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Chapter Four
4

SUMMARY AND CONCLUSIONS

Propagation impairments of radio wave signals due to rain, cloud, gas and tropospheric scintillation on earth-space path have been studied for frequencies between 10 to 50 GHz at the two standard elevation angles of 50, 550 as well as some elevation angles for links to the Nigeria communication satellite, (NigComsat-1) for 37 stations in Nigeria. For the computation of the propagation impairments, the recent recommendations of International Telecommunication Union Radiowave Propagation Study Group Three (ITU-RP SG3) empirical models have been used. The ITU-RP models were chosen because they are based on recent measurements around the world and the models showed good agreement when tested with measured data for all latitudes in the probability range 0.001 to 5% unavailability in an average year.
4.1.1
Rain attenuation at frequencies between 10 to 50 GHz
The result show that at 50 elevations for 0.01% unavailability rain attenuation  is most severe in SS region followed, in descending order,  by the SE , SW, MB, NE and NW regions. At 50 elevation, the results suggest that there will be total outage of signal at 0.01% unavailability in all the 37 stations under study in Nigeria during rainfall. For the 550 elevation, rain attenuation is most severe in the SS region followed, in descending order, by SE, MB, SW, NE and NW regions.
4.1.2
Rain Attenuation Study at Links to NigComSat-1 at Ku, Ka and V Bands from 0.01-1% Unavailability of an Average Year.
Rain attenuation cumulative distributions to NigComsat-1 at down link frequencies at the Ku-band (11 GHz) for all the six regions suggest that 99.99% availability is achievable in all the 37 stations in Nigeria. At the Ka-band (20 GHz) downlink, the result suggests that 99.99% availability is not practicable and that the only practicable availability is 99.9% of an average year for all the 37 stations in Nigeria. At the V-band (40 GHz) down link, the only possible availability level for all regions is 99.8%. 
4.2

Cloud Attenuation at Frequencies Between 10 to 50 GHz
At 50 and 550 elevation angles the results suggest that cloud attenuation will be more severe in SE region followed, in descending order, by the MB, NE, NW, SW, and SS regions. 
4.2.1

Cloud Attenuation Study at links to NigComSat-1 at Ku and Ka from 0.01-



1% Unavailability of an average year.
The results of cloud attenuations for 0.01% to 10% unavailability at links to NigComsat-1 at Ku (11 GHz), Ka (20 GHz), and V-band (40 GHz) down link frequencies show that 99.99% availability will be possible in all the 37 stations in Nigeria. These results show consistently that cloud attenuation is generally higher in the SW region and very low in the NW region of Nigeria and that at V-band cloud attenuation will become a concern on earth-space path in the SW region. 

4.3
Gaseous Attenuation Study at 1% Unavailability for Frequencies Between 10 to 50 GHz
The results of gaseous attenuations at 1% unavailability of an average year at the 37 stations shows that at 50 and 550 elevations, gaseous attenuation was highest in the SS region followed, in descending order, by the SW, SE, MB, NE and NW regions. 
4.3.1
Gaseous Attenuation Study at links to NigComSat-1 at Ku, Ka and V Bands for 1% Unavailability of an Average Year at the 37 Stations.


The results of gaseous attenuation for 1% unavailability of an average year at Ku, Ka, and V bands for links to NigComsat-1 at the 37 stations suggests that 99% availability is possible and that gaseous attenuation are negligible at Ku, Ka (uplink and downlink) and at V band downlink frequencies in all the 37 stations. At V-bands uplink gaseous attenuation became very significant as gaseous attenuation is between 1.69 and 2.14 dB. For link to NigComsat-1 the results also revealed that gaseous attenuation is highest in Ikeja (the SW region) followed, in descending order, by Calabar (SS), and Enugu (SE), Ilorin (MB), Kano (NW) and  Damaturu (NE) regions.

4.4
Tropospheric Scintillation Study at 0.01% Unavailability in an Average Year at Frequencies between 10 to 50 GHz


The results of tropospheric scintillation fade depth at 0.01% unavailability of an average year at 50 and 550 elevation angles show that scintillation fade depth will be most severe in Calabar (the SS region) followed, in descending order, by Ikeja (SW), Abakaliki (SE), Abuja (MB), Dutse (NE) and Katsina (NW) regions.
4.4.1
Scintillation Fade Depth Study at links to NigComSat-1 at Ku, Ka and V Bands for 0.01 to 10% Unavailability of an Average at 37 Stations in Nigeria.

