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	SUMMARY

	This WP proposes to provide FSMP members with an Excel file containing mainly usual RF conversions and formulas.




INTRODUCTION
Who has never surfed the Internet or wasted time trying to find a conversion or other RF formulae? This WP proposes to provide FSMP members with an Excel file containing usual RF conversions and formulae.
DISCUSSION
Studies at the ITU or in regional groups often lead to carry out complex studies, and sometimes in a very short amount of time. The measurement units used for these studies may be heterogeneous, for historical (e.g dBm versus µV) or regional reasons (e.g Feet versus Meter), or because they are more suited to the analysis in question (e.g EIRP versus ERP or Feet versus Meter).

Calculations of wavelength, Doppler effect, radio and optical horizons, space attenuation, conversion of electric fields into received power on an isotropic antenna (vice versa) and many others are tedious and sometimes lead to unacceptable approximations.

To consider the usefulness of such document for the provision and future updating of a centralised Excel tool would facilitate conversions and RF compatibility analysis calculations for the aeronautical community. The attached Excel document could serve as a working basis and be corrected/amended/improved over time by proposals from FSMP contributors.
Such a document can be made available by adding a folder (name to be defined) or a hypertext link in the 'Documents' link of the FSMP webpage.

The proposed Excel document was initiated by a previous FSMP member (Alexandre Guignot) as part of the work on the PMSE and I have continued to amend it as new needs arise. It has been very useful since then and it would be beneficial to FSMP members. 
ACTION BY THE MEETING
The meeting is invited to:
note and review the contents of this working paper;
endorse the inclusion of such a tool in FSMP website
encourage FSMP members to be force of proposal for the amendment of this document.
agree that the update of this document is an action without time limit for the FSMP
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Compatibility  Analysis Calculs ICAO 2023.xlsx


Compatibility Analysis Calculs ICAO 2023.xlsx
General

		Compatibility Analysis Calculs

		Wavelength and frequency

		F (MHz)		C (Km/s)		λ (m)								 λ = C / F

		137.00 MHz		299792.46 Km/s		2.188266 m

		C (Km/s)		λ (m)		F (MHz)								F = C / λ

		299792.46 Km/s		2.19 m		137.00 MHz

		λ (m)		F (MHz)		C (Km/s)								 C =  λ x F

		0.06 m		137.00 MHz		8.22 Km/s

		Doppler effect

		Fe (MHz)		Vitesse du mobile		C (Km/s)		Fr (MHz)		ΔDoppler

		137.000000 MHz		7000.00 m/s		299792.46 Km/s		137.003199 MHz		3.20 KHz		3198.95 Hz

		137.000000 MHz		7000.00 Km/h		299792.46 Km/s		137.000889 MHz		0.89 KHz		888.58 Hz

		Vitesse du mobile (Km/h)		C (Km/s)		Fr (MHz)		Fe (MHz)		ΔDoppler

		3600.00 Km/h		299792.46 Km/s		5000.000000 MHz		4983.321795 MHz		16.678 KHz		16678.20 Hz

		C (Km/s)		ΔDoppler		Fe (MHz)		 mobile speed (Km/h)		Fr (MHz)		ΔDoppler

		299792.46 Km/s		0.685 KHz		120.000000 MHz		6160.70 Km/h		120.000685 MHz		685.00 Hz

		ΔDoppler		Fe (MHz)		 mobile speed (Km/h)		C (Km/s)		Fr (MHz)		ΔDoppler

		16.678 KHz		1000.000000 MHz		3600.00 Km/h		59959.29301 Km/s		1000.016678 MHz		16678.26 Hz

		Optic Horizon

		hTX (m)		hRX (m)		dOH (Km)								dOH = 3,57 x ( √(hTX) + √(hRX) )

		6500.00 m		6500.00 m		575.65 Km

		hRX (m)		dOH (Km)		hTX (m)								hTX = ( dOH / 3,57 -  √(hRX) )2

		8.00 m		74.08 Km		321.21 m

		dOH (Km)		hTX (m)		hRX (m)								hRX = ( dOH / 3,57 -  √(hTX) )2

		47.00 Km		100.00 m		10.02 m

		Radio Horizon

		hTX (m)		hRX (m)		dRH (Km)		dRH (NM)		dOH (NM) = 1,23 x ( √(hTX (feet) ) + √(hRX (feet) ) )				dRH = 4,12 x ( √(hTX) + √(hRX) )

		6500.00 m		6500.00 m		664.33 Km		359.24 NM

		hRX (m)		dRH (Km)		hTX (m)								hTX = ( dOH / 4,12 -  √(hRX) )2

		8.00 m		74.08 Km		229.59 m

		dRH (Km)		hTX (m)		hRX (m)								hRX = ( dOH / 4,12 -  √(hTX) )2

		1825.00 Km		0.00 m		196214.59 m

		 Free Space propagation model : Basic transmission Loss

		d (m)		λ (m)		d (Kms)		Lbf (dB)		Lbf= 32.4 + 20 log f (MHz) + 20 log d (km)

Lbf = 37,8 + 20 log f(MHz) + 20 log d (NM)				Lbf = 20 log (4πd/λ)

