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Abstract

DFS is currently conducting FM immunity lab tests regarding VDL Mode 4 usage of the aeronautical NAV-band 108 to 118 MHz. This covers the issue of impact of FM-broadcast transmissions on VDL Mode 4 receivers.

This measurement exercise takes place at DFS labs in Langen near Frankfurt from 25th of February to 4th of April 2002. Test cases are conducted according to ITU documentation ITU-R IS.1009-1 (“Compatibility Between The Sound-Broadcasting Service In The Band Of About 87-108 MHz And The Aeronautical Services In The Band 108-137 MHz” (1993-1995) and ITU-R IS.1140 (“Test Procedures For Measuring Aeronautical Receiver Characteristics Used For Determining Compatibility Between The Sound-Broadcasting Service In The Band Of About 87-108 MHz And The Aeronautical Services In The Band 108-118 MHz” (1995)).

Tests are based on current VDL Mode 4 technology. ITU-R IS.1009-1 and ITU-R IS.1140 for ILS and VOR are used as a baseline to develop appropriate requirements for VDL Mode 4. Test results might also provide useful input for the design of VDL Mode 4 units in order to fulfil the mentioned requirements.
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1. Introduction

DFS is currently conducting FM immunity lab tests regarding VDL Mode 4 usage of the aeronautical NAV-band 108 to 118 MHz. This covers the issue of impact of FM-broadcast transmissions on VDL Mode 4 receivers.

This measurement exercise takes place at DFS labs in Frankfurt from 25th of February to 4th of April 2002. Test cases are conducted according to ITU documentation ITU-R IS.1009-1 (“Compatibility Between The Sound-Broadcasting Service In The Band Of About 87-108 MHz And The Aeronautical Services In The Band 108-137 MHz” (1993-1995) and ITU-R IS.1140 (“Test Procedures For Measuring Aeronautical Receiver Characteristics Used For Determining Compatibility Between The Sound-Broadcasting Service In The Band Of About 87-108 MHz And The Aeronautical Services In The Band 108-118 MHz” (1995)). According ITU-R IS.1140 a test set-up as outlined in Figure 1 is used. Details on measurement settings are described in section 2 of this working paper. 4 different scenarios are considered:

1) Type A1 interference:

This covers the case that a single FM broadcast transmitter generates spurious emissions, which produces components in the aeronautical band.

2) Type A2 interference:

This scenario covers the effect of FM broadcasting signals including non-negligible components in the aeronautical band; this interference mechanism will in practice arise only from broadcasting transmitters having frequencies near 108 MHz and will only interfere with VDL Mode 4 services with frequencies near 108 MHz.

3) Type B1 interference:

This case deals with inter-modulation at the input of  a VDL Mode 4 receiver generated as a results of the receiver being driven into non-linearity by broadcasting signals outside the aeronautical band; In order for this type of interference to occur, at least two broadcasting signals need to be present and they must have a frequency relationship which, in a non-linear process, can produce an inter-modulation product within the wanted RF channel in use by the VDL Mode 4 receiver.

4) Type B2 interference:

This scenario deals with the desensitisation, which may occur when the RF section of a VDL Mode 4 receiver is subjected to overload by one or more broadcasting transmissions.

Type A interference in general considers the interference caused by effects at the FM broadcasting transmission side, whereas Type B interference considers impact of FM broadcasting signals through non-linearities or overload on the VDL Mode 4 receiver side.

Tests are based on current VDL Mode 4 technology. ITU-R IS.1009-1 and ITU-R IS.1140 for ILS and VOR are used as a baseline to develop appropriate requirements for VDL Mode 4. Test results might also provide useful input for the design of VDL Mode 4 units in order to fulfil the mentioned requirements.
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Figure 1: Test set-up

2. Description of Test Cases

First a list of general test precautions valid for all four interference test types is outlined:

· The test set-up must have a noise floor at the receiver input no greater than –140 dBm/Hz in order to avoid contamination of the data.

· Sufficient isolation must be provided between signal generators to assure that no significant inter-modulation components are generated within the generators.

· The three band-reject filters should be tuned to the desired frequency in order to reject any desired frequency component of RF noise that may be produced in the FM signal circuitry. The filter should produce a rejection of at least 54 dB. These filters should not be used in the Type A1 tests. They may be left in the circuit to maintain an impedance match between the FM signal circuitry and the receiver if they are detuned several MHz away from the aeronautical frequency.

