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[Abstract]

This study focuses on the implementation of C-band radio navigation in the 5.03 ~ 5.15 GHz terrestrial band to cooperate with
GNSS navigation mainly used in existing UAMs. This is one of the navigation technologies that can fully satisfy the requirements
of Title 14 of CFR-135.165. According to the FAA, the use of two or more independent navigation sources for aircraft is
proposed for aircraft. This study proceeded with the link budget derivation through radio wave propagation path loss analysis, and
antenna shape design for miniaturized Doppler VOR, and DME design with enhanced positional distance resolution compared to
conventional aircraft. The ground navigation system which is the result of this study, consists of a VOR/DME ground station and
a terminal that can be mounted on UAM. Significant performance was confirmed through the production and testing of each
prototype.
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Table 1. Key cooperative navigation technologies for UAM

Technology En Route Approach Landing

GNSS(only) | Latitude only | Not recommended |Not recommended

GNSS+GRNS | Latitude only Suitable Latitude only

GNSS+INS Latitude only | Not recommended |Not recommended

GNSS+LIiDAR | Latitude only Vertical only Suitable
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Table 2. Main technical specifications related to UAM
navigation position error

Description En Route Approach Landing

 Lateral <100m <4.5m <1.5m
Position Cenamtv

 Vertical <3m <1.5m <03m
Position Certainty

Update Rate 10Hz 10Hz 10Hz
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Free-space Propagation Loss of 5.1GHz (Antenna Height: BS=1.5m, Drone=50m)

m2

indep(m2)=500.000

=-89.108| plot_vs(dB(T1),
ime=10.00 sec

3

indep(m3)=1000.000

/=-100.48 tplot_vs(dB(T),
ime=10.00 sec

mi
indep(m1)=200.000
lplot_vs(dB(T1),
ime=10.00 sec

ma
indep(m4)=2.420E3
=-98.299|  [plot_Vs(dB(T1), distance)=-119.692
im fime=10.00 sec

dB(T1)

120

}‘\'\4 ) T T I e N

T T T T T
0.0 50E2 1.0E3 1.5E3 2.0E3 2.5E3 3.0E3 3.5E3 4.0E3 4563 5.0E3 5563 6.0E3 6.5E3 7.0E3 7.5E3 8.0E3 8.5E3 9.0E3 9.5E3 1.0E4

distance

a2, MudEed MoEolAE A (T 50m)
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