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Sirenie signalu, modelovanie pohybu

Martin Drozda



Sirenie signalu

15340 m

Vypocitat silu signalu pre dané miesto je vypocCtovo
nemozne.

Zdroj obrazkov: J. Schiller, Mobilkommunikation, SS05, FU BERLIN.



Sirenie signalu

Doteraz sme modelovali Sirenie signalu ako kruznicu okolo

)‘O

... a hranou sme modelovali moznost' posielat spravy medzi
dvoma uzlami.



Odraz nastane, ak objekt ma velkost radovo V&csiu ako
vinova dizka.




Ohyb (difrakcia)

Ohyb nastane, ak sireniu signalu prekaza objekt s ostrymi
hganﬁztml. Radiové viny zmenia svoj smer, ohnu sa okolo
objektu.




Rozptyl

Rozptyl nastane, ak meédium cez, ktore prechadza radiova
vina obsahuje Qb;,ekty é)_orovnate/ne, alebo mensie ako vinova
dizka a pocet tychto objektov je velky. Priklady takychto
objektov su cestne znacenie, stromy s listami, ludia atd.




Viac-cestné Sirenie (multipath)

V realnych podmienkach nastava viac-cestne Sirenie signalu,
kde sa kombinuju javy ako odraz, ohyb, rozptyl, absorpcia.
Tieto javy umoznuju sirenie signalu inac ako len “priamociaro
" (line of sight).




Utim je dosledkom odrazu, ohybu, rozptylu a viac-cestného
Sirenia signalu.

Antenna
-
; : =
L
g T —
— ol W
Si—
Speed __l_’.= é
o i S S

Zdroj obrazku: http://www.tmworld.com/article/509529-RF_fading_simulation.php



Utlm (fading)
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%86% M. Djebbouri et al., Estimation of mobile velocity in Rayleigh fading channel. Electronics Letters,



Rayleighovo rozdelenie

Rayleighovo rozdelenie: Statisticky model pre utim. Rayleighov model
utimu predpoklada, ze sila signalu sa meni (utlmuje) podla Rayleghovho
rozdelenia.

Experimentalne merania na Manhattane ukazuju, ze utlm v mestkom
prostredi je blizky Rayleighovmu modelu.

Ak existuje dominantné Sirenie signalu bez prekazok potom je
Riceanovsky model presnejsi.

Rayleigh distribution:

-------------------

—o0=0.5
—o0=1.0

6=2.0 i
—0=3.0 h
— 0=4.0

Mod: o
Stredna hodnota: o sqrt(1t/2)
Rozptyl: a2 (4-1)/2
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Sila signalu

Jednotky:

W dB relativhe k 1W .
mwW  dBm relativne K 1ImW (“dee bee milliwatt”)

Prevod:

P(dBm) = 10 log (P(MW)/1mW)
P(mW) = 50W

P(dBm) = 10 log (50.10"3) =47.0 dBm
P(mW) = 5mW

P(dBm) =10 log (5) = 6.9 dBm

P(mW) = 1mW

P(dBm) =10 log (1) = 0dBm
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Anteny

Izotropna antena: teoreticka idealna antéena, ktora vyzaruje rovnako
vSetkymi smermi.

Nesmerova (omnidirectional): vyzaruje ,rovnako* vsetkymi smermi.

Smerova: vyzaruje jednym smerom.

Zisk antény: 2ero Gain
ntenna
, . . , C
- Relativne k izotropnej anténe v Db.  Top overage
View

« Zisk antény je definovany ako pomer

Intenzity vyzarovania v danom smere

a vyzarovania izotropnej anteny. Vyjadruje

tiez ,smerovost” anteny.

- Zisk izotropnej antén . (ligh Gain,

0dB = jednotkovy zisk. ol Sirectional
Antenna
Coverage
Crnni Antenna aligned vertically
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LiiRE Zisk antény

2401

210 150
180

Use of directors makes angle
smaller and gain higher.

By using a reflector all the energy appears in only
one hemisphere and that results in a doubling of
radiated energy in this direction or 3dB gain.

