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Abstract: This paper presents the Digital Audio Broadcasting (DAB) standard and its implementa-
tion into a simulation model. The negative influences of a transmission channel on the DAB signal
are analyzed and emulated in the simulation with a focus on a mobile reception. Overall simulation
model containing a transmitter, the transmission channel and a receiver was realized in a MATLAB
environment. Multiple simulations of the DAB signal transmission in different conditions were per-
formed and evaluated, with an emphasis on the mobile reception scenario. These results are presented
along with a discussion.
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1 INTRODUCTION

Digital Audio Broadcasting [1] is a standard designed to replace FM and AM analog audio services.
It was defined as Eureka Project 147 in a standard called ETSI EN 300 401 [2] in order to improve
mobile reception affected by a Doppler effect, increase spectral efficiency and allow additional data
transmission. Later, two modifications called DAB+ and Digital Multimedia Broadcasting (DMB)
were introduced.

For Forward Error Correction (FEC), DAB uses Rate Compatible Punctured Convolutional (RCPC)
coding with a combination of time and frequency interleaving. In order to decrease an influence
of multipath signal propagation, Orthogonal Frequency Division Multiplexing (OFDM) is used. Each
individual subcarrier of the OFDM is modulated by a differential QPSK (DQPSK) modulation.
The DAB standard introduces four modes specified for different transmission scenarios. Each mode
has a different set of parameters of the OFDM frame, such as number of subcarriers, symbol length
or guard interval length. Transmission mode TM I (1536 subcarriers) is designed mostly for rural
areas, TM II (384 subcarriers) is suitable for local urban networks, TM III (192 subcarriers) was
designed for satellite transmission and TM IV (786 subcarriers) does not have a specific designa-
tion. However, whatever mode is used, the occupied bandwidth is always 1536 kHz. Frequency band
assigned for DAB was the TV band III (174 - 240 MHz) and the L-band (1452 – 1492 MHz) [1, 2].

This paper presents a mathematical model created in a MATLAB environment to allow simulations
of the DAB signal transmission, broadcasting and reception based on a diploma thesis [3].

2 TRANSMISSION CHANNEL

The DAB signal broadcasting can be influenced by many different factors. The most common influ-
ences are an Additive White Gaussian Noise (AWGN), a fading caused by a multipath signal propa-
gation and the Doppler effect. Such phenomenons can significantly influence the overall DAB system
performance, depending on transmission scenarios (mobile, portable and fixed) [4].
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In this work only mobile scenario is considered. This scenario takes into an account a receiver located
in a vehicle moving at moderate or high speeds (50 km/h and more). Similarly to fixed and portable
scenarios, it is influenced by noise, multipath reception and the Doppler effect, where the latter has
a significant impact on the received signal. For simulation, a Typical Urban 6 or 12 (TU6/TU12) and
a Rural Area 4 or 6 (RA4/RA6) profiles can be used for different types of reception. [4].

3 DAB SIMULATOR

For the purpose of exploring DAB performances in various transmission conditions a MATLAB pro-
gram was created, further documented in [3]. It is containing all the transmitter and receiver blocks
mentioned in Figure 1 along with the transmission channel model containing all aforementioned pro-
files. First, all the necessary parameters are initialized and a set of random data is generated. The size
of the data can be predefined, but because the convolutional coder requires input divisible by a number
768, zeros are appended to the end of the data array. The convolutional coder then produces data ac-
cording to its code rate. When an OFDM frame is generated, this data might not fill the whole frame,
so another set of zeros is added. During the OFDM frame creation, the frequency interleaving and
the DQPSK are also performed. After that, Inverse Fast Fourier Transformation (IFFT) is performed
to transform the signal into the time domain. This allows for Cyclic Prefix (CP) to be inserted and
the signal can be filtered and modulated on the desired carrier frequency fc [3].

Figure 1: Block diagram of the created DAB MATLAB program.

The final output of the transmitter is then processed in the transmission channel block, that can sim-
ulate influence of the AWGN, the multipath propagation and the Doppler effect. All the channel
profiles mentioned in the previous section are supported in the simulation program. The receiver
part is done as inverse transmitter and all the zeros added in the transmitter are now removed. Af-
ter a demodulation and an error correction, the resulting data is compared to the data from the start
of the application and Bit Error Rates (BER) are calculated.

For easier manipulation with the application and its settings, a Graphical User Interface (GUI) was
created as shown in Figure 2. It allows changing of the transmitter settings and the transmission
channel configuration using predefined profiles. Multiple simulations can be enabled with stepped
Carrier-to-Noise Ratio (C/N) value [3].
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Figure 2: GUI window of the DAB program.

4 RESULTS

Simulations of the DAB transmission in the AWGN channel were performed to compare the BER
on the C/N dependency with a DQPSK theoretical curve. The transmission mode of the DAB was set
to TM II and the carrier frequency fc of the signal was set to 30 MHz to achieve faster simulations.
A resulting comparison is shown in Figure 3 [3].
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Figure 3: Comparison of theoretical and simulational BER performances of the DQPSK modulator

Multiple simulations were performed to compare all 8 profiles of the convolutional coder in the AWGN
channel. The transmission mode was set to TM II and the center frequency to 30 MHz here as well.
All the results are shown in Figure 4. It shows a higher protection for profiles 1A, 2A and 1B
with lower code rates and a weaker protection for profiles 3B, 4A, 4B with higher code rates.
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Figure 4: Comparison of error rates in all the FEC profiles 1A-4B and the uncoded transmission

A comparison of every transmission mode’s purpose was done by performing simulations with vary-
ing modes in AWGN, RA4 and TU6 channels. Again, the carrier frequency was set to 30 MHz
and the used FEC profile was 3A with a code rate of 1/2 in all three following scenarios.

(a) BER before Viterbi decoding (b) BER after Viterbi decoding

Figure 5: BER dependency on C/N ratio in AWGN channel

As can be seen from both graphs in Figure 5, the differences in the AWGN channel are not very
siginificant. The difference in lower BER values can be caused by inaccurancies of BER calculated
lower number of data samples.

(a) BER before Viterbi decoding (b) BER after Viterbi decoding

Figure 6: BER dependency on C/N ratio in RA4 channel

When comparing all the DAB transmission modes’ performance in a Rural Area transmission channel
RA4 (see Figure 6), modes with a higher number of OFDM subcarriers, such as TM I and IV, have
lower error rates.
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(a) BER before Viterbi decoding (b) BER after Viterbi decoding

Figure 7: BER dependency on C/N ratio in TU6 channel

On the other hand, modes with a lower number of subcarriers (TM II and III) show signs of improve-
ment in urban environments (TU6), as shown in Figure 7. Here, the spacing between subcarriers is
wider, thus decreasing negative influence of narrowband fading, as opposed to modes I and IV.

5 CONCLUSION

The purpose of this paper was to introduce the simulation model of the DAB and the transmission
channel. The whole DAB model along with the GUI was described. Several simulations were per-
formed to verify the correctness of the model and to compare BER of all FEC profiles. Also, all four
transmission modes were compared in noisy, rural and urban environments, verifying purpose of TM I
for rural areas and TM II for urban areas. The model is meant to be used for simulations of Radio Fre-
quency (RF) coexistence with other wireless standards, such as Digital Video Broadcasting-Satellite
(DVB-S), mentioned in [5].
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