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Mobile ad hoc networking can offer concrete advantages in various environments through its flexibility and its infrastructureless nature. One such environment is maritime communications where the absence of integrated services characterizes the poor quality of numerous end user applications. Mobile ad hoc networking can be beneficial to ship management companies which can secure many advantages through this emerging networking technology. This paper reviews and analyzes current technologies used in maritime communications and evaluates their applicability in a multi-hop network. Also, this paper presents and categorizes maritime applications, evaluating the feasibility of their implementation in this novel environment.  Additionally, in order to expand the use of bandwidth intensive applications for both companies and passengers we consider the possibility of using state of the art technologies such as WiMAX, UWB and 802.20. Finally, we study a proposed protocol stack for aeronautical operation in order to evaluate its applicability in a naval environment, as well as propose an architecture which fulfills the needed performance parameters invoking the appropriate security and quality of service techniques.
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1. Introduction

A mobile ad hoc network is a network consisted of moving nodes which is characterized from the absence of infrastructured topology, decentralized control and self organization. Each node acts as a router forwarding data packets from the originator node to the destination node. In other words this means that the network topology is dynamical and may change unpredictably. The number of nodes, the node density in the network and the velocity of the nodes is continuous thus various problems arise. This emerging networking technology is useful in environments where the lack of infrastructure and the various circumstances restrict the deployment of a network with centralized control. The MANETs are useful for environments where crisis management must take place without any communication infrastructure due to possible disaster. Also military applications of MANETs have been studied due to their flexibility to adopt in any requiring environment like the battle fields. The MANETs can easily operate using the approach of a self organized network working as a standalone network or by working as a stub in an existing network infrastructure. The maritime transportations are a possible development environment for the mobile ad hoc networks. The distance between the ships and between ships and ports is prohibitive for networking the ships with each other in order to serve critical applications. Also the existing GSM infrastructure does not allow Internet Service Providers to provide ships with high speed internet connections and the cost for satellite connections is not affordable for the common passengers and tourists. The adoption of such network may be evolutionary for the maritime communications worldwide. 

In this paper we introduce the use of emerging technologies such as WiMAX and the routing protocol ARPAM for use by ships. The concept of networking ships with each other using MANETs is potential for seas like the Aegean Sea due to the scattered islands which is convenient for the efficient coverage of an 802.16 network deployment. It is possible though to be expanded for use in the Mediterranean Sea in cooperation with other data link technologies. Also, the development of a routing protocol adopted for the maritime environment is critical due to the particular requirements of the naval conditions. The existence of geolocalization technologies as the GPS can cooperate with the routing protocol in order to provide information valuable for the routing procedure.

2. Communications Technologies

To realize a unified maritime networking environment it is obviously necessary to utilize appropriate data-links. To select an appropriate data-link we must consider a multitude of criteria. Important parameters are the performance of the link in terms of the available bandwidth it offers, as well as is maximum range. Depending on the applications we want to server the needed bandwidth can range from a few hundred kilobits to tens of megabits. The former is true if we want to provide services for maritime companies only (such as ship and fleet management systems) and the later if we also want to provide passenger services (such as e-mail and web surfing). The range of the link is equally important, as an 802.11 link could not possibly be used efficiently over the distances present in maritime networks. In the Aegean Sea, to which this study primarily refers, island distances range from 15 kilometers to 90 kilometers. This means that the average distance for a ship to any island will be a maximum of 45 kilometers. Of course there are exceptions to this, for example in the north of the sea where islands are sparse. However the multi-hop communication between ships, which is enabled by ad hoc networking, will help provide sufficient coverage even in those areas. However a data link range of more than 30 kilometers would be required for each node to have sufficient connections so as to form an effective network. Additional requirements would be related to the financial issues related with deploying a data link. In this case the cost of developing a new application specific technology, implementing the necessary equipment, testing, validating it and of course deploying it. In contrast using a data link that is already widely accepted within the communications industry would allow for speedier and more cost-effective deployment. 

The WiMax (Worldwide Interoperability for Microwave Access) data link is being developed from the IEEE 802.16 standard and is seen as the future in Broadband Wireless Access. WiMax is a complementary technology to Wi-Fi (802.11) and is meant to enable ISPs to provide wireless data services over large geographical areas. WiMax itself is meant to provide fixed wireless access so it is not of importance to this project. What is useful however is Mobile WiMax, an extension to the 802.16 standard, known as 802.16e. Mobile WiMAX is a broadband wireless solution that enables convergence of mobile and fixed broadband networks through a common wide area broadband radio access technology and flexible network architecture. The Mobile WiMAX Air Interface adopts Orthogonal Frequency Division Multiple Access (OFDMA) for improved multi-path performance in non-line-of-sight environments. Scalable OFDMA (SOFDMA) is introduced in the IEEE 802.16e amendment to support scalable channel bandwidths from 1.25 to 20 MHz. Release-1 Mobile WiMAX profiles will cover 5, 7, 8.75, and 10 MHz channel bandwidths for licensed worldwide spectrum allocations in the 2.3 GHz, 2.5 GHz, 3.3 GHz and 3.5 GHz frequency bands. Mobile WiMax support up to 63 Mbs per sector download rate and 28 Mbs per sectors upload rate in a 10 MHz channel. Additional it is scales efficiently by being able to utilize variable channel sizes and includes provision for QoS, security and mobility. 