· According to Figure 1 a minimum isolation of 18 dB between the VDL Mode 4 transmitter and the FM signals is required.

· The combined FM and VDL Mode 4 signal should be connected to the navigation receiver’s input through 6 dB attenuator which provides impedance matching between the test set-up and the receiver.

· Signal level(s): Initially introduced at a low level (i.e. at least 10 dB below the expected threshold) and increased until the interference threshold is reached. Near the interference threshold, the signal level is changed in 1 dB steps.
· According to ICAO SARPs nominal performance level definition of a VDL Mode 4 Rx is a BER of 1 in 10E4 at a minimum desired signal input level of –88 dBm. As an alternative a MER of 1 in 2*10E2 for single slot transmissions can be used.

2.1. Type A1 Interference

Type A1 interference covers the case that a single FM broadcast transmitter generates spurious emissions, which produces components in the aeronautical band. 

The following list provides information on specific settings used in the test set-up of Figure 1:

· For type A1 interference only interference path with noise source #1 is used.

· The ITU-R noise source for the stereo signal is composed of a white noise generator, a Rec. ITU-R BS.559 noise filter and a 50 (s pre-emphasis filter.

· Noise signal #1 should be fed to the stereo generator with the left channel signal level in phase, but 6 dB greater than, with the right channel.

· Stereo-multiplex signal includes also ARI and RDS signals, which are not covered in ITU-recommendations

· In addition also so-called DARC information is multiplexed and its influence on FM-immunity performance of VDL Mode 4 receivers considered

· Frequencies to be considered:

	Case #
	fvdl4
	f

	1
	108.00
	108.00 + (f

	2
	108.10
	108.10 + (f

	3
	110.10
	110.10 + (f

	4
	112.00
	112.00 + (f

	5
	115.00
	115.00 + (f

	5
	117.95
	117.95 + (f


where:

fvdl4
VDL Mode 4 frequency (MHz)

f
unwanted signal frequency (MHz)

(f
frequency difference between VDL Mode 4 signal and the FM signal (i.e. the inter-modulation product) 0, (0.05, (0.10, (0.15, (0.20 and (0.30 MHz

· The following list provides the test settings related to the FM broadcast signals dependent on the selection of (f :

	(f
	= 0
	( 0

	FM-peak deviation 
	( 32 kHz
	( 96 kHz



where:

FM-peak deviation of RF signal generator is calibrated to be ( 32 kHz or 96 kHz respectively in case monaural signal with ITU-R noise source without pre-emphasis filter is fed directly to the RF signal generator. 

In case the ( 32 kHz setting of the RF signal generator is used and a stereo generator creates a stereo multiplex signal, the resulting FM peak deviation reference values are as follows:

	Input signal of RF signal generator
	FM-peak deviation [kHz]

	Pilot at 19 kHz
	6,7

	Pilot + ARI + RDS
	10,3

	Pilot + ARI + RDS + DARC
	15,5

	ITU-R noise source + 50 (sec pre-emphasis + ARI + RDS + DARC
	66,5


· FM-peak deviation is measured with Rohde & Schwarz Modulation Analyser FAM.

Criteria:

The protection ratio (dB) at a specified f is equal to the VDL Mode 4 Rx desired signal input level (dBm) minus the lowest level of unwanted signal (dBm) required to cause interference. Interference in that context means, that nominal performance level of a VDL Mode 4 desired signal reception is no longer fulfilled.

The following table gives the values of  the protection ratio to be fulfilled (see ITU 1009). Type A1 interference need not be considered for frequency differences greater than 200 kHz.

	Frequency difference between wanted signal and spurious emission (kHz)
	Protection ratio (dB)

	0
	14

	50
	7

	100
	-4

	150
	-19

	200
	-38


2.2. Type A2 Interference

Type A2 interference scenario covers the effect of FM broadcasting signals including non-negligible components in the aeronautical band; this interference mechanism will in practice arise only from broadcasting transmitters having frequencies near 108 MHz and will only interfere with VDL Mode 4 services with frequencies near 108 MHz.

The following list provides information on specific settings used in the test set-up of Figure 1:

· For type A2 interference only interference path with noise source #1 is used.

