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Abstract

Dina Mohamed Hussein Mousa
Inner channel codec for DVB-T
Master of Science, Ain Shams University, Faculty of
Engineering, Electronics and Communication

Engineering Department, 2018

Digital video broadcasting terrestrial (DVB-T) is the name of the
terrestrial transmission system developed by the DVB Project. DVB-T
IS running in many countries all over the world.

In communication systems, error correcting codes are used in detection
and correction of the transmitted data errors. Convolutional encoding
with Viterbi decoding used in the DVB-T system is a powerful process
for forward error correction. Convolution code is a sort of error
correcting code in which (k-bits) information symbol is to be encoded
to (n-bits) data where (n>k).

To decode the output data from the inner convolution encoder, a
Viterbi decoder is used at the receiver. In 1967, Andrew J. Viterbi
resolved and suggested the Viterbi decoding algorithm. It is vastly
used as a decoding way for convolutional codes. This algorithm uses
trellis structure, which is traced back for decoding the received
information. Also, it performs maximum likely hood detection on data
that is coded by the convolutional encoder. Viterbi decoding uses trellis
diagram to get the output data that is most likely similar to the input
sequence coming from the encoder. However, it reduces the complexity
by using trellis structure.

At market, almost Viterbi decoders are intellectual property (IP) core
with an effective algorithm in the decoding of only one convolutional
encoded sequence that is in some way expensive. In addition, the cost
for the convolutional encoder and Viterbi decoder are expensive for a
specified design because of the patent issue. Therefore, to obtain
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convolutional encoder and Viterbi decoder on a field programmable
gate array (FPGA) board is so demanding.

This thesis describes the design and implementation of inner
convolutional encoder and a soft Viterbi decoder with inner
interleaver/de-interleaver of standard DVB-T system (that are essential
blocks in digital communication systems) with a constrained length of
7 and a code rate of 2/3, using Xilinx ISE (Integrated Software
Environment) design suite 12.4 and comparing their results with that of
the IPcore built-in design on Xilinx ISE design Suite 12.4 program.

The designed channel convolutional encoder and Viterbi decoder
follow European Standard ETSI EN 300 744 for digital terrestrial
television. Verification of the design is accomplished by loopback and
by comparison with the corresponding Xilinx core. Utilization and
timing reports of implemented device on Vertex 6 are included.

Key words:

Channel Coding; Convolutional Coding (Inner Coding); DVB-T; Inner
Interleaver; Inner deinterleaver; Viterbi decoder.



Thesis supervisor:
Prof. Dr. Abdelhalim Abdelnabi Zekry

Prof. of Electronics and Communications Engineering

Electronics and Communications Engineering Department
Faculty of Engineering

Ain Shams University

Cairo, Egypt

Prof. Dr. Mohamed El-Saied Abd El-Aleim Baioumy

Prof. of Electronics and Communications Engineering
Electronics and Communications Engineering Department
Faculty of Engineering

Modern Academy for Engineering and Technology

Cairo, Egypt

Dr. Fatma Abd El-kerim Newagy

Prof. of Electronics and Communications Engineering
Electronics and Communications Engineering Department
Faculty of Engineering

Ain Shams University

Cairo, Egypt



Dedication

| would like to dedicate this dissertation to
my father Mohamed Hussein Mousa, my mother
Manal Kassab who have been an inspiration
throughout my whole life and who have been
supportive for all 1 have achieved. | also
dedicate this dissertation to my sister Nada
Mohamed for her great effort, help and support,
and my Husband Mohamed Hesham and my
daughter Farida for their great support and

encouragement.



ACKNOWLEDGMENTS

All gratitude and praise to ALLAH first and last who
helps me to complete this work.
I would like to take this opportunity to express my

sincere gratitude to Prof. Dr. Abdelhalim Zekry for his

advice and guidance. He has provided me numerous
valuable suggestions and encouragement.

| would like to thank and appreciate Prof. Dr. Saied

Baioumy for putting his trust on me, his insightful remarks,
his supervision, valuable consultation and support.
A special thanks and appreciation goes to Dr. Fatma

Abd _El-kerim _Newaqy for her supervision, unlimited

assistance and helpful comments.
| would also like to thank my family and friends for their
motivation, understanding, advice encouragement and their

direct and indirect assistance.