Zdroj obrazok: http://www.rfidsb.com/tm/?page id=112



Free-space model Sirenia

Sirenie signalu bez akychkolvek prekazok

_P,G,G3)
P lai= o

Pr(d) = sila signalu_pri prijimaci vo vzdialenosti d od vysielaCa
P: = sila signalu pri vysielaci_ = _

Gt, Gr = zisk. anteny (vysielac, prijimac)

A=vlngvadlzka -~

d = vzdialenost vysielac-prijimac

L = hardvérove sfraty L = 1

A = c/f; ¢ = rychlost svetla; f = frekvencia
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Free-space model Sirenia

P.G,G, )°
(4ﬂ)2 d’ L

P (d)|=

Pr(d) = 4.94 x 10"-7 W = -33 dBm
Pt = 50W bezne wifi -20dBm, teda menej ako 1mW)

Gt Gr = éjednotkovy Zisk)
= 0. 125m (2.4GHz)
d 100m

L=1
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Free-space model Sirenia

~ P,G,G, A"

Pr(d 2
anfd’ L

Receiver sensitivity: -91dBm
Receiver threshold: -81dBm

Distance d = ???
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Two-ray model Sirenia

Vratane odrazu od zeme

vysielac

prijimac
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ht = vyska vysielaca
hr = vyska prijimaca

Predpoklad: d >> h: + hr a perfektny odraz od zeme (bez
rozptylu a absorpcie)
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Nastavenia simulatora

[** Default radio frequencI:%/ %nlts Hz).
public static final double FR

[** Default radio bandwidth (units: bits/second). */

public static final int BANDWIDTH_DEFAULT = (int)1e6; I/ IMb/s

[** Default transmission strenglth I\$I units: dBm
public static final double TRA IT_DEFA = 15.0;

[** Default antenna gain %Jnlts dB).
public static final double GAIN_D FAULT 0.0;

[** Default radio receBtlon sensitivit (unlts dBm).
public static final dou

[** Default radio receBtlon threshold (unlts dBm). */
public static final dou

QUEN Y DEFAULT 2.4e9; /] 2.4 Ghz

le SENSITIVITY_DEFAUL -91.0;

le THRESHOLD_ DEFAULT = -81.0;
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Path-loss matica

Vzdialenostny utim je znizenie sily signalu pocas jeho Sirenia

PL(d|=PL(d,|+10nlog(d/d,)

Odhad vzdialenostného utimu:
dO = referenc¢na vzdialenost

n = exponent (path-loss exponent):

Free space (bez prekazok) 2
Mesto . 2.7-3.5
V budove bez prekazok 1.6-1.8
V budove s prekazkami 4-6

Vo vyrobnej hale 2-3

Tunel moze posobit ako vinovod (waveguide) a mat exponent
mensi ako 2.
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ns3:.:MatrixPropagationLossModel

Ptr<MatrixPropagationLossModel> lossModel =
CreateObject<MatrixPropagationLossModel> ();

lossModel->SetDefaultLoss (200); // set default loss to 200 dB
lossModel->SetLoss (nodes.Get %O)->Get0bject<MobilityModeI> 0,
nodes.Get (1)->GetObject<MobilityModel> (), 50); // set symmetric
loss 0 <->1to 50 dB

lossModel->SetLoss (nodes.Get g2)->GetObject<MobilityModeI> 0,

nodes.Get (1)->GetObject<MobilityModel> (), 50); // set symmetric
loss 2 <->1to 50 dB

MatrixPropagationLossModel: nie je zavisly od vzdialenosti
DalSie:

TwoRayGroundPropagationLossModel
FriisPropagationLossModel: Free space model
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Ptr<TwoRayGroundPropagationLossModel> lossModel =
CreateObject<TwoRayGroundPropagationLossModel> ();

wifiChanneI->SetPropagationLossModeI(IIossI\/IodeI
wifiChannel->SetPropagationDelayMod

<ConstantSpeedPropagationDelayModel> ());

A este nastavit’ potrebne parametre:

double
double

double

void
void
void

void

GetFrequency (void) const

GetMinDistance (void) const

GetSystemLoss (void) const
SetFrequency (double frequency)
SetHeightAboveZ (double heightAboveZ)
SetMinDistance (double minDistance)

SetSystemLoss (double systemLoss)

el (CreateO

TwoRayGroundPropagationLossModel
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Vzdialenostny utim v budove
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1998

o = smerodajna odchylka vzdialenostného Gtimu
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http://www.sss-mag.com/

....STU

SR Vzdialenostny utlm v budove

_ =b n=95
130 :
s 0 - Same Floor
120 0  OneFloor s '3 -
r - Two Floors A smm -7 n=4
110 o ThreeFloors s :xll- oFa
] -~
100 F f=0914MHz ' arp,@ﬁ.o ©
- _ . _
E 90 | n=4.33% ‘ ...[J.I;UHD 00 n=J
g:: + 0 =13.3dB 0 “D‘E], DQJ
L 80 | o 00%0
- 0« 0 n=2
£ 70} - 0% 8
o -7 o &9
60 B Hf"'" O o DO
50 o J," 0 0 n=1
T S
30 ,.A!f . | . P | L 1 TR S T N
1 2 3 4 56 10 2 3 4 5 6 100

Transmitter—Receiver Separation (m)

Zdroj: www.sss-mag.com/indoor.html#tutorial, 1998


http://www.sss-mag.com/

Modely pohybu

Realistické modelovanie pohybu:
* Individualne modely: kazdy uzol je modelovany zvlast.

