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Improving Scalability of Heterogeneous Wireless Networks with Hierarchical OLSR Y. Ge, L. Lamont, L. Villasenor



Abstract—Ad hoc routing protocols in general, including OLSR, are not specifically designed for heterogeneous networks, and thus they do not efficiently exploit the higher-capacity links found in such networks, where nodes are equipped with diverse communications capabilities. Although these protocols support nodes with multiple interfaces, scalability problems may arise when the protocols are applied to heterogeneous networks. Under OLSR, for example, control messages are sent to all the interfaces, generating a very high overhead. In this paper, we propose optimizations to OLSR in order to limit the amount of control traffic generated and to make more efficient use of the higher-capacity links in heterogeneous wireless networks such as military networks. Using OPNET simulations, we introduce a hierarchical mechanism to OLSR, and demonstrate that the Hierarchical OLSR (HOLSR) greatly reduces the required protocol overhead and thus improves protocol scalability in large size heterogeneous networks.



I. INTRODUCTION



H



wireless networks are characterized by mobile nodes outfitted with equipment having distinct communications capabilities with respect to data rate, radio range, frequency band, battery life, etc. Military communications networks are a case in point: ground units such as soldiers are commonly equipped with wireless communications equipment offering limited transmission coverage and communications bandwidth due to power limitations, while mobile units such as tanks or vehicles are equipped with more powerful communications equipment providing extended communications coverage with higher communications bandwidth capability. Scalability is one of the most important factors governing the efficacy of ad hoc networks. Scalability can be defined as the ability of a network to adjust or maintain its performance as the size of the network increases (and the demands made upon it become greater and greater), yet the performance of an ad hoc network tends to degrade as the number of mobile ETEROGENEOUS
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nodes increases [1]. A non-hierarchical routing protocol cannot differentiate the capacities of member nodes, and does not scale well for heterogeneous networks such as military communications networks. When such a protocol is used, the resulting control overhead increases as the number of interfaces possessed by the nodes increase. More importantly, the high-capacity links are not efficiently exploited under such a routing strategy. In this paper we present an approach specifically designed to improve the scalability of the Optimized Link State Routing protocol (OLSR) [2], rendering it more suitable as a routing protocol for large-scale heterogeneous wireless networks, including military communications networks. Our approach organizes the hierarchical structure dynamically while making full use of the various components in a military network (such as mobile units, command posts, and headquarters), and the hierarchical scheme here presented is fully integrated within the existing OLSR protocol (hereinafter designated as "flat" OLSR, in reference to its non-hierarchical mechanism). With this hierarchical structure we propose optimizations to OLSR which reduce the amount of control traffic generated and more efficient use is made of the higher-capacity links in the network. Furthermore, the hierarchical structure releases the OLSR from having to perform frequent routing computations, as the local movement of member nodes is now handled within the cluster, without affecting other parts of the network. Using OPNET [3] simulations, we demonstrate that the Hierarchical OLSR (HOLSR) does scale more efficiently: the overhead is dramatically reduced, and protocol performance is greatly improved with respect to packet-delivery ratio and endto-end delay of data packets. With the hierarchical approach, we not only retain the advantage of OLSR – the connection setup delay is minimized – but also improve two aspects of the protocol: 1) overhead is further reduced and 2) frequent route updates are avoided. Thus, for large heterogeneous ad hoc networks, HOLSR yields very promising results.



II. THE HOLSR A. Military Hierarchical Structure under HOLSR As a typical example of a heterogeneous network, the military communications network was selected as target study of this paper. Based on the different units in the military network, the mobile nodes are organized into multiple topology levels, creating a hierarchical architecture as
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