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ABSTRACT

communication systems. A study of Interference Signal of Ground Reflection to Free Space for

UWB Impulse Radio, is presented. UWB channel is modeled in a deck of faculty in Engineering
King Mongkut's Institute of technology Ladkrabang. A Vector Network Analyzer(VNA) is used
to measure in the frequency band of 3-11GHz. The magnitude and phase of measurement transfer
function are shown and are used to estimate the antenna transfer function the receive signal is

valuated the output of optimum filter are shown correlation path loss gain of optimum matched

filter are consider. And analyzer received signal wave from and break point .
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2.7.6 MANTWIDILVINANMA (Directivity)
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lagh G,(f) fedanuuivyoivesdygulueiniaiiaFree Space) W3ofirmmanusaiy

(Line of sight, LOS) n3ai@euaglugtveminivesdsiduieauns

H, il f,d)=H,(f,d)H,(DH, 6 (2.28)

- o' & w 1 o
Tav H, fennudveifenduveseamaiuun: H, woy H, fensudeiilsiduves

gwomamuduazmuiunazdmsunsdl 1o laInstlaisotropic)
: = . (2.29)
He—Friis‘,Iso(f) Hf Hz’

3 o ¢ e v k) A
uazmu"I'mﬂ1u’ml‘H1mmmﬂﬂ‘sﬂdﬂﬂm‘ummmﬁ’na"lﬂmﬂ’dumi‘n 2.30

¢
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H,(f.d) = —— exp(- jkd) (230)

Tay k=—2—?E
A

LUAAUATS Frils’s transmission formula ¢yaun1s# (2.28) Wodunleny

Y = I'd a 1 o o = 4 ddn
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¥y ]

$29p%19 FerfuTaiimsilSuilgeaunisuss Friis’s transmission formula Wuamanmsti (2.31)

& - ' . .. L. 4 1 =t 1 o o

%3609 Extension Friis’s transmission formula lagiinsu@azivouey lugilvamiudives
o o a
Hargu Tauma iy

o o ar
N3 asHIATUVBI Generator pulse filter, H,

H, i (fd)=H (f.d)H,(/HH (OH, (2.31)

o e o 1 o -
Liﬁ&ﬁﬁﬂﬂﬂﬁuﬂ\‘mﬁﬂﬂ“ﬂﬁﬁﬁ}ﬂQ‘E)’Jﬂ'lﬂ"]'l\‘lﬂ“liﬂ'iﬂﬂﬂ«!’)ﬂ!‘lﬁiﬂﬂ Inverse Fourier Transform



28

4 & 7o P g 7o s
w4 H  awtluiandunsdeinudasluema H, (O uss H, 0 dusddunisdamim
] L
Fyonuwosaueimedify  uazddemwdiiy  Taofimrenmaduiuinlaly  Matched
e o ' o s Y v ow
filter TUM3snNIBINMUR  H (/) HazgminnmiigigausidgygaueMyan 1 an i iuag

wamalugalin 2.18

Tx-ant Rx-ant
Y
d
(I i I .7
Rx-ant Tx-ant
space from
Input Peak
/\ Waveform /+\ detector

[}
o ~

| o4 ' s a
51/ 2.19 pden lasunsuvpssEULMSHITYAIHA W IMIAMANIINGATUDINGA

U

(Friis'transmission) ey 14ussuuganat banuud
2 H A 2= [Piiy
H,.(f)= \f_ﬂ? o i ({) 1
\/EolH *U—I"n’.".\- (_f)‘ df

tazdmsuaunts 1o la Tnstadsotropic)

Jif—bH *c'—l-‘rﬁ.v,f.\»u ( f )
wa‘H * o prs o (S )}2df

Hyy o) = (2.33)