. %I%upinové modely: modeluje niekolko uzlov ako jednu
entitu.

Mnoho modelov pohybu je uz implementovanych v sietovych
simulatoroch.
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Random walk

Ciel bolo namodelovat’ vyrazne nahodny pohyb.

Uzly sa pohybuju z terajse| lokacie do novej tak, ze si
nahodne zvolia smer a rychlost.

O=-Tl... +TT
speed = speedmin ... Speedmax

Nova lokacia je zvolena bud po danom Case alebo
vzdialenosti.

Model nema pamat: nepamata si predchadzajuci pohyb.
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Random waypoint model

Uzly sa pohybuju z terajSej lokacie do novej tak, ze si
nahodne vyberu novu lokaciu a rychlost.

new (x,y) = vramci simulovanej plochy
speed = speedmin ... Speedmax
pause = pausemin ... pausemax

Nova |okacia je zvolena po dosiahnuti terajSej lokacie. Na
lokacii je mozné zotrvat (pause).

Model nema pamat: nepamata si predchadzajuci pohyb.
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Random waypoint model: vlastnosti

1. Zhlukovanie uzlov v strede.

éo?mal ovanie uzloyv: eX|stu+e velka pravdepodobnost, ze
SI uZol zvoli dalekl lokaciu a zaroven nizku rychlost.

Chrlstlan Bet s}etter Hannes Hartenstein, and Xavier Pérez-Costa. Stochastic Praoperties of the Random
t\)/ oint Mobility Model. ACM/Kluwer eless Netwarks, Special Issue on Modeling and Analysis of
Networ s vol. 10 no. 5, pp. 555-567, Sept 2004.
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Random direction model

Uzly si zvolia nahodny smer.
a=0... +T7
Model nema pamat: nepamata si predchadzajuci pohyb.

Ziadne zhlukovanie v strede.
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Simulovana oblast bez hranic

Po dosiahnuti hranice sa uzol zjavi na druhej strane.

Ako modelovat Sirenie signalu v tomto pripade?

(O’ Ymax) (Xmax’ Ymax)

Closed coverage area |[———

(O!O) (Xmaxao)
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Gauss-Markov model pohybu

Sﬂ — C{Sﬂ—l _l_ (] o C{)E _l_ \/(1 - (XZ)SIH—I

ﬂ,’” — C{dﬂ_[ _l_ (1 T (I)J_F \/(1 T (xz)izxn—l

Sn = rychlost pre krok n

d» = smer pre krok n

d = odraz od hranice (v radianoch)

Sy | ,d x. ., = nahodné premenné s normalnym rozdelenim

a=0, Brownovsky pohyb

a=1, priamociary pohyb
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arovanie, rozdielne rozdelenie najkratSich ciest,

priemeru atd. I8)osledok: INnd vykonnost protokolov.
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Exponential correlated random mobillity
model

! 1\ 2
b(t+1)=b(t)e t + J\/l — (e?) r

T = parameter zmeny (konsStanta)

r = nahodna premenna s normalnym rozdelenym a
Standardnou odchylkou o

b(t) mbze byt uzol alebo skupina uzlov
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Exponential correlated random mobility
model
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Uzly sa pohybuju spolu v skupinach.

Kazdy uzol pouziva Random walk model na pohyb okolo
centra skupiny.



Statické siete
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ConstantPositionMobilityModel

NodeContainer nodes;
nodes.Create(2);

for (size_ti1=0;1<2; ++i){
nodes.Get(i)->

A(\:g greg ateOb!ect

(CreateObject<ConstantPositionMobilityModel> ());

Ptr<MabilityModel> mobility = nodes.Get(i)->
GetObject<ConstantPositionMobilityModel> ();

Vector pos = mobility->GetPosition();

pos.x = 1.0;
pos.y = 10.0;

mobility->SetPosition(pos);
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Figures etc. in this presentation adapted from this paper.
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