The 802.20 is an under-development standard in the IEEE which promises to improve the 802.16e protocol in several areas to allow for enhanced mobility support with particular provisions made for vehicular communication. The goals of 802.20 and WiMax are actually quite similar and since the 802.20 is still under development not many details are know about it. 
Table 1
 compares the basic characteristics of these two data link technologies.

	Dimension
	802.16e
	802.20

	End-user
	High data rate fixed wireless

user with adjunct mobility service


	Fully mobile, high

throughput data user



	
	Symmetric data services
	Symmetric data services

	
	End-user devices for fixed

subscribers (CPE) and PC

Cards for mobile devices


	PC Card enabled data

devices



	
	Support of low-latency data and

real time voice services
	Support of low-latency data

services

	Service provider
	Evolving off Fixed Wireless

service providers and WISPs

adding mobility as enhancement

to service offering
	Wireless Data Service

provider – Greenfield start

or evolving Cellular carrier

	
	Local/Regional mobility and

roaming support
	Global mobility and roaming

support

	Technology
	Extensions to 802.16a MAC &

PHY
	New PHY & MAC optimized for

packet data and adaptive Antennas

	
	Optimized for and backwards

compatible with fixed stations
	Optimized for full mobility



	
	Licensed bands 2-6 GHz
	Licensed bands below 3.5 GHz

	
	Typical Channel BW >5 MHz
	Typical Channel BW < 5 MHz

	
	Packet oriented architecture
	Packet oriented architecture

	
	Channelization and control for

multimedia services with QoS
	Channelization and control for

mobile multimedia services. Mobile-IP Based

	
	High efficiency data uplinks and

Downlinks
	High efficiency data uplinks and

Downlinks

	
	Low Latency architecture
	Low latency data architecture


Table 1: 802.16e (Mobile WiMax) and 802.20 Comparison
The 802.20 protocol is more promising regarding its performance under mobile circumstances but the fact that it is years away from commercial deployment, makes it a significant disadvantage. In contrast Mobile WiMax is somewhat more limited (though its mobility limitations are not that significant since sea vessel mobility is limited), but it is much closer to deployment as the standardization is finished, commercial equipment has already started to appear and frequency licensing is progressing in many countries including Greece. Thus WiMax seems a more promising approach for the mid-term implementation of our system. 

3. Naval Applications


Modern travellers are becoming increasingly demanding and specialized, willing to play an active role in shaping their journey accommodations. Applications which exploit spatial abilities provided by modern satellite communications can enable the voyager to organise his trip better and foresee any possible unfavourable events.


When considering modern satellite communications, we mostly refer to the GIS (Geographic Information System) which is the best technology for spatial analysis. Its flexible functionality can combine the usage of high quality maps with the character data usually gathered by a common GPS system, illustrating the current or future position of the vessel in live mode using graphical depiction. Through the proposed communication extension system proposed in this paper it would be possible for vessels to exchange this information so ships can be alert of not only their positions but that of other nearby vessels also (with increased accuracy and reliability with respect to current radar-based methods).  


Naval applications can be categorized into several categories according to their use. There are two main types of services for naval applications, public and authorized services. Publicly accessible services are mainly addressed to voyagers for tourism, advisory or commercial purposes and can be available at multimedia kiosks positioned at ports or onboard, or via internet. A set of restricted services (not for common use through the internet) which can be used for transportation management through the transportation providers (shipping lines, travel agencies) and controllers (port authorities, customhouses). Public services will provide information relating to the trip in live mode (ship position, schedules, estimated timetables) also the passenger can take advantage of the quick internet access in order to book facilities at his destination, acquire tourist information, e-mailing on board, weather conditions and forecast, VoIP services, VoD services and more. A very useful service is the online observation of the ship route from anywhere (home, office, mobile phone) where you can be informed about exact departure and arrival time without wasting time waiting at ports, a very common view at Greek harbours during summer period. Authorized services include ship management issues (finance, monitoring, personnel usages), boarding plan administration, real-time trip information (ship precise positioning, speed), and office procedure automation. Authorized services (regulatory driven applications) include also services which are related to ship security alert systems, long range identification, ship tracking, live whether forecasts and fleet management functions, which every shipping company can provide to its fleet.


The services numerated above are not new for the maritime applications, and the most of them are already in function, utilized by satellite and 3G technologies.  The new from this paper is the ability of combination of these well know applications with an emerged technology proposed in this paper. The combination is capable to provide low cost service to any kind of maritime vessel. This combination provides new fields for investment for many different fields of business dexterity. Internet providers and shipping companies mostly are going to acquire the major benefit in addition it is also beneficial for businesses like tourist agencies, travel companies and any other enterprise which is targeted on tourism and voyagers shifting. 


