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Development of Experimental Set of Transmitters of Instrument Landing System 
in AvionicsȮ 

 
Nipont Tangthong/(Ȯand Nutchanat Chumchuen0 

 
Abstract 

This paper aims to develop an experimental set of transmitters of instrument landing systems in 
avionics,ȮThe experimental set is used for practical learning and teaching of students in avionics 
engineering and related fields,ȮThe E4432B high-frequency signal generator of Keysight, low-frequency 
signal generator, and the simulation navigation system tool are assembled into a transmitter 
experimental set of transmitters for instrument landing system &ILS',ȮThe constructed ILS transmitters 
consist of 1'ȮMarker Beacon system, 2'ȮLocalizer system and 3'ȮGuide Slope system to be used as 
teaching innovation in the education 4,0 era,ȮThe tested results showed that the ILS experimental set of 
the transmitters in the avionics was able to receive and transmit a radio signal using a transmitting 
power of 1 mW &0 dBm'Ȯover a distance of up to 5 meters,ȮIn addition, the experimental set can display 
signal waveforms and the status of various parameters of the instrument landing system properly,ȮThe 
obtained research results can be used in learning and teaching to enhance learners' understanding of 
operating systems and to gain practical skills in instrument landing systems,ȮIn addition, the results of 
the research can be applied to produce the high-competency and operational experience laborers in 
the field of aircraft navigation services that consistent with the international professional standards of 
the European Aviation Safety Agency &EASA',Ȯ 
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1, ȮĭĪĬņ 
ĮƤěěŋĭńĬĶńģĭŅĸœĪĵœħƟĔņľĬħŒľƟĴňĬőĵĭŅĵœĪĵŐĸĬħƢȮ
2,.ȮĪňŗĕńĭŏėĸŊŗŀĬĮĶŃŏĪĻœĪĵĽŌƞėĺŅĴĴńŗĬėĚȮĴńŗĚėńŗĚȮŐĸŃ
ĵńŗĚĵŊĬȮőħĵĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĻĶļģĔŇěŐĭĭŏħŇĴœĮĽŌƞĔŅĶ
ĕńĭŏėĸŊŗŀĬħƟĺĵĬĺńĨĔĶĶĴȮĞŉŗĚœħƟĔņľĬħŐĬĺĪŅĚĔŅĶ
ıńĥĬŅŒĬȮ/.ȮĔĸŋƞĴŀŋĨĽŅľĔĶĶĴŏĮƚŅľĴŅĵľĶŊŀĪňŗŏĶňĵĔĺƞŅȮ
S-curve ĮĶŃĔŀĭœĮħƟĺĵȮŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢĽĴńĵȮŒľĴƞȮ
ŀŇŏĸŖĔĪĶŀĬŇĔĽƢŀńěĜĶŇĵŃȮĔŅĶĪƞŀĚŏĪňŗĵĺĔĸŋƞĴĶŅĵœħƟħňŐĸŃ
ĔŅĶĪƞŀĚŏĪňŗĵĺŏĝŇĚĽŋĕĳŅıȮĔŅĶŏĔļĨĶŐĸŃŏĪėőĬőĸĵňȮ
ĝňĺĳŅıȮĔŅĶŐĮĶĶŌĮŀŅľŅĶȮľŋƞĬĵĬĨƢŏıŊŗŀŀŋĨĽŅľĔĶĶĴȮ
ĔŅĶĭŇĬŐĸŃőĸěŇĽĨŇĔĽƢȮıĸńĚĚŅĬŏĝŊŘŀŏıĸŇĚĝňĺĳŅıŐĸŃŏėĴň
ĝňĺĳŅıȮȮŀŋĨĽŅľĔĶĶĴħŇěŇĪńĸȮŐĸŃĔŅĶŐıĵĪƢŐĭĭėĶĭ
ĺĚěĶȮ[1]ȮĽņľĶńĭĔŅĶĮġŇĶŌĮŀŋĨĽŅľĔĶĶĴĕŀĚĮĶŃŏĪĻœĪĵ
ěŃŒĝƟĶŌĮŐĭĭĔŅĶĕńĭŏėĸŊŗŀĬħƟĺĵŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴȮ
ŐĸŃĮĶńĭŏĮĸňŗĵĬěŅĔĔŅĶŒľƟĭĶŇĔŅĶıŊŘĬģŅĬŏĮƦĬĔŅĶĭĶŇĔŅĶ
ĪňŗĨƟŀĚŒĝƟĪńĔļŃĕńŘĬĽŌĚȮĞŉŗĚĔŅĶħņŏĬŇĬĔŅĶĪňŗĴŋƞĚĽŌƞŏĮƚŅľĴŅĵĬňŘȮ
ŴĔŅĶěńħĔŅĶĻŉĔļŅĽĴńĵŒľĴƞŵȮŏĮƦĬĽŇŗĚĪňŗĽņėńĠŀĵƞŅĚĵŇŗĚĪňŗěŃ
ĽĶƟŅĚĭŋėĸŅĔĶŒľƟĴňĽĴĶĶĩĬŃĔŅĶĪņĚŅĬĪňŗĴňĪńŘĚėĺŅĴĶŌƟȮ
ėĺŅĴŏĝňŗĵĺĝŅĠȮŐĸŃĪńĔļŃĔŅĶĮĢŇĭńĨŇĚŅĬĕńŘĬĽŌĚ 
ħńĚĬńŘĬŏıŊŗŀŏĮƦĬĔŅĶĨŀĭĽĬŀĚĬőĵĭŅĵĕŀĚĶńģĭŅĸȮĔŅĶ
ěńħĔŅĶĻŉĔļŅŒĬĵŋėœĪĵŐĸĬħƢȮ2,.ȮěŉĚŏĮƦĬĔŅĶěńħĔŅĶŏĶňĵĬ
ĔŅĶĽŀĬĪňŗĪņŒľƟįŌƟŏĶňĵĬĴňėĺŅĴĽŅĴŅĶĩĪňŗĽŅĴŅĶĩĬņŀĚėƢ
ėĺŅĴĶŌƟœĮĭŌĶĦŅĔŅĶŀĵƞŅĚĽĶƟŅĚĽĶĶėƢȮĪňŗĽƞĚŏĽĶŇĴŒľƟĴňĪńĔļŃ
ĔŅĶĮĢŇĭńĨŇĔŅĶĪňŗĽŌĚĕŉŘĬȮĴňėĺŅĴĶŌƟĪňŗĔƟŅĺœĔĸĶŀĚĶńĭĔńĭĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚȮĪňŗĽŅĴŅĶĩıńĥĬŅĬĺńĨĔĶĶĴĽĴńĵŒľĴƞĴŅ
ĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶĕŀĚĽńĚėĴœħƟȮŏĴŊŗŀĔĸƞŅĺĩŉĚĽĩŅĭńĬȮ
ĔŅĶĻŉĔļŅȮıĭĺƞŅȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸ
īńĠĭŋĶňȮœħƟĴňĬőĵĭŅĵŒĬĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬĪňŗĴŋƞĚŏĬƟĬ
ĔŅĶěńħĔŅĶĻŉĔļŅĪňŗĶŀĚĶńĭĔńĭĔĸŋƞĴŀŋĨĽŅľĔĶĶĴŏĮƚŅľĴŅĵȮ
őħĵœħƟħņŏĬŇĬĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚľĸńĔĽŌĨĶŒľĴƞŐĸŃ
ěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬĪňŗĴŋƞĚŏĬƟĬĔŅĶĵĔĶŃħńĭģŅĬĽĴĶĶĩĬŃ
ĕŀĚįŌƟŏĶňĵĬĨŅĴŐĬĺĪŅĚĕŀĚőėĶĚĔŅĶĭńĦĤŇĨıńĬīŋƢŒľĴƞȮ
ħńĚĬńŘĬĳŅėĺŇĝŅŀŇŏĸŖĔőĪĶĬŇĔĽƢŐĸŃőĪĶėĴĬŅėĴȮėĦŃ
ĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮěŉĚœħƟŏĮƕħľĸńĔĽŌĨĶŒľĴƞĨŅĴĪňŗĨŀĭĽĬŀĚ

