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	SUMMARY

	Radio altimeter interference path loss (IPL) of medium sized helicopter is measured and evaluated including adjacent 5G mobile commutation band. The measurements are carried out based on the RTCA DO-307A procedures. Assuming the 5G mobile commutation devices and the Wireless Avionics Intra-Communication devices, the transmitting antenna is located inside and outside the cabin. The minimum IPL values inside and outside of the cabin are 49.2 dB and 55.1 dB, respectively. The minimum IPL are obtained when the transmitting antenna and the receiving antenna are in line-of-sight conditions.


1. INTRODUCTION

This paper discusses the radio altimeter interference path loss (IPL) measurement of a helicopter, including the adjacent 5G mobile telecommunications band. First, an overview of the helicopter for the radio altimeter IPL measurement is described. The measurement setup and conditions are then discussed, assuming the transmitting antenna inside and outside the cabin. Finally, the radio altimeter IPL values are calculated based on the measured results. In addition, measured helicopter IPL characteristics are compared to those of previously reported aircrafts such as large and medium-sized fixed-wing aircraft [1], [2].
2. DISCUSSION

2.1 Aircraft under measurement
The radio altimeter IPL is measured with a Kawasaki BK117C-2 helicopter, a Japan Aerospace Exploration Agency experimental aircraft. Figure 1 shows an overview of the helicopter. The rotor diameter and the length are 11.0 m and 13.0 m, respectively. The helicopter is equipped with a single radio altimeter to measure the distance between the aircraft and the ground. Figure 2 shows the location of the radio altimeter antennas installed in the helicopter. The transmitting and receiving antenna are separately located at the bottom of the tail boom. Each antenna's main beam direction is downward, which measures the distance to the ground. 
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Figure 1. Kawasaki BK117C-2 helicopter evaluated for radio altimeter interference path loss measurement. 
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Figure 2. Overview of the radio altimeter antennas installed in BK117C-2. The transmitting antenna and receiving antenna are located on the bottom of the tail boom. 
Table I. Measurement parameters
	Frequency
	3.5 GHz – 4.7 GHz (801 points)

	Transmitting antenna
	Standard dipole antenna (/2 at 4,300 MHz)

	Transmitting antenna polarization
	Three orthogonal axes

	Measurement dynamic range
	Approximately 120 dB

	Number of transmitting antenna locations
	11 (inside cabin)

11 (outside cabin)


Honeywell and KRA-405B are the manufacturers and models of the installed radio altimeter, respectively. The frequency-modulated continuous-wave method is used for ranging. The operating frequency ranges from 4.2 to 4.4 GHz. The IPL characteristics are required to evaluate the interference conditions with WAIC devices (co-channel interference) and sub-6 5G mobile commutation devices (adjacent channel interference). 

2.2 Measurement setup

The radio altimeter IPL is measured assuming interference sources such as sub-6 5G mobile communication devices and WAIC devices. The IPL measurements are performed in accordance with the RTCA DO-307A [3]. The current revision of the RTCA document does not specify the target IPL values for the radio altimeter. Table I summarizes the IPL measurement parameters. The frequency range is 3.5 GHz–4.7 GHz, which covers either the radio altimeter operation band (4.2–4.4 GHz), the WAIC frequency band (4.2–4.4 GHz), and the sub-6 5G mobile communication band in Japan (3.5–4.1 GHz, 4.5–4.7 GHz). In addition, the frequency point has an equivalent spacing of 801 points. The transmitting antenna is a half-wavelength standard dipole antenna. The antenna's polarization varies along three orthogonal axes. 
Figure 3 shows the block diagram of the radio altimeter IPL measurement. The computer controls both the signal generator (Rohde&Schwarz SMA100B) and the spectrum analyzer (Keysight Technologies N9918B) to change the frequency and collect data from the spectrum analyzer. The signal generator transmits a CW signal. Furthermore, the spectrum analyzer was set to zero span mode. The measurement dynamic range is approximately 120 dB. The path loss between the transmitting antenna input power and the receiving power at the avionics receiving port is represented by the IPL values. Note that the transmitting antenna's return loss and the total cable loss are calibrated during the IPL calculation. 
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Figure 3. Block diagram of the radio altimeter interference path loss measurement. 

[image: image4.emf]Forward

B

D

H

C

E

A

F

G

I

K J

Outside cabin: 11locations Inside cabin: 11locations

L

M

V

T, U

Q, R

S

N

O, P

Radio altimeter receiving antenna


Figure 4. Location of the transmitting antenna for the radio altimeter interference path loss measurements. 
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Figure 5. Typical transmitting antenna location inside the cabin (Location B: Cockpit left seat). 
There are 11 transmitting antenna locations both inside and outside the cabin. Figure 4 shows the location of the transmitting antenna for IPL measurements. Typical transmitting antenna locations inside the cabin are each window, including the cockpit and the rear door. In this case, the transmitting antenna assumes the 5G mobile communication devices and the WAIC devices. In addition, the transmitting antenna outside the cabin employs wireless sensors via WAIC devices. Outside the cabin, typical antenna locations include the engine, the landing skid, the position lights in the stabilizer, and the area around the fuselage. 

