


(suorlceger ou Surunsse) 0f :suolsslursuer1 utntulxehl '

(suorssuusuerl ou Sutunsse) 6g :suottceuel urntrrlx€lN '

:$o,^ rno roJ elq€llns sI qolq'l.r [7] lepou

C€ IInc aqtJo solllllqudet eql sazlr€ruulns 1sr1 3umo11o3 eq1
'peP:s-PofqnoP aq'{5ecrd"!r pInoIIs'a8er1o-t

pue ureuol eq] Sursudtuor esoql tdacxe 
'slec€J 

II€ 
'pepnlcul are

suoISsIIusu€D ueqA 'slueuruoJlnue Joopur o1 perldde eq uec

qcrq,^{'Iapou peseq-,(er ,{1uo eqt sr 1t 'snq; 'se3eJrns qSnorqt

uorssrtusueJl lslsuoc IIJII{,^A Iapou uorle8edord "{po ag1 osle

sr 11 'slcetqo aql 3o edeqs eql uo uorlstrlser ou seceld qctq'u

lapour uorleSedord aqt sl CE IInC eql (uollelntuls roopul roC
'[6'9] slueruuorl^ue qled pexlul pu€ I€Jtu'roopul

'ueqm xeldwoJ uI sJllsuelc€J€go Iouueqc uolleclunururoJ

pue'uorleSedord 3o suotlctperd alemcc€ pue luelcgJe sapr'tord

i1 'suats,{s uol}eclunultuoc ssalaJi.,lr 3o u8rsep pue srs'(1eue

aqr roJ are,ttgos uorle8edord orper cgrceds-etls sI qclq'^A

atrsul ssaler9d uloJtuo1 Sursn pelelntuls pue pelepour eq uec

uo,rtl. snor.,.a-id eql ul pauolluetu slepour uorle8edord eql

D\lcll. lB doo-tc 33UHI V :Acnrs ESVJ 'III

' [g1] suoncrPerd

aqt Jo .icerncre eql Sutseercut se IIoAA s€ 'dlrxelduoc

le.rouelndruoJ eonpel ol iryasn o;e slopotu lectrtdtue
'treJ ul 'ecuelsIP qlr,u -{J;eortupgeSol sessorcep ra'tod 1eu3ts

palleceJ a8ere,ty 'lelloceJ pu€ Jolllwsu€Jl olpeJ eql ueo&ueq

qrnd {sor) lqSrs ;o ouII eql eprseq sqted uorle8edord otper

lnuo,ltppn o1 esrr e,tr8 11e 3uue11ecs pue uor1cer;Jlp 'uollcegar

jo rli"t"t eqJ '[S] uorle8edord leu8rs ro; qled euo uuqi

elour sr ereql ueqa srncco qrednp141 'soo€Jrns Jool; Jo '8ut1tac

'11e,u uorg Sutrellecs Jo sJoIIJoJ fuuqs punore uollc€];Jlp
'r,ror1""g"i qtedrtlnur tuoq eaJJ sr lzqt SurpFnq e u8tsep ol elq€

lou eJe e1tr 'asJo/( uelo sI uorle8edord sJoopul 'Jale'ltoH

'ecuelslp qlr, A ql3uerls uI solrel leql '(8raue olpeJ qll.l.r

eceds go etunlol lecueqds arllue eql 3ur11g 'eur1 lq8te$s € uI

,.ro,1"irrp 11e ur Surle,terl ',(3reue olp€r Jo ecrnos lutod e uorJ

pelnusuer eJe sel€^\ otper 'lepour sql q 'uotleSedord e'ter'r

orpet acods aat{ st uorle8edord el?'l.r olper Jo Iepou cts€q

lsorr eI{I '[1-gl uone8edord roopul Jo seqcJ€esol l€cl]eJoeql

pu€ Iuluatulledxe snoratunu er€ ereql 'emlerelll eql ul

NOIIVDVdOUd UOOANI dO SCNNOUD)JVB 
'II

'>lJo,4A eJnlnJ JOJ SIJetu':-

pu€ sllns:l :u- .i!'' SJr-TISSOJSIP qlr'r't reded aql sapnlcui:

