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	SUMMARY

	Radio altimeter interference path loss (IPL) characteristics of Beechcraft B300 aircraft during flight are measured and evaluated. While RTCA DO-307B/EUROCAE ED-239A specifies IPL evaluation when the aircraft is stationary on the ground, this study extends the assessment to in-flight conditions to identify and contrast the disparities. The experiment was designed to avoid any modifications to the aircraft, measuring the transmission signal strength of the radio altimeter from within the cabin. Data are collected from 31 locations inside the cabin, representing potential positions of 5G mobile communication devices and Wireless Avionics Intra-Communication devices. The findings reveal that the minimum IPL values recorded during flight and while stationary on the ground are 51.9 dB and 60.0 dB, respectively. It is consistently observed that the minimum IPL values during flight exceeded those measured on the ground.


1. INTRODUCTION

This paper discusses the measurement of interference path loss (IPL) for radio altimeters in small-sized fixed-wing aircraft during flight. Previous reports have detailed the IPL characteristics of various fixed-wing aircraft and helicopters [1]-[4]. This study focuses on the Beechcraft B300, discussing the measurement setup, conditions, and the calculation of IPL values from the radio altimeter’s transmission signal strength and the received signal strength inside the cabin. It concludes by comparing and analyzing the differences in IPL characteristics during flight and on the ground. 
2. DISCUSSION

2.1 Aircraft under measurement
The IPL for radio altimeters is evaluated using the Beechcraft B300 (KingAir B350), an experimental aircraft of the Electronic Navigation Research Institute. Assessing IPL characteristics is crucial for understanding interference scenarios with Wireless Avionics Intra-Communication (WAIC) devices (co-channel interference) and sub-6 5G mobile communication devices (adjacent channel interference). Figure 1 shows an overview of the Beechcraft B300. The length and the wingspan are 17.7 m and 14.2 m, respectively. The Beechcraft B300 is equipped with single radio altimeter to measure the distance between the aircraft and the ground. Figure 2 shows the location of the radio altimeter antennas in the aircraft. Separate sets of transmitting and receiving antennas are mounted on the bottom of the aircraft’s rear section.
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Figure 1. Overview of the Beechcraft B300, assessed for radio altimeter interference path loss measurement. 
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Figure 2. Location of the radio altimeter antennas on the Beechcraft B300, with transmitting and receiving antennas located on the bottom. 

Table I. Measurement parameters

	Frequency
	4.25–4.35 GHz (821 points)

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

	Receving antenna polarization
	Three orthogonal axes

	Transmitting antenna
	Radio altimeter transmitting antenna

	Measurement dynamic range
	Approximately 130 dB

	Number of receving antenna locations
	31


2.2 Measurement setup
The IPL for radio altimeters is measured to account for potential interference from sub-6 5G mobile communication and WAIC devices. The RTCA DO-307B/EUROCAE ED-239A specify IPL evaluations on the ground, however, this study also considers in-flight conditions. The aim is to quantitatively assess the ground’s influence, especially relevant for radio altimeter antennas with main radiation directed downward. The experiment is conducted without modifying the aircraft, capturing the radio altimeter’s transmitted signal strength inside the cabin, based on the reversibility of electromagnetic waves. Because of this, the assessed frequency range is 4.25–4.35 GHz, which is the same as the transmitting signal bandwidth of the equipped radio altimeter (Rockwell Collins ALT-1000). Table I presents a summary of the IPL measurement parameters. The frequency points are distributed equally across 821 intervals. The receving antenna utilized is a half-wavelength standard dipole antenna, with variable polarization across three orthogonal axes 
Figure 3 illustrates the block diagram for the radio altimeter IPL measurement setup, where a computer controls a spectrum analyzer (Keysight Technologies N9918B) to collect data. This setup employs a real-time analysis function with a maximum bandwidth of 120 MHz to capture the peak values of the frequency-modulated continuous-wave transmission signal from the radio altimeter. Figure 4 depicts a sample spectrum obtained during flight IPL measurements. The measurement dynamic range is approximately 130 dB. IPL values represent the path loss between the received signal power at the standard dipole antenna and the transmitted power at the avionics transmitting port, with calribrations for the return loss of the receiving antenna and total cable loss. 
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Figure 3. Block diagram of the radio altimeter interference path loss measurement setup. 
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Figure 4. Example of the measured spectrum obtained at flight interference path loss measurements. 
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Figure 5. Location of the receiving antenna for radio altimeter interference path loss measurements on the Beechcraft B300.

Figure 5 shows the location of the receiving antenna for IPL measurements within the cabin, featuring 31 receiving antenna locations. These include positions at every window, the center aisle, the cockpit, and the rear door, where the receiving antenna represents potential Sub-6 5G mobile communication and WAIC devices. Measurements encompass all cabin doors and cockpit windows, with antennas placed centrally on a window or door approximately 10 cm from the surface. To avoid ground reflection effects, IPL characteristics during flight are measured at a cruising altitude of 21,000 ft.

Note that the location of the receiving and the transmitting antenna is different. The receiving antenna is located on the bottom of the rear section of the fuselage, and the transmitting antenna is approximately 1.2 m in front of the receiving antenna. Therefore, the measured IPL is different from IPL to the receiving antenna port of the radio altimeter. However, we assume that this measurment is sufficient to discuss the difference in IPL characteristics during flight and on the ground. 