Scintillation fade depth for downlink from NigComsat-1 at Ku, Ka and V-bands show that tropospheric scintillation will not be a serious concern and that 99.99% availability of signal is possible at all the 37 stations. The results for downlink to NigComsat-1 at all the three bands show that scintillation fade depth is highest in Ikeja (the SW region) followed, in descending order, by Calabar (SS region), Enugu (SE region), Jos and Abuja (MB), Damaturu and Bauchi (NE) and Sokoto (NW) regions.
4.5
Combined Attenuation Study at 0.01% Unavailability of an Average Year for Frequencies Between 10 to 50 GHz


The result of combined attenuation for 50 elevation suggests that 99.99% availability is most unlikely, and there will be a total fade out of signals at very low elevation angles.  At 550 elevation angle the results suggest that at frequencies between 10 to 14 GHz, 99.99% availability is possible in all the 37 stations. At both elevation angles the results show that combined propagation impairments along earth-space path is very high in Abakaliki (the SE region) followed, in descending order, by Uyo (SS), Ikeja (SW), Markudi (MB), Maiduguri (NE) and Katsina (NW) regions.
4.5.1
Results of Combined Attenuation Study at Ku, Ka and V-bands for Downlinks from NigComsat-1 at 0.01 to 10% Unavailability in an Average Year at the 37 stations

At the Ku downlink from NigComsat-1, the results suggest that 99.99% availability of signals is possible at all the 37 stations. At the Ka downlink the only possible availability for all the 37 stations is 99.9% of an average year. For the V-band downlink the results suggest that 99.7% availability might be unrealistic and that the most reliable availability for all the 37 locations will be 99.6% in an average year. The combined propagation impairment on earth-space path for downlink from NigComsat-1 at the 37 stations show that combined attenuation is highly severe in Calabar and Yenagoa (the SS region) followed, in descending order, by Owerri (SE) , Ibadan (SW), Jos (MB), Damaturu (NE) and Katsina (NW) regions. 


Table 4.1 summaries the results of all propagation impairments for all the six regions in Nigeria.
[image: image1.emf]Table 4.1: Summary of all  Propagation Impairments in Nigeria by Region from 10-50GHz.

Impairments Levels

Regions Rain 

Cloud

Gases  Scintillations Combined 

South-West

High Low Very High Very High High

South-East

Very High Highest High High Highest

South-South

Highest Lowest Highest Highest Very High

Middle-Belt

Medium Very High Medium Medium Medium

North-West

Lowest Medium Lowest Lowest Lowest

North-East

Low High Low Low Low


4.6
Conclusion and Recommendations

The knowledge of various propagation impairments such as rain, cloud, gas and tropospheric scintillation and the combined effects is of ultimate importance for fixed satellite communication service at frequencies above 10 GHz for planning, budgeting and predicting the transmission and reception of radio waves signals on earth-space path. The present studies indicate the significance of the influence local and regional climatic factor on microwave signals on earth-space path. The predicted attenuations show the various effects of local weather on propagation of radiowave signals for major cities in Nigeria. The results suggest that the southern part of Nigeria experience the highest propagation impairment while the Northern part experience less impairment.


Overall, Sokoto and Katsina appear as good locations to site fixed satellite earth stations (operating at Ku band and above) for deep space exploration as the results obtained showed consistently that the two locations are less affected by all propagation impairments investigated.
Secondly, for a complete understanding and local modeling of various propagation parameters relevant to the study of impairments of radio waves signals in the earth-space path at the 37 stations, it is recommended that an Agency be set up to fund propagation research by providing necessary instrumentation such as: satellite beacons (receivers), radiometers, distrometers and Automatic weather station for radio scientists at each of the 37 stations to measure propagation impairments on earth-space path monitored from the recently launched Nigeria communication satellite (NigComsat-1). NigComsat-1 has a life span of 15-year, a period long enough for the accumulation of propagation data for the country to produce its own local propagation models. This will help in quick integration and expansion of telecommunication services in Nigeria. It will also help in the assessment of the standards of telecommunication equipment shipped into the country. 
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