVADUNIITUS
3 v »
¥049A¥NYN (Break point) Tuuaiuflinasd1als Tasmsiiaesresdyaaludiuiaoaiu
(=] 9 L4 E% s o A o ' qvw
vz luims e 2esnsesunadinldluninsvvesdygauiiosninnissiassluaiuiinesnse

apumsaanauveIdyg I luyosdyyruunn

4.2.2.19 53 nislunmssass

¥ . '
Tumissraesluduil s muana s ududimiunss1aoananisan 4.2

a - St o
M1919N 4.2 msmma‘m‘l%"lumsmam

WNdimed Mmndines
Frannwinld 3.1~10.6 GHz
Relative dielectric constant &, 2.1,4.44 ung 7.51
ANUFIVDITWBINAAUT VLT 0.01 A3, 0.1 1AL 1 1UAT
ﬂ'wﬁuamummﬂjmmmqwmﬁuﬁo 0.01 14A3
SLUTMIITTHINAWDINAR IS VIR A 0.01 D4 10 1UA3
HN‘UENﬁ'IUS'Iﬂ1ﬂ uma?::a (Vertical polarization)

4.2.2.2 wuudraesgdyanaiaduouniieds
a o  da o ' o - o a
dyanuadnlylunsiiassresdyy uaol0dIMTUATINADUHANTENUYDY
= i o 1 " v o o oo o o
m3dounlasszoznavesaweinaausuuazauae 193 U dygrunadiduaiuiuns

$ra0sreadyiuaedindmivasnaounansznuveIn sl dounlainnugavesay

3 s

] Y =
’ﬂ'lfﬂﬁﬂTH‘iULLﬁSﬁ'INfN“‘INll?fﬂQﬂQElJ'\"I 42102 4.3

4.2.2.3 TUABUMIDINBY
nyf ° o o i o £ “a 4 o
JunpunTsiaevziinisiiaesresdygiulavlelusunsunouiunes Tavvu

aaumsiaesvesdayanuelFuvvunulugyi 4.6 uas 4.5

4.3 MyIaveIdyayIMmeIIn

o e

TumisasavaouTasmsiadygraiumsasisaeunansznuninnsilavuniag

ANNFIATITUZNIVBIMEBIMAR T DIz Taslimsinuaan madouideams

A 8 d e - w7k a
HaEMINIATIINANBLANBINIIANLINT oM YuegiugUnsainlFlunisda daludng




45

P ¥

Swuties19n15ns19 a0 URARBUANBINIAING TavsivaziBuananuavzeiuivluade
v

ao Tl

Transmitter signal FFT__ Transmitter
Vl‘t' i H; = 1

$ Channel-Friis' transmission formula

¥

[ ] Limestone |
Direction Space Gmung;::eduon X
H1o5(d. /) i@ f) Wocd ]
|
; Brick
¥ : |
Receiver IFFT ::V?;:n
= 20

314 4.6 nuuurLYeINs Sapsd T uaT N TRUHANITENUYEIMTIAsUI] AT TUENYeY

AUOIMARIUTVIATA U

d o o ar
4.3.1 gnsamannlylumsin
A4 a ' d
43.1.1 1n3e3dmnelnsanenvunAne s
@ 1 s ¥y A : ¥ A o ot

Tuszuumsiaresdyanauuuiaunhesnivezldinseatammiznedulsznouly

y a o v L = 4 [
A0 107093105121 105UV VNIAINDS JU HP-8510C YANATBUNITINIADINITNTZIA

" o o o 4
32910 (S-parameter test set) 34 HP-8514B HAZAITUATIZHAUD (Frequericy synthesized
' ¢ W [ ¥ d — ]
sweeper) 314 HP-83620A iluginsaindnlumsnaassdsaaslimiulugyi 4.7 daszgnadn
' = a1 o A " 1 ' y
AUAIUADNNUADT AIUYAAA (PC) MIFDUABHINTDIT 0D 151U GPIB (General purpose
. ¢ a dy wa o ar 1 & 4
interface bus) Taugnsaiwiiafivzlguananaunsaasniadygnululasioniimeia
s & P S ” s ¢ 4 A oa s dqw

uazaeanoia Falunisnaansiisziiimsasinaunudeineialasneiniinisnenesanly

"o 1 o 3 . = L3 u':
Tunmsdadygn (Tx) dauneiaaess 1Flumssudygyiu (Rx) Tashidawvoaneianiiaes

3 ° [ {4 — ° o a o

vzgnApdomoeIna uaziimsdalulawuanudneuivegmiwanisdaluainsizdly

Tsunsuneunaunosaoly

4.3.1.2 meaimanlyluminaaes
3 c:y 3o Y 1 & 3
msnanasluniaillddmualiogluzluuuvesmsunsnsznoadauuuuiounin
=Y = 3 . < A
(Broadband) Tau'ldidenfinisanlfiaioinisiiansdug (Biconical), [14] ¥4 lAuaasgluny

9 a & f] “ o Y a o Y w Ve
llﬁz‘uu‘]ﬂ‘lﬂiuzﬂﬂ 4.8 B39 Uﬁ'lﬂfnﬂ']ﬁﬂu’iﬂ'lal‘ﬁﬂ'iQTLIﬂ'l5ﬂﬂa8~3mﬂﬂ1u5ll-ﬂ§ﬁﬂaliy'}m



37mm

Biconical Antenna

511 4.8 Tassadrauazvuiavessd e N dyiinnsug (Biconical)

46



47

1 1
5 10 15 20
Frequency (GHz)

5UN4.9 AudnyaLYDITIUBINIANT U

Antenna gain (dBl)
lli o »N

IS

1 1 1 L 1 1 1
L] 7 L] L] 10 "

Frequency (GHz)

“
-
)

§

N
g -8500
§ -7000
g-noo
8000 1 1 1 1 L 1 Il
3 4 5 s 7 s » 10 1"
Frequency (GHz)

1 o L]
317 4.10 vunauazavoadINFUM A FIUVDITTDINIA

muoImanIwgiilumue NANTANYULMSUNTNIZNUAAUIVUTOUAD TAUNTIWAIUDY

Ya 1w o 4 A a - 3 Ya 1w o =
yosmwomalddaderudygrunnuiniuinguuzinidsduanlddadeiunsad 3Ua

a a Y

4.9 waastanlszdninmnsazioundy (Reflection coefficient) |S,, | ¥84d109IMANTIW

[ ¥
L] ] =

¥ '
7 Miudianszdniamnisazdeunduiuiin1@ing -10 dB 1u¥29nuGAMA 3.1 GHz

-
4 10.6 GHz
' n‘n': ] " H [l '
luduvesnisuanstavuiaveadansumsasdiuuazlan ¥ lunsariiuves

&4 o Wi . 4 Y a
Ao nAFuduguanYuLYeIT e INIA NTIUF(Biconical) N 1Flunsnaasiniaii Tasiaas

gl 4.10



48

432 m3iavesdyanamesivamivasvinadeumslueins
s W A =3 L4 ] o £ e
ns5alavlFnseadins iz Inssiouuunames lavlsawoinanianyuznis
' '
UWSNT I WARULUY IOV (Omni-directional) ¥1n13IAAADARIINIWDAIA 3 D3 11 GHz
L] adoe vq ¥ 4 - : " - & o
ﬂ‘sEmﬂqu‘mammn‘nmwuﬂ“lﬂ‘lmm‘lumsﬁams ApAaUA 3.1 04 10.6 GHz HIgNAIHMUA
= 4 L] o - A ﬁ’/ o n’: o o ]
TauANZNITVITNMIMITOAITUHIANTTOINTM Faludunouveamisiaiulddinisiaoyg 2
[ 9/ o A v ¥ o o Y éa«; a a:j df = [l a 5/ o o
Amdaniuae dauusnlgvimitameludesniwuAutuiuis oy dunaeslaninisianu
" »
ludeaniinissravanuaniuivnaz lunsiaudazaiuldiinisdmuadnyuzvemu
= o ar a‘: d' =4 = = c: = J 1
2115 lufrmaveanis s sy lunusuaziuiaunenlSouhoudinaninaiune
1 s [ o a [ ° o - [ °
Foadraluuanis Ins lsfiduvesavernia ndaniniinisia wadi ldszgming
a 4 =Y ¢ A = o o ol o B =1
Sin51= a0 TsunsuneuRne s ons 19 aoUd IHaN T aANouveaidsuisy 1 Tunsd

¥ ¥ ¥
voanuir luudazaiialunugedaud 0.25 wast 1 was uennimiudsldimsasivaoy

DANAYDINITNTTVIUNINIVDIFDIT YRy I

T - ant di (1mto 10 m)

-

ht

025,05

and 1 m a2

— o SR e e e e = g D
(e

ooo

I

. as o 9/ ] o =1
JUn 4.11 msanuusineslasuesnanadudisnindunzsugs 0.25, 0.5, 1.0 a3 lundl

¥
WURIVTYIE

4.3.2.1 HUVUS1003VRIT YR IUMVVIOUN 11984

b
ar ot

¥ ¥ ' '
TuduneuveInsasIvaouANuAAisuyeaRadiusluudy gy Iuuoun 19899

- s

nlyal ' vly ° vlya a 1 ' o gk a P
P IUNITAI ﬂgﬂﬂ1ﬂUﬂ A ADLTIVEWIITWU UﬁjuﬂlﬂﬂﬁmiyjmﬂuWﬂﬁcﬁQUﬂ J‘]l]ﬂﬂiﬂ'UﬂipJ

]

= o o' 4

¥ " ¥
ANDAYIIBI9N FCC f1ua foAaua 3.1 GHz ﬁﬂ 10.6 GHz TaslinnudAudnaluaziuUAIAN

o

¥
594 NNV 6.85 GHz 1ine 7.5 GHz AVUAIAY 1uﬂ")1.|‘110\1ﬂ’l‘i’]LﬂiWSﬁ’UU‘U‘ﬁ'IﬁENﬁIU 13



49

o dd

d’ 3 ar - o & “
naaesil 1A 1FFyaaiadivogaauuy ASK Tunisdinazd delugii 4.2 uay 4.3 uaasgd
v ddq Yo ¢
HuUvoIRaan 19N 1
o - 3 as dv -
fansTumanmugi 411 sxlddnuuzvesmuiuiuuAivgus: (Rough surface,
e H e . 3 o A
Limestone) ﬂﬂ‘gﬂ'ﬁ 4.13 1%’miilmwmummﬂunuumuau (Horizontal polarization) ¥3f1713
v
' o Y [ 3
QIUDIMIBINMAR UG (Transmitter antenna; Tx) MMUATHIANUGIRWA 025,05, 1 11AS
¥
HOEANUTIVDINIWDINIARIUTY (Receiver antenna; Rx) fnualiiinamgedaud 0.25 0.5,
I wasTasyhmsfiumiazigi uaziimsiadyainszozneszninaeonaiuas
o Ve : " a { 4 W d cf o 4
nardusumiudwe 1 wasos 10 was  laosudui 1 wasiiodadisnmivimsiden

EINNAUTUBBNNAY 0.25 IWATIUATY 10 WATAIZY 4.12

10m

' ' v
1 4.12 msdauuusiana TavweannA M UMABUILILHIIDBNATIAL 0.25 WA

faeTuaaawgld 4.11 selddnyuzvosiuiuiuuiaG oy (Smooth surface;
Marble) 1913 5an9emueImALLUIIINEY Fennugevesmoamadiudaimualiiino
qaﬁ’"qn.wi 0.25,0.5, 1 A3 |,mxﬂ:nnqwmmummﬂﬁw%’uﬁmuﬂ‘lﬁﬁﬂﬂnqm‘g&uﬁi 0.25,0.5,
1 was Tasmmsmusifiazmigfu wagimsiadyauszoeniaseninamoeiniadiud
naednisurhiud g 1 waste 10 was Taodudud 1| wasdeimaianmhuimsdenn

nadmsueeniiaz 0.25 WASIUATY 10 IWATAIZY 4.12



4.3.2.2 vandmesnlylumsia

WIS IAD

o

n

M

UM 4.14 WS oY

o
v ow
@ o o

WAHIVUNITNADD

(7]

1

AU

3
ALLTTA

Iruluaisian 4.3

50



51

a:; = Jd’ 9 @ ar
A1319N 4.3 W3RN 13 Tums Iadyyin

wWnined MMINNNGS
FANUATIINMINARDY 3.0~ 11.0 GHz
Suvead LD 801
NHUNAIAVDINIAINY 80 dB
ANUFIVDITWDINMARIUAS 0.25,0.5 Az 1 1uA3
ANUFIVOITWOINIAAIUTY 0.25,0.5 LA 1 1WAT
STuzIasEn NN UMY 1 8410 In3
YUYDITWOINA HUIUBY

4.3.2.3 jUmsiaduann

¥
Wadeiiuaaanmmsiinisiadyyiuesaniolueinisvesdn 12 nuzdmnssuy
L

AN FUN 11

[ e
JUM 4.15 m3AnaI@mueIMALNIUDY



qJ o

52



' ¥
3N 4.19 msnsdumismeeimaiuiyluiuiIG oy




54

4.4 aq

14
' @S o [

Tuuniildnantvussuitaesresdygruuaznisiagesdygyialussuunoy

v
-~ ] o

. ' ¥

ahatanoluesifidnuueiuAaaienu 2 uuuTaslunissiasaiuez hisristawansy
; > P 3 - "

aueannANUvesmuoImA Fadmualiitiu 1 uaziinmssiaesresdygyiuTaldaums
voaTa uazwminimesou drumsiaresdyg i sxldmueeimansivginauaussrig

] v 4 a ¢ ' I ¢ @ o
awd 1Anhs YsznoufumslFinTosiinss Inssiouuunamesiugunsainani 1y
msTauulamuanud nssnestazmsiarsdygisunonsIvdoudwanssnuaen Nl
ApypadyaInuuUoUnIee Taoimwizedndensfinansaziouvesdygyiulussey

] ' ] o {0 1 4 [ [
vsgnIawamaduaSuansmua Buazanugavesmeenmadiuivuaziuds
P o Y s [ ] Y d' 9/ o = a

aufitmua Piruiu Taodeyamssasanzmsianldssgmir ldamswiuazuaaanalu

a I A 3/ ' [ ' a - -’av Y A £ =
W15 0A03 NINVIYIA19 Avsziaasluunde 1y uazludnoiwusilaidenldnisdsziiv

aliinnulndifvaiudeyasiilaswaninmsilszuai ldvzuanalfiiuluunii 6



=
unns

o d
Naﬂ1‘§ﬂ1ﬂﬂ\1!!ﬂ$ﬂ‘]'§%!ﬂ5131’1“@

A\l o
5.1 na1Iv
v v v
=1 " = o L] [ - ° o
Tuunilsgnandiwanisinnzideyavessesdyyiui ldvinnisiinoania 2
o a o w @ o @
Huui1a09 uavazuaana lumisilimes Mg luglveswanmsaanouveszAUMAINUYDY
s [V a o 3 s = a
dynrauazdnyurnsnsynomanavesdyyIu jUFYyIuAIuTY SIuDeT oL ANy
' o = =1 s U dﬂv _- dy £=% = L]
TavuaasegludnvuzmsnSouivuiussnienstinurivivszuazvudsou lundas
3 J o [V = = a .h:qv
anugamuoimaluuuad Fuulsziaundnveanisinsanluinoiiwuil uazlums
i &

° & = ) = o o a 1Y .: a
il'lﬁE!ﬂuﬂ‘)u‘ﬂHuﬁ‘DSlJﬂﬁWiJ'Iiﬂl'l'ﬂ']iTNLﬁBi’dllllitﬁ‘ﬂ‘ﬁﬂ’l‘;’i‘fz'ﬂt)ll‘llﬂ\'iwuN‘Ni‘llizllﬁﬂ’u

¥ '
Ao o - "

= o - a s LY i Car
WouduNuAwLYIY taziimsnasandyyiunnsunHIuI9sNsDIuuATIND 1A Tia

.
Y a VA

dyarunsyldivuiudygrusunuldinnange vazlumsieesludiunaesziing

¥ [
-~ _ -

) ) o @ = [ = = u';: - E
WIITUINITTURDIYAN NN Lﬂ?uumunﬂnwumuuuauq 1!?\3111‘)1’10111?*11'514'lﬁ’lﬁi)ﬂﬂl‘]m'li

