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MOdeIS Of MObiIity University of Freiburg
Random Waypoint Mobility Computer Networke and Telemation
[Johnson, Maltz 1996] Model Prof. Christian Schindelhauer
» move directly to a randomly chosen destination
> choose speed uniformly from [Vmins Ymax]
» stay at the destination for a predefined pause time
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Random Wayp0int University of Freiburg

Institute of Computer Science
Computer Networks and Telematics

COnSidered HarmeI Prof. Christian Schindelhauer

[Yoon, Liu, Noble 2003]

» move directly to a randomly chosen
destination

» choose speed uniformly from [Vmins Vmax]

» stay at the destination for a 12
predefined pause time

10

> Problem: ®

- If v,,;,=0 then the average speed 6

decays over the simulation time

Average Speed (m/s)
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,A\ Random Waypoint e S0
Considered Harmful O rel, Chrisian Schindeauer
» The Random Waypoint (V ..,V ... T...it)-Model
— All participants start with random position (x,y) in [0,1]x[0,1]
— For all participants i € {1,...,n} repeat forever:
e Uniformly choose next position (x’,y’) in [0,1]x[0,1]
* Uniformly choose speed v, from (V,,,, V
* Go from (x,y) to (x’,y’) with speed v,
e Wait at (x’,y’) fortime T
* (Xy) < (XLy)
»What one might expect
— The average speedis (V. + V. .,)/2
— Each point is visited with same probability
— The system stabilizes very quickly
» All these expectations are wrong!!!
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A\ Random Waypoint

Considered Harmful

» What one might expect

— The average speed is
(Vmin + Vmax)/2

— Each point is visited with same
probability

— The system stabilizes very quickly

» All these expectations are wrong!!!

Mobile Ad Hoc Networks

> Reality

— The average speed is much smaller
e Average speed tends to O for

Vmin =0

University of Freiburg

Institute of Computer Science
Computer Networks and Telematics
Prof. Christian Schindelhauer

— The location probability distribution
is highly skewed

— The system stabilizes very slow

> Why?

e ForV

min

= 0 it never stabilizes
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University of Freiburg

Random WayPOint ConSidered HarmeI Institute of Computer Science
The average speed is much sma"er Computer Networks and Telematics

Prof. Christian Schindelhauer

» Assumption to simplify the analysis:
1. Assumption:

» Replace the rectangular area by an
unbounded plane

» Choose the next position uniformly
within a disk of radius R, with
the current position as center

2. Assumption:
» Set the pause time to O:

Twait =0
» This increases the average speed b | - -
» supports our argument Pause time = 30 sec
10 | Pause time = 120 sec

Instantaneous Average Speed (m/s)
(@)}
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: : University of Freib
Random Waypoint Considered Harmful piversity o1 F Teiburg

Institute of Computer Science
The average speed is much sma"er Computer Networks and Telematics

Prof. Christian Schindelhauer

» The probability density function of speed of each node is then for

‘/min < v < va ax

> given by 1
‘/max — ‘/min

> since f,(v) is constant and

‘/Illﬂx

fv(v) dv=1

V= ‘/llli n
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A

. . Uni ity of Freib
Random Waypoint Considered Harmful Institute of Computer Scionce
The average speed is much sma"er Computer Networks and Telematics

Prof. Christian Schindelhauer

» The Probability Density Function (pdf) of travel distance R:

27
fR(7) — RZ— for 0 S r S Rmax

‘max

» The Probability Density Function (pdf) of travel time:

fs(s) =

Mobile Ad Hoc Networks

(2 V2 V2 ViV, Rinax
SR?nax( max T Vmin T Vmax min) ) 0<s< Vo
‘/'3
2Rmax 1 — 2 min S Rmax < S < Rmax
[’ , —_— — .
3( max — | min) s? 3‘R?nax(imax - [’min) Vmax Vimin
Rma,x
O 52 Vom -
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Random Waypoint Considered Harmful
The average speed is much smaller

» The Probability Density Function (pdf) of travel time:

University of Freiburg

Institute of Computer Science
Computer Networks and Telematics
Prof. Christian Schindelhauer

