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Abstract Two thirds of the earth surface is composed of water. Compared with our human being’s familiarity with land, there are still many un-explored areas underwater. This needs significant research efforts. The research of Underwater Acoustic Networks (UANs) is attracting attention due to their important underwater applications for military and commercial purposes. More and more research interest and efforts are shifting to this area in recent years. Underwater Sensor Networks are networks composed of nodes with sensor, communication and processing abilities that operates underwater. Underwater acoustic sensor networks (UASNs) are constrained by both link capacity and propagation delays. Ocean bottom sensor nodes are deemed to enable applications for oceanographic data collection, pollution monitoring, offshore exploration and tactical surveillance applications. Keywords : UASNs, Sensor Networks, MAC layer, CDMA. FHSS, DSSS.



1. Introduction Underwater Sensor Networks, this environment brings new challenges, such as signal attenuation and high delay. The technology also brings a broad range of applications for underwater acoustic sensor networks. Aloha and Slotted Aloha, helping in identifying the behavior of the protocol under a different environment and learn from it, aiding in designing new protocols. Based on a solid mathematical model, we describe ALOHA and Slotted Aloha and, MAC protocols for underwater applications. Multiple Unmanned or Autonomous Underwater Vehicles (UUVs, AUVs), equipped with underwater sensors, will also find undersea resources and collaborative monitoring missions. To make viable, there is a need to enable underwater communications among underwater devices. Underwater sensor nodes and vehicles must possess self configuration capabilities, i.e., they must be able to coordinate their operation by exchanging configuration, location and movement information, and to relay monitored data to an onshore station. Wireless Underwater Acoustic Networking is the enabling technology for these applications. Underwater Acoustic Sensor Networks (UW-ASN) [3] consist of a variable number of sensors and vehicles that are deployed to perform collaborative monitoring tasks over a given area. To achieve this objective, sensors and vehicles self-organize in an autonomous network which can adapt to the characteristics of the ocean environment. Debabrata Singh, IJRIT
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State-of-Art Underwater acoustic sensor networks [19] can enable a broad range of applications, including: • Ocean Sampling Networks. Networks of sensors and AUVs can perform synoptic, cooperative adaptive sampling of the 3D coastal ocean environment. • Environmental Monitoring. UW-ASN can perform pollution monitoring (chemical, biological, and nuclear), monitoring of ocean currents and winds, improved weather forecast, detecting climate change, understanding and predicting the effect of human activities on marine ecosystems, and biological monitoring such as tracking of fishes or micro-organisms. • Undersea Explorations. Underwater sensor networks can help detect underwater oilfields or reservoirs, determine routes for laying undersea cables, and assist in exploration for valuable minerals. • Disaster Prevention. Sensor networks[17] that measure seismic activity from remote locations can provide tsunami warnings to coastal areas, or study the effects of submarine earthquakes (seaquakes). • Assisted Navigation. Sensors can be used to identify hazards on the seabed, locate dangerous rocks or shoals in shallow waters, mooring positions, submerged wrecks, and to perform bathymetry profiling. • Distributed Tactical Surveillance. AUVs and fixed underwater sensors can collaboratively monitor areas for surveillance, reconnaissance, targeting, and intrusion detection. • Mine Reconnaissance. The simultaneous operation of multiple AUVs with acoustic and optical sensors can be used to perform rapid environmental assessment and detect mine like objects.Thus, links in underwater networks are based on acoustic wireless communications [1]. • No real-time monitoring. The recorded data cannot be accessed until the instruments are recovered, which may happen several months after the beginning of the monitoring mission. • No on-line system reconfiguration. Interaction between onshore control systems and the monitoring instruments is not possible, which impedes any adaptive tuning or reconfiguration of the system. • No failure detection. If failures or misconfigurations occur, it may not be possible to detect them before the instruments are recovered. • Limited Storage Capacity. The amount of data that can be recorded by every sensor during the monitoring mission is limited to the capacity of the onboard storage devices. Therefore, there is a need to deploy underwater networks that will enable real time monitoring of selected ocean areas, remote configuration and interaction with onshore human operators. This can be obtained by connecting underwater instruments by means of wireless links based on acoustic communication. Although there exist many recently developed network protocols for wireless sensor networks, the unique characteristics of the underwater acoustic communication channel, such as limited bandwidth capacity and variable delays, require for very efficient and reliable new data communication protocols. The main differences between terrestrial and underwater sensor networks can be itemized as follows: Cost. Underwater sensors are more expensive devices than terrestrial sensors. Deployment. The deployment is deemed to be more sparse in underwater networks. Spatial Correlation. While the readings from terrestrial sensors are often correlated, this is more unlikely to happen in underwater networks due to the higher distance among sensors. Power. Higher power is needed in underwater communications due to higher distances and to more complex signal processing at the receivers.
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A medium access control (MAC) protocol for such networks must be tailored for the particular traffic pattern as well as the pertinent capacity constraints and propagation delays. In [1], it was found that the traditional RTS-CTS mechanism is inefficient in networks composed of more than just a few hops. Contention-based protocols based on the simple Aloha protocol may be effective for such networks [2]. Theoretical analyses performed regarding MAC methods for underwater acoustic networks have so far focused on single hop topologies. The topology studied consisted of a single receiving node surrounded by multiple contending sources. No consideration was given to the impact of having to relay traffic across more than one hop. The unique characteristic of UASNs, is that traffic in these networks tends to have a particular flow pattern. As all sensor generated traffic flows to the gateway (GW), the offered load within a particular single neighborhood is inversely related to the number of hops that neighborhood is from the gateway, increasing the vulnerability of traffic to congestion as the traffic approaches the gateway.