&4 = "o o = ot o e v A
F491n UM In i@ addaresdyanusuniui lezlidnei 41 aunisasil

[ o] df =21 (234



29

¥
=4 ey J I o = 7 o [y
Taglunsail  juiivesdygaueming £, upzatlndaasunausvez1a

W B, s (0) wez  H,_,, (O)awdwy  jisvesdaanerewived ldnnn wued

v—Friiy

Wawos v, . (1) siludail
Vig (1) = By (1) * Py (1)

_ mhu—lfrim (t) * he—FrH'.\' ("[) (235)
J:U h 3— Frijx (t)di

uazdmiunsdl loTaTnsiladsotropic)
Viar o (0 = P (O F By 10 (1)

= . v 2fbhcm’~‘riiﬁ,l.m (t) hc-—.’-‘rl’f‘.ﬁ',.’m (_t)

\/ -[nno hj""rln‘-\'.h'r:l (r)d[

(2.36)

?hﬂ?uasﬁﬂﬁm%’uvmtmﬁwﬂﬁmmmmwﬁ’ﬁame{VMF (f)
Vir () =H i (N H ()

P 1

¥ (2.37)

\/.[‘;|H *e—f-‘ru‘.\- (f)|2df

max v () = { Vi (N)df

= \Nﬁ (IH* o ) f (2.38)



30

= [~ o =t A = ]

nnaunsh (2.38) Wumsdfudgsaunsveslsalasnsan 1y 3 a1 GagniSen
Tagsaun ausudavesnnuidalinisuninszneluanmuaadeunislueials uaza
o ar ar i 4 g [ @ = o
Waafuyesdyyrafldlunrdigaihundfalydanasveenulaswan 1deeiduds

1 ’ H 1]
aumsn (2.38) dwmsunsal leevialiidmsldmeoimeauunleTaTnsila  (sotropic) 1iu
1z1lsznaudin
« « Hfm(f) = l

¥
a 1 T a o ) w a
ﬂﬂ‘ﬂﬂ'ﬁ‘uEﬂt‘.ﬂ‘uﬂ'l‘iﬁﬂutl'mfgﬁﬂﬂhl’lﬂlmuﬂ ﬁWiJ'l‘iﬂﬂﬁ“]ﬂElvlﬁJﬂQu

max v, (f)
GUWE = : (2.39)

mfix Ve 10 (l)
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2.9.5 MIaaaunIn (Interference)
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4.3 Tumat 1 (Model 1)
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13199 4.2 N37W Correlation UAzA NI gRuF G0

TEULHWNIEN TN Tx 0¥ Rx | Correlation Coefficient Path Loss(dB)
lm 63.59% 50.73
2m 49.22% 57.31
3m 40.38% 61.21
4m 3L11% 63.41
5m 17.68% 65.74

55m 17.21% 66.79
6 m 32.05% 68.06
6.5m 31.40% 69.01
7m 16.62% 69.56
7.5m - 16.23% 69.48
g§m 21.63% 70.12
85m 21.45% 70.77
9m 21.13% 73.58
95m 20.79% 71.97
10 m 19.55% 72.87

— v ' a ada - g 1 s
Tum13197 4.2 A Correlation  nazAgeFuaitfszsoznanua 15 ya wifiuind
L]

o o1

] o 1 . ¢ of
IWUSHNUBI Tx U Rx N 11WAT A1 Correlation Coefficient BYN 63.59% Wunofidudsi
QgeuaasIuiansiimdouvesgundudayna (Distortion) Wemnnuaziinmsganduida