· VDL Mode 4 frequency: 108.0 (0.025) 108.2 MHz

· FM frequency: 107.8 and 107.9 MHz

· FM-peak deviation is calibrated to be ( 32 kHz in case monaural signal with ITU-R noise source without pre-emphasis filter is fed directly to the RF signal generator. 

In case the ( 32 kHz setting of the RF signal generator is used and a stereo generator creates a stereo multiplex signal, the resulting FM peak deviation reference values are as follows:

	Input signal of RF signal generator
	FM-peak deviation [kHz]

	Pilot at 19 kHz
	6,7

	Pilot + ARI + RDS
	10,3

	Pilot + ARI + RDS + DARC
	15,5

	ITU-R noise source + 50 (sec pre-emphasis + ARI + RDS + DARC
	66,5


· FM-peak deviation is measured with Rohde & Schwarz Modulation Analyser FAM

Note 1: Data are taken with the unwanted signal modulated and then unmodulated. If the protection ratios are the same, then the unwanted signal is causing Type B2 interference; if the protection ratios with the modulation are higher, then the side-band energy from the unwanted signal is being received in the receiver passband, causing Type A2 interference. Testing should be stopped when the FM signal level is greater than or equal to +15 dBm.

Criteria:

The protection ratio (dB) at a specified f is equal to the VDL Mode 4 Rx desired signal input level (dBm) minus the lowest level of unwanted signal (dBm) required to cause interference. Interference in that context means, that nominal performance level of a VDL Mode 4 desired signal reception is no longer fulfilled. This test should be performed once with the modulation on and off at the interference point to determine if A2 or B2 is the cause.

The following table gives the values of protection ratios according ITU-R 1009 to be fulfilled. Type A2 interference need not be considered for frequency differences greater than 300 kHz.

	Frequency difference between wanted signal and broadcast signal (kHz)
	Protection ratio (dB)

	150
	-41

	200
	-50

	250
	-59

	300
	-68


2.3. Type B1 Interference

Type B1 interference case deals with inter-modulation at the input of  a VDL Mode 4 receiver generated as a results of the receiver being driven into non-linearity by broadcasting signals outside the aeronautical band; In order for this type of interference to occur, at least two broadcasting signals need to be present and they must have a frequency relationship which, in a non-linear process, can produce an inter-modulation product within the wanted RF channel in use by the VDL Mode 4 receiver.

The following list provides information on specific settings used in the test set-up of Figure 1:

· In case inter-modulation product does coincide with fvdl4 only interference path with noise source #1 has to be modulated.

· For coincident tests f2 and f3 are unmodulated.

· In case the inter-modulation does not coincide with fvdl4 the complete set of interference sources have to be used (including interference paths of  noise sources #1, #2 and #3).

· For the non-coincide (offset) case of the inter-modulation product FM signals f2 and f3 should be monophonic signals modulated by ITU-R BS.559 noise sources.

· Broadcast frequencies (MHz) shall be selected according the following rule: f1 ( f2 ( f3
· Selection of frequencies f1, f2 and f3 for the offset and non-offset cases together with (f as the frequency difference between VDL Mode 4 signal and the inter-modulation product is outlined in Attachment A

· FM-peak deviation is calibrated to be ( 32 kHz in case monaural signal with ITU-R noise source is fed directly to the RF signal generator. 
In case the ( 32 kHz setting of the RF signal generator is used and a stereo generator creates a stereo multiplex signal, the resulting FM peak deviation reference values are as follows:

	Input signal of RF signal generator
	FM-peak deviation [kHz]

	Pilot at 19 kHz
	6,7

	Pilot + ARI + RDS
	10,3

	Pilot + ARI + RDS + DARC
	15,5

	ITU-R noise source + 50 (sec pre-emphasis + ARI + RDS + DARC
	66,5


· FM-peak deviation is measured with Rohde & Schwarz Modulation Analyser FAM

Criteria:

Protection criteria is the minimum FM equi-signal level (dBm) required to cause interference.

Interference in that context means, that nominal performance level of a VDL Mode 4 desired signal reception is no longer fulfilled.

However the criterion as specified is the difference between the equi-signal levels required at the off-set frequency case and those required for the non-offset case.

Two –signal interference case

For the formulas outlined under a) and b) the following definitions hold:

	N1(2):
	Broadcasting signal levels (dBm) at the input of the VDL Mode 4 receiver for broadcasting frequencies f1, f2 respectively.