ĬőĵĭŅĵĶńģĭŅĸŒĬĔĸŋƞĴŀŋĨĽŅľĔĶĶĴĔŅĶĭŇĬŐĸŃőĸěŇĽĨŇĔĽƢȮ
ĬńŗĬėŊŀȮľĸńĔĽŌĨĶĺŇĻĺĔĶĶĴŀŇŏĸŖĔĪĶŀĬŇĔĽƢŀŅĔŅĻĵŅĬȮĞŉŗĚ
ŏĮƦĬľĸńĔĽŌĨĶĪňŗĴŋƞĚŏĬƟĬŒľƟįŌƟŏĶňĵĬĴňĪńĔļŃĔŅĶĮĢŇĭńĨŇĔŅĶ
ŐĸŃĔŅĶĽĶƟŅĚĬĺńĨĔĶĶĴĪŅĚħƟŅĬŀŅĔŅĻĵŅĬŐĸŃĔŅĶĭŇĬĪňŗ
ĴňėŋĦĳŅıĨŅĴĴŅĨĶģŅĬĽŅĔĸȮŐĸŃŒľƟŏĮƦĬœĮĨŅĴıńĬīĔŇě
ĕŀĚĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸīńĠĭŋĶňȮŒĬĔŅĶ
ěńħĔŅĶȮĻŉĔļŅĺŇĝŅĝňıĶŃħńĭŀŋħĴĻŉĔļŅĭĬıŊŘĬģŅĬ
ĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŀĵƞŅĚĴňėŋĦĳŅıȮŐĸŃĶŀĚĶńĭ
ĔńĭĔŅĶĽĶƟŅĚĚŅĬĺŇěńĵŐĸŃĬĺńĨĔĶĶĴȮĶĺĴĩŉĚĔŅĶĩƞŅĵĪŀħ
ŏĪėőĬőĸĵňȮŏıŊŗŀŏıŇŗĴĕňħėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŐĕƞĚĕńĬĕŀĚ
ĮĶŃŏĪĻȮĶĺĴĪńŘĚŒľƟĴňėĺŅĴĽŀħėĸƟŀĚĔńĭĮĶńĝĠŅĕŀĚ
ĴľŅĺŇĪĵŅĸńĵĪňŗĴŋƞĚŏĬƟĬĔŅĶıńĥĬŅĔŜŅĸńĚėĬħƟŅĬĺŇĪĵŅĻŅĽĨĶƢ
ŐĸŃŏĪėőĬőĸĵňȮőħĵŏĜıŅŃĔŅĶįĸŇĨĭńĦĤŇĨĪŅĚħƟŅĬĔŅĶ
ĞƞŀĴĭņĶŋĚŀŅĔŅĻĵŅĬȮĞŉŗĚįŌƟŏĶňĵĬĪňŗĽņŏĶŖěĔŅĶĻŉĔļŅěŃĨƟŀĚ
ĴňĪńĔļŃŐĸŃĽĴĶĶĩĬŃĨŅĴĴŅĨĶģŅĬĺŇĝŅĝňıĽŅĔĸĕŀĚ
ŀĚėƢĔŅĶėĺŅĴĮĸŀħĳńĵħƟŅĬĔŅĶĭŇĬŐľƞĚĽľĳŅıĵŋőĶĮȮĪňŗ
ŏĶňĵĔĺƞŅȮEASA &European Aviation Safety Agency'Ȯ
[2]ȮĪňŗŏĮƦĬľĬŉŗĚŒĬĴŅĨĶģŅĬĪňŗĵŀĴĶńĭŒĬĶŃħńĭĽŅĔĸĕŀĚ
ĽŅĵĔŅĶĭŇĬŐĸŃĮĶŃŏĪĻŒĬŐĩĭĪĺňĮĽľĳŅıĵŋőĶĮ 
ĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬŒĬľĸńĔĽŌĨĶĺŇĻĺĔĶĶĴ
ŀŇŏĸŖĔĪĶŀĬŇĔĽƢŀŅĔŅĻĵŅĬȮœħƟĔņľĬħŒľƟĴňěŋħĴŋƞĚľĴŅĵŒĬ
ĔŅĶįĸŇĨĭńĦĤŇĨŒľƟĴňėĺŅĴĶŌƟŒĬħƟŅĬĪķļġňŐĸŃĴňĪńĔļŃ
ĮĢŇĭńĨŇĔŅĶĪňŗœħƟěŅĔĔŅĶĸĚĴŊŀĮĢŇĭńĨŇĔŅĶěĶŇĚĪńŘĚŒĬŐĸŃ
ĬŀĔľƟŀĚĮĢŇĭńĨŇĔŅĶȮĪňŗĴňĽĴĶĶĩĬŃĺŇĝŅĝňıĨŅĴĴŅĨĶģŅĬĪňŗ
ĔņľĬħĕŀĚȮEASA ĨĸŀħěĬĽŅĴŅĶĩĬņėĺŅĴĶŌƟĪňŗœħƟœĮ
ĭŌĶĦŅĔŅĶŐĸŃĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶĮĢŇĭńĨŇĚŅĬěĶŇĚœħƟȮ
őħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚĔŅĶĬņœĮĮĶŃĵŋĔĨƢŒĝƟĚŅĬĪŅĚħƟŅĬĔŅĶ
ĞƞŀĴĭņĶŋĚĶŃĭĭŀŅĔŅĻĵŅĬȮŐĸŃĶŃĭĭŀŇŏĸŖĔĪĶŀĬŇĔĽƢ
ŐĸŃĽŊŗŀĽŅĶĪňŗŒĝƟŒĬŀŅĔŅĻĵŅĬȮŏĝƞĬȮĶŃĭĭĺŇĪĵŋĽŊŗŀĽŅĶȮ
ĶŃĭĭĬņĶƞŀĚȮĶŃĭĭĬņĶƞŀĬĪňŗŒĝƟėĺĭėŋĴĔŅĶĪņĚŅĬĕŀĚ
ŀŅĔŅĻĵŅĬĨƞŅĚȮŕȮħńĚĬńŘĬĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬŒĬ
ľĸńĔĽŌĨĶĺŇĻĺĔĶĶĴŀŇŏĸŖĔĪĶŀĬŇĔĽƢŀŅĔŅĻĵŅĬȮěŉĚĴňėĺŅĴ
ěņŏĮƦĬĪňŗěŃĨƟŀĚıńĥĬŅĝŋħŏėĶŊŗŀĚĴŊŀŐĸŃŀŋĮĔĶĦƢŒľƟĴňėĺŅĴ
ıĶƟŀĴŐĸŃĽŀħėĸƟŀĚĔńĭěŋħĴŋƞĚľĴŅĵĕŀĚľĸńĔĽŌĨĶŐĸŃ
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ĨŀĭĽĬŀĚĔńĭĔŅĶěńħĔŅĶĻŉĔļŅŒĬĵŋėĔŅĶĻŉĔļŅȮ2,.Ȯ
ĜŃĬńŘĬĭĪėĺŅĴĬňŘěŉĚĬņŏĽĬŀŐĬĺĪŅĚĔŅĶıńĥĬŅĝŋħ
ĪħĸŀĚĕŀĚŏėĶŊŗŀĚĽƞĚĽńĠĠŅĦĶŃĭĭĬņĶƞŀĬĽņľĶńĭŀŅĔŅĻ
ĵŅĬȮőħĵŒĝƟŏėĶŊŗŀĚĴŊŀŐĸŃŀŋĮĔĶĦƢĪňŗĴňŀĵŌƞŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ
ĴŅĮĶŃĵŋĔĨƢŒĝƟĚŅĬȮŒľƟĽŅĴŅĶĩŒĝƟĪħĸŀĚĔŅĶĽƞĚŐĸŃĶńĭ
ĽńĠĠŅĦėĸŊŗĬĺŇĪĵŋŒĬĶŃĭĭĬņĶƞŀĬœħƟŏĽĴŊŀĬěĶŇĚȮŐĸŃ
ĮĶŃĵŋĔĨƢŒĝƟĚŅĬŒĬľƟŀĚȮĮġŇĭńĨŇĔŅĶȮĶĺĴĩŉĚĬņœĮŒĝƟĚŅĬ
ŏıŊŗŀĔŅĶĪħĽŀĭŐĸŃĨĶĺěĞƞŀĴŒĬőĶĚĞƞŀĴŏėĶŊŗŀĚĭŇĬœħƟȮĞŉŗĚ
įĸĺŇěńĵĪňŗœħƟĽŅĴŅĶĩŒĝƟĪħŐĪĬĔŅĶĞŊŘŀŏėĶŊŗŀĚĴŊŀěŅĔ
ĨƞŅĚĮĶŃŏĪĻĪňŗĴňĶŅėŅŐıĚȮŐĸŃŏĮƦĬĔŅĶĮĶŃĵŋĔĨƢŒĝƟ
ŏėĶŊŗŀĚĴŊŀĪňŗĴňŀĵŌƞŒľƟĽŅĴŅĶĩŒĝƟĚŅĬœħƟŀĵƞŅĚŏľĴŅŃĽĴŐĸŃĴň
ĮĶŃĽŇĪīŇĳŅı 

 

2, ȮľĸńĔĔŅĶĕŀĚĶŃĭĭĬņĶƞŀĬĽņľĶńĭŀŅĔŅĻĵŅĬ 
ľĸńĔĔŅĶĪņĚŅĬĕŀĚĶŃĭĭĬņĶƞŀĬĽņľĶńĭŀŅĔŅĻĵŅĬȮĴň

ŏĬŊŘŀľŅĪňŗŏĔňŗĵĺĕƟŀĚħńĚĨƞŀœĮĬňŘ 
2,1 ȮĶŃĭĭĬņĶƞŀĬȮ&Instrument Landing System' 
ĶŃĭĭĬņĶƞŀĬȮ&Instrument Landing System 8ȮILS'ȮȮ
ŏĮƦĬĶŃĭĭĔŅĶŏħŇĬŀŅĔŅĻĪňŗĝƞĺĵĬņŀŅĔŅĻĵŅĬĶƞŀĬĸĚľĶŊŀ
ĸĚěŀħĪňŗĽĬŅĴĭŇĬœħƟŀĵƞŅĚĮĸŀħĳńĵȮőėĶĚĽĶƟŅĚĔŅĶĪņĚŅĬ
ĕŀĚĶŃĭĭĬņĶƞŀĬĽŅĴŅĶĩŐĭƞĚŀŀĔŏĮƦĬȮ0ȮĽƞĺĬľĸńĔȮœħƟŐĔƞȮ
/'ȮĽƞĺĬĕŀĚŏėĶŊŗŀĚĽƞĚĽńĠĠŅĦėĸŊŗĬĺŇĪĵŋȮȮ0'ȮĽƞĺĬĕŀĚ
ŏėĶŊŗŀĚĶńĭĽńĠĠŅĦĺŇĪĵŋȮĽņľĶńĭĽƞĺĬĪňŗŏĮƦĬŏėĶŊŗŀĚĽƞĚ
ĽńĠĠŅĦėĸŊŗĬĺŇĪĵŋěŃĨŇħĨńŘĚœĺƟĪňŗĳŅėıŊŘĬħŇĬĭĶŇŏĺĦ
ĽĬŅĴĭŇĬŐĸŃıŊŘĬĪňŗĕŀĚĶńĬŏĺĵƢȮĔŅĶĨŇħĨńŘĚŏėĶŊŗŀĚĽƞĚĽńĠĠŅĦ
ŐĸŃėĺŅĴĩňŗĪňŗŒĝƟĽņľĶńĭĽƞĚĽńĠĠŅĦĺŇĪĵŋěŃŏĮƦĬœĮĨŅĴ
ĕƟŀĔņľĬħĕŀĚŀĚėƢĔŅĶĔŅĶĭŇĬıĸŏĶŊŀĬĶŃľĺƞŅĚĮĶŃŏĪĻȮ
&International Civil Aviation Organization 8ȮICAO'Ȯőħĵ
ĪňŗĽĩŅĬňĽƞĚěŃĪņľĬƟŅĪňŗĽƞĚĽńĠĠŅĦĺŇĪĵŋĮĶŃĔŀĭħƟĺĵȮĕƟŀĴŌĸ
ĕƞŅĺĽŅĶĕŀĚĽĬŅĴĭŇĬȮĴŋĴĪňŗŒĝƟĶƞŀĬĸĚľĶŊŀĸĚěŀħĭĬĶńĬŏĺĵƢȮ
ĶŃĵŃĪŅĚĶŃľĺƞŅĚŏėĶŊŗŀĚĭŇĬŐĸŃĶńĬŏĺĵƢĪňŗŒĝƟĸĚěŀħȮŏĮƦĬĨƟĬȮ
ĔŅĶĽƞĚĽńĠĠŅĦėĸŊŗĬĺŇĪĵŋŐĸŃĕƟŀĴŌĸŏľĸƞŅĬňŘěŃŒĝƟľĸńĔĔŅĶ
ĕŀĚĔŅĶĴŀħŌŏĸĪŏĝŇĚĕĬŅħȮ&Amplitude modulation'ȮŏĮƦĬ
ľĸńĔĽņľĶńĭĽƞĺĬĕŀĚŏėĶŊŗŀĚĶńĭĽńĠĠŅĦĺŇĪĵŋěŃĨŇħĨńŘĚœĺƟŒĬ

