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(b)
Fig. 1. (a) Head view; (b) shoulder view; (c) body view.

http://www.kom.tu-darmstadt.de/en/people/staff/ralf-steinmetz/

Human Perception of Jitter and Media Synchronization
IEEE JOURNAL on Selected Areas on Communications, Vol. 14, No. 1, Jan 1996

Google Scholar &7~ 5| H15507%(2016.11)




L.c#clOfAnmyance {%]
100 =1

0 o
-320-280-240-200-160-120 -80 -46 0 40 80 120 160 200 240 280 320
L%mﬁu B indifferent &mpﬁ!biel - _. Skew [msec]
, ' View: Head
Fig. 17. Level of Annoyance at head view—Left part: negatwc skew, v1<ie:o
ahead of audio; right part: positive skew, video behind aucho

Level Of Annioyance [%]

0 -
~320 -280-240 200 -160 120 -80 -40 ¢ 40 B0 120 160 200 240 280 320

 Skew [msec]
View: Shmlder

Fig. 18. Level of Annoyance at shoulder view—Left part negative skew
video ahead of audio; right part: positive skew, video behind audio.

| i amoying -ﬁlrﬂmm ._ﬁ-wspmblel
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evel of Annoyance

Level Of Annoyance [%]
100 g

%mam.m,m-mazu -0 -4C O 40 80 120 160 200 240 280 320
Skew [msec]

| 6 annoying T indifierent M acoeptable | View: Body

Fig. 19. Level of Annoyance at body view—Left part: ncgatwe skew, video
ahead of audio; right part: positive skew, video behind audio.



Correctly Detected Errors [}

100
w0 Correctly Detected Error
&0
40
Correctly Detected Ervors [%] :
Ef} 1% 1 - - ] ].c:°
R - 80
=320 280 -246 <160-120 -80 -40 O 40 B0 120 160 200 240 280 320
5 = - I Skew [msec] 0
corradd den't kmow Ineorrect
- _ View: Head
Fig. 14. Correct detection of synchronization errors at head view—ILeft part: 40
negative skew, video ahead of audio; right part: positive skew, video behind
audio.
Correctly Detected Errors {%} 20
160 ' ' -
ﬂ <320 280 -240 200 -160 -120 80 40 © dD 80 120 160 200 240 280 320
0 : Skew [mw:]
. B omect B sontimow ﬁ Inporrest :
1 : I View: Body
60 .
_ Fig. 16.. Correct detection of synchronization ertors at bady VlC‘W"--LCfl part.
negative skew, video ahead of audio; right part: posmve skew video behind
40 ' 1 audio. -
20

{} L s
-320-28(-240-200-160-120 -B0 40 0 40 80 120 160 200 240 280 320

. Skew [msec]
e
| . coeet W qoritknow [ incorrect | View: 8 N

Fig. 15. Comect detection of synchronization errors at shoulder view—Left 18
part: negative skew, wdeo ahead of audio; right part: positive skew, video
behind audio. .




TABLE 1

QUALITY OF SERVICE FOR SWCElRDNIZATION PURPDSES

Media Mode, Applicaﬁun | i QoS
video | animation correlated - F H’- 120ms
audio lip syachronization ] +/- 80 ms
image overlay .‘ - 240 ms
non ovcrléy _ +/-500 ms
text oﬁcrlay | +/- 240 ms
non overlay | '.;_F/*SOO ms
audio animation event cnrrelaﬂon (e.g. dancmgj | +/-80ms
andio nghﬂy coupled (stereo) S+~ 11 ps
loosely caupied {dialog mode w1t11 var- | +/~ 120 ms
ious participants) '
loosely coupled (e.g. background +/- 500 ms
music} | : |
image tightly cnuplcd (e.g. music w1th notas} +/-5ms
loosely coupled (e.g. slide show) +/- 500 ms
fext text annotatlu:}n | ' +/-240ms
pointer audio re]ates to showed ztcm | ,-Sll)O_.ms,

+ 750 ras!




M RECOMMENDATION ITU-R BT.1359 [1998]
" Relative timing of sound and vision for broadcasting

Subjective evaluation results (Diffgrade)

@ Detectability and acceptability thresholds

c Undetectability plateau

0 ' & |
|
| |
I ‘ ‘ |
! / Detectability threshold \ |
: B B’ |
. | |
I |
! I
| |
I |
| |
‘ |
l - - T t] 3
A Acceptability threshold | A

|
=
LN

I
—

—1.5
/ Sound delay wrt Sound advanced wrt |
: vision vision :
|
__II:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘IIIIIIII!I
-200 —-180 -160 -140 -120 -100 —-80 —-060 -—-40 -20 0 20 40 60 80 100

Delay tune (ms)

skew should be kept within +22.5 ms and -30 ms
positive skew: video behind audio



M’ Skew in standards

¢ITUBT.1359 1998 -30 ms +22.5ms
®ATSCIS/191 2003 -45 ms +15 ms
®EBU R37 2007 -60 ms +40 ms

€ ITU: International Telecommunication Union
€ EBU: European Broadcasting Union
€ ATSC: Advanced Television Systems Committee

ITU-R BT.1359 1[1998] Relative timing of sound and vision for broadcasting
ATSC 1S-191[2003] Relative Timing of Sound and Vision for Broadcast Operations

EBU R037[2007]
23
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M’ What is SMIL

®SMIL 2 [F] 2 2 W /& £ i iF 5 ( Synchronized
Multimedia Integration Language) 455, & ffsmile.
Z 5% 2 1z 1~ W 35 Compag. Gateway. IBM.
Microsoft. RealNetworks. OratrixZ:%%. SMIL 5 3A]
L EFHBFIHTML GE XCARL RS 5D B R E
AL . Ja 3 BT R S 8 ) W 2 AR A AT R
(¥ B =8, o AR LHER]D , M
U%)”'JT 22 AR W OF 2 5 e i gLy .
REIHE) .
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MO

<smil>

<head>
<layout>
<region id="a" left="0" top="0" />

<l-- & X [Xia, fEHL FARRENE DL
</layout>

</head>

<body>

<seq> <!-- & XIRWF A -->

<video region="r" src="shushanl.rm" />

<video region="r" src="shushan2.rm" />

<video region="r" src="shushan3.rm" />
</seq>

</body>

</smil>
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MC ZIRIR R IRzEg2H 2

<seq> <par>

<img src="1magel.jpg"/> <img src="imagel.jpg"/>
<img src="1mage2.jpg"/> <img src="image2.jpg"/>
</seq> </par>

itnagel |:>
itraged :> itragel >
trage’ |:>

28



MO ez (surestream)

<switch>

<vedio src="high.rm" system-bitrate="250000"/>
<vedio src="mid.rm" system-bitrate="80000"/>
<vedio src="low.rm" system-bitrate="20000"/>
</switch>

@ 4 H 7R N Ak T-250KbpsEs), 37 5CEE it IR
69N HRNigh. rm3B G A SR B R K T
80kbps/)>T-250kbpskf, 8 #s WL MRS &5 T Zmid.rm
ﬁ?)‘iﬁl; 705 FH P B 55 3K B K T-20kbps /)y T-80kbpstt
FETIES B MR 5525 T 2low.rm$& 78




MO FZ2AS

L ZAR A LNEVi7
Z AR A ) 8 X512
B AL [F] 22 25 R
& Infar iR 2 AR [F] 2P
Fe T Web B BEAAR R 8] o0 &R fif ik
JkT-Petri Netf#) 22 AN (RS B i Fi ik
LT 22 GRAR R A5 12 TS 5 B[R] 22 HIL )
B 22 AR 22 G0 I AR [R] 20 7 1
® EHEAK

M

y

31



MC BN ERRTIEFIES

4
>

& I [R] 5% 5%
before, starts, meets, overlaps, during, finishes, equals, [&

equals?h, HRSNMAAW KR, K+ =M
L INNEIFSINS
2N AT

¢ LT HIERIR AN
FIEIZR . . Petril. B JE] 2 ki
B & 4 B = OCPN /7 v

32



M/’ Petri¥]

& Petri 2 W B HUTT KRG AR . 19624 HC.A. Petri &
W, Ea TR PR AR RN RSS2
%%ﬁﬁﬁﬁamm\ﬁﬁﬁﬁﬁ

@ Petri nets were invented in August 1939 by Carl Adam Petri — at
the age of 13 — for the purpose of describing chemical processes.

