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Utilisation des outils dans la conception
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Outils

WSim : simulation de la plate-forme matérielle

Simulation précise en temps

Plateforme complète

Intéraction avec WSNet pour la simulation du réseau

Utilise le binaire final de l’application

WSNet : Simulateur de réseau radio

Simulation événementielle

Utilisation du simulateur pour les couches physique et radio

Fonrtend UDP/IP (multicast)

WSNet + WSim : complete distributed system simulation
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WSim : boucle de simulation
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WSim : boucle de simulation
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WSim : boucle de simulation
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WSim : boucle de simulation
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Simulation précise à l’instruction
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Gestion des fréquences des micro-contrôleurs
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Debug
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Annotation du code source

Utilisation d’eSimu, travail de thèse de Nicolas Fournel.
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Performance evaluation of wireless Networks

Wireless multi-hop networks
(adhoc/sensor/mesh) :

Large number of wireless nodes

Self-organizing network

Unreliable radio link

Application-specific constraints : mobility, energy,

etc.

Performance evaluation of wireless systems :

Analytical models (stochastic geometry, percolation, random processes, Markov

chains)

One-shot experiments or setting-up of large scale tesbeds

Simulation is generally the most convenient performance evaluation methodology
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Simulation of wireless networks : bestiary

A wide range of alternatives : NS-2, NS-3, Glo- MoSim, JiST/SWANS,
GTSNetS, OPNET, OMNeT++, J-Sim, QualNet, etc.

Same global architecture → discrete time event-driven simulation

But differs in many aspects :

implementation :

user interface : simulation scripting, simulation monitoring
developper interface : programing language, development integration
simulator internal : mobility management, event management

modeling :

node architecture
radio medium properties
environment
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Simulation of wireless networks : bestiary

Jist/Swan GTNets GlomoSim NS-2

Licence Academic GPL Academic GPL
Language / API Java C++ C/C++ C/TCL

Area dimension 2D 2D 2D 2D
Space partitioning Hierarchical binning Flat Flat Flat/Grid

Event queue Heap B tree Splay tree List
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E.g. mobility management

What are the nodes y such that d(x , y) < l ?

Node position management : flat / grid / dbtree/ quadtree
architectures.

3.2 Space partitioning

3.2.1 Existing approaches

When simulating a wireless ad-hoc/sensor networks, the nodes are generally spread randomly over a
two or a three dimensional area. A node is then characterized by a geographic position (i.e., an (x,y,z)
position) and can communicates with his neighbors which are located within range transmission.

Range searching is one of the most important operation in wireless networks. Indeed, during the
radio propagation step the simulator have to determine which node will receive a given transmitted data
packet. If we assume a basic disk model and that node locations are stored in a list, a possible solution
for range searching could be to parse the entire list structure and compute the euclidian distance between
the source node and all possible destination nodes. If the distance is below a given threshold (i.e., radio
range), the node is then selected as a possible receiver for a transmitted packet. The complexity of range
searching with a list data structure is o(n) and thus this type of data structure do not scale as the number
of nodes become larger.

Figure 1: Space partitioning for range search operation.

(a) Without optimization (b) With grid optimization (c) With kdtree optimization

To optimize the operation of range searching, grid partitioning can be considered [7, 5]. In this
scheme, the sensor field area is divided into cells of fixed size as shown on Fig. 1(b). Each cell represent
a list containing the nodes which are located within this cell. The range search operation consist then
in searching the nodes at the adjacent cells, reducing the number of queries compared to a flat scheme
where are nodes all considered (see Fig. 1(a)).

However, using grid for indexing spatial objects can present several drawbacks. First, the cell size
can impact the performance of the range search opration. Indeed, small cells increase the number of cells
to be reached, and large cells increase the number of nodes. Second, in controlled power scenarios, this
approaches is not efficient as the cell size is fixed. Third, when nodes are not uniformly distributed over
the space, some of the grid cells will have too much nodes associated with them, while some other grid
cells will be empty.

A possible solution is to aggregate adjacent empty grid cells to form a larger empty grid cell. This
can be done by using a quadtree or a kd-tree [3] as shown on Fig. 1(c). The kdtree can be built using
a basic balanced binary tree, and range search operation can be performed with a complexity of o(lg n).
However, the main drawback of this approache is that it is very hard to rebalance the tree when inserting
or deleting a record. Given that in network simulation the nodes are dynamics (e.g., node mobility or
node death), such an approache cannot works efficiently.

Another solution based on the voronoi diagram is proposed in [8]. However this approache cannot be
extended to a three dimensional area.

3.2.2 Dynamic Balanced Tree (DB-tree)

To cope with dynamic environment, we propose the use of space-filling curves and a basic data structure
for the problem of range searching. This solution is similar to the one presented in [6]. The principle
is as follows : given a node in a two or three dimensional area, we translate the node position from a
two, or three, dimensions to one dimension using space filling curve. The obtained position can then be
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complete study of optimized data structures for the range
search problem can be found in [5].
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Figure 8. Space partitioning methods.