	N1(2),c:
	Corrected signal levels N1(2) dependent on the frequency difference between wanted signal and inter-modulation signal.

	fvdl4:
	VDL Mode 4 frequency (MHz)

	f1(2) :
	Broadcasting frequency (MHz)


a) According to ICAO Annex 10 1998 ILS localiser and VOR Rx case of ITU-R IS.1009-1:

The following criteria has to be fulfilled at the VDL Mode 4 receiver input:


(max(0.4; 108.1 – f1)
(
(max(0.4; 108.1 – f2)
(
2(N1,c + N2,c   >    40(log 
(((((((((
( + 20(log
(((((((((
( - 81 + Lc


(              0.4
(
(              0.4
(
with Ni,c = Ni – ctannex10 according the following table:

	Frequency difference between wanted signal and inter-modulation signal (kHz)
	ctannex10 (dB)

	0
	0

	50
	2

	100
	5

	150
	11


and

Lc = NA – Nref  

where:

	NA
	Wanted signal level (dBm) at the input of the VDL Mode 4 receiver

	Nref 
	- 88 dBm as reference level for VDL Mode 4 according ICAO Annex 10 


b) According to Annex 10 Part I § 3.1.4 and § 3.3.8:

The following criteria has to be fulfilled at the VDL Mode 4 receiver input:


(max(0.4; 108.1 – f1)
(


2(N1 + N2    >    60(log 
(((((((((
( - 72


(              0.4
(


Three-signal interference case

For the formula outlined under a) the following definitions hold:

	N1(2)(3):
	Broadcasting signal levels (dBm) at the input of the VDL Mode 4 receiver for broadcasting frequencies f1, f2 and f3 respectively.

	N1(2)(3),c:
	Corrected signal levels N1(2)(3) dependent on the frequency difference between wanted signal and inter-modulation signal.

	fvdl4:
	VDL Mode 4 frequency (MHz)

	f1(2)(3) :
	Broadcasting frequency (MHz)


a) According to ICAO Annex 10 1998 ILS localiser and VOR Rx case of ITU-R IS.1009-1:

The following criteria has to be fulfilled at the VDL Mode 4 receiver input:


(max(0.4; 108.1 – f1)
(max(0.4; 108.1 – f2) ( max(0.4; 108.1 – f3)
(
N1,c+ N2,c+ N3,c > 20(log 
(((((((((((((((((((((((((((
( - 87  + Lc


(              

0.43 

(
with Ni,c = Ni – ctannex10 according the following table:

	Frequency difference between wanted signal and inter-modulation signal (kHz)
	ctannex10 (dB)

	0
	0

	50
	2

	100
	5

	150
	11


and

Lc = NA – Nref  

where:

	NA
	Wanted signal level (dBm) at the input of the VDL Mode 4 receiver

	Nref 
	- 88 dBm as reference level for VDL Mode 4 according ICAO Annex 10 


2.4. Type B2 interference

Type B2 interference scenario deals with the desensitisation, which may occur when the RF section of a VDL Mode 4 receiver is subjected to overload by one or more broadcasting transmissions.

The following list provides information on specific settings used in the test set-up of Figure 1:

· For type B2 interference only interference path with noise source #1 is used. Data are taken with the FM signal unmodulated, but spot checked using modulation.

In case FM stereo-multiplex signal is considered FM-peak deviation is calibrated to be ( 32 kHz when monaural signal with ITU-R noise source is fed directly to the RF signal generator.
In case the ( 32 kHz setting of the RF signal generator is used and a stereo generator creates a stereo multiplex signal, the resulting FM peak deviation reference values are as follows:

	Input signal of RF signal generator
	FM-peak deviation [kHz]

	Pilot at 19 kHz
	6,7

	Pilot + ARI + RDS
	10,3

	Pilot + ARI + RDS + DARC
	15,5

	ITU-R noise source + 50 (sec pre-emphasis + ARI + RDS + DARC
	66,5


· FM-peak deviation is measured with Rohde & Schwarz Modulation Analyser FAM

· VDL Mode 4 frequencies to be considered: 
108.0, 108.1, 109.1, 109.2, 110.0, 110.1, 111.9, 112.0, 115.0, 117.9 MHz

·  FM frequencies to be considered:
107.9, 107.8, 107.7, 107.5, 107.3, 107.0, 106.0, 105.0, 104.0, 102.0, 100.0, 98.0, 93.0, 88.0  MHz;
Measurements will be discontinued for frequencies lower than that where the measured immunity level is greater than +15 dBm.