Figure 5 shows the transmitting antenna location B, which is the cockpit left seat. The transmitting antenna is placed in the center of each window to achieve the minimum IPL values. The antenna is approximately 10 cm away from the window. The orientation of the transmitting antenna is varied along three orthogonal axes at each antenna location. Furthermore, all doors and windows are closed during the measurements.

2.3 Measurement results
Table II and III summarizes the measured minimum and median IPL values. Each transmitting location has 26,433 data points (frequency domain 801 points × time domain in zero spans 11 points × antenna orientation 3 points). Regarding minimum IPL values for the inside of the cabin, the 5 antenna locations (45 %) exceed 70 dB. In addition, the 8 antenna locations (73 %) exceed 60 dB. As shown in Table II, the minimum IPL decreases as the transmitting antenna moves to the rear. At the cockpit, the minimum IPL exceeds 70 dB. On the other hand, the minimum IPL around the rear window is around 50 dB. At antenna location K (right rear window), the minimum IPL value for all antenna locations is 49.2 dB. In this case, the transmitting antenna and the radio altimeter receiving antenna are in line-of-sight (LOS) conditions and less than 1 m apart, as shown in Figure 2. Figure 6 shows the probability of measured IPL values with the transmitting antenna located inside the cabin, as calculated from all 290,763 measurement data points. 

Other aircraft's minimum IPL have previously been reported [1], [2]. Inside the cabin of an Airbus A321 and a Beechcraft B300 (King Air 350), the minimum IPL is 74.4 dB and 72.8 dB, respectively. Compared to these values, the minimum IPL of 49.2 dB is smaller than 20 dB. This is mainly due to the short distance between the transmitting antenna and the radio altimeter receiving antenna. Furthermore, the helicopter's non-pressurized structure may have an effect on these IPL characteristics.

The minimum IPL values for outside the cabin shown in Table III, the 5 antenna locations (45 %) exceed 70 dB. Also, the 10 antenna locations (91 %) are more than 60 dB. As with the IPL inside the cabin, the minimum IPL decreases as the transmitting antenna approaches the radio altimeter antenna. The minimum IPL value for all antenna locations of 55.1 dB is observed at the antenna location S (bottom of rear door). The antenna location S is closest to the antenna location K, where the minimum IPL inside the cabin is measured. 

Figure 7 shows the probability of measured IPL values with the transmitting antenna located outside the cabin. The minimum IPL outside of Beechcraft B300 is 55.0 dB [2]. This value is nearly identical to the value of this measurement, 55.1 dB.

Table II. Measured minimum and median interference path loss values for transmitting antenna located inside cabin
	No.
	Transmitting antenna location
	Minimum (dB)
	Median (dB)

	A
	Cockpit (center)
	72.1
	85.1

	B
	Cockpit (left seat)
	70.8
	85.0

	C
	Cockpit (right seat)
	71.4
	86.0

	D
	Left window (2nd row)
	70.5
	82.8

	E
	Right window (2rd row)
	71.3
	83.4

	F
	Left window (3rd row)
	66.9
	79.2

	G
	Right window (3rd row)
	65.5
	77.1

	H
	Left window (4th row)
	59.5
	75.3

	I
	Right window (4th row)
	61.5
	73.7

	J
	Left rear window
	51.6
	66.1

	K
	Right rear window
	49.2
	64.4

	
	Inside total
	49.2
	79.5


Table III. Measured minimum and median interference path loss values for transmitting antenna located outside cabin
	No.
	Transmitting antenna location
	Minimum (dB)
	Median (dB)

	L
	Nose 
	76.2
	92.7

	M
	Nose (top)
	73.8
	88.4

	N
	Nose (Bottom)
	74.2
	88.0

	O
	Left landing skid
	63.5
	77.4

	P
	Right landing skid
	67.6
	80.7

	Q
	Side of left engine
	73.1
	85.7

	R
	Side of right engine
	72.8
	85.3

	S
	Bottom of rear door
	55.1
	69.0

	T
	Side of left vertical stabilizer
	62.6
	74.7

	U
	Side of right vertical stabilizer
	64.0
	75.9

	V
	Top of center vertical stabilizer
	65.7
	77.8

	
	Outside total
	55.1
	82.0
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Figure 6. Probability of measured interference path loss values with the transmitting antenna located inside the cabin.
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Figure 7. Probability of measured interference path loss values with the transmitting antenna located outside the cabin.
3. CONCLUSION
The Kawasaki BK117C-2 helicopter was used to measure the radio altimeter IPL. The measurement frequency range is expanded to include the adjacent 5G mobile tele-communications band. The helicopter's overview and measurement conditions were discussed. Based on the measured results, the helicopter IPL characteristics were calculated. The minimum IPL inside and outside the cabin was 49.2 dB and 55.1 dB, respectively. These minimum IPLs are obtained when the transmitting antenna and the radio altimeter receiving antenna are in LOS conditions. 
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