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Abstract

Various standards have been developed for digital television broadcasting systems in the world.
Consequently, Digital Terrestrial Multimedia Broadcasting (DTMB) is one of the digital television standards
that is currently used by China and Hong Kong. DTMB standard consists of various configuration
parameters that can be chosen for different applications. Therefore, DTMB system was designed in this
research based on standard GB20600-2006 and was validated using computer program named Simulink.
The parameters used for the design were FEC with code rate of 0.4, 4QAM mapping, interleaving mode 1
and single carrier mode. Those parameters were chosen based on low implementation complexity thus
generates good results. The input for DTMB system was MPEG-2 audio and video Transport Stream (TS)
structure. DTMB system consists of two important things such as the existence of FEC and TDS-OFDM.
DTMB system uses concatenated codes in FEC. They are BCH as the outer codec and LDPC as the inner
codec. DTMB system uses TDS-OFDM because it provides better picture quality when the receiver is in
motion. Simulation results shows that DTMB is able to receive video with identical quality compared to the
original video when the value of SNR=11 dB for static video and SNR=12 dB for dynamic video. It is shown
that the number of bit errors decrease as the value of SNR increase when the process passes from LDPC
to BCH.
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1. Introduction

Digital television has become one of the interesting topics in broadcasting area in recent
years. Digital television broadcasting system is able to deliver better quality of picture and sound
in receiving side compared to analog television. Digital television broadcasting has spectrum
efficiency because it can accommodate more television programs in the same spectrum. Digital
television broadcasting is also using multimedia interactive services. Digital television
broadcasting uses satellite, cable and terrestrial system to accommodate the broadcasting
system in wide range area. Several countries developed standard for digital television
broadcasting such as Europe, Chinese, Korean, Japan and United State of America. In 1993,
Europe developed standard for digital television broadcasting using satellite transmission known
as Digital Video Broadcasting for Satellite Transmission (DVB-S). Following this standard,
several standards for digital television broadcasting were developed by Europe such as DVB-C,
standard for cable transmission, DVB-T, standard for terrestrial and DVB-H, standard for
handheld.

In 1996, United State of America developed digital television broadcasting and it is used
in America area known as Advanced Television System Committee (ATSC). In 1997, Japan
developed standard for digital television broadcasting named of Integrated Services Digital
Broadcasting (ISDB). ISDB has two standards, one for terrestrial (ISDB-T) and other for satellite
(ISDB-S) transmission [1]. Korean also developed standard for digital television broadcasting in
2005. The standard uses handheld as receiver. People can receive broadcasting system in their
handheld that is transmitted from satellite or terrestrial system. This standard is known as Digital
Multimedia Broadcasting (DMB) [2]. In 2006, Chinese developed standard for broadcasting
system known as Digital Terrestrial Multimedia Broadcasting (DTMB) [1].

There are some differences among all standards for digital television broadcasting in
the world. One of them is OFDM system used in the broadcasting system. DVB which
developed by Europe is using traditional OFDM known as Cyclic Prefix-Orthogonal Frequency
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Division Multiplexing (CP-OFDM). CP-OFDM process guard interval in frequency domain. The
used of frequency domain is not able to improve the quality of picture when the system is
moving. Other OFDM used in broadcasting system is called Time Domain Synchronous-
Orthogonal Frequency Division Multiplexing (TDS-OFDM). DTMB uses TDS-OFDM for
broadcasting system. In receiving side, TDS-OFDM only needs 5 milliseconds to lock it in the
signal. TDS-OFDM used in DTMB system is not guard interval that is used in CP-OFDM. DTMB
uses TDS-OFDM to synchronize in time domain and the rest of the receiving bits are processed
in frequency domain. Thus, DTMB gives better quality of video and audio without any delay
even in the speed of 200 km/h in receiving system [3].

Other differences system for digital television broadcasting is the use of Forward Error
Correction (FEC) codes. FEC codes are the most important processing in digital television
broadcasting. It can improve the efficiency of bandwidth and the signal is able to propagate
against the impact of propagation. In receiving side, FEC codes are able to detect error and
correct it without retransmission system [1]. FEC codes used in the broadcasting system is
divided into two parts, outer and inner coding. DTMB uses Bose-Chaudhuri-Hocguenghem
(BCH) as an outer coding and Low Density Parity-Check (LDPC) as an inner coding. BCH is
good error control code because of the ability to correct random burst error in transmission
channel. BCH is widely used in communication system modern [4]. LPDC has been widely used
in wireless system because of its ability to correct error in the noisy channel. LDPC can reduce
the probability of data loss closed to Shannon's limit [5].

