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Abstract

Abstract

As the digitization of television broadcast, in order to keep synchronous between
digital video and digital audio, digital audio and other ancillary data are embedded
into horizontal blanking intervals of the digital video signal in a certain manner,
which combines video and audio into one digital signal. In the production of
television programs in digital studio, digital audio need to be monitored, so it should
be demuxed from digital video signal firstly, and then converted to analog audio
signal for playing.

Usually, only the volume of each audio channel is concerned. Traditional method
in which multiple channels of audio should be monitored by human ears is very
ineffective and inconvenient. A system is designed in this thesis to monitor multiple
channels’ audio visually by human eyes. The system can play the audio of selected
channel, and also it shows volume level in image for 16 channels’ audio embedded in
standard and high definition digital video.

In the thesis, firstly, the audio embedding principle and embedding standard are
analyzed, and then the basic processes of audio demuxing are obtained based on these
theories. Secondly, the requirements of application are analyzed, and two designs of
system hardware are compared, then the appropriate design is simulated and
implemented. Finally, a digital audio demuxing system is implemented on the FPGA
module which is the core module of the hardware. It can demux 16 channels’ digital
audio data from digital video, then pass the audio data of selected channel in 1S
format to digital-analog conversion circuit, meanwhile a volume level calculation
method for digital audio is proposed and implemented on FPGA after comparing
many volume level measure methods. The method has the advantages of fast response,
high accuracy and easy observation. The calculated volume level of 16 channels’
audio is then outputted to the display circuit. The experimental results show that the

system can meet the application requirements.

Keywords: digital studio; audio demuxing; volume level






F1E

11
1.2
13

E2E
2.1

2.2
2.3
2.4
2.5

EIE

3.1
3.2
3.3

3.

D

3.5
3.6
3.7
3.8
3.9

HaE

H *x
BETD oo 1
BT BB ERIEM .o 1
" T -0 A 2
IESCEIPIBTFAZEMT oo 4
P ERBRNSBIBRIE ..o 6
AES/EBU BIZEBSM ..ot 6
2.1.1  AES/EBU U AIHEE TIRBEIL .ovvooceie i 6
2.1.2  AES/EBU E MBI I oo 7
3 =k N = oSO 8
E=ik v 2 UL TT:OR=F 71 A Y- 10
BRI E IR oo 13
AREEINGE oo 14
REEHEITERI oo 15
ROEHIIT TR oo 15
R XSO 17
BIBEREIR oo 18
3.3.1  HyPerLynX 1 T Fh oo 18
3.3.2  MMRIH S HR IR T B, 19
BRFFREEHRAEIR e 22
341 ALY FPGA BEHIIHE T s 22
342 BEIME SR G E e 23
FPGA BB ..o 27
BT HRAEIR oo 28
LED BREDEEBR .....ooovvc e 28
FEBEBRGETRIN oo 29
REEINGE oo 30
NSRS ARG FPGA R ETM oo 31

\%



41 BBEEIEZEH oo 31
4.2 PPCHEUTREBR .....oooooooeeeeeeeeeee e 32
43 EEBEISRREIRRBHRAELL 33
431 HIANIREEH Lo 34

832 BIEDEINES oo e 36

433 GHIEPA DU oo 38

434 HHARZD Lo 39

4.35  FHIRHAEBAT B covvoocvocvece s 40

4.4  PPSHEREIMMIEARIR .oooooov 41
A41 PS FERRIR ..ot 41

4.4.2 1S T PV BT EL corvooceecveeeseees e 43

45  DCMEBEBRIEIT ..o 44
451 DCM I oo 45

452 BB BETE G0 B 47

4.6 BEREIEMIHEI s 49
4.6.1 FEHT ML oo 49

4.6.2 P T T IV e 50

4.6.2.1 PFRLEITII TR oo 50

8.6.2.2 BT BRI oo 50

4.6.3 T EHLT UL TV e 51

464 FHEHSPIITEIZ oo 53

465 FEHFHIH ISR S E e 54

47  FPGA FBRIERTER .ccocoovooeeeeeceee s 56
88  ARFEINEE oo 57
OB BAEERE .o, 58
51 BRI TAES IR oo 58
5.2  FREATAERRER ..o 59
B TR ..ottt 60
B BB 63



H %

BUEm L+ F A B8 & RIS R P TAE

Vil






Contents

Contents

Chapterl INtrodUCTION.........ccoiiiiiiiieieieee e 1
11 The Development of Digital Video and Audio ...........cccccoceiininieiennee, 1