		2831000.00 m		2.19 m		2831.00 Kms		144.22 dB

		Lbf (dB)		d (m)		d (Kms)		λ (m)						λ = 4πd / 10Lbf/20

		144.22 dB		2831000.00 m		2831.00 Kms		2.19 m

		λ (m)		Lbf (dB)		d (m)		d (Kms)						d = λ x 10Lbf/20 / 4π

		2.19 m		103.80 dB		26970.58 m		26.97 Kms

		Space Attenuation - Aeronautical propagation curves when d > dRH

		d (Kms)		F (MHz)		dRH (Km)		a (dB/Kms)		Lbf (dB)		Lbf= 32.4 + 20 log f (MHz) + 20 log dRH (km) + a x (d - dRH) 		Lbf= 32.4 + 20 log f (MHz) + 20 log dRH (km) + a x (d - dRH) 

		200.00 Kms		1090.00 MHz		190.00 Kms		0.86 dB/Kms		147.40 dB

		Lbf (dB)		F (MHz)		dRH (Km)		a (dB/Kms)		d (Kms)				d = ( Lbf - 32.4 - 20 log f (MHz) - 20 log dRH (km) ) / a + dRH 

		125.00 dB		137.00 MHz		55.28 Kms		0.86 dB/Kms		72.61 Kms

		d (Kms)		F (MHz)		dRH (Km)		Lbf (dB)		a (dB/Kms)				a = ( LBF - 32.4 - 20 log f (MHz) - 20 log dRH (km) ) / (d - dRH) 

		200.00 Kms		1090.00 MHz		1.00 Kms		147.40 dB		0.27 dB/Kms

		Frequency Band		a (dB/NM)

		DME Band (960-1215MHz)		1.60 dB/NM		0.86 dB/Kms

		Space Attenuation - Two Ray or Flat Earth Model : ground effect taken in account

		d (m)		hTX		hRX		Lpol (dB)		Ltwo-ray (dB)				Ltwo-ray = 40 log (d) + 20 log (hTX) + 20 log (hRX) + Lpol

		50000.00 m		30.00 m		10.00 m		0.00 dB		237.50 dB

		Ltwo-ray (dB)		d (m)		hTX		hRX		Lpol (dB)				Lpol = Ltwo-ray - 40 log (d) - 20 log (hTX) - 20 log (hRX) 

		152.96 dB		2500.00 m		1.50 m		1.50 m		10.00 dB

		Lpol (dB)		Ltwo-ray (dB)		d (m)		hTX		hRX				hRX = 10 (Ltwo-ray - 40 log (d) - 20 log (hTX) -Lpol)/20

		10.00 dB		152.96 dB		2500.00 m		1.50 m		1.50 m

		hRX		Lpol (dB)		Ltwo-ray (dB)		d (m)		hTX				hTX = 10 (Ltwo-ray - 40 log (d) - 20 log (hRX) -Lpol)/20

		1.50 m		10.00 dB		152.96 dB		2500.00 m		1.50 m

		hTX		hRX		Lpol (dB)		Ltwo-ray (dB)		d (m)				d = 10 (Ltwo-ray - 20 log (hTX) - 20 log (hRX) -Lpol)/40

		100.00 m		1.50 m		0.00 dB		125.00 dB		108.88 m

		Ltwo-ray : Atténuation Two Ray Model
d : Distance (m) between the transmitter and receiver
hTX : transmitter antenna height (m)
hRX : receiver antenna height
Lpol : polarization discrimination (dB) : assumed to be 10dB if direction of polarization differs by 90°













		Space Attenuation - Egli Model : ground effect taken in account + frequencies correction (only for >30MHz)

		d (m)		hTX		hRX		Lpol (dB)		F (MHz)		LEgli (dB)		LEgli = 40 log (d) + 20 log (hTX) + 20 log (hRX) + Lpol + 20 log 40 - 20 log F

		30000.00 m		40.00 m		28.00 m		0.00 dB		2800.00 MHz		203.17 dB

		LEgli (dB)		d (m)		hTX		hRX		Lpol (dB)		F (MHz)		F = 10 (40 log (d) + 20 log (hTX) + 20 log (hRX) + Lpol + 20 log 40 - Legli)/20

		124.25 dB		2500.00 m		1.50 m		1.50 m		10.00 dB		1090.49 MHz

		F (MHz)		LEgli (dB)		d (m)		hTX		hRX		Lpol (dB)		Lpol = Legli - 40 log (d) - 20 log (hTX) - 20 log (hRX) - 20 log 40 + 20 log F

		1090.00 MHz		124.25 dB		2500.00 m		1.50 m		1.50 m		10.00 dB

		Lpol (dB)		F (MHz)		LEgli (dB)		d (m)		hTX		hRX		hRX = 10 (Legli - 40 log (d) - 20 log (hTX) - Lpol - 20 log 40 + 20 log F)/20

		10.00 dB		1090.00 MHz		124.25 dB		2500.00 m		1.50 m		1.50 m

		hRX		Lpol (dB)		F (MHz)		LEgli (dB)		d (m)		hTX		hTX = 10 (Legli - 40 log (d) - 20 log (hRX) - Lpol - 20 log 40 + 20 log F)/20

		1.50 m		10.00 dB		1090.00 MHz		124.25 dB		2500.00 m		100.00 m

		hTX		hRX		Lpol (dB)		F (MHz)		LEgli (dB)		d (m)		d = 10 (Legli - 20 log (hRX) - 20 log (hTX) - Lpol - 20 log 40 + 20 log F)/40