( 28
3R2 (VH213,X + Vrﬁin + Vmamein) ’ 0 S S S ‘R;;n::
max
3
fS(S) = < 2R max 1 B 2Vmin Rrax < . < R
3(Vmax _ Vmin) 32 3R?nax(Vmax — Vmin) , Vimax — Vmin
\ O S 2 %
A
fs(s)
i\ E[S] _ 2Rmax In (‘/max>
\\ 3(‘/111a.x — V;nin) ‘/min
N
S
\\\ Vmin=0
R Rinax >
Vmax len S
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A

Random Waypoint Considered Harmful
The average speed is much smaller

» The average speed of a single node:

7

Mobile Ad Hoc Networks

1 T
lim — //‘ v(t)dt
Jo

T — 00
K(T)
1Tk
lim k=1
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University of Freiburg

Institute of Computer Science
Computer Networks and Telematics
Prof. Christian Schindelhauer
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MOdeIS Of MObiIity University of Freiburg

Institute of Computer Science

PrOblems of Random Waypoint Computer Networks and Telematics

Prof. Christian Schindelhauer

» In the limit not all positions occur with
the same probability

> If the start positions are uniformly at
random

— then the transient nature of the e

probability space changes the

0.008
simulation results

0.006
> Solution:

— Start according the final spatial
probability distribution

0.004

0.002
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Models of Mobility o

. . University of Frellburg

Gauss-Markov Mobility e i

[Liang, Haas 1999] MOdel Prof. Christian Schindelhauer

» adjustable degree of randomness
> velocity: Vp = aUp_1 + (1 — @) + V1 — a2vx, .
> direction:

direction d, = adp_1+ (1 — a)d+ - /1 — o2dx, .

t t

tuning factor mean .
9 random variable

gaussian distribution

600 T
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[Camp et al. 2002]
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,A\ Models of Mobility

City Section and Pathway

» Mobility is restricted to pathways
— Highways
— Streets
» Combined with other mobility models
like
— Random walk
— Random waypoint
— Trace based

» The path is determined by the shortest
path between the nearest source and
target

Mobile Ad Hoc Networks

University of Freiburg

Institute of Computer Science
Computer Networks and Telematics
Prof. Christian Schindelhauer

A

Y

Y

Y
Y

4

[

4
4

Y

Y

Y
Y

04.07.2007 11th Week - 13



M Odels Of M Q) bi I ity: University of Freiburg

Institute of Computer Science

mgm Computer Networks and Telematics

G rO U p' M O bl I Ity M Ode I s Prof. Christian Schindelhauer

» Exponential Correlated Random

— Motion function with random
deviation creates group behavior

» Column Mobility
— Group advances in a column
® e.g. mine searching
> Reference Point Group .
— Nomadic Community Mobility feader
e reference point of each node is
determined based on the

general movement of this Ry
group with some offset

— Pursue Mobility
* group follows a leader with

o®e
some offset

memberl ]
member2 ;
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MOdeIs Of MObiIity University of Freiburg
Combined Mobility Models oompLEZ?:E%?hﬁ;%2253;?2%2222
[Bettstetter 2001] |

fluid flow
analytical description ] . . aggregated movement |+ I/ -
[ micro mobility behavior | gravityftransport
simulation T ‘
1 - - 1 individual usersl
application . macro mobility <3 .
\ evel of detai A —
\ L | , delete and
Mobility model . dimension random walk | | replace
) [ | ‘ wrap-around l [ bounce back]
degree of randomness 10 { 20 l 3D | ]
’ ) I ‘ ' : ' | Bc’de’r behaviour
deterministic hybrid random e
approach approach ‘ mObI|l'ty maodel | ‘
determinism in choose destination needed for
real mobility . — . ! r '
trace space domain = time domain choose chocse
y ( point direction
: \
street, office movement event triggered needed for needed 1or
bounded by envircnment mavement - L
. change speed change direction
ethed methed
’ change speed | <7 ' i
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[ , ' | | o ]
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Mobile Ad Hoc Networks

04.07.2007 11th Week - 15



Models of Mobility:

University of Freiburg
Institute of Computer Science
Computer Networks and Telematics

N O n - Recu rrent M Ode I S Prof. Christian Schindelhauer

> Kinetic data structures (KDS)

— framework for analyzing algorithms on
mobile objects

— mobility of objects is described by pseudo-
algebraic functions of time.