Uszitiummssiaealdinnulndifvaiudeyassa

o d
5.2 HAN1IDIA0INATNITIUATIZH
Tumisnmssians ldutseenilu 2 daumensvasunansznuveINsiasunlag
v
o ' @ ' ° &
AWOINIANIAIIMFIUATITULTNNITNINAWINIAA LT UIAZA AWV USIA0I ¥3370
¥ v " by
aziduavoaTunoumIsaeaiu ldnan A luuni 4 uazduaaunsdmseinanasHavod
o .5' " Y a a a I'd = P Y
m3siaealune 2 dauldunsanuvlunisdseyuuiuiaa (15), [16] Fevzeduiesi

azvualuiatena

o a d ° 4
5.2.1 THABUNITINTITHHAKAZHANIITIABIUNONIIATIDTOUHANITENVYDINS
o ) v
Wasumlasnnugavesmeeimamuiunazuas
o a 3
5.2.1.1 THABUMS NI ITHAA
Tumsinesludmiomsasiaeunansznuveamsildasuulasnnugavesay
Y o 9 [] o =Y = a v !1 :l-::d:‘ -
PIMANUTUIazAUF Iz NS IR IzHaImdul)szdnsnmsasien lunsdiniuiIvvsey
Nidnvaziuruls uazwavesmsuldounlasvesresdygruludumsaaneuidnu

. a 4 . . . . . 4 2
(Attenuation) AIMUHALIWUY (Distortion) LASHANITNTLV1UNIAUIAT (Time dispersion) HIUU

=

a o u’.: — o o ' o
apuNMINTIzERMINznaaslugl 5.1 uazgaiioesiinislSuilyen SNR vesdygn



56

o ' o o = o.Q J
v1dTaon1s14eesnsesuaduiraslunmsdiul s uazimsdinaiziieglnauves

Y IUNINTY

Channcl-Frils’ formula Trunsmitter signal

(Frequency domain) (ASK)

i

Reecived signal

(Time domain) __»| Correlation coefficient

Mean e delay Match filter —
xcess delay sigust

PDP = Path Gain g

AT,

RMS delay spread

Optimum Recelved

1 o a ¢ a 7 o
3'1]'ﬁ 5.1 ‘!J'Nﬂﬂ‘uﬂ'li'lllﬂ'i'lﬂiﬂNﬁiuW'ﬁ’lmﬂﬂﬁﬂN‘]‘UﬂQﬂﬁiﬂﬁEN

5.2.1.2 HaN13591209
= d 1 a =Y 4: YV
5.2.1.2.1 M3 aanhmanlszansmiazneu

[ y P a
13U 5.2 uamatemdulseAnTnsaeRionuveINUAIYIYIEETINAITIVIYIE

'
a o

1INAANUIVBITIWOINMAMUAMATAIUTUNIZOY 10 IBUALATAY 1 1UA3
' 4 ﬂ’l el Uy 1 s = Q{ 4 - q‘ J
wuhnsdEAuvivIi 2 siadumdnlsednimsaziouvesiuilnziuiua
4 ” 4 & Ve a o { a w
AnudvesFyIMNuTUA I uamdulsrAnsmsaziouve R uAIVIVIZEITUAINUYYTY
1 =1 4 o J 4 - =
nnluudazanugavesdwomeszianuuanannunniu lasiuivvszneinnnn
4 & a 4 o 44 &
VYUNTINUAIVFVIZ I TUAININATINDVOIT Y IR
91 a o “ a 9/ a1 a 4:3. &
agulanTuanudvesdygrauduiny  MyuANNIENULANNNIUNITENNNTIVDS
= " a i a P 4 Y a da
e ImmRuIL MdlszanimsaziouvesiuANzNuIMITND LasRURIATA NNV YsE

4:3‘ | Y oo a o ¥ g a o J
l.l"lﬂ‘uullﬁzl_lllﬂﬂﬂ‘iBﬂ'ijﬁﬂ’dd’ddﬂﬁﬁl'ﬂﬂ'lﬂnﬂﬁzﬁ'miﬂ1iﬂ'$ﬂﬂuﬂ]0\3wuﬂiﬂﬂ1ﬁ1ﬂ‘uu

b'd s

5.2.1.2.2 mydnneigdananiodidniu

210317 5.3 woz 5.4 uﬁmﬁaﬂﬁuﬁ'rgtymﬁm%’uiJ1ﬂ°timﬁigfymmmﬁ'immzﬁuﬁ';
WUDEYTOL, (50U, YJYTETITUAL, YTVTTUINHAIIINAILIIITNTOUNATYDI LD INMAAIY
Sunazdefiiinaganiiie 0.1 waz 1 was safouifvuiu Fagwudiiiszozn g 0.1 i
ﬁauummgstﬂﬁ’u‘ﬁaw‘ftyiymmmﬂfimfuﬁ;ﬂﬂ?;umﬁauﬁ'umn ua:‘ﬁuﬁw;ﬂsxﬁﬁum

4 ¥ 1 ¥
AuNuAIS s Tl dumiouduuin LazvnIAYILBANALITAARINIUANNYTYTZVY



57

d o d 4 :r o ' [v " LY u‘: = d a =i —
ﬁummwmu TAvNBIMUANVUANA NN UDUNTAIIUYDING 3 ‘liuﬂﬁ'llﬂ'wllﬂﬁﬂ (1501,
VIVITTITUAD, ‘U‘i‘lﬁa‘:lﬂﬂ)

¥
U = o ' o 1 '
l!.ﬁ&h«lﬂ’ﬂlqu 1 LHFIST]%WU'J']‘ﬁUN']ﬁh‘l‘l.imllﬂ8ﬂ1ﬂ‘ﬂﬂﬂﬁiyfuo'lmﬂ’2ﬂ1H'J'N‘DSW'U']']

' 1 ¥ "
SUNANVUANANNYDIVUIAYDIVOAN L HATNURINVFVTEBITUAMAZITUVITANVUANAI

-

o J . o ud‘ ' . 3 -
FumnvuiaouiuANNgeiszos 0.1 w3 uaznuNVUIAYEIBARAU A IoUIINAUAY

- g
ﬂfl‘UizlJ'Iﬂ'lJuﬂlel'lﬂ

g =t

31 - e J o o a
ﬂ'illvlﬂ'lﬂuﬂimﬂwuH’Jllﬂ'ﬂll‘ll';‘ll‘iﬁlﬂﬂﬁlu AIAIVOITUUIUNANNITNUITINANT

.
o @

v v
nszwyoamaInui s I dyguiazdouiulimdsnundnn uasszozna

] ¥

senIamweInImia 2 suluirmaiazeuniniu Salinai I dygraiasiomiuiing
undaslyon
the reflection coefficient for heigh antenna =0.1 mand 1 m
Op===—=== | alalalabih (aisiaiatsy T e - 3 Y 1
...| —— rough ground (ht=0.1 m)
A= s very rough ground(h,=0.1 m)[7
- wo FOUgh ground (h=1 m)
i 0 R very rough ground(ht=1 m)
- _ i
8-0.3- o -
‘2 "‘.—""
o -0.41 o - —
o -
c ‘|"’.
9S.05} _o® -
t ."’l
0.6 T -
o
0.7k e
-0.8 -
09 ] 1 1 1 | 1 L 1
4 5 6 7 8 9 10 11 12

frequency(GHz)

P 7 a o ) - (. Y ow ¥ A
3UN 5.2 dulszanimsazNounniuAIveIm e IMAMUT IR AUAIN 0.1 uag 1 A3



0.8

0.6

Amplitude(mV)

— free space
® --=-perfect ground |-
Hh th
i SmMoo
T |- rough B
. ====yery rough

i ar s as ' o 1 L
gllﬁ 53 zﬂllil‘llﬁfyﬂlﬂmﬁ'}uillﬂﬁdﬂ'lﬂNTLI'N VINTDIUHATNANUYIVOITIWOINAAIUN

HAZSUNIND 0.1 LIRS

0 0.5
time(ns)

1
— free space

o+ Y |- = perfect ground |-
e MO0t

o6 X T rough |
----- =very rough

0.4

Amplitude(mV)

39 5.4 JYunuydygIwd s undIIK

U o

HAZTUIINY 1 1UAS

0.5
time(ns)

MWINIINTBINATNAMUFIVOIT B INIAA A

58



59

5.2.1.2.3 MINANHOAVENT I
P ¥ [ a oA o' a9y a
91N3UN 5.5 NUNAIBATIVOIOIFIID TUTZ0EANNTIR9 ElABONIN LAZINY

4 i m - 4 - A A
u1mnmmmmqwmﬁwmmﬁ’ﬁmwu ﬂunszmﬁaqﬂﬂmﬂwawmwuwmnmzumaﬂ
¥

P 1 v @ @ w1 - & a a
asuaziuvIuadunu lsunseRamitunnaiamilafe 62.5 dB Tunnatinvoanuid s
¥
' 1 a a J ' [ a a =
uasznuNdMuAIANUYTYIENIN Uz dana TuvavedavInF i qagaiivinatiou
& b vl ey ¥ ' & o= 4y
AULBINNANUFIVITWOIMANNUIUTHA 1A TZUZNITENTIMN0INIANS 2 TNTUAIY

A o Yo o ar L1 9 " [ ] A q',
Fam Iimhdsnuvesdyyiadovasnin lde uaninglsznuilugrmiiananugaves

'
= =

a 3 " a a 1Y) J d A ia 4 & o &
mummﬂmumuﬂmﬂ'i1'umm‘m’;ﬁnaunmmwumﬁmﬁnﬂixuxmaﬁmmnmu IIRGERERAS

"
B o =

maqﬁ'ﬂgtgwﬁmmnﬁﬂmaﬁuamﬁu'1&'nuﬁmutuumwmmnmsa:ﬁamfu anIniugounu
-umﬁtycymffmm'luﬁ’mmnv’iﬂﬁtﬁﬂﬁwﬁmuﬁqa usilf}ammqwmmumn1mﬁui’fu6n
MoATIVIIFINNAUAAA Lﬁaqsnnﬁ'tuunpm?fqﬂmtﬁﬂﬁu%’au"luﬁ’mauumﬁmmm wagt
s:u:mwmmummﬁﬁsﬁuguwﬁaQﬂnﬁqfhﬁﬂmmuﬁﬁﬁwﬂaﬁtﬁmmnﬁ’mﬁgmﬁmm

ar [N ar 9 s
dygru lifamsnugeunu

-55 L § L] L Ll L] L L L)
_-6o
m
2
=
m
o
£
et
[
o
-65—
F perfect ground
4 22 [ smooth poor ground
=~ rough poor ground
----- very rough poor ground
-70 : : —
10" 10°

the height of antenna(m)
' . ¥
517 5.5 SasvnuFitvesdygrudusuinuAIR19 Ay



60

5.2.1.2.4 M3AATIZHAM 3239 (RMS Delay Spread)

=

3 ' " ' a Y a a0 J
ﬂ]ﬂzﬂﬁ 5.6 WuNM ﬂ'lﬂ'l?llﬂll‘ix'N‘UﬂﬂﬁuH']ﬁll‘ld'.iﬂlﬂﬂ'\lWlJ‘\lNﬂ'\fUﬂ'J'\lJf-I\?ﬁ‘]U
o A & 14 - I a d a q’: e " [
DINIANINUYY llﬂﬁl.lﬂ'l‘ﬂi'ﬂ'isﬁ'iiﬂﬂ'l, ﬁuﬂ')ﬂli‘lﬁ:ﬂ'lﬂ Has ﬁuH'JL?UUUUﬂfIUM'Iﬂ'Iﬂ'ﬁUN
a a0 [ | a r.g a A -3 = [ 4 b=
1.[5313“9]1\11’]14?]8 lwlﬁluﬂ'I'l!ﬂ']'lllfiﬁ'“ﬂﬁﬁ1UB1ﬂ1ﬁﬂlWH‘UU“Un@ﬁZﬂUHNQ'IJSSIJTW 0.7 03
' ] a P 44 4 '
0.8 lnﬂillgﬁ)ﬂ']ﬂ']ﬂmﬂi:ﬁ'Nﬂ:,’lJﬂTﬁﬂﬁQFI"IHﬂ'J‘]lJ'EIGﬂJﬂQ'CT'IUE)']ﬂ']ﬁ'ﬂl'WﬂJ‘UH llﬁﬁiT‘lU’J'lﬁ'lﬂ'J'llJ
4 = J ' " a o 4 = -fq‘: s o a
ﬂiﬂlizﬂBQﬁuN?ﬁu']ﬂ“Uu AnsukseIeziininnag n‘iﬂﬁumﬁuyimuuummmmm
[ : = [ 3 ' [ a 4 Y o w
dygrunazieunnuinige AniuanisudlseIeziuegivvuinvesiidsnuyes

) 1 } a ' ' a L
ﬂﬂJﬂJ1mﬁﬁ3ﬁﬂu%1ﬂﬁuﬂjn1ﬂﬂj1ﬂ15ﬁ1%"|1583ﬁmﬂ&|1m INSISANUFTIVDITNWDINIALNLUUY

U Ll o J LA L] - o
MM IvesdyyIudenIuAIn uammsurHlszInduanaa

I 1 !
— perfect ground
----- smooth ground
0.6 ----rough ground f
- yery rough ground
205} i
&
]
§0.4 - J
@
>
(]
2 0.3 §
o
72}
=
T 0.2 ]
P T
0.1 PN R N AN SR
e "\:.-_
0 0.2 0.4 0.6 0.8 1

the height of antenna(m)

-ﬂi L o o c‘ 1 = o @ l:!i “u 1 ar
37 5.6 ArsinhidsaeandovesmsunlsrTsvesdygrudusuniiuiaeg i
:/ a d o y
5.2.2 THABHMITIATIZHHAUAZHANITHIADUNONITATIDADVHANIZNUVVOINT
= v o v
wasunlasszezmaveamesimamusuuazdiuas
5.2.2.1 YVUABUMIIINTIZHIH
= 4 o 4 4
N15ANTITHNITIRDUNDNITATIVADUHANTENVUVDINITI Aou)naszuzn19ve

k4 o [ 3 o a s a 7 =
mummﬁmusuuazﬁ’mmuuﬂz'nmﬁ'Jmﬂzwmsmmmmmmﬁawammﬂmﬂﬂuuuﬂm

i d
V¥ a1 luA1un15aaNouR 1§19 (Attenuation), A TNAALNBY (Distortion) LAZHA



61

¥
o o

& .’f a 1 9
N1IN3ZIUNIAIAT (Time dispersion) FITUABUNITAATIZHITUY 1A TN 5.7 uazganoez

MM AATIZHAIITZUZNYNUDINS Y FnFID

Channel-Friis’ formula Transmitter signal
(Frequency domain) (ASK)
PDP ‘-I_ > Path Gain '
Received signal
s

(Yime donixin) »| Correlation coefficient

RMS delay spread

t

'

Break point

Mean excess delay

y - o = o 1 o
3‘]]'?] 5.7 ﬂ'l‘i'J!.ﬂ'i']$HNﬂﬁlUW'lﬁ'lﬁJmﬂiﬂ’N"]‘Uﬂﬁﬂ'li‘i]'lﬁ‘EN

5.2.2.2 WAN3912049

5.2.2.2.1 MIINTITHITOTMIYANNYY

TumsdszmamdmiumsinnsimsmoasunoFait  uazszozyannyuves
v%uﬁumwﬁmﬁﬁmuﬂiﬁﬁs:ﬁummm;m:ﬂsxmm L IBUANATAMAIINT 4.2

MMM zozyanyuaztituondansaaneuvesdygyw Turesdygiamaundig
ta18Taunsszogmassnamsoimadiuds uazdusvegluszozneudsszozyainyueg
wua'wﬂ'mﬁaﬂwawmﬁ'tymumﬁ;ﬁmfu i]xmﬁauﬁ'uﬁmﬁaﬂmwmﬁ'numgm‘ﬁ;ﬁm;iu“lu
9INIAIN HAZAITZUENTTNINAWOINARIUAWASAUTUNINATITUSVBIPAN NYUITNY
iwhm'iaﬂwauuaaﬁmtywmﬁlﬁﬂﬁuﬁzﬁmnn'i'whmiaﬂ‘naumaaﬁmﬁmmﬁtﬁﬂﬁuiummﬂ
1 Falumasniszozvesgarinyuer 1935msaess Taoisusnezmninaumisvounesiua
Toudufufinils (The first fersnel zone) wan IIMsszanmmvziaasluased 5.1

Tmmxwuimﬁﬂiﬁusmfuﬁmuﬂmmqwaamummﬁﬁ'w%’Uuﬁm’1’1uda"l”z'ﬁ 1
WAz ENUIIZEEN TEN N E e IMmaefideunasiaud 0.01 wasda 10 AT OY
AeuszuzyainyudImnsaaneuvesdyauzimilouiumsaanoulusiniaii Fan i
lunsdinaenty vrimuanugvesmenImadusunazds13i 10 wuAmesvznud
szu:qﬂﬁ’ﬂunﬁﬂixmmmm?%'tﬂm’mahué’uﬁ'nﬁﬂﬁa wa;jsz‘niwmummﬂ‘ﬁgqﬁmﬁ

ndounasdaug 0.01 waAsH 10 wasezlszuMITNUTIAIMIaANoUYBITYYIUNINA



62

d - | w a ad o ' ¥ o
veiiumsnaoun)asvesmisasveuFitindears uaz lunsdiganio szimuan g
] ¥ ]
yoamwe AT uuazd 13 iandes wrnuiszezneseninmoeiniaiiaesi