ĨńĺŀŅĔŅĻĵŅĬȮŏĴŊŗŀŏėĶŊŗŀĚĶńĭĺŇĪĵŋœħƟĶńĭĕƟŀĴŌĸĔŅĶĭŇĬĪňŗĩŌĔ
ĽƞĚĴŅěŅĔŏėĶŊŗŀĚĽƞĚěŃĩŌĔŐĮĸĚĽńĠĠŅĦĪňŗĶńĭœħƟŏıŊŗŀĔŅĶ
ŐĽħĚįĸŒĬĶŌĮŐĭĭĨƞŅĚȮŕȮœħƟŐĔƞȮĽńĠĠŅĦŏĽňĵĚĪňŗĶŃĭŋ
ĽĩŅĬŃĕƟŀĴŌĸĕŀĚĽĬŅĴĭŇĬȮĴŋĴĶƞŀĬĸĚěŀħĵńĚĽĬŅĴĭŇĬȮ
ĶŃĵŃĪŅĚĶŃľĺƞŅĚŏėĶŊŗŀĚĭŇĬŐĸŃĶńĬŏĺĵƢĪňŗŒĝƟĸĚěŀħȮŏĮƦĬĨƟĬȮ
ĶŃĭĭĬņĶƞŀĬĕŀĚĔŅĶŐĽħĚįĸĕŀĚŏėĶŊŗŀĚĶńĭĽńĠĠŅĦĺŇĪĵŋȮ
ĮĶŃĔŀĭœĮħƟĺĵȮ1ȮĽƞĺĬȮœħƟŐĔƞȮ/'ȮĴŅĶƢĔŏĔŀĶƢĭňėŀĬȮ&Marker 
Beacon 8ȮMKR'Ȯ0'ȮőĸėŀĸœĸŏĞŀĶƢȮ&Localizer 8ȮLOC'ȮŐĸŃȮ
1'ȮœĔħƢĽőĸĮȮ&Guide Slope 8ȮGS'ȮőħĵĴňĶŅĵĸŃŏŀňĵħħńĚĬňŘ 

2,2 ȮĶŃĭĭĴŅĶƢĔŏĔŀĶƢĭňėŀĬȮ&Marker Beacon' 
ĴŅĶƢĔŏĔŀĶƢĭňėŀĬȮ&Marker Beacon'ȮŏĮƦĬĶŃĭĭĪňŗŒĝƟ
ŐěƟĚŏĨŊŀĬľĶŊŀĭŀĔĶŃĵŃĪŅĚĶŃľĺƞŅĚĨņŐľĬƞĚĕŀĚŀŅĔŅĻ
ĵŅĬĪňŗĭŇĬŀĵŌƞĭĬĪƟŀĚĲƚŅĔńĭĶńĬŏĺĵƢȮŏıŊŗŀĝƞĺĵŒľƟĬńĔĭŇĬŏĨĶňĵĴ
ėĺŅĴıĶƟŀĴĪňŗěŃĬņŏėĶŊŗŀĚĭŇĬĶƞŀĬĸĚěŀħœħƟŀĵƞŅĚĮĸŀħĳńĵȮ
ĶŃĭĭĴŅĶƢĔŏĔŀĶƢĭňėŀĬ [3]ȮŐĭƞĚŀŀĔŏĮƦĬȮ3 ĽƞĺĬȮœħƟŐĔƞȮ
ŏŀŅĪƢŏĨŀĶƢĴŅĶƢĔŏĔŀĶƢȮ&Outer Marker'ȮĴŇħŏħŇŘĸĴŅĶƢĔŏĔŀĶƢȮ
&Middle Marker'ȮŐĸŃŀŇĬŏĬŀĶƢĴŅĶƢĔŏĔŀĶƢȮ&Inner Marker'ȮȮ
ĶŃĭĭĴŅĶƢŏĔŀĶƢĭňėŀĬŏĮƦĬĽƞĺĬĕŀĚĔŅĶĽƞĚĽńĠĠŅĦ
ėĸŊŗĬĺŇĪĵŋĪňŗĨŇħĨńŘĚĭĶŇŏĺĦĳŅėıŊŘĬħŇĬĕŀĚĽĬŅĴĭŇĬȮŏıŊŗŀ
ĔņľĬħŏĽƟĬĪŅĚĔŅĶĬņŏėĶŊŗŀĚĭŇĬĶƞŀĬĸĚěŀħĪňŗĽĬŅĴĭŇĬȮħńĚ
ŐĽħĚŒĬĶŌĮĪňŗȮ1 

 
ĶŌĮĪňŗȮ/ȮŐĽħĚĔŅĶĨŇħĨńŘĚŏėĶŊŗŀĚĽƞĚĽńĠĠŅĦĕŀĚĶŃĭĭ
ĴŅĶƢĔŏĔŀĶƢĭňėŀĬȮőħĵŐĨƞĸŃĽƞĺĬěŃĴňĶŃĵŃĪŅĚĪňŗľƞŅĚěŅĔ
ĶńĬŏĺĵƢŐĨĔĨƞŅĚĔńĬȮŏŀŅĪƢŏĨŀĶƢĴŅĶƢĔŏĔŀĶƢěŃĨŇħĨńŘĚľƞŅĚěŅĔ
ĶńĬŏĺĵƢĶŃĵŃĪŅĚȮ2-5ȮœĴĸƢȮĴŇħŏħŇŘĸĴŅĶƢĔŏĔŀĶƢěŃĨŇħĨńŘĚľƞŅĚ
ěŅĔĶńĬŏĺĵƢĶŃĵŃĪŅĚȮ1,3..ȮĲŋĨȮŀŇĬŏĬŀĶƢĴŅĶƢĔŏĔŀĶƢěŃ
ĨŇħĨńŘĚľƞŅĚěŅĔĶńĬŏĺĵƢŏĮƦĬĶŃĵŃĪŅĚȮ/,6..ȮĲŋĨȮŏėĶŊŗŀĚĽƞĚ
ĶŃĭĭĴŅĶƢĔŏĔŀĶƢĭňėŀĬȮĮĶŃĔŀĭœĮħƟĺĵĺĚěĶĔņŏĬŇħ

ĶŌĮĪňŗȮ/ ĨņŐľĬƞĚŏėĶŊŗŀĚĽƞĚĽńĠĠŅĦĴŅĶƢĔŏĔŀĶƢĭňėŀĬ 
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ėĺŅĴĩňŗĽńĠĠŅĦıŅľƢĪņĚŅĬĪňŗėĺŅĴĩňŗȮ53ȮMHz ĪňŗĴňĔŅĶ
ĴŀħŌŏĸĪŏĝŇĚĕĬŅħȮĺĚěĶĔņŏĬŇħėĺŅĴĩňŗĽńĠĠŅĦĕƞŅĺĽŅĶĪňŗ
ŐĨĔĨƞŅĚĔńĬȮ1ȮėĺŅĴĩňŗȮĪňŗĕŉŘĬŀĵŌƞĔńĭĮĶŃŏĳĪĕŀĚĴŅĶƢĔŏĔŀĶƢ
ĭňėŀĬȮœħƟŐĔƞȮėĺŅĴĩňŗȮ2..ȮHz ĽņľĶńĭŏŀŅĪƢŏĨŀĶƢĴŅĶƢĔ
ŏĔŀĶƢȮėĺŅĴĩňŗȮ/,1..ȮHz ĽņľĶńĭĴŇħŏħŇŘĸĴŅĶƢĔŏĔŀĶƢȮŐĸŃ
ėĺŅĴĩňŗȮ1,...ȮHz ĽņľĶńĭŀŇĬŏĬŀĶƢĴŅĶƢĔŏĔŀĶƢȮĽńĠĠŅĦ
ėĸŊŗĬĺŇĪĵŋěŃĴňĔŅĶŐıĶƞĔĶŃěŅĵėĸŊŗĬĪňŗĴňĕńŘĺėĸŊŗĬŐĭĭŐĬĺĨńŘĚ
ŐĭĭěņĔńħĪŇĻĪŅĚȮĽņľĶńĭŏėĶŊŗŀĚĶńĭĽńĠĠŅĦėĸŊŗĬĺŇĪĵŋěŃ
ĨŇħĨńŘĚŒĬŀŅĔŅĻĵŅĬȮőħĵĭĸŖŀėœħŀŃŐĔĶĴĕŀĚŏėĶŊŗŀĚĶńĭ
ĽńĠĠŅĦĶŃĭĭĴŅĶƢĔŏĔŀĶƢĭňėŀĬȮ[4]Ȯ[5]ŐĽħĚħńĚĶŌĮĪňŗȮ0 

 
ĶŌĮĪňŗȮ2 ŏėĶŊŗŀĚĶńĭĽńĠĠŅĦĶŃĭĭĴŅĶƢĔŏĔŀĶƢĭňėŀĬ 

ĔŅĶĪņĚŅĬĕŀĚĶŃĭĭĴŅĶƢŏĔŀĶƢĭňėŀĬȮŏĴŊŗŀŀŅĔŅĻĵŅĬ
ŏėĸŊŗŀĬĪňŗįƞŅĬĨņŐľĬƞĚĕŀĚŏėĶŊŗŀĚĽƞĚĽńĠĠŅĦėĸŊŗĬĺŇĪĵŋĪňŗĽƞĚ
ėĸŊŗĬĺŇĪĵŋĕŉŘĬœĮŒĬŀŅĔŅĻȮŏėĶŊŗŀĚĶńĭĽńĠĠŅĦėĸŊŗĬĺŇĪĵŋĪňŗ
ĨŇħĨńŘĚœĺƟŒĬŀŅĔŅĻĵŅĬȮěŃĶńĭĽńĠĠŅĦėĸŊŗĬĺŇĪĵŋŐĸŃĴňĺĚěĶ
ĔĶŀĚėĺŅĴĩňŗĪņľĬƟŅĪňŗŐĵĔĽńĠĠŅĦĕƞŅĺĽŅĶŀŀĔěŅĔ
ĽńĠĠŅĦıŅľƢȮŐĸŃĽńĠĠŅĦěŃĩŌĔĽƞĚœĮĵńĚĨńĺŐĽħĚįĸŏıŊŗŀ
ŐĽħĚįĸŒĬĶŌĮĕŀĚĽńĠĠŅĦŐĽĚŐĸŃĽńĠĠŅĦŏĽňĵĚȮŏĴŊŗŀ
ŀŅĔŅĻĵŅĬŏėĸŊŗŀĬĪňŗįƞŅĬĨńĺĽƞĚĽńĠĠŅĦŏŀŅĪƢŏĨŀĶƢĴŅĶƢĔŏĔŀĶƢȮ
ŏėĶŊŗŀĚĶńĭĽńĠĠŅĦĴŅĶƢŏĔŀĶƢĭňėŀĬĪňŗĨŇħĨńŘĚœĺƟŒĬŀŅĔŅĻĵŅĬ
ěŃŐĽħĚįĸĪňŗľĸŀħœĲĽňĬŘņŏĚŇĬȮ&Blue'ȮěŃĨŇħĽĺƞŅĚŐĸŃěŃœħƟ
ĵŇĬŏĽňĵĚėĺŅĴĩňŗĕŀĚĽńĠĠŅĦȮ400 Hz ĞŉŗĚŏĮƦĬĶľńĽĴŀĽĪňŗĴň
ěńĚľĺŃĵŅĺȮŕȮ2 ėĶńŘĚĨƞŀĺŇĬŅĪňȮŏĴŊŗŀŀŅĔŅĻĵŅĬŏėĸŊŗŀĬĪňŗįƞŅĬ
ĨńĺĽƞĚĽńĠĠŅĦĴŇħŏħŇŘĸĴŅĶƢĔŏĔŀĶƢȮĽńĠĠŅĦĴŅĶƢŏĔŀĶƢĭňėŀĬ
ĪňŗĨŇħĨńŘĚœĺƟŒĬŀŅĔŅĻĵŅĬěŃŐĽħĚįĸĪňŗĪņŒľƟľĸŀħœĲĽňŀņıńĬȮ
&Amber'ȮĨŇħĽĺƞŅĚŐĸŃěŃœħƟĵŇĬŏĽňĵĚėĺŅĴĩňŗĕŀĚĽńĠĠŅĦȮ
/,1..ȮHz ĪňŗŏĮƦĬĶľńĽĴŀĽĪňŗĴňěńĚľĺŃĽńŘĬȮŕȮ73ȮėĶńŘĚĨƞŀĬŅĪňȮ