— analysis of a KDS is done by counting the
combinatorial changes of the geometric
structure

» Usually the underlying trajectories of the
points are described by polynomials

— In the limit points leave the scenario

» Other models
[Lu, Lin, Gu, Helmy 2004]
— Contraction models
— Expansion models
— Circling models
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MOdeIS Of M Obi I ity: University of Freiburg

Institute of Computer Science
= mgm Computer Networks and Telematics
PartICIe Based MObIIIty Prof. Christian Schindelhauer

» Motivated by research on mass
behavior in emergency situations

— Why do people die in mass panics?
» Approach of [Helbing et al. 2000]

— Persons are models as particles in
a force model

— Distinguishes different motivations
and different behavior

¢ Normal and panic
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MOdeIs Of MObiIity: University of Freiburg
,A\ Particle Based Mobility: Gomputer Networks and Telematis

Prof. Christian Schindelhauer

Pedestrians 0
> Speed: Ui(t) r— #
— f: sum of all forces
— &: individual fluctuations dvi(t)
> Target force: my - dt fi(t) +&() .
— Wanted speed v° and direction e°
> Social territorial force v?e? — v;(t)
Ty
> Attraction force (shoe store)
rij— i 1 g
R T R

» Pedestrian force (overall):

XLy t) — x;:(t
fz_ajtt(t) = —C; N nij(t) — (t) j( )

d;i(t)

v ()e? — V;
fity = U (f.) i) 4 v £+ SO SO+ 17 @)
t Eal jFi k b
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MOdeIs Of MObiIity: University of Freiburg
Particle Based Mobility: Computer Networke and Telematios
Pedestrians Prof. Christian Schindelhauer

» This particle based approach predicts the

reality very well ~e
— Can be used do design panic-safe areas O O O O
> Bottom line:
— All persons behave like mindless b
particles
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MOdeIs Of MObiIity University of Freiburg
,A\ Particle Based Mobility: Gomputer Networks and Telematis

Prof. Christian Schindelhauer

Vehicles
» Vehicles use 1-dimensional
space .
» Given
. . 4
- relative distance to the
predecessor = 3T
— relative speed to the E af
predecessor =
o L p
» Determine g .
— Change of speed D
2 1
5
M _2 5
3F
_4 |- 1 |A |A 1 .
0 10 20 30 40 50 60

Netto Distance (m)
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Particle Based Mobility: Computer Networke and Telematios

Prof. Christian Schindelhauer

! Models of Mobility: Sniversity of Feiburg

Pedestrians

» Similar as in the pedestrian model
dv;(t)

dt

= 2+ Fii(zi(®), v (), 25 (), v () +&(t)
JFi
Each driver watches only the car in front of him

No fluctuation '
dUle(ft) = fP)+ fiim1 (@i(t), vi(t), 21 (), vi—1 (1))

s(v) = d, + T, v;, d, is minimal car distance, T, is security distance
h(x) = x, if x>0 and O else, R, is break factor
s;(t) = (x;(t)-x;_4(t)) - vehicle length

Y V

YV V V V

() _ .0 ' N si)=s(v)
> where fiilq= Vilt) — vy _ szh(/A%)e R;

i) —s(oy0)
Vi(t) = of ((1 TR )
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A\ Models of Mobility

Relative Velocity (m/s)

University of Freiburg

- = H Institute of Computer Science
Pa rtl CIe Based M O bl I Ity: Computer Networks and Telematics
Prof. Christian Schindelhauer

Vehicles
Reality Simulation

with GFM

MR

Rel@ative Velocity (/s)
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Thank you!
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CoNe
Freiburg

University of Freiburg
Computer Networks and Telematics

Prof. Christian Schindelhauer
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