a 4 < «da -
0 (Path Loss) # 50.73 dB mtﬂuﬂmmqﬂmnizuzmmmuﬂ



MdmTn
* 1 i T L F ¥ T
; D o[ o
i i : ot
; ; ; t

S S S,

76 A i L. i " i 3 t
t I 3 + 1 E T | | ] i
Dioniret vy

zﬂﬁ 4.7a ANUUANAN Optimum 8% [sotropic Y64 "m“mum Free Space

gﬂﬁ 4,7b ANULANAN Optimum U@ Isotropic YBITTYeY 1™ Ground Reflection

56



57

3R 4.3 Wisufoudygmduiudionu Optimum Matched Filter 1) Isotropic Matched

Filter
TLUSH TSN N Tx DT Rx Optimum Matched Filter | Isotropic Matched Filter
Im -49.88 -51.51
2m -55.75 -58.15
3m -58.54 -61.91
4m -59.82 -64.28
Sm -60.61 -66.64
55m -60.85 -66.95
6m ' -61.99 -67.48
6.5m -61.36 -68.20
7m _ -61.12 -68.62
75m -62.15 -69.32
gm -62.39 -69.75
8.5m -62.39 -70.10
9m -62.40 -70.27
9.5m -62.45 -70.29
10 m -62.59 -70.33
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13197 4.5 A1 Correlation tagAMs g RoFI3T

Je8EM193EM I TX WD Rx | Correlation Coefficient Path Loss(dB)
lm 50.21% 51.55
2m 47.66% 58.02
3m 22.12% 61.91
4m 79.96% 64.49
5m 20.67% 66.07

55m 20.10% 66.85
6m V 15.00% 67.51
6.5m 15.56% 68.48
7m 16.63% 69.78
7.5m , 16.55% 70.56
8m 16.89% 71.57
8.5m 12.36% 71.83
9m 10.30% 73.80
9.5m 10.12% 71.69
10 m 10.10% 73.15

> o

Tum15197 4.5 A1 Correlation  uazMgyEuFRaNIzuzianua 15 g zrudi

1 - 1 ' el & d o
FBUSHINUB Tx UnE Rx 9 14UR3 A1 Correlation Coefficient ﬂqﬁ 50.21% ulesiduah
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aa ; 4 i o
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M3 4.6 WSsuilsudyanadusudior i Optimum Matched Filter 11 Isotropic Matched

Filter

YUEY9TEY 19 Tx 1aE Rx Optimum Matched Filter | Isotropic Matched Filter
Im -50.51 -52.03
2m -56.37 -58.50
3m -58.35 -62.27
4m -58.86 -64.83
5m -61.21 -66.79

55m : -60.96 -67.36
6 m -60.64 -67.71
6.5m | -61.15 -68.03
7m -61.39 -68.29
7.5m -61.98 -68.84
g m -62.30 -69.06
85m -62.25 -69.89
9m -62.19 -70.30
9.5m -61.35 -71.90
10m -59.59 -71.06
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14 4.16a Tumad 1 lumsdnssoziends 2.5 was i 2.5 s

W 4.16b nweiogums Tadaygat Free Space fUdyay1au Ground Reflection



70

wamInnasslunah 3

18 T , ! '

-]
[=]

&

Power Loss [dB]

o
o

Distance [m]

71 4.17 m3ifFuuiivy Path Loss 781919 Free Space fill Ground Reflection

VINATINAMTAIAANBUAR 11D IT YD) 10 Free Space A Ground Reflection 1Az 92
r A‘ ¥ ﬂ. J ﬁ.’ r L oF ﬂr
w1 dBeszezmalnasen i pL AvzBanni iufuaaseimasudganaluszesi

Aumialndgeiuldanimszeslnasenyl



» 15 Snal ol 1m

— Croun redation
~= F1oh Spive

Ampiihscs V]

<

31Ul 4.182 nsnfSouifioudeann Free Space il Ground Reflection N3 115U

JTUSINN 1 AT

» 10! Sgnsl @1 5m

T T T T

~—— Lo rafloction
3 i —— Froo Spaco

Armplitde (V]
~ &
%
{

Tima |5k} x 10

U7 4.18b manSvusfivudgygnn Free Space 71U Ground Reflection NeA 15U

TTUSTIN 5 1UAT



72

o 1wt Signal at Brn

— Fioa Bpace

L ny i
K] 172 [T 1,78 18 142 184 108 188
Time (2e2] x 19°

2 4.18¢ n13nfSenifioudiyeai Free Space 111 Ground Reflection Madu v
ITUTN 8 LUAS

nnnsuesgldyananivldvnmaiuluszesi 1 dedhidya o Free Space 1
Ground Reflection WfSouisudueusnefing 143 Amplitude voadeye 1ot Ground 9zd