		40.00 m		1.50 m		0.00 dB		2800.00 MHz		125.00 dB		1440.37 m

		LEgli : Atténuation Egli Model
d : Distance (m) between the transmitter and receiver
hTX : transmitter antenna height (m)
hRX : receiver antenna height
Lpol : polarization discrimination (dB) : assumed to be 10dB if direction of polarization differs by 90°
f : frequency (MHz)













		Desired signal Power at the victim receiver antenna

		PTd (dBm)		Fd (dB)		Gd (dB)		Ld (dB)		Pd (dBm)				Pd = PTd - Fd + Gd - Ld

		36.00 dBm		0.00 dB		9.00 dB		120.00 dB		-75.00 dBm

		Pd (dBm)		Fd (dB)		Gd (dB)		Ld (dB)		PTd (dBm)				PTd = Pd + Fd - Gd + Ld

		-20.00 dBm		10.00 dB		10.00 dB		120.00 dB		100.00 dBm

		PTd (dBm)		Fd (dB)		Gd (dB)		Pd (dBm)		Ld (dB)				Ld = PTd - Fd + Gd - Pd

		27.00 dBm		0.00 dB		3.00 dB		-91.00 dBm		121.00 dB

		Undesired signal Power at the victim receiver antenna

		PTu (dBm)		Fu (dB)		Gu (dB)		Lu (dB)		Pu (dBm)				Pu = PTu - Fu + Gu - Lu

		36.00 dBm		0.00 dB		9.00 dB		140.00 dB		-95.00 dBm

		Pu (dBm)		Fu (dB)		Gu (dB)		Lu (dB)		PTu (dBm)				PTu = Pu + Fu - Gu + Lu

		-20.00 dBm		10.00 dB		10.00 dB		120.00 dB		100.00 dBm

		PTu (dBm)		Fu (dB)		Gu (dB)		Pu (dBm)		Lu (dB)				Lu = PTu - Fu + Gu - Pu

		36.00 dBm		0.00 dB		9.00 dB		-90.00 dBm		135.00 dB

		Undesired signal Power of the Adjacent Channel Rejection at the victim receiver antenna (ACR)

		PTu (dBm)		Fu (dB)		Gu (dB)		Lu (dB)		ACR (dB)		Pu (dBm)		Pu = PTu - Fu + Gu - Lu - ACR

		27.00 dBm		0.00 dB		3.00 dB		120.00 dB		30.00 dB		-120.00 dBm

		PTu (dBm)		Fu (dB)		Gu (dB)		Pu (dBm)		ACR (dB)		Lu (dB)		Lu = PTu - Fu + Gu - Pu - ACR

		27.00 dBm		0.00 dB		3.00 dB		-107.00 dBm		30.00 dB		107.00 dB

		PTu (dBm)		Fu (dB)		Gu (dB)		Lu (dB)		Pu (dBm)		ACR (dB)		ACR = PTu - Fu + Gu - Lu - Pu

		100.00 dBm		10.00 dB		10.00 dB		120.00 dB		-32.00 dBm		12.00 dB

		Desired and undesired signal ratio

		Pd (dBm)		Pu (dBm)		D / U		A safety margin is usually between 6 to 10 dB.						D / U = Pd - Pu

		-75.00 dBm		-107.00 dBm		32.00 dB

		Conversion Electric Fields into Power received on an Isotropic antenna and vice versa

		E (µV/m)		DPiso (dBW/m2)		λ (m)		SEQ (m2)		Pr (dBm)		SEQ = λ2/(4π)		Pr = 10 Log ( E2/(120π) ) + 10 log SEQ + 30 (dBW to dBm)

		5.00 µV/m		-131.78 dBW/m2		2.188266 m		0.381057 m2		-105.97 dBm

		Pr (dBm)		λ (m)		SEQ (m2)		E (µV/m)		DPiso (dBW/m2)				E = 10 (Pr - 10 log SEQ  - 30 + 10 log 120π)/20

		-107.00 dBm		2.188266 m		0.381057 m2		4.44 µV/m		-132.81 dBW/m2

		Electric Field to Magnetic Field Conversion

		E (µV/m)						DPiso (dBW/m2)		H (µA/m)		DSP = E x H = E² /(120π)
= H² x 120π

		40.00 µV/m						-113.72 dBW/m2		0.11 µA/m

		H (µA/m)						DPiso (dBW/m2)		E (µV/m)

		0.06 µA/m						-118.67 dBW/m2		22.62 dBµV/m

		Receiver Antenna Level to PFD Conversion (dBW/kHz/m²)

		Pr (dBm)		Bande Passante (kHz)		λ (m)		SEQ (m2)		Bande Référence PFD (kHz)		PFD(dBW/m²/xx kHz)		PFD = Pr - 10 log SEQ - 10 log (BWPFD/BWRecepteur - 30 (dBm to dBW)

		-98.00 dBm		25.00 kHz		2.188266 m		0.381057 m2		1000.00 kHz		-107.79 dBW/m²/xx kHz

		PFD(dBW/m²/xx kHz)		Bande Référence PFD (kHz)		λ (m)		SEQ (m2)		Bande Passante (kHz)		Pr (dBm)		Pr = PFD + 10 log SEQ + 10 log (BWPFD/BWRecepteur + 30 (dBW to dBm)