1.2 Research Background and Meaning ..........cccocceeveveeneiiesienesie s, 2

13 Work and Organization of Thesis ..o, 4
Chapter2 Embedding and Demuxing Principle of Digital Audio........ 6
2.1 AES/EBU Digital AUIO........coiiiiiiiiieseieeeec i, 6
2.1.1 Introduction of AES/EBU Digital Audio.........ccccccenininiiiniiienn, 6

2.1.2 Data Format of AES/EBU AUTIO.........ccceiviiiiiniiiiiiieiee e 7

2.2 The Embedding Principle of Digital AUQIO .........ccccceveiiiiiiniiieeen, 8

2.3 Audio Embedding Standard for HD digital Video..............c.ccco.... 10

2.4 Principle of Audio Demuxing from HD digital Video........................ 13

2.5 SUMIMATY ..t e e e et b e e e be e e sbee e 14
Chapter3 Design and Implementation of System Hardware............. 15
3.1 The Design of System Hardware ............coccoovvinieiiienc e 15

3.2 SIgNal GENEFALOK ..ot e 17

3.3 Equalization MOdUIe...........ccooiiiie e, 18
3.3.1 HyperLynx Simulation TOOI............ccceviiiiiiciicccece e 18

3.3.2 Simulation of Interface between Equalization and S/P Module ......19

3.4 SIP IMOTUIE ... 22
3.4.1 The Interface between S/P and FPGA Module ............ccccooviiinennnn. 22

3.4.2 Crosstalk Analysis and Simulation of Interface Signal.................... 23

3.5 FPGA MOUUIE.......c.eeiieeciee et 27

3.6 AUdIO DIAMOAUIE ... 28

3.7 LED Driving ModUIE ..o 28

3.8 The Implementation of System Hardware ..............cccoovvevieiiecinenne. 29

3.9 SUMMATY ... 30
Chapter4d FPGA Implementation of Audio Demuxing System.......... 31



Contents

4.1 Architecture Of SYSEM ........ooiiiiii e 31

42 1PC RECEIVEr MOAUIE ...t 32

4.3 Audio Demuxing Module For HD Digital Video...........cc.ccocvveiennne. 33
4.3.1 Input State MacChing .........ccccvcveiieiicie e 34

4.3.2 Audio Data BUFFEr...........ccoiiiiiiiiiicec e 36

4.3.3  Mechanism of Write AdAress. .........ccoevrireieiineneieneseese e 38

4.3.4 Output State MaChINE ........ccooiiiiiiiieieee e 39

4.3.5 Simulation of Audio Demuxing Module............ccc.coccoiiiniiinneinnnn. 40

44 1°S Format Audio OUtPUt MOAUIE..............covvvveiiiriierenieseieeeeeesseees 41
441 INroduCtion OF 12S BUS ......v.eveeeeeceeeeeeesesiosisssieseensesseessssseenssees 41

4.4.2  Design and Simulation of 1S TiMiNg .......cccccerevevierereinrenrssiennenne, 43

4.5 Design of DCM MOdUIE ...........ooveiiiiiiieec e 44
4.5.1 Introduction OF DCM ......cccoiiiiiiiiiiiiieee e 45

4.5.2 Design and Simulation of ClOCK.........cccccoviveiiiviiciece e 47

4.6 Volume Level Calculation and Output Module ............cccooviiiinnnne 49
4.6.1 Concept of Volume Level ... 49

4.6.2 Measurement OF AUTIO.......ccoiiiiiiiiiirieee e, 50

4.6.2.1 Measurement of Analog Audio...........ccoeveeieiiciiecccc e, 50

4.6.2.2 Measurement of Digital AUIO..........ccevviiiiieniiiiee 50

4.6.3 Calculation Method of Volume Level ..., 51

4.6.4  Partition of Volume Level ..., 53

4.6.5 Design and Simulation of Volume Level Output Timing ................ 54

4.7 Usage Of FPGA RESOUICES .........cccoiiiiiinieiieiee e 56

4.8 SUMIMATY ...t e et e e s br e e snbee e 57
Chapter5 Conclusions and ProSpections ...........ccccoveveenieieennsieesennnns 58
51 CoNCIUSIONS OF THESIS......ciiiiieiiieie e 58

5.2 FULUIE WOIK ... 59
REFEIENCES ... 60
ACKNOWIEAGEMENTS ... 63



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

