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Mobility Generation
RAPHICAL PATTERNS - EXAMPLE

igy @Roadmaps [Martinez]

CityMombnfﬁ”r_ Roadmaps

C4R

It is a mobility generator software based on real
roads (www.openstreetmap.org), which can be
chosen for the considered coverage area.

[Martinez] Martinez, F.J., Cano, J.-C., Calafate, C.T., Manzoni, P., “CityMob: A Mobility
Model Pattern Generator for VANETs”, IEEE ICC Workshops.




Mobility Generation
GEOGRAPHICAL PATTERNS - EXAMPLE

to move, left double click or mouse wheel to zoom.
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Mobility Generation

RAPHICAL PATTERNS - EXAMPLE

'f;moshava-titymofor |E X
File Simulate Tools WView Help

Wizard progress

This panel allows you to add random vehicles in the
network. The vehicles will be deployed in the whole
network according to the existing downtowns weight.

There are three parameters. The first one "Vehicles
number” is the number of random vehicles that will be
deployed. The second parameter "Downtown Rate"” is the
rate of vehicles that will be deployed in the downtown.
This parameter must be between 0 and 1. 0 means that
the vehicles will be deployed uniformily in the whole
network and 1 means that all the vehicles will be
deployed in the different downtowns. Finally, the third
parameter is the random vehicles departure time in the
simulation.

If you do not want to add random vehicles just click
"Hext".

Vehicles Number th
Downtown Rate 02 E
Departure (s.) UE

Position (2.041,67, 42 ‘ SLECE! H el ‘ | Loncel |




Mobility Generation
GEOGRAPHICAL PATTERNS - EXAMPLE

|E ol l X

Wizard progress
. Step 4 of 5

Please, select a mobility model

(® KrauB modified (default)
) Kraul
) P.Wagner 2009

) Kerner
) IDM

Acceleration (m/s?) EE
Deceleration (m/s*) EE
Sigma EE
Tau (s.) EE

1219

i

Sp— :-r""-,\-:-
|0
l ]J\ A The KrauB model with some modifications
»J\r' Hy 1 which is the default model used in SUMO.
*"}53; % Click on the links below for further
e information.
Krauss_1998_1

Krauss_1998_2

A
\
'
P

'E

Position (1.633,33,-264,22 ‘ SECES H Next >| ‘ | ELTEE |

-_ |




Mobility Generation

APHICAL PATTERNS - EXAMPLE

I r ostrava_l.tcl - Blocco |EE¢

File Moedifica Formato Visualizza 7
¥ # This file was parsed with Citymob for Roadmaps (C4R) version 1.0#

|3

#Node 0 = random_undefined_0_0%node_(0) set X_ 2094.08%node_(0) set v_ 476.42%node_{0) set Z_ 0.0 B
#Node 1 = random_undefined_1_0%node_(1) set X_ 2354.33%node_(1) set Y_ 310.05%node_(1) set Z_ 0.0

#Node 2 = random_undefined_2_0%node_(2) set x_ 99.87%node_(2) set v_ 587.89%node_(2) set Zz_ 0.0

#Node 3 = random_undefined_3_0%node_(3) set X_ 2363.95%node_(3) set Y_ 307.37%node_(3) set Z_ 0.0

#Node 4 = random_undefined_4_0%node_(4) set ®_ 2345.17%node_(4) set v_ 949.64%node_({4) set Z_ 0.0

#Node 5 = random_undefined_5_0%node_(5) set X_ 282.65%node_(5) set v_ B17.64%node_(5) set Z_ 0.0

#Node & = random_undefined_6_0%node_(6) set X_ 1758.46%node_(6) set Y_ 577.04%node_(6) set Z_ 0.0

#Node 7 = random_undefined_7_0%node_(7) set X_ 2183.79%node_(7) set v_ 502.41%node_(7) set Z_ 0.0