		-114.00 dBW/m²/xx kHz		16.00 kHz		2.188266 m		0.381057 m2		25.00 kHz		-90.13 dBm

		Noise Level Conversion and Receiver Degradation

		I/N (dB)								Pourcentage %		Degradation (dB)		Degradation = 10 LOG (N+I)/N

		-5.00 dB								31.62%		1.19 dB

		Pourcentage %								I/N (dB)		Degradation (dB)		Degradation = 10 LOG (N+I)/N

		13.00%								-8.86 dB		0.53 dB

		Degradation (dB)								Pourcentage %		I/N (dB)		I/N = 10Degradation/10 - 1

		1.19 dB								31.52%		-5.01 dB

		Attenuation Log Scale

		F1 (MHz)		Atténuation F1 (dB)		F2 (MHz)		Atténuation F2 dB)		F3 (MHz)		Atténuation F3 dB)

		4200.00 MHz		0.00 dB		2100.00 MHz		24.00 dB		3800.00 MHz		3.47 dB

		Linear Scale Attenuation

		F1 (MHz)		Atténuation F1 (dB)		F2 (MHz)		Atténuation F2 dB)		F3 (MHz)		Atténuation F3 dB)

		4200.00 MHz		-2.40 dB		1164.00 MHz		-68.40 dB		1151.00 MHz		-68.68 dB





Satellite

		Satellite

		Calculation distance from a satellite/point of the Earth

		Satellite Altitude (Kms)		Earth radius (Kms)		Elevation (°)		Elevation (Radians)		Distance du Satellite

		600.00 Kms		6379.00 Kms		20.00 °		0.35 Rad		1392.44 Kms

		Distance from Satellite		Earth radius (Kms)		Elevation (°)		Elevation (Radians)		Satellite Altitude (Kms)

		300.00 Kms		6379.00 Kms		20.00 °		0.35 Rad

		Satellite Altitude (Kms)		Distance from Satellite		Elevation (°)		Elevation (Radians)		Earth radius (Kms)

		300.00 Kms		300.00 Kms		40.00 °		0.70 Rad		6379.00 Kms

		Satellite Altitude (Kms)		Earth radius (Kms)		Earth radius (Kms)		Elevation (°)		Elevation (Radians)

		300.00 Kms		6379.00 Kms		6379.00 Kms		0.00 °

		Calculation period of revolution of a satellite, its speed and its duration of visibility

		Constant of gravitation G (m3kg-1s-²)		6.67E-11

		Earth mass M (kg)		5.97E+24

		Calculation of Kepler's 3rd law constant for the Earth(GM/4π²)		1.01E+13

		Satellite Altitude (km)		500

		Earth radius (km)		6378

		Semi-major axis of the orbit : a (m) Alt sat + Earth Radius		6.88E+06

		a3 (m3)		3.25E+20

		period of revolution T (s)		5676.86

		period of revolution T (mn)		94.61

		Satellite speed (Km/s)		7.05

		Duration of visibility(mn)		11.56



		Calculation of the visibility time of a satellite (élévation 0°)

		Cos α (rad)		0.927304449

		α (rad)		0.3836503843

		nu		1.078394481

		H = 1/nu		0.927304449

		Minimum zenith angle (deg)		80

		Minimum zenith angle (rad)		1.3962634016

		Z = 1/tg(Minimum zenith angle)		0.1763269807

		α (rad)		0.2451538634

		α (deg)		14.05

		Duration of visibility(mn)		7.38



		Calcul partie de la Terre vue par un satellite

		Satellite Altitude (km)		500.00

		Earth radius (km)		6378.00

		Visibility angle (rad)		0.38365

		Visibility angle (°)		21.98



		Distance maximale d'un point de la Terre survolé par un satellite

		Satellite Altitude (km)		500.00

		Earth radius (km)		6378.00

		Visibility angle (rad)		0.38365

		Maximum distance (km)		2446.92





DME

		DME

		( EIRP) Equivalent Isotropically Radiated power

		Pe (dBm)		Ge (dB)		Ft (dB)		PIRE (dBm)		Pe : Puissance d'émission (dBm)

Ge : Gain d'antenne (dB)

Ft : Feeder loss for the transmitter (dB)				PIRE = Pe + Ge - Ft

		60.00 dBm		9.00 dB		2.00 dB		67.00 dBm

		Ge (dB)		Ft (dB)		PIRE (dBm)		Pe (dBm)						Pe = PIRE - Ge + Ft- 

		8.00 dB		2.00 dB		63.36 dBm		57.36 dBm

		Ft (dB)		PIRE (dBm)		Pe (dBm)		Ge (dB)						Ge = PIRE - Pe + Ft

		2.00 dB		53.00 dBm		47.00 dBm		8.00 dB

		PIRE (dBm)		Pe (dBm)		Ge (dB)		Ft (dB)						Ft = Pe + Ge - PIRE

		63.36 dBm		47.00 dBm		8.00 dB		-8.36 dB

		Power density radiated by an ISOTROPIC antenna (Dpiso (W/m2))

		PIRE (dBm)		Distance (m)		DPiso (dBW/m2)		PIRE : Puissance Isotrope Rayonnée Equivalente
D : Distance (m)
DPiso : Densité de Puissance rayonnée par une antenne ISOTROPE (dBW/m2)

DPiso = PIRE / (Surface de la sphère) = PIRE / (4 π D2)						DPiso = PIRE - 10 log (4 π D2) - 30 (dBm to dBW)

		128.00 dBm		2789.00 m		18.10 dBW/m2

		Distance (m)		DPiso (dBW/m2)		PIRE (dBm)								PIRE = DPiso + 10 log (4 π D2) + 30 (dBW to dBm)