:: : ! L] o = J y -
wasuuasdiand 0.01 wass 10 was hifiszozgainyuiiaduiiosnnszozyarinyuiniion

° ada @ v o oo A ] Y 1w
mmmmmmﬂasmahuauﬂunnmﬂz'lummsnm'lﬂnmnu

aa

Haz s Na099211715U 52 IUA191NNIINYDIDAT IV INFIIDUELIBAIAIT D

£ P a & Hy ¥ Vv o i
Viouiiga (Least square) Tumisszuzyminyudanai Idszuaasliuansdemsiei 5.2

= Y o Ad o 9 s 1
MTNN 5.2 ﬂzllﬁﬂ\11"k“‘u1'”ﬂim'ﬂﬂ']ﬂuﬂﬂ']'nlﬁ”ﬁﬁ]ﬂqa']ﬂﬂ]ﬂ1ﬂﬂ1u5‘ﬂllﬁ$gﬁuﬂﬂ

%% 0.1 was ioanniuszozivzifagainyulugaen liiu 10 was vazidloiimsnaou

3 k4
fuAnduAuld, 83 uaziiuusznuiszozgainyuezilu 2,03 2,01 uag 1.99 Awd1AY 92

4
i A o oA

o [ ¥ ¥
wuihlunsdiniuAaiiam € idniziiszozyainyuinlnand AntuguasiAvesiuialu

¥
uADEFUANUTIADMIINATZUS AN

:; ar a ¥ “ o o w A &
13190 5.1 szuzmaqﬂ‘nn‘qu"n'lﬂmmmﬂﬂnuahuauﬂwnua

ANNUFIVIMBOIMAMHIVLAZA (m) STUZMIQANNIYI(m)
1.00 m 91.39
0.1 m 0.90
0.01'm 0.00

M9 5.2 NMIMUIUATZOENYANAYNYBIANWOINARIUTDIA TS 0.1 a3 TAuITide

doalouiign
i FTYLNIIPANNYN(M)
1t 2.03
23 2.01
uu 1.99

a das a a
5.2.2.2.2 mnmﬂ:ﬁamwmuwnﬁ

110311 5.8 uaAataAIdRs1IvLIITITOMMUANNUFIVITBDIMAATUT LIS

¥
o =

H & 5 a aa  a A 8 &
m'l%’ﬁ 1 Y UALUAT ilzw'U’nﬂ’laﬂ‘;"I'UmmW’m‘n:umﬁﬂmmmzuzmamwuﬂui]zmﬁﬂ'uﬂu

d ¥ [
Nmurilaveaiui taznuniu I iindasvneFdonainiidy uas duiu auddy




63

‘30..._ T T 1 v 7 vrj L] T 1T T T 17T
—— wood

% - limestone

Path Gain(dB)

-100

-110

-1 20 L L L L L A AL I_ A L L L 1 L 11
10" 10° 10
Distance(m)

U7 5.8 SasweuFadt lunnugevesmeemadnuiuaz s 1 iuamns

wazanns e linunszuzgarinygy

nng1ii 5.9 uamatamsasnuddtilommuannugevesmoeimadiuiuiag
9137 10 ruBuns ssnuhmsavnuFaiteinanamuszeemaiiiuiuszimiouiu
Feamyiiavesituin ua:nmnﬂﬂwmminﬁm’:m'ﬂ1izoxqﬂﬁmgu"lﬁ’mumﬂaﬁ 5.2 3914
Fimsidadeaooiiqana: wuiluszoen Nfia‘uﬁaqﬂﬁ'ﬂuu1uu¢iazf'iyuﬁ'm::ﬁfhﬁmwmu
FeFafmiousunieiinnuuanmatutionnn uazdszeemaildiannanigagaring
Tundazfiufneimsnnvnudiinuandaiu =§awui1ﬁu'lﬁ'§ﬁ15mwmuv’iﬁﬁ%wﬁﬁg
waghuumNAIAY

20317 5.10 nanadamisasvnedaitisosmuannugavesmseimadiuiy
wazd 137 1 was senuhaisasveuFaitesfinianasmuszurmaiiityiuszmilouiu

= - o

v v v ¥
W yiiaveaf LAl HazA19as 1vnuF N ImuN LA IR M pu T UnIelinuLANA1

w ' A o o ¥
Autouun uozainnivez linundeduimszozgarinyguld

¥
MINHAYDITATIVLIFIIDNINUATDIA N YIVDITWOINM AR T ULA TS 3TN

s

’ = S Ll ﬂl q‘ J J o = ey H 1

Adanvndsitiimanamuszozneimiuiuuazmeanunudain lussoeineuta
¥ ¥ i

szozyainyuaziin lndiRveduuny liuanaraiune 3 Aur uaznsdiiszogmaninni

=

L ] 3
szuzanyNIEwUIMIBRsIvnFit e linuanaaiuTasiudiiia £ dndieziin



64

¥
1 @ o

[ ' ¥ ] "
fasnuFionainniuAiiiin £ ganiugsuiuduszezyadnyuuesniuddiiia g

1 =) os — ' d’.’ a da "
NI192UITVENNVDIPANAYUNUINANIWUAINUA & PN

r

'20 T T T T T T T 'l T T T L] T v 3
—wood
weneens BERGK
-30 -===limestone[’
40
g
E-SO""
©
()
£ -601
©
o
=70
-80 -
_90 'l L L L ) —_— ) | L I L L L Il L L 1 1
10" 10° 10'

Distance(m)
11l 5.9 as1veoFain luanugeuesmeeimaduiuiozds 10 ivudAmAs

= d ) =
5.2.2.2.3 MIAATIZHMM M523
n} = v ) = -2'4 ] b4 Y

13U 5.11 uaasiaminsudnslse IuloMMuANNNIVe MU INIAA LT

' v ¥ '
nazaa 139 1 rudimuas 92nuNaInMsuan15U52 39909919 3 WURATanaInINIToEN19N
a .; a o 3 o [l ] @
WMy tazeziim Indifvanuuny luanaany

1Nzl 5.12 namaianinisudnisUsziadlen muannugavesamseImaAdIuy

S Al

1 H - L] 1 L] E=Y H q- L= J
nazda 137 10 uAwas vzwuNAIMsuANIsYseIanszozman luinu 1 was wwilmvuuay

1

" o [ @ - J [ (] =

299019520152 uaAnamInszozmuiu 1 wasiu lleznudminmsudnsdsziaeziinanas
4 a4 & P g a = o w
ATLTOENRRTY IuTaTZozN199 4.1 3.6 uaz 3.1 wasvesiu Il BguasiuunudiAy
e n‘: = U Q‘ J = 1 = o : 4 Ll
wazndaniniusziimsaunuiuauiimlndifvaiunaauiuin
110317 5.13 uaaadamimsuns sz ledmuannugevesdiseimad gy

' 9 a oA J -~ Y 0 ﬂ -

uazdaa 13 1 was sxfinunuiusudganilwoazeziinannsauilu 0 NTzoe 2.9 43 Uaz 5.6

dr Y a = o o a0 A df &J
'UB\‘I'W‘IJVIM aguazﬂmjumumﬂu LHAZTUAUNNUYUAIUIZUSNNHNYU



-25 T L] L) L T L] T L ] I T T Ll L T
—wood
.30 s brick L
-===limestone
=35
__-40-
)
-]
=-45}-
g
E -50 -
2]
oo
.55 e
-60 -
65}
.70 1 | 1L 1 L 1 L L l A L L 4 1 1 1 L
10" 10° 10'

Distance(m)
31/ 5.10 asrvooFait lunnugevesmenmaA T Do e 1 1As

0
SRS ; . . .

wood

N
2]
|

N
I
1

-
n

L
|

RMS delay spread(ns)

—r
|
|

o
o
T
]

0 | I i —

0 2 4 6 8 10
Distance(m)

3U7 5.11 mmsurnsszSalunnugevesmeoimadiuivuazas 1 iaudwns

65



0.045

0.04

0.035

e
o
[

0.0151

RMS delay spread(ns)

0.01

0.005

0.02H§a

—— wood
w brick

-===|imestone

1 5.12 msudnsdsgSaluanugevesmeeimaduiviagds 10 rudEnms

0.35

Distance(m)

RMS delay spread(ns)

o
—

0.05

——wood
s Brick

s limestone|[

Distance(m)

10

U0 5.13 mnmsudmsdsgAaluanugavesmeeimadiuiuiazds 1 was

66



67

MINHAYDIAINSHANSYIEa senpnsdindmuanugeveamueImalin |
URLASIAZ 10 IruALAT MMsuANsYszIaziisananiuszozmafimy ualunsdin
samuannugavoameamalin 1 wasezwuiminisuinsiszianzanainuszoeniei

- X a 'y 4 4 & P v ' a a
ABVTUAIN 2 NIBINTN uAdITZoEMAIRUTUIUDIgAN T azHUIIAINITUAMT T2zl
4 i A & a A o 4 PN v o i

Wumuszuznimuiy e1ssifaiiesnndygiuinniammsinudyyunasieu

df - = d' 4:; o YV o : "y o o
mﬂ‘wumﬂmsﬂix':nwunnwa'ni]:mﬂnﬁtgty,mmﬁm‘lnmauwunu

5.3 aq)
d’ o ° n’: Y o
1UUYIUIlﬁﬂQNﬁ'UBQﬂ'I'5ﬁi'}%ﬁE)UIﬂUﬂ‘!ﬁ'D'lﬁﬂ\‘i TﬂUﬂ'I'i'ﬂ'lﬂﬂiuuiltﬁl‘ﬂ'ﬁﬂﬂﬂ'ﬁllai
[ a o o [ a o
Wimdundnlumsimniuaziiaes uazuananaluzlvesdnsvnndain manisnszay

. ' 0 " =Y s Vv ar ar ﬂ 3/ & _ a 3 ovl dy
mana wummIEnsliEie pUdyyiudmioresssusinuiludu Fanai ldnamuail

o a " VoA o u‘l‘ " a @ 4
seinsdszium i 1dnnmssaeniudhlndain ldninms Tadyg s d9lduaama

¥
-

msysziuluunda b uazgamoemsanumsastouvuiuiivvsz luwouninvezgag

waluuni 7



UNN 6

wamIIadyaamazn sz

6.1 NA1IN

3

4” 3 a L4 ' - o ¥
Tupnilsznaniwansinsizideyavesresdygrui ldanmsianelureslu

¥
o -]

df a a Af = a ' o o o 3 =
WURIUTUIZ(MUYN) LasNUG oY (MUDDW) uamﬂﬁmumumum):mmsmiuﬂmtiuu'um
a 4 a o £ ° o - =
augdmnisumans mndnimnssuamsaums Favzlduuusiaeslunisia awildesuie
P & ¥ ' o @ = d o o
Tuuni 4 Gz 19gUnsal VNA iinisTam s, uazezuaainalumisiiinesdidgylugives
HANTSAANDUYDITTALMANNIUVDITYYIULALANYULNITNTTIWN NNV ITYYIN Lz
3 14
AnnuAamouysadyyin Tasuaaegludnyuznmsnfiouisuiuszninnsdnuig

-4
vjuszuaziuiionlunsdivesmveimaiuen naziimsdivdyawanmisdinesldiiia
¥

9 [ o o & o a = a = o't Y A
1ﬂﬁ1ﬂﬂﬂﬂﬂﬂﬁﬂ1i’]ﬂﬂi§i§1iﬂ mlﬂuﬂs:munnn‘uaamswimmﬂu’mumwuﬁu Llﬂtvlﬂlﬂﬂﬂ

T¥mssziiua Taomsdivlyswamssnesliiinnulndifvenudeyaniiaesa

s as = d
6.2 HAMIIAT YA IMIAZNTANTITHND
o Y o o o d’ oA
Tumsdadyyia ldhimsiadygaluiuiisoonazegvszlumsnsmeeinmealy
HHAUEUIAZ R INT A UNANUFIVDIAIU0INIA AT TTULNIITTHINTWIMNAR LT VLA
v ] ¥
AU NBATIVABUNANTENUYDIN S AU A Im BB INMANIANINIASTTOZNNITEN I
o ] o é : o o : \
MwoImAmuS Az MU U§ a0 Fswazidoavesiunsumsiadygioniulanann1y
{ u‘: = a at q’: o o a o'
Tuun# 4 uazduaounmsimsizirauazraveamsdananua ldsumsanuvlunsszqu

UIUIBIA [17]

(Time domain)

Corrclation cocfficient

Transmission cocfTicient Transmitter signal
from measurcment (ASK)
PDP ¢ 1 Path Galn N
Recelved signal
-
| —

RMS delay spread

Mean excess delay

@ e

1 a o = 1
UM 6.1 m3dinszvinalumisiiiinesarequeanmis Tadygyw



69

) a d
6.2.1 YHADUMTAUATIZHINA

0‘.: a o ° o a o ] v s o
Tuduasunisiinsigvdeyaidoyadudse@nsn13dan Iy (Transmission

. A o w Y A a 7 1 ° a s ¥

coefficients) 30 A1 S, NialdvInmToaTinsizresviouaziimdinsizvinalavly
- 4o U (] o

Tsupsumanouiiunes udaee IdidluiladdunisoioTouvessoadyg i (Channel transfer

v - ' = o a o [ -
function) Az mAUAy U 1dds tazn s zimmnimeinieg A 6.1

6.2.2 HOMIINTYYIN

=)

6.2.2.1 AT IVENNTIID
' d’ ' " - a = ; - @
nmsuaainaluduiivzutisennitlu 2 drufo wasnnisdalunstinuAlvguseiy

¥
-~ - el

wurssumelueIms Tﬂu“luu&iazﬁuﬁaﬁmmﬂﬁuuﬁ'nymz'ummvmmﬁﬁmuumuau
ﬁuﬁmmzﬁﬂ%’nsxﬁummqwmmummﬁ 25, 50 1A% 100 LEUAIAT
1uﬂiﬁ-umfi15mwmm%ﬁﬁn]?umﬁumsﬂ’inﬁfuﬁwwnﬁuﬁuﬁhﬁuﬂumtﬁ
AIUTAVOITIBINIAR 25, SO LA 100 mmﬁmﬂsnﬁamummﬂﬁmmlmuauﬁuf{u Fauaaa
waluguii 6.2 81 6.4 Tnofi “ru” xmuﬁ'ﬂufuz-umﬁu'u?115:uazﬁﬂymmmmummmﬁmm'J
ueu Az “SH” inudnyuzvesiuduiazdnyuzvesmoenimuiuIuo Harafivzny
isasvnuFaiavulnaon lamszezmadaud 1 wasia 10 mAsTzUzMITRY 25
wuAmns Tavlunsdifinnugaveanioeiniga 25 wuﬁmm&uwuimsﬂﬁwqw:uasﬁu
sovlunsaicwoimminuuuiueu Tugrausneziimanaseties it amuszormaniiuay
JUITZNT 2.5 1oz 3 lll‘ili‘ll'flx'l'lﬁuﬁ'}ﬂ]iﬁ]i:tlﬁ:#ﬂﬁ']ﬁﬂvﬂ’mﬁ'lﬁ'lj A10AT1VINFIDNM
iuduetRaifioudszzmanihisanvnudesinduiimaaasmmng
rﬁ"mmﬂmwxLﬁﬂmnﬁ'mmmﬁmﬁaumnﬁvu A luudaziuiundaniniuly
famrznanfvatudygrafinenfirmanss Sehiddygrafamsiudoudiu Saiinswa
ilfdeszozmanouis 2.5 fu 3 wasmisasvneiidaaniediesaduilesminmiudou
Al ludnuuzvesmaindiaiu Lw»i'nﬁqmmfumsﬁwi'ﬂuumﬁmumuwnzﬁam?nﬁ'u'ﬁ‘iam
Wasasvuiudaiaiaiumniy wazlunsdifianugavesmoemeilu 0.5 wasias 1
waswuhmsanvnnditimanaseduaeiiouilugliduaswualuszoenialszinam 6-7

—

¥ ¥ 1
WA UAUIEWUIINIBAT WOIITI DT Ui a3900190N11 0991091991 UKAYDINISINA

)

3 " 3
UOANID ua:‘l‘u‘mas:uz‘nNﬂm%zwu’nmé’mw mmﬁmaﬁ‘umﬁunum:zumﬁmﬂﬁu

‘l! J 1 o - 4 — o 1 1 4 1
YJUTT HATTTUTMUNNIUAOATIVOI0FIIDVRINUSLUNA VT FINTINUYYTE Taodn

¥ d ]
BN IVUIVIFIIDVDINUISYUISRAIZINTINTAVDINUVTVIE TUNITUNANNGS 50 uaz 100
wuAas TavAailuande 02716 dB uaz 0.8485 dB AINAIN D LAZNIAAINTI 25

3 " ¥
AR ITWU NI SlvesiuiTuueziddminiinsdivesiuuiuszilu 0.178 dB



‘ ¥
' e a a o ' ar a oo -
MoAUuIuE30 luszoEne 1, 5, uag 10 WATHUANNIUVDIOATIVUWITIID IUNY