#Node 8 = random_undefined_8_0%node_(8) set X_ 269.04%node_(8) set v_ B803.35%node_(8) set Z_ 0.0 L
#Node 9 = random_undefined_9_0%node_(9) set X_ 118.54%node_(9) set v_ 128.36%node_(9) set Z_ 0.0 =

#Path Snode_(0) = random_undefined_0_0%ns_ at 0.0 "$node_(0) setdest 2093.740012487098 477.4556198583798 1.0899999999999674"%ns_ at 1.0 "%$node_{0) setdest 20
t 2073.5232046030173 545.5244995463597 15.01581858386642"%ns_ at 12.0 "%node_(0) setdest 2066.7166037104716 549.5737691458795 7.919999999999944 " Ins_ at 13.0

ns_ at 23.0 "$node_(0) setdest 1979.7939197180392 541.0197552749157 6.990000000000066"%ns_ at 24.0 "$node_{0) setdest 1972.0109689989022 538.6697386572117 8.
L 71697822571014 17.22038139989768"%ns_ at 35.0 "$node_(0) setdest 1840.9346256293325 499, 27201249728455 8.219884391967515"%ns_ at 36.0 "$node_(0) setdest 183
"$node_(0) setdest 1711.9689382602492 462.B8689889286944 9.519999999999843"%ns_ at 47.0 "$node_{0) setdest 1704.8219968849603 460.4978860253633 7. 530000000000
585 10. 660000000000029"%ns_ at 58.0 "$node_(0) setdest 1600.4868781720213 424. 446768821255 19.673592572248943"%ns_ at 59.0 "$node_{0) setdest 1590.1630372963
setdest 1462.0612339239644 369.06211928455133 14, 246403258255244"%ns_ at 70.0 "$node_(0) setdest 1449.4070148702365 363.9441860942618 13.64999999999995"$ns_

50000000000135"%ns_ at 81.0 "$node_(0) setdest 1307.7203504884594 318.66266622232337 13.809999999999915 " $ns_ at 82.0 "$node_(0) setdest 1294.5179664531222 31
dest 1142.7416929833369 278.52782213957624 24.0397699325939255"%ns_ at 93.0 "$node_{0) setdest 1131.6495335068382 270.58971164979823 13. 64000000000008"%ns_ at
42 13.450000000000005"%ns_ at 104.0 "$node_(0) setdest 1005.9500428208664 172. 8008608331129 23.200025551125457"3%ns_ at 105.0 "$node_(0) setdest 995.395609677.
st B88.7688165944278 B0.23735063785132 13.719999999999972"%ns_ at 116.0 "%$node_(0) setdest 878.0410013192026 71.7648728762608 13.67000000000006"$ns_ at 117.0
9999971 "fns_ at 127.0 "$node_(0) setdest 794.8908058826796 189. 700986244735175 13.849999999999982"%ns_ at 128.0 "fnode_{0) setdest 783.9966784580314 209.99621
#Path Snode_(1) = random_undefined_1_0%ns_ at 0.0 "$node_(1) setdest 2353.0054525598275 309. 5965972224026 1.4000000000001247"%ns_ at 1.0 "$node_(1) setdest 2
2307.9286648654397 247.5259645679489 £.150000000000023"%ns_ at 12.0 "$node_(1) setdest 2313.360721460062 241.53906193519177 &.08999999999982"%ns_ at 13.0 "In
"fns_ at 23.0 "$node_(1) setdest 2295.4450005081106 186.5508916712744 5.637324224248126"%n5_ at 24.0 "$node_(1) setdest 2288.9046480278694 181.B857686827271 8
2.87296013672962 7.91000000000004"%ns_ at 35.0 "$node_{1) setdest 2228.227020533842 106.764022020548 7.830000000000047"%ns_ at 36.0 "$node_(1) setdest 2219.4
tdest 2161.8452930468975 61.615805377131025 10.139999999999862"%ns_ at 47.0 "$node_(1) setdest 2154.5670406815557 ©9.99655966934111 11.100000000000067"3%Nn5_ a
8000000000012 %ns_ at 58.0 "fnode_({1) setdest 2062.250656864013 195.14165988127831 13. 8699999999998 "%ns_ at 59.0 "$node_(1) setdest 2054.815657885705 206.37
993. 0172748777021 347.63699586042367 23.20835205509569"%ns_ at 70.0 "$node_(1) setdest 1987.0698125089186 359.69309513842654 13.719285450478006"%n5_ at 71.0