		300000.00 m		-132.70 dBW/m2		17.83 dBm

		DPiso (dBW/m2)		PIRE (dBm)		Distance (m)								√ ( 10 (PIRE - DPISO - 30)/10 )/ (4π)

		-102.54 dBW/m2		67.00 dBm		2675439.09 m

		Surface Equivalente Antenne (SEQ)/ Antenna Equivalent Area

		λ (m)		SEQ (m2)										SEQ = λ2/(4π)

		2.188266 m		0.381057 m2

		Power captured at the antenna

		DPiso (dBW/m2)		SEQ (m2)		Gr (dB)		Fr (dB)		Fd (dB)		Pr (dBm)		Pr = DPiso + SEQ + Gr - Ft - Fd + 30 (dBW to dBm)

		-109.00 dBW/m2		0.381057 m2		0.00 dB		0.00 dB		0.00 dB		-83.19 dBm

		Pr (dBm)		DPiso (W/m2)		Gr (dB)		Fr (dB)		Fd (dB)		SEQ (m2)		SEQ = Pr - DPiso - Gr + Ft + Fd - 30 (dBm to dBW)

		33.00 dBm		-103.00 dBW/m2		0.00 dB		0.00 dB		0.00 dB		39810717055.349800 m2

		SEQ (m2)		Pr (dBm)		Gr (dB)		Fr (dB)		Fd (dB)		DPiso (W/m2)		DPiso = Pr - SEQ - Gr + Ft + Fd - 30 (dBm to dBW)

		0.381057 m2		29.98 dBm		0.00 dB		0.00 dB		0.00 dB		4.17 dBW/m2

		DPiso : Power density radiated by an ISOTROPIC antenna (W/m2) (W/m2)
SEQ : Surface Equivalente Antenne
Gr : Gain Antenne réception
Fr : Feeder loss for the receiver
Fd : Feeder loss for the Antena Diagramme











		Convertion Champs Electrique en Puissance reçue sur une antenne Isotrope et inversement

		E (µV/m)		DPiso (dBW/m2)		λ (m)		SEQ (m2)		Pr (dBm)		SEQ = λ2/(4π)		Pr = 10 Log ( E2/(120π) ) + 10 log SEQ + 30 (dBW to dBm)

		20.00 µV/m		-119.74 dBW/m2		2.188266 m		0.381057 m2		-93.93 dBm

		Pr (dBm)		λ (m)		SEQ (m2)		E (µV/m)		DPiso (dBW/m2)				E = 10 (Pr - 10 log SEQ  - 30 + 10 log 120π)/20

		-107.00 dBm		2.188266 m		0.381057 m2		4.44 µV/m		-132.81 dBW/m2





Primary Radar

		Radar Primaire

		Primary Radar Equation: Power received by the radar

		Pe (dBm)		Ge (dB)		Floss (dB)		SER (m2)		Target Range (m)		λ (m)		PR (dBm)		Pr = Pe + 2*Ge - 2*Floss + 10 log SER + 20 log λ - 30 log 4π - 40 log D

		70.00 dBm		34.00 dB		1.00 dB		2.000000 m2		100000.00 m		2.188266 m		-87.16 dBm

		Pe (dBm)		Ge (dB)		Floss (dB)		SER (m2)		PR (dBm)		λ (m)		Target Range (m)		D = 10 (Pe + 2*Ge - 2*Floss + 10 log SER + 20 log λ - 30 log 4π - Pr)/40

		70.00 dBm		34.00 dB		1.00 dB		2.000000 m2		-113.37 dBm		2.188266 m		452012.21 m

		Pe (dBm)		Ge (dB)		Floss (dB)		PR (dBm)		Target Range (m)		λ (m)		SER (m2)		Ge = PIRE - Pe + Ft

		70.00 dBm		34.00 dB		1.00 dB		-87.00 dBm		10000.00 m		2.188266 m		7957747.154595 m2

		Pe (dBm)		Ge (dB)		PR (dBm)		SER (m2)		Target Range (m)		λ (m)		Floss (dB)		Ft = Pe + Ge - PIRE

		70.00 dBm		34.00 dB		-87.00 dBm		2.000000 m2		370000.00 m		2.188266 m		1.00 dB

		Pe (dBm)		PR (dBm)		Floss (dB)		SER (m2)		Target Range (m)		λ (m)		Ge (dB)

		70.00 dBm		ERROR:#REF!		1.00 dB		0.079577 m2		370000.00 m		2.188266 m		34.00 dB

		PR (dBm)		Ge (dB)		Floss (dB)		SER (m2)		Target Range (m)		λ (m)		Pe (dBm)

		70.00 dBm		34.00 dB		1.00 dB		0.079577 m2		370000.00 m		2.188266 m		70.00 dBm

		Pe  : Radar transmission power (dBm)
Ga : Gain Antenna Gain (Emission & réception) (dB)
Floss : Feeder loss for the tramsmitter and receiver (dB)
SER : Surface équivalente Radar / radar cross section (m2)
Pr : Power received at the radar receiver. The nominal sensitivity is -105dBm















DME vs PMSE

		DME vs PMSE

		Interference Audio PMSE --> DME Airborne Receiver						Interference Audio PMSE --> DME Ground Receiver						DME Airborne Receiver --> Audio PMSE						DME Ground Receiver --> Interference Audio PMSE

		General Parameters						General Parameters						General Parameters						General Parameters

