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We have been engaged in a project of analysis of multi-hop protocol over power-line communications, and have been using OPNET Modeler and Wireless modules for our research from last year. In applying for their renewal, we would like to make the following brief report on our study in 2006 as well as our plan for 2007.
Background: 

The power-line communication (PLC) for home networks is a system which distributes communication data by injecting signals between residential power-line wires. The PLC is a rational networking solution since it realizes the integrated power and information delivery by using existing power-lines. 

Recently, high-speed PLC modems (max. 200Mbps) based on the Orthogonal Frequency Division Multiplexing (OFDM) technology using the High-Frequency band (HF band; 2M to 30MHz) have been put in practical use in Europe and America, e.g. Universal Powerline Association (UPA) and HomePlug AV standard based products. As the medium access (MAC) protocol, Time Division Multiple Access (TDMA) and Carrier Sense Multiple Access (CSMA) are used. However, the multi-hop protocols such as IEEE802.11s and AODV of MANET have not studied well for the PLC systems. 

In year 2006, we studied the property of signal attenuation of power-line channel.
The broadband PLC in cargo ships is a long-awaited technology. However the characteristics of power-line channels in the cargo ships have not been studied yet. The most unique point of the channels is that power-line cables used in most Asian cargo ships are shielded. In order to characterize the channel and investigate a suitable PLC system to the cargo ships, some parameters were measured in three typical ships. The figure 4 below shows the diagram of low power distribution of typical large sized cargo ship.
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The parameters were the transfer functions (LCTR, LTR and TTR), LCL and stationary noise spectrum. From these measurements, (1) the required dynamic range of receivers, (2) average attenuation at distribution boards, (3) phase coupling loss and (4) average LCL values were derived in our study. Since the cables are shielded and the hull provides the good ground, the usage of the common-mode transmission in addition to the conventional differential-mode, which is referred to as a dual-mode transmission system, is also proposed. And the measured parameters above included the common-mode and mode-conversion properties. As the evidence to support our proposal, we have found some outlets where the LCTR values were superior to the TTR values.
The figures 9 to 14 listed below represent the transfer functions of the low voltage power line. We are planning to model them with OPNET during our continued research in 2007.
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Fig. 4. Diagram of the distribution system of ShipC
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Figure 5 Result of throughput with SS system modem
We also examined the AODV installed on PC over power-line. Figure 5 is the result of throughput with SS system modem (maximum 2M bps). The horizontal axis is the throughput when AODV router is not used, and the vertical axis is when AODV routers are used as repeaters. Here we can see that if the throughput in normal circumstance becomes below 500Kbps, it is possible to improve the throughput by the AODV routers. 

As the PLC is based on a shared media communication, in theory the throughput becomes less than half of its maximum rate when a repeater is installed. However in reality, the throughput was dropped to approximately less than quarter. We are going to validate this result with OPNET in our future research to obtain its theoretical proof.
Additionally, our prototype router implemented an algorism which should select a route to be the minimum number of hops when the ICMP packet loss rate became under the pre-defined value. Under this method, it was not possible to select the optimum route automatically, and we need to study and develop an algorithm that will enable us to obtain the best throughput performance with an optimum hop number. Here again, we hope to use OPNET to achieve our goals.

Lastly, we summarized our research plan in related to OPNET for 2007.

・ Signal propagation over the power-line channel will be modeled by referring to the OPNET model of wireless LAN. However, the dominant factors of the signal attenuation of the PLC, which are different from that of the wireless LAN, are branches of power-lines and electric equipments connected to the lines. These factors will be evaluated using OPENT.
・ Although the usual PLC uses a transmission mode called the differential mode, in this project, the common-mode transmission is also used together, as the feature of this project. The diversity effect is expected by using both modes.
・ The AODV model of OPNET, applied to the power-line channel, will be studied. Especially, the performance of AODV at the time of using both above-mentioned transmission modes will be examined.
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