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Summary 
 
Introduction 
 
The ‘Expertengruppe UKW 2001’, formed by the Swiss federal office of communications, 
has recommended to optimize FM-networks because FM will remain the main modulation 
technique for radio for the coming fifteen to twenty years. FM networks could be optimized 
by revising the protection ratios used for frequency planning. The goal of this study is 
twofold. First, the technical characteristics of a representative group of present day FM 
receivers should be assessed. Second, the protection ratios for the network configurations 
conventional, same programme and HF-synchro should be determined using a reference 
receiver. 
 
Approach 
 
From a set of thirty present day FM receivers, consisting of ten car radio, ten portables and ten 
handhelds, the technical characteristics were determined as follows. First, the characteristics 
of the individual receivers were measured according to Recommendation ITU-R BS.641. 
Based on these measurements a good, a reference and a bad receiver was selected from the 
total group of receivers. Next, the protection ratios for frequency planning for three different 
network configurations based on subjective assessment of sound samples recorded with the 
good, the reference and the bad receiver were determined. Finally, the high signal 
performance and the RDS switching behaviour of a select group of receivers was investigated. 
This summary will present the results and the conclusions for each of these steps. 
 
Results and conclusions  
 
For this study the radio-frequency protection ratio curve according to Recommendation ITU 
BS.641 was used to determine the characteristics of the individual receivers. To be able to 
objectively compare the receivers it is important that all receivers use the same minimal 
audio-frequency signal-to- interference ratio as starting point for the determination of the 
radio-frequency protection ratio curve. Therefore, the maximum attainable audio-frequency 
signal-to- interference ratio per receiver was determined first. During this test the audio 
distortion per receiver was also measured. The audio distortion also gives an indication of the 
quality of the receiver. The results of this test are given in tables below. 
 

# Car radios  afstir max [dB] af distortion [%] 
1 Kenwood KDC-3024A -52,5 0,60 
2 Panasonic CQ-RDP162N -57,5 1,00 
3 Panasonic CQ-RDP003N -56,6 0,42 
4 Becker Mexico Pro CD 4627 -51,0 0,03 
5 Blaupunkt Woodstock DAB 52 -57,0 0,17 
6 Supertech AR-921 CD -55,3 5,70 
7 Jvc KD-SX997R -52,0 1,90 
8 Jvc KS-FX480REX 52,0 1,50 
9 Sony CDX-M850MP -55,6 1,50 

10 Vdo Dayton CD 2200 -47,0 0,10 

Table S.1: Overview of the maximum audio-frequency signal-to-interference ratio (afstir) and the audio-
frequency distortion for car radios. 
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# Portables afstir max [dB] af distortion [%] 
1 Sanyo DTA-300M -47,5 0,35 
2 Grundig Luna RP 9200 PLL -45,5 1,00 
3 Grundig Ocean Boy 350 -51,5 1,40 
4 Panasonic RX-EX1 -44,0 1,30 
5 Philips AZ3012 -54,0 2,80 
6 Sanyo DC-DA1000 -52,0 0,30 
7 Sony CFD-S550L/SC -47,0 0,45 
8 Sony ICF-C743L -49,7 0,50 
9 Thomson AM1180 -45,5 1,40 

10 Thomson RR 600CD -49,0 1,25 

Table S.2: Overview of the maximum audio-frequency signal-to-interference ratio (afstir) and the audio-
frequency distortion for portables. 

 
# Handhelds  afstir max [dB] af distortion [%] 

1 Sony ICF-M33RDS -47,0 0,80 
2 Grundig City Boy 52 -43,0 3,70 
3 Digitalway FD100 -46,0 0,80 
4 Nokia 8310 -40,0 0,70 
5 Philips AZT9500 -46,5 4,80 
6 Samsung YP-90S -44,0 4,20 
7 Sony ICF-C1200 -47,0 0,20 
8 United DM2595-2 -47,0 6,43 
9 Aiwa HS-RM539 -47,4 0,17 

10 Sony WM-FX491 -45,6 0,14 

Table S.3: Overview of the maximum audio-frequency signal-to-interference ratio (afstir) and the audio-
frequency distortion for handhelds. 