Dina Mokamed tHassein Mousa



Table of contents

STATEMENT et eeer et e e e e e e e eeraar e e e e eeesesensnnnnes Il
ABSTRACT ...t e ettt e e e e e e e e e es s e e e s eseseeensataaesenenenes v
DEDICATION ...ttt e et e e e e e e e e eresaee s e s e sesesensaaeeenens Vil
ACKNOWLEDGMENTS.... .ottt eeevtt e e e e e e e eres e s e neeenes Vil
TABLE OF CONTENTS .ottt e e e e e vt e e e e e e ereean e IX
LISTOF FIGURES .....ccovttieee ettt e e evvvas e e e e e e e e aa s XV
LISTOF TABLES ......ccovvieeeeeeeeeeetiee ettt e e e e reevte e e s e e e e e eena s XVII
LIST OF SYMBOLS AND ABBREVIATIONS ......uueieiieiieieitiieeee e XIX
CHAPTER 1 : INTRODUCTION......cceeieieettiiceee ettt eeeeeeeearee e e e e e e eeeennas 2
1.1. Channel CodiNg ..ccceeeeererierererererneissenssseesesesesnssssnsssssesssnssssansssanssssnsssaes 4
1.2. The aim of channel coding.......cooveeeeeeciiiiiiecccrrrrrrr e e 5
1.3. Types of Channel coOdiNg........ceeeeeeeeeeeeeeeeeeeeeneeenmnneemeemmeeemmemeemmsmsmsssmssssssssssnne 5

1.3.1. BIOCK COUES ....ooiieiietecte ettt sttt e a e e esbeesba e beennean 5

1.3.2.  Convolutional COUES .......ccvevieriirieieeieeeiee s ens 6
1.4. Research Objectives and Thesis Outline .........ccceevviiiiiiiiiiiiiiinsnsssssssssssssssnnnns 7
1.5. U] o] [Tof: 1 T o TP 8
CHAPTER 2 : CONVOLUTIONAL CODES AND VITERBI DECODING............. 11

2.1 = 10700 [T Y U2 1 11



Table of contents Page | X

2.2 Encoder Representations ......uciecisscisscissesnsinnsiinseinseinseiseisesesesesee. 14
2.2.1 Encoder Generator REpPresentation .........ccccceveveeeeeereeviereseseeeseesenenns 14
2.2.2  Tree Diagram Representation .......c..ccceceveveeerereeenienieenieneeenieeseseesieneenes 15
2.2.3  State Diagram RepreSentation..........cccevvevererieiesreeeesiesiesesesreseseeesnesnenees 16
2.2.4  Trellis Diagram Representation ..........cccoeoeerereeenieneeenieneenieneeseeeenenees 17

23 The Viterbi Algorithm ........eeeiiiiiiiiiiiiiiiiiiiinnnrnsnee s 19

2.4 Types of Viterbi Decoding: ........ceeeeeeeeeeeneeennneeneennnmmmmssmsssssssssssssssssssssssssssses 21
2.4.1 Hard Decision Viterbi Decoding........ccccccveverierierienieeie e 22
2.4.2  Soft Decision Viterbi DeCOdiNg .......ccecevuerueerierieenienieenieeenieeesieienenees 22

2.5 (0o T3 Vol [T 1N 24

CHAPTER 3 : DVB-TSYSTEM....ccoiiiiiiiiii, 26

3.1 Overview on DVB-T SYSteM ......ccccciiiiiiimimnniiiniiinnnnnssssiniinnmsmssssiisssssssses 26

3.2 DVB-T TranSCRIVEN .......cceeiiiiiiiiiiisississsssssssssssssssssssssssssssssssssssssssssssssssssssssnes 26
3.2.1  DVB-T TranSmMIter ....ccovueieirieieirieieerteeei et 26