As it was already pointed out in Section 5.1, a reduc-
tion in the number of receivers induces a large gain in the
simulation speedup. For a limited interference range of 30
meters, with the correct data structure, the speedup can be
increased by a factor of 332. In large-scale networks, this
gain remains high even for larger ranges. With a limited
range of 120 meters, a gain of 37 is still achieved. It is
quite obvious that the limited interference model is a must
to ensure a high scalability. However, its use raises the is-
sue of determining a correct range (i.e., the distance limit
for the propagation). As a solution, [11] proposes an empir-
ical method to derive a range with a limited impact on the
simulation accuracy.

6. Scalability versus accuracy

Finally, we propose a short case study to clearly sum-
mary the impact of PHY modeling on the scalability and
accuracy of simulations. We consider a varying number of
nodes randomly deployed in a 200×200×0 area. Each node
emits periodically a hello packet (100B/s) through an IEEE
802.15.4 868Mhz compliant radio. We consider three met-
rics: the speedup, the average number of discovered neigh-
bors and the corresponding average number of connex com-
ponents. The first metric allows to assess the impact of radio
models on the scalability while the two latter metrics show
the impact of the PHY layer modeling on the evaluation of
higher level protocols in terms of network connectivity. We
performed the same set of simulations with various PHY
models. Starting from (i) a basic disk model (range = 50)
with no interference nor modulation, we slightly increased
the PHY simulation accuracy through the introduction of
(ii) path-loss and (iii) log-normal shadowing with a trans-
mission power of 0dBm. Then, we considered cumulative
interference with a limited interference model (range of 50)
and BPSK modulation for (iv) one slot per packet and (v) n
slots per packet. We finished with the (vi) full interference
model. Simulation results are shown on Figure 9.

As pointed out in Section 5.1, we first notice that the
addition of path-loss and fading to the range model induces
a low impact on the speedup. Still considering the speedup,
the main gap occurs with the introduction of interference
and modulation support.
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Figure 9. Impact of the PHY modeling accu-
racy on simulation speedup and results.

Next, as previously observed in Section 5.2, consider-
ing n SINR slots instead of 1 induces a regular extra over-
head. Finally, the full interference model does not induce
too much overhead as the network area is small in this case.
Regarding the behavior of higher level protocols under vari-
able PHY models, it can be observed that the average num-
ber of discovered neighbors varies systematically. If the
largest gap also occurs when interference and modulation
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When to update node locations ?

when needed : event-driven

periodically : time-driven

hybrid : max(time, event)-driven
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E.g. radio modeling

SINR computation vary from a simulator to another :

strongest : SINRA = NA
N3

cumulative : SINRA = NA
N5

adaptative : SINRA1 = NA
N1

, SINRA2 = NA
N2

...

In ter ference  
     power

T ime

Signal  3

Signal  of  interest  at  node A

Signal  2

Signal  1

N 1 N 2 N 3 N 4 N 5
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E.g. radio modeling

Models NS2 GloMoSim JiST/SWANS GTSNetS WSNet

Pathloss freespace freespace freespace freespace freespace
tworay tworay tworay tworay tworay

Shadowing log-normal log-normal - - log-normal
Fading rician,rayleigh rician,rayleigh rician,rayleigh,... - rician,rayleigh

Radio link threshold threshold,BER threshold,BER threshold threshold,BER
Modulation - BPSK,QPSK BPSK - BPSK,OQPSK,...

Interference limited limited limited limited limited,full
SINR strongest signal adaptive cumulative strongest signal adaptive

cumulative

Interference modeling is the point where current simulators differ the most
largely.

Other aspects not addressed here : capture effect, propagation delay,
adjacent-channel inteference, antenna radiation patterns, etc.
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Simulation of wireless networks

Numerous simulators have been proposed. However :

Optimizations are made to cope with the complexity of wireless communication

The PHY-modeling accuracy varies from one simulator to another

The behavior of protocols may radically differ from one simulator to another

Motivation :

In-depth analysis of the modeling of wireless networks

Comparative study for existing simulators

The impact of the PHY-modeling on the simulation results

The impact of the protocol parameters on the simulation results
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WSNet

WSNet architecture :

simulator core : event queue,
mobility management, packet
queue, etc.

dynamic libraries : implement
node / medium / environment
models.

