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Abstract

In these modern times, there are many tools relying on various signal waves, Wireless,
GPS and Bluetooth, for instance. In different areas the signal's intensity also varies, hence,
Ray-Tracing methods are required to measure the signal and it's channel, by using a
simulation program. The program will return the data which will be compared to the results

from the actual data from the required location.
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Material Relative Conductivity, ¢ (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 4.4 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 10
Glass , Corning 707 4 0.005 10000
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v - .
Sin @+ /s, —cos’d
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Ground Reflection (Two-Ray) Model

fdenunsuidnszozni d amnsoudasld lumenvsagussnenNUrILILYBY
o v . . <
MAINUNTNS (power flux destiny,; Py (W/m?)) uagEffective aperture ¥9901991N1ATU

(4,(m?)) it

|E|? PrG;G,A*
Py(d) = PjA, = EI-AB - -(51»7;)_2612 (2.11)

& P¢Ge |E|?
= —= — 2.12
Hie a7 amaz ~ 3770 @iz
GA?
uay A, = — 2.1
! e an (2.13)

v i v
Masnun1asu1anszeen1e d (19910 Tx) §115U Two ray ground reflection model 1311

104176



18

hZhZ

P = PyGGr =t

(2.14)
Joduna e d Hawng udad1890un5 U4 (received power) nazAmANUgaNduFaid
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(path loss) 33 luAuegiuALD
AANUGYITOFIID (path  loss) FMTU Two ray model (HHONITUITASIVI18UD

e IMe) ausauaas 1@ luvie dB el
PL(dB) = 40logd — (10logG; + 10log G, + 20log h; + 20logh,) (2.15)
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2.4 M5RLNVY (Diffraction)[6]
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diffracted beams

diffraction gratin
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2.5 MINIZIANIZE (Scattering) [6]
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h, = A
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(2.20)
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Dielectric Conductivity Relative
Type of soil constant (siemens/meter) quality
Salt water 31 b Best
Fresh water 30 0.001 Very poor
Pastoral hills 14-20 0.02-0.01 Very good
Marshy, wooded 12 0.0075 Average/poor
Rocky hills 12-14 10 Poor
Sandy 10 0.002 Poor

Cities 35 0.001 Very poor
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=1 o as
2.6 MIPYITENVIIN (Path loss)
A v & o o ' A A
luszuunisdeas aenuwdhwuendnuesnissiassnsunsnszaisaiuio n1s
aamsalaemanugdemasuvesdyay PL 18991nMsuNI NSz oA UTe Ty
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2
L, =10log| 4 7 (2.21)
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Tesn A =? Ao anuenduluomedasy
d A9 I2ULUNTTHNINA YD INMATIAUAIYDINIATY

2.7 BIUSABIYOIF YR8l (Model Channel)
TAgB35uAUAINITUNT AT BN 0T INYBITOINITAITYD I Wireless d1u1509 17
Lﬁﬂ‘ﬂt‘gﬂ1ﬁiﬁ$‘uv High-Speed a5 Microwave Band lusguy Wireless 18 ﬂﬂ]uﬂ1
waniusalUae mter Symbol Interference (ISI) AR ASUNINTENOVDI Loss ARuAY
msmmmﬁu?wqmméﬁqafu MSUNINUTITRIA R0 TN ZVINAYDUTAGTIan S
Pyn1usnifAINHANTENULBY Time-domain  ¥YOITOIT 1™ MMdeiinain
Space-Domain (funlszidudfay maiinde Wiz deudtlam s
- Adaptive Equalizer
- Adaptive interference canceller

- Smart (Adaptive) antenna

Spread Spectrum (SS) and Orthogonal Frequency-Division Multiplexing (OFDM)

modulation schemes

v [l k4
a kY = =

Fenzdeslineuiisgihmsinszduazeenuuumailaniniifennugndsausiudives
puviteesrosdyaaImylugauad

lidsuanvewuudiaes 3 Ussanfvzauiseadnuuudeesresdayanadiniy
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Usziiuawavesszuu 15ae (Wireless) Aail
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2.7.1 Statistical Modeling
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2.7.2 Deterministic Modeling
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2.7.3 Geometry-based Modeling
o dy < ° = B S| o ~ 9 = 1
me1ammﬂmm‘umammz‘lﬁﬂuiﬂswm L‘ﬂugﬂu‘umm‘umaammﬂmmﬂgﬂin
a A v a3 U 1 A I~ Yy a Y a 1 v =&
NIUTVINUAN mmzmﬂﬂmuamwwﬂa Lﬂuﬂ'liﬂ1\1@\1%1ﬂﬁﬂ1’38u’3ﬂﬁalli]i\‘l IBUIINAINN

N30A101MITNUS BU LAz INHeId M UNAaBd IaTauTuIeg



UNnN 3

= [Y) .
NHPHUaHaNN13v03 Ray-Tracing

Ray-Tracing [1]