O XL RIS EITCVAR AR Z RS RIS 224

D @By,
= @ 1 L
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M Petrifp U E R E H

Petri net (known as place/transition net or P/T net)

@ Places A EAH S TGS B RPRE, BB ERR
@ Transitions AL, HEZFRNR

@ Arcs N2 R AT K AR ISR A = AR i 45 2R
@ Token A P AR OR DA TR S

-
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@ Petri® ]

Petri[¥ %
MC F

Gl
NG

7
tq o
P, =—
Py
fore
P, be Pb
Pa
eet Py
P.m td |
P
b
P, during Py
a
a Pb
P, overlap Py,
a

R A
ANGIK%
RN



About Petri Net
Petri Net - MPN (Marked PetriNet)

MC

_ Transitions
Petri Net: C,,,, = {T,P,A} Places
T={t,t,...t} Arcs
P={P,P,.....P }, Markings

A: {TXPYU{PXT}—l, I={1.2,.

MPN (Marked PetriNet): Cyox = {T,P,AM}
M P—)II ’ I, :{0,1,2,}

MEXT A7 B AR ) BB AR LI, 3R
kR C (Token) 7 A

/lllll

2
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About Petri Net

Petri Net > OCPN(Object Composite Petri Net)

Petri Net: C,, ={T,P,A}

T={tt,...t} Transitions
P:{P1 2F> ...nP } Places
e o mo Arcs

A: {TXP}U{PXT}—I, 1={1,2,..}

MPN (Marked PetriNet): C, . = {T.P.A,M}

M: P—Il’ , I’ ={0,1,2,...} _
Markings

OCPN(Object Composite Petri-Net) Duration

Cocen =1 T, P, A, D, Re, M} Resource

D: PR FZOCPN A Jh7 [H] 495K
Re P—{r,,1, ool 3 117 B 55 5] 55 JREE TS



M’ OCPN(Object Composite Petri Net)

Video
Pir‘litial fq t,.? TEKt t3 Pﬁnal
. O
R (resource setup) 1 i
L (resource release) udio

IPP (inter-stream pacing point) represent control objects
SIU: places represent synchronization interral units

Vi
Video resource  Sil, Sit, deo Sity

OO0 -

fg Text Pﬂnal
51U, S1U, S1Us O_>| Q
' PP . ; Si,
Audio resource Audio

% /



MC W& afadEikE 2

& I [R] 5% 5%
before, starts, meets, overlaps, during, finishes, equals, [&

equals?h, HRSNMAAW KR, K+ =M

& = GRS [R]85 B A iR
SMIL: F:TWeb A [A] 5¢ & filih
FiA H K FPIRAESAE1L: Petri Net
OCPN(Object Composite Petri Net)
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PN EEOGIE . —KIEEG
1H 1 2 5 [X (sector) 20 Jik, *):j 98fl1)ﬁ(frame)éﬂ}352

O CDIIRFESNR NAAL kHz, BRI IEAF
— 16 FIEAS, LD AP *i%ﬁ)ﬁzﬁ-}m
44.1X1 000X 2X (16-+2) = 176 4005 /Fp
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1‘%?1«1 EE,?J}_'L,EFE' 'TH'"}?\ I 79375 7 (field rate) f,

T/ K (frame rate)

Z 474 (noninterlaced scanning): HL7H M |
E’z%b‘?ﬁ‘]&iﬁ% ITE—ATHHERALL A, G
BB b o — s e R RS

o0 =0 O R e

S5 47 14 (interlaced scanning)

IR e AR > 2k H
%é&ﬁéﬁ)&ﬁﬁﬁéﬁiﬁ BERE A
1T H R -

B— T 08625/2=312.547, HH
2517 1F I InlH, LIEEBRIITEES R A
287.517, P G575/ BB ER.
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‘%*%@ﬁ oy i,  CCIR601E M B i RE 41 % y525/60 4]
625/50f A Nz zé‘nﬁﬁgﬁ’ﬁ@ T35, 5
% KL % %E’R;w;@ f MTz,m%g,@\AHzF

=] JLn 4—J‘l:l/ ) o, LG
i zg ;c ﬁé,m AE\?/ L L B
75 9 X‘ J’E’L‘g —El:
5@ %TEE if/b %é 472" ZU%ETM?
OQEQTEE

4:2: 28 2R M, 10Bit= AL
13.5 X 10+6.75 X 10+6.75 X 10=270Mbps
4:2: 218 AR FE, 8Bit=AL
13.5X 8+6.75 X 8+6.75 X 8=216Mbps
L G Nl

%E' hd Bl FAH 3 F , CCIR6013}1 & i
C%E@/ﬁg%ﬁwﬁ&ﬁf%ﬁgﬁ% Yuwm%’%
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M ITU-RBT.656

O BT.601 K 1 XA AT B0 2 b ) 7 V%
O BT.656152frE X T SLiBT.601 70 535 (4 B 3E 1
FEER, UL FAT AT B AT R
AL FAT R
HZEFOTMHz I 80 DL & 88k1056 3% 4k (B T8 EMIIEE)
[E2P (G S HEC IR A BB R A, RIS 7 AN S I 13 28
AR AT AR
R ELE ANEIE AR R TR, A T i i 2
BRI B AL« 50000 T R e b 90 B A T B
Ak, HATR 3 R E ik 300MHz, B EAEIR 2 R4 W SL i
FET S A AT R AR BT 656 5 ML & Pk 4155 .
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M ITU-R BT.656 HiTiEimEt

ITU-R BT.656 E_u/:l\:%lz/\ EReE %L}/F)ﬁ,flil_ﬁ‘\ Eﬁj‘ﬁ{ﬁ{m_’?\ E’Eﬁ
WiE 5. ARG 5 AT H IR RS, B R i)
17 B SRR AR I

27 MHz >  exax UUUUWMJUU LFUUL EARRVRNANAY)

LINE_VALID

D[7:0)

AW ENEUEE S, — R IAEE B 46 (Start of
ActiveVideo, SAV), jj—‘/\ E R A B 1) 45 A (End of
Active Video, EAV); &NER MRS HE MR HHR,
AN FF 0000 XY (16 #:]) k=1 End:, 4
AP S B SR T hn iR I BRIIRES AT ERIRESHIE B
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ITU-R BT.656
LHRETE N

& UL B B A
DATHRES
ODFRHEBRGBRGES
O k(s =

ME 4

“

EBEIRREN LR fE5HE
MO BMHEGREREES

95

Harizantal

Active Portion of Lina —4-:

| Blanki
| EAv ™ | S | £
H=1] | H=ll
Ling 1 'f "';' '1: ':' Evin
Fiald
2 |11 11
a |11 11
Vertical - -
4 |oa a1 Blanking
Inlesval
& |Q1 a1 |
G128 20 A o1 F
1% (07 a1
20 |oD oo i _-I.- -
| owm
29 oo oo Acliva  Field
Pearlican of
22-262 20D ;s-'l o] ¢ Ddd Field
2683 |O@ }w |
284 |00 o1 I
2 ’El/i a1 ‘
9gE [ 11 11 ".'iarEb:aI
Elanki
267 |1 11 Inl:uer-.'r:i;I|
268231 21 1z #1 1, 5
11 11 I
\ it | Ewn
4 \ 18 Aclive Fiald
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285-524 £ D5 10y s Ewen Field
525 10 1o |
1 11 11 ]
2 (11 11
a (11 11 \ertical
3l " —EBElanking— —I—
i 1 Inkerval
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M ITU-R BT.656 R{TEHIRT\

@ AT LR BN 10 RF A ILSB (e AN E ELLAF)
N SG R . KT R, IR T g AT N I
FE, FEE R PR E .
Oﬂiéﬁﬁ%’ﬂE%ﬁt[zfrf—"ﬁﬁm@ﬁﬁiﬁ%j\ﬁzﬁﬁ.: AR T2
Sc s OB PR L, e P AR 28 2 TG (X) X G2(X)
AT P
Gl (x) =x%+x4+1 HTHNILENRZE S
G2 (X)) =x+1 T A sTE R ENRZI 471

FE R 2 LR “CO"ANE “1”
DC-balanced / DC-Free ?
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MO IhNgE: ITU-R BT. 601 =240 50

O BT.601 K 1 XA 34T 8 7 9w Ag 1) /7 v
O BT.656/ 5% X T sLjitBT.601 T4 75 2

AT IR R 2TMHzI 815 528, 8El10MR R85 =

TR PUABIAR D SRS (i B Pk 2
& iXe A R R R G

P 7 B AR [F) 20
TR B B

FITmHANME, BiTRD

P 75 Bl [F] 22 . I L HE(E 5 SAV/EAV

@ IO Fhn e i ?
BT.6011Y & — M AE 5 M E 7 dm b # e

BT.656 A HE it & JifE

24

H PSS X R RV 5 /& HA A

59

] SRAZ ISR AN RO B3R

L -

%



MO FZ2ZARAR

L AN/ -%3 % NP7

@ U] IR 22 AR [F] 2D

& L X R AT DS S B[22 AL
CD-DAE S A [5] 25
A AL E 5 AT R 51620
ITU-R BT. 601 7 #45 B 45 i 1 [7] 25
HDMI %7 2 AR TR [F) 25

& LY 22 R K 48 AR [B] 20 7 V4
MP377i [F) 25
DVD/HDTV i [E
T RTPHIVR LA [F] 25

& RH KK
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HDMI
High Definition Multimedia Interface