c uollJas 'f u!]i:-1:S Ut P'ttu:srrd 3Je Suolle3glre^ pue poql:;

rno Jo .itu-rtri l-I: :ql : lcl lsuouJp ol sllnsel uotlelueurt:cdi:

pu€ uotleIntUls 'g.t11g1Uatua1dur pasodord rno slueserd t

u',3t+'ras'a'6.,1sisd.r-rd roopur J o punorSlceq,teljq egl acnpoll "l

e.^A 'Z uoltras ul 's.\\olloJ se pezrue8ro sr raded eq1
' [7]  at rsul  ssa1ort16 3ui : -

peuuog-rad sI uollelntuls aql 'uollelueturradxe pu€ uollelnru '

u"r^1.q Surplrnq loog aor{] e Jo uol}elnclec a8era'toc :':"

ereduoc ol surrts raded srql 'uol]€lnurls olut 1nd cq ol prau Pjl

sllnsoJ lenlo€ 3I{1 lceJJe plnon\ "'uol}eilelsul suuelue 'letrelt-'t-

'uotlcnrlsqo se qcns srolleJJo spuq due61 'slepo{'u uot}e8edo'::

e^e,^A lueJoJJIp Jo esn aql sartnber slueuruorl^ue JooPj

ur uotle8edord a,ten ctleu8eurorlcelo Jo uollelnurls eqf

' ',{e.T:ns 
Ientc€ ol pereduoc slsoc Je' Aol t{ln-L

pu? slopour I€Jltelooql o1 peredruoc fcerncce raq8tq e aret

e,r 's1oo1 relnduoc Jo ple aq] qtl,\\ '[1] sresn pue sropl\orr
'sJer{cJeesor Jo uol}uo}}€ eq} petl s'de'r't1e eplstno ro s8urpllr'l

eprs,r, e8er"ioc 8ur,(o1deq 'elqesuedsrput sr lueurKoldep oro-I:[

uoll€lntuls pue Suqapo4i -uollrnrlsqo luereJJlp Jo slslr3lrn

uorlctulsuoc 'eJn1xe1 'eln1cru1s of anp '{lalerncce lJIpai;

o, ,1t,rg;,p pue xeldruoc sI slueuluorllue roop-ui ut uorp?edo::

,nn^ jo ssecord 1urz,\1eue e{{J 'l}a 'auoqd 'ssecce letualJ

,n q"n", ',!r1enb req8rq pue reqSrq ertnber leql suolleolldde:t'-

I?rluosso sI luouruoJl^Ue JOOpUI eql uI uollstsJoJulJo eJusjn:1*r

eqJ- '.{luepdod Surure8 ,(lprdur sr '(Solouqcel sseleJlr^il

NOII)ncoHrN[ 
'I

'uolluBudord 'rooPu

,(SOil o11s yo 1q311 
'uo1sJna1o1 1e1131p 

'8u11serpsorg - splou 'tay

'acJlcerd u1 ,t1ddu o1 't111;q1sua; aql ^{oqs sllnsar lel}ru

aql '3u;p11nq rgloads n ui uop*8*dord-anum ;o uolluluarugadn

puu uollslnruls otll poluasard raded slql 'uollelntuIs olu

i"u eq oi piau Aaql os sllnsar len1f,e eq] paJJs lt!^{ 
'rla 'uollullElsr

*uu"1u" i1*1ra1*ot 'suollcnrlsqo se qf,ns sJolJBJ auos 'slopflr

uogle?udord aAE.l{ lualaJJlp Jo asn aq1-arlnbar 'tuur sluauruorlrrn

,oopu, u1 uorle8edord alu,t cpeu8utuollJala Jo uollslnuilt

aq1 'd11n;aruc paruro;red aq lsnu suo-Ilelntuls rlleu8uruo:lreF
..airn". i.o, pu* .g111q1seag eql qllft surals,ts renlu u1 '11143