1M 1¥ANUANINNI1 2 GHz  d M5 IMT-2000 W399 5-8 GHz  d ML

o A A 1A g & . . 3 A
MMAC wazszuu Insfnnliodagui 4 1n39er319W 1MV Micro-cell uag Pico-cell 1TUHS
~ Ay a ' o 24 o o Yam
mziuidosmsmniigalueuian ee1elsiaiu msaavuiaveusadi shlR3sasaiugy
. 4 { J = 1 o 3
HUDLNUVBY Statistical Modeling iWo Nz sonuuraduazdounynmsadedyananiuly1a
an 1 dy A 9/ v o o
910 Ms12IBMamarignosnuuuu e 14 luan Wi Iade M uuu Yy Macro-cellular 15198
T aRuV319994UY Deterministic YD Spatio-temporal (ST) wireless channel 115U
o I's =y v a A o
Inneuasmstseiiumlsedniamueamstiaulussy wireless Tuanminadouuuy
Macro-, micro- 11a¢ Pico-cellular F9d1ayAoms lduuvusiantas I luanmuaadounyy
o ° y I . & aa a

Micro- L4a% Pico-cellular A159 LU 1299515192 1935 Ray  Tracing FuluIsnisaadn

-9

1 H 4 ]
aauingAeaanaune ) msiziAniulngninnuenedurinlundvesszun wireless
d' L4 QU
nuele
2 1 & Aa g Y R o o 1
Ray Tracing foge) Hlunienanniulunmsidnnedmsumsmammauninizneuazns
o o qs: =) . ﬂ ag A o = o a A @
Aunudiaosdaunil 1990 Ray Tracing 1u35nsnthasuiumasnimdasunguneny
i <3 o A A o v A 1 Y
wiwman Wi wfu e fivzasisaeumsihnuvesnisuninssneaduluyesdyg i
o Y 1 a a A ~ g v A A A 1 [ A o v
Tsaaldednsllssdninmunige Taeiugiusdsuanniosdeliiuniessuadudy
E4 1
A15UNINTZI109DITAY LFUNITATNOUVDINURY (Reflection) NITUANNTZI1OVDINAY
(Diffraction) 115732 3ANTZ1Y (Scattering) 11AZM A (Transmission) A283UuUVYoYAVDS
nsunsnsziedag 598 1ATuesgnmuazvewavnsssdazgndiuia lngldmguives

Geometrical Optics (GO) 1t8g Uniform Theory of diffraction (UTD) uazﬁuq

3.1 15219nv09 Ray-Tracing
3.1.1 Ray-launching Method
Ssdgnilaseeen lmuuaazfismisainniosdwazazgnaamudums ldaundniues

§ @ { a 3 4 o
lddadumeniudluienay uasumniduns ey Loop) n3e lufsveuivaveuniessy



24

]
v @ w A

2 9 9o 9 A @ oA a -t . = 3
%Q%Zi‘ﬁﬂﬂi}‘ﬂi\iﬁ ]lﬂi‘ﬂl"lﬂil'l LllE]ﬁ\‘iﬁqﬂﬁﬂﬂﬁzﬂﬁyﬂﬂglﬂﬂﬂ'ﬁﬂﬁﬂUi\iﬁi’)’ﬂﬂll'l@ﬂﬂiﬁ

a o A A o ad 4 4 A A 4y
USuanssneziiuniy disssdndassesn limuduuazdionsanniznumuiud 1

3.1.2 Image Method
ga a @ A 9 ~ o 9 1t o =
15192 1975Ann 10599 1A891989910 Image  Theory 1A eIMIITDMMHAIAUTAVDIFY

eesveunTesdeld Avnmisiisidannsznuiagudiuannszaivesn Mlhsdiuiam

Y
A A Aov A

Wunrsueasedld 3 dileliseFunfizdesldnarlunssiuiuun nasdedosld
M finndndae
TunsRAINISATAAINISUNT AT ZIIBUBZUY DUHRUNTTS 180T T Yy I iU
deterministic ST dmuiaadeumsuninszawveslasinasdesgninisanediedtamu
strarulugil 3.1 aamunadoumsuwinsznegnuisesniiu
1. anIAdeuY Macro-cellular FeaneaIniauuy BS gaiundansluifigend
Fateaduseus iefingRuS s Idluszezntelne Jaudnfuduwadoeiisaiilng
791 1 km 1973 “BS1” ﬁgﬂn1§ﬂ‘15’1ugﬂ5)
2. aMWIIAABNLULY Macro- and Pico-cellular ﬁcﬁamﬂmmmmu BS ’ﬂzgﬂaﬂgﬂu‘ﬁ‘ﬁ

o vAa o Y a Y o a s g ' '
AININFINDHINNTBUUN (Tﬂﬂilﬂmlﬁ’)ﬁﬁuﬂ]ﬂﬂl“])’ﬁﬁi]zmﬂﬂ'l'l 1 Km ¥4 “BS2” Glu

51))

U

S1

M3

30 3.1 msumsnszaeniuluanizuiadowvesssuumsfoans [1]



25

I~ a o Ao Y] . 1 d Py
Tuanuiluesenalnmsiinunddnyuzmmzdivesmsuninizae lsamiasunilasly
AN IIadon TuanIwIAdeuuDY Macro-cellular  Setiivesdayndnazuninszais
pon lnnnMuSnandin laensannszny uazannszniag 1de Mobile Station(MS) U

4 ¥ T 1 1 <
DU JAFIFAVDINITIFONADIZNINI BS waz MS adniuansliglugl 3.1 uaaslfinuds

D.