2. Under water Acoustic Sensor Networks: communication architecture In this section, we discuss the following communi-cation architectures for underwater acoustic sensor networks, which constitute a basis for discussion of the challenges associated with the underwater environment: 1. Static two-dimensional UW-ASNs for ocean bottom monitoring. These are constituted by sensor nodes that are anchored to the bottom of the ocean 2..Static three-dimensional UW-ASNs for ocean-column monitoring. These include networks of sensors whose depth can be controlled by means of techniques 3. Three-dimensional networks of Autonomous Underwater Vehicles (AUVs). These networks include fixed portions composed of anchored sensors and mobile portions constituted by autonomous vehicles



2.1 Two-dimensional Underwater Sensor Networks A group of sensor nodes are anchored to the bottom of the ocean. Underwater sensor nodes are interconnected to one or more underwater gateways (uw-gateways) by means of wireless acoustic links. Uw-gateways are network devices in charge of relaying data from the ocean bottom network to a surface station. To achieve this objective, they are equipped with two acoustic transceivers, namely a vertical and a horizontal transceiver. The horizontal transceiver is used by the uw-gateway to communicate with the sensor nodes in order to: i)send commands and configuration data to the sensors (uw-gateway to sensors); ii) collect monitored data (sensors to uw-gateway). The vertical link is used by the uw-gateways to relay data to a surface station. In deep water applications, vertical transceivers must be long range transceivers. The surface station is equipped with an acoustic transceiver that is able to handle multiple parallel communications with the deployed uw-gateways. It is also endowed with a long range RF and/or satellite transmitter to communicate with the onshore sink (os-sink) and/or to a surface sink (s-sink). Sensors can be connected to the uw-gateways via direct links or through multihop paths. In the former case, each sensor directly sends the gathered data to the selected uw-gateway. However, in UW-ASN, the power necessary to transmit may decay with powers greater than two of the distance , and the uw-gateway may be far from the sensor node. Moreover, differently from terrestrial radio communications, the frequency-dependency of the acoustic path loss imposes a bandwidth limitation on an underwater communication system, such that a greater bandwidth is available for a shorter transmission distance. Consequently, although direct link connection is the simplest way to network sensors, it may not be the most energy efficient solution. In case of multihop paths, the data produced by a source sensor is relayed by intermediate sensors until it reaches the uw-gateway. This results in energy savings and increased network capacity, but increases the complexity of the routing functionality as well. Since energy and capacity are precious resources in the underwater environment, in UW-ASNs the objective is to deliver event features by exploiting multihop paths and minimizing the signaling overhead necessary to build the underwater.