ol ,ip.,o ,r1 'r1, 'rrroqdapl 'ssarlu laulalu! su qrns '{l!tenb leqfio

pu* iaqStq ar'rnber 1uq1 suo11uc11dde roJ lulluosso lnq llnrgJrp rn

sluauuor.r,\ua roopul ul f1lpnb uollsuroJu-r Suynsug -lJoasqt

woupl| ' lounH"{ltstaatu7lDuoltDl\tttDtrtal-1":EolouqcalpuoSuuaaulSuEfo[11staa'tu1
'H'61 3uuo11' 'J ' I ' f-q"f"O ' 'd '- I  'g t{ul-I ' ' I \  '3 8ueql ' 'O'N quv'([ ' I  uel

uIelsAs

uorl€8edor4 roopul sulrads e Jo uolleluerulredxg

pu€ uorl€Inturs ucealeq uosuedluoS ecueuttoJJed



. Maximum diffractions: 4 (SBR). 3 (Eigenray)

. Environments: all

. Terrain: ail

. Indoor: all, facets should usually be double-sided

. Objects: all

. Range: depends on application

. Antenna heights: all
This method can construct ray paths with up to

reflections and transmissions. The comoutation
roughly proportional to

t -
( N , + A / r + 1 ) !

Nrl  x  A/r l
where N, and N, is the number of reflections and the

number of transmissions.
In this section, we set up the Full 3D propagation model in a

three floor building by six following steps:

Step 1: create a building from the realistic architecture design.
This building has three floors with specific characreristics:
- The first floor has an area of 43.8x24- 1051 .Z m2, a floor
lcvel of 0 m and a ceil ing of 3.9 (m).
- The second floor has an area of 43.8x24 + 4x24: 1l4l .2 m2.
a f ' loor lerel ol 3.9 m and a ceil ing of 7.8 (m).
- The second tloor has an area of 1147.2 mt, a floor level of 7.8
n :nd a c-e i l ine of  I  1 .7 (m).

\\ e not onlv use the geometry design of the buiiding, but
: .s . .  i ts  rnater ia l  (see Table 1) .

TABLE I. MA.|ERIAL PARAN'ETERS

\ la ter ia l Dielectric constant Conduction Thickness (m)
Brick 4.44 0.001 0.1 25
Glass 1 A 0.000 0 . 0 1 3

Concrete 1 5 . 0 0 . 0 t 5 0 .100
Wood 5.0 0.000 0.030

Step 2: select the study area which is the whole buiiding (see
F i o  7  t

Fig. l. StLrdy area ofrhe three floor building

Step 3: design the sine rvaveform whose ccntcr iri--.,-tr-:1r.. r:
91 5 MHz and the bandwidth is 200 kHz ( scc Fi. ' r  i  r
Step 4: design thc transmitt ing and recei\ ing i l r i ,-r .r . , : :  . : ,  i . ._-1
are square ioop and dipole ones, respcc:r-. :  .  :
transmitt ing antenna works with the- pt ' . . . : :  _

Step 5. pi:.-e .-. ::.:.. i t::1cr at the center of the building at ::
height oi -<.1 :.-. Reccivers are set up in a pollg.-
configuratirr:-: ,, i  i .-.. j  :::cht of 0.75 m relative to each floor. T-
grid size of the r..-sh :s 1 m (see Fig. 4-6).
Step 6: selecr :he ou:pur parameters. In this work, the receir': _
power ls selected tbr cor e ra_qe calculation.

k$i. {.

.  ; tu iaj

*.tj.tit*r.i"*

Fig. 2. Carrier wave in fiequency and time domains

Fig. 3. Transmitted and rcceived antennas
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Fig. I0. Power and RF gcncrator

The received antenna is a half-wave dipole placed at
height of 0.8 m. We need only one movable receiver :
perform a polygon configuration of receiving as shown in Fir-,
4-6. The receiver is connected to a spcctrum analyzer :
measure the power of the received sienal.
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Fig. 8. Outside (a) and inside (b) ofthe real buildine

In order to evaluate the reliability of the simulation results,
the experimentation was performed with the same conditions.

Transrnitted antenna is a square loop placed at the center of
Fig. I l. Received antenna

*l*Hut,li i* rrf.-a *iii!;,.;r*iri
Fig. 9. Transrnitted anrenna

- I l. Rcceit,ed signal in the spectrum analyzer
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