ŐĸŃŏĴŊŗŀŀŅĔŅĻĵŅĬŏėĸŊŗŀĬĪňŗįƞŅĬĨńĺĽƞĚĽńĠĠŅĦŀŇĬŏĬŀĶƢ
ĴŅĶƢĔŏĔŀĶƢȮŏėĶŊŗŀĚĶńĭĽńĠĠŅĦĴŅĶƢŏĔŀĶƢĭňėŀĬĪňŗĨŇħĨńŘĚœĺƟŒĬ
ŀŅĔŅĻĵŅĬěŃŐĽħĚįĸĪňŗĪņŒľƟľĸŀħœĲĽňĕŅĺȮ&White'ȮĨŇħ
ĽĺƞŅĚŐĸŃěŃœħƟĵŇĬŏĽňĵĚėĺŅĴĩňŗĕŀĚĽńĠĠŅĦȮ1,...ȮHz Īňŗ
ŏĮƦĬĶľńĽĴŀĽĪňŗĴňěńĚľĺŃĽńŘĬȮŕȮ4ȮėĶńŘĚĨƞŀĺŇĬŅĪňȮŏĴŊŗŀĬńĔĭŇĬ
œħƟĴŀĚŏľŖĬľĸŀħœĲĽĺƞŅĚĪňŗĴňĽňŐĨĔĨƞŅĚĔńĬŐĸŃœħƟĵŇĬŏĽňĵĚ
ĕŀĚėĺŅĴĩňŗĕŀĚĽńĠĠŅĦĕƞŅĺĽŅĶĪňŗŐĨĔĨƞŅĚĔńĬȮŐĽħĚŒľƟŏľŖĬ
ĺƞŅĶŃĵŃľƞŅĚĕŀĚŀŅĔŅĻĵŅĬŐĸŃĨņŐľĬƞĚĕŀĚľńĺĶńĬŏĺĵƢĪňŗěŃ
ĸĚěŀħĴňĶŃĵŃĪŅĚĪňŗŐĨĔĨƞŅĚĔńĬȮĞŉŗĚĶŃĭĭĴŅĶƢĔŏĔŀĶƢĭňėŀĬ
ěŃŏĮƦĬĨńĺĝƞĺĵŏĨŊŀĬŒľƟĬńĔĭŇĬĪĶŅĭĩŉĚĶŃĵŃľƞŅĚĕŀĚĨńĺ
ŀŅĔŅĻĵŅĬŐĸŃĶńĬŏĺĵƢȮŏıŊŗŀěŃœħƟŏĨĶňĵĴėĺŅĴıĶƟŀĴŒĬĔŅĶ
ĬņŏėĶŊŗŀĚĭŇĬĶƞŀĬĸĚěŀħĪňŗĶńĬŏĺĵƢœħƟŀĵƞŅĚĮĸŀħĳńĵ 

2,3 ȮĶŃĭĭőĸėŀĸœĸŏĞŀĶƢȮ&Localizer' 
ĶŃĭĭőĸėŀĸœĸŏĞŀĶƢȮ&Localizer'ȮŏĮƦĬĶŃĭĭĪňŗŒĝƟĭŀĔ
ĨņŐľĬƞĚĕŀĚŐĬĺĔŉŗĚĔĸŅĚĕŀĚĶńĬŏĺĵƢŒľƟĔńĭŀŅĔŅĻĵŅĬ
ľĶŊŀŏėĶŊŗŀĚĭŇĬȮŏıŊŗŀŒľƟĬńĔĭŇĬĪĶŅĭĺƞŅŒĬĔŅĶĬņŏėĶŊŗŀĚĭŇĬ
ĶƞŀĬĸĚěŀħĬńŘĬȮŏėĶŊŗŀĚĭŇĬŀĵŌƞŒĬĺŇĩňĔŉŗĚĔĸŅĚĕŀĚĶńĬŏĺĵƢ
ľĶŊŀœĴƞȮĔŅĶĬņŏėĶŊŗŀĚĭŇĬĶƞŀĬĸĚěŀħĬňŘŏėĶŊŗŀĚĭŇĬěŃĨƟŀĚœĴƞ
ŏŀňĵĚœĮŀĵŌƞħƟŅĬĞƟŅĵľĶŊŀħƟŅĬĕĺŅĕŀĚŐĬĺĔŉŗĚĔĸŅĚĶńĬŏĺĵƢȮ
ĬńĔĭŇĬěŃĨƟŀĚĭńĚėńĭŒľƟŏėĶŊŗŀĚĭŇĬĶƞŀĬĸĚěŀħŒĬŐĬĺ
ĔŉŗĚĔĸŅĚĕŀĚĶńĬŏĺĵƢŏĪƞŅĬńŘĬȮŏıŊŗŀŒľƟŏėĶŊŗŀĚĭŇĬĶƞŀĬĸĚěŀħ
ŀĵƞŅĚĮĸŀħĳńĵȮĶŃĭĭőĸėŀĸœĸŏĞŀĶƢŏĮƦĬĶŃĭĭĽƞĚ
ĽńĠĠŅĦėĸŊŗĬĺŇĪĵŋĪňŗĨŇħĨńŘĚœĺƟĪňŗĳŅėıŊŘĬħŇĬĭĶŇŏĺĦĪňŗĽƞĺĬ
ħƟŅĬĮĸŅĵĕŀĚĶńĬŏĺĵƢŒĬĽĬŅĴĭŇĬȮŏıŊŗŀĔņľĬħŏĽƟĬĪŅĚĪňŗ
ěŃĬņŏėĶŊŗŀĚĭŇĬĶƞŀĬĸĚěŀħĪňŗĽĬŅĴĭŇĬȮĭĸŖŀėœħŀŃŐĔĶĴ
ĕŀĚŏėĶŊŗŀĚĽƞĚőĸėŀĸœĸŏĞŀĶƢȮŐĽħĚħńĚĶŌĮĪňŗȮ1 

 
ĶŌĮĪňŗȮ3ȮĭĸŖŀĔœħŀŃŐĔĶĴŏėĶŊŗŀĚĽƞĚőĸėŀĸœĸŏĞŀĶƢ 
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ĶŌĮĪňŗȮ3 ŐĽħĚĭĸŖŀėœħŀŃŐĔĶĴĕŀĚŏėĶŊŗŀĚĽƞĚőĸėŀĸ
œĸŏĞŀĶƢȮĮĶŃĔŀĭħƟĺĵȮĺĚěĶŀŀĽĞŇĸŏĸŏĨŀĶƢĪňŗĪņľĬƟŅĪňŗ
ĔņŏĬŇħĽńĠĠŅĦıŅľƢȮėĺŅĴĩňŗŒĬĝƞĺĚȮ108,10-111,95 MHz 
ĽńĠĠŅĦĕƞŅĺĽŅĶĪňŗĴňĽŀĚėĺŅĴĩňŗȮœħƟŐĔƞȮ90 Hz ŐĸŃȮ150 Hz 
ĽńĠĠŅĦıŅľƢŐĸŃĽńĠĠŅĦĕƞŅĺĽŅĶěŃœĮĴŀħŌŏĸĪŏĝŇĚĕĬŅħȮ
ŐĸŃĽƞĚįƞŅĬĺĚěĶĕĵŅĵĽńĠĠŅĦĪňŗĪņľĬƟŅĪňŗĕĵŅĵĽńĠĠŅĦ
ŒľƟĴňŀńĨĶŅĔŅĶĕĵŅĵĪňŗĽŌĚĕŉŘĬȮĪņŒľƟĽŅĴŅĶĩĽƞĚĽńĠĠŅĦœĮ
œħƟŒĬĶŃĵŃĪŅĚœĔĸȮőħĵĴňĽŅĵŀŅĔŅĻĪņľĬƟŅĪňŗĔĶŃěŅĵ
ĽńĠĠŅĦėĸŊŗĬĺŇĪĵŋĞŉŗĚĨņŐľĬƞĚĕŀĚŏĽŅŀŅĔŅĻĕŀĚŏėĶŊŗŀĚĽƞĚ
ĽńĠĠŅĦěŃĨŇħĨńŘĚŀĵŌƞĭĶŇŏĺĦĮĸŅĵĪŅĚĕŀĚĶńĬŏĺĵƢĪňŗĴň
ĪŇĻĪŅĚĨĶĚĔńĬĕƟŅĴĔńĭĪŇĻĪŅĚĪňŗŀŅĔŅĻĵŅĬľĶŊŀŏėĶŊŗŀĚĭŇĬ
ĶƞŀĬĸĚěŀħȮ[6]ȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4 

 
ĶŌĮĪňŗȮ4ȮŏėĶŊŗŀĚĭŇĬĶƞŀĬěŀħĭĶŇŏĺĦŏĽƟĬĔŉŗĚĔĸŅĚĶńĬŏĺĵƢ [7] 