2.2 3-D Underwater Sensor Networks Three dimensional underwater networks are used to detect and observe phenomena that cannot be adequately observed by means of ocean bottom sensor nodes, i.e., to perform cooperative sampling of the 3D ocean environment. In three-dimensional underwater networks, sensor nodes float at different depths to observe a Debabrata Singh, IJRIT
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phenomenon. One possible solution is to attach each uw-sensor node to a surface buoy, by means of wires whose length can be regulated to adjust the depth of each sensor node. However, the floating buoys may obstruct ships navigating on the surface, or they can be easily detected and deactivated by enemies in military settings. Furthermore, floating buoys are vulnerable to weather, tampering, and pilfering. An alternative approach is to anchor sensor devices to the bottom of the ocean. In this architecture, given in Fig. 2, each sensor is anchored to the ocean bottom and equipped with a floating buoy that can be inflated by a pump. The buoy pushes the sensor towards the ocean surface. The depth of the sensor can then be regulated by adjusting the length of the wire that connects the sensor to the anchor, by means of an electronically controlled engine that resides on the sensor. Sensing and communication coverage in a 3D environment are rigorously investigated in [4]. The diameter, minimum and maximum degree of the reach ability graph that describes the network are derived as a function of the communication range, while different degrees of coverage for the 3D environment are characterized as a function of the sensing range.



2.3 Sensor Networks with Autonomous Underwater Vehicles AUVs can function without tethers, cables, or remote control, and therefore they have a multitude of applications in oceanography, environmental monitoring, and underwater resource studies. Previous experimental work has shown the feasibility of relatively inexpensive AUV submarines equipped with multiple underwater sensors that can reach any depth in the ocean. The integration of UW-ASNs with AUVs requires new network coordination algorithms such as: • Adaptive sampling. This includes control strategies to command the mobile vehicles to places where their data will be most useful. For example, the density of sensor nodes can be adaptively increased in a given area when a higher sampling rate is needed for a given monitored phenomenon. • Self-Configuration. This includes control procedures to automatically detect connectivity holes due to node failures or channel impairment, and request the intervention of an AUV. AUVs is to make them rely on local intelligence and be less dependent on communications from online shores [8]. In general, control strategies are needed for autonomous coordination, obstacle avoidance, and steering strategies. Solar energy systems allow increasing the lifetime of AUVs, i.e., it is not necessary to recover and recharge the vehicle on a daily basis. Hence, solar powered AUVs can acquire continuous information for periods of time of the order of months. A reference architecture for 3D UW-ASNs with AUVs is shown in Fig. 2. Several types of AUVs exist as experimental platforms for underwater experiments. Some of them resemble small-scale submarines Others are simpler devices that do not encompass such sophisticated capabilities. Drifter underwater vehicles drift with local current and have the ability to move vertically through the water column, and are used for taking measurements at preset depths [7]. Underwater gliders [6] are battery powered autonomous underwater vehicles that use hydraulic pumps to vary their volume by a few hundred cubic centimeters in order to generate the buoyancy changes that power their forward gliding.



3. Under water acoustic sensor networks: design challenges In this section, we itemize the main differences between terrestrial and underwater sensor networks, detail the key challenges in underwater communi- cations that influence protocol development, and give motivations for a crosslayer design approach to improve the efficiency of the communication process in the challenging underwater environment.
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Fig 1. Architecture for 3D Underwater Sensor Networks



Fig 2.



Architecture for 3D U S Networks with AUVs



3.1 Differences with Terrestrial Sensor Networks The main differences between terrestrial and underwater sensor networks can be outlined as follows: • Cost. While terrestrial sensor nodes are expected to become increasingly inexpensive, underwater sensors are expensive devices. This is especially due to the more complex underwater transceivers and to the hardware protection needed in the extreme underwater environment. • Deployment. While terrestrial sensor networks are densely deployed, in underwater, the deployment is generally more sparse. • Power. The power needed for acoustic underwater communications is higher than in terrestrial radio communications due to higher distances and to more complex signal processing at the receivers to compensate for the impairments of the channel. • Memory. While terrestrial sensor nodes have very limited storage capacity, uw-sensors may need to be able to do some data caching as the underwater channel may be intermittent. • Spatial Correlation. While the readings from terrestrial sensors are often correlated, this is more unlikely to happen in underwater networks due to the higher distance among sensors.



