College-Industry Cooperation in Using PLC to Support 

Development in a Developing Nation

Abstract
College-industry cooperation leads to exchange of information between the partners, which can improve the quality of education and research. It helps students to be exposed to industrial practices while in college, and when employed after graduation, helps them to be efficiently integrated into industry. The cooperation also provides access to technology for problem solving and this is the focus of this project.

Power Line Communication (PLC) is a technology in which data can be transmitted over electric power lines. This technology is being used as a basis for cooperation between college and industry in Ghana. The technology allows all areas that are connected to an electrical grid to have access to the Internet. The advantages that the Internet brings include connection to libraries, research centers and many sources where there are numerous educational materials for both the young and the old. This can also provide access to essentials such as health care.

This paper reports the research work being carried out by some students at Kwame Nkrumah University of Science and Technology (KNUST) in Kumasi, Ghana and employees of the VRA depot based in Kumasi with the objective of extending the use of the grid to incorporate Internet applications. This partnership is being engaged in because both VRA and KNUST are public owned. 

1. Introduction
Ghana is engaged in a development program, and improving the education system is one of the priorities, among others. Providing the school system, from primary to tertiary levels with Internet access will provide links to major libraries and electronic learning (e-learning) can also be achieved [1]. Distance education which is conducted by media such as telephone and radio will experience a phenomenal boost in its delivery by the addition of the Internet, and PLC will be a cost effective approach to achieve this objective.

Even though systems such as cable, satellite and DSL have been started in Ghana, the electric grid has a larger coverage over the nation and will facilitate reaching more people at a lower cost than any of the other systems mentioned above. Off-grid areas can be connected through wireless by converting solar energy to electricity to power the equipment. The technology fusion will provide a platform for information transmission to all people in the nation and will support the efforts of Ghanaians in being global citizens.  

The Volta River Authority (VRA) was established in 1961 to generate and supply electricity for industrial, commercial and domestic use in Ghana [2]. The nation currently has electrification in most urban centers and some rural areas, and it is further being improved by extending it to areas than previously did not have electricity [3]. The national grid starts off at the generation site with high voltage (HV), goes to medium voltage (MV) and low voltage (LV) lines for distribution [4]. The grid was overlaid with a communication channel to enable the employees of VRA to have oversight of the system for control and supervisory activities to efficiently provide the expected service.
2. Extending the Communication Application 
Voice and data communication over power lines is not a new technology. This has been in use for activities such as supervisory and automatic meter reading. Ghana has this application for voice communication. Extending the communication application of the power grid to involve Internet application is attracting attention in various places, and in particular, Europe [5]. A legacy of colonial rule in Africa is that many African countries pattern their infrastructure after those developed in the colonizing nations, and this is the case in Ghana where the electric power system is patterned after that used in Britain [6]. One of the options this offers is to use the PLC systems employed in Europe [5] as example for the one that may be developed for Ghana. In support of this point, PLC is undergoing extensive research work in Europe, and as the grid in Ghana follows European specifications, the PLC work in Europe can serve as a bench mark for the work in Ghana.

3. Numerical Analysis and Experimental Measurements
The need for analysis is identified in the assertion above that as data is transmitted along the power line, radiation from the power line can cause interference in other applications in close proximity to the power line just as such applications can cause interference to the data being transmitted. The analysis is done using the Numerical Electromagnetic Code (NEC) [7] which employs Fortran 77. It uses electric-field integral equation (EFIE) and magnetic-field integral equation (MFIE) to model the electromagnetic response of antennas and other metallic structures. EFIE is well suited for thin-wire structures of small or vanishing conductor volume while MFIE, which fails for the thin-wire case, is more suitable for voluminous structures [7]. The NEC is therefore a rigorous and versatile code for electromagnetic analysis. It was used to simulate and calculate the electric field radiation from the PLC. The analytical results obtained were verified by experimental measurements using the Protek 3201 RF Field Analyzer, a hand-held field strength analyzer that has wide band reception ranging from 100 kHz to 2060 MHz.

The two channels currently in use in Ghana are 444 kHz and 482 kHz. Simulation results and experimental data were collected for transmissions along the line. Measurements were performed at the VRA substation in Kumasi where a PLC system is currently being used for line protection and voice communication on the Kumasi-Techiman line.

