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An Ad-hoc network simulator based on an optimized semi-deterministic channel characterization

Classical studies on Ad-hoc networks use statistical models to characterize the physical layer of each radio link. In this paper we present an original simulator allowing to quantify these links by a statistical or deterministic channel characterization. The main issue of the deterministic approaches is the computation time. So, we consider for our study an optimized semi-deterministic characterization of the propagation channel. Finally, we quantify each radio link of an Ad-hoc network by a Bit Error Rate (BER) thanks to a WIFI (norm 802.11) digital transmission chain and we study the routing results obtained by the Dijkstra algorithm.

I. INTRODUCTION

Nowadays, an increasing interest is devoted to wireless network. Ad-hoc networks [START_REF] Tortelier | Les réseaux Ad-hoc[END_REF] represent an interesting alternative to current wireless networks, because we can deploy them quickly. Indeed, there are no centralized infrastructures to connect each mobile : they communicate directly each other. Nevertheless, this lack of infrastructures involve problems and notably in Ad-hoc network routing.

In this paper, we describe the Ad-hoc network simulator developed in our laboratory. It allows to determine the routing of the information based on the physical layer quality. Firstly, the simulator permit to create studied scenarios in different 3D realistic environments. Secondly, the simulation procedure based on a deterministic propagation tool and a given digital system is realized. First results are also given according to the 802.11b norm [START_REF]Part 11: Wireless Lan Medium Access Control (MAC) and Physical Layer (PHY) specifications: Higher-Speed Physical Layer Extension in the 2.4GHz band[END_REF].

At the end, we propose an optimized solution consisting in limiting the deterministic propagation computation. This one is based on the stationarity property of the channel, characterized by different maps of wide-band parameters. A segmentation algorithm applied on these maps allows to determine some areas where the channel impulse response is considered as constant. When a mobile moves in such an area, we can reuse the same impulse response without any new computation and thus, realize a significant gain in computation time. This gain will be evaluated in the final paper.

II. AD-HOC NETWORK SIMULATOR : AdNS

AdNS allows to simulate an Ad-hoc network at the physical layer. The first step consists in a scenario creation and the second one in the simulation execution.

A. Creation of the scenario

It consists in defining the initial position, route and speed of each mobile in a real 3D environment. Each trajectory can be cyclic or not and is composed of several points called checkpoints. Mobile's speed can be changed at each one. Fig. 1 illustrates a complete scenario with six mobiles in the campus of Poitiers's University. 

B. Simulation and first results

For the simulation step, we define the sample time (the elapsed time between two successive iterations during the simulation) and the number of iterations. Then, at each iteration, the simulator evaluates the real mobiles positions according to their trajectories, speeds and sample time. From these data, a 3D propagation tool based on a deterministic ray tracing software determines the links between each mobile. Each ones is characterized by the channel impulse response, as it is shown on the Fig. 2. These impulse responses are then used to compute the BER associated to the considered link and a particular digital systems. For the presented study, we consider WIFI systems based on the 802.11b norm [START_REF] Tortelier | Les réseaux Ad-hoc[END_REF].

Fig. 2. Propagation tool and resulting impulse response

Thus, AdNS creates a connectivity graph corresponding to the scenario. Each node represents a mobile and each edge is quantify by the BER. From a particular node (seen as the source) the Dijkstra algorithm [START_REF] Cormen | Stein Introduction to Algorithms[END_REF] determines at last the optimal routing path leading to a given destination for each iteration. Consequently, AdNS enables to follow the optimal routing evolution, as shown the Fig. 3. This particular simulation considers 8 iterations and a sample time equal to 10 seconds. We can notice the multi-hops aspect and the evolution of the optimal routing path between the source (mobile 0) and the destination (mobile 3). This last one depends on the delay spread of channel impulse response (Fig. 2) of each radio link.

Fig. 3. Results for two different iterations

The computation time is directly linked to the determination of the channel characterization thanks to the propagation tool.

III. CHANNEL CHARACTERIZATION OPTIMIZATION

To minimize this computation time, we now present an optimization consisting in limiting the use of the deterministic propagation tool. It is based on the analysis of the wide-band parameters maps computed for a given transmitter location. For example, Fig. 4 (a A statistical study has shown that these areas also correspond to a constant behaviour of the propagation channel in terms of impulse response. We can so consider these last ones as stationarity areas. Indeed, a small displacement of a mobile in such an area not necessitates a new propagation computation but just a reuse of the impulse response computed on the initial mobile location. From this way, a significant gain in computation time is provided.

Nevertheless, the map of stationarity areas shown on Fig. 4 (b) is obtained for a fixed transmitter, corresponding to a given iteration of the simulation step.

So, to solve this problem we pre-compute efficiently the different maps at each iteration and for each mobile location, according to a given scenario. This solution can be sufficient when the studied scenario consider a small number of iterations and mobiles. On the contrary case, a complementary solution could be developed. It consists in performing an additional study leading to determine the maximal displacement of the transmitter for which the initial impulse response can be used. Thus, maps of stationarity areas do not have to be computed at each iteration but only from a minimal displacement of the transmitter.

In the final paper, we will present a comparative study between classical statistical or deterministic approaches and our optimized semi-deterministic characterization in terms of routing results and computation time.

IV. FUTURE WORKS

Future works of this study concern firstly a comparative study of different digital systems used in Adhoc networks like the others WIFI norms (802.11a and 802.11g) or HiperLan2. Secondly, we can simulated the behaviour of Ad-hoc network routing protocols, as AODV [START_REF] Perkins | Ad-hoc on-demand distance vector routing[END_REF] or OLSR [START_REF] Clausen | Optimized Link State Routing Protocol[END_REF], in a real environment and compare theirs efficiencies. For this, we must considered the Ad-hoc network not only at the physical layer and realize the implementation of different routing protocols.

Fig. 1 .

 1 Fig. 1. AdNS scenario interface illustration

  ) shows the evolution of the delay spread, computed from the simulated impulse responses, on a grid of receivers with a neighbouring step of 5 meters. A segmentation of this map based on an uniform quantification shows some homogeneous areas characterized by a constant values of delay spread. The Fig. 4 (b) illustrated 3 classes of delay spread (C1: low delay spread ; C3: high delay spread). (a)Initial delay spread map (b)Segmented delay spread map Fig. 4. Delay spread maps
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