MC

200254 H, HiL. ¥+ KHIAE. Silicon Image-.

RE. . RZER A ILFEHE THDMIETE

AR A, HUGE FHl g — P FF m«aﬁﬂtﬁ
)22 B A Bz T HOR . &3 o Z2 il (]
FIHESS TAE, HDMIZHZR 20024612 HOH IER KA T
HDMI 1.0h bRt

HDMI version 1.0 1.1 1.2 1.3 1.4 2.0
Date initially released December 9, 2002 |May 20, 2004 | August 8, 2005 |June 22, 2006 |May 28, 2009 |September 4, 2013
Maximum clock rate (MHz) 165 165 165 340 34001%1 600
Maximum TMDS throughput per channel (Gbit/s) including 8b/10b overhead |1.65 1.65 1.65 3.40 3.40 6
Maximum total TMDS throughput (Gbit/s) including 8b/10b overhead 495 495 495 10.2 10.2 18
Maximum throughput (Gbit/s) with 8b/10b overhead removed 3.96 3.96 396 3.16 8.16 14.4
Maximum audio throughput (Mbit/s) 36.86 36.86 36.86 36.86 36.86 ;%_‘:_?USE?H%? and
Maximum color depth (bit/px) 24 24 24 488! 48 48
Maximum consumer resolufion over single link at 24-bit/pd®] 1920=1200p60 1920=1200p60 |1920=1200p60 |2560=1600p75 3840=2160p30 |3840=2160p60
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https:/en.wikipedia.org/wiki/HDMI#Version_2.1 HDMI Version
1.0-1.2a 1.3-1.3a 1.4-1.4b 2.0-2.0b 2.1
Dec 2002 (1_9}[1241 . Jun 2009 {1_4}[1231 Sep 2013 {2_[}}[1101
Release Date May 2004 (1.1) Jun 2006 (1.3) Mar 2010 (1.4a)"° | Apr 2015 (2.0a)"** | Nov 20171"*%
Aug 2005 (1.2)"%1 | Nov 2006 (1.3a)®
S aTTE i 2 Oct 2011 (1.4b) Mar 2016 (2.0b)
Signal Specifications
Transmission Bandwidth!®! 4.95 Gbit/s 10.2 Gbit/s 10.2 Gbit/s 18.0 Gbit/s |  48.0 Gbit/s
Maximum Data Rate™ 3.96 Gbit/s 8.16 Gbit/s 8.16 Gbit/s 14.4 Gbit/s | 42.6 Gbit/s
Maximum Character Rate!™ 165 MHzP3153) 340 MHz!"?"] 340 MHz | 600 MHz!!11E8.1.1) 1.2 GHz
Data Channels 3 3 3 3 4
Encoding Scheme! 8b/10p3E>-1 8b/10b 8b/10b 8b/10b | 16b/18bM"*!
Compression (Optional) - - - -| DsC 1231
Color Depth Support
8 bpc (24 bit/px) Yes¥53) Yes Yes Yes Yes
10 bpc (30 bit/px) Yes!" Yes Yes Yes Yes
12 bpc (36 bit/px) Yes!" Yes Yes Yes Yes
16 bpc (48 bit/px) No Yes!tl58-3) Yes Yes Yes
Audio Specifications
Max. Sample Rate Per Channel | 192 kHz!**57-3) 192 kHz 192 kHz 192 kHz 192 kHz
Max. Aggegrate Sample Rate | ? ? 768 kHZ1573) 1536 kHz!""8%2) | 1536 kHz
Sample Size 16—24 bits'®*57* | 16-24 bits 16—24 bits 16—24 bits 16—24 bits
Maximum Audio Channels The B 8 8 s 32




MG High Definition Multimedia Interface, HDMI

IR GES T

HoImil

HIGH-DEFINITION MULTIMEDIA MTERFAGE

wIF s 13 o8 F o5 301

Sivivivivivivivivind

@ 18 14 12 10 8 & 4 12

HDMI type A receptacle connector &J

HDMI type A plug connector &
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A DVI to HDMI adapter



High Definition Multimedia Interface, HDMI
LhREFFIE

e/ MEAE I 75015 5 (TMDS: Transition Minimized Differential
signal). JHId 5 B F B IR SR 1E 4 B IR AR 15 5 8hit i i 4
R 10bit, FHSRSZHLE -7 (DC-balanced) , #4t) %dE LA
AR e T A ARIE . X P EIVAS IS AR S S P AR B B
AR RN, AR S T BRCP T, S SRR n
Wa T . 4 R T AR T s S A ] S

PIN Signal Assignment PIN Signal Assignment
1 TMDS Data2+ 2 TMDS Data2 Shield
3 TMDS Data2- 4 TMDS Datal+

5 TMDS Data1 Shield 6 TMDS Data1-

7 TMDS Data0+ 8 TMDS Data0 Shield
9 TMDS Data0- 10 TMDS Clock+

11 TMDS Clock Shield 12 TMDS Clock—

13 CEC 14 Reserved (N.C. on device)
15 SCL 16 SDA

17 DDC/CEC Ground 18 +5V Power

19 Hot Plug Detect




M. HDMIZR G

B PRATURA H A il B ) B0 8 = e TMD S i@ i K A& 4y, — X TMDS
I Bh, B E S TR R R, I X TMDSH B8 1E K KIS .

HDMI Source HDMI Sink

: V. TMDS Channel 0 : P o
e HDMI —
g4 Reccver

DDC (Display
Data Channel)
[2Ca 2k

HDMI 5 v 7% 5 43
A0 4% 22 H.EDID
HAE L HDCP25 4 .

EDIDH T T il 4k
ity TR B T A A ) U
Bt /1; HDCP KeyH
T N F R .

TMDS Clock Channel

N TMDS Channel 1
Display Data Channel (DDC)

CEC Line

CEC (Consumer Electronics Control)
one-wire 2k, P it — N 1ESE g BRI AT IR R 1 & AT AR



MC

BT.656: %Clock
%Y 8 CrelCbh—

A

HDMI:

NifEl

{8 FIA% %

HDMI

VR E24bitsE L T
—/MPixel Clockz
N AR — MR &

A

Input Streams

—

Pixel component (e.g. B)

HVSYNC

Auxiliary Data

(e.g. Packet Header)

Pixel component (e.g. G)

CTLO, CTLA1

Auxiliary Data

(e.g. Audio Sample)

Pixel component (e.g. R)

CTL2,CTL3

Auxiliary Data

(e.g. Audio Sample)

Pixel Clock

High Definition Multimedia Interface, HDMI
TMDS# 18

Pixel Clock[1] 1054

HDMI

TMDS Link

Source ' Sink

D[7:0] D) —"—7*>
; _E Channel 0 @

D[1:0] EE - ‘é Do ——»
w g o

D[3:0] DR

D[7:0] DE0] ———»
B 8 Channel 1 =5

Dol g8 £8 oo p——>
53 88

D[3:0] & DpR0] ———»

D[7:0] - DO —— ™
o s

Di1:0] 8= Channelj2 o 2% o l—
: ¥

DBl & DR ——»

=

-

Clock Channel

Ty

\/

-

B iy maximum pixel clock rate /s[5

Output Streams

’ A h

Pixel component (e.g. B)

HWSYNC

Auxiliary Data
(e.g. Packet Header)

Pixel component (e.g. G)

CTLO,CTL1

Auxiliary Data
(e.g. Audio Sample)

Pixel component (e.g. R)

CTL2,CTL3

Auxiliary Data
(e.g. Audio Sample)

Pixel Clock

165MHz(HDMI 1.0) = 340MHz(HBMI 1.3) = 600MHz(HDMI 2.0)



= B = - HDMI
I — : ——
l:l - — 53 Rz

-

HDMI e r] 4k T
=R —

-

O <<

e LRSI,
SR B, £

A{:ﬁv:"ﬁden § ; }% :/H\:B o
- S| W TSR R

: R
l ; m R
l FAAI B S

| L |  } I
_I_Joriz;%r:atal_bh?nking - . /fﬁ }Eg - /% ﬁu é&j:)%
138 pixels 720 active pixels /_J IR
: - &767i1:£ o