¥ H
yuszias AU ounaaIlumsem 6.1

-=i 1 = o a ad L n::w dy d’
31N 6.1 AnfouiivuveadasivouFaitvesdygiunda laluRuvgvssuaziy
Sou
ANGIVOIAY | ANHUZYDINY AR IVIITITO(AB)

DINA(UANT) 1 1UR5 51409 10 1URS AUNAY
0.25 SERTRE -50.5011 | -60.0674 | -72.9815 | -61.1833
0.5 AT -50.8671 | -64.3881 | -75.3933 | -63.5495
1 LI H -50.5531 | -64.1151 | -72.2403 | -62.3028
0.25 Sov -51.8964 | -62.5913 | -68.5282 | -61.0053
0.5 50U -51.8273 | -67.2245 | -72.4114 | -63.8211
] Fo1 -51.7921 | -66.5819 | -71.0799 | -63.1513
-50
-55

[}

3-60

£

o]

o

=

@ -65

o
-70
.75
10° 10’

Distance(m)
ci [ a ad ; = o df ot ﬂ'w by =1 =l o =)
jun 6.2 aﬂswmuwa’mvmwm‘suunuwwqmﬁ:umﬁfgmumw'Jﬂ"lﬂtﬂsunmnunu"lun'iiu

ANUFTIVOITWDINA 25 mmﬁmmua:mummﬂﬁmmm’mau



-55

Path gain(dB)
& 3

1
S

-80 L 1 1L 1 1 1 L 1
10° 3

Dlstance(m)
g'dn 6.3 aﬁswmummvmwmsumuwuﬂws 'ufNmymmmw"lmﬂmmwnmu“lunﬁtu

ANNYIVOITWDINA 50 (FUANATUAE mummﬁﬁmmtu’m U

-50

-55

=)
o

Pqth gain(dB)
&

-70

_75 Il 1 L L L 'l L Il 1
10°

Dlstance(m)
31]11 6.4 amwmmmmumwulsU'unuwuvwsmmﬂmmmmﬂﬁﬁmiUumuunu'lumm

ANUYIVOITIWDINIA 100 mumumuamwmmﬁﬁwuuu'JufJu

71



12

6.2.2.2 ANYUTVRINITNITVIWNIAIAIVOIT YR I
a o' " d’ a o o

Tunan15 N1 IuaIUTITHAAINANIT AT ITHANHUSNITNTLIIVN AV

o = o ] o w e 4 a = "
gaalugdveamisniimeivesroadyyrauuuliadwis Ao AuRdoalizia waznims
¥ ¥

msueiseds msuaaswaludiuiezutseonilu 2 daufe msuanwraludiuiiszutesn

' -~ r = l: - s ﬂv - i G| ' dv -
i 2 daufie mavinmstalunsaifuivguseiuiuAassumolueims Taoluuaaziuiy

' ¥

MINsnlduudnyuzvoIdve NI IyNILIUBUAUNUIAENIYTUITAUANNGIVEITIY

0INIA 25, 50 1AT 100 IFUANAT

4 -
6.2.2.2.1 mamasnaszis
. v v v ¥
vinwah ldnuhaumdonailszlwesdygunaszudsnldou Tawszozneds
) - ] ] = 1 " a =
A 1 UATDA 10 10AT T3UEHNTII0E 25 (UAILAS U Tunsdlvesnundonanlszialsoy
¥ » [
WousenIniuHEIvgvIsAuNuAIG sy TunsdinugIveImweInNIfi 25, 50 uaz 100
- 4 i " A <
IFUAIATIBAIUDINIAIIYNIUIUOUAUNY FanaasnalugUi 6.5 63 6.7 Taoi “RH” unu
¥ 3
ANYUZYDINUYFYTTUATANY U YIAI00IMATULLIUBY LAY “SH” UINUENYMEYBINY
¥ "
Sounazdnyuzvesmeinimiluiuiueu njUNamuasznuaundolsIavesmo
. “ o gl e "
smminuuueuziiu lawdnyuzindufodoszozmaiuiu Aundonansz i

faufuiua ussundonaszlwesiudouludwsnlszinu 3-6 maseznu Ay
Fumuszurmaiiiutudndanniusnuhiinsanaamy
Tﬂuwuiwhm?;unmﬂsﬁwm‘ﬁuﬁuuﬁﬁﬁm’inﬁrw;mznsfﬂmua'smﬁﬁmmm
uouTaoAaiuAundo 3.228 ns, 3.0318 ns uag 11.2712 ns MUKV FaUAAIHAVOIRURTEY
nandszdaluszoesna 1,5, uag 10 mmﬁunmmﬂ'mﬁ"mm11J5:"3\1°1u°7;u11§ms:uaxﬁruﬁun

wanalunis1an 6.2

6.2.2.2.2 mawddszIanm
= v t ot " = o a o = n’: '
nnra lanummsusdsglvesdyaaniaszulsnlaonlUaus zoznedaud 1
= 1 1l - ] = 1 1 a =
WATHI 10 1UAT STUTHIIBINNL 25 I¥UAINAT ua TunIsdvesrInsnHl sz alSouimou
¥ ¥ "
FENINHUAIVTVsEAUAUAIS vu TuNsdinNGIvDId 181N AT 25, 50 1AL 100 IFUAINAS
A o ar 4’ A = -2 = o
o mueIMANIYNUUINOUAUNY Fauaaanalugili 6.5 03 6.7 Tavh “RH” unudnyuzveq
¥ ¥
WuvgvszuazdnyuzvesmuonniuiuIueu uag “SH” unudnyuzY0IRuSsunay
¥
dnuazvesmuemmiunuIueu 1njdiauavzwuRIMsuEl sz 3veaeueinieig
o - o -~ ] ] L) = g. = Q‘ J
uuaueuszilu lawdnvuziAsaduioiininsurlszJavesiuvguszasiinuiuiuaiy

& A & v 4 ' P 4 a
53U$YI'|inwu‘\luuﬂﬂz‘uu‘ﬂ'lﬂj'lﬂim‘llﬂqwuﬁUH‘Iunﬂﬂ?‘]uqquﬂQﬁ.lUEnﬂ‘]ﬁ



73

3/ ¥
Taonuainsurdsz3aveanuG oulimgan NRUYTVIENI TN IYUILT
- | i o o A
vouTavAnluAURTY 5.7785 ns, 2.2825 ns AT 6.3704 ns AWFIWUAINYI FUAAINAVDA
Ld 3
mnsuddszdaluszogma 1, 5, uag 10 wasiumavesmInsurlss S luRuy v Tuas Y

= —
ﬁUUllﬁﬂqaluﬁ-l'i_N'n 6.3

c} =) " d' = o c; ar dy a" )
M15194N 6.2 msnﬁuumuwmmmaumsﬂimwm iyig'lﬂlﬂ'lﬂ1muwuﬂiﬂ5$1lﬂ$WURSUU

ANFIVDIAY Snuaizvesity mdnuAumdomslizia (ns)

DIMAMNAT) lwas | Swas | 10was | Auedo
0.25 VIV 5.1131 18.0880 | 6.0216 9.7409

0.5 YV 50763 | 13.6134 | 1.4294 | 6.7064

1 YU 5.1182 | 18.5006 | 15.1333 | 12.9174

0.25 S0y 49531 | 10.9034 | 3.6823 | 6.5129

0.5 Foy 5.0525 | 4.0097 | 19617 | 3.6746

1 Foy 4.8313 | 2.1405 | -2.0320 | 1.6462

d' =3 i L = s Ci o ‘; d’
A1919N 6.3 fm'Lﬂ?uumuuvmmn'ﬁuwmsﬂi:'meﬁiytymmﬂ‘lﬁ’?uww;%zuazwu

50U
ANNGIVDIAW Snvazvesity msnfdagoundomsunsmaiszis
DIMANAST) (ns)

Lwas | Swas | 10wA3 | Aunde

0.25 VIV 1.3737 0.6148 | 32.3329 | 11.4404

0.5 YJUIE 1.5165 | 17.8246 | 29.7223 | 16.3545

1 YUY 1.5392 | 1.5084 | 32.6444 | 11.8973

0.25 IS0 0.1813 | 22.6173 | 28.8582 | 17.2189

0.5 S0y 04517 | 27.4155 | 28.0438 | 18.6370

1 301 0.0630 | 26.1928 | 28.5474 | 18.2677




240 T T T T ! T !
3 30 sy , e ---“’ _;'.'.'_-g;f,.-*-s, l.'-
-o : : _i--""— : 1
8 . : e \
(] b : : N, ?
= : : i : : : : wi']
3 ] ] | ] ] ] | 1
= 2 3 4 5 6 7 8 9 10
Distance(m)

40
E :
-§ 30H .
5 | =
z
- :
m 5 H - i - i

0 - __:..-! e Rl LT S sudlisnis -
E [ ] I 1 | ]

1 2 3 4 5 9 10
Distance(m)
c; qi = i ' - as = A: = ar d’ =
31.]?1 6.5 msmaunmﬂimaua:mmiLlwﬂszaaﬂaaﬁmum1mnimwumjgusmmnnnwunuu

TunIdiAMUGI 25 IPUAIATHOZ AU INANYNINIUDY

i
o

(9]
o

-y
o O

(=]

Mean excess delay(ns)
N

40
£
T
30
8
w20
3
210
o
g 0
B 2 3 4 5 6 7 8 9
Distance(m)

10

dl d‘ ) i L) _ o 3 =3 @ 4 sl
31U 6.6 MamaunanlsyIwazmnsurlszlwesdygransdinuvjvsaivudiuiusoy

Tunsainuge 50 UAIATHAT YD INANYUIUILDY

74



75

E=Y
o

@
o

-y
(=

Mean excess delay(ns)
N
(=4

40
&
°

30
g
020
=
310
©
(72}
= 0
(i

1 2 3 4 5 6 7 8 9 10
Distance(m)

[ ' L4 »
3UM 6.7 msmavnanlssSwazmmsurlssvesdygunstinuygvszimouiunuG oy

Tuns A 100 FURATLATTIVDINANYUIUIUDY

a :a’ a o 3 P a
UAZIINAANITNTSVIUNNIDVDITYYIUN 2 W'!ﬁTlJlﬂﬂ‘iﬁﬂﬂ1lﬁﬁﬂl')ﬁ']‘ij'iz'ldllﬁ:;’

1 [ a n‘.: " o a J v o - [ o ]
AnsurdsgIniueznunlunssinssozmanuvvuanlasundasamussozisuny laoans

Ll
- Y

MIndlszInTusidnyuzvoinisasunasasadiudwiunsdivesnundonallszia

9 a =Y

uaas i nddyrauaumaniusnziannnsurvesdygIuaoud 19NN tazd

(7]

w = o v '

dygraunaunddznunmsurvesdygysziovas

d
6.2.2.3 duilszansanduius

.
- °

= o’ 1 dv 1 a o s w o = = [

Tuwamsdnz luduivzuaasmdulseansanduius wevmsnSoumouiy
LY - w 9 s - Y & =Y ad ; o = s

sy Iduardyanaiildds Flumsiinszddiuiitziinsdinsiziuoneemilu 2

[ ] o a 7 o - w 3 = ] as oo ¥ a:
drmTavduusnaziinmsimsisidygiuinsnld TasnSvumvudygiunivldnniu

4 v ] . b4
Y3UsTUAT RIS oY tazdIun 2 wwnendygpania ldeenidudyaaunazounsiniiuuaz
" ] ¥
dygrununndygiuiuinniamiase uaziwnliouioy TasluuaazAuiiiins
] 3

ndvudnyuzvosmseImmiININOUAURUIAZNITUIZAUANNYIVEITWBINIA 25,

50 1182 100 IFUALUAT



76

= d i " w a & @ o o - w
1INNISANTIAAIUN 1 sgnunmdulseansandunusvesdyyruidaozuls
o : ' =4 1 ] “ ' =S '
waou TUmuszoensfug 1 wasta 10 wAs 5202M1T3a2 25 IBUALAT 1A TUNTIHVBIM
o a o @ e & 1A - ' .: a as J a o -
dulszandanduiusSouivuszninwuivgvsziuiuAas sy lunsdinnugavosay
; a ; g « 4 4 ;
§INIAN 25, 50 AT 100 IFUANATIIBTIWOINIFNYULUINBUNUNY Fanaana gl 6.8
v »
19 6.10 MUV 1ALA “RH” UNUANYUZY0INUYFVIZHATANYUZYDITWoIMImTNILD
L4
WO, “SH” UINUANYALYRIR UGB vuIDz ANz YRIEve I LILILDY
:: " a @ o °
nngdiamuasznuNmdlszantanduiutvosmooimminuuuoueusziiy
[ =) (Y 1o a v a  d 3 U i
TlawdnuuziRuinufemdulssantanduiusvosnuvivszeziimanamuszoznei
Q. J 1 J = y i ' s _ q(
MuYuiAvrganInsfivesnuiG oy luynanugevesmeeimia Tasnunmdulssdnsan
v o I a "9 4 a ° a ! -
JuwusvesiuiGvuiiadiniiuvvsensdiaweimminuuuiueu Tasiailusunio
0.0651, 0.0624, 0.0758 MUTIAVANING AIN1319 6.4
= o ] " " oar a o ar s o o iao
1INNITANTIERAIUN 2 sznuNmdulszdnandunusvosdyyiuniavzuls
-:i “y’ " =) =S ¥ ] - " =
navu lauszoemadg 1wnsna 10 was Taoliszorv1eg9ay 25 Isuamas ualunsol
" oa a & v o | o ~ a 3 =y
yoamdulszAnsandunusintSouioussnnadygIuiuneniamans e AURIVTYITIRZ
14 v "
ARG oU TuN3 SAINIVEITIUeINIAN 25, 50 1aY 100 IFUANASIIDAILBIMAN YLD
g d" & - =2 o @ = - - @ 4’
uouAUNY Faaawaluzin 6.11 83 6.13 mudrauTash “RH” uinuanyasysInuyguse
¥
HaTdNEULV0IAIeIMIATUIUIUDY “SH” INUANUL VOIS vULAT ANy YDIAY
pmeiuiuIuouIay “LOS” uInuANYMZYoIF Y IUAININTAIMIIAST
n’: I ) a v o o
nngUNamuavznuNmdulseAnanduiusvosmveimimiyuuuiuouzily
ar - o " oa a o a  d " a a
TUamudnyuzideanudemdulss@nsanduiusvesnnsdivziimananiuszsos ey
J i o { = U J = 4 Y -
YuuanstivosdyyIuiunnimmeasseziisgennnsdroaiuvvszuasiuGoulunn
o w Voo a o o
AUFIVOITWOIMAMUAIAY HaveImdulseandandunus luszozna 1, 5, uag 10
[ 1 4 " oas a & @ a as “ a
wasiuAundvyesmdulseanianduius ludgygruiiuinniamiaaznmsaziounn
4 4 = a 1 o a o o a o =1 '
WuvgvszHazwussunaasluasen 6.5 uazmdulszansandunusnlSoumousgning
k4 g
AUYIVOINWOINA 25, 50 1Az 100 iruAmas lunsdNuSvuLazRUYTYsE dzuaaInalu
{ o W n’l‘ ) a o s a
317 6.14 fla 6.16 mwdAy MngUiamuavznuNAd)sednTanduiusvasmooimaee
as [V e a o o w d a a 1
WhuldawdnuuziRuasudomdulse@ntanduiusveanuga 25 wuAmasazan 50
FUALAT HAZANI 100 1ruANas amdivuendulunsdidyaIuiunnniaminse wgwy

NNIAANVFIVDITIUDINA 50 IFUANATUANINAT 25 KEUAINATHAL 100 FEUAINATAIY

o w " oar a o o o a = a0 a A J
a1y llﬂ:fﬂfﬂlﬂizﬁﬂﬁ’dﬁﬁuwuﬁﬁlu“f}ﬂ‘ﬁuﬂﬂ‘imﬂtnﬂWﬁﬂﬁWHMSSUSV\'N'Y]U"IIJ‘UU



MI19N 6.4 NsfSoumsuvesmanaulszansdunusves

4 - q(

d:‘ a = d -
AU TUNIT AT IZHAIUN 1

ar a‘u Y ]
youiia i lunaay

AUFIVOITIY ANYULYDINY mandulszdnsaduwus
21NMIAQNAT) 1 1UA3 5WA3 | 101As | Aundy
0.25 YU 0.8250 | 0.4650 | 0.0587 | 0.407595
0.5 VYIVIT 0.8320 0.3350 0.0313 0.37614
1 VUL 0.8349 0.4259 0.0746 | 0.386876
0.25 5uy 0.8088 | 0.3450 | 0.0744 | 0.342428
0.5 5oy 0.8382 | 0.2690 | 0.0509 | 0.313745
] Fou 0.8229 | 0.2844 | 0.0593 | 0.311036
1 T T T T T T T
0.9} -
0.8P
=
807
Q
0.6
8
0.5
2
J0.4
Q
5
Sos3
0.2
0.1
0 I | L 1 1 1 1
1 2 3 4 5 6 7 8 9 10
Distance(m)