ŏėĶŊŗŀĚĽƞĚőĸėŀĸœĸŏĞŀĶƢěŃĴňĔŅĶĔĶŃěŅĵėĸŊŗĬĺŇĪĵŋĪňŗĴň
ŐĭĭĶŌĮŐĵĔŀŀĔŏĮƦĬĽŀĚĽƞĺĬȮŏıŊŗŀŒľƟŏėĶŊŗŀĚĶńĭĽńĠĠŅĦ
ĕŀĚőĸėŀĸœĸŏĞŀĶƢĪňŗĨŇħĨńŘĚœĺƟŒĬŀŅĔŅĻĵŅĬĶńĭĽńĠĠŅĦ
ŐĸŃĪņĔŅĶŏĮĶňĵĭŏĪňĵĭėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦĪńŘĚĽŀĚȮ
ŏĴŊŗŀŏėĶŊŗŀĚĶńĭĶńĭĽńĠĠŅĦĪňŗĴňėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦĪńŘĚ
ĽŀĚėĺŅĴĩňŗœħƟŏĪƞŅĔńĬȮěŃĪņŒľƟŀŅĔŅĻĵŅĬĽŅĴŅĶĩĶƞŀĬĸĚ
ěŀħĪňŗĭĶŇŏĺĦŏĽƟĬŐĭƞĚĔŉŗĚĔĸŅĚĕŀĚĶńĬŏĺĵƢœħƟŀĵƞŅĚĩŌĔĨƟŀĚȮ
ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ5 

 
ĶŌĮĪňŗȮ5ȮĔŅĶŐıĶƞĔĶŃěŅĵėĸŊŗĬĕŀĚőĸėŀĸœĸĬƢŏĞŀĶƢȮ[7] 

 
ĶŌĮĪňŗȮ6ȮĭĸŖŀėœħŀŃŐĔĶĴŏėĶŊŗŀĚĶńĭőĸėŀĸœĸĬƢŏĞŀĶƢ [8] 

ĶŌĮĪňŗȮ6 ŐĽħĚĔŅĶĪņĚŅĬĕŀĚŏėĶŊŗŀĚĶńĭĽńĠĠŅĦőĸėŀĸ
œĸŏĞŀĶƢĪňŗŒĝƟľĸńĔĔŅĶĕŀĚĔŅĶŏĮĶňĵĭŏĪňĵĭėĺŅĴŐĶĚĕŀĚ
ĽńĠĠŅĦėĺŅĴĩňŗȮ90 Hz ŐĸŃȮ150 Hz ĬńŗĬėŊŀĩƟŅŀŅĔŅĻĵŅĬ
ŀĵŌƞŒĬĨņŐľĬƞĚĔŉŗĚĔĸŅĚĕŀĚĶńĬŏĺĵƢȮĔŅĶĶńĭĽńĠĠŅĦȮ90 Hz 
ŐĸŃȮ150 Hz ěŃĴňėĺŅĴŐĶĚŏĪƞŅĔńĬȮħńĚĬńŘĬŏĕŖĴĝňŘȮ&Point needle'Ȯ
ěŃŐĽħĚĨņŐľĬƞĚĨĶĚĔŉŗĚĔĸŅĚĕŀĚľĬƟŅěŀŐĽħĚįĸȮĩƟŅ

ŀŅĔŅĻĵŅĬŀĵŌƞŒĬĨņŐľĬƞĚĪŅĚĞƟŅĵĕŀĚĶńĬŏĺĵƢȮĞŉŗĚŏĮƦĬĔŅĶĶńĭ
ĽńĠĠŅĦȮ90 Hz ĪňŗĴňėĺŅĴŐĶĚĴŅĔĔĺƞŅĽńĠĠŅĦȮ150 Hz ěŃ
ıĭĺƞŅŏĕŖĴĝňŘĕŀĚĝŋħŐĽħĚįĸěŃŏĭňŗĵĚŏĭĬĨņŐľĬƞĚŀŀĔěŅĔ
ĨņŐľĬƞĚĔŉŗĚĔĸŅĚœĮĪŅĚħƟŅĬĕĺŅĴŊŀȮĞŉŗĚľĴŅĵĩŉĚĨņŐľĬƞĚ
ĔŉŗĚĔĸŅĚĕŀĚĶńĬŏĺĵƢěŃŀĵŌƞĪŅĚħƟŅĬĕĺŅĴŊŀĕŀĚŀŅĔŅĻĵŅĬȮ
ŐĨƞĩƟŅŀŅĔŅĻĵŅĬŀĵŌƞŒĬĨņŐľĬƞĚĪŅĚĕĺŅĕŀĚĶńĬŏĺĵƢȮĞŉŗĚŏĮƦĬ
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ĔŅĶĶńĭĽńĠĠŅĦȮ150 Hz ĪňŗĴňėĺŅĴŐĶĚĴŅĔĔĺƞŅĽńĠĠŅĦȮ
90 Hz ěŃıĭĺƞŅĨńĺŏĕŖĴĝňŘĕŀĚĝŋħŐĽħĚįĸěŃŏĭňŗĵĚŏĭĬ
ĨņŐľĬƞĚŀŀĔěŅĔĨņŐľĬƞĚĔŉŗĚĔĸŅĚœĮĪŅĚħƟŅĬĞƟŅĵĴŊŀȮĞŉŗĚ
ľĴŅĵĩŉĚĨņŐľĬƞĚĔŉŗĚĔĸŅĚĕŀĚĶńĬŏĺĵƢěŃŀĵŌƞĪŅĚħƟŅĬĞƟŅĵĕŀĚ
ŀŅĔŅĻĵŅĬȮŏĴŊŗŀĬńĔĭŇĬıĭĺƞŅŏĕŖĴĝňŘŐĽħĚįĸŏĭňŗĵĚŏĭĬœĮŒĬ
ĪŇĻĪŅĚŒħȮĬńĔĭŇĬĨƟŀĚĭńĚėńĭľĶŊŀėĺĭėŋĴŀŅĔŅĻĵŅĬŒľƟœĮ
ĨŅĴĪŇĻĪŅĚĕŀĚŏĕŖĴĝňŘŐĽħĚįĸȮŏıŊŗŀŒľƟŀŅĔŅĻĵŅĬŀĵŌƞŒĬ
ĨņŐľĬƞĚĨĶĚĔŉŗĚĔĸŅĚĶńĬŏĺĵƢŏĽĴŀȮŀńĬěŃĪņŒľƟĽŅĴŅĶĩĬņ
ŀŅĔŅĻĵŅĬĶƞŀĬĸĚěŀħŀĵƞŅĚĮĸŀħĳńĵȮĽņľĶńĭĔĶĦňĪňŗŏĔŇħ
ĽĩŅĬŃĕŀĚīĚȮ&Flag'ȮĽňĕŅĺ-ŐħĚȮĮĶŅĔĢĭĬľĬƟŅěŀŐĽħĚįĸȮ
ľĴŅĵėĺŅĴĺƞŅŏėĶŊŗŀĚĶńĭőĸėŀĸœĸŏĞŀĶƢœĴƞĪņĚŅĬ 

2,4 ȮĶŃĭĭœĔħƢĽőĸĮȮ&Gide Slope' 
œĔħƢĽőĸĮŏĮƦĬĶŃĭĭĪňŗŒĝƟĭŀĔľĶŊŀĶŃĭŋĨņŐľĬƞĚĕŀĚĴŋĴ
ĽņľĶńĭĶƞŀĬĸĚĽŌƞĶńĬŏĺĵƢĕŀĚŀŅĔŅĻĵŅĬľĶŊŀŏėĶŊŗŀĚĭŇĬȮőħĵ
ĴŋĴĪňŗŒĝƟĽņľĶńĭĶƞŀĬĸĚĬňŘȮėŊŀĴŋĴȮ1ȮŀĚĻŅȮĔŅĶĶƞŀĬĸĚěŀħĪňŗ

ĶńĬŏĺĵƢĬňŘȮŀŅĔŅĻĵŅĬěŃĨƟŀĚœĴƞŀĵŌƞĽŌĚľĶŊŀĨŗņĔĺƞŅĨņŐľĬƞĚ
ĕŀĚĴŋĴĪňŗĶƞŀĬĸĚȮőħĵĬńĔĭŇĬěŃĨƟŀĚĭńĚėńĭŒľƟŀŅĔŅĻĵŅĬĶƞŀĬ
ĸĚŒĬĺŇĩňŐĬĺĕŀĚĴŋĴȮ1ȮŀĚĻŅȮŏĪƞŅĬńŘĬȮŏıŊŗŀŒľƟŀŅĔŅĻĵŅĬĶƞŀĬ
ĸĚěŀħĪňŗĶńĬŏĺĵƢĭĶŇŏĺĦěŋħĪńĝħŅĺĬƢȮ&Touch down'ȮœħƟ
ŀĵƞŅĚĮĸŀħĳńĵȮĔŅĶĪņĚŅĬĕŀĚĶŃĭĭœĔħƢĽőĸĮȮěŃŒĝƟ
ľĸńĔĔŅĶĽƞĚŐĸŃĶńĭĽńĠĠŅĦėĸŊŗĬėĺŅĴĩňŗĺŇĪĵŋŒĬĵƞŅĬėĺŅĴĩňŗȮ
107,3-113,.ȮMHz ĪňŗĪņĔŅĶĴŀħħŌŏĸĨĽńĠĠŅĦŏĝŇĚĕĬŅħȮ
őħĵŒĝƟĽńĠĠŅĦıŅľƢįĽĴĔńĭĽńĠĠŅĦĕƞŅĺĽŅĶĽŀĚėĺŅĴĩňŗȮ
œħƟŐĔƞȮĽńĠĠŅĦėĺŅĴĩňŗȮ7.ȮHz ŐĸŃėĺŅĴĩňŗȮ/3.ȮHz ŐĸƟĺ
ŐıĶƞĔĶŃěŅĵĽńĠĠŅĦŀŀĔœĮŒĬĪŇĻĪŅĚŏħňĵĺĔńĬĔńĭĶńĬŏĺĵƢȮ
ĪňŗĪņĴŋĴĽŌĚĕŉŘĬœĮȮ1ȮŀĚĻŅěŅĔĨņŐľĬƞĚĪńĝħŅĺĬƢĕŀĚŀŅĔŅĻ
ĵŅĬȮĺĚěĶĕĵŅĵĽńĠĠŅĦěŃĪņľĬƟŅĪňŗĕĵŅĵĽńĠĠŅĦŒľƟĴň
ŀńĨĶŅĔŅĶĕĵŅĵĪňŗĽŌĚĕŉŘĬȮĪņŒľƟĽŅĴŅĶĩĽƞĚĽńĠĠŅĦœĮœħƟœĔĸ
ĕŉŘĬȮőħĵėĸŊŗĬĺŇĪĵŋěŃĴňĶŌĮŐĭĭĔŅĶŐıĶƞĔĶŃěŅĵėĸŊŗĬȮ 
ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ5Ȯ[9]Ȯ 

 
ĶŌĮĪňŗȮ7ȮĔŅĶŐıĶƞĔĶŃěŅĵėĸŊŗĬĕŀĚĽĩŅĬňœĔħƢĽőĸĮȮ[4] 