858 total pixels

WP AR A
. | | Control Period ‘ZI\ETJ T\Eé})'—\' 1| & ﬁ:

TMDS Periods I Dt island Period ~ LEE H

, AL 5| FEE

| | Video Data Period

Figure 5-2 Informative Example: TMDS periods in 720x480p video frame



High Definition Multimedia Interface, HDMI

MC FrewmpmnEmER

;;'§ £n.7“3ﬂ“f §&%”ﬁ:*1“@éﬁ%a@4;;f;§ %&i?%@yx@é
R FE #A B 4 B H 10 Aok

MR E MBI IE GRS (8 A% 10 1)
AR5 HEA (BFEFTPKRMF | TERCS Jwtd
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€, SEF
ikiaki:s [ E /I 10 ArE=

kel ##l (53|%, HSYNC, | #H|A%%NE (2 ¥ 10 £7)
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%22 RFEAERAENE
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ME High Definition Multimedia Interface, HDMI
= EIZRISEIN G A

BRI 0 P2 A5

Sink Device

128,,,1.s

1281

AR AR SRR 5 B AR 3N TMDSE IE L %, K Hl4bits

> 10bitsigwhid . H A REER 8 AR AR VOR K E . BiT

NFICTS(Cycle Time Stamp) &5 ] ARk E oo 5 2 T e
128X 1, S tTMDSc/ockX N/ CTS




ngh Definition Multimedia Interface, HDMI

MC BT E BB DDCEIE

@ DDC(Display Data Channel) it /& —/M2C & 2k (SCL,SDA)

& HDM Y5 3 1] i i DDC Vi 1] HDM I3 A i B EDID (Extended

Display Identification Data){5 /5., M 1k &N 14252 5g 711
— eI RO HI1E B

& HDM YA i id 1
_L‘}/Fﬁ IZIJI_»I-I])\O

Audio Infoframe
G = El //J *%EEEI’JJ@E
ZNEFSY/IE Yy
v ORFEAR AR

\

1T DDCiH

:J:ﬂ%{ljlj/fl:l lu\r[] ?F%Bjj%j.‘}/@ﬁ IZlJl_x\rI])\\

Table 18. Audio InfoFrame format

InfoFrame Type Code

InfoFrame Type = 04 ;5 (new)

InfoFrame Version Number

Version =01 4¢

Length of Audio InfoFrame

Length of Audio InfoFrame (10)

Reserved (shall be 0

Data Byte 1 CT3 [ CT2 | CT1 CT0 |Rsvd | CC2 | CC1 CCo
Data Byte 2 Reserved (shallbe 0) | SF2 | SF1 | SF0O | SS1 SS0
Data Byte 3 Format depends on coding type (i.e., Data Byte 1)
Data Byte 4 CA7 | CA6 | CA5 | CA4 CA3 | CA2 | CA1 | CAO
Data Byte 5 SV | Lsva | Lsv2 | LSV | LSVO | Reserved (shall be 0)
Data Byte 6 Reserved (shall be 0)
Data Byte 7 Reserved (shall be 0)
Data Byte 8 Reserved (shall be 0)
Data Byte 9 Reserved (shall be 0)

( )

Data Byte 10




MC High Definition Multimedia Interface, HDMI
SNANE SIAR MR [E] 25 7

® HDMIR R A 5] 25

MAR[E 22 . TMDSHE % il J& A& HSync AV Sync

AL i DDCAE B AR IR R AME B
® HDMI = A A 6] [5] 22

HDMI 1.3(20064F)#s i1 1 automatic audio syncing 32 #F

HDMI 2.0 (2013%F)#s il 1 Dynamic auto lip-sync>Z £F

LA JE P N % 7 45 SIUA AT I — A SiE I 42 ] FEL it
ANHDMIDGUR B b, R 2 BARTE N
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HDMI
IL.‘J_I 7,|—T1§IJ

MC

AD~ H] HJADIS89B
B — 2R HUDMI /DVIEK
Z\j] ‘LL\H

LTI
CLK: 13.5-165MHz

mt
SR

TETPAN

SCL SDA MCL MDA INT
} t 4 }
+ * * INTERRUPT
12¢ HANDLER [ —HFPD
SLAVE
HDCP :
t CORE
R
REGISTER — - -
CONFIGURATION CONTROLLER
LOGIC i
|2c  |=—= DDCSDA
MASTER = DDCSCL
-
— EEFE | COLOR » Tx0-/Tx0+
SPACE
: APTURE CONVER-
SION HDMI = Tx1-Tx1+
4:2:2 TO ' Tx
—- 4:4:4 coRE L} +
CONVER- L ] TX2—TX2
SION
XOR = TXC=TxC+
MASK
S/IPDIF —
B —
MCLK —— |
AUDIO ‘ TMDSEg
2g73:0] —+—=| | DATA
FS[:0) APTURE TxC] 800MHz
LRCLK —1—= AD9889B
SCLK —7Z

05251001




MO Ihgs: HDMI B S

€ TMDS (Transition Minimized Differential Slgnal)

ML e 1]
GRS P = b
17 i1l J&] 401
@ DDC(Display Data Channel)ifi&
12C 5 28(SCL,SDA):  H AL KAE AR

?

# CEC(Consumer Electronics Control)if &

1'Wi re JI‘_EL;I\ é£

©® TMDSH} £ = Pixel Ff 44 (1) 1045 !

74

T acive pieels

-




O CD-DAE MBI A [F 22

LR R > MR 28 (R niider2
@ HEN ARG T AT R 53R

AT FRE264us, 62547 FF4:40ms

G R H S 5 RS2 F 20 (FDMD

@ 1TU-R BT. 601 =414

X

ME NG ZERIFRRIEDESHE LG

521/7350s)

Bl [ 2

F477201% 2% > 720/ 64ps=11.25MHz>13.5MHz
LWREED (ICERATRRED > Wil[AEP (SAV/IEAV)

O HDMI H 7 Z AR fz I W) [F) 25
BT. 601 LL i) F 4m B 4 44y
TH RS T S ) 18] > 288 & R 1
TMDS Clock = 10 X Pixel Clock
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MC £EERE

\ SIS EZ  SUNEibiZ
& GO IR 22 AR R 25

@ A 2 IR SR G S B R B
CD-DAE AR N [F 25
BB AAE 5 1T R D 53R 8
ITU-R BT. 601 %740 A% it 1 [7) 22
HDMI %7 2 ik O 1 [ 25

@ LT Z AR 2 8 1 AR [R) 20 T 75k
MP3¥i ] 25
DVD/HDTV I IE
T RTPHITRGARE] 2D
MMT: MPEG Media Transport

¢ BHARK
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MO MP33X1

®Tag: MP3[& T IRIEH 5

EESYAT

45 Tag+Frame

i A CA [F] B R A7 — LA
HAHRH CAERE, k4. HEEH . TEA5%, XiE
Bt Ntag (Fr2%) {5 5.

®Frame: H TR EEE.

Header Audio Data Header Andio Data
Frame 2
I Header Ludio Data
optional pre |Beya
penided tag
Header Andio Data .
optional post
pended tag
Frame n




M MP3m& 5k

@ Frame sync (11bits <17)
€ MPEG version

& MPEG layer

@ Protection

# Bitrate index

@ Sampling rate frequency
@ Padding bit

@ Private bit

# Channel mode

€ Mode extension

@ Copyright

@ Original

€ Emphasis

EEZENS!
AR

J=
CRCH 5%

tARFR R 5
KRR

T
(N2
FIEAR
APy Y
AL

JEU AR &
SRR 7 5
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Sync
Prot.
ID Layer bit
Bitrate
Frequengy | Fad- | Priv b
hit hit
Mode Mode extention |
Copy Home Emphasis
Audio Data ‘“



MC EEFFERSZ

IS

128Kbps/&: & WMP3H] Lt 4%

T R e, (LfF: Kbit'sec) .