4
=

3UM 6.8 duilszdnTanduriu

25 IPUAATLUAZ TYOINMANYUUUIUDY

77

4 ar = 4 = ) Y = =
sveadyygrunsdnuvvszvuiuRus sy lunssinuga



78

e
-J

o
o

o
>

Correlation coefficient
(=] (=]
w [4,]

ot
N

S
-

Distance(m)

a @ o d o <

ﬂ;- s ; = o A{ = =) ¥
3‘1]1’1 6.9 ﬁnﬂ‘s:ﬁ‘nﬁﬁwﬁuwuwmﬁtgtymmmwwqumuunuwuﬁmfl‘unitummqq

50 I UAATLOZ A WD INIANYUIUIUDY

© o o
~J =] 1]
7 1

1

o
@

e
FY

Correlation coefficient
o o
w o

e
(&

e
-y

1 2 3 4 5 6 7 8 9 10
Distance(m)

t:i o a = [ w s ddv <4 o r: = =1
3N 6.10 dulsz@ntanduiutvesdygrunsdinuvgusziouiuiuGoulunsdinnuga

100 I¥UAIATLAZ AU INANYIIUIUDY



19

1 T T T T T T T T
RH
0.9f -~ 8H H
[\ ----LOS
0.8}

e
~

o
o

Correlation coefficient
o o ©o o
() w o n

e
-

Distance{m)
c‘ a a @ as P = =) @ A = ¥
3‘1]1'1 6.11 leJ'LI?::fTT!'EfT'Hﬁllwu‘ﬁ‘llﬂdﬁiyﬂél'mlﬂﬁ'li]']ﬂ"flﬂ‘l’ﬂil@'liQLWUUﬂUﬁﬂ‘ﬂmﬂﬁﬁﬂﬂu-ﬂ'lﬂ

¥ 3 ' "
AWuRAvvszuaziuAIS vufinugavesmee AR LS LAz d e 25 IvufAuns

1 T T T T T T T I
——RH
0.9 '.; ............. SH H
N, -==-LOS
0.8 % |

e e
(=] ~J
=1
£

/

|

Correlation coefficient
o
[4,]

0.4
0.3
0.2
0.1 : .
0 1 1 I ] 1 1“.‘ L 1
1 2 3 4 5 6 7 8 9 10

Distance(m)

v
o =

1 o a & v o = = o o -
JUN 6.12 duilsedntanduiusvesdygruiuinnismeasuiivududyiuiaziounn

U o

¥ ¥ ' '
ﬁ'um'uq'vs:ua:ﬁuﬁm‘%‘uuﬁmmqwmmummﬁﬁ’m‘imm:ﬁm 50 LEFUALLAS



80

=R
0.9 s GH M
i ----LOS
0.8

e @
o N

Correlation coefficient
o
(4]

0.4
0.3
0.2
0.1
0 | | | 1 1 . 1 | . 1
1 2 3 4 5 6 7 8 9 10
Distance(m)

i [ a @ o a P = =) o ar —
JUN 6.13 dullszd@nanduiuiveadygraununnimmeasaiivuiudgiuiazieusin

14 ¥ ] "
WUHIVTUIZUAZ AR LU INGIVDIm U0 INMAM NS UL N 100 IFUAIIAS

—0.25m
0.9 s 05 M H

—===1m
0.8 -
0.7 -

e
=)

Correlation coefficient
o o o (=]
X w o n

e
-

1 2 3 4 5 6 7 g 8 9 10
Distance(m)

= o a o v w o .:g — ' : '
JUN 6.14 Fulszd@nsanduiusvesdygrunsdinuvvszTunsdluuaaznnuganua

25 013 100 (FUANATUAZTWOINIANYUIUIUDY



81

1 T T T T T T T I
—0.25m
0.9} sl m 1
-===1m
0.8 ]

Correlation coefficient
© © © © o 9o
N w F-9 o D -J

e
—

1 2 3 4 5 6 7 8 9 10
Distance(m)

:d‘ ar a & @ o o [ ady = = ' g J
3\]'" 6.15 ﬂﬂﬂizﬁﬂ'ﬁﬁﬂﬂﬂwuﬁﬂlDQﬁmﬂﬁﬂlﬂim'ﬂuliU"IJGLUﬂ'SfN'quﬂﬁSﬂ'J'ILIT:IQ?NLI.F} 25

84 100 EUAATHAZ U INANYUIUIUDY

o
~

e
=)

Correlation coefficient
o
[4,]

0.4
0.3
0.2 -
0.1 H
0 L 1 1 1 1 1 1 |
1 2 3 4 5 6 7 8 9 10
Distance(m)

4 g a o @ ar aa I ' n‘: '
31U 6.16 Tulszdndanduiusvesdyrunsdinaneasslunsd luuaazanuganag 25

f14 100 IBUAIAS IO LB INIANYULLILOY



82

M3 6.5 MsnSvuiivpvesmandulseaniduiusvesdygruida ldlufiamanss
¥

& = A

" ¥
WSouiounudyununnNUAIYTYITHATNURIGUY

ANUYIVBIAY dnvzveaiiy mandulsznsduniug

DIMA(UAT) 1 13 swAs | 10was | Aunde
0.25 LFRTEE 0.5992 0.1228 | 0.0440 | 0.205835
0.5 VIV 0.5966 0.0578 | 0.0320 | 0.192973
1 LERRL 0.5921 0.1038 | 0.0510 | 0.192031
0.25 5oy 0.6669 | 00677 | 0.0763 | 0.171233
0.5 Fou 0.6745 0.0707 |  0.0779 | 0.170327
1 30U 0.6806 0.0592 | 0.0687 | 0.17023
0.25 LOS 0.8754 0.4059 | 0.4154 | 0.481695
0.5 LOS 0.9084 0.4103 | 0.4506 | 0.494646
1 LOS 0.8687 0.4055 |  0.4001 | 0.484697

6.3 wamsisziiulasmssudgamanmsdiaes

¥
= a a o s =
TuInoinusiszuaainanisasivaau lasnissiassuaznisiaunlsoumenlu

o'

e = ad J o = n{ o ar o o o = ﬂdc:
ﬂ‘ii‘ﬁ'llﬂ\'li)?li'l‘llU'IUl‘lfx‘l’JﬂlLﬁSﬂWi’fﬁJ'lJ‘iSﬁﬂﬁﬁ'ﬂﬁﬂ'ﬂuﬁTﬂﬂ‘fnﬂ'liﬂi‘l]ﬂiﬁﬂﬁﬂﬁi'I'UU'IUL‘h'Q'JﬂYI

s '

o o’: ' o a w a < o o do
Tdanmsdaeniuldiisindifvsiunavesmsiadygranazamdulssanianduiuin

a = ° L4 3 o o v o«
MilsvdgeTasimsineeesnseamasnlsndygruninivlaslseesnsouagsuuy

MY (Optimum) TaveziaaauuLHuLaa luiaden 3.5

63.1 wamIlsziumonnvenmyIIn

¥
Tuwamsyszimuluaiuiivznanswanmssziumonsvoodain msuaaiwalu
' dy ' ‘id_] ' - o P J a [y dv a A
dautiszutesnilu 2 daune waninmsialunssinumvvssAuwuRIssunIolueIns
4 [ ¥

TavlunaazwurMimsn)dvudnyuzvesdwonmaiguiuINeuAUANIa YT uszaA
AUFIVOITIWBINIA 25, 50 (AT 100 (FUAIAT A1DATIVOIVITIINVOITYIUNTAvzS

lﬂ‘ 5‘: Ll =l ) ) =y L o
waouTdamszoznadad 1 masts 10 a3 s20EH19Y902 25 udAes v ilSsuiouny
b4 [
MoRINInFINsznIN luuAasuAUNIs 1003 U NI TYDININFILOIA WO INIATN

a : o o A4 oo 4 =
25,50 ung 100 wumnm;ﬁamummﬂmqmm'mauﬂnﬁumuﬂu “NltﬁﬂQNﬂi]’lﬂz'ﬂ‘Yl 6.17



83

] L 4
04 6.22 Mud1Ay lavh “RH” tmuaﬂum:mmﬁwquszuazanym:vaamummmfluum
v
WO, “SH” INUANYMzvaIi UGS sus ANy uzvesmuoIMmTuIUIUOY
v
- 1] (v =Y -Y- "3 " 1 o 1 A

Tunsysziiiunisasvorndatiunuezuuiniseanissraeuilu 2 aausalu
] P o 1o <& < e [ "
druit 1 1funssianslae lisrilanansmooinmalaoluidadsunisderiuvesmoeinimiy

[ a A o [l " s a a
1 Ao hifansgdoiidseniAnioamue AL DT AINYNIAIBATIVII0TIIN VDI
» '
$ravauuusMiudmaInNAveImsasavaou lasnisialszuim 3-4 dB luuAaznsal ua
2 10 a aade v A Vo o 4 4 a
Moasvunudaionsasaludiui 1 Idhuuaasluaisiei 6.6 vesnuvgvsznaziuGoy
o [ P ° a - ° Ya ° P l "
uazlunissiaesdiun 2 Hinsusunldsunvudiasslasliinsnidansumisasriuves
] ¥ '
#1001 1 1ATT A0 WIT AR A UNISINMIANYDINS ATUNDIIHaN 1N uSianaly
¥ ¥

VT uNUNAIsATvnInFanNm Indinvenumveanisasrvaou Tasnisda lanv 1 dB
A Al o - - e o Ll 4; d.. -4 4
FIA1OATIVI0FII0 Tumssiavadaui 2 TRuaaslumisian 6.7 vesuvgvszuaziuisoy
uazmoanvnIoFain luurazmsiasawulSouiouaii ldnnsdadyauszuaaslia

- & A o
TN 6.8 VDINWUVIVITUISHUITUY

-45 T T — T T —T
——mea
9 =~ biconical ant
gk, 0 prefect ant |-

-55

Path gain
&
=]

&

_75 D 1 L L L L L 'l L
10 10
Distance(m)

‘; s = ad o 1 ar J Iﬂ' ar o =
3U7 6.17 s 1voFainnnnmsineslundaznuuiousuai ldenms e dygunsdl

¥ v
wuvgvszlunsdinnugs 25 wuAwasuaz aweIMANYuILINDY



84

mea
------------- biconical ant

‘r
—

SO Ve prefect ant

&
=]
1

Path gain
&

(5

T

=
T

=75

-80 L L
10° 10'

Distance(m)
3U7 6.18 dns1veuiFaineinmsiasslundazuvuiisuiumin ldnnnmsTadyyrunsd

¥ '
WUYTYs2 TunIAANINGS 50 IPuALASUAZ YD INANYULLIUDY

-45 T T T T T ———
mea
A wn biconical ant
N prefect ant

-55

Path gain
g

&

-75 L L 1
10° 10’

Distance(m)
517 6.19 das1vvuFdtninmsianslundazuuuiouduain ldenms Indyyiunsd

[

¥
Wuv3vsz lunsdinuge 100 IvUANASHAZ AU INIANYULLIUDY



85

-45 T T T L L. - - :
mea
~ee biconical amt
b -===prefect ant
-50
c -55
©
o
5
[+
Q.60
-65
-70 1
10

10°
Distance(m)

o

i o a ao o " o VA s/ o g
3UM 6.20 das1vuFdtnnmsiasslundazuuuouiuain ldenmsadygyiunsd

L "
WG oulunstinuge 25 IuAasHaz MU IMANYNILILDY

L L4

-45 T T T
——mea

—een bjconical ant

------- prefect ant |-

-55

Path gain
3

»
&

-75
10°
Distance(m)

3U0 6.21 dasweruidainninmsiassluimazuuuivuiuain ldvinms Iadygunsd

¥ 1
Ausoulunsdinauge 50 ImuAAsIRz ML INARYLILINDY



'45 L] T L L) L L L L3
——mea
{ «eo biconical ant
50"~ ----prefect ant |

-55

Path gain
8

&

-75 1 1 L L L L L L
10° 10

Distance(m)

11l 6.22 SasrvuoFaitnnmshasdluidaznuuifivuiumildnnms Iadygunsa

¥
Auisoulunsdinnuga 100 ruAmLAsIAZ TR INANYNILILDY

1
o

M ' ] ¥
A13197 6.6 BATIVOIUITINVEITYYIUNTIA0ATIN 1 TuuAazWuAD

86

ANYIVDIANY Snuaizveaiy ADAIIVYIFITD (dB)

PINFA(IAT) lwas | Swas | 10was | Auede
0.25 VIV -48.5093 | -58.6462 | -66.4334 | -57.8630

0.5 YJUIL -48.6496 | -62.4075 | -69.3332 | -60.1301

1 YUY -48.6725 | -62.5247 | -68.4695 | -59.8889

0.25 50 -48.4837 | -58.5490 | -66.3933 | -57.8087

0.5 Foy -48.6391 | -62.4201 | -69.3235 | -60.1276

1 S0y -48.6740 | -62.5211 | -68.4622 | -59.8858




87

[ ¥ ¥ hd
31N 6.7 SasvuuFitvesdyyunsiaensan 2 luudasiuig

ANUTIVDINY dnuuzvesity MDAV IUIFIID (dB)

2INAGUNST) 1 1R swAs | 10was | Aundo
0.25 VYIUIE -50.9829 | -61.4038 | -69.2647 | -60.5505

0.5 Y3V -51.2924 | -65.3899 | -72.3158 | -62.9994

1 AT -51.3401 | -65.3941 | -71.1166 | -62.6169

0.25 oy -50.9508 | -61.3072 | -69.2192 | -60.4924

0.5 501 -51.2356 | -65.3522 | -72.3211 | -62.9696

1 50U -51.3250 | -65.4120 | -71.1204 | -62.6191

@ o "

M3197 6.8 M3SovuiivuvesdasvenFaitvesduauniadunii ldvinnisiiassluua

o o

oonyq A 4 a
azadaldluiuvvssuas UGy

ANUFIVOIAY Snvaizvesiiy AUANAVDIDATIVIUFITD (dB)
9INA(INAT) msfaoanian 1 | msiiaeenid 2

0.25 AEAEE 3.0232 0.3325
0.5 AEREE 2.8008 0.1697

1 LENEE 2.5592 0.1953
0.25 S0y 33978 0.7077
0.5 Sy 2.8357 0.2581

1 50 33120 0.5604

6.3.2  wamsilsziiumanyszansandunus

4 =t 3 = : ' ‘é
vnravesmdulszandanduius lunsdivosnuSvunazvgvssiuazsnuIuile

'
ot =

a J ' e a v o a0 & - d’,
sToznuIuMdulszansandunusiziimanns "'Nllﬁﬂﬂﬁﬂﬂ’]11JNﬂlWUNHJE]-3ﬂﬂJ€U1m71U1ﬂ

U o

" . ' ¥
- a4 o a

QI J el : - H ol o/ L% -
Yuiileszozmanniu aniudsmsiszdiuljedyaudusuliiia SNR nangaiueziioy

he

&

¥ ¥

nawisiry M3 19 emplate M3 1¥2995n 50 0maTId N luszuy duiuluinoiinusil
- ¥ ¢ A aa SO a ¢ o & ¥

widenldresnseumadidiuuiesnnidsddunndamans auisnsiaosvuildi

! 4 o =
N1M3 14 template FWVUIRUIZHAAIAIZUN 3.5



88

R

. a @ G o o "
mdudszansanduiusanunsdSulalaoldesnsesmasiuuminz aunyd

'
g =

fhﬁ'szzﬁnﬁlﬁwﬁ'uﬁuﬁ'mmﬁmﬂmumﬁﬂ%szstﬂ%‘uu"lﬂmm:u:ﬂwéfmm' 1 A0 10
WA 5E0EM1IE9az 25 wudAmas ualunsdivesmidulssAnsanduiusliouifioy
senhami 1ddowduasesnsoamadiundaiiesnseauuaslunsdinnmgavesay
0IMFAT 25, 50 11T 100 mmcf‘imm5Lﬁamummﬂﬁmmmmﬂuﬁuﬁ'yu Faaaaaluzilii 6.23
81 6.25 mudrdulaoi “RH” Lmuﬁnymx'ﬂuaaﬁyum.mzuaxﬁﬂumwmmmnmmi‘]uum
UOUADUINHINIININTBULAT, “RH MF” uwua"ﬂymwmﬁumwszua:ﬁ’ﬂummmmu
oA UHUINEUNAININHIUNIIINTBINAT i)‘lﬂzﬂ‘ﬁgdﬂHﬂﬂtwv51ﬁ1ﬁnﬂixﬁﬂ§(ﬂﬂ
ﬁuﬁuﬁwqmummﬁﬁmmmmau“luuﬂ'azmmqwmmummmmxﬁuﬁwzﬁ%u Tauny
Sndnlszintanduiug lasiaduaniosined 6.9 Fuuaawmavesmidulszandan
dFuwutluszogma 1, 5,00z 10 mmﬁunam‘ﬁ'wmﬁiﬁmh:ﬁﬂﬁfﬁﬂﬁ'nﬁuﬁuv{w;msz
wazudvuuanaluaisiei 6.9

ol @

1 = ' s e ‘h“w o q‘ l::. ar ' 1
wazAnsoumouvoImandulszansaunusvos ﬂﬂ]fmmﬂ’)ﬂﬂﬂﬂ'l‘ﬁ k’1¢‘]'ﬂ"lﬂ‘ﬂ'ﬁ