 
ĶŌĮĪňŗȮ8ȮĭĸŖŀėœħŀŃŐĔĶĴŏėĶŊŗŀĚĶńĭœĔħƢĽőĸĮ 
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ĶŌĮĪňŗȮ8 ŐĽħĚĔŅĶĪņĚŅĬĕŀĚŏėĶŊŗŀĚĶńĭĽńĠĠŅĦœĔħƢ
ĽőĸĮěŃŒĝƟľĸńĔĔŅĶŏĮĶňĵĭŏĪňĵĭėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦȮȮȮ
90 Hz ŐĸŃȮ150 Hz ĬńŗĬėŊŀȮĩƟŅŏėĶŊŗŀĚĭŇĬŀĵŌƞŒĬĨņŐľĬƞĚ
œĔħƢœĸĬƢĕŀĚĴŋĴĶƞŀĬĸĚȮ3 ŀĚĻŅȮĔŅĶĶńĭĽńĠĠŅĦȮ90 Hz 
ŐĸŃȮ150 Hz ěŃĴňėĺŅĴŐĶĚŏĪƞŅĔńĬȮħńĚĬńŘĬŏĕŖĴĝňŘŐĽħĚįĸ
ěŃŐĽħĚĨņŐľĬƞĚĨĶĚĔĸŅĚĕŀĚľĬƟŅěŀŐĽħĚįĸȮĩƟŅŀŅĔŅĻ
ĵŅĬŀĵŌƞŒĬĨņŐľĬƞĚĪňŗĽŌĚĔĺƞŅœĔħƢœĸĬƢĕŀĚĴŋĴĶƞŀĬĸĚȮ3 ŀĚĻŅȮ
ŏėĶŊŗŀĚĶńĭĽńĠĠŅĦœĔħƢĽőĸĮěŃĶńĭĽńĠĠŅĦȮ90 Hz ĪňŗĴň
ėĺŅĴŐĶĚĴŅĔĔĺƞŅĽńĠĠŅĦȮ150 Hz ħńĚĬńŘĬȮěŃıĭĺƞŅȮŏĕŖĴ
ĝňŘŐĽħĚįĸěŃŏĭňŗĵĚŏĭĬĨņŐľĬƞĚŀŀĔěŅĔĨņŐľĬƞĚĔŉŗĚĔĸŅĚ
œĮĪŅĚħƟŅĬĸƞŅĚȮ&Down'ȮĞŉŗĚľĴŅĵĩŉĚŀŅĔŅĻĵŅĬŀĵŌƞŒĬ
ĨņŐľĬƞĚĪňŗĽŌĚĔĺƞŅĴŋĴĶƞŀĬĸĚȮ3 ŀĚĻŅȮŐĨƞĩƟŅŀŅĔŅĻĵŅĬŀĵŌƞ
ŒĬĨņŐľĬƞĚĨŗņĔĺƞŅĴŋĴĶƞŀĬĸĚȮ3 ŀĚĻŅȮĞŉŗĚĽńĠĠŅĦȮ150 
Hz ěŃĴňėĺŅĴŐĶĚĴŅĔĔĺƞŅĽńĠĠŅĦȮ90 Hz ĪňŗıĭĺƞŅȮŏĕŖĴĝňŘ
ŐĽħĚįĸěŃŏĭňŗĵĚŏĭĬĨņŐľĬƞĚŀŀĔěŅĔĨņŐľĬƞĚĔŉŗĚĔĸŅĚ
œĮĪŅĚħƟŅĬĭĬȮ&Up'ȮĞŉŗĚľĴŅĵĩŉĚȮŀŅĔŅĻĵŅĬŀĵŌƞŒĬ
ĨņŐľĬƞĚĨŗņĔĺƞŅĴŋĴĶƞŀĬĸĚȮ3 ŀĚĻŅȮŏĴŊŗŀĬńĔĭŇĬıĭĺƞŅŏĕŖĴĝňŘ
ŐĽħĚįĸŏĭňŗĵĚŏĭĬœĮŒĬĨņŐľĬƞĚĽŌĚĔĺƞŅľĶŊŀĨŗņĔĺƞŅĨņŐľĬƞĚ
ĔŉŗĚĔĸŅĚĕŀĚěŀŐĽħĚįĸȮĬńĔĭŇĬĨƟŀĚĭńĚėńĭľĶŊŀėĺĭėŋĴ
ŀŅĔŅĻĵŅĬŒľƟŏĮƦĬœĮĨŅĴĨņŐľĬƞĚĕŀĚĨńĺŐĽħĚįĸȮŏĝƞĬȮ
ĩƟŅŏĕŖĴĝňŘŐĽħĚįĸĝňŘĪňŗĨņŐľĬƞĚĽŌĚĔĺƞŅȮ&Up'ȮĨņŐľĬƞĚ
ĔŉŗĚĔĸŅĚěŀŐĽħĚįĸȮĬńĔĭŇĬĨƟŀĚėĺĭėŋĴŏėĶŊŗŀĚĭŇĬŒľƟœĨƞ
ĶŃħńĭėĺŅĴĽŌĚĕŉŘĬĴŅȮěĬĔĶŃĪńŗĚŀƞŅĬėƞŅĕŀĚŏĕŖĴĝňŘŐĽħĚįĸ
ŀĵŌƞĨĶĚĨņŐľĬƞĚĔŉŗĚĔĸŅĚĕŀĚěŀŐĽħĚįĸȮĞŉŗĚěŃĪņŒľƟĔŅĶ
ĬņŀŅĔŅĻĵŅĬĶƞŀĬĸĚěŀħĪňŗĶńĬŏĺĵƢĪňŗěŋħĪńĝħŅĺĬƢŏĮƦĬœĮ
ŀĵƞŅĚĮĸŀħĳńĵȮŒĬĔĶĦňĪňŗĽĩŅĬŃĕŀĚīĚȮ&Flag'ȮĽňĕŅĺ-ŐħĚȮ
ĕŀĚĶŃĭĭœĔħƢĽőĸĮĮĶŅĔĢĭĬľĬƟŅěŀŐĽħĚįĸ
ľĴŅĵėĺŅĴĺƞŅȮĶŃĭĭœĔħƢĽőĸĮœĴƞĪņĚŅĬ 

 
3,ȮȮĔŅĶħņŏĬŇĬĔŅĶĺŇěńĵȮ 
ĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĔŅĶĺŇěńĵȮĴňĶŅĵĸŃŏŀňĵħħńĚĨƞŀœĮĬňŘ 
3,1ȮĔŅĶĻŉĔļŅĝŋħĪħĸŀĚĶŃĭĭĬņĶƞŀĬ 
ĔŅĶŏĶňĵĬĔŅĶĽŀĬĪŅĚħƟŅĬĺŇĻĺĔĶĶĴŀŇŏĸŖĔĪĶŀĬŇĔĽƢ
ŀŅĔŅĻĵŅĬŏĮƦĬĔŅĶĻŉĔļŅŏĔňŗĵĺĔńĭĶŃĭĭŀŇŏĸŖĔĪĶŀĬŇĔĽƢ

ŐĸŃĶŃĭĭĽŊŗŀĽŅĶĪňŗŒĝƟŒĬŀŅĔŅĻĵŅĬȮĶĺĴĩŉĚĔŅĶĞƞŀĴĭņĶŋĚ
ŀŅĔŅĻĵŅĬȮĞŉŗĚįŌƟŏĶňĵĬěŃĨƟŀĚŏĕƟŅŒěĩŉĚĶŃĭĭĽŊŗŀĽŅĶĪňŗŒĝƟŒĬ
ŀŅĔŅĻĵŅĬȮĶŃĭĭĬņĶƞŀĚȮĶŃĭĭĔŅĶŐĽħĚįĸȮŐĸŃĶŃĭĭ
ėŀĴıŇĺŏĨŀĶƢĪňŗŒĝƟėĺĭėŋĴĔŅĶĪņĚŅĬĕŀĚŏėĶŊŗŀĚĭŇĬȮįŌƟŏĶňĵĬ
ĨƟŀĚŏĶňĵĬĶŌƟŐĸŃŏĕƟŅŒěľĸńĔĔŅĶĪņĚŅĬĔŅĶĶńĭĽƞĚėĸŊŗĬĺŇĪĵŋȮ
ĨƟŀĚĴňėĺŅĴĶŌƟĪńŘĚĪŅĚħƟŅĬĪķļġňŐĸŃĔŅĶĮĢŇĭńĨŇĔŅĶȮ
ŀĵƞŅĚœĶĔŖĨŅĴĝŋħĪħĸŀĚŏĔňŗĵĺĔńĭĶŃĭĭĬņĶƞŀĚȮěŃĴňĶŅėŅ
ŐıĚĴŅĔȮŐĸŃĴňěņĬĺĬœĴƞŏıňĵĚıŀȮĽƞĚįĸŒľƟįŌƟŏĶňĵĬěŉĚĕŅħ
ĪńĔļŃŐĸŃĮĶŃĽĭĔŅĶĦƢĪŅĚħƟŅĬĔŅĶĮĢŇĭńĨŇĔŅĶȮħńĚĬńŘĬěŉĚ
ĴňĔĶŀĭŐĬĺėŇħŒĬĔŅĶĽĶƟŅĚĝŋħĪħĸŀĚĕŀĚĶŃĭĭĬņĶƞŀĬĪňŗ
ĬņŏėĶŊŗŀĚĴŊŀŀŇŏĸŖĔĪĶŀĬŇĔĽƢıŊŘĬģŅĬĴŅŒĝƟĚŅĬŏıŊŗŀĽĶƟŅĚŏĮƦĬ
ĝŋħĪħĸŀĚĶŃĭĭĬņĶƞŀĬȮĪňŗĽŅĴŅĶĩĽƞĚŏĽĶŇĴŒľƟįŌƟŏĶňĵĬ
ŏĕƟŅŒěŐĸŃĽŅĴŅĶĩĬņœĮĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶĪħĽŀĭŐĸŃ
ěņĸŀĚĔŅĶĞƞŀĴĭņĶŋĚĶŃĭĭĬņĶƞŀĬŒĬŀŅĔŅĻĵŅĬœħƟ 