N384 Free Space iifBaninfiamsumsnaeavasdygan dduygaisu 1dRamsviudey
i IH Amplitude voedeyg e Ground anasdoyeytor



73

£

£

by

]

12000

1
L n

-
W™
L
-
-
*

=i 1

117 4.19a ANuEUNUTYDA Phase lIHAAD Frequency Tuszuznieh 1 nins

1iE-
Q T T T T -

&

= \J

717 4.19b AT FURUT YB3 Phase fiTiHaAD Frequency Iuszuzned 8 wps

vingtiflumadildannisiamsInufiouves Phase  §U Frequency iifoifinnis

aoaunsnusaf I iuszesNandwaznnfurecud 9 was Mlimsnldoulasuss
»
ladang 5-11GHz



74

Gorrelation Coeliicient

09

T T T T T

-t Qeoud
~3~ faa

0.2} x, o
52 { | I ] ; ] l |
1 2 a 4 & & 7 8 -] 10
Distance [m]

7U% 4.20 ns e

Correlation Coefficient 1Deayey 184 Free Space Al Ground Reflection



75

3197 4.7 i1 Correlation itazimsgaydnda3a

LULU19TEN119 Tx Uag Rx Correlation Coefficient Path Loss{dB)
Im 47.62% 51.26
2m 42.99% 57.79
Im 35.74% 59.99
4m 28.73% 63.81
5m 28.91% 65.89

55m 2R.98% 66.47
6m ; 23.10% 67.66
6.5m 23.46% 68.32
7m 23.92% 69.35
7.5m : 20.23% 70.01
£m 20.00% 70.66
8.5m 26.76% 71.09
9m 26.97% 70.77
9.5m 21.11% 72.81
10 m 21.24% 72.76

o o

1un15199 4.8 i1 Correlation  wazf1gyAuFe3dfiszozfanua 15 ga wwiiuii

1 = 1 ., , Tl ¢d od
JSUSHNUII Tx Hag Rx M 1 A A1 Correlation Coefficient Eiqﬁ 45.61% Wunlesidudn
gegaudainiamsiadiouvesgadudeaia (Distortion) Youmnuaziimmagapdode

aa o ) " g -
0 (Path Loss) ¥1 51.26 dB %ui'lumﬁmqﬂmﬂszuzmqmﬁnﬂ
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a1 4.8 Wi oudfoudygradnidmdorhu Optimum Matched Filter 71 Isotropic
Matched Filter

STUTHIITZNIN Tx 1A Rx Optimum Matched Filter | Isotropic Matched Filter
1m -50.25 -51.87
2Zm -56.26 -58.42
3m -57.95 -61.73
4m -58.28 -64.50
5m -53.82 -66.62

55m ' -57.53 -67.01
6 m -60.48 -67.30
6.5m -61.19 -68.10
Tm -61.80 -68.39
75m -61.50 -68.92
8 m -61.74 -69.08
85m -61.32 -69.45
9m -61.00 -69.93
9.5m -61.16 -70.51
10 m -61.23 -70.72

INNTINAIUUANAIITEN IS Optimurn Matched Filter 1102 Isotropic Matched Filter

' de o 2 o 4 ' -
Taudioszeznieiiims Iadygnuianua 15 9a dans v Fevziinldnfisseenie 1 was §
MAlasuiuNsTozN DU 9 szdana linuuanA19521119 Optimum Matched Filter tiag

R ' o c; & w o da . .
Isotropic Matched Filter LANATINUINAYUKIICAUNUTAUAT Correlation Coefficient
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x10° Wt Excees Dokry
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Dintance [my

j'ﬂ‘ﬁ 4.22b M3NFU1UNOY Mean excess delay YDA Free Space fill Ground Reflection
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