L

. - 2 o A u e
$nelundazaialdlunuvgvsziunus oy uaaalumsiei 6.10

g ! T T T T T T T T
2
%
o
o
o=
2
K
[
o il 1 1
O 2 3 4 5 6 7 8 9 10
Distance(m)
s 1 T T | | | | T |
)
%
o
o
c
9
-—
E ................................................................................
o
g 1 1
4 5 6 7 8 9 10
Distance(m)

" ar a o o w o = § o Y ) A
3UM 6.23 FulszaAnandunusvesdyrunsdinuygvssnuRussunoun stk

o' = a -
’N‘Biﬂiﬂ\umﬂ“ﬂuﬂimﬂ‘l’qu 25 IFUAUATHAZTIUDINIANYUILUIUDY



Correlation coefficient

Correlation coefficient

1 |
2 3 4 5 6 7 8 9 10

Distance(m)

o
n

o
Y

| I I I 1 | I 1

l ——
2 3 4 5 6 7 8 9 10
Distance(m)

4:;, ar a o w a q; o d: = ] A
3UM 6.24 dulszandonduiusvesdygrunsdinuyvszAuNuEsuMoUNItinku

Correlation coefficient

Correlation coefficient

2995N50UAF IUNS AT 50 IUANATIAZMEDINMANYNILILDY

1 T T T 1 T T T T
0 o RH MF \ 1 1 1 1 L
1 2 3 4 5 6 7 8 9 10
Distance(m)
1 T T T T T T T
0.5
0
1 2 3 4 5 6 7 8 9 10
Distance(m)

i as a @ w o = 4 o Y = ~ A
3UM 6.25 dulsz@nTandunusvoadygrunstnuUsTAURUSLUINLUNT ANHIY

o ) - {
?Q‘Diﬂiﬂﬂllnﬂ‘ﬁiuﬂﬁmﬂ’ﬂﬂqq 100 mmmmmuazmummﬁﬁqmm’mau

89



M31aN 6.9 MsinfSouivuvesmandulszandsdunuivoidyn

o 3 2 o
1N93 IUNUVUSZUAE RSO

(4

s

90

l=' ] o
NHIUDINLLATA

v
QQUUQ

ANNFIVOIAY Snvizveaity Mandulszansdunus

DINMANNAT) 1 AT 51UA9 10 14U ﬂl‘llﬂ%"{l
0.25 VU3 0.8180 | 0.4448 | 0.0574 | 0.412117

0.5 YUY 0.8270 | 0.3889 | 0.0218 | 0.397653

1 YJUIE 0.8295 | 0.4375 | 0.1156 | 0.414722

0.25 Gou 0.7949 | 0.4356 | 0.2354 | 0.430452

0.5 50U 0.8322 | 0.4630 | 0.2086 | 0.429374

1 5oy 0.8293 | 0.4625 | 0.2277 | 0.431771

4

M3 6,10 MInFouiouvesmandulsz@niduiuivosdyymiiadumildnnns
0 ' & 4 S
PaealunnazaialdluiuyjuszuaziuGoy

v
ANUFTIVDIT WO INA ANYUZYDINY mamdulsziniduiug
(1un9)

0.25 SRR 0.00452
0.5 AEARE 0.02151

! NI 0.02785
0.25 Uy 0.08802
0.5 oy 0.11563

1 1oy 0.12073

6.4 a3l

¥ ¥
Tuuniinaanaveanisastsaenlasnisiadynin Taonsiadyyiniueziins

o

o =] a a = 4 o
QﬂiuﬁﬂﬂliUuﬂlﬂﬂﬂmz’lﬁ']ﬂ'i‘jiJﬁ?ﬁﬂ‘; NMAIPIAINTTUATAUNA cuwﬂ%’mmmnmiums

@ - Y a - & £ o« ° o 1 ° - o 3
Yo awi Idesuroluuni 4 deez1dgunsel VNA iimisdani s, uaztinniinsiz laoly

nannisveals miundnlumsingiuazuaninalugvesdnvern®dadn nanisnszny

" ¥
19291 13U Aundonslseds uazaimsurnsdse3e anuAamouvesdyy AUy

A d‘ z ; L] - v o @ o
Wudu Fawai Idnanuaiisziimsisziiua laoditnisdsudjsnasinmsiianslvn

wmla



91

[3 a'/‘ Y Y oany @ A & v a ' ¥
nnmsiasniudhIndmnldninmsTadygiu dalduanmamsiszaiuluriamovesun

dy Y 3 4‘: o Y a ar
il nazgamomsaAnuimsazienuuiuigess luuaunhtsszagdualuundaly



=
unn7

a v Y
ajiwanmsIveuazvorauenuy

Inoriinuii Idinmiefanansdounlasvestosdygalumsasfouseddd
H?amsﬂ:ﬁaumn‘ﬁuﬁw;mx Taverdumisasieaou 2 3uvufe msasvaoulans
$1a09 uazmsasaoudomsia Tasmsaseaeunmssianssy IdmannisveaiSmilundn
Tunis 1009 taznsasnaeudiomsiaes Idindeadinsgiasestionuunamesias 19ay
mmmmunﬂofﬁuﬂuﬁwmmﬁﬁmnﬁuaumummﬁqauazﬁwwmﬁﬂ Tauiins
AR IEHANI 1009820 Wi TineA1eg RaiiAe dulszAnnsaziou SastvniFada an
msurdszSweadyau sruzinyy uazgdyaiiu 1l uaziimsimszimiada
WISAB3 A1 9 [WURLITUMIATINEeY Taun13$1a0y e Rims AN ou
ﬂjmgﬂﬁtgnujmaﬁui{u TnouaasramsnlaouiimuasginisasvaeuluFszozmadaud
1 wAsie 10 umsua:“lm%ammqweamummﬁgami 25 IBURNATAY 100 IBURINAT BT
yam3siaearavesmidasvoidaitvesdyna Taeld3smsiiummssiaealiiinalnd
Fuvatunait 1dnnnisasieaeuTasnsiines uaziinmsineninsoaunsnldluns
sz Ay INdIY ma‘nmﬁﬂmﬂqmmqmmmn“lﬂumﬂ1aaa1wmﬁm~mmmv"lﬂﬂa
ﬁmmmmmﬂwnﬂmmwm ﬂummmﬂﬂmNamnmﬂﬂﬁmmmuu'lﬂmmi'mmu

111118\31501!%1”% 11 uag 12 U9an1AIMIAINTTUAI A UINA ﬂmt?ﬁ’)ﬂ‘i‘iﬂfﬂﬂﬂi GORITAT

y
ma TuTatnszveundudgunmsaransyiaianua

7.1 agwansidw

a o cr‘:lvc =
TuanutinustiiinisasnaeuransznunMslasuinlalvennugvesay

2INIALALTLUENIITEM I AW IMAR LS DLzt undn Tagiimsdmsizinnmian

v
o

»
NOU HANINTLIUNIIAT HazANNAA oL sdy M sV IR uwslinesndanluns

3
AU aznanInaajaeae 1l

msaanouvoImainuveadyyuniuldvzuanseglugdvesdavondainly

ﬂﬂl‘ o ! Q' J o )
nsm‘nmmqwmmummﬂﬁ’m:immw’fmmmwuw%’annuﬂ:wumﬁ'wmmqwmmu

3 o Yt a aad A J o A J
ﬂ'lﬂ']?fuﬂﬂilg‘ﬂ']111lJ'E]G']i1‘1]EJ"IUl"IN'Jﬂﬁ'ﬁﬂﬂaﬁlmzlWﬂJUTﬂ‘UUﬂ’]ijﬂTﬂJﬁuq‘UEN'CT"IU'ﬂL'WN'(J'Hi]uﬁﬂ

dl " & 9 = 4:'. .5 3 [ A 1 é é 1 [ =Y
PAFIAANATHUILDIVEUMIAADIUAZIWHUYHIUIVITATAINATH UL FINTAITUIVZINAVIN
ar aiv

' ¥
Foygruinsyldnnimmuesetudyauisuldnnnsazdeusinfiufavninivdeunulu

o o



U3

"
adda 3 [l =1

Snvmziimansauasunioindessui Iidaswuuddtimaiuazidon udgainan

u

=n.

62.5 ﬂzwuhﬁugiymv{mawz"hiTﬁmsﬁuvﬁauﬁu dusasvonFaalunsdinszosms
senhamuemediuinsdmdaiuiuasnuidin Tfuanasmuszoenafiisniy
ua:“luﬂsﬁmmqa11mmummﬂé}mxﬁﬂﬁﬁw)mwmﬁa:ﬁaumm’%uﬁaﬁﬁﬂtnm;m:ua:
Guuiuinadenisaaneuvesdyaaiiyld ua:nitﬁmaaﬁyuﬁw;ﬂlsm:ﬁmsaﬂnamm
Ty i nniInssivesnuiiGoy
Ansurlsziwesdyaneisy I lunsdiianugevesmoeimad i uuaz A
ﬁa;ﬁnﬁuw%uﬁuvswuﬂwnstﬁﬁuﬁaﬁﬂ’nwmzmni’fumwzﬁﬂﬁﬁwﬁummaaﬁ'fyqpmﬁ
ﬂnnﬁxnum:ﬁﬂn5:i]waﬂﬂ'lﬂﬁﬂﬁfhmsuw'ﬂsﬁmmﬂmaﬁ'nujimmfuﬁmfmmmmzﬁu

' [ ' a [ { o v @
ANuYIYse dauminsudlseiwesdygyiaisuldlunsdiiszoenavesmoeiniaaiuiy
3 ] a J v £ - | 9 (") a J °
HAZAUAURVIUITHDNFNITLOLNINDUILANANTBONIN UANITSUZMIUNUIINYUIS
Yo ] =y ai a 4:3‘ 1 d: =oA =W A:'\ J 1 d:' = J s
Tamsurlsz3anmNmuay sanIUNUHRITODIZTAUNNYUNDUNURIVTVTE BIDZATINUY
ot ' 1 =) S 1 ‘; J A. 1 « 4 1 . =Y
SuduAnndomsdszagiinuiniunuszezmaivuasziinanauiioninsunsszia
= 1 Q. J
RAIAWNUUY
=) :sy o d‘.u 9 dl:‘ ' Y o
AnuARsuYssdynIunsuldlunsainszognasznInmoImaf U uuae
W [ :'n J - ¥ d' c; J | = d’ =Y =1
AuadlAUNLTUWD NI THNARINUT LU N IRV HAZWUIINTUYDINUHIVTVTL)
¥ " 3 » v
MANUAATIUYBIFYNUNANNNUAIS vD ARBIRLADTYYIUAIIINANIATINYDN
dn‘g df =) ~ r: . 1 d‘l‘ = q' q‘ = cg :
nsdNUY Vs zHAzuGsuiindIndmInszana 20-30 % Tuuaazura Taodsninavung

a

] b
wuasedanalinunmvosdynnuisyldanaidnidain lilss@ninmvesszuuanaadae

Uy
¥ a = s ¥ o [ o =
qanoludnotinusi ldiimsdivilyamanisasnnaeulavlunsdisniveinia
¥ ' '
Fveanissiaswarmisiadyanaiuiisuendiedunn suiissinmilatunieg Miudy
o o ﬂ' 1 o = eaed 1 ar 3 = ' A o
wls Ay hilnaresns1v0eIFID 1FU sTAUANUTIVEIRNUAIVIYIE naza1 € Falumsia
o < o o w Al ¥R o Y a = A
Fayananiuiludulsdrgin liermsn1d Taiinisdedeinaisiei 3.1 fin 7.51 uaz 11.6
& A o w o w 4 oy 4 gy dyy
YOINUYTYTE LATAUE UM UAWY HagAszRuauTUszueaiy 139 0.01 o linan 14
q’.: o Y a J 1o oA 1 o s : 2 o o
Wulim1ndiReanndu uddanuniianuuanaieiuilszuim 3-4 dB aniuvaiimsdiuilgs
a o 4 5 ° A ] L 9 = 43
TaomsmuiandumisorsTeuvesamweinmd ) lunssiass Fawuniimslndifvanniu
' "ra A o _ ad -3 o
uazuana19 Ay 1 dB HIH0V098A5 10T VRINIIATINAOL TAUMITIADIAENTIA
n’: o 3 o o =y ci s =) (%
wuimlndifes uaziidnuazuagiemiams/dsundaailul) ludmasifvinunaznaves
- J o u‘: ' o o = o n’l‘ (L]
ANUAANIUYBITYYIUTUNY A9 39 TA0NSINNII9INTDAUAY WUWLIIA

¥ ¥ ¥ ¥
ANUAAMROUVDINUITUUTUANTINUVTUIE



94

7.2 i’l’mﬂuauu:ﬂm:ummﬂumsﬁmm

" ' ¥
pnuuAan Idimsasssenfguanyuzesssosdyamuuuuaun Nagenalu

¥
- ]

d: =} ; uy 3 = =Y d o csv =1 4 -
NIUWULTUUUDEWUHYTVIS lﬂuﬁm'l’ﬂmmmuwumuuu wmmumuwaﬂamsnlauuuﬂm

aodszd@nnmansszu uag Idinasnsoamadmlfluglnssimaiuieysulyalse

a a 3 J : 3 o " ] o 3 3 o [ n’: =
ﬁ'ﬂﬁﬂTWGlﬂiJ'lﬂﬁlu HH HIVUUIMUDN ’Ni]'iﬂiﬂalluﬂ‘fﬁnﬁ1u'l‘iD'H"liﬂﬁ‘i'lﬂ"lﬂft]?\3 AIHUIIDIY
o nﬂ,'l =) o3 )

a Sa o = =
wiinmsoanuuugunssinnmiaiuive W dygiui 18TUss@nsningagasu SAW filter 150

¥ A =

14 Template filter tHudu n300199iinmIasnasumsiadyy i luanimadouaieg wu

o

¥ 0 .
Jatuiuma nieRurtiadu nieowezinisnlaou liasrsaeunisIadygyrmnuavoins

Furiiasu



(1]

(2]

(3]

(4]

(5]

(7]

(8]
(9]

(10]

(11]

(12]

[13]

95

PNA1501904

IEEE Standard 802.15.1TM, Junel4, 2002.
http://standard.icee.org/geticec802/download/802.15.1-2002 scctionone. pdf

Federal Communication Commission, “Revision of part 15 of the commission’s rules
regarding UWB Transmission Systems,” First Report, FCC 02-48, Apr.2002

S. Promwong, J. Takada, P. Supanakoon, and P. Tangtisanon,”Theoretical Ground
Reflection Model for UWB Communication Systems”, ISCIT 2004,

S. Promwong, J. Takada, N. Lertsirisporn, P. Supanakoon, and P. Tangtisanon,”Multi-Ray
UWB Channel Modeling Based on Friis’s Formula”,

P. Supanakoon, S. Tanchotikul, S. Promwong, and J. Takada,”Ground Reflection Path
Loss Considering Waveform Polarization and Ground Characteristic for UWB
Communications”,

P. Supanakoon, P. Tangtisanon, S. Promwong, and J. Takada, Path Loss and Matched
Filter Gain for UWB Radio Systems,

M. Ghavami, L.B.Michael, R.Kohno,”Ultra wideband signals and systems in

communications engineering,” John Wiley-Sons., Ltd, 2004.
K.Siwiak, D.McKeown,”Ultra wideband radio technology”, John Wiley-Sons., Ltd, 2004.
Rappaport, T. S. Wireless Communications: Principles and Practice (2" Ed). Prentice
Hall, NJ. 2002.
Constantine A. Balanis. Advanced Engnineering Electromagnetics. New York : John
Wiley & Sons Ltd. 1989.
Petr Beckmann, Andre Spizzichino,“The scattering of electromagnetic waves from
rough surfaces ”, Norwood, MA : Artech House, 1987
J. Takada, S. Promwong and W. Hachitani, ”Extension of Friis’Transmission Formula
for UWB Systems,” IEICE Tech. Rep., May 2003.
S. Promwong, J. Takada, P. Supanakorn, M. Chamchoy, S. Tanchatikal and P.
Rawiwan, "Measurement results of freespace transmission characteristic for Ultra

wideband channel model”, EECON 27, 2004



(14]

[15]

[16]

(17]

(18]

[19]

[20]

96

S. Promwong and W. Hachitani, and J. Takada, “Free Space Link Budget Evaluation of
UWBIR Systems,” 2004 Intcrnational Workshop on Ultra Widcband Systems Joint
with Conference on Ultra Wideband Systems and Technology (UWBST&IWUWABS),
pp. 312-316, May 2004.