The results showed that some of the car radios and most of the portables and handhelds were 
not able to meet the minimal audio-frequency signal- to-interference ratio of 56 dB. With a 
audio-frequency signal-to- interference ratio of 46 dB it was possible to measure two third of 
the receivers. The results are presented the figures below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S.1: Radio-frequency wanted-to-interfering signal ratio (rf-wtisr) for car radios recorded according to 
ITU Recommendation BS.641. An enlarged version of this graph can be found in Appendix A. 
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For the category car radios only one receiver was discarded. The reason for this was that this 
receiver automatically switched over to mono at a low radio-frequency signal levels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S.2: Radio-frequency wanted-to-interfering signal ratio (rf-wtisr) for portables recorded according to ITU 
Recommendation BS.641. An enlarged version of this graph can be found in Appendix A. 

For the category portables five receivers were discarded. Three of the receivers could only 
produce a mono audio signal, the other two were not able to reach the minimal required 
audio-frequency signal-to- interference ratio of 46 dB. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S.3: Radio-frequency wanted-to-interfering signal ratio (rf-wtisr) for handhelds recorded according to 
ITU Recommendation BS.641. An enlarged version of this graph can be found in Appendix A. 

Four of the ten handhelds were left out because they couldn’t not produce a stereo signal. 
 
At the start of the automated measurement of the protection ratio curve, the sensitivity of each 
receiver was determined for audio-frequency signal-to- interference ratios of 20 and 46 dB. 
The values for the sensitivity depended on the way the signal was fed to the receiver. For this 
study three different feeds were used: a direct feed, an indirect feed using an alligator clip and 
an indirect feed using a wire. The first one is used for receivers equipped with an antenna 
connector, the second one is used for receivers with a fixed antenna and the third one was 
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used for receivers that had a wire antenna. The results of the sensitivity measurement, 
together with the type of feed are given in the tables below.  
 
# Car radios 

 
Tof Sensitivity [dBµV] 

SNR (af)= 20 dB 
Sensitivity [dBµV] 

SNR (af) =46 dB 
1 Kenwood KDC-3024A D -0,9 35,3 
2 Panasonic CQ-RDP162N D 4,5 41,4 
3 Panasonic CQ-RDP003N D 1,2 38,3 
4 Becker Mexico Pro CD 4627 D 1,9 37,1 
5 Blaupunkt Woodstock DAB 52 D -0,9 36,2 
6 Supertech AR-921 CD D 16,7 43,3 
7 Jvc KD-SX997R D -0,9 35,8 
8 Jvc KS-FX480REX D -1,6 37,3 
9 Sony CDX-M850MP D - - 

10 Vdo Dayton CD 2200 D 4,1 57,9 

Table S.4: Overview of the type of feed (tof) and sensitivity for car radios. The letter D in the column type of 
feed stands for Direct feed. 

 
# Portables 

 
Tof Sensitivity [dBµV] 

SNR (af)= 20 dB  
Sensitivity [dBµV] 

SNR (af) =46 dB  
1 Sanyo DTA-300M I-C 26,9 55,3 
2 Grundig Luna RP 9200 PLL I-C - - 
3 Grundig Ocean Boy 350 I-C - - 
4 Panasonic RX-EX1 I-C - - 
5 Philips AZ3012 I-C 21,4 47,9 
6 Sanyo DC-DA1000 I-C 19,3 51,3 
7 Sony CFD-S550L/SC I-C 18,9 48,3 
8 Sony ICF-C743L I-C - - 
9 Thomson AM1180 I-C - - 

10 Thomson RR 600CD I-C 23,9 52,3 

Table S.5: Overview of the type of feed (tof) and the sensitivity for portables. The letters I-C in the column type 
of feed stand for Indirect feed using an alligator Clip. 

 
# Handhelds  

 
Tof Sensitivity [dBµV] 

SNR (af)= 20 dB  
Sensitivity [dBµV] 

SNR (af)= 46 dB  
1 Sony ICF-M33RDS I-C - - 
2 Grundig City Boy 52 I-C - - 
3 Digitalway FD100 I-W 29,4 62,8 
4 Nokia 8310 I-W - - 
5 Philips AZT9500 I-W 20,6 54,7 
6 Samsung YP-90S I-W - - 
7 Sony ICF-C1200 I-C 18,7 57,9 
8 United DM2595-2 I-W 25,4 57,8 
9 Aiwa HS-RM539 I-W 27,0 57,9 

10 Sony WM-FX491 I-W 35,4 66,3 

Table S.6: Overview of the type of feed (tof) and the sensitivity for handhelds. The letters I-W in the column 
type of feed stand for Indirect feed using a Wire. 
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Since the sensitivity measurement is part of the automated protection ratio measurement, the 
sensitivity was only measured for stereo receivers that were able to reach an audio-frequency 
signal-to- interference ratio of 46 dB. 
 