		Frequency (MHz)		1062.00 MHz				Frequency (MHz)		1000.00 MHz				Frequency (MHz)		1062.00 MHz				Frequency (MHz)		1000.00 MHz

		Lambda (m)		0.28 m				Lambda (m)		0.30 m				Lambda (m)		0.28 m				Lambda (m)		0.30 m

		Protection Criteria I/N (dB)		-6.00 dB				Protection Criteria I/N (dB)		-20.00 dB				Protection Criteria I/N (dB)		0.00 dB				Protection Criteria I/N (dB)		0.00 dB

		Safety Margin (dB)		6.00 dB				Safety Margin (dB)		6.00 dB				Safety Margin (dB)		0.00 dB				Safety Margin (dB)		0.00 dB

		Airborne Receiver Parameters						Ground Station Receiver Parameters						PMSE Receiver Parameters						PMSE Receiver Parameters

		Bandwith Récepteur (kHz)		1800.00 kHz				Bandwith Récepteur (kHz)		1800.00 kHz				Bandwith Récepteur (kHz)		200.00 kHz				Bandwith Récepteur (kHz)		200.00 kHz

		Temperature (°C)		20.00 °				Temperature (°C)		20.00 °				Temperature (°C)		20.00 °				Temperature (°C)		20.00 °

		Filter Receiver Noise (dBm)		-111.38 dBm				Receiver Entry Receiver (dBm)		-111.38 dBm				Receiver Entry Receiver (dBm)		-120.92 dBm				Receiver Entry Receiver (dBm)		-120.92 dBm

		Noise Factor Receiver (dB)		4.00 dB				Noise Factor Receiver (dB)		4.00 dB				Noise Factor Receiver (dB)		15.92 dB				Noise Factor Receiver (dB)		15.92 dB

		Total Recevier Noise (dBm)		-107.38 dBm				Total Recevier Noise (dBm)		-107.38 dBm				Total Recevier Noise (dBm)		-105.00 dBm				Total Recevier Noise (dBm)		-105.00 dBm

		Antenna Gain (dBi)		5.40 dBi				Antenna Gain (dBi)		9.00 dBi				Antenna Gain (dBi)		0.00 dBi				Antenna Gain (dBi)		0.00 dBi

		Cable Loss (dB)		1.00 dB				Cable Loss (dB)		1.00 dB				Body Effect (dB)		0.00 dB				Body Effect (dB)		0.00 dB

		Flight Level of the DOC		100.00 m				Altitude (m)		20.00 m				Wall Attenuation (dB)		0.00 dB				Wall Attenuation (dB)		0.00 dB

		Interference level allowed		-123.78 dBm				Interference level allowed		-123.78 dBm				Altitude (m)		0.50 m				Altitude (m)		0.50 m

		PMSE Interferer Parameters						PMSE Interferer Parameters						Interference level allowed		-123.78 dBm				Interference level allowed		-123.78 dBm

		Bandwith Interferer (kHz)		200.00 kHz				Bandwith Interferer (kHz)		200.00 kHz				DME Airborne Station Interferer Parameters						DME Ground Station Interferer Parameters

		Peak Power (dBm)		17.00 dBm				Peak Power (dBm)		17.00 dBm				Bandwith Interferer (kHz)		900.00 kHz				Bandwith Interferer (kHz)		1000.00 kHz

		Antenna Gain (dBi)		0.00 dBi				Antenna Gain (dBi)		0.00 dBi				Peak Power (dBm)		68.00 dBm				Peak Power (dBm)		53.00 dBm

		Antenna height (m)		0.00 m				Antenna height (m)		1.50 m				Antenna Gain (dBi)		0.00 dBi				Antenna Gain (dBi)		5.40 dBi

		Body Effect (dB)		0.00 dB				Body Effect (dB)		0.00 dB				Cable Loss (dB)		0.00 dB				Cable Loss (dB)		1.00 dB

		Wall Attenuation (dB)		0.00 dB				Wall Attenuation (dB)		0.00 dB				Antenna height (m)		20000.00 m				Antenna height (m)		16.00 m

		Agregated Effect (3 PMSE in 1 MHz bandwidth)		7.32 dB				Agregated Effect (5 PMSE in the DME bandwidth)		0.00 dB				Agregated Effect (5 PMSE in the DME bandwidth)		0.00 dB				Agregated Effect (5 PMSE in the DME bandwidth)		0.00 dB

		EIRP		24.32 dBm				EIRP		17.00 dBm				EIRP		68.00 dBm				EIRP		57.40 dBm

		Adjacent Channel Attenuation (dB)		64.76 dB				Adjacent Channel Attenuation (dB)		80.00 dB				Adjacent Channel Attenuation (dB)		0.00 dB				Adjacent Channel Attenuation (dB)		12.40 dB

		Propagation Loss						Propagation Loss						Propagation Loss						Propagation Loss

		Propagation Attenuation Required		83.34 dB				Propagation Attenuation Required		78.38 dB				Propagation Attenuation Required		166.47 dB				Propagation Attenuation Required		150.00 dB

		Distance regarding the FSL		330.35 m		0.33 Kms		Distance regarding Extended HATA		16.63 m		0.02 Kms		Distance regarding the FSL		4734697.81 m		4734.70 Kms		Distance regarding Extended HATA		ERROR:#NUM!		ERROR:#NUM!

