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Abstract: Dynamic range of music nowadays is very limited. Additional dynamic processing in radio station signal chain 
could further limit this dynamic range, which could significantly reduce the reproduction quality. Therefore, signals of 
seven FM radio stations in Zagreb were analyzed in terms of dynamic range. It was found that the used dynamic range 
was reduced compared to the selected original songs. It was discovered that all included radio stations maintain constant 
smaller dynamic range and loudness, which change depending on music genre. Reasons for smaller dynamic range were 
analyzed and discussed and thus, appropriate dynamic range was proposed. 
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1. INTRODUCTION 

 
Dynamic range gives music its liveliness, mood and 
character, and therefore is important for listening quality. 
In recent decades there is a trend in music to increase its 
loudness at the expense of its dynamic range. Some 
studies [1] showed that listeners prefer louder music, and 
in general say that louder music is better. The music 
producers and radio stations’ owners, forced by 
commercial reasons, focuse on audio signal’s loudness. In 
other words, the general opinion is that everything should 
be loud, since listeners prefer loud.  
Taking into account nowadays modern world and our 
listening habits, this could be justified. Today, music is 
mainly listened in noisy environments, like trains, trams 
and cars. In order to be isolated from the outside world, 
people in public places usually wear earphones or 
earbuds. Furthermore, in cars, there is a problem of 
engine and wind noise. Those are environments, which do 
not allow listening with higher dynamic range.  
This constant persuit for louder signals, resultet in so 
called ”loudness war”. Loudness war is a term which 
describes constant increase in loudness, and reduction of 
dynamics. Results of this “war” are evident in audio 
signal’s shape.  Figure 1 shows a signal of a song before 
and after it was processed in a radio station’s equipment. 
It is clearly shown how extreme dynamic changes can be. 
Dynamic range of the song which in original format is 
around 30 dB, after broadcasted in a radio station, has a 
dynamic range less than 10 dB. In a last few years, audio 
engineers and music lovers started to question where and 
when this war will end. Do listeners can perceive 

difference between original and hyper-compressed 
material. 
 

 
Fig 1. Comparisons of an audio signal before and after 

processing on a radio station. 
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One subjective listening test with original and hyper-
compressed material showed that listeners preference 
depends on several factors, like music genre, age group, 
amount of exposure to different genres [2]. Taking 
loudness as the only factor for quality is oversimplification 
of the listeners’ preferences. Some studies tried to 
address the assumption that hyper-compressed music is 
an advantage when environmental noise acts as a masking 
agent [3]. This studies showed that this not the case, and 
that hyper-compression will not make listeners to select 
louder music as a better choice in noisy environments. 
Finally, subjective tests with compressed music in several 
stages showed that the crest factor has a big influence on 
loudness and quality perception, however, this is largely 
influenced by genre [4,5,6]. 
This competition in loudness in radio broadcasting exists 
for at least 30 years. In the beginning, in order to get 
louder, radio stations used simple clipping. This method 
now has transferred in the music industry. Taking into 
account audio processing path in modern radio station, 
this tendency to increase music loudness does not well 
coexist with severely compressed audio signal [7]. 
In this paper, we analyzed the dynamics of seven FM radio 
stations in Zagreb, Croatia, in order to get information 
how big these changes can be. Today’s modern music, 
especially pop music, is produced to be loud. Additional 
loudness increase, and dynamic range reduction could 
significantly reduce its quality. A legitimate question 
arises, whether loudness increase in radio stations is 
actually necessary. 

 
2. THE ANALYSIS 

 
In order to get a better overview of the FM radio stations’ 
signal dynamics, we selected seven radio stations in 
Zagreb, Croatia. They differ in music program, 
predominant music genres and amount of spoken 
program. For recording of radio stations’ signal we used a 
Sony FM tuner, whose output was connected to a sound 
card connected to a PC. For each radio station, we 
recorded about 90 minutes of the stereo signal. The audio 
signals included mainly music signals, and on the other 
hand spoken program. We selected two national and five 
commercial radio stations. 
First, we analyzed the dynamics and ITU-R BS.1770-2 
loudness value [8] of the whole audio signals, which 
included music and speech. In 2011, ITU has defined the 
recommendation ITU-R BS.1770-2, which proposes 
algorithms for measurement of audio programme 
loudness and true-peak level. The goal was to define a 
single level measuring algorithm which will be used by all 
video and audio broadcasting stations in order to ensure 
equal sound level across various digital platforms, 
especially when listeners change stations and during 
commercial brakes. 
Second, we focused on three songs, selected from each 
station’s audio signal. We wanted to find out how much 