02292409873"%ns_ at 81.0 "%$node_(1) setdest 1952.5348370331865 458.04126717975385 13. 560000000000022"%ns_ at 82.0 "$node_(1) setdest 1938.69604092215212 453.6
413947 474.59766861220214 11.23"%ns_ at 93.0 "$node_(1) setdest 1863.871919361238 483.13770709692096 9.230000000000052"%ns_ at 94.0 "$node_(1) setdest 186l.1
ode_(1) setdest 1764.384172631305 476.84468903249416 13.590000000000082" " $ns_ at 105.0 "$node_(1) setdest 1751.1523548122777 473.1797337525396 13.729999999999
08145407439 5.3899999999999935"%ns_ at 116.0 "$node_(1) setdest 1666.B8038015018853 446.5005573228312 ©.410000000000112"%n5_ at 117.0 "$node_(1) setdest 1659.
at 127.0 "$node_(1) setdest 1534.5081353755427 398.31481731893456 13.74431817740803"%ns_ at 128.0 "$node_(1) setdest 1522.0227642093216 393.313248863154 13.4
00158056533 342.2535175699035 13.B79864140678968"%n5_ at 139.0 "$node_(1) setdest 1382.7762270017322 337.3317361840561 13.539999999999994"$ns_ at 140.0 "%nod
000000000032"%ns_ at 150.0 "$node_{1) setdest 1236.0661848408045 309.72809555150496 13.509999999999959"%ns_ at 151.0 "$node_(1) setdest 1222.6606334305668 30
de_(1) setdest 1123.4930555340172 264.7525233644262 9.74999999999991"%ns_ at 162.0 "Inode_(1) setdest 1115.0275584555457 258.6941853733273 10.410000000000165
23.19002555155678"%ns_ at 173.0 "%node_(1) setdest 992.6567599839161 162.28465174094944 13.629994495050532"%ns_ at 174.0 "$node_(1) setdest 981.9210970018328
1) setdest B74.0882433513441 69.35300444227492 13.52"%ns_ at 185.0 "$node_({1) setdest B62.54100981843245 64.56258554430119 13.337472009003028"¢ns_ at 186.0 "%
999999974 " $ns_ at 196.0 "$node_{1) setdest 782.5925095988308 212.64731110455918 22.93644652828363"%ns_ at 197.0 "$node_{1) setdest 771.7147506799487 233.0778
608.012799745916 289.59744410212386 8. 310000000000077"$ns_ at 208.0 "$node_(1) setdest 691.1883235592163 285.86181500153486 7.779999999999922"¢ns_ at 209.0 "
$ns_ at 219.0 "$node_(1) setdest 613.4787675978107 243.32461936899256 8.169999999999982"%ns_ at 220.0 "$node_(1) setdest 606.2858749588726 239.3873239159296

6 200.65778108128848 §&.32000000000007"%ns_ at 231.0 "$node_(1) setdest 528.6114062786326 196.86933460267056 7.88999999999998"%ns_ at 232.0 "fnode_({1) setdest
#rath $node_(2) = random_undefined_2_0%ns_ at 0.0 "$node_(2) setdest 100.97310813770575 587.0945426243177 1.3600000000000063"%ns5_ at 1.0 "$node_(2) setdest 1
est 120.6810642510742 512. 7358679654897 &.000022332257925"%ns_ at 12.0 "$node_(2) setdest 125.03026701302244 506.297130873834 7.770000000000017" " $ns_ at 13.0