Criteria:

Protection criteria is the lowest FM signal level (dBm) required to cause interference.

Interference in that context means, that nominal performance level of a VDL Mode 4 desired signal reception is no longer fulfilled.

According to ITU-R BS.1009-1 the following empirical formula has to be fulfilled, in order to use the same criteria as for ILS localiser or VOR receiver:

Nmax = min( 15; -13 + 20(log(max(0.4;108.1 – f) / 0.4( (
where:

	Nmax:
	Maximum level (dBm) of the broadcasting signal at the input of the VDL Mode 4 Rx

	f:
	Broadcasting frequency (MHz)

	fvdl4:
	VDL Mode 4 frequency (MHz)


According to ICAO Annex 10 Part I § 3.1.4 and § 3.3.8 the following table shall hold:

	Broadcast frequency [MHz]
	Maximum level of unwanted signal at the receiver input [dBm]

	88 – 102
	+15

	104
	+10

	106
	+5

	107.9
	-10


Note: The relationship is linear between adjacent points designated by the above frequencies.

According to ICAO Annex 10 Part III § 6.3.5.4 the following criteria shall hold within the COM-Band 
(fvdl4 =  118 – 137 MHz):

“The receiving function shall satisfy the specified error rate with a desired field strength of not more than 40 microvolts per metre, and with one or more VHF FM broadcast signals having a total level at the receiver input of –5 dBm.”

3. Conclusion

This  working paper outlines current activities at DFS labs in Langen near Frankfurt to identify FM-immunity capabilities of VDL Mode 4.

WG-M is invited to consider the information provided in this paper.

Attachment A

List of inter-modulation products on VDL Mode 4 frequencies for the two signal case (frequencies in MHz)

	
	(f = 0
	(f = ( 0.05, ( 0.10, ( 0.15, ( 0.20 and ( 0.30 MHz

	fvdl4
	f1
	f2
	f1
	f2

	108.1
	107.9
	107.7
	-
	-

	
	107.5
	106.9
	-
	-

	
	106.5
	104.9
	-
	-

	
	105.5
	102.9
	105.5
	102.9 + (f

	
	103.5
	98.9
	-
	-

	
	98.1
	88.1
	-
	-

	109.0
	107.5
	106.0
	-
	-

	
	104.5
	100.0
	-
	-

	110.1
	107.9
	105.7
	-
	-

	
	107.5
	104.9
	107.5
	104.9 + (f

	
	105.5
	100.9
	-
	-

	
	100.1
	90.1
	-
	-

	112.0
	107.9
	103.8
	107.9
	103.8 + (f

	
	105.5
	99.0
	-
	-

	
	102.1
	92.2
	-
	-

	115.0
	107.9
	100.8
	-
	-

	
	102.1
	89.2
	-
	-

	117.9
	107.9
	97.9
	107.9
	97.9 + (f

	
	104.5
	91.1
	-
	-


List of inter-modulation products on VDL Mode 4 frequencies for the three signal case (frequencies in MHz)

	
	(f = 0
	(f = ( 0.05, ( 0.10, ( 0.15, ( 0.20 and ( 0.30 MHz

	fvdl4
	f1
	f2
	f3
	f1
	f2
	f3

	108.1
	107.9
	107.5
	107.3
	-
	-
	-

	
	107.5
	106.5
	105.9
	-
	-
	-

	
	107.1
	105.5
	104.5
	-
	-
	-

	
	106.5
	104.5
	102.9
	106.5
	104.5
	102.9 + (f

	
	104.5
	100.5
	96.9
	-
	-
	-

	
	101.5
	95.3
	88.7
	-
	-
	-

	109.0
	107.5
	106.3
	104.8
	-
	-
	-

	
	104.5
	100.3
	95.8
	-
	-
	-

	110.1
	107.9
	107.5
	105.3
	107.9
	107.5
	105.3 + (f

	
	107.9
	105.3
	103.1
	-
	-
	-

	
	107.5
	104.5
	101.9
	-
	-
	-

	
	106.5
	102.5
	98.9
	-
	-
	-

	
	104.5
	98.5
	92.9
	-
	-
	-

	
	99.5
	98.7
	88.1
	-
	-
	-

	112.0
	107.9
	107.5
	103.4
	107.9
	107.5
	103.4 + (f

	
	107.5
	103.3
	98.8
	-
	-
	-

	
	103.5
	99.5
	91.0
	-
	-
	-

	115.0
	107.9
	107.5
	100.4
	-
	-
	-

	
	102.1
	101.1
	88.2
	-
	-
	-

	117.9
	107.9
	107.5
	97.5
	107.9
	107.5
	97.5 + (f

	
	103.5
	102.7
	88.3
	-
	-
	-


Attachment B

Test equipment

The following test equipment has been used for the test set-up shown in Figure 1.