P. Vongsripeng, S. Promwong and P. Supanakoon, ”A Scattering Estimation Scheme of
Ground Reflection at rough surface for UWB Radio,” ICEMC, JUL 2005.

P. Vongsripeng, S. Promwong, P. Supanakoon, M. Chamchoy, and S. Keawmechai, ”
Ground Reflection model in rough surface for UWB Impulse Radio,” ISCIT, OCT
2005.

P. Vongsripeng, S. Promwong and P. Supanakoon,* Ground Reflection Model for Ulta-
wideband Communication Systems ,” ECTI-CON, Ubon-Ratchathani Thailand, 10-
13 May 2006.

Hubbard, S. S., J. E. Peterson, Jr., E. L. Majer, P. T. Zawislanski, K. H. Williams, J.
Roberts, and F. Wobber, ”Estimation of permeable pathways and water content
using tomographic radar data”, The Leading Edge, 16, 1623-1628, 1997.

Simon R. Saunders. Antennas and Propagation for Wireless Communication Systems.
England John Wiley & Sons Ltd. 1999.

H. Budiarto, K. Horihata, K. haneda, and J. Takada,” Experimental Study of Non-
specular Wave Scattering Form Building Surface Roughness for the mobile

propagation Modeling, IEICE Tran.Commun, Vol.E85-A,No.1 January 2002.



)

AMANHIN N
a v c:; Yo A a a a d
‘lJYIﬂ’J”IﬁJ'J‘ﬂEﬁ]ulﬂiiJﬂWNWﬂN?ﬂﬂ]‘u‘wu‘ﬁ

1] P. Vongsripeng, S. Promwong and P. Supanakoon, "4 Scattering Estimation Scheme of

Ground Reflection at rough surface for UWB Radio, " ICEMC, Phuket Thailand, 27-29 July 2005.

2] P. Vongsripeng, S. Promwong, P. Supanakoon, M. Chamchoy, and S. Keawmechai, ”
Ground Reflection model in rough surface for UWB Impulse Radio,” 1SCIT, Beijing China, 12-
14 October 2005.

[3] P. Vongsripeng, S. Promwong and P. Supanakoon, " Ground Reflection Model for Ulta-

wideband Communication Systems ,” ECTI-CON, Ubon-Ratchathani Thailand, 10-13 May 2006.



EMC

Ewﬁwnaﬁonai
Conference on
-lectromagnetic

Compatiblity
'huket, Thailand

sy

¥ 2

’roceeding

lf/';'*.';‘ﬁ
lf?j')

uly 27-29, 2005
ata Beach Resort,
Phuket, Thailand

IEEE CAS Society

QIEEE THAILAND CHAPTER

ReCCl’l‘

L,

wmmw 52>

: ' ;;W«-o?oo '
.; \ # f} (:oOj."v

-.n' sa ../')“.. q




99

A Scattering Estimation Scheme of Ground Reflection at Rough Surface for UWB
Radio

Porntape Vongsripeng, Sathaporn Promwong, and Pichaya Supanakoon

Department. of Information Engineering, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand.
E-mail: s6064606@kmitl.ac.th

Abstract

In this paper, a scattering estimation scheme of
ground reflection at rough surface for UWB radio sys-
tem is evaluated. The matched filters are used at the
receiver antenna. The extension friis’ transmission
formula is used to estimate path gain and RMS de-
lay spread. The Rayleigh criterion and the scatter-
ing loss factor are evaluated. Finally, the path gain
and RMS delay spread of channel at rough surface
in UWB band are evaluated and compared with each
surface. The results are shown in this paper.

1. Introduction

Ultra wideband (UWB) radio technology has been
developed for using in short-range wireless systems
such as wireless personal area networks (WDPANSs)
or IEEE 802.15.a. The advantages of UWB are low
power, large bandwidth, and low cost. The UWB is
considered to be noise or interference in other wire-
less communication systems because power density of
UWRB is less than noise level. The Federal Communi-
cations Commission (FCC) in US specified that UWDB
has a frequency spectrum between 3.1 to 10.6 GHz, a
fractional bandwidth is greater than 0.20 or occupied
bandwidth is greater than 500 MHz.

In this paper, a scattering estimation scheme in
ground reflection at rough surface for UWB radio is
evaluated. The matched filters are used at the re-
ceiver antenna. The extension Friis’ transmission for-
mula [4] is used to estimate path gain and RMS delay
spread. The Rayleigh criterion [1] and the scattering
loss factor [1] are evaluated. Finally, the path gain
and RMS delay spread of channel at rough surface
in UWB band are evaluated and compared with each
surface.

2. The Friis’ transmission formula for UWDB
signal

In general, The friis’s transmission formula have
been widely used

GFriis(f) = ﬁ:g“g

= Ge(N)GH( )G (). (1)

Where P.(f) and P,(f) are received and transmit-
ted antenna gain, respectively,

%)

Fig. 1. Ground reflection model at rough surface.

is the free space propagation gain (less than unity
in practice), A is the wavelength, ¢ is the velocity of
the light, and f is the frequency, respectively.

For the UWB channel modeling, The extension of
Friis’s transmission formula is used to evaluate for
free space and reflection channel.

The Extension of Friis's transmission formula is
consider in complex transfer function form, that can
be written as

He—rris(f,d) = He(f, d)Hi(f,d)H(f) - Hi(f)  (3)

Where H; is a the complex transfer function of free
space, H; and H, are the complex transfer function
of the transmitter and receiver antennas, d is the dis-
tance between the transmitter and receiver antennas,
and f is frequency.

The transfer function of free space can be written
as follow

C

Hi(f,d) = garean(~jhd) (4)

Where & = 27/A, and The impulse response of
Friis’s formula transmission can calculated by using
inverse Fourier transform.

3. Theoretical of ground reflection model

The ground reflection [2] model considers the di-
rect and reflection paths. The distances of direct and

5C-4
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Fig. 2. Transmission signal.

reflection paths, d; and d», are the function of d, Tx
and Rx antenna heights, h, and h., and they can be
written as follow

di = /(he — he)? + 2 (5)

dy = /(he + hy)? + &2 (6)

The frequency transfer function of the direct and
reflection path, Hy and H, ,respectively. They can
be written as [14]

1 . i
Ha(f,d) = 41r|flg' e i2m St 7
1 . i
Ho(f,d) = Fwe—ﬂnn_ ®)

Where I' is the reflection coefficients. The reflection
coefficients of vertical and horizontal polarizations are
defined as

cos — /& — Jrsin’ 6,

Iy = ———— (9)
cost; + ‘/; — oxsin” 6

r, = cosb; — Ve, — sin® 6 (10)

cost + \Ver — sin’ 6;

Where ¢, is the relative permittivity of the ground
and #; is the incident angle. The incident angle can
be calculated by using.

1
b = 4an™ f—o0
e (ht + h,.)

4. Scattering Loss Factor

(11)

The roughness surface is often tested by using the
Rayleigh criterion which defines a critical height (h.)
of surface characteristic is defined as below

c

he = ——
' = Bfcosd;

(12)
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TABLE I Estimate setup parameters

Parameter Value

3~ 11 GHz
perfect. ground (T = -1),
poor ground (g, = 4)
0.01-1 m

Frequency range
ground surface

Tx antenna height
Rx antenna height 0.01-1 m
Std. of surface height oy 0.01 and 0.1 m

Dist. between Tx and Rx 5m

Where h. is the minimum to maximum surface
characteristic. A surface is considered smooth if h
is less than he and is considered rough if h is greater
than h..

In this paper, assumed that the surface height h is
a Gaussian distributed random variable with a local
mean for rough surface. the scattering loss facter (ps)
[4] can be written as below.

ey [ cos b,

)*)1o[8(

woy f cos b,
e = eap|-8("2L

)Yl (13)

Where [; is the modified Bessel function of zeroth
order and py is the Std. of the surface height. The re-
flection signal for h > h. can be solved for rough sur-
face using a modified reflection coefficient of smooth
surface given as

Frough =T ps (14)

5. UWB Signal model

The UWB pulse is using amplitude shifted keying
(ASK) pulse covers the FCC band (3.1 — 10.6 GIz)
with the center frequency and bandwidth frequency
set to fo 6.85 GHz and f, 7.5 GHz, respectively. The
transmitted pulse waveform used a single ASK pulse
with the carrier frequency fp and the pulse length is



set. to be 2/ f,. Then the signal was band limits by
the Nyquist roll-off filter with the roll-off factor a =
0 and passband (fo — fu./2, fo + fu/2). Figure 2 is the
transmit. waveform.

6. Estimation analysis

For this paper, we can evaluate a scattering scheme
in ground reflection for UWDB radio. We can set pa-
rameters as in table 1.

The matched filter Hye(f) is using for improve-
ment signal-to-noise ratio of the received signal wave-
form that can be written as below

fIMF(f) = {owt_’lll;riis(f) .
\/.f_ao |I_I[’riis(f)|2df

(15)

Which satisfies the following constant noise output
power condition

[“’ |Hwe (£)1df =1 (16)

— 00

In case, the output waveform when E; = 1
‘L’Mp(t) = !),(t) * h]\-”.‘(l) (17)

take its maximum as

max uvmp, = vnp(t) = f Ve (f)df, (18)

= \/[x |}Ie_l—:riis(f)|‘2(lf.

vamr(t) is the received waveform after the matched
filer and hypr(t) is the match filter in time do-
main,respectively.

6.1 The Ground reflection coefficient

The ground reflection coefficient of rough and very
rough for the height of transmitter and receiver an-
tenna in 0.1 and 1 m. are shown in Fig. 3

In this paper, it is found that in rough ground of
both types of height, I" will be increased as high fre-
quency shown in Fig. 3. In case of less rough ground,
it is found that I' is lower than in very rough ground
in the low frequency. However, it is more different in
the high frequency.

In the same frequency, if the angle of incident in-
creases, ground reflection coefficient increases also.
Finally, it is found that if the surface is rougher and
the angle of incident is decreased and the ground re-
flection coefficient will be very higher but not over 0
value.
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Fig. 4. The received signal after match filter of height
of antenna 0.1 m
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Fig. 5. The received signal after match filter of height
of antenna 1 m

6.2 Received Signal Waveform Analysis

The received waveform after optimum match filter
for the height antenna are 0.1, and 1 m. that are
compared with free space and 4 type of surface are
shown in figs. 4 and 5.

From Figs. 4 and 5, are shown the amplitude of
very rough ground in 0.1 m level of height is lower
than smooth and rough ground but waveforms be-
tween both greunds are still not found. In 1 m level
of height, three grounds are obviously different. Re-
spectively, the amplitude of smooth ground is higher
than in rough ground but the amplitude in very rough
ground is the lowest and gradually lower and lower in
the last

In case of smooth and rough ground, high and low
height does not have much effect on waveform. If the
height is increased, amplitude of very rough ground
is very low. It is concluded that if higher roughing in
ground is found, it has less effect on received signal
due to less scatter of signal from reflection.
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6.3 Fath Gain Analysis

The path gain is inverse of path loss. The path loss
of ground reflection model is the ratio between the
maximum amplitude of the transmitted and received
waveform. that can be written as below.

maz|v(to)]

P.(dB) = 20log (19)

maz|v (L")

We found in the lower height, the path gain of per-
fect. ground is lower than 3 ground types because the
perfect ground type is better reflection than 3 ground
types. Consequently, it has higher effect on amplitude
of reflection pulse than 3 ground types and reflection
pulse from direct path and reflection path occurred
in overlap so it effect on amplitude of pulse. Anyway
if negative of reflection pulse is overlapped with di-
rect pulse, amplitude of direct pulse is decreased. On
the other hand, positive of reflection pulse is over-
lapped with direct pulse, amplitude of direct pulse is
increased.

If the height is higher than, the path gain of 4
ground types increases constant value because the di-
rect pulse and reflection pulse do not overlap. Thus,
amplitude of direct pulse is main pulse for calculating
the path gain.

6.4 RMS Delay Spread Analysis

The rms delay spread (¢) is multipath channel pa-
rameters that can be determined from a power delay
profile as below.

u?i? 12
ks 0

Where a is peak amplitude of the received wave-
form in each time

Figure 7, shown that direct pulse is a time delay
constant because distance between transmitter and
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receiver does not change. Moreover, reflection pulse
depend on distance between transmitter and receiver
because the height of antenna is changed. From Fig.
7, it is found that perfect of ground increases when
the height increase as well because perfect ground is
a better ground than 3 ground types (amplitude of
direct pulse of perfect ground is higher than 3 ground
types).

Finally, RMS delay spreads depend on the height
of antenna and amplitude of pulse both direct and
reflection pulse.

7. Conclusions

In this paper, the estimation scheme of UWB radio
consider at. rough surface is too rougher to effect on
scattering from reflection pulse. Reflection pulse is
scattering to many directions due to rough surface
and one direction goes ahead to the receiver. Path
gain depend a overlap of pulses and the height of
antenna. RMS delay spreads depend on the height
of antenna and amplitude of pulses.
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Abstract— Ultra-wideband (UWB) is currently wide
interesting technology of wireless communication technology
in building and home entertainment. In order to be the most
effective wireless communications, we have to consider the
parameters which are vital signal transmission factors of
UWB. As a consequent, imitation of UWB signal transmission
in two-part model so as to notice reflected signal from several
rough types of ground such as Brick and Limestone is
demonstrated in this abstracts. Friis’ transmission formula
and Rayleigh equation are used to calculate in this model for
searching any effects happened by reflection of rough ground
and analyzed in path loss, path gain and time dispersion as
RMS delay spread.

Keywords—-Ultra-wideband, Scattering, Reflection, Two-
path model and Ground Reflection Model

I. INTRODUCTION

UWB technology was definite its meaning in the first
time by FCC (Federal Communications Commission).
FCC’s book named ‘Notice of Proposed Rule Making
(NPRM)* persuaded government and private offices to
propose any opinions in order to improve or develop
FCC’s regulations to control and eliminate power of UWB
signal transmission. The new regulation was announced in
February 2002 and UWB is the important issue of
wireless communication. In general, bandwidth is 3dB,
which is more value than 25% of frequency. This value
can be calculated by fraction Bandwidth Bras below

o Uu =S o

’ (fn - fa.)

Where, fy and /i are highest and lower frequency. In
this paper, ground reflection in rough surface for UWB
radio is evaluated. The extension Friis’s transmission
formula is using to estimate radio channel. We can
calculated the path loss, path gain and time dispersion such
as RMS delay spread for study about quality of channel for
two path model and attenuation of impulse radio. Rayleigh
criterion is also using analyzed in order to find the
scattering loss, which is brought to modify reflection
coefficient in each ground type. Lastly, the result is shown

0-7803-9538-7/05/$20.00©2005 IEEE

Fig. 1. Ground reflection model at rough surface
in path gain and RMS delay spread of three surface (Wood,
Brick and Limestone).

II. THEORETICAL OF FREE SPACE TRANSMISSION
MODEL

The friis’s transmission formula is used evaluation the
free space and path loss in narrows band and expressed in
power term, that it can be written as

P
G, ()= Pgi -G,()-C,NG) @

Where P.(f) and P.(/f)are received and transmitted
antenna gain, respectively.

2

2y c
G, () [4:&} [4%’.) 3)

Is the free space propagation gain, A is the wavelength,
¢ is the velocity of the light, and f is the frequency,
respectively.

For the UWB channel modeling, the extension of Friis’s
transmission formula is used evaluation for free space and
reflection channel and it is expressed in complex transfer
function term that it can be written as

H, ,.(f.d)=H (f,d)H (f)H (DH () 4)

Where H; is a the complex transfer function of free
space, H, and ff, are the complex transfer function of the
transmitting and the receiving antennas, d is the distance
between the transmitting and receiving antennas, and f is
frequency. And the transfer function of free space can be
written as

658



TABLE 1
ESTIMATE SETUP PARAMETER

Parameter Value

Frequency range 3~11GHz
Relative dielectric constant 21,444, and 7.51

Tx antenna height 0.1,and I m
Rx antenna height 0.1,and | m

The standard deviation of the surface height 0.0l m
Distance between Tx and Rx 0.01to 10m

c - j2nfd
H,(f,d)= exp[ J21f: J (5)
Ardf c

[II. THEORETICAL OF GROUND REFLECTION MODEL

The ground reflection [3] model considers the direct and
reflection paths. The distances of direct and reflection
paths, d, and d,, are the function of d, Tx and Rx antenna
heights, A, and h,, and can be written as

d,=(h ~h) +d* (6)

d,=+/(h +h) +d? @)

The frequency transfer functions of the direct and
reflection path, Hy and H,, respectively. They can be

written as
1

47r| 7 |r'
|

4)1'| ! |r'

Where I is the reflection coefficient and ¢ and "are

delay time of direct path and reflection path. The reflection
coefficients of vertical and horizontal polarizations are

defines as
—& sin0+,Je, —cos’ @

I (10)
£ sinf + J&‘, —cos’ 0

H,(f.d)= g (8)

H.(f.d)= gt ©9)

sinf — /e, —cos’ 0
T, = (1
g 2
sinf + &, —cos’ 0
TABLE 11
THE BREAKPOINT BY THE FIRST FERSNEL ZONE

Antenna height(m) d,
1.00 91.39
0.1 0.90
0.01 0.00
TAsBLE I

THE BREAKPOINT BY LS METHOD FOR ANTENNA HEIGHT 0.1M

Antenna height(m) d,
Wood 2.03
Brick 2.01
Limestone 1.99
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Fig. 2. Transmission signal
Where & is the relative permittivity of the ground and @
is the incident angle so it can be calculates by using.