It should be noted that in case of an indirect feed the measured value is not equal to the signal 
level at the input of the receiver. For both types of indirect feeds correction factors were 
determined to account for the loss due to the indirect feed. With the correction factor it is 
possible to convert the measured value to a signal level at the input of the receiver. The 
correction factors for the indirect feed using an alligator clip and the indirect feed using a wire 
are respectively 11,40 and 6,20 dB. Using the correction factors the average sensitivity for car 
radios, portables and handheld are respectively 40,2, 39,6 and 52,5 dBµV. It should be noted 
that the correction factors are based on only one measurement and can therefore deviate 
significantly from the average value. 
 
Based on these measurements and average receiver was selected. The decision was mainly 
based on the radio-frequency protection ratio curves. From all radio-frequency protection 
ratio curves, depicted in Figure S.4, an average and a median radio-frequency protection ratio 
curve was calculated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S.4: Radio-frequency wanted-to-interfering signal ratio (rf-wtisr) for twenty receivers recorded according 
to ITU Recommendation BS.641. The category to which the receivers belong is indicated between brackets. The 
letters C, P and H are used for respectively the category car radios, portables and handhelds. An enlarged version 
of this graph can be found in Appendix A. 

 
The Sanyo DC-DA1000 was chosen as reference receiver since it had the lowest mean 
absolute deviation from the mean and median radio-frequency protection ratio curve. 
 
Based on their protection ratio curves it was decided that the Blaupunkt Woodstock DAB52 
represents a good receiver and the Sony WM-FX491 represents a bad one. The radio-
frequency protection ratio curves of the good, the reference and the bad receiver as well as the 
Zero-Base reference receiver are shown in the Figure S.5. 
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Figure S.5: Comparison between the Zero-Base reference receiver, the Sanyo DC-DA1000, the mean and the 
median receiver of this study. Both the mean and median receivers are theoretic receivers. An enlarged version 
of this graph can be found in Appendix A. 

 
The reference receiver was used to record an extensive set of sound samples for the network 
configurations: conventional, same programme and hf-synchro. In a conventional network the 
wanted transmitter carries a different programme than the unwanted transmitter. In both a 
same programme and a hf-synchro network the wanted and unwanted transmitter belong to 
the same programme chain and will therefore transmit the same programme. The main 
difference between the same programme and the hf-synchro network configuration is the 
frequency tolerance of the transmitter. For a hf-synchro network this tolerance is lower. 
 
This extensive set of sound samples covered a predetermined range of different receiving 
conditions such as frequency differences, delays and signal- to-noise ratios for wanted signals 
speech and classical music. To limit the total number of receiving conditions a limited set of 
sound samples per network configuration were recorded with the good and the bad receiver. 
 
The recorded sound samples were used in subjective tests. The goal of these tests was to 
assess the quality of the recorded sound samples using pairwise comparison and the mean 
opion score. From these results the protections ratio curves for the network configurations 
conventional, same programme and HF-synchro were determined. The protection ratio curve 
based on a grade of 3,5 for speech samples recorded with the reference receiver is presented 
in the figure below. 
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Figure S.6: The protection ratio as function of the frequency distance based on a grade of ‘3,5’ for  speech 
recorded with the Sanyo receiver. 

 
Recommendation ITU-R BS.412.9 makes a distinction between radio-frequency protection 
ratios for steady and troposheric interference. According to Recommendations ITU-R 
BS.562.2 and ITU-R BS.412-9 tropospheric interference corresponds to grade ‘3’ on a scale 
of ‘1’ to ‘5’. However, it is unclear on what grade the steady state interference is based. What 
is clear is that the grade is higher than ‘3’ and that it corresponds to an audio signal-to-noise 
of 50 dB. The subjective test showed very few results for grade ‘4’. Furthermore this grade 
would likely result in unrealistic high values. Therefore grade ‘3,5’ was chosen as basis for 
steady interference. 
 