		Radio line of sight distance (Kms)		41200.00 m		41.20 Kms		Free Space Loss Required		78.38 dB				Radio line of sight distance (Kms)		582655.99 m		582.66 Kms		Free Space Loss Required		150.00 dB

		Distance Separation Required		330.35 m		0.33 Kms		Distance		198.11 m		0.20 Kms		Distance Separation Required		582655.99 m		582.66 Kms		Distance		755132.29 m		755.13 Kms

								Radio line of sight distance (Kms)		23471.15 m		23.47 Kms								Radio line of sight distance (Kms)		9574.01 m		9.57 Kms

								Distance Separation Required		16.63 m		0.02 Kms								Distance Separation Required		ERROR:#NUM!		ERROR:#NUM!



		Masque Récepteur Avion Formule Générale 1,8MHz (Report M.2205)

		Fréquence (MHz)		Atténuation (dB)		Fréquence (MHz)		Atténuation (dB)		Atténuation (dB)		Fréquence (MHz)

		0.0 MHz		0.00 dB		0.0 MHz		0.00 dB		68.76 dB		1.9 MHz

		0.9 MHz		6.00 dB		1.0 MHz		15.33 dB

		1.1 MHz		20.00 dB		2.0 MHz		70.00 dB

		1.3 MHz		40.00 dB		3.0 MHz		70.00 dB

		1.5 MHz		60.00 dB		4.0 MHz		70.00 dB

		1.9 MHz		70.00 dB		5.0 MHz		70.00 dB



		Masque Récepteur OFCOM

		Fréquence (MHz)		Atténuation (dB)		Fréquence (MHz)		Atténuation (dB)

		0.0 MHz		0.00 dB		0.0 MHz		0.00 dB

		0.9 MHz		6.00 dB		1.0 MHz		15.33 dB

		1.1 MHz		20.00 dB		2.0 MHz		63.30 dB

		1.3 MHz		40.00 dB		3.0 MHz		70.00 dB

		1.5 MHz		60.00 dB		4.0 MHz		70.00 dB

		2.0 MHz		63.30 dB		5.0 MHz		70.00 dB

		3.0 MHz		70.00 dB		6.0 MHz		70.00 dB



		Masque Récepteur Avion Formule Générale 1MHz

		Fréquence (MHz)		Atténuation (dB)		Fréquence (MHz)		Atténuation (dB)

		0.0 MHz		0.00 dB		0.0 MHz		0.00 dB

		0.5 MHz		3.00 dB		1.0 MHz		12.25 dB

		2.5 MHz		40.00 dB		2.0 MHz		30.75 dB

		4.7 MHz		65.00 dB		3.0 MHz		45.68 dB

		17.7 MHz		70.00 dB		4.0 MHz		57.05 dB

						5.0 MHz		65.12 dB





VDLMOD2 vs SAT WRC19

		VDL MOD 2 VS SAT

		SAT --> VDL MOD 2						VDL MOD 2 --> SAT

		General Parameters						General Parameters																ETSI/SARPs

		Frequency (MHz)		137.00 MHz				Frequency (MHz)		137.00 MHz						Fréquence  MHz		136.975				Fréquence  MHz		136.975

		Lambda (m)		2.19 m				Lambda (m)		2.19 m												Necessary bandwidth  kHz		25.00

		Protection Criteria I/N (dB)		20.00 dB				Protection Criteria I/N (dB)		0.00 dB						Necessary bandwidth  kHz		25.00				Reference level (dBm)		-94.00

		Safety Margin (dB)		6.00 dB				Safety Margin (dB)		0.00 dB						Noise figure dB		10.00				I/N		-10.00

		VDL MOD2 Ground receiver Parameters						Sat Receiver Parameters								Noise temperature K		290.00				Maximum Protection level (dBW)		-134.00

		Bandwith Récepteur (kHz)		25.00 kHz				Bandwith Récepteur (kHz)		200.00 kHz						Noise level in dBW		-150.00				Maximum Protection level (dBW/4 kHz)		-141.96

		Temperature (°C)		20.00 °				Temperature (°C)		20.00 °						I/N		-10.00

		Filter Receiver Noise (dBm)		-129.95 dBm				Receiver Entry Receiver (dBm)		-120.92 dBm						Maximum Protection level (dBW)		-160.00				Antenna gain dBi		0

		Noise Factor Receiver (dB)		10.00 dB				Noise Factor Receiver (dB)		15.92 dB						Maximum Protection level (dBW/4 kHz)		-167.96				Losses in dB		4.5

		Total Recevier Noise (dBm)		-119.95 dBm				Total Recevier Noise (dBm)		-105.00 dBm												Effective aperture dB		-4.18

		Antenna Gain (dBi)		0.00 dBi				Antenna Gain (dBi)		0.00 dBi						Antenna gain dBi		0				Safety margin		6

		Cable Loss (dB)		5.00 dB				Body Effect (dB)		0.00 dB						Losses in dB		4.5

		Altitude (m)		1000.00 m				Wall Attenuation (dB)		0.00 dB						Effective aperture dB		-4.18				pfd limit in dBW/m2/4 kHz		-139.27

		Sat Interferer Parameters						Altitude (m)		1.50 m						Safety margin		6.00

		Bandwith Interferer (kHz)		25.00 kHz				VDL MOD2 Ground Interferer Parameters

		Peak Power (dBm)		30.00 dBm				Bandwith Interferer (kHz)		200.00 kHz						pfd limit in dBW/m2/4 kHz		-165.27