Table II presents a summary of the minimum and median IPL values, derived from 2,463 data points per transmitting location, across 821 frequency points and three antenna orientations. During flight, 7 antenna locations (23%) exhibited minimum IPL values exceeding 70 dB, with all 31 locations (100%) surpassing 60 dB. The minimum IPL values tended to decrease in the fuselage’s middle section, with values between 63 dB and 70 dB near the cockpit. Although the radio altimeter transmitting antennas are close to locations H (4th window, left side), Q (4th window, right side), and Z (4th window, center), the minimum IPL of 60.0 dB is recorded at location G (3rd window, left side). This observation suggests the lack of direct line of sight between the transmitting and receiving antennas, as the radio altimeter’s transmitting antenna is located behind the main wing.
On the ground, none of the antenna locations exceeded 70 dB in minimum IPL values, while 20 locations (65%) exceeded 60 dB. Location G (3rd window, left side) displayed an IPL of 57.4 dB, with the lowest value of 51.9 dB at location C (cockpit, right seat). This reduction is attributed to multiple reflections from the ground, engine cowls, propellers, and main landing gears, particularly affecting the cockpit area, where minimum IPL values ranged between 52 dB and 59 dB.

A comparison of IPL values across different locations revealed consistently higher minimum IPL values during flight compared to on the ground. This finding experimentally validates the conservative nature of current RTCA DO-307B/EUROCAE ED-239A ground measurement procedures. Figure 6 showcases the probability distribution of IPL values from all 76,353 data points, highlighting an 8.1 dB lower minimum IPL on the ground compared to in-flight values, and a 4.3 dB lower median IPL on the ground. 
3. CONCLUSION

This study assessed the IPL characteristics of radio altimeters in-flight using the Beechcraft B300, a small-sized fixed-wing aircraft, and compared them to ground measurements. The data revealed fundamental differences in IPL values between in-flight and ground conditions, with in-flight minimum and median IPL values consistently higher. Because this measurement evaluate the IPL between the radio altimeter transmitting antenna and the inside of the cabin, the obtained IPL values cannot be used directly to examine interference analysis of this aircraft. However, the IPL value during flight is always greater than when the aircraft is located on the ground is important as a safety evaluation.

Table II. Measured minimum and median interference path loss values

	No.
	Receiving antenna location
	Flight

Minimum (dB)
	Flight

Median (dB)
	Ground

Minimum (dB)
	Ground

Median (dB)

	A
	Cockpit (front sheld)
	66.7
	72.5
	54.8
	60.3

	B
	Cockpit (left seat)
	70.2
	75.0
	52.3
	59.8

	C
	Cockpit (right seat)
	68.8
	73.1
	51.9
	57.0

	D
	Cockpit (center)
	63.3
	72.0
	58.9
	65.7

	E
	1st window (left side)
	65.7
	71.4
	60.5
	66.8

	F
	2nd window (left side)
	65.9
	70.8
	58.6
	67.1

	G
	3rd window (left side)
	60.0
	65.9
	57.4
	65.6

	H
	4th window (left side)
	64.4
	70.8
	60.3
	67.8

	I
	5th window (left side)
	70.4
	76.7
	61.7
	68.6

	J
	6th window (left side)
	65.9
	71.6
	64.9
	70.3

	K
	7th window (left side)
	69.8
	74.3
	61.9
	70.6

	L
	Rear door (left side)
	75.5
	80.3
	67.5
	72.1

	M
	9th window (left side)
	75.0
	80.5
	65.1
	72.6

	N
	1st window (right side)
	66.0
	70.2
	56.1
	63.4

	O
	2nd window (right side)
	65.0
	69.2
	60.6
	69.3

	P
	3rd window (right side)
	64.9
	69.5
	61.1
	67.7

	Q
	4th window (right side)
	64.6
	70.8
	62.0
	71.1

	R
	5th window (right side)
	66.1
	73.5
	62.8
	72.0

	S
	6th window (right side)
	66.8
	73.0
	65.1
	70.7

	T
	7th window (right side)
	68.4
	75.6
	63.4
	70.2

	U
	8th window (right side)
	72.7
	78.9
	61.0
	67.6

	V
	9th window (right side)
	77.9
	83.6
	60.2
	67.4

	W
	1st window (center)
	66.2
	71.2
	58.6
	67.0

	X
	2nd window (center)
	61.7
	68.9
	58.1
	64.3

	Y
	3rd window (center)
	61.7
	68.4
	59.3
	67.1

	Z
	4th window (center)
	64.6
	70.3
	58.8
	67.2

	AA
	5th window (center)
	63.6
	70.8
	60.2
	68.4

	AB
	6th window (center)
	65.1
	69.3
	62.1
	70.4

	AC
	7th window (center))
	67.8
	74.2
	61.8
	68.8

	AD
	8th window (center)
	68.8
	74.3
	65.9
	73.8

	AE
	9th window (center)
	71.9
	79.6
	66.5
	73.2

	Total
	60.0
	72.7
	51.9
	68.4
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Figure 6. Probability distribution of measured interference path loss values.
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