HAG MPEG 1 MPEG 2, 2.5 (LSF)
#®3 Layer | Layer I Layer Il Laye/v/ [ Layer Il & IlI
0000 I /

0001 32 32 32 42 8
0010 64 48 40 / 48 16
0011 96 56 48 / 56 24
0100 128 64 56 /64 32
0101 160 80 64 80 40
0110 192 96 80 96 48
0111 224 112 % / 112 56
1000 256 128 112 / 128 64
1001 288 160 C 128 D 144 80
1010 320 192 160 160 96
1011 352 224 192 176 112
1100 384 256 224 192 128
1101 416 320 256 224 144
1110 448 384 320 256 160
1111 T
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(> RKHERZRG|F

ﬁ

ST T 1 = R AR TR A

@ Frame Size = ( (Samples Per Frame / 8* Bitrate) /
Sampling Rate) + Padding Size
MPEG 1 hyﬁa 2 (LSF) /MPEG 2.5 (LSF)
Layer | 384 I 384 384
Layer Ii 1152,/ 1152/ 1152
Layer Il C 1152 ) 576/ 576
R3 BURIRAAR
A MPEG sk LEIRER S W, ASFRRACT MPEG (AT S AL AR :
FHERS MPEG 1 // MPEG 2 (LSF) | MPEG 2.5 (LSF)
00 (44100Hz ) | 22050 Hz 11025 Hz
01 48000 Hz 24000 Hz 12000 Hz
10 32000 Hz 16000 Hz 8000 Hz
11 {r:

F 4 MPEG FRIRRA [ 8974+




M MP3gItIBIE 2 (Lyrics)

[ti: AT TA—F]
[ar: ]
[00:00.00] JOH: - FATTA—FF

[03:33.68] AT 1A —1+ -
[03:36.41) &1 NHCA A R 355 8
[03:40.43) A T/EIX B
[03:42.58] £ iX H &R
[03:47.30]FA IA—FF
[03:49.95] BAA S & i FI K FH 1
[03:54.11) AT 1R A 2
[03:56.20] KA i fe AH 1B
[04:01.01]FRATA—FF
[04:03.68] A A IR K FH 1
[04:07.87) &A1 1#0 # H2
[04:09.90] K A= it fe AH 1B
[04:14.71]F A 1#5 A 2
[04:16.82] kA= ik REAH IS
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@ 4 &2 AR B

@ U HEIA 22 A R 2D

& A Z R &1 G SR RZD ML
CD-DAZE A N [F] 25
R HARAE 5 AT R 22 51 [E 2D
ITU-R BT. 601 07 A4 & 44 i fr) 5] 25
HDMI #0772 AR+ R [F) 25

@ L 22 R A2 G AK [E 2D 71k
MP37ii 5] 20
DVD/HDTVHI[E 4

2T RTPHIIRBAK [ 22
MMT: MPEG Media Transport

¢ BHARK
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FLERT H
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I ES ——
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2E 3 ro 10 <

ES

PES

WEAN —>| wssmmE ——» 78 ™ Ts
B 2|y s TS
AN —»| Fhigags —» TR > %
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M. MPEG-2%#4#

@ Elementary Stream (ES)

@ Packetised Elementary Stream (PES)

@ Transport Streams (TS)

Elementary Stream

Elementary Stream

Yideo

P PR

PES 1|PES 2|PES 1|PES 2|PES 1 |PES 2
Program/

Frogram 1|Frogram 2|Frogram 3 |Program 4 |Frogram 1 [Program 2
Transpa;‘itie_i:n;_’_’_/—

TS1 [ TS2 [ TS3 | TS1 | TS2 | TS3
MPEG-2 Stream
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T g

Video Seque

ED

-0

A
||' Picture

be—— Giroup of Pictures

I:II:II:II:II:II:II:II:I

Block

Slice kA acrobleck



http://knol.google.com/k/-/-/3c84lj4klzp0d/q7zr49/mpeg2-transport-stream-hierarchy.gif

M MPEG-2 TS?

L 20

®Headertlfh: [FI2U0F1 . AR 22 br &
(R 1% A 4 payload (1 N 25 DA Az %6

PID
)

el

EK 18875, 47 headerfl1184 % 5payload

188 bytes

—> 4 byte TS header

44—

13bit[7]

& T W ~ES

184 byte payload

13 bit packet identifier=PID

1bit transport error indicator

1 byte sync byte = 47 hex
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MO TS REL

& G TSEL) LA B 20K T4 byte:
B3k Y fE 2lpayloadH, Fi{Eadaptation field
#E4bytes A1 3k o f1 Adaptation control bitshr &2 5 A

adaptation field.
188 byte
4 Byte > |«
<— — » [N
Header 184 byte payload
Optional
header Adaptation field
. Optional
Adaption . o i
. Discontinuity Fields
Eﬁlc:h indicator coeo|  Sflags Depending | =" PC R
g On flags
8 1 5 42 Bit

PCR(Program Clock Reference) ©



M’ PCR(Program Clock Reference)

@ PCRZ HI X £ Sy ik ovf i 7 1) v B 2 IR S SRR 1T oK
®PCRIL 56Bytes, H.H16bitsTiiiy, 42bitsH b, BRI 7 A
PEEL . 33bitsfIPCR-Base f19bitsfJPCR-Ext.

@ PCR-Base 2 H127MHz ik 12530075 49 i 1 90K Hz fik v it % 11
s, HXH IR S AT BUREAR 2111

@ PCR-ExtfZ H27TMHzikh BERefd R vH 8y, HNTHERRIRES

il > (o
AT HUREAS 21 Y \%) |
WA gg EXRSTIER ,Eﬁfk@
PCR-Base(i)=90kHzxt(i), mod(2*) T—ame
1111 (T

PCR-Ext(i)=27MHzxt(i), mod(300)

PCR(i)=PCR-Base(i)x300+PCR-Ext(i)
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M MPEG-2 PESH],

@ 6byteJPES Header
A3/ Mbytese AL 4H 5 T4 00 00 01
B4/ bytebriRpayload & MAN . AL & B s
fE A bytese WK, U ETEA 2071, WHRKE
N0, FIRPESH K T-64kbytes.

@ 1] i%PES Header
& LIXEST T 7 1a7 2048 (payload)

max.64 kbyte +6
«—— 6 Byte Header >le Max.64kbyte payload

PES header Optional
PES header

3 byte start code
prefix 00 00 01

PES packet
length

Stream ID
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M’ Optional PES header

@ PTS(presentation time stamps)
Flse SR O 1]t 27 MHZ ik v 42 30043 451 ) 90K Hz
ik THE S

€ DTS(decoding time stamps)

T2 ARSI Ta) : B 27 MHZz ik i 223004 4 )5 11190k Hz
ik it g TH R A

max.64 kbyte +6
«—— 6 Byte Header :i: Max.64kbyte payload

PES header

DSM Trick Additional Previous PES
PTS Copy Info

DTS ESCR ES

rate

mode

PES CRC

extension

33

33

42

22
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M. MPEG2[EZE /g5

L AP
TS
PCR(Program Clock Reference) <27MHz

& R [F) 4
PES
DTS(decoding time stamps) <90kHz

\ SN bz
PES
PTS(presentation time stamps) < 90kHz

92



MC £EERE

\ SIS EZ  SUNEibiZ
& GO IR 22 AR R 25

@ A 2 IR SR G S B R B
CD-DAE AR N [F 25
BB AAE 5 1T R D 53R 8
ITU-R BT. 601 %740 A% it 1 [7) 22
HDMI %7 2 ik O 1 [ 25

@ LT Z AR 2 8 1 AR [R) 20 T 75k
MP3i[5] 25
DVD/HDTV I IE
ST RTPHITR AR A 22
MMT: MPEG Media Transport

¢ BHARK
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M’ RTP(Real-time Transport Protocol)

@ RTPHE i XoJ i X 254 Fa 2] B ﬁa, & A B ZH R AN S

fé%ﬁé;

S A

TL JII1E

55 o

THFRiA

CIHdE . RTPR A W
RTPH S % U

TEYRTUTT A5 &= OR b

3@% ] € FIRTPH 3C 3k,

(CSRC) Az FiE,

V |P

X

CC

M

PT

F¥ %15 (Sequence Number)

i 2% (Timestamp)

5] 25 YR AR IRAF(SSRC Identifier)

KB RPERRRF(CSRC Identifier)

g7 (PayLoad)

SSRCH Bl 7 Rl FH ik U7 AE A ME— HEUE R X 43 %
A FEIN R 7L . SSRC 2 & — AN 4% I FE L -

http://www.ietf.org/rfc/rfc1889.txt



M RTP Headers g Timestamp

@ B la)E AL BRI BT FE ) B AR A R 2 SRR AT,
M2 SRR R BT, IR n] ] Ak B (B R o 5

U0 — AN A S RE A5 9 8000HZ, 1 15 At A1) B B f57 9 1/8000s
@ B 1A Bk TS B BT B] BLSR FH 28 1 ik v R A

MPEG2 R4 90kHz P v Eiss, B] i) [a] &k #4774 1/90000
O [REE a. AHAE PN RTPALZ 8] ) [a] 22

RV (B 8L N1 Q0kHz , S RFFD Acik25mt,  H84 45—
P kca% 5 22 /0 AN Ta) B e 2 244K & 90000/25 = 3600, R € X
CINFIRIBR Y B R K IE S T ANRTPEARIE KiZ S — ANRTPELN 11
iy [] (R B, B[R] & == NV 1% 93600 .