3.2 Factors Influencing the design of Underwater Protocols Underwater acoustic communications are mainly influenced by transmission loss, noise, multipath, Doppler spread, and high and variable propagation delay. All these factors determine the temporal and spatial variability of the acoustic channel, and make the available bandwidth of the underwater acoustic channel limited and dramatically dependent on both range and frequency. Long-range systems that operate over several tens of kilometers may have a bandwidth of only a few kHz, while a short-range system operating over several tens of meters may have more than a hundred kHz of bandwidth. In both cases, these factors lead to low bit rate [5], in the order of tens of kbps for existing devices. Range [km]



Bandwidth [kHz]



Very Long



1000






Long



10-100



2-5



Medium



1-10



=10



Short



0.1-1



20-50



Very Short



< 0.1



> 100



Table 1: Available bandwidth for different ranges in UW-A channels Underwater acoustic communication links can be classified according to their range as very long, long, medium, short, and very short links [9]. Table 1 shows typical bandwidths of the underwater channel for different ranges. Debabrata Singh, IJRIT
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Acoustic links are also roughly classified as vertical and horizontal, according to the direction of the sound ray with respect to the ocean bottom. Their propagation characteristics differ considerably, especially with respect to time dispersion, multipath spreads, and delay variance. In the following, as usually done in oceanic literature, shallow water refers to water with depth lower than 100m, while deep water is used for deeper oceans. Hereafter we briefly analyze the factors that influence acoustic communications in order to state the challenges posed by the underwater channels for sensor networking. These include: • Transmission loss. It consists of attenuation and geometric spreading. The attenuation is mainly provoked by absorption due to conversion of acoustic energy into heat, and increases with distance and frequency. The geometric spreading refers to the spreading of sound energy as a result of the expansion of the wave fronts. It increases with the propagation distance and is independent of frequency. • Noise. It can be classified as man-made noise and ambient noise. The former is mainly caused by machinery noise (pumps, reduction gears, power plants), and shipping activity (hull fouling, animal life on hull, cavitations), while the latter is related to hydrodynamics (movement of water including tides, current, storms, wind, and rain), and to seismic and biological phenomena. • Multipath. Multipath propagation may be responsible for severe degradation of the acoustic communication signal, since it generates Inter Symbol Interference (ISI). The multipath geometry depends on the link configuration. Vertical channels are characterized by little time dispersion, whereas horizontal channels may have long multipath spreads. The extent of the spreading is a strong function of depth and the distance between transmitter and receiver. • High delay and delay variance. The propagation speed in the UW-A channel is five orders of magnitude lower than in the radio channel. This large propagation delay (0.67 s/km) and its high variance can reduce the throughput of the system considerably. • Doppler spread. The Doppler frequency spread can be significant in UW-A channels [9], causing a degradation in the performance of digital communications: transmissions at a high data rate cause many adjacent symbols to interfere at the receiver. The Doppler spreading generates two effects: a simple frequency translation and a continuous spreading of frequencies, which constitutes a non-shifted signal. While the former is easily compensated at the receiver, the effect of the latter is harder to be compensated for. Most of the described factors are caused by the chemical-physical properties of the water medium such as temperature, salinity, and density, and by their spatiotemporal variations. These variations cause the acoustic channel to be highly temporally and spatially variable. In particular, the horizontal channel is by far more rapidly varying than the vertical channel, in both deep and shallow water. 3.3 Cross Layer Design While underwater networking research has followed the traditional layered approach so far, it is an increasingly accepted opinion in the wireless networking community that the improved network efficiency, especially in critical environments, can be obtained with a cross-layer design approach. These techniques will entail a joint design of different network functionalities, from modem design to MAC and routing, from channel coding and modulation to source compression and transport layer, with the objective to overcome the shortcomings of a layered approach that lacks of information sharing across protocol layers, forcing the network to operate in a suboptimal mode. However, although we advocate integrating functionalities to improve network performance and to avoid duplication of functions by means of cross-layer design, it is important to consider ease of design by following a modular design approach. This also allows improving and upgrading particular functionalities without the need to re-design the entire communication system.