Several studies have been made to analyze the performance of DTMB system. Liu et al
[6] compared the performance of DVB-T and DTMB using three channels such as AWGN,
Ricean and Rayleigh. DVB-T showed better performance using AWGN and Ricean while DTMB
improved the performance using Rayleigh because DTMB has the ability in fading environment.
The research used multi carrier C=3780, QPSK mapping of 16QAM and 64QAM and FEC rate
of 0.4 and 0.6. They added guard interval of 1/4 in DTMB system. Song et al [7] used AWGN
channel in the experiment of DTMB system with frame header mode 1 and mode 3. The
modulation used in their experiment is 4QAM and 64QAM. They used FEC codes rate of 0.4
and 0.6. This experiment showed low throughput in mobile reception using combination of
4QAM and FEC codes rate of 0.4. The combination of 64QAM and FEC codes rate of 0.6 gave
higher throughput to support HDTV application. Zhang, et al., [8] used frame header mode 2,
FEC rate of 0.8 and modulations of 16QAM and 4QAM-NR in multi carrier and single carrier
mode. The result of the combination of 4QAM and single carrier showed better performance in
mobile and fixed reception.

The aim of the research is to design DTMB system based on the standard GB20600-
2006. Design of DTMB system is done by transforming standard DTMB into software design.
Simulink is used to design DTMB system. DTMB has several configuration parameters that can
be used for different applications. Therefore, the parameter used in this research are FEC rate
of 0.4, 4QAM modulation, Interleaver mode 1, PN595 as frame header and single carrier C=1
using AWGN channel. Design of DTMB system is validated by simulation to see the
performance of DTMB system.

The rest of the research is organized as follows. Part Il is study literature of DTMB
system that has been done by others. Part Il describes the design of the DTMB system in
transmitting and receiving side. Part IV describes the results of experiment of the DTMB system.
Part V is conclusion and future work.
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Figure 1. Diagram Block of DTMB Transmission System [9]
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2. Research Method

Design of DTMB system is referred to DTMB standard GB20600-2006 [9]. Transmission
system of DTMB is showed in Figure 1.

DTMB transmission system uses MPEG2-TS structure as an input data. MPEG2-TS is
used in all broadcasting system. Input data is divided into frames with the length of 376 bytes
per frame. Each frame is processed in scrambler using 15 stage of Pseudo random sequence.
Generator polynomial used in the scrambler is G(x)=1+x‘+x™ with initial state
“100101010000000". Scrambler is used to ensure better transmission of data of random data, to
improve the quality of synchronizes code and to have signal spectrum closed to white noise
characteristic.

Frames from scrambler are processed in Forward Error Correction (FEC) codes block.
FEC uses two channels coding such as outer and inner coding. There are three FEC codes rate
that stated in the standard such as FEC code rate of 0.4, 0.6 and 0.8. Therefore, FEC codes
used in this research is rate of 0.4. Outer coder of FEC is Bose-Chaudhuri-Hocquenghem
(BCH) (762,752). In BCH (762,752), 10-bit parity is added into 752-bit message word so the
total code word produces by BCH encoder are 762 bits. Generator polynomial of BCH is Ggcy
(x):1+x3 +x*°. The use of BCH in DTMB system is to adapt with data rate and to reduce error-
floor in the system. Inner coder of FEC is low density parity check (LDPC). Therefore, LDPC of
rate 0.4 was used in this research.

Data from FEC is processed in the mapping and interleaving block. DTMB standard has
two modes of interleaving such as mode 1 with B=52, M=240 and mode 2 with B=52, M=270.
Interleaver used in the standard is convolutional interleaver. Thus, interleaving of mode 1 was
used in this research and the used of interleaving is to combat interference. The next process
after interleaving is constellation mapping. In DTMB standard, there are five modes of mapping
using quadrature amplitude modulation (QAM) such as 64QAM, 32QAM, 16QAM, 4QAM and
4QAM-NR. Mapping mode of 4QAM and 4QAM-NR supports mobile services with higher data
rate and standard definition television (SDTV). Thus, 4QAM constellation mapping was used in
this research.

- l ngarts B - 7
" | il Suame }—.—rr :u}——t o o W
Syafen 2w i B Bl Ouee Encoer 504 Coclicrl e | = %
TR .:..., iy S 5 Fadgelr A e
W My
L1
hadCesal I—
e g
= =]
D St - = e Ewot e s o
| — f o\ Calouls | Caloulafion ) i
o o sriE —h —
— i —_ —
ool o EmrFan B
e Sty Srulion £ "
o ‘ : Calutc skt
» ™
om0y i e briaaey L 0

B Rotsgecnd —

e Daoder LDFC

Figure 2. Design of DTMB System Using Simulink

Multiplexing is implemented to multiplex data from mapping block with information
system. Information system contains information parameter used in the system with 36
transmission parameters signaling (TPS). The result of multiplexing two signals is frame body
processing. Frame body processing is combined with frame header. There are three frame
header stated in the DTMB standard such as PN 420, PN 595 and PN 945. Therefore, this
research uses PN 595 as frame header. Carrier signals used in the DTMB system are C=1 for
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single-carrier mode and C=3780 for multi-carrier mode. Thus, this research uses C=1 for carrier
signal. The combination of frame header and frame body processing is processed in the square
root raised cosine transmit filter with roll-off factor of a=0.05. The output from this filter is sent
through adaptive white Gaussian noise (AWGN) channel.