4. Coupling the PLC Equipment to the Power Line
The coupling devices used (MCD 80) form the interface between the HV (high voltage) transmission line and the PLC equipment, Figure 1. A coupling device acts as a filter which accepts the carrier frequency signals and rejects the power system frequency. It also protects the PLC terminal from the power system voltage and transient over voltages caused by switching operations and atmospheric discharges. Line traps (not shown) which prevent the PLC signals from being short-circuited by the substation and the coupling filter formed by the coupling capacitor and coupling device are also used on the lines.

To suppress radiations from the cables that may be harmful to other applications in the vicinity of the PLC system it is necessary to drive them differentially [8]. The currents in the two horizontal wires travelling in opposite directions create fields that cancel one another. The closer the wires, the better would be the cancellation. The differential coupling is shown in Figure 1 which depicts deployment at the larger centers. Differential coupling can also be done vertically between phased lines as well as between a phased line and a neutral.

Figure 1: The two-phase coupling scheme deployed by VRA. (Courtesy of VRA)
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5. Simulation and Experimental Results
Because the voice communication channel was already operational, the initial tests were based on that. Simulations were done using the NEC code and measurements were taken with the Protek 3201 RF Field Analyzer for comparison at the two frequencies of 444 kHz and 482 kHz. 

Figure 2. Plot of simulated and measured results of signal propagation along the

 power lines at a frequency of 444 kHz.
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Figure 3. Plot of simulated and measured results of signal propagation along the

 power lines at a frequency of 482 kHz.
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As stated above, some European nations and the US have done extensive research on PLC systems and Europe is still engaged in work on such systems. Tests that have been done on European and US systems have been at frequencies typically between 1 and 30 MHz [5, 8] and sometimes at 50 MHz. The PLC system is generally considered to consist of two sections, the outdoor which is the part of the system that covers the public area between the substation and the customer’s premises, and the indoor which is the private area within the customer’s building [5]. These definitions are applied to the ranges of frequencies used in the two sections. The frequency spectrum used in Europe for communications is from 1 MHz to 30 MHz. Of this range, the lower frequency band from 1-10 MHz is used for the outdoor PLC. This is because the lower frequencies have less path loss, local noise, and line attenuation and will therefore allow transmission over longer distances. The higher frequency band of 15-30 MHz is used for indoor applications where the shorter distances do not greatly impact line attenuation which is higher for the higher frequency range, and also channel noise and power line noise are much smaller at higher frequencies [5]. 

To study this technology with the view to design a system for a developing nation such as Ghana, it is reasonable to examine what has been done in particular in Europe. This is because the power system in use in Ghana follows the European standard. This will also mean that the system will be in compliance with international standards. Simulation tests have therefore been done at selected frequencies in line with those stated above. 

For these tests with results shown in Figures 4 and 5, different configurations that have been reported from European tests were used to provide comparison of the analytical process used in this work. In horizontal balance, two parallel horizontal lines are fed in opposite directions (differentially). The advantage in this is that the radiations caused will, in part, cancel each other’s effect, hence minimizing the resultant radiation from the power lines. Vertical balance has also been used where two live, or phase lines, are fed differentially. For vertical with neutral, the live line and the neutral are fed differentially. For this mode of injection, the neutral is considered connected to the ground. The fourth approached is single wire, for which an image below ground is assumed [8, 9].

Figure 4. Simulation results of electric field radiation at distances normal to the power
                    line at a frequency of 1 MHz.
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Figure 5. Simulation results of electric field radiation at distances normal to the power 
                    line at a frequency of 10 MHz.
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The plots for the balanced transmissions are observed to be lower Figures 4 and 5 compared to plots for configuration using the neutral line and the single line with an image below ground is assumed. The tests reported in this paper conform to the European tests.

6. Conclusion
A study is being conducted as a partnership between college and industry; VRA and KNUST. The objective of the study is to determine the feasibility of designing a PLC system in the African environment. Experimental measurements and analytical simulations of propagation along the power lines for the frequencies currently in use, 444 kHz and 482 kHz, have been done and the simulation and measured results along the wire compared favorably. Simulations have also been conducted but this time for radiations normal to the wire, and for different feed configurations. These radiations can cause interference in systems within close proximity to the wire. Results shown in Figures 4 and 5 conform to results published from European tests. PLC will be a positive addition to the various technologies in use in Ghana, and will support the development programs the nation is engaged in. It will also complement efforts by Ghanaians in being counted among global citizens.
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