@

yoUANsUNINssMedyanuilsnazaumwizal mazioun lnansemsnszaieves

D-

] 3 o 4
msannsznuiiu IdEan1nnsiuIuYeIANgs HazHANTZNUVYBINIT scattering 58U MS

e

¥
Hudfguazezdesiinisdraestunusuiy luanwiiadouuy Micro- and pico-cellular
o o L4 A
MsazRouvINSMNLaMsuannssenyuYtauwiuna lnmsinummizd day
Y990uUM IFINaNanssN U UIREINY waveguide MuAnaIIN1s10199z1i IduuIANUAa
] ) 1 ° s ¢ o o
Ina Tasmsiianuuanaevesna lnasdauimsizvuasai v lumadimivvaiee
¥
anuindould 33 Ray Tracing vous1lienssiaeelumauuy 2D uag 3D waniulums
Tl uan i Indouiy micro- and pico-cellular UALLUY Vertical-plane-tracing (VTP) 1u
ANNLIABOULIU Macro-cellular
Tuilegiui®n1s Ray Tracing 12 TWnaliin1sa1aen path loss tagmsflavuIaves
J 128 3 @ ()
wadunuez lTswaufeatunsasedoumsmam Ingndsuindiuoayuannsznuy
LAZIaZIDUANYINUNIT 1100 I¥0IT YR IR deterministic spatio-temporal N13NILHIAT
¥ v v
Angle-of-arrival (AOA) 8001114 InamsIatiu lideine seormaniidanesfigaaiunsom
' & ¥y i dny & A A A o v = o @ Y
1 AOA Hleeni1ld uan1n launiuez i3 ooy antenna side lobe W UNBII 1A
d' 9 9} . 4] b o VoA ] o .
ANAAADU 15192A09 1% Fourier Limit: IUMsfAusmiaInuuué108nul Super Resolution
Algorithms (SRA) lagnirueiive1¥mia1 AOA panu1ld d9u time-of-arrival (TOA) #118910
9 [~ a 4o 9 = [ 9 v 1 Py
array antenna U321 SRA wilwmailanhi s lanun s Tasdesn15n15U5ua array 9
HUUDU 1AZITABY address mutual coupling effect 581I9dMUsENOVYDIT IO INMSA 08193
<3 1 P2 q’il o ] T ' o
AMN 715 1A11U09A1 AOA LAz TOA Nenuiniiy Mhliendensasinasumanuuiud

' o3 3 o w
VYBINIIAAIAT Ray tracing VUAMvBiulszduddgy

3.2 ilyn1v049 Ray launching
75 3D Ray launching 1808598910 Icosahedrons $3@gnilasseaniundeyui limidu
° 9 ° a a +4 Ay Yo [ 1 .
aunsadinsdsuianisianainld veuwan 185 unsSusediflymi double-counting

o Y a 42 a o w d' = d' Tt nﬂ' (Y
error W 1947@ error 11 3 dB FunannddenazauiyldiSesq luselosiu



26

3.3 1lgyuee Image Method
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A13199 5.3 1LAAIAT TLHSH TxRx, Path loss, Time of Arrival ¥9UUS 10097 3

. Path loss 910N13 | Path loss 910 Time of Arrival
No. 3TITNN TxRx (m) .

nAned (dB) | N13AI1UIM (dB) (nsec)
1 28.67 69.20 69.19 95.63
2 42.58 79.72 72.63 142.05
3 3118 77.06 71.80 104.02
4 29.31 91.12 72.18 97.76
5 31.17 72.99 72.27 103.97
6 29.50 83.41 72.38 98.39
7 47.19 147.20 74.46 15741
8 36.38 118.78 72.20 121.34
9 50.91 147.22 75.28 169.82
10 84.99 139.55 79.26 283.49
11 50.06 126.62 75.30 167.00
12 42.88 124.36 73.95 143.02
13 53.85 112.93 75.61 179.62
14 62.64 133.74 77.39 208.93
15 55.39 144.53 76.02 184.78
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\ Path loss 919115 |  Path loss 310 Time of Arrival
No. 32821119 TxRx (m) "

naaoy (dB) A5AIUN (dB) (nsec)
1 28.67 69.20 69.19 95.63
2 42.58 79.72 74.58 142.05
3 31.18 77.06 71.92 104.02
4 29.31 91.12 72.03 97.76
5 31.17 72.99 71.36 103.97
6 29.50 83.41 71.02 98.39
7 43.02 91.40 75.51 143.49
8 45.15 87.31 74.40 150.59
9 31.77 95.67 72.58 105.97
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A3 5.4 LAAIAT TZHZH TxRx, Path loss, Time of Arrival Y0LUU318047 4 (519)

, Path loss 919115 |  Path loss 910 Time of Arrival
No. F28¥H N TxRx (m) .
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17 30.35 116.18 73.35 101.25
18 31.93 85.74 70.92 106.51
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