A simulation must specify which
models are to be used.
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WSNet : Entities/Bundles/Nodes
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WSNet : Entities/Bundles/Nodes
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WSNet : Entities/Bundles/Nodes
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WSNet : Entities/Bundles/Nodes
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WSNet : Entities/Bundles/Nodes
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WSNet : Entities/Bundles/Nodes
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WSNet : Entities/Bundles/Nodes
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WSNet : simulation configuration

Format XML
<simulation nodes="5" packeterror="true"/>

< !-- Entities instantiation -->
<entity name="position0" model="billiard-group">

<init x="100" y="100" z="100" maxspeed="10"/>
</entity>

<entity name="position1" model="billiard-group">
<init x="10" y="10" z="10" maxspeed="20"/>

</entity>

[...]
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WSNet : simulation configuration

Format XML
< !-- Bundles instantiation -->
<bundle name="sensor" default="true">

<with entity="position0"/>
[...]

</bundle>

<bundle name="sensor1">
<with entity="position1"/>
[...]

</bundle>

< !-- Nodes instantiation -->
<node id="4" as="sensor0">

<for entity="position" x="1" y="2" z="3"/>
</node>

<node id="4" as="sensor1">
</node>
[...]
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PHY-layer modeling in WSNet

In analytical studies as in simulation, the unit disk model has been widely
used :

Strong assumptions : time stationarity, independence, symmetry, switched link,

isotropy, etc.

Unrealistic PHY model : radio range is constant, radio link is switched,

interference free network

Distance emi t ter - rece iver

dB

Three main steps towards a realistic radio medium modeling :

Radio range modeling

Radio link modeling

Interference modeling
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WSNet : radio range modeling (1/3)

The range of a radio system is based upon the definition of a SNR
threshold noted γ̄ij

radio range ?

Notebook wi th  wire less
    PC card adapter

If the system is interference free, the range
is constant and the radio link lij is defined
by :

lij : Ω2 7→ B = {0, 1}

(xi , xj) 7→ l(xi , xj) =

{
1 if γ̄ij ≥ γ̄lim

0 else

where : γ̄ij = hij · Pi
Nj

hij depends on several physical phenomena (i.e., pathloss, fading,
shadowing).
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WSNet : radio range modeling (2/3)

pathloss shadowing fading
(signal attenuation in fct. (slow signal fluctuation (fast signal fluctuation

of the distance) due to obstacles) due to multipath)

Distance emi t ter - rece iver

dB

Distance emi t ter - rece iver

dB

Distance emi t ter - rece iver

dB

e.g. : freespace, tworay e.g. : log-normal e.g. : rician, rayleigh
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WSNet : radio range modeling (3/3)

pathloss + shadowing + fading

Distance emi t ter - rece iver

dB

The radio link lij is then defined by :

lij : Ω2 7→ B = {0, 1}

(xi , xj) 7→ l(xi , xj) =

{
1 if γ̄ij = hij · Pi

Nj
≥ γ̄lim

0 else

where :

hij = gij ·sij ·fij(t)·gi (θij , φij)·gj(θji , φji )
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WSNet : radio link modeling

A more realistic link modeling is to substitute the SNR threshold by a
packet error rate (PER) which depends on the bit error rate (BER). This
BER is computed according to the SNR and the modulation scheme.

PER
Threshold

The probability to receive a bit : BER = fmodulation(SNR)

The probability to receive a packet of N bits : PER = 1− (1− BER)N

24



WSNet : interference modeling

Inteference is a major limiting factor for wireless communication systems
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in the shotnoise model by :
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Impact of radio range models
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Fig.: Impact of the radio range modeling on the link success probability (without
interference modeling).
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Impact of radio link models
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Impact of interference
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WSNet : environment

Environment simulation :

Environment → node interactions : sensing, node death

Node → environment interactions : actuators
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WSNet : network lifetime

A network does not die when the first node dies.
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WSNet : network lifetime

A network does not die when the first node dies.
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The future of WSNet...

WSNet-3 is now under development :

High Level Languages for model development (e.g. Ruby, Python)

Packet typing : easier protocol developments, better result synthesis.

Rethinking the medium model : UWB support ? better support of
multi-channels, MIMO systems, etc.

Rethinking the environment support

Anyway, at that time, please go and refer to :

http://wsnet.gforge.inria.fr
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Simulation mixte
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Simulation mixte
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Simulation mixte
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Simulation mixte

La simulation distribuée permet de faire du pas à pas sur l’application
de façon globale

Les mesures de performances locales associées aux communications
permettent de faire ressortir le comportement de l’application
complète.

La mesure de consommation en analyse hors-ligne permet de mesurer
les divers compromis existant dans l’architecture entre calcul et
communication.

Des changements d’annotation de consommation permettent de
détecter les composants du système qui sont les plus consommateurs
en fonction de l’application.
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Sites web

Outils développés :

esimu.gforge.inria.fr, analyse de trace, annotation de code source
avec information de performance et de consommation.

wsim.gforge.inria.fr, émulateur de plateforme de capteur

wsnet.gforge.inria.fr, simulateur de réseau radio
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