&L BRI AT PR HoAth U7 20K E X
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M’ RTCP(Real Time Control Potocol)

@ RTPA B F- A Re NF% I P AR 1R Z 4 B3R it n] SE 1 4%
B, AR EE S B ZEE ], EIKIERTCP
A S 42 1 B U TR A X LB IR 55

RTPA G TR FEMGE R, EARLFEIHIIEE
O RTPIFZEHI P RTCPIE I 7E 2 & F P 2 18] J& HH P 3
10 AZ F55 1 i SCR 58 B I Bk 25 R m A He = vh FH P S
BEETRE

RTCPEIEMA JUA A an: Aikumil s (SR) « #llm

s (RR) « JEHHARI (SDES) . 5% FriR (BYE) .

KRR UL (APP) &4,
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MC

0 1 2 3

01234567890123456789012345678901

VIP RC PT=SR=200 length
SSRAC of sender

NTP timestamp, most significant word

NTP timestamp, least significant word

RTP timestamp

sender’s packet count

sender’s octet count

SSRC_1 (SSRC of first source)

"
prmmemeccemnmmnn. Feesmeesesssscessssssesssssssssssssssssssssesssscesssssmesasssa
.

E fraction lost : cumulative number of packets lost

RTCP SR Header

header

sender info

. report block 1

RTCP SR(Sender Report)
RTCP RR(Receiver Report)

0 1 2 3

01234567890123456789012345678901

VIP| RC PT=RR=201 length header
SSRC of packet sender

SSRC_1 (SSRC of first source) report block 1
............................................................. 2
cumulative number of packets lost

fraction lost

RTCP RR Header

¢ NTP (Network Time Protocol, [X#&R 8]t )

NTP timestamp: 64 bits

RTP timestamp: 32 bits €iX & jtimestamp5RTPH L H —E

}
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M RTCPHINTPR|E)E;

O NTPHII [A] 2 A MSWHILSWZH ik (3£64bits)
MSWRIRFD, LSWKIR1/232F) (£7200ps)
NT P ] 2 & %ot B[]

4 User Datagram Protocol, Src Port: 44721 (44721), Dst Port: 28902 (28902)
= Real-time Transport Control Protocol (Sender Report)
# [Stream setup by RTSP (frame 217)]
10.. .... = Version: RFC 1889 version (2)
..0. .... = Padding: False
...0 0000 = Reception report count: 0
Packet type: Sender Report (200)
Length: 6 (28 bytes)
Sender SSRC: 0x6a3708ca (1781991626)
Timestamp, MSW: 2212707919 (0x83e33e4f)
Timestamp, LSw: 2662914985 (0x9eb8dba9)
[MSwWw and LSW as NTP timestamp: Feb 13, 1970 01:05:19.6200 uUTC]
RTP timestamp: 1884142806

mvmelmm - N a L o ] ke br g
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HERTCP SRA] LI BYBT (8] [E) 25

HFRFIRTCP SREH X N A —ARTPHS [R] A1 — P NTPH [a] . AN H]
stream ¥ RTPH 8] R AN[F], {HB] DLk NTPE [&] B s 2[5 — >
FIE A B, MM sEELE D

RTR A
Session 1 mn‘amcpwmgﬁyﬁ@ bl ElE,

MERr7~, RTP session . sesdon
1 % i%H.264 1§ H

RTP:S4 fassseasasaesnasag /
90000Hz, [fiRTP -
session 2 XixG.711 i /
FH8000HZ. ) T.C_f’ Atp.tp)|

RTP S2---—r~--—= : RTCPQ(qtp tp)

N1:P1 N1:P2 NT;p
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M H.264R]EFRTP/RTCPSEINRAE 25

@ H.264 Payload 1% 2\E X 1 = FhAS[F] ) FL AN ) 01 %K
(Payload)Z5 4 . W] e 4h f 2B 75l -
B—NALB TR —4 RTP &/ BHH—4 NALU 221
HEH RN BIREEE 2 NAL B4 li—4~ RTP
., S REMESTTR: STAP-A. STAP-B. MTAPI16.
MTAP24., XMW ZBUE 535 7& 24, 25, 26 DL J 27.
S EEAERR F—A NALU BooEEm 24 RTP ..

EAEPFIZEAY FU-A A1 FU-B. 2BBUE 2 71 JE 28 F11 29,
RTP Payload #J28 — N A& Payload ) Type
24 STAP-A B—RREIFAHER

25 STAP-B B—mEIMAEE H.264INetwork Friendly’ {4 :
26 MTAP16 ZAMREIHMAEE H.2644 A5 Ho Aty i) =2 /] m]
27 MTAP24 ZANBRPHAER L7 H BL F-RTPE2 3,

28 FU-A 4RI
29 FU-B ZHHIET

100
RFC 3984 RTP Payload Format for H.264 Video



& RTPHE AL E KI5 R 15 B
i &k (Timestamp)
[5) 25 Y5 AR LT (SSRC Identifier)

¥ RTCP SR(Sender Report)
25 ST SRt 17 FP B e AR B

@ NTP timestamp: 64 bits

MSWRIRFD, LSWKIR1/232F)> (£7200ps)
€ RTP timestamp: 32 bits

IS TR T 35 ) B AN — RO A o I3 TR A ] A
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MO FZ2ZARAR

O 4t 2 AR A D

@ U HEIA 22 A R 2D

& A Z R &1 G SR RZD ML
CD-DAZE A N [F] 25
R HARAE 5 AT R 22 51 [E 2D
ITU-R BT. 601 07 A4 & 44 i fr) 5] 25
HDMI #0772 AR+ R [F) 25

@ L 22 R A2 G AK [E 2D 71k
MP37ii 5] 20
DVD/HDTV{i7i [F 5

2T RTPHIIRBAK [ 22
MMT: MPEG Media Transport

¢ BHARK
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M MMT: MPEG Media Transport

Developed by the MPEG as a replacement of MPEG-2 TS

® MPEGHIATMAE AR ZE 1 T V2 A8/, SR1M, 188bytes
FIMPEG2-TSHE A IFATE G LEIPM & L4 . NG RNIAEIP
X 28 AR Al MPEGZHZRH A 1 B tIbnitE, %N

MPEG Media Transport (MMT). FF7E20144E5H KA | 5

- U7

— 1

N

ISO/IEC 23008 High Efficiency Coding and Media Delivery in
Heterogeneous Environments (MPEG-H) standard suite.

ISO/IEC 23008-1 defines MMT Protocol and related technologies,
for example, (AL-FEC) framework, buffer model, signaling
messages and the data model.

ISO/IEC 23008-10 defines AL-FEC (Application Layer Forward
Error Correction) codes.

ISO/IEC 23008-11 defines Composition Information, technologies
for spatio-temporal layout of the multimedia components in a
multiscreen, multi-device environment.

New MPEG Transport Standard for Next Generation Hybrid Broadcasting System with IP 103
IEEE TRANSACTIONS ON BROADCASTING, VOL. 60, NO. 2, JUNE 2014



M( MRTPZIMMTP
MMTP: MPEG Media Transport Protocol

Why not RTP?

» Lack of Multiplexing: One media session per
component and without RTP multiplexing, 2 ports
per session

« Server Maintenance: RTP Payload Format for
every new media codec; Support needs to be
added to the media server.

» Coupling of Presentation and Delivery: RTP
carries presentation and synchronization
information at the transport level

 Limited support for Non-Real Time Media:
Presentations consist of timed and non-timed
media; Need other protocol or countless number
of payload formats to support NRT.
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M- MMT protocol Stack

Encapsulation e

* Delivery
* Signaling %

Composition

\ 4

L L R

|
|HTTP | | FLUTE | IRTP | - NTP
Y T

B : Defined by MMT

Information technology — High efficiency coding and media delivery in heterogeneous environments — Part 1: MPEG media transport (I\/ﬂ\/lB)eferenced by MMT
https://mpeg.chiariglione.org/standards/mpeg-h/mpeg-media-transport/text-isoiec-2nd-cd-23008-1-mpeg-media-transport Retrieved: 20171104



Encapsulation

MO

Logical structure of MMT Content

« Composition Information (CI) shall specify the spatial and temporal relationship
among the Assets for consumption and presentation by using HTMLS5.
» Asset Delivery Characteristics (ADC) shall provide the required QoS

information for transmission of Assets.