4. Issues of UAN We discuss the issues facing UAN researchers in the following aspects: network topology, physical layer, MAC layer, Network layer, and Application layer. 4.1 Network topology Due to the uniqueness of underwater channels and characteristics of acoustic signal, UAN network topology is different from that of its ground-based counterparts. However, the fundamental design goals are the same, i.e., providing reliable connectivity among nodes in the network; increasing network capacity; and minimize the energy consumption. Basically, two types of network topologies can be used: ad hoc mode and hierarchy mode. It is found that multi-hop topology is more energy efficiency [10] [11] in ground based wireless networks. This conclusion needs to be investigated and extended to UANs. Depending on the ways to place nodes (e.g., permanent or on-
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demand deployment), the time constraints imposed by the applications, and the volume of data being retrieved, different kinds of topologies can be applied to an UAN. 4.2 Physical layer It is the physical channel that makes UAN unique. The characteristics of underwater channels are described in [12]. As discussed in Section 1, the majority of the electro-magnetic wave band has high attenuation in an underwater channel. Only a small part of long-wave band could go through it with relative less attenuation. For example, 1-8 kbits/sec at 122 kHz ranges up to 6-10 m . However, both large antennae and high transmitter powers are required. Optical signal gets scattered badly underwater, and the absorption is also high. Beside of these, optical wave transmission requires high precision in pointing the narrow laser beams. In very clean water, e.g., deep sea, blue-green wavelengths may be used for short-range connection. The advantage of optical signal lies in its high data rate up to several Mbits/sec at rang up to 100 m [18]. For very short range connections of order 1-2 m at standard IrDA, the rate can be achieved as high as 57.6kbps. 4.3 MAC Layer Protocol Although the new routing protocol is independent of the MAC layer protocol, choosing a certain MAC layer protocol may enhance the performance. Recent research results pointed out that the wireless network interface consumes a significant fraction of the total power. Measurements show that on a typical application like webbrowser or email, the energy consumed when the interface is on and idle is more than the cost of receiving packets. This is because the interface is generally longer idle than actually receiving packets. Furthermore, switching between states (i.e. off, idle, receiving, transmitting) consumes time and energy [6]. Therefore, in a wireless system the medium access protocols can be adapted and tuned to enhance energy efficiency. We choose to implement a time division multiple access (TDMA) based MAC layer whose slot assignment is managed by the gateway. The gateway informs each node about slots in which it should listen to other nodes’ transmission and about the slots, which the node can use for its own transmission. The advantages of using a TDMA MAC layer are: Clock synchronization is built in the TDMA protocol. Recall that we need synchronization for the energy model refresh and sending rerouting decision from the gateway to the nodes. Collision among the nodes can be avoided since each node has its own assigned time slots. However, this collision probability is limited due to the following reasons: • A node’s new state and forwarding table is highly probable to remain the same during consecutive rerouting phases. • The wrong state of the node will be corrected during the next rerouting cycle, which means that the collision period is limited. • If the node’s previous state was inactive, no collision will happen. • If the node receives a packet that is not in its forwarding table, this packet is dropped. • Collision can only occur if the node happens to use the same time slot for transmission as a neighboring node since during transmission, we use the minimum transmission power required for reaching the destination. The same thing happens during receiving. In the following subsections, we present the details of the MAC layer protocol. Frequency Division Multiple Access (FDMA) divides the available bandwidth into several sub-bands and assigns one of them to a particular user. The band is used by this user only till it is released. FDMA has been deployed successfully in ground-based radio networks. Time Division Multiple Access (TDMA) is another basic access technology. In this technology, a time frame is divided into multiple time slots and a slot is assigned to one individual user. Each user transmits in the assigned slot. TDMA has been widely deployed for ground-based radio networks and several 2G cellular network standards, i.e., GSM. Code Division Multiple Access (CDMA), which is based on spread spectrum, is another widely deployed access method. In contrast with FDMA and TDMA, CDMA does not divide time or frequency. It allows users to transmit all the time with all the available bandwidth. Users are distinguished by allocating each user a spreading code. This code is orthogonal with any other spreading codes that other users take. Basically there are two CDMA technologies Direct Sequence Spread Spectrum (DSSS) and Frequency Hopping Spread Spectrum (FHSS). In the former one, original bits are spread by multiplying the spread code
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directly (linear modulation); in the latter case, the carrier frequency of a user is changed according to the pattern of the spread code.