0 = tan"[h' Z"’ ] a2

A.  Scatter loss factor

The Rayleigh criterion is commonly used assume for
surface roughness, giving the criterion height (h) of
surface characteristics.

A

== 8cos O,

Where A is the wavelength and A, is the minimum to
maximum surface characteristic. A surface is considered
smooth if A is less than A, and is considered rough if is
greater than (12), shows that as the incident angle
approaches reducing the scattering effect of the surface
characteristic. And the scattering loss facter (p,) can be
written in below.

(13)

(14)

o, cos0, )’
A

P, =exXp —8[

Where o is the standard deviation of the surface height
about the mean surface height. In this paper, assumed that
the surface height 4 is a Gaussian distributed random
variable with a local mean for rough surface. and the
scattering loss factor of equation 14 gives better
agreement with evaluated results when modify as

5 g —8(”6" :038, ]2 I 8( 7o, :os()‘ }z (15)

Where /; is the modified Bessel function of zero-th order.
The reflection signal for A>h. can be solved for rough
surface using a modified reflection coefficient of smooth
surface given as

Fosgp =" T (16)

B.  Path gain

The path Gain is inversion of path loss, and we
calculated the path loss (P.) by a ratio between maximum
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Fig 3. Path gain of the height of Tx and Rx antenna 0.0lm
of transmitted signal and maximum of receiver signal, it
can be written as below

(17

PL =20 ]ogw [MJ

max|v, (r )i

C. Time dispersion.

Time dispersion is indicator to quality of channel, Time
dispersion usually shown in three parameter such as mean
excess delay, RMS delay spread and excess delay spread.

In this paper, evaluated RMS delay spread for power
delay profile so it can be written in below

2 2

Do’ Xa’

(18)

Where a; is peak of amplitude of the received waveform
in each time, ¢, is delay time of each peak of amplitude
[V. ESTIMATION & ANALYSIS

For this paper, we using the standard deviation of the
surface height is 0.01 m and using three type of surface

— wood
o brick
= =-limestone

Path Gain(dB)
g ]

8

3

80

10" 10’ 10'

Distance(m)
Fig 4. Path gain of the height of Tx and Rx antenna 0. Im
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Fig 5. Path Gain of the height of Tx and Rx antenna 1 m

such as Wood, Brick, and Limestone(g= 2.1 [1], 4.44 [2],
and 7.15 [2], respectively). The UWB pulse is using
Amplitude shifted keying (ASK) pulse covers the FCC
band (3.1~10.6 GHz) with the center frequency and
bandwidth frequency set to 6.85 GHz and 7.5 GHz,
respectively. The transmitted pulse waveform used a single
ASK pulse with the carrier frequency f and the pulse the
Nyquist roll-off filter with the roll-off factor o = 0 and
passband (£,-£/2, f£,+£/2).

A.

Path gain and break point analysis

In order to consider the path gain and delay spread of
three rough surfaces in reflection model, two cases of Tx
and Rx antenna heights are studied using a break point. If
the propagation path is before the break point, meaning
that the particular obstacle does not impinge on the first
fresnel zone volume, then the signal attenuation with
distance is the same as free-space propagation. For the
propagation path after the break point, the path gain
becomes greater than that for free space propagation. The
distance, d; at which the first fresnel zone becomes
obstructed as

%\ﬁ}:’ -A') -2(XZ7 +4A° I'(%)r +(%)‘ (19)
Where > = h, +h and A=h, —h,

For the first case, the Tx and Rx antenna heights are set
to 1. 00 m, the considered distance between T-R antenna
is before the first fresnel zone break point. In second case,
the Tx and Rx antenna heights are set to 0. 10 m, the first
fresnel zone break point was calculated via (19), that it is
0.902 m. (shown in table II) and we calculate via Least
Square method for each surface(shown in table III). In last
case, the Tx and Rx antenna heights are set to 0.01 m, the
considered distance between T-R antenna is after the first
fresnel zone break point.

In Figs. 3, 4, and 5 shown path gzain of three ground

surface as follow; Wood, Brick, and Limestone at 0.01 m,
0.1 mand 1 m. In case 0.01 m. level of height, the path

d,
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Fig 6. RMS delay spread of the height Tx-Rx antenna = 0.01m
gain will be decrease due to increase distance. Besides, &
of each used surface type is much but the path gain is low
as well as break point can’t obviously appear.

However, in case 0. | m. levels of height, paths gain in
short distance is equal until height will reach 0.6 m. which
& of ground is less and path gain is lower. When height is
in 1. 1 m., it is found that path gain will be equalized and
path gain of ground with low & will also be heightened
together with break point is found in this level as well.

When height is in | m. path gain of three-ground
surface is identical but break point cannot be noticed. Thus,
it is found that path gain of height in 0.1 mand 1 m. is
decreased as increased height. In other words, before
reaching break point, path gain of ground with low g is
less, when passing break point, the result will be reverse

B.  RMS delay spread analysis

In Figs 6, 7, and 8 are show the RMS delay spread of
three ground surface as follow; Wood, Brick, and
Limestone at the height of Tx and Rx are 0.01 0.1 and I
m. RMS delay spread in 0.01 m. level of height is
decreased in a level when distance is increased without
either differences of these three ground types RMS delay

0.045

wood
brick
— = -limestone

D04+

0035

B

TSI e

5

=4
B

T
orrgf

RMS delay spread(ns)

0.015

0.01

0.005

Distanca(m)

Fig 7. RMS delay spread of the height Tx-Rx antenna=0.1m
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Fig 8. RMS delay spread of the height Tx-Rx antenna = Im
spread in height of 0. 1 m. At low distance, the surface at
lower & has a lower RMS delay spread than the surface at
high & such as Wood has RMS delay spread lower than
Brick and Limestone but if the distance increased to 0.6
that found surface at a lower & has a more RMS delay
spread than surface at high &. The distance less than 0.6
that RMS delay spread is swing but if distance increased,

The RMS delay spread is decreased In case height 1 m
before distance 2.9, 4.3 and 5.6, found the RMS delay
spreads have increased to one level and than the RMS
delay spreads have decreased to 0 value but after those
distance, found RMS delay spreads have increase follow
the distance increased too.

V. CONCLUSIONS

In this paper, we discusses the ground reflection model
in rough surface are evaluated. We found the break point
depends on the height of the transfer function antenna but
not depends permittivity of surface and then the path gain
of two the height of the Tx and the Rx antenna depends on
distance between transmitter and receiver antenna. Lastly,
RMS delay spread depend on the height and distance
between both antenna.
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ABSTRACT

Ultra-wideband (UWRB) is currently wide interest-
ing technology of wireless communication technology
in building and home entertainment. The ground
reflection model for UWB communication systems
is measured and evaluated with smooth marble and
rough limestone ground surfaces. This measurement
is based on ground reflection model. A vector network
analyzer (VNA) is used to measure the channel trans-
fer function. The transmitter (Tx) and receiver (Rx)
antennas are the biconical antennas. The attenuation
and time dispersion are considered in the terms of the
path gain, mean excess delay and rms delay spread.
These parameters of smooth and rough ground sur-
faces with each antenna height are shown and com-
pared with simulation results in LLOS. All results are
discussed in the this paper.

1. INTRODUCTION

Ultra-wideband (UWB) radio technology is difTer-
ent. from the other radio technologies. In the physi-
cal layer, not using a carrier frequency, UWB trans-
mits pulses with power spectral density in the range
of the ultra wide frequency spectrum. The Federal
Communications Commission (IFCC) in US specified
that UWB has a frequency spectrum between 3.1 and
10.6 GHz, a fractional bandwidth is greater than 0.20
or occupied bandwidth is greater than 500 MHz.

Mostly, the UWB had been used for office and home
network communication systems or short-range com-
munications. By the way, there is the reflected path
between the transmitter (Tx) and receiver (Rx) anten-
nas in the building. It is necessary to consider floor
type in ground reflection model. In fact, surface of
floor is rougher than smooth such as stone floor. Then,
the understanding of the scatter signal behaviors with
smooth surface compared with rough surface in each
height of the antenna for UWRB radio systems are nec-
cssary.

In this paper, the ground reflection model with
smooth marble and rough limestone ground surfaces
for UWDB communication systems is measured and
evaluated. This measurement is based on ground re-
flection model. A VNA is used to measure the channel
transfer function. The Tx and Rx antennas are the
biconical antennas. The attenuation and time disper-
sion are considered in the terms of the path gain, mean

excess delay and RMS delay spread. These parame-
ters of smooth and rough ground surfaces with each
antenna height are shown and compared with simula-
tion results in LOS. The results are discussed in the
conclusion.

2. FRIIS' TRANSMISSION FORMULA

The Friis’ transmission formula is used to evaluate
the free space path loss in narrow band and expressed
in the term of power term. It can be written as

_ P

GFriiS(f) PL(f)

= CG(NG(NEUS), (1)

where G, and G, are Rx and Tx antenna gains, re-
spectively,

2

A 2 \ 2
Gi(f) = (m) = (,—de;) (2)

is the [ree space propagation gain, A is the wave-
length, ¢ is the velocity of the light, and f is the fre-
quency.

For the UWRB channel modeling, the extension of
[Friis’ transmission formula is used to evaluate the fre-
quency transfer functions of free space and reflection
channels. The extension of Friis’ transmission formula
is expressed in complex transfer function, which can
be written as

Hpviis(f, d) = Hi(f, ) Hi(f, )H(f) - H(f),

where Hp is the complex transfer function of free
space, H; is the complex frequency transfer function
of wave generation filter, H, and H, are the complex
transfer functions of T'x and Rx antennas, respectively,
d is the distance between the T'x and Rx antennas, and
[ is frequency.

The transfer function of free space can be written
as

& —j2mdf
H(f,d) = 47.’(.’.}'81?( 3 )
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Fig.1: Measurement setup.

Biconical Antenna -

Fig.2: Geometric and dimension of biconical antenna.

3. MEASUREMENT SETUP

This measurement using the VNA model HP2505,
the VNA is the frequency domain channel sounder to
measure the S21 parameter (S21 is transmission coel-
ficient between the Tx and Rx antennas). Figure 1
shows the configuration of the measurement setup.
The measurement was set frequency range from 3 Gllz
to 11 GHz with 801 [requency points. The Tx and Rx
antennas were connect to the VNA in port 1 and port
2, respectively.

The measurement was done in Lecture room on 11-
floor Engineering Building at King Mongkul’s Insti-
tute of Technology Ladkrabang (KMITL). Both Tx
and Rx antennas were set to 3 levels (0.25, 0.5 and
1 m). Distances between Tx and Rx antennas were
set from 1 m to 10 m with increment step of 0.25 m.
The biconical antennas are used for the Tx and Rx
antennas. Figure 2 shows the structure of biconical
antenna.

The important parameters of the measurements are
listed in table 1

4. UWB SIGNAL MODEL

The UWB pulse is the amplitude shifted keying
(ASK) pulse covered the FCC band (3.1 — 10.6 GHz)
uency and bandwidth frequency of

- - agd

with the center fre

¥

e

;'::i{[lf.u 8y

o«
AT
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Table 1: Measurement setup parameters

Ground surface type
Tx antenna height
Rx antenna height
Distance between Tx and Rx
antenna

Parameter Value
Frequency range 3GHz ~ 11 GHz
Number of frequency point 801
Dynamic power range 80

marble limestone
0.25,0.5 and 1 m
0.250.5 and 1 m
1-10 m
(step by 0.25m)

TR T o s L | pie 5 R f
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Fig.3: Transmitted signal waveform and its spectral
density.

transmitted pulse waveform used a single ASK pulse
with the carrier frequency fp and the pulse length is
sct to be 2/ fi,. Then the signal was limited passband
by the Nyquist roll-off filter with the roll-off factor a

0 and passband ranged from fo— fi,/2 to fo+ fi,/2.
Fig. 3 shows the transmitted pulse waveform in time
domain and its spectral density.

5. ANALYSIS AND MEASUREMENT RE-
SULTS

In this paper, the measurement results of UWB
ground reflection model with smooth marble and
rough limestone surfaces in horizontal polarization
are analyzed and compared with simulation results in
LOS. For the simulation in LOS evaluate based on
the friis’ transmission formula. The measurement and
simulation result were compared in the attenuation
and time dispersion, these parameters are considered
in the terms of the path gain, mean excess delay and
RMS delay spread. The effects of ground surface types
are investigated.

The magnitude and phase of antenna transfer func-
tions of biconical antenna are evaluated by using the
extension of Iriis’ transmission formula. The results
are shown in Fig. 4. Figure 5 shown characteristics of
marble and limestone surface for this measurement.

For the attenuation is considered in the terms of

bath gain of UWRB ground

P &AM ke b=t T\ UTL 04
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Fig.4: Magnitude and phase of the transfer functions
of biconical antenna.

Fig.5: Marble and Limestone surface

maximum amplitude of the received and transmitted
signal waveforms, which can be written as below.

ma:r:|v,(£')|

PG(dB) = 20 log (4)

mazx|vy(to)|

where v is a transmit signal waveform, v, is a receive
signal waveform, {y is the delayed time of signal from
direct path and ¢ is the delayed time of signal from
the reflection path.

For the time dispersion, the mean excess delay and
rms delay spread are investigated. Those are multi-
path channel parameters determined from the power
delay profile. Mean excess delay (7) and rms delay
spread (o) are evaluated by using

- I3 tloe(t )P dt
I57 lwe(t')[2at

_ [Bu— @R
G
where vr(t') is a receive signal waveform.

Figure 6, 7 and 8 show the path gain for 0.25, 0.5
and 1 m heights of antenna, respectively compaied

111

Path gain
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Fig.6: Path Gain for height antenna 0.25m.

50,
-50 T T T T T  m——

Path gain

n i

Distance(m)

Fig.7: Path Gain for height antenna 0.50m.

between the measurement result of rough limestone
surface and smooth marble surface i horizontal po-
larization (RH and SH) and the simulation result in
LOS.

In 0.5, 1 m heights of antenna, the path gain of sim-
ulation in LOS is more than the path gain of measure-
ment on smooth marble surface but its is less than the
path gain of rough limestone surface. When distance
is increased, the path gain of all case is decreased.

The path gain of measurement in height antenna
0.25 m is swing more than two case and more dif-
ference with compared the simulation result in LOS
due to effected from reflection signal. Some distance,
the path gain of measurement on smooth marble and
rough limestone surface are less than the simulation re-
sult in LOS because reflection pulse and directly pulse
is overlap in negative pulse side. but if the path gain
of measurement on smooth marble and rough lime-
stone surface more than the simulation result in LOS
because reflection pulse and directly pulse is overlap
in positive pulse side.

Figure 9, 10 and 11 show Mean exceed delay and
RMS delay spread for 0.25, 0.5 and 1 m heights of
antenna, respectively compared between the measure-
ment result of rough limestone surface and smooth
marble surface in horizontal polarization (RH and SH)
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Fig.9: Mean ercess delay and RMS delay spread for
hewght antenna 0.25m.

and the simulation result in LOS.

When distance is increased, the mean excess delay
of measurement on smooth marble and rough lime-
stone surface is increased until distance approximate
3 and 3m, respectively.  The result is decrease be-
cause effected from the multipath but the simulation
result(LOS) is increased continuous. The RMS delay
spread of measurement on smooth marble and rough
limestone is same the linearity until distance approx-
imate 3 and 8m, respectively. The result is increase
because effected from the multipath but the simula-
tion result (LOS) is 0.

6. CONCLUSIONS

In this paper, the Ground reflection model for
Ultra-wideband communication system is evaluated
and analyzed. The reflection signal occurrence in the
low height antenna so can see in the path gain result
and the path gain of rough ground surface is more
than smooth ground surface. The mean excess de-
lay and RMS delay spread of measurement on rough
ground surface is better than smooth ground surface
but worse than LOS case.
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Fig.10: Mean excess delay and RMS delay spread for
height antenna 0.50m.
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height antenna 1.0m.
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