3.2.1.1 Source Coding and MPEG-2 MultipleXing ......ccccccevevviveeeeeeeiccivnneennn. 27
0 Y o | (=Y P 28
3.2.13 MUX Adaptation, Energy Dispersal ........ccccceeeeieciiiieeeeee e 28
3.2.14 EXtErnal @NCOUEN .....oovuiiiiiieieeeeee e 28
3.2.15 EXternal interlEaver ... iiei i 29
3.2.16 INtErNal @NCOTEN .....iiiiieiii et 29
3.2.1.7 INternal iNtErl@AVEr ....c..eiiiiiiei e 29
3.2.1.8 Mapper (Signal Constellation Mapping).......cccecveeeevierevecieeeeriiee s 30
3.2.19 Frame adaptation ..o eeeciiiiiiee e 30
3.2.1.10 Pilot and TPS SigNalS: ....ccccuiiiiiiie et e 30
 F0 00 0 T A 1 Y O PPRP 31
3.2.1.12  Guard interval iNSErtion ........cceeceiiveenieeinie e 31
3.2.1.13  DAC AN Front ENd .....cceiiiiiiiiiiieiniieeeeieee ettt s 32
3.2.2  DVB-T RECEIVET ..ottt et 33
3.2.21 Front-end and ADC: .......coooiiiiiiiiieeiniee ettt svee e s 34
3.2.2.2  Guard interval disposal: ......cccccoveiiiiiiiieiee e 34
3.2.23 OFDM demodulation: ......coooeiiiiiieeieiieeeiee e 34
3.2.24 Frequency equalization:......cccceevcuieeeeciie e 34
3.2.2.5 Demapping, Inner Deinterleaving, and Viterbi Decoding: ................ 34

3.2.2.6 Outer De-interleaving, Reed-Solomon Decoding, And MPEG-2 De-
LA TUL AT o113 4 o = P PPN 35



Xl|Page Table of contents

3.3 (7] 4 Vol [T T3 (o 1 TSSO OUURSRRE 35
CHAPTER 4 : INNER CHANNEL CODING FOR DVB-T SYSTEM ................... 37
4.1 Internal coding (punctured convolutional encoder/Viterbi decoder) ........ 37
4.1.1 Punctured convolutional ENCOEr...........cceevviieeieiiieceeceeeeeee e 37

L V41 (1 o] I (=Yoo o[- TSR 43
4.2 Internal Interleaving........ccccvvvvriiiiiiiiininnnninnnnnssssssssssses 44
4.2.1  Bit-Wise iNtErleaVing .......ccvevuieieeierieiee ettt 46
4.2.2  Symbol interleaVing .......ccceererieiriiereee e 54
4.3 [0e] 1l (113 {o] PO Nt 58
CHAPTER 5 : IMPLEMENTATION OF DVB-T INNER CODER .........ccceceeeeee 61
5.1 INtrOdUCHION ..ouueeiiiiinns s ssssssssssssssssssssssssssnes 61
5.2 DVB-T iNNEr COAING....ccceeeeeeiiiiiiierneeiiieriieeeeneeesessesesnnnssssessesesnnnssssssssssennnns 65
5.2.1  Convolutional encoder BIOCKS..........ccuervereriirieiieineeeerese e 65
5.2.2  PUNCIUNING DIOCK ...ccuvieeieiece ettt 66
5.2.3 Innerinterleaver BIOCKS.........cccveeirieieesece e 69
5.2.3.1  AftEr @NCOURT ..eeiiiieeeeeee ettt e e 69
5.2.3.2 Bit-WiS€ INTEIIEAVET .coceeviii et 72
5.2.33 SYMDBOLINTEIIEAVET e 75

5.3 DVB-T inNer deCOUEN .......ccoevrummrriiiiiiiiinnnneiiiissssssnseessssssssssssssssssssssssssssenns 78
5.3.1  INNEr dBINEIIEAVEN ....oceveeeeceeecteec ettt ns 78
5.3.1.1  Symbol deinterleaver .........cccocceeeeicieeeeceee e 78
5.3.1.2 Y AV 4 01T 0 o Lo ] Y TSSOSO 80
5.3.1.3 Bit dEIiNtErl@AVET ......ceieeiiee et 81
53.14 o Rt o [T ole Yo =Y PR PUURN 83
5.3.2  Inner decoder (Viterbi deCoder) .......coevumririririeireeeeee e 85
5.3.2.1.  SIMPIE BIOCK .. e 88
5.3.2.2. My add small......ooeiiiiiieeeeee e s 90
5.3.2.3.  Add COMPAIE ...ttt e e e e e e bra e e e e e e e e eanneees 92
5.3.2.4. MY RAIM tiiiiiiiii ettt ettt sttt et 95