1022288"%ns_ at 23.0 "$node_(2) setdest 207.89938534761100 465.9012428219308 13.210000000000004"%ns_ at 24.0 "$node_(2) setdest 214.1697926131985 454.1070737.
0000000000018 %Nns_ at 36.0 "$node_(2) setdest 295.2885560833958 419.85 8.069999999999993"%ns_ at 37.0 "$node_(2) setdest 303.2985560833958 419.85 B8.009999999
node_(2) setdest 338.44723777966766 374.01035465059186 B.149999999999991"%ns_ at 49.0 "$node_(2) setdest 345.4396882911728 363.2527799720032 12.8304238870451
000000000125"%ns_ at 60.0 "$node_(2) setdest 401.3558626934813 375.1603548808844 5.099999999999979"%ns_ at 61.0 "$node_(2) setdest 406.18064260323393 376. 560
5.1901260323742 7.8999999999999515"%n5_ at 72.0 "$node_(2) setdest 452.1493958555276 318.3993752737906 7.7400000000000455"%n5_ at 73.0 "$node_(2) setdest 456
_(2) setdest 494,7396752435153 240.52508104486586 7.999999999999984"fns_ at 84.0 "%$node_(2) setdest 498.4584073892669 233.72555670649083 7. 750000000000025"%N
9999999999922 "$ns_ at 95.0 "$node_(2) setdest 568.0835673838606 214.7075428683305 B.29000000000006"3%ns_ at 96.0 "$node_(2) setdest 575.3815673977701 218.7027

-
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Mobility Generation

Once the patterns coordinates have been
created, they can be used for the desired
purposes. In our fields of research,
mobility patterns have to be analyzed
accurately.
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pbility Analysis and Prediction

ecall what previously exposed:

Bandw1dth Management

Passive Reservation Issues

MREESEORIl <the time spent in each cell has to be
consu:iered (Cell Stay 11me - CST);

fiiimber of hand-6Ver events has to be evaluated,
i & coverage network cafi know how many cells a
mobile host will visit;

3) For 2D scenarios, the exact cells that a mobile host
will visit need to be 1dentified.

Let us see how mobility can be “generated” and, then,
analyzed.

How can the CST be
evaluated?

How can the number of
h.o. be evaluated?

What cells will a mobile
host visit?




Mobility Analysis and Prediction
How to evaluate the CST

NaneEnensional case: depending on its mobility

characteristics, a single user may not visit all the cells of
the system:

CST can be evaluated by observing users mobility

through simulations campaigns, considering the time

spent by a single user under a cell coverage area.




Mobility Analysis and Prediction

How to evaluate the CST - simulation campaigns

SERRRETRsRsanal case: for each cell of the system the
hand-in arrival and hand-out departure times are stored.

| cstAP_MDP - Blocco || cstAP_MDP - Blocco no || cstAP_MDP - Blocca n | | cstAP_MDP - Blocco no

File Modifica Fermato File Modifica Formato V| File Modifica Formato
RN - 712737 227613 988308, 227613,
go12ea. - 987996, 1307412, 1426295, 1307412,
. 268387, .264552, . 268387,
871921, 1895921,
1725946, 320282,
651280,
.358412,

.453134,
. 525827,
. 066223,
. 603573
. 345217,

27.594889, .1J6652 27 49868.‘: .1‘6652

Cell e e (ell3 Cell4 Cellb




Mobility Analysis and Prediction

How to evaluate the CST - simulation campaigns

ERENsNsIonal case: for each run of simulation

campaigns the obtained results are averaged.

ean = 118.0354172 = 118.350623
mean ean = 118.62693443

nce = 1.031914 nce = 1.53113

(1 1] [ [ 11 ] ]
11?4 11?6 1178 118 1182 1184 11 B 116 17 118 119 120 121 115 116 117 118 119 120 121 122

GAUSSIAN DISTRIBUTIONS CAN BE CONSIDERED:!




lobility Analysis and Prediction

) evaluate the CST - simulation campaigns

or of cells that a user will probably visit can be
evaluated as follows:

The value of Cp is used only for a quantitive purpose
and the assumption of a CST normally distributed has
been verified through a KS-test.