4.4 Network Layer If the network range is not large and one hop is sufficient to deliver information, then there is no need for relaying message. Otherwise, when it increases such that single-hop transmission is insufficient, multi-hop is needed to relay information from source to destination. It is also shown that multi-hop delivery is more energy efficiency in underwater network than single-hop delivery does [13]. The network layer determines the path from a source node to the destination one when multi-hop is needed . Basically, there are two methods of routing. The first one is virtual circuit routing and the second one is packet-switch routing. In virtual circuit routing, the networks use virtual circuits to decide on the path at the beginning of the network operation. In packet-switch routing, every node that is part of the transmission makes its own routing decision, i.e., decides its next hop to relay the packet. Packet-switch routing can be further classified into proactive routing and reactive routing protocols. Most routing protocols for ground-based wireless networks are packet-switch based. Proactive routing protocols attempt to minimize the message latency by maintaining up-todate routing information at all times from each node to any other node. It broadcasts control packets that contain routing table information. Typical protocols include Destination Sequence Distance Vector (DSDV) [14] and Temporally Ordered Routing Algorithm (TORA) [15]. However, proactive routing protocols provoke a large signaling overhead to establish routes for the first time and each time the network topology changes. It may not be a good fit in underwater environment due to the high probability of link failure and extremely limited bandwidth there. Virtual-circuit-switch routing protocols can be a better choice for underwater acoustic networks. The reasons are: a) Underwater acoustic networks are typical asymmetric instead of symmetric. However, packet switched routing protocols are proposed for symmetric network architecture; b) Virtual-circuit-switch routing protocols work robust against link failure, which is critical in underwater environment; and c) Virtual-circuit-switch routing protocols have less signal overhead and low latency, which are needed for underwater acoustic channel environment. However, virtual-circuit-switch routing protocols usually lack of flexibility. How to adapt some degree of flexibility into virtual-circuit-switch routing protocols is a question that needs to be answered by UAN network layer research. 4.5 Application Layer The purpose of application layer is to provide a network management protocol that makes hardware and software detail of the lower layers transparent to management applications. The functionalities include: 1) Identifying communication partners; 2) Determining resource availability; and, 3) Synchronizing communications. Some examples of application layer protocols for ground-based wireless networks are Telnet, File Transport Protocol (FTP), and Simple Mail Transfer Protocol (SMTP) [16]. Not much effort has been made to address the specific needs of the underwater acoustic environment. Instead of designing a complete new set of protocols, we can modify existing protocols of ground-based wireless networks to meet the UAN needs. Due to the economic concern and the complex underwater environment, an UAN should have the capacity to adjust itself to the changing environment. we use the current/turbulent/internal wave undersea to re-charge batteries, or take advantage of solar energy near the sea surface. To improve network efficiency, cross-layer approaches are proposed for ground-based wireless networks In this kind of mechanism, a joint design of different network functionalities, e.g., from modem design to MAC protocols, from channel coding to routing methods, is enabled. Such methods can overcome the disadvantage of lack of sharing information among layers. UANs suffer from much smaller bandwidth, longer propagation delay and worse channel stability. To make the network in sub-optimal mode and make efficient utilization of the extremely limited resource, a cross-layer deign is a valuable solution. Energy efficiency is critical to an UAN’s life and normal operation. The protocol design of an UAN should always take this into consideration. Debabrata Singh, IJRIT
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