Based on a grade of ‘3’ for troposheric interference and ‘3,5’ for steady interference the 
results of the subjective tests for the convention network configuration, with the exception of 
the 0 kHz case, are in fair agreement with the ITU values. Therefore, it is advised to use the 
radio-frequency protection ratio values of Recommendation ITU-R BS.412-9 for frequency 
planning in case of conventional networks. The 3 to 8 dB reduction, compared to the ITU 
values for conventional networks, found by the Zero-Base study could not be confirmed by 
this study. 
 
The results of the subjective tests for the network configuration same programme show a 
considerable improvement compared to the ITU values for the conventional network 
configuration. This is in line with Recommendation ITU-R BS.412-9. For frequency planning 
of transmitters carrying the same programme it is advised to use the protection ratios based on 
a grade of ‘3,5’ in case of steady interference. In case of tropospheric interference it is advised 
to use the protection ratios based a grade of ‘3,0’. The values for same programme and steady 
interference do not differ much from the Zero-Base values for MPX synchronisation, except 
for 100 kHz frequency difference. It should be noted that the Zero-Base value is optimistic. 
The Zero-Base study gave no directives for tropospheric interference. 
 
The results of the subjective tests for the HF-synchro network configuration also show a 
considerable improvement compared to the ITU values for the conventional network 
configuration. Again this is in line with Recommendation ITU-R BS.412-9. Although it was 
expected that the results for synchronized transmission with a delay of 50 µs would be similar 
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to those of same programme the protection ratio in the synchronized case turned out to be 
higher. Also an increase in protection ratio with delay times was expected. The results show, 
in particular for the 0 µs case, a relatively high value. Compared to the Zero-Base study the 
protection ratios for synchronized transmitters are higher for frequency difference of 0 and 
100 kHz. The reason for this could be the different synchronisation used. 
 
Since a synchronized network is more complicated to operate an the results are not 
significantly better than those of same programme it is advised to use same programme in 
stead of HF-synchro between transmitters carrying the same programme. 
 
 
The results of the high signal performance test clearly indicate that third order inter-
modulation products significantly deteriorate the performance of the tested portables and 
handhelds. Figure S.7 shows the high signal performance for two portables (the Sanyo DC-
DA1000 and the Sony CFD S550L) and two handhelds (the Philips AZT9500 and the Sony 
WM-FX491). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S.7: Comparison between the high signal performance of two portables (the Sanyo DC-DA1000 and the 
Sony CFD S550L) and two handhelds (the Philips AZT9500 and the Sony WM-FX491). The radio-frequency 
level of the wanted transmitter was set to 87dBµV. 

Expected was that the graph would be symmetric with respect to ? f. This, however, is not the 
case. Possible explanation for this would be that the characteristics of receiver’s amplifier are 
frequency dependent. The results for the Sanyo DC-DA1000 for ? f>0 are in fair agreement 
with an investigation performed in the Federal Republic of Germany of domestic and car FM 
radio receivers on their tendency to inter modulate in the presence of strong RF signals. For 
? f>0 all tested receivers are significantly worse than the Sanyo DC-DA1000. 
 
Experience in The Netherlands has shown that interference from third order inter-modulation 
products may occur around FM transmission sites where many frequencies are used. There 
the reception of signals from either a station with much lower power than the others, or from 
other more distant sites could lead to problems. In these situations frequencies should be 
chosen such that no third order inter-modulation products occur in the pass-band of the 
receiver tuned to the low level signal. If this is not possible either the power of the low power 
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transmission should be increased or a gap-filler should be installed to achieve the required 
protection ratio. 
 
Two aspects of the RDS switching behaviour were studied. The first aspect is the switching 
behaviour due to differences in radio-frequency levels. The second aspect is the switching 
behaviour due to multipath. The results indicate that the switching behaviour due to difference 
in radio-frequency levels depends on the frequency difference. When the frequency difference 
is small, all tested car radios switched over when the radio-frequency level of current 
frequency drops just below the radio-frequency level of the alternative frequency. When the 
frequency difference is large about half of receivers switches over after a small drop in radio-
frequency level while the other half of the receivers only switched over after a significant 
drop in radio-frequency level. The results focussed on the RDS switching behaviour due to 
multipath indicate that there is no significant difference in the multipath behaviour of the 
tested car receivers. 