Lo 200 T 1= ¢ Y o TR 97
5.3.2.6.  GEEMINZ ittt st e 99

5.3.2.7.  RAM TOTAl e 101



Table of contents Page | Xl

ST T T IF- 1 o] Lo Yo PSP 103
5.4 XilinX IPCOre parameters ........uceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesssssessssssssssssssssssne 105
5.4.1 The parameters used in the IPcore design of the convolutional encoder: 105
5.4.2 The parameters used in the IPcore design of the soft viterbi decoder:..... 106
5.42.1.  Screen 1(Viterbi TYPE) .o ittt 106
5.4.2.2.  Screen 2 (Architecture and Data Format): ........cccceeeviveeeecvneeennen. 107
5.4.2.3. Screen 3 (Output Rate and Convolution Code) .........ccceeveercrveevueenns 108
5.4.2.4. Screen 4 (Packet OptioNns) .....cccveeeecieiciiiieeeeeie e 109
5.4.2.5. Screen 5 (Puncturing and BER Options) ......c.cceeeereenieenierieeneeneennes 110
5.4.2.6. Screen 6 (Synchronization OptioNns) .......cccceevveeeecieeeiciiee e, 111
5.4.2.7. Screen 7 (Control Signals) .....ccceceeeveeiciieeiie e 112
5.5 (0o T3 Vol [T o 1N 112
CHAPTER 6 : SIMULATION AND SYNTHESIS RESULTS .......cceeeveveeeeennnn, 115
6.1 Convolutional Encoder and soft viterbi decoder waveform...................... 115
6.2 Inner interleaver and inner deinterleaver waveforms.........ccccccvvieeiiennnnnns 118
6.3 Proposed soft viterbi decoder vs. Xilinx IPcore soft viterbi decoder
L 1Y {0 4 1 41N 120
6.4 LOGIC deSigN SUMMAIY .....cccciiiiiiiiiiiiiisissssssssssssssssssssssssssssssssssssssssssssssssnsses 121
6.5 TiMING SUMMAAIY..c..uiiiiiiiieiicccrrrrrerneessesrreeennssssesssseennnssssssssssennnssssssssanes 122
6.6 L0073 Vol [T o N 123
CHAPTER 7 : CONCLUSION AND FUTURE WORK ........cocemererererirerenrnenens 126
7.1 L0 0 1] 11 o 126
7.2 FULUIE WOTK...ooiiiiiuneeeiiiiiiiinennniiiisssnnsensssssssssssssessssssssssssssssssssssssssnnsenss 126

APPENDIX A: XILINX IPCORE DATA SHEET FOR CONVOLUTIONAL
ENCODER.....cciiiiiiiniiiiiiiin s 128

APPENDIX B: XILINX IPCORE DATA SHEET FOR VITERBI DECODER......... 142



Xll|Page Table of contents

REFERENCES: ......viiiiiiiii e 176



List of Figures

Figure 1.1 Elements of a Communication SYSteM..........c.ccceeeeeeeerrieererseerereeeenens 3
Figure 1.2 Basic elements of a digital communication System ...........ccccccvervvnnene 3
Figure 1.3 BIOCK COOE FOMAL ......ccvoiiiiiiiiiiiiieiccreer s 6
Figure 2.1 an example of the encoder StrUCtUre............ccccvvevveieciecie e 12
Figure 2.2 A convolutional encoder with k=1, N=2 & r=1/2........cccccevvvvvrivnrnenne. 14
Figure 2.3 A tree diagram for the encoder in figure.........ccocoocineiincii e, 16
Figure 2.4 State Diagram Representation for the encoder ............cccocevvviriinenn, 17
Figure 2.5 Trellis diagram representation.............cccccvvvevierieesiece e 17
Figure 2.6 Trellis Diagram for the enCOder..........cccovvviivievieci e 18

Figure 2.7 Trellis Diagram, used in the decoder corresponding to the encoder .. 19