Considering the emerging technology proposed in this document, many applications may become essential for the maritime environment. The cost of hardware and software installation onboard becomes very low which makes it possible for small vessels to facilitate such technology. Through the MANET environment any small vessel positioned in the open sea, can acquire quick internet connection and alternate alert messages with a nearby ship or island without having complex and expensive equipment. The nature of the MANET network can handle multi-hop links in order to provide network facilities to any obscure node, ensure its connectivity into the general network and thus its resources. 

4. Network Architecture

On of the most important aspect that must be studied in order to define a network architecture is to study the topology of the network, which leads to necessary insights regarding the protocols that must be used to ensure the needed functionality.   The topology of a future maritime network will essentially consist of fixed base stations that will be available in the many islands found in the Aegean Sea and many mobile nodes, which will be the ships. We assume that islands will be equipped with a WiMax base station, an assumption that is reasonable since WiMax is seen as a platform for broadband wireless access, where it is not cost-efficient to provide wired broadband access. Thus it can be expected that such stations will be installed in many islands. Thus the network can benefit from these stations and utilize in conjunction with the multi-hop architecture to provide efficient data communication to mobile nodes. 
Figure 1
 illustrates the basic network concept. Here the green circles illustrate base stations on islands and the red ones sea vessels in the area. We can see that these two overlap significantly (and here we have assumed that only a few islands have WiMax base stations installed, the real situation is expected to be significantly better). The islands themselves are assumed to be connected through broadband wired medium (like an optic fiber). Thus inter-island traffic does not burden the wireless network. 

In parallel with the suggested 802.16 protocol which is responsible for the communication in the lower layers (PHY/MAC/LLC) of the OSI protocol stack, we must specify the upper layers in order to provide the required services. One of the most important functions in an ad hoc network is the multi-hop routing of packets. Since each node has to forward each other packets the process contains important differences in comparison to typical IP routing used in conventional wired and wireless networks.
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Figure 1: Maritime network scenario

Till the present various researchers have introduced an impressive number of protocols. Of those, only a handful has made any significant impact on the community. The most prominent are AODV and OLSR, both of which are under constant development by the IETF MANET working group.  These protocols are designed in order to operate with any possible topology and without any infrastructure. In case of a maritime network we can exploit the existence of the WiMax terminals on the islands and use the mobile ad hoc networks as stubs connected to the rest of the network and the internet. Additionally due to the density of the network nodes, the low speed of the ships and the existence of a significant number of fixed nodes, the network circumstances do not favor a pure mobile ad hoc network routing protocol. Thus, we suggest a different protocol satisfying the requirements of a network deployed at the sea level. 

The ARPAM protocol was introduced in [1] and was initially designed for aeronautical mobile ad hoc networks. The similarities of the two network architectures allow us to use the ARPAM protocol in maritime networks. More specifically an aeronautical ad hoc network also includes a significant number of moving nodes as well as fixed ones. However despite of the existing similarities, various differences emerge the need for redesign in certain elements and parameters of the ARPAM protocol in order to allow it to operate efficiently in maritime networks. The greater difference is assumed the absence of a highly directional link like a free space optical one. The original ARPAM protocol uses various parameters in order to forward the data packets produced by heavy applications such as VoIP and VoD to the optical link. In maritime MANETs the ARPAM protocol does not redirect such packets to nodes using optical links, since such a link would be inoperable at sea level. Also the initial ARPAM design is considers the existence of aeronautical applications for surveillance. No equivalent protocols can be found in the maritime environment thus the proposed by IETF MANET neighbor discovery process [2] is to be used. In the ARPAM protocol is used geographic information in order to provide to the route selection algorithm geolocalization input for geo-routing in accordance with the hop number of the routing path. 

An additional advantage that can be utilized in this network is highly directional links. An algorithm is proposed in [3] to allow a node to communicate using an omni-directional link and one or more directional ones. This means that we can utilize additional directional data links to provide increased throughput for passenger applications or utilize a directional WiMax antenna to allow for more efficient spatial multiplexing in areas of increased density.

5. Conclusions

This paper was not meant to provide a complete solution to maritime networking, but to familiarize the reader about an emerging technology which can help the maritime environment to become safer, more efficient and more exciting for travelers, crew and the shipping companies. Also to provide new investment fields for numerous enterprises. It is meant to provide an alternative method to current satellite based one which requires special equipment and have increased cost compared to the proposed solution. The proposed concept utilized Mobile Ad Hoc Networking to provide a unified networking environment between mobile nodes (ships) and fixed infrastructure, as well as access to the global internet, which will allow efficient information exchange for shipping companies and new services for passengers. 

Obviously a lot of work is still to be done, as the bulk of system development still lies in the future. Our task is to continue the development of our network proposal, by refining the work already done at the network layer and providing solutions for upper layer functions such as service discovery and name services. Then the proposed concept is to be validated through appropriate simulations to prove the merit of the concept. 
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