		Antenna Gain (dBi)		3.00 dBi				Peak Power (dBm)		53.00 dBm

		Antenna height (m)		1.50 m				Antenna Gain (dBi)		5.40 dBi

		Body Effect (dB)		0.00 dB				Cable Loss (dB)		1.00 dB

		Wall Attenuation (dB)		0.00 dB				Antenna height (m)		1000.00 m

		EIRP		33.00 dBm				EIRP		57.40 dBm

		FSL à 300 KMs		130.00 dB				Adjacent Channel Attenuation (dB)		0.00 dB

		Interference Margin						Propagation Loss

		Signal at the receiver (dBm / 25 kHz)		-102.00 dBm / 25 KHz				Propagation Attenuation Required		162.40 dB

		Signal at the receiver (dBm / 4 kHz)		-109.96 dBm / 4KHz				Distance regarding the FSL		22977484.00 m		22977.48 Kms

		Marge		-3.95 dB				Radio line of sight distance (Kms)		130285.84 m		130.29 Kms

		Adjacent-channel interference						Distance Separation Required		130285.84 m		130.29 Kms

		Co-Channel Rejection		0.00 dB

		Marge		-3.95 dB



		Safety Margin						Spurious Emission at 37,5 kHz

		PFD at the receiver (dBW /m²/4kHz)		-140.00		PFD threshold		Spurious Emission allowed (dBm/25kHz)		-13.00		ED-92C §2.2.1.3.7

		PFD at the receiver (dBW /m²/25kHz)		-132.04		+ 10 LOG ( 25/4 )		Spurious Emission allowed (dBm/4kHz)		-20.96		+ 10 LOG ( 4/25 )

		PFD at the receiver (dBm /m²/25kHz)		-102.04		+ 30		λ (m)		2.19		 λ = C / F

		λ (m)		2.19		 λ = C / F		Antena Cross Section (m2)  		0.38		λ²/(4π)

		Antena Cross Section (m2)  		0.38		λ²/(4π)		Spurious Emission allowed (dBm/m²/4kHz)		-16.77		 - 10 LOG (0,38)

		Signal at the receiver (dBm / 25 kHz)		-106.23		 + 10 LOG (0,38)		Spurious Emission allowed (dBW/m²/4kHz)		-46.77		- 30

		Sensitivity of the VDL MOD 2 receiver (dBm)		-98.00		ED-92C §2.2.1.2.1		Attenuation Required to respect a pfd of -140dBW/m²/4kHz(dB)		93.23		140

		Satefy margin applied (dB)		8.23





RA_2059

		RA based on ITU-R M-2059

		Parameters

		Frequency (MHz)		4300.00 MHz

		C (Km/s)		299792.46 m

		λ (m)		0.07 m

		Victim RA

		Type of Radioaltimeter		A1		A2		A3		A4		A5		A6		D1		D2		D3		D4

		Antenna Gain (dBi)		10		10		10		13		11		11		11		10		11		13

		Feeder Loss (dB)		6		6		2		6		6		6		6		0		2		0

		Protection Criteria (I/N) (dB)		-6		-6		-6		-6		-6		-6		-6		-6		-6		-6

		Receiving Bandwidth (MHz)		2		0.25		2		9.2		6		16		0.31		1.95		2		30

		Noise Figure (dB)		10		6		6		10		10		10		8		9		8		10

		Chirp Bandwidth (MHz)		104		132.8		133		-		-		-		150		176.8		133		-

		RS (dB)		-14.15		-24.24		-15.22		0.00		0.00		0.00		-23.84		-16.56		-15.22		0.00

		Interference Threshold (I/N) at the receiver PR(dBm/MHz)		-112.94		-116.94		-116.94		-109.93		-109.93		-109.93		-114.94		-113.94		-114.94		-109.93

		False Altitude criteria (dBm/MHz)		-103.00		-103.00		-103.00		-		-		-		-103.00		-103.00		-103.00		-

		Interferer

		Interfer Power (dBm/MHz)		-30.00 dBm/MHz

		Calculations without safety margin

		FSL Needed to protect RA (dB)		86.94 dB		90.94 dB		94.94 dB		86.93 dB		84.93 dB		84.93 dB		89.94 dB		93.94 dB		93.94 dB		92.93 dB

		Separation Distance needed to protect RA (kms)		0.12 kms		0.20 kms		0.31 kms		0.12 kms		0.10 kms		0.10 kms		0.17 kms		0.28 kms		0.28 kms		0.25 kms

		Calculations with safety margin (6dB)

		FSL Needed to protect RA (dB)		92.94 dB		96.94 dB		100.94 dB		92.93 dB		90.93 dB		90.93 dB		95.94 dB		99.94 dB		99.94 dB		98.93 dB

		Separation Distance needed to protect RA (kms)		0.25 kms		0.39 kms		0.62 kms		0.25 kms		0.20 kms		0.20 kms		0.35 kms		0.55 kms		0.55 kms		0.49 kms
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SUMMARY
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1.


 


INTRODUCTION


 


Who has never surfed the Internet or wasted time trying to find a conversion 


or other RF 


formula
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? This WP 


proposes to provide FSMP members with an Excel file containing 


usual 


RF conversion
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and 
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DISCUSSION
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and many others are tedious and sometimes lead 
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approximations.
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document for the provision and future updating of a centralised Excel tool
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facilitate conversions and RF compatibility analysis calculations


 


for the aeronautical community
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nt


 


could serve as a working basis and be 


corrected/


amended/improved over time by 
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