3,2 ȮĔŅĶĺŇŏėĶŅŃľƢľĸńĔĽŌĨĶĺŇĻĺĔĶĶĴŀŅĔŅĻĵŅĬ 
ĔŅĶıńĥĬŅĝŋħĪħĸŀĚĶŃĭĭĬņĶƞŀĬȮŏĶŇŗĴĨƟĬěŅĔĻŉĔļŅ
ĮĶŃŏħŖĬĮƤĠľŅȮėĺŅĴĨƟŀĚĔŅĶĕŀĚįŌƟŏĶňĵĬŐĸŃįŌƟĽŀĬȮ
ľĸńĚěŅĔĬńŘĬĺŇŏėĶŅŃľƢľĸńĔĽŌĨĶĺŇĻĺĔĶĶĴŀŇŏĸŖĔĪĶŀĬŇĔĽƢ
ŀŅĔŅĻĵŅĬȮĔŜŅľĬħĺńĨĩŋĮĶŃĽĚėƢŏĝŇĚıķĨŇĔĶĶĴŐĸŃľńĺĕƟŀ
ŏĬŊŘŀľŅȮŀŀĔŐĭĭĶŌĮŐĭĭĔŅĶŏĶňĵĬĶŌƟȮĔŜŅľĬħĔŇěĔĶĶĴĔŅĶ
ŏĶňĵĬĔŅĶĽŀĬȮŀŀĔŐĭĭĺŇīňĔŅĶĺńħŐĸŃĮĶŃŏĴŇĬįĸȮěŅĔĬńŘĬ
ŏĕňĵĬŐįĬĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬĮĢŇĭńĨŇĔŅĶȮĽņľĶńĭ
ľńĺĕƟŀĕŀĚŏĬŊŘŀľŅĪňŗĬņĴŅŒĝƟŒĬĚŅĬĺŇěńĵėĶńŘĚĬňŘȮėŊŀȮĶŃĭĭĬņ
ĶƞŀĬĕŀĚŀŅĔŅĻĵŅĬȮĪňŗĽŅĴŅĶĩĽĶƟŅĚĝŋħĪħĸŀĚěņĬĺĬȮ1Ȯ
ĝŋħȮœħƟŐĔƞȮĶŃĭĭĴŅĶƢĔŏĔŀĶƢĭňėŀĬȮ&Marker Beacon'Ȯ0'Ȯ
ĶŃĭĭőĸėŀĸœĸŏĞŀĶƢȮ&Localizer'ȮŐĸŃȮ1'ȮĶŃĭĭœĔħƢĽőĸĮȮ
&Guide Slope' 

3,3 ȮĔŅĶıńĥĬŅĝŋħĪħĸŀĚĶŃĭĭĬņĶƞŀĬ 
ŐĬĺĪŅĚĔŅĶıńĥĬŅĝŋħĪħĸŀĚŒĬėĶńŘĚĬňŘȮėŊŀĔŅĶĬņ
ŏėĶŊŗŀĚĴŊŀĪňŗĴňŀĵŌƞŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶŀŇŏĸŖĔĪĶŀĬŇĔĽƢȮĴŅĽĶƟŅĚ
ŏĮƦĬĝŋħĪħĸŀĚȮĞŉŗĚĮĶŃĔŀĭœĮħƟĺĵȮŏėĶŊŗŀĚĔņŏĬŇħĽńĠĠŅĦȮ
&Signal generator'ȮĪňŗĴňėĺŅĴĩňŗĔŅĶŒĝƟĚŅĬŒĬĵƞŅĬȮVHF 
ŐĸŃȮUHF ŏėĶŊŗŀĚĴŊŀĺńħŀŀĽĞŇĸőĸĽőėĮȮĬŀĔěŅĔĬňŘœħƟĬņ
ŏėĶŊŗŀĚĶńĭĽńĠĠŅĦĕŀĚĶŃĭĭĴŅĶƢĔŏĔŀĶƢĭňėŀĬȮĶŃĭĭ 
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őĸėŀĸœĸŏĞŀĶƢȮŐĸŃĶŃĭĭœĔħƢĽőĸĮȮ&Guide Slope'ȮħńĚ
ŐĽħĚŒĬĶŌĮĪňŗȮ7ȮĴŅŒĝƟĮĶŃĔŀĭĶƞĺĴĔńĬŏıŊŗŀŒľƟĽŅĴŅĶĩŒĝƟ
ŒĬĔŅĶĪħĸŀĚœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅı ĝŋħĪħĸŀĚĪňŗ
ıńĥĬŅĕŉŘĬĬňŘĽŅĴŅĶĩěņĸŀĚĔŅĶĪņĚŅĬĕŀĚŏėĶŊŗŀĚĽƞĚŐĸŃ
ŏėĶŊŗŀĚĶńĭĽńĠĠŅĦėĸŊŗĬĺŇĪĵŋĪňŗŒĝƟŒĬĶŃĭĭĬņĶƞŀĬœħƟȮ
įŌƟŏĶňĵĬĽŅĴŅĶĩĺŇŏėĶŅŃľƢľĸńĔĔŅĶĶńĭŐĸŃĽƞĚĽńĠĠŅĦĺŇĪĵŋȮ
ĽŅĴŅĶĩŏĕƟŅŒěľĸńĔĔŅĶĪņĚŅĬŐĸŃĻŉĔļŅĩŉĚėƞŅıŅĶŅĴŇŏĨŀĶƢ
ĨƞŅĚȮŕȮŐĸŃĔŅĶĮĶńĭėƞŅĕŀĚĽńĠĠŅĦĪňŗěņŏĮƦĬŒĬĶŃĭĭĔŅĶ
ĬņĶƞŀĬĕŀĚŀŅĔŅĻĵŅĬœħƟĨŅĴĺńĨĩŋĮĶŃĽĚėƢĪňŗĔņľĬħĕŀĚ
ľĸńĔĽŌĨĶ 

 

 
 

ĶŌĮĪňŗȮ9ȮĝŋħĪħĸŀĚĔŅĶĽƞĚĽńĠĠŅĦŒĬĶŃĭĭĬņĶƞŀĬ 

ĝŋħĪħĸŀĚĪňŗıńĥĬŅĕŉŘĬĬňŘĽŅĴŅĶĩěņĸŀĚĔŅĶĪņĚŅĬ
ĕŀĚŏėĶŊŗŀĚĽƞĚŐĸŃŏėĶŊŗŀĚĶńĭĽńĠĠŅĦėĸŊŗĬĺŇĪĵŋĪňŗŒĝƟŒĬĶŃĭĭ
ĬņĶƞŀĬœħƟȮįŌƟŏĶňĵĬĽŅĴŅĶĩĺŇŏėĶŅŃľƢľĸńĔĔŅĶĶńĭŐĸŃĽƞĚ
ĽńĠĠŅĦĺŇĪĵŋȮĽŅĴŅĶĩŏĕƟŅŒěľĸńĔĔŅĶĪņĚŅĬŐĸŃĻŉĔļŅĩŉĚ
ėƞŅıŅĶŅĴŇŏĨŀĶƢĨƞŅĚȮŕȮŐĸŃĔŅĶĮĶńĭėƞŅĕŀĚĽńĠĠŅĦĪňŗ
ěņŏĮƦĬŒĬĶŃĭĭĔŅĶĬņĶƞŀĬĕŀĚŀŅĔŅĻĵŅĬœħƟĨŅĴ
ĺńĨĩŋĮĶŃĽĚėƢĪňŗĔņľĬħĕŀĚľĸńĔĽŌĨĶ 

3,4ȮĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĕŀĚĝŋħĪħĸŀĚ 
ĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĕŀĚĝŋħĪħĸŀĚĶŃĭĭĬņĶƞŀĬ
ĕŀĚŀŅĔŅĻĵŅĬȮħņŏĬŇĬĔŅĶőħĵĔŅĶĪħĸŀĚŐĸŃĺńħĪħĽŀĭ
őħĵŒĝƟŏėĶŊŗŀĚĴŊŀĺńħŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶŐĸŃŏĮĶňĵĭŏĪňĵĭ
ľĶŊŀŀƟŅĚŀŇĚįĸĔŅĶĪħĽŀĭĔńĭŏėĶŊŗŀĚĴŊŀŐĸŃŀŋĮĔĶĦƢĪňŗĴň
ĔŅĶŒĝƟĚŅĬěĶŇĚȮĨĸŀħěĬĔŅĶĪħĸŀĚĬņœĮŒĝƟĚŅĬĔńĭĔĸŋƞĴ
įŌƟŏĶňĵĬĪňŗĸĚĪŃŏĭňĵĬŒĬľĸńĔĽŌĨĶȮEASA Course B1,1 ŒĬ
ĶŃħńĭȮModule 7ȮĶĺĭĶĺĴŐĸŃĽĶŋĮįĸĔŅĶĺŇěńĵ 

 

4,ȮȮĔŅĶĽĶƟŅĚĝŋħĪħĸŀĚĽņľĶńĭĔŅĶĺŇěńĵȮ 
ĔŅĶĺŇěńĵĬňŘŏĮƦĬĔŅĶĺŇěńĵŏĝŇĚĪħĸŀĚȮ&Experimental 

research'ȮőħĵĪņĔŅĶĻŉĔļŅȮŀŀĔŐĭĭŐĸŃĽĶƟŅĚĝŋħĪħĸŀĚ
ĶŃĭĭĬņĶƞŀĬĕŀĚŀŅĔŅĻĵŅĬȮěŅĔĬńŘĬĬņĝŋħĪħĸŀĚĪňŗ
ıńĥĬŅĕŉŘĬœĮĪħĸŀĚŒĝƟŏıŊŗŀĪħĽŀĭĮĶŃĽŇĪīŇĳŅıȮ
ĶŅĵĸŃŏŀňĵħĝŀĚĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚĕŀĚĝŋħĪħĸŀĚĴň
ħńĚĨƞŀœĮĬňŘ 