* A Media Processing Unit (MPU) is media data which may be independently and

completely processed by an MMT entity and consumed by the media codec

layer. Processing of an MPU by an MMT entity includes encapsulation,

decapsulation and (de)packetization.

/ MMT Package

A ADC

T
i

Composition
Information

T

—
e

N

MMT Asset MMT Asset MMT Asset
MPU MPU  MPU
Information technology — High efficiency coding and media delivery\*ﬂ\emnpnpmlq covirgoments  Part 1- MPEG modia transnort (MMT)

=/

https://mpeg.chiariglione.org/standards/mpeg-h/mpeg-media-transport/text-isoiec-2nd-cd-23008-1-mpeg-media-transport Retrieved: 20171104



M Encapsulation
Mapping MPUs to the presentation timeline

Presentation Timeline

L

Asset #1 MPU #3
Asset #3 MPU #1

Information technology — High efficiency coding and media delivery in heterogeneous environn:]eqzs — Part 1: MPEG media transport (MMT)
https://mpeg.chiariglione.org/standards/mpeg-h/mpeg-media-transport/text-isoiec-2nd-cd-23008-1-mpeg-media-transport Retrieved: 20171104



MC

An MPU shall be encapsulated
as a single ISOBMFF file. The
sequence number and Asset ID
of the MPU is provided in the
‘mmpu’ box to uniquely indentify
the MPU encapsulated in the file.
Additionally, in case of timed
media, a ‘sidx’ box may be
present to index movie fragments
comprising MPU. As each MPU
Is self-contained, each file
encapsulating MPU shall include
the initialization data by using the
‘ftyp’, ‘styp’,and ‘moov’
boxes. The ‘moov’ box shall
contain all codec configuration
information for decoding and
presentation of media data in

IMrmatlon ‘technology — High efficiency coding and media delivery in heterogeneous environrélqu — Part 1: MPEG media transport (MMT)
https://mpeg.chiariglione.org/standards/mpeg-h/mpeg-media-transport/text-isoiec-2nd-cd-23008-1-mpeg-media-transport Retrieved: 20171104

Encapsulation
Encapsulation of MPU

ftyp/styp

sidx

Mmooy
Media MINMT
trak hint
trak
moof
traf traf
mdat
|
]
[ |

a) MPU with Timed Media

ftyp

moov

MMT
hint
trak

meta
iloc

mdat

itermn

itermn

b) MPU with Non-timed Media



M Delivery 1(:IQOS_<_:CIIassi_f1£_er_ffllag ((cgzigqt;
ow ldentifier Tla :1bit

MMT packet header FEC_type (FEC: Z%its)

reserved (RES: 3bits)

timestamp (32bits)— This ficld specifies the type_of bitrate (TB: 3bits)

time instance of MMT packet delivery. The delay_sensitivity (DS: 3bits)

NTP time is used in timestamp as specified reliability_flag (R: 1bit)

as the “short-format” in clause 6 of IETF ~ Feserved (S: 1bits)- reserved. -

RFC5905, NTP version 4. This timestamp transmission_priority (TP: 3bits)

: . . flow _label (7bits)
IS measured at the first bit of MMT packet. extension_flag (e: 1bit)

private_user_data (16bits)

0 1 2 3
012345678901 234566789 0123456789701
e S o S S L s S S SR

| packet id | packet sequence number |
L S T S S S S
| packet sequence number | timestamp

bttt ottt —F Attt —F—F—F—F—F—+
| timestamp IQIF|P|FEC| RES | TB | DS |R|S]|
+—t—t—F—F—F—F—F—+—F—F—F—F—F—F—+—F+—F—F—F—F -+ —F—F—F—+—+—+
| TP | flow label |e| reserved| private user data |

+—t—t—F—F—F—+—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—+—+—+
| payload data c e
+—t—F—+—F—F—F—+—F—F+—F—F—F—F—F—F—F—F—F—+—F—F—F—F+—+—F—F—F+—F—+—+—+—+

Information technology — High efficiency coding and media delivery in heterogeneous environr{‘EQl% — Part 1: MPEG media transport (MMT)
https://mpeg.chiariglione.org/standards/mpeg-h/mpeg-media-transport/text-isoiec-2nd-cd-23008-1-mpeg-media-transport Retrieved: 20171104



, Delivery
MC MMTP packet: MMT payload header

An MMTP packet is mainly composed of three parts:

1) packet header

I1) payload data

1) AL-FEC (Application Layer Forward Error Correction) information

. . structure of MMT payload header

0123456789 012345606789012345%678901
dt—t—t—t—F -ttt —F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F+—+
| length | type | £ iIFIAIRIPIEIS]
+—+—+—+—+—+—+—+—+—t+—t+—+—t+—+—+ -+ttt —F—t———+—+
| data offset | frag count | numDU | DU offset |
+—+—+—+—+—+—+—+—+—t+—t+—+—t+—+—+ -+ttt —+—+
| ... | DU offset | |
+—+—+—+—+—F++F+++F++F+F++F+++F++F+FF -+ F -+ —F+—+
| payload sequence number |
++—+—+—+—F++F+++F++F+F++F+++F++F+FFFF+F -+ —+—+
| header extension |
+—+—+—+—+—+—+—+—+—t+—+—+—t+—+—+ -+ttt —F—t———+—+
| payload data .-
—+—+—+—+—F—F—F+—F—+—+—+—F—F—+—+—F—++F—FF -+ —F+—+—+
number_ data unlt (numDU: 4 bits) — This field specifies the number of data unit within this MMT
payload. This field shall be ‘0’, if fragmentation flag is set to ‘1°.
DU_offset (16bits) — This field specifies location of each data unit from the byte indicated by
data offset. This field shall be used, when aggregation flag is set to ‘1°.

Information technology — High efficiency coding and media delivery in heterogeneous environr‘r;le:l'lg — Part 1: MPEG media transport (MMT)
https://mpeg.chiariglione.org/standards/mpeg-h/mpeg-media-transport/text-isoiec-2nd-cd-23008-1-mpeg-media-transport Retrieved: 20171104



Delivery
MMTP packet: AL-FEC (Application Layer Forward Error Correction)

M ’

MMT provides the application level forward error correction (FEC) mechanism for
reliable delivery in IP network environments that are prone to packet losses.

0 1 2 3
0123456789 0123456789012345678790
Attt —F—t+—F -ttt +

MMT packet header EC source packet format

Attt —F -+t —F—F -+t +

_|_

|

_|_

| MMT payload header An FEClsource packet is a packet to
e s S S e s S L s e L s S e S e e = B TPt

|
_|_
|
_|_

1

ot —t—+ .
MMT payload data deliver gn MMT protO(_:oI which is
—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+pfemaﬁed byI:EC2and|scxnnposed of
source FEC payload 1D an MMT payload followed by an FEC
—+—t—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F+—+

payload ID.
FEC Repair Packet Format

0
An FEC repair packet is a packetto deblivera s 6 78 90123 456789012345678901

one or more repair symbols to redover its—+-F-F-F -ttt ot ottt ot ot oot oo o o o A e
. [ ., . MMT packet header

associated source SymbOI block aln—drlLLSF—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—

composed of MMT packet headet, MMT MMT payload header

: Ayttt —t—t—F—tF—F—F—F—F—F—t—F—Ft—F—F—F—F—t—Ft—F—F—F—F—+—+—
payload header, an repair FEC paWéaﬂ D ropair FEC payload 1D

and one or more repair SymbolS. 44 bbbt —
| MMT payload data | -

Information technology — High efficiency coding and medi# delivery-inthetdregtredus-ehvirbaments-—Partti-MPEGedid tratspdrt{ MM+ -+ —F+ —+ —F+—F+—F—F+—F+—F—F+—+—
https://mpeg.chiariglione.org/standards/mpeg-h/mpeg-media=transport/text=isoiec=2nd=cd=23008=1=-mpeg-media=transport—Retrieved: 20171104
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Signaling
Message for Consumption

MC

€ Six messages are defined that relate to the consumption of the Package;

Package Access (PA) message: It includes all tables required for Package
access including MMT Package Table and Composition Information Table;

MMT Composition Information (MCI) message: It includes MCI table
encapsulating a complete CI or a subset of CI. It may also include MPT
corresponding MCI table for fast Package consumption;

MMT Package Table (MPT) message : It includes MMT Package Table
providing a whole information or a part of information required for a single
Package consumption;

Clock Relation Information (CRI) message: it includes CRI Table providing
the clock relation information used for the mapping between the NTP Clock
and MPEG-2 System Time Clock;

Device Capability Information (DCI) message: it includes DCI table
providing the required device capability information for a Package
consumption;

Security Software Request (SSWR) message: it is used to request security
software for consuming MMT Package or Asset by a MMT receiving entity. It
can also include PA table or MPT.