music signal in each radio station is changed, before it is 
aired. As afore mentioned, before it is aired, an audio 
signal in a FM radio station goes through several phases, 
of which, dynamic processing and levelling are the most 
important. Selected songs represent the main genre of 
each radio station, from folk music to rock music. When 
each song was selected, we downloaded the original 
signal from the Internet and compared it to the aired song. 
This enabled us to better understand how songs, i.e. audio 
signal on radio stations is changed in terms of dynamics. 
Before the analysis, the recorded and downloaded songs 
were peak normalized. 
We analyzed several signal’s parameters, all connected 
with signal amplitude. For the analysis we used algorithms 
created in the Matlab. We focused on the parameters 
connected with the dynamics. Those were the peak 
amplitude, RMS amplitude, dynamic range used and ITU-
R BS.1770-2 loudness value. Value “dynamic range used” 
represents average dynamic range between peak value 
and average RMS value not including too quiet parts, such 
as pauses etc. Those are just average numbers which show 
average values. Average values are suitable for a fast 
comparison, but do not give an overall picture of signal’s 
dynamics.  
In order to get a better understating how dynamics of a 
signal in FM radio stations is changed, we also calculated 
the probability density functions (PDFs) of each song 
signal’s amplitude. The PDF shows a graphic 
representation how signal’s amplitude is changed. From 
these diagrams, it is immediately clear if the signal has 
large or small dynamics. 
 
3. RESULTS AND DISCUSSION 
 
Results of the analysis are shown in the following tables 
and figures.  
Table 1 shows dynamics and loudness of the complete 
audio signal of all analyzed seven radio stations. 
 

Table 1. Calculated dynamics and loudness for the 
complete signal of all FM radio stations. 

 
Station 1 2 3 4 5 6 7 

Peak Amplitude 
(dB) 0,00 -0,03 -0,01 -0,04 0,00 -0,33 0,00 

Average RMS 
Amplitude (dB) 

-11,69 -12,42 -12,70 -12,60 -13,14 -14,99 -14,37 

Dynamic Range 
Used (dB) 24,50 33,05 18,60 18,45 29,95 41,45 28,60 

ITU-R BS.1770-2 
Loudness (LUFS) 

-7,95 -9,14 -9,22 -9,44 -9,08 -10,63 -10,91 

 
As can be seen from Table 1, used dynamic range vary 
largely among these stations. This could be attributed to 
different program types of these stations, but also to 
different settings of radio broadcasting equipment. ITU-R 
loudness is similar to all stations and ranges between -8 
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and -11 LUFS. Commercial radio stations tend to be louder 
with smaller dynamics. 
Tables 2 to 8 show calculated dynamics values for three 
songs for each of seven radio stations. 
 
Table 2. Calculated values for signal of FM radio station 

1. (commercial) 
 
 Song 1 Song 2 Song 3 
 Internet Radio Internet Radio Internet Radio 
Peak 
Amplitude 
(dB) 

-0,05 0,00 -0,53 -0,39 -0,31 -0,34 

Total RMS 
Amplitude 
(dB) 

-15,12 -10,67 -16,18 -9,88 -11,79 -10,79 

Dynamic 
Range Used 
(dB) 

45,25 34,80 58,35 6,75 22,65 20,75 

ITU-R 
BS.1770-2 
Loudness 
(LUFS) 

-12,46 -7,97 -12,91 -6,88 -9,86 -7,53 

 
Table 3. Calculated values for signal of FM radio station 

2. (national) 
 
 Song 1 Song 2 Song 3 
 Internet Radio Internet Radio Internet Radio 
Peak 
Amplitude 
(dB) 

-0,55 -0,03 -0,14 -0,01 -0,28 -0,05 

Total RMS 
Amplitude 
(dB) 

-17,23 -10,77 -11,68 -10,08 -14,44 -9,90 

Dynamic 
Range Used 
(dB) 

20,85 12,05 15,05 9,80 39,60 30,65 

ITU-R 
BS.1770-2 
Loudness 
(LUFS) 

-15,13 -8,80 -9,10 -7,72 -12,04 -7,71 

 
Table 4. Calculated values for signal of FM radio station 

3. (commercial) 
 
 Song 1 Song 2 Song 3 
 Internet Radio Internet Radio Internet Radio  
Peak 
Amplitude 
(dB) 

-0,24 -0,24 -0,01 -0,54 -0,30 0,00 

Total RMS 
Amplitude 
(dB) 

-17,72 -12,76 -14,56 -13,20 -12,63 -11,06 

Dynamic 
Range Used 
(dB) 

38,25 35,90 25,00 18,00 18,15 11,65 

ITU-R 
BS.1770-2 
Loudness 
(LUFS) 

-13,63 -9,39 -13,22 -9,48 -9,43 -7,93 

 

Table 5. Calculated values for signal of FM radio station 
4. (commercial) 

 
 Song 1 Song 2 Song 3 
 Internet Radio Internet Radio Internet Radio 
Peak 
Amplitude 
(dB) 

-0,14 -0,04 0,00 0,00 0,00 -0,09 

Total RMS 
Amplitude 
(dB) 

-13,94 -11,43 -12,47 -11,18 -14,95 -11,81 

Dynamic 
Range Used 
(dB) 