4.1 ĔŅĶŀŀĔŐĭĭĝŋħĪħĸŀĚĶŃĭĭĬņĶƞŀĬ 
ĔŅĶŀŀĔŐĭĭĝŋħĪħĸŀĚĶŃĭĭĬņĶƞŀĬĕŀĚŀŅĔŅĻĵŅĬȮ
ĽņľĶńĭĔŅĶĺŇěńĵĬňŘȮěŃĮĶŃĔŀĭħƟĺĵȮŒĭŏĬŊŘŀľŅȮŒĭĮĢŇĭńĨŇĚŅĬȮ
ŐĭĭĪħĽŀĭȮŐĸŃĝŋħĪħĸŀĚŏėĶŊŗŀĚĽƞĚĽńĠĠŅĦĕŀĚĶŃĭĭ
ĬņĶƞŀĬĕŀĚŀŅĔŅĻĵŅĬȮĪňŗĮĶŃĔŀĭħƟĺĵȮ/'ȮĶŃĭĭĴŅĶƢĔ
ŏĔŀĶƢĭňėŀĬȮ&Marker Beacon) 0'ȮĶŃĭĭőĸėŀĸœĸŏĞŀĶƢȮ
&Localizer) ŐĸŃȮ1'ȮĶŃĭĭœĔħƢĽőĸĮȮ&Guide Slope)  
ŏıŊŗŀŒĝƟŏĮƦĬĽŊŗŀĔŅĶĽŀĬŒĬĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬőħĵŒĝƟ
ĶŌĮŐĭĭĔŅĶĽŀĬŏĝŇĚĭŌĶĦŅĔŅĶȮMISDOP modelȮ[1]ȮĪňŗĴň
ĔĶŃĭĺĬĔŅĶĽŀĬȮ4ȮĕńŘĬĨŀĬȮœħƟŐĔƞȮĔŅĶĽĶƟŅĚŐĶĚěŌĚŒěȮ
&Motivation) ĔŅĶŒľƟŏĬŊŘŀľŅȮ&Information)  ĔŅĶĺŇŏėĶŅŃľƢ
ŐĸŃŐĔƟĮƤĠľŅȮ&Solution) ĔŅĶŀĳŇĮĶŅĵȮ&Discussion) 
ĔŅĶİƗĔĮĢŇĭńĨŇĔŅĶȮ&Operation) ŐĸŃĔŅĶĮĶŃŏĴŇĬįĸįĸȮ
&Progress)ȮĽņľĶńĭőėĶĚĽĶƟŅĚĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚĝŋħ
ĪħĸŀĚŏėĶŊŗŀĚĽƞĚĕŀĚĶŃĭĭĬņĶƞŀĬĕŀĚŀŅĔŅĻĵŅĬȮŐĽħĚ
ħńĚĶŌĮĪňŗȮ10 őħĵœħƟħņŏĬŇĬĔŅĶĽĶƟŅĚĝŋħĪħĸŀĚŏėĶŊŗŀĚĽƞĚĪňŗ
ĬņŏėĶŊŗŀĴŊŀŐĸŃŀŋĮĔĶĦƢŒĬľƟŀĚĮĶŃĸŀĚŐĸŃĶŃĭĭĺĚěĶ
ŏėĶŊŗŀĚĽƞĚĪňŗıńĥĬŅĕŉŘĬĴŅŏĝŊŗŀĴĨƞŀŐĸŃėĺĭėŋĴĔŅĶĪņĚŅĬ
ŒľƟŏĮƦĬœĮĨŅĴėŋĦĽĴĭńĨŇĕŀĚĶŃĭĭĬņĶƞŀĬĕŀĚŀŅĔŅĻĵŅĬ
ĨŅĴĕńŘĬĨŀĬĔŅĶĮĢŇĭńĨŇĚŅĬŒĬŏŀĔĽŅĶĔŅĶĽŀĬĪňŗıńĥĬŅĕŉŘĬ 

4,2 ȮĔŅĶĽĶƟŅĚĝŋħĽƞĚĽńĠĠŅĦĶŃĭĭĴŅĶƢĔŏĔŀĶƢĭňėŀĬ 
ĔŅĶĽĶƟŅĚĝŋħĽƞĚĽńĠĠŅĦĶŃĭĭĴŅĶƢĔŏĔŀĶƢĭňėŀĬȮěŃĴň
ŏėĶŊŗŀĚĴŊŀŐĸŃŀŋĮĔĶĦƢĪňŗĮĶŃĔŀĭœĮħƟĺĵȮ1'ȮŏėĶŊŗŀĚĔņŏĬŇħ
ĽńĠĠŅĦȮKeysight ĶŋƞĬȮE4432BȮ 2'ȮĽŅĵŀŅĔŅĻŐĭĭœħőıĸȮ
3'ȮŏėĶŊŗŀĚĺńħŀŀĽĞŇĸőĸĽőėĮȮőħĵŏėĶŊŗŀĚĔņŏĬŇħĽńĠĠŅĦȮ
Keysight ĶŋƞĬȮE4432B ĴňĺĚěĶĴŀħŌŏĸŏĨŀĶƢȮ&Internal 

 



 

120 
 

 

ĶŌĮĪňŗȮ/0ȮĝŋħĪħĸŀĚŏėĶŊŗŀĚĽƞĚĶŃĭĭĬņĶƞŀĬĕŀĚĔŅĻĵŅĬ 

modulator'ȮĳŅĵŒĬĨńĺȮěŉĚĽŅĴŅĶĩĮĶŃĵŋĔĨƢŒĝƟŏĮƦĬ
ŏėĶŊŗŀĚĽƞĚĽńĠĠŅĦĶŃĭĭĴŅĶƢĔŏĔŀĶƢĭňėŀĬȮœħƟĪńŘĚĽŅĴ
ĶŌĮŐĭĭȮœħƟŐĔƞȮŏŀŅĪƢŏĨŀĶƢĴŅĶƢĔŏĔŀĶƢȮ&Outer Marker'ȮȮ
ĴŇħŏħŇŘĸĴŅĶƢĔŏĔŀĶƢȮ&Middle Marker'ȮŐĸŃŀŇĬŏĬŀĶƢĴŅĶƢĔ
ŏĔŀĶƢȮ&Inner Marker'ȮőħĵĔŅĶĽĶƟŅĚĝŋħŏėĶŊŗŀĚĽƞĚĽńĠĠŅĦ
ĴŅĶƢĔŏĔŀĶƢĭňėŀĬȮĨƟŀĚĔņľĬħŒľƟŒĝƟėĺŅĴĩňŗıŅľƢȮ75 MHzȮ
ěŅĔĬńŘĬĪņĔŅĶĴŀħŌŏĸĪŏĝŇĚĕĬŅħȮŐĸŃŒĝƟėĺŅĴĩňŗĕƞŅĺĽŅĶĪňŗȮ
400 Hz 1,300 Hz ŐĸŃȮ3,000 HzȮĨŅĴĸņħńĭȮěŅĔĬńŘĬ
ĔņľĬħĔņĸńĚŒĬĔŅĶĽƞĚŏĪƞŅĔńĭȮ0 dBm ĪňŗĴňėƞŅŏĮŀĶƢŏĞŖĬĨƢ
ĔŅĶĴŀħŌŏĸĪĪňŗȮ95 #ȮŏĴŊŗŀĪņĔŅĶĨńŘĚėƞŅıŅĶŅĴŇŏĨŀĶƢĨƞŅĚȮŕȮ
ŐĸƟĺȮĽŅĴŅĶĩĪħĽŀĭĔŅĶĽƞĚĽńĠĠŅĦĕŀĚĶŃĭĭĴŅĶƢĔŏĔŀĶƢ
ĭňėŀĬœħƟȮŐĽħĚħńĚĶŌĮĪňŗȮ11 ĞŉŗĚıĭĺƞŅŒľƟįĸĔŅĶĪņĚŅĬĪňŗ
ĽŀħėĸƟŀĚĔńĭŏėĶŊŗŀĚĽƞĚĶŃĭĭĴŅĶƢĔŏĔŀĶƢĭňėŀĬĪŋĔĮĶŃĔŅĶ 

 
ĶŌĮĪňŗȮ/1ȮĝŋħĪħĸŀĚĔŅĶĽƞĚĶŃĭĭĴŅĶƢĔŏĔŀĶƢĭňėŀĬ 

4,3 ȮĔŅĶĽĶƟŅĚĝŋħĽƞĚĽńĠĠŅĦĶŃĭĭőĸėŀĸœĸŏĞŀĶƢ 
ĔŅĶĽĶƟŅĚĝŋħĽƞĚĽńĠĠŅĦĶŃĭĭőĸėŀĸœĸŏĞŀĶƢȮěŃĴň
ŏėĶŊŗŀĚĴŊŀŐĸŃŀŋĮĔĶĦƢȮĪňŗĮĶŃĔŀĭœĮħƟĺĵȮ1'ȮŏėĶŊŗŀĚĔņŏĬŇħ

ĽńĠĠŅĦĶŋƞĬȮKeysight &Agilent-HP'ȮE4432B 2'ȮĽŅĵȮ
ŀŅĔŅĻŐĭĭœħőıĸȮ3'ȮŏėĶŊŗŀĚĔņŏĬŇħĽńĠĠŅĦėĺŅĴĩňŗĨŗņȮ
ŐĸŃȮ4'ȮŏėĶŊŗŀĚĺńħŀŀĽĞŇĸőĸĽőėĮȮőħĵŏėĶŊŗŀĚĔņŏĬŇħĽńĠĠŅĦȮ
Keysight ĶŋƞĬȮE4432B ĽŅĴŅĶĩĔņŏĬŇħĽńĠĠŅĦėĺŅĴĩňŗ
ıŅľƢĶŃľĺƞŅĚȮ108,10-111,95 MHzȮěŅĔĬńŘĬĪņĔŅĶĴŀħŌ
ŏĸĪŏĝŇĚĕĬŅħȮőħĵŒĝƟĲƤĚĔƢĝńŗĬĔŅĶĴŀħŌŏĸĪŐĭĭȮExternal 
modulator ŐĸŃĔņľĬħŒĝƟėĺŅĴĩňŗĕƞŅĺĽŅĶĪňŗȮ7.ȮHz ŐĸŃȮ
/3.ȮHz ěŅĔĬńŘĬĔņľĬħĔņĸńĚŒĬĔŅĶĽƞĚŏĪƞŅĔńĭȮ.ȮdBm ĪňŗĴň
ėƞŅŏĮŀĶƢŏĞŖĬĨƢĔŅĶĴŀħŌŏĸĪĪňŗĶŃħńĭȮ73Ȯ#ȮĞŉŗĚıĭĺƞŅ
ĽŅĴŅĶĩŒĝƟŏĮƦĬŏėĶŊŗŀĚĽƞĚĽńĠĠŅĦŐĭĭőĸėŀĸœĸŏĞŀĶƢœħƟ
ŀĵƞŅĚŏľĴŅŃĽĴȮŐĽħĚħńĚĶŌĮĪňŗȮ/2 

 
ĶŌĮĪňŗȮ/2ȮĝŋħĪħĸŀĚĔŅĶĽƞĚĶŃĭĭőĸėŀĸœĸĞƢŏĞŀĶƢ 

4,4 ȮĔŅĶĽĶƟŅĚĝŋħĽƞĚĽńĠĠŅĦĶŃĭĭœĔħƢĽőĸĮ 
ĔŅĶĽĶƟŅĚĝŋħĽƞĚĽńĠĠŅĦĶŃĭĭœĔħƢĽőĸĮěŃĴňŏėĶŊŗŀĚĴŊŀ
ŐĸŃŀŋĮĔĶĦƢȮĪňŗĮĶŃĔŀĭœĮħƟĺĵȮ1'ȮŏėĶŊŗŀĚĔņŏĬŇħĽńĠĠŅĦ
ĶŋƞĬȮKeysight &Agilent-HP'ȮE4432B  2'ȮĽŅĵŀŅĔŅĻŐĭĭ
œħőıĸȮ3'ȮŏėĶŊŗŀĚĔņŏĬŇħĽńĠĠŅĦėĺŅĴĩňŗĨŗņȮŐĸŃȮ4'Ȯ
ŏėĶŊŗŀĚĺńħŀŀĽĞŇĸőĸĽőėĮȮľĸńĔĔŅĶĪņĚŅĬĕŀĚŏėĶŊŗŀĚĽƞĚ




