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ABSTRACT

This paper presents an integrated receiver to support multimode broadcasting standards such as DVB-T2,
DVB-C2, and DVB-S2 in a single platform. The integrated receiver consists of a tuner block, a receiver engine,
a frame processor, and an A/V decoder. The receiver engine includes a channel decoding engine and a
demodulation engine to perform OFDM and APSK demodulations. The frame processor performs deinterleaving
and BB frame decoding functions. The demodulator engine and the frame processor are implemented in two
FPGA devices and DSP-based embedded software, respectively. To verify the functionality of the integrated
receiver, it is tested in the laboratory. Commercial PC-based modulators are used to generate the DVB-T2,
DVB-C2, and DVB-S2 modulated signals. The integrated receiver was tested under various operation modes as
specified in the standards such as DVB-T2, DVB-C2, and DVB-S2 and showed successful operation in all the

scenarios tested.
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II. DVB-X2 A|AH

2.1 DVB-S2, DVB-T2, DVB-C2 A|AH
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Fig. 1. Block diagram of DVB-S2 system
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% 1. DVB-S2, DVB-T2, DVB-C2 F8&
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Table. 1 DVB-S2, DVB-T2 and DVB-C2 features

DVB-S2 DVB-T2 DVB-C2
Input Multiple TS & | Multiple TS |Multiple TS
Interface GSE & GSE & GSE
FEC LDPC/BCH LDPC/BCH | LDPC/BCH
1/4, 1/3, 2/5, 12, 2/3,
Code Rate | 12 315 23, [ 112, 35, 213, | 34, 455,
3/4, 4/5, 5/6, | 3/4, 4/5, 5/6 | 5/6, 8/9,
8/9, 9/10 9/10
Modulation | Single Carrier OFDM OFDM
Modulation QPISJZ’IEPKSK’ QPSK, 16- to 16- to
Schemes 3D APSK 256-QAM | 4096-QAM
1/4, 19/256,
Guard 1/8, 19/128,
Interval i 1/16, 1/32, /64, 1/128
1/128
. 1k, 2k, 4k,
FFT Size - 8k, 16k, 32k 4k
Interleavin Bit Bit, Time, Bit, Time,
ving Freq. Cell Freq.
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< F3sla, $4l7] Q%X DVB-S2, DVB-T2,
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9 B3F 752 sk, A/V 37| MPEG-2 TS
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Fig. 4. DVB-X2 receiver architecture
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Ao F5oE A= Ve B84l As AY
HAE7], H377 2271, ket T3 §4l(Carrier
Frequency Offset; CFO) % AlE efo]n] Al
(Symbol Timing Offset; STO) 5714, 7FH FFT, |
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Fig. 5. DVB-T2/C2 Demodulator Architecture
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3.2. DVB-S2 5x7|
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elo]n] Y= AE w9e] AleE AE 91 Al
Sw Wikshs olx] 23 eol ol E BA
7] 4 /‘F&E]”%, ele]r] oy AES <13
Gardner A= elolH] o
= E‘J’ﬁ}ﬂ Hﬁﬂ Cubic Lagrange H7}7]E- A-8-3}
Stk vkETE S B Al Alse] vkl )
T FAT A FAE HARE Ve e, 2
2} PLL(Phase Lock Loop)® AAslsic}l. =& 7+
A7 =Y #]e] SOF(Start of Frame) JEeo}
PLS FTE o] 83alo] Z|9le] AzF 9x]E F= 7|
S Rt Sl v AR oJgk Al Als
4 7)o} $1de] WislE wAsh, 7)) Ak =
Eﬂ"‘ #t1e] SOFE o]83}e] FA3hc}. PLS H357|

£ (32,6) Reed-Muller E37|2 AA=Eela, PL
Descrambler= PL  Z#H 9] XFECFRAMES-
S gt

20

p

Descrambling3h= 715
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Fig. 11. Block diagram of LDPC decoder
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Fig. 12. Implementation of DVB-X2 receiver

I3 13. DVB-X2

A7) 2t AF 5
Fig. 13. Test environment for DVB X2 receiver
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¥ 2. DVB-X2 %%7] FPGA T8 23}
Table 2. FPGA utilization of DVB-X2 demodulator

Used/Available Utilization
Slice Registers 44,070/207,360 21%
Slice LUTs 86,584/207,360 41%
Block RAM/FIFO 113/288 39%
BUFG/BUFGCTRLs 21/32 65%
DCM_ADVs 8/12 66%
DSP48Es 114/192 59%

¥ 3. LDPC 53%7] FPGA & 2%}
Table 3. FPGA utilization of LDPC decoder

Used/Available Utilization
Slice Registers 11,481/207,360 5%
Slice LUTs 45,445/207,360 21%
Block RAM/FIFO 231/288 80%
BUFG/BUFGCTRLs 3/32 9%
DCM_ADVs 1/12 8%
DSP48Es 0/192 0%

¥ 4. DVB-T2, DVB-C2, DVB-S2, DVB-X2 <Al7] <zl
e

Table 4. Comparison of H/W resources in DVB-T2,
DVB-C2, DVB-S2, and DVB-X2 receiver engines

DVB-T2 | DVB-C2 | DVB-S2 | DVB-X2
Gate'(k) | 586 506 364 647
(Scaled) | (100%) | (86%) ©2%) | (110%)

RAM(kb)| 12,460 5,858 5,174 12,460
(Scale) | (100%) | (47%) @2%) | (100%)

ROM(kb)| 536 80 8 536
(Scale) | (100%) | (15%) (1%) (100%)

'Gate refer to a 2-input NAND gate
*Scale 100% refers to H/W resources used in DVB-T2 receiver

E 5. HxE g
Table 5. Test parameters

Parameter DVB-T2 DVB-C2 DVB-S2
RF[MHz] 300 300 1500
B/W[MHz] 8 8 10
LDPC 16K 16K 64K
Code Rate 5/6 4/5 8/9
Modulation 64-QAM | 16-QAM QPSK
FFT mode 1K 4K -
Guard Interval 1/16 1/64 -
Pilot PP5 - -
# of data
symbols 60 ) )
L1 Modulation QPSK 16-QAM -
Used
Audio/Video 254 8.6 104
Bit Rate[Mbps]
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