23,65 11,85 22,70 10,30 23,05 9,85 

ITU-R 
BS.1770-2 
Loudness 
(LUFS) 

-11,61 -8,30 -9,93 -8,38 -12,48 -8,72 

 
Table 6. Calculated values for signal of FM radio station 

5. (commercial) 
 
 Song 1 Song 2 Song 3 
 Internet Radio Internet Radio Internet Radio 
Peak 
Amplitude 
(dB) 

-0,05 0,00 -0,04 -0,69 -0,12 -0,16 

Total RMS 
Amplitude 
(dB) 

-14,91 -10,23 -14,84 -11,25 -11,22 -11,15 

Dynamic 
Range Used 
(dB) 

9,75 4,50 73,25 11,25 20,40 13,00 

ITU-R 
BS.1770-2 
Loudness 
(LUFS) 

-11,70 -7,35 -10,91 -8,02 -8,75 -8,45 

 
Table 7. Calculated values for signal of FM radio station 

6. (national) 
 
 Song 1 Song 2 Song 3 
 Internet Radio Internet Radio Internet Radio 
Peak 
Amplitude 
(dB) 

-0,17 -0,75 -0,01 -0,19 -1,42 -0,24 

Total RMS 
Amplitude 
(dB) 

-15,17 -12,17 -16,55 -12,53 -20,16 -12,62 

Dynamic 
Range Used 
(dB) 

17,10 9,70 24,20 17,40 21,95 14,25 

ITU-R 
BS.1770-2 
Loudness 
(LUFS) 

-12,90 -9,86 -13,83 -10,07 -17,37 -9,90 
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Table 8. Calculated values for signal of FM radio station 
7. (commercial) 

 
 Song 1 Song 2 Song 3 
 Internet Radio Internet Radio Internet Radio 
Peak 
Amplitude 
(dB) 

0,00 -0,02 -0,04 -0,05 0,00 0,00 

Total RMS 
Amplitude 
(dB) 

-12,12 -10,09 -13,72 -8,69 -19,19 -11,63 

Dynamic 
Range Used 
(dB) 

10,70 8,85 16,05 6,85 38,55 34,15 

ITU-R 
BS.1770-2 
Loudness 
(LUFS) 

-8,32 -7,37 -11,60 -6,59 -16,18 -9,05 

 
The first thing that can be concluded from the presented 
tables is that all analyzed radio stations maintain uniform 
loudness for analyzed songs. As can be seen, average ITU-
R loudness is around -8 LUFS. This ensures that all radio 
program is equally loud, regardless of the change in the 
program and music genre. However, when aired over the 
radio, songs are louder, in average for 5 dB. In this case, 
radio stations achieved their goal to be as loud as possible.  
On the other hand, there are large differences in dynamic 
range used, which influences listening quality. In order to 
maintain the same high value of loudness, radio stations’ 
equipment is set up for amplification of quiet parts. In 
extreme cases, difference in dynamics of the original and 
aired song is 50 dB, like in case of the song 2 for radio 
station 1. 
Much more information about signal’s dynamics can be 
seen from PDFs. Figure 2 shows PDFs for selected song 1 
of each analyzed radio station. Figures show left and right 
channels. They also show that each radio station tends to 
hold the audio signal in a narrow dynamic range of 5 to 10 
dB. There are no quiet passages, and therefore dynamic 
range of the signal is degraded. Naturally, there are 
differences in amplitude distribution between different 
music genres, however in general, dynamic range is much 
narrower. 

 

 
 

Fig. 2. PDFs of selected song 1 for each analyzed radio 
station (black line: downloaded original song, red line: 

recorded song from a radio station) 
 

4. CONCLUSION 
 

Audio signal of seven FM radio stations in Zagreb was 
analyzed. We analyzed dynamics of the audio signals by 
calculating the difference between the peak and average 
signal level. In order to make a comparison of the 
dynamics before the songs were emitted on the FM radio 
stations, we selected three characteristic songs from each 
radio stations’ audio signals. Comparison showed that all 
analyzed radio stations use heavy compression with 
narrow dynamic range. In some cases, difference in 
dynamics, before and after processing audio signals in 
radio stations was greater than 50 dB. 
Radio stations tend to have louder signal in order to be 
noticed when user dials radio stations on a tuner. This 
results in heavily compressed audio signal with very low 
dynamics. In some cases, heavy compression results with 
a degraded signal. Listening tests showed that listeners’ 
preferences can be very different, and not only based on 
loudness.  
Already heavily compressed music, when reproduced on 
radio stations is even more degraded. In some cases, 
distortions could be easily heard. In order to use the high 
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dynamic range of modern equipment, there should exist a 
compromise between music producers and radio station 
owners regarding dynamic range and signal quality.  
Listening experience depends on many factors, and radio 
stations should not only focus on loudness. There are 
several other factors that should be considered. For 
example, the listeners should be asked how they choose 
their favorite radio stations. Future work will focus on 
these and other similar factors of listeners’ preferences. 
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