	Equipment according Figure 1
	Note
	Equipment used

	ITU-R noise source #1
	
	Rohde & Schwarz Noise Generator SUF2 incl. ITU-R.559 Filter type B

	ITU-R noise source #2
	
	Wandel & Goltermann Rauschgenerator RG-1 + ITU-R.559 Filter type B

	ITU-R noise source #3
	
	General Radio 1381 Random Noise Generator + ITU-R.559 Filter type A

	Stereo generator
	
	Media Broadcast RE521 FM Stereo Coder + ARI/RDS (external) + DARC (external and optional)

	ARI/RDS generator external to stereo generator (not shown in Figure 1)
	
	tbd

	DARC generator external to stereo generator (not shown in Figure 1)
	
	Sectra TSE 760 DARC-generator

	RF signal generator #1,2,3
	
	HP 8640B Signal Generator

	RF amplifier #1,2,3
	30 dB gain
	tbd

	Band-reject-filter
	
	tbd

	adjustable attenuators
	
	tbd


Attachment C

Stereo Multiplex Signal

A stereo multiplex signal as used in the test exercise comprises the following elements (see also principle distribution in frequency domain outlined in Figure C.1):

· Left (L) + Right (R) channel signal

· L-R signal modulated as DSB-AM signal at 38 kHz with suppressed carrier
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· ARI (Autofahrer Rundfunk Information) is a traffic information service introduced in 1974 in Germany. It is multiplexed as dual tone DSB-AM modulation with 57 kHz carrier phase coupled with pilot tone to indicate certain regions (A..F: 23,75 ... 53,98 Hz) and actual traffic information transmission (125 Hz tone)

· RDS (Radio Data System) according ITU-R Rec. BS.643, which is a DBPSK modulated data signal with gross data rate of 1187,5 bits/s. The 57 kHz subcarrier is orthogonal to the ARI carrier to allow for separation of this two components. The RDS signal bandwidth is 4,75 kHz (54,625 – 59,375 kHz).

· DARC (Data Radio Channel) is transmitted at a subcarrier of 76 kHz using a so called LMSK (level-controlled minimum shift keying) modulation. Level-controlled in that context means that its amplitude is controlled by the stereo sound signal L-R at the 38 kHz sub-carrier. Gross bitrate is 16 kBits/s with a bandwidth of 35 kHz. The sub-carrier of 76 kHz is again phase coupled with the pilot tone at 19 kHz to allow for synchronous demodulation.

Figure C.1: Stereo multiplex signal in the frequency domain

In order to characterise the FM signal on the HF side FM-peak deviation measurements have been conducted to calibrate the FM broadcast signal. FM-peak deviation of the RF signal generator has been calibrated to be ( 32 kHz in case monaural signal with ITU-R noise source without pre-emphasis filter is fed directly to the RF signal generator. 

Using this noise source as input to the stereo generator to create a stereo multiplex signal, the resulting FM peak deviation reference values are outlined in Table C.1. These values are identical with reference levels provided by the Deutsche Telekom.

	Input signal of RF signal generator
	FM-peak deviation [kHz]

	Pilot at 19 kHz
	6,7

	Pilot + ARI + RDS
	10,3

	Pilot + ARI + RDS + DARC
	15,5

	ITU-R noise source + 50 (sec pre-emphasis + ARI + RDS + DARC
	66,5


Table C.1: Reference FM-peak deviation values [Deutsche Telekom]

In Figure C.2 and C.3 measured spectra using FM-peak deviation setting as described above (Table C.1) are outlined.
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Figure C.2: Sample spectra of FM-signals with ( 32 kHz reference peak deviation



Figure C.3: Sample spectra of FM-signals with ( 32 kHz reference peak deviation  
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