Figure 2.8 Viterbi Decoding FIOW Chart ... 20
Figure 2.9 The convolutional Decoding ..........cccccvevviiiiiiiieniececce e 21
Figure 2.10 An example of Euclidean diStance ................ccoceveverevireiececeeeeneens 23
Figure 3.1 Block diagram of DVB-T transSmitter...........cccccocevviineiiineincneieniens 27
Figure 3.2 Block diagram of DVB-T RECEIVEN .......cccoriiiiriiiiieinc e 33
Figure 4.1 Punctured Convolutional coder in DVB-T SyStem .........cccccoceneneninne. 38
Figure 4.2 Example on 2 stage convolutional coder ...........cccoooviiiiiiiinincnnne. 39

Figure 4.3 States of the convolutional coder example (0=old state, n=new state) 40

Figure 4.4 State diagram of the sample convolutional coder ..............cccecvrernene. 41
Figure 4.5 Trellis DIagram ...t s 44
Figure 4.6 DVB-T internal interleaver ... 45
Figure 4.7 The 2 HP and LP paths of the DVB-T system ..........cccccevvvevvrivnennnnnn. 46
Figure 4.8 Inner coder and INNer interleaver ..........cccccoovvievevieseeiescse s 46

Figure 4.9 Mapping of input bits onto output QPSK modulation symbol, for non-

hierarcChiCal MOGE .........ocueiiiie e e 52


file:///D:/1.vlsi%20work/1.THESIS/%23FINAL%20PRINTS%20ISA/%25%25THESIS%20FINAL.docx%23_Toc509667181
file:///D:/1.vlsi%20work/1.THESIS/%23FINAL%20PRINTS%20ISA/%25%25THESIS%20FINAL.docx%23_Toc509667193

XV|Page List of figures

Figure 4.10 Mapping of input bits onto output 16-QAM modulation symbol, for
NoN-hierarchical MOTE..........ccciiiiiiie s 52
Figure 4.11 Mapping of input bits onto output 64-QAM modulation symbol, for
non-hierarchical transmission MOGE ..........ccccvriiiiiiieiree s 53
Figure 4.12 Mapping of input bits onto output 16-QAM modulation symbols, for
hierarchical transmission MOGE...........ccoveiirieincie e 53
Figure 4.13 Mapping of input bits onto output 64-QAM modulation symbols, for
hierarchical MOe ............ccooiiiiiic s 54
Figure 4.14 Symbol interleaver address generation scheme for the 2K mode .....57
Figure 4.15 Symbol interleaver address generation scheme for the 8K mode .....57
Figure 5.1 Proposed system implementation using Xilinx ISE program.............. 62

Figure 5.2 Proposed Inner De/Interleaver implementation using Xilinx ISE

S 00| s 1 USSP P SRR 64
Figure 5.3 The RTL of the inner coder of DVB-T SYSteM........ccoceovviriienineieniennns 64
Figure 5.4 Convolutional encoder implementation block ............cccccooeiiinnnnnn. 66
Figure 5.5 Puncturing code rate pattern with rate = [2/3] ..o, 66
Figure 5.6 Puncturing proposed flow chart ............c.ccocooiiiiiiiiis 67
Figure 5.7 RTL of convolutional encoder with puncturing block ......................... 68
Figure 5.8 After encoder schematic diagram ............cccccvvveviieviciecce s 69
Figure 5.9 After encoder proposed flow chart ... 71
Figure 5.10 schematic diagram of Bit-wise interleaver............ccoovvniiniiennennn, 73
Figure 5.11 Proposed Bit interleaver flow chart............ccccoooviiiiiiinciniiecens 74
Figure 5.12 Schematic diagram of symbol interleaver ............ccccooeiiiininiinnn. 75
Figure 5.13 Proposed Symbol interleaver flow chart ...........ccccooeiiiiiiiiiinn. 77
Figure 5.14 schematic diagram of symbol deinterleaver...........c.cccccccvvviiinirnenns 78
Figure 5.15 Proposed symbol deinterleaver flow chart........c..cccccooeviiiiniincnnne. 79
Figure 5.16 Schematic diagram of my memory blocK..........cccccooiiiiiinnin 80

Figure 5.17 Schematic diagram of bit deinterleaver ..........c.ccccooiiiiiniininennne. 81