The reception of DTMB system is designed following the transmission system of DTMB.
The receiver part in this research was designed based on the reverse operation of the
transmitter. Signals from AWGN are processed in the square root raised cosine received filter
with the same roll-off factor used in the transmission system. There are two processes of signal
separation of the DTMB system. The first process is implemented to eliminate frame header of
PN595 from original data. The last is to eliminate information system from the original data.
After the separation process, the data is processed in the QAM mapping demodulation to
convert the symbols signal into bit sequences. This bit sequences are processed in the
convolutional deinterleaver to resolve the original data from random data. The original data is
processed in the FEC decoder to detect and to correct errors as an impact of transmission. The
parity bits were eliminated from the code word to produce the message word in the BCH
decoder. Descrambler is the last process of DTMB receiver using the same generator
polynomial and initial phase as in the scrambler block. The resulting signal from descrambler is
the same data as the transmitting data. Guard interval was not implemented in this research.

The design of DTMB system is implemented using Simulink computer software, which
can be found in Figure 2.

3. Results and Analysis

Experiments were conducted to validate the design of DTMB system. Two MPEG2-TS
were used for input stream of DTMB system. The first MPEG2-TS file is static video of ‘TV test
pattern’, where there is no movement of object in the picture. The second MPEG2-TS file is
dynamic video of ‘Newsreader’, where movement of object is occurred. Bit error rate (BER) was
calculated in the inner codec as well as in the outer codec using signal-to-noise ratio (SNR) in
the AWGN channel.

Figure 3 shows the simulation result of MPEG2-TS video ‘TV test pattern’. As shown in
Figure 3, the BER decreases when the SNR increases. The BER resulted from outer codec is
higher than the BER resulted from inner codec for SNR less than 10dB. When SNR is greater
than 10dB, the outer codec reduces the BER. It is shown that the bit error rate resulted from
inner encoder-decoder is significantly reduced by outer encoder-decoder while SNR value is
increasing. The bit error rate of outer encoder-decoder is 2 x 10” and the bit error rate of inner
encoder-decoder is 8 x 10 with the same SNR value of 11 dB. Consequenty, the use of two
FEC codecs in concatenated codes reduces the errors significantly.
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Figure 3. Simulation Result of BER vs SNR(dB) of MPEG2-TS video ‘TV test pattern’
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Figure 4 shows the output video of ‘TV test pattern’ with different SNR. As shown in the
figure, when the SNR=7dB, the picture can only be decoded in the upper part, while the
remaining part is undecodable. This condition is almost the same as the SNR=8dB. When the
SNR=9dB, the 1/3 part of the picture can be decoded nicely but the remaining part is
undecodable. The picture has a better quality when the SNR=10dB, where more than half of
picture can be decoded. Finally, the picture can be fully decoded when the SNR=11dB.
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Figure 4. Output Video of DTMB System of MPEG2-TS Video ‘TV Test Pattern’

Figure 5 shows the simulation result of MPEG2-TS video ‘Newsreader’. From the figure,
it can be seen that the BER decreases when the SNR increases. The BER resulted from outer
codec is higher than the BER resulted from inner codec for SNR less than 11dB. When SNR is
greater than 11dB, the BER is the outer codec decreases. It is shown in the figure that the curve
is crossing towards the smaller SNR, which is proven that the concatenated code of FEC
improves the signal significantly. It is shown that the bit error rate of outer encoder-decoder is 2
x 10® and the bit error rate of inner encoder-decoder is 3 x 10”° when the SNR value of both
encoder-decoder is 12 dB.
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Figure 5. Simulation Result of BER vs SNR(dB) of MPEG2-TS Video ‘Newsreader’
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Figure 6 shows the output video of ‘Newsreader’ with different SNR. As shown in the
figure, the MPEG2-TS video is fully undecodable at SNR=5dB. Increasing the SNR from 6dB to
8dB gives better result than SNR=5dB but the picture in the video still cannot be decoded
correctly. The picture can be partially decoded when SNR=10dB. Most parts in the picture are
decodable when SNR reaches 11dB. Finally, the video quality has significantly improved when
the SNR=12 dB and it can be seen in the figure 6d. The video contains moving objects seems
to converge to lower BER slower than static video due to the characteristics of MPEG video
where interframe coding works harder in the dynamic video with motion prediction and motion
compensation features.
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Figure 6. Output Video of DTMB System of MPEG2-TS Video ‘Newsreader’

4. Conclusion

The design of DTMB transmitter and receiver was implemented in Simulink based on
DTMB standard GB20600-2006. The design works properly as the video input can be fully
decoded in the receiver with identical reconstruction. The results have shown that when the
SNR increases, the BER decreases in both inner and outer codecs. The output video quality
has proven that the use of concatenated codes of FEC improves the system performance
significantly in the noisy environment. It is also revealed from the simulation output that different
video characteristics might affect the system performance, but it needs further justification by
using different type of video characteristics during the simulation. Future works will focus on
implementing DTMB system with multipath fading channel, such as Rayleigh dan Ricean in
order to observe the system performance in mobile environment.
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