WHAT ABOUT 2D ENVIRONMENT?




Mobility Analysis and Prediction

From 1D to 2D
et tis now consider real scenarios (2D):

Are there new issues?




fobility Analysis and Prediction

From 1D to 2D

on campaigns have been carried out in order to
aluate ' 5T ¢ istribution

., " \_ | The same considerations
|- 'S of the previous case (1D)
L |f il E H | ;.J”I‘ [ }: can be made for 2D
R e e ah e models (like RWP and
- Y - T SR). The hypothesis of
= R | Gaussian distribution is
/( Tk | __ 4 1 still valid.
oAU o

What is the new issue?



lobility Analysis and Prediction
From 1D to 2D

Snowledge is not enough for users description
i a 2D environment, because it gives only a
antitative knowledge of the number of cells that a
' user will visit.

The possibly preferred movement directions of users must be
taken into account, so a qualitative analysis becomes feasible.




fobility Analysis and Prediction
From 1D to 2D

LITATIVE ANALYSIS IS NEEDED IN 2D?
C )
® o
8 0 N S B ey

\‘e& . C=3> C=18

C=4> C=36

The number of cells on which the reservations must be made
increases in polynomial way, following the illustrated rule: the
bandwidth wastage is not negligible (for Cp=5 we have
Cr=60!!!).




lobility Analysis and Prediction
From 1D to 2D

SEATIVE ANALYSIS IS NEEDED IN 2D?

The number of

passive reservations
. is drastically reduced
. because the circular
reservation is not
needed now, since
directional
information is
available.
| 5(01%Y CAN
DIRECTIONAL BEHAVIOR
BE ACCOUNTED FOR?




Mobility Analysis and Prediction
DIRECTHONAL ANALYSIS IN 2D SCENARIOS

There are many works in literature which use many
£/ 77 ® ® ®
tools” to account for directional behaviors:

NEURAL NETWORKS e Ll

MMM M

MARKOV CHAINS

SWARM
INTELLIGENCE

ANALYTICAL AND STATISTICAL TOOLS




Mobility Analysis and Prediction
A PRACTICAL EXAMPLE

Coverace arcas can be approximated throueh n-side
O O

regular polygons and n directions can be considered:

Then a nxn matrix can be considered, where the rows
indicate the hand-in directions and the columns the
hand-out directions; the elements are defined as:

M) =P, =Pampls))=plont 1o y€ S, 1=1;+CS T/ in from x€S,, 1=h)




nalysis and Prediction
CAL EXAMPLE (n=6)

of the matrix M can be obtained?




fobility Analysis and Prediction
‘A PRACTICAL EXAMPLE (n=6)

¢ clements of the matrix M can be obtained?

All the elements are averaged on the number of mobile host




Mobility Analysis and Prediction
A PRACTICAL EXAMPLE (n=6)

2 3
10.0244 '10.2779

'0.0132 '0.0399

10.0430 '0.0125 50.0521

0.2798 10.0249 0.0248

S 0.3743 in.n44n§ 0328 10.0127

0.0318 10.0426 10.5094 0.0427

M(5,2)=0.5094

All the elements are averaged on the number of mobile host




fobility Analysis and Prediction
‘A PRACTICAL EXAMPLE (n=6)
IOW TO USE THE MATRIX

6 |0.0318 004 6 0"?094 0 3769 0047lr 0014‘?

HOW MANY NEIGHBORS DO WE WANT TO CONSIDER?

1 = Reserve on next cell on direction d,
2 = Reserve on next cells on directions d, and d,

3 = Reserve on next cells on directions d, d, and d,




fobility Analysis and Prediction
'A PRACTICAL EXAMPLE (n=6)
[OW TO USE THE MATRIX