Information technology — High efficiency coding and media delivery in heterogeneous environn:lezl'n?s — Part 1: MPEG media transport (MMT)
https://mpeg.chiariglione.org/standards/mpeg-h/mpeg-media-transport/text-isoiec-2nd-cd-23008-1-mpeg-media-transport Retrieved: 20171104



Signaling
Messages for Delivery

MC

@ Six messages are defined that relate to the delivery of the

Package:
Measurement Configuration (MC) message: it provides
information to configure a measurement;
Application Layer Forward Error Correction (AL-FEC)
message: it provides AL-FEC configuration information;

Hypothetical Receiver Buffer Model (HRBM) message: it
provides information to configure HRBM operation;

Automatic Repeat-Request (ARQ) message: It provides
Information required for ARQ operation;

Reception Quality Feedback (RQF) message: It defines a format
of measurement report from a receiving entity;

Network Aware Media Feedback (NAMF) message: It defines a
format of NAM parameter report from a receiving entity.

Information technology — High efficiency coding and media delivery in heterogeneous environr%% — Part 1: MPEG media transport (MMT)
https://mpeg.chiariglione.org/standards/mpeg-h/mpeg-media-transport/text-isoiec-2nd-cd-23008-1-mpeg-media-transport Retrieved: 20171104



Composition
/
MC Composition Information (CI)

Basic Structure of ClI

html
) head
View Example of Asset/Area/View title
Area 1 Area 2 e
divLocation
divLocation
divLocation
view  —
view  —
body
div
| video |
| audio |
| img |
div '
div
Information technology — High efficiency coding and media delivery in heterogeneous environn:lezl'lé — Part 1: MPEG njedia transport (MMT)

https://mpeg.chiariglione.org/standards/mpeg-h/mpeg-media-transport/text-isoiec-2nd-cd-23008-1-mpeg-media-transport  Retrieved: 20171104



Composition
M’ EXAMPLE OF MMT CI DOCUMENT
Composition Information (C1)7&7% 75

<!-- MMT-Cl.view Type -->
<xsd:complexType name="MMT-Cl.viewType">
<xsd:complexContent>
<xsd:extension base="HTML5:HTMLElementType">
<I-- The view element inherits HTMLEIlement interface which is specified in 3.3.2 of[W3C HTML5]-->
<xsd:sequence>

<xsd:element name="divLocation" type="MMT-CI.divLocationType" minOccurs="1"
maxOccurs="unbounded"/>
</xsd:sequence>
<xsd:attribute name="begin" type="MMT-ClI:beginType" default="0s"/>
<xsd:attribute name="end" type="MMT-Cl.endType" default="indefinite"/>
<xsd:attribute name="dur" type="MMT-CI.durType"/>
<xsd:attribute name="type" type="xsd:token" fixed="simple"/>
<xsd:attribute name="href" type="xlink:hrefType"/>
<xsd:attribute name="show" type="xsd:token" fixed="embed"/>
<xsd:attribute name="actuate" type="xlink:actuateType" default="onRequest"/>
<xsd:attribute name="viewtype" type="MMT-Cl.viewtype" default="default"/>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>

Information technology — High efficiency coding and media delivery in heterogeneous environn;le:l'lé — Part 1: MPEG media transport (MMT)
https://mpeg.chiariglione.org/standards/mpeg-h/mpeg-media-transport/text-isoiec-2nd-cd-23008-1-mpeg-media-transport Retrieved: 20171104



MO 1IN MMT

€ MMT: MPEG Media Transport
B CMPEG-2 TS

@ Encapsulation

@ Delivery

NTP Timestamp
AL-FEC

# Signaling

Clock Relation Information

/ MMT Package

MMT Asset

MPU MPU  MPU

\C

' ISOBMFF l

@ Composition e | ruute | e

HTML5

116

B : Defined by MMT

: Referenced by MMT



MO g BBIZERRGERR[E D

© MP3 U AT E 3 T30 347 ][] 4% 61 2
Samples Per Frame
Sampling Rate

@ DVD/HDTV AN [F) BEAA vt an fe] SE 3L [R] 25 2
ES—>PES—->TS
PCR/DTS/PTS

@ RTP/RTCPF) i [7] 47 4nfay SEER 2
SSRC ldentifier
NTP timestamp
RTP timestamp

€ MMT: MPEG Media Transport

NTP timestamp
Clock Relation Information

119



Bih: WERZERIRE LR

timeline of multimedia and synchronization technologies

1920 1960 1974 1970-1990 1991 1994 1995 1996- 2000-04 2006- 2009- 2014
Analog TV AT&T Mic- Digital Media PC Vid Video-on-  VoIP & P N i Cloud, C
nrf:l:;fie Picturc&Phunc Ari‘Zy :Egcllitemeetla(fonfe:"e:ge demlan?((\)fri)D) MOMOG RIPRTCE 1\&:“&1\;{:@13 Tele-immersion ereo-Camera MMTP
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Traditional applications directly deal with raw data, regardless of whether there are
discrepancies, thus lead to inaccurate analysis results. In this context, to improve the
quality of the data and make the results more reliable, it is necessary to consider the
time discrepancy among multiple wearable devices.

2015/06/02/23/  22/GMT+Y

2015/06/02/23/  25/GMT+9

GPS M Static frequency
2015/06/02/23/ F2TIGMT+9
fi 2015/06/02/23  JANVGMT+9

_ Dynamic frequency
Smin

B —

Step w i .P r
- T T

.2
Wanlt:dﬂ EEENEEEENENEENENERER

lrmin

Time Clock drift Il
Network latency

Idcal Processing delay g

Sy Dataitem nission time Data item

- »  Intra-stream
discrepancy

Stream A QROZIESIEEN Transmission time Data item

> Inter-stream

Stream B BSHIERIEH Bnntitanl discrepancy

Analysis of Temporal Features in Data Streams from Multiple Wearable Devices —
International Workshop on Human Behavior Understanding, 2016 Time



LR RIFRE/[E 2

Social Media Synchronization

MC

& 1%]: Tag Cloud & X K4 —

& = 1 IM TooltmMiranda : AIM, Gadu-Gadu, ICQ,
IRC , Jabber, MSN, Yahoo!

& =X MR R KA summarizé"?
d
wo:ﬁ%éﬁ%y

affiliate

design

wordcamp, paqﬂl% ngine
moHe

mu3is

q OO

126



MC =&FE: XHNREIZED

) =EsTEs

BEEEHTH(0) B s At

AN
ab B
ig
e =R
1isHER, SE=E 11 eE, BREEE
2 eSS TEE + =
FiEEEE
DS =M. . L | &R
O FEsrtsies ( BEEREF10-TitESE ) —
ERiEE
EEERFE SHREF | B |
SFEE | EEREE

B ANETF  EFESSIREESE

¥ EFmAERSEET

E ISR




MC =FERZ R

Capability Implementation of Four Popular Cloud Storage Services

. Windows Android
Capabilities
Dropbox  Google Drive  OneDrive  Seafile = Dropbox  Google Drive  OneDrive  Seafile

Chunking 4 MB 8 MB var. var. 4 MB 260 KB 1 MB b
Bundling V4 x X x x X X X
Deduplication V4 X X Vv Vv X X X
Delta encoding v X ® Vv X X P X
Data compression v v x x x X X X

In this paper, we identify, analyze, and address the synchronization (sync)

Inefficiency problem of modern mobile cloud storage services. Our measurement
results demonstrate that existing commercial sync services fail to make full use of
available bandwidth, and generate a large amount of unnecessary sync traffic in
certain circumstances even though the incremental sync is implemented.
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Results show that brain oscillations are
synchronized between listener and speaker
during oral narratives. This interpersonal
synchronization is mediated in part by a lower-
level sensory mechanism of speech-to-brain
synchronization, but also by the interactive
process that takes place in the situation per se.
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Brain-to-brain entrainment: EEG interbrain synchronization while speaking and Iistenin(]g29
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track the attention of the crowds during the 2006 FIFAWorld
Cup final

F. Calabrese et al., “Eigenplaces: Segmenting Space through

Digital Signatures,” IEEE Pervasive Computing, vol. 9, no.
1, 2010, pp. 78-84.
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CitySensing: Fusing City Data for Visual Storytelling, IEEE
Multimedia, July—September 2015
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Figure 7. This graph view highlights the scale-free nature of the graph of people when connected by the

places, events, and hashtags they discuss on social media.
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