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Analog & Digital
Video Basic
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DDD)))&

Digital Terminal

Service HER 2 Serviced EREE

DTV

45T

o

D-Cable
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TV, Monitor

NEE

]|

(NIU : Network Interface Units)|__L,| TP Demux
Decoder < PV
QPSK
NTSC / PAL
Encoder
S/IW
* CAS
-I?c—’l; ‘CIgBFDM . (é);s(grambler, Descryptor, User I/F)
* Real-time OS
« Chip set driver
( Modem, AV Decoder, TP Demux)
~ Down : 16VSB / QAM
| Up : QPSK IIF -10Base T
*|[EEE-1394
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Broadcast Standards

» World Use of the Composite Analog Signal

DAT or PATSECAM
(switching from SECAM to PAL)

M" - [ SFOAM only
=
N T T —
s - &

= =
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Name Frame/Field Stds Encoding Scan Subcarrier Aspect

Rate Org System Lines Frequency Ratio

NTSC 29.97/59.94 EIA NTSC 525 3.58MHz 4:3

PAL-M 29.97/59.94 EIA PAL 525 3.58MHz 4:3

SECAM-M 29.97/59.94 EIA SECAM 525 ?.??MHz 4:3

PAL 25/50 ITU PAL 625 4.43MHz 4:3

SECAM 25/50 ITU SECAM 625 4.25MHz 4:3

4.40MHz
PALplus 25/50 ITU PAL 625 4.43MHz 4:3
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Digital TV Standards

» Competing DTV Standards

— Europe and
Most of the
World — DVB

— North America ﬁ
and Limited ¥y
Countries — ATSC *. of 1
— Japan - ISDB

— China — Developing \
own standard

DVB-S
DVB-S, DVB-C
Il DVB-S. DVB-C and DVB-T
[l ovss. DB
I DVB-S. DVB-C. DSS. OperCable, ATSC DTV

™
d by US Cablelabs
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Digital Broadcasting
BASEBAND MPEG RF MPEG BASEBAND
A4
, .
.ﬁ ona| 57
Encoder | pri DI
HZED| )
e B
Encoder
dat/get MPEG2/AC3 RSBV P 2=4121(STB) DTV
) )
T2 BRI o= 4 & = Nl e
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Digital Broadcasting

BASEBAND

MPEG

BPNR=

BED|

MPEG Generator

MTX100

MPEG Analyzer

PQA 300

De
Mux

MPEG Monitor

N

MTM 400

8VSB Analyzer

VM700T
Rasterizer
ﬁ iy QU
Decoder WVR 7100

Audio Monitor

WFM700
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Chromaticity

*  Formats limit color
range

* (Care has to be taken
when converting
between formats

CIE 1931 Chromaticity Diagram
SMPTE Gamut

1931 2-degree Observer
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Conversion: Colorimetry equations

» SMPTE240M
Y =0.701G’ + 0.087B + 0.212R’
Pb = (B-Y')/1.826
Pr = (R-Y’)/1.576

» SMPTE 274M & 296M
Y =0.7152G + 0.0722B' + 0.2126R’
Pb = [0.5/(1- 0.0722)](B-Y’)
Pr = [0.5/1- 0.2126) J(R-Y’)

» ITU-R BT.601
Y =0.587G’ + 0.114B’ + 0.299R’
Pb = 0.564(B-Y’)
Pr = 0.713(R-Y)
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R'G'B’ to Y’P’bP’r format conversion

a

Cameras
Monitors

Editing
equipment
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Routers

Switchers

Storage
equipment
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E =2 2ol = HD : 2200H X 1125V
HD : 1125 SD : 858H X 525V
SD : 525

Al A
==

A
T =

Of
0
il

HD : 2200
SD : 858
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Al 2tH # Al 2 (Active Picture Area)
4 Horizontal
v Blanking

MBI HAl S
& £ ol

HD : 1080
SD : 480

Vertical AHSH EA SS9 =

Blanking HD : 1920
SD : 720
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Component Color Difference

» Y, Cb, Cr

Pb and Pr values moved to
OmV-700mV

— This signal is digitized.

700my

-300mv

350mv

-350mv

0

omy

350mv

omv

700my

0
-300mv
700 my

350mY

omy

700my

350 mv

omy

V= Y=
P'b= Ch=
range between
Pr= 07 lug range C'r= 0713 (R-Y) +
between £350 mV range between
L
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Analog B.B & HD Tri-Level Sync

BB Sync

Tri—Level Sync
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NTSC Horizontal Blanking

H Blanking
rise time
(140ns *20ns)
RefWhite

90% (100 IRE / 714mv)
Horizontal Blanking
(1U.Sus +0.2us )
-01us
50% 50%

Burst Envelope rise time

300ns +200ns
-100ns
Sync
10% rise time o A Ref Black Level
Setup (140ns * 20ns) 90% \ 4—— (75 IRE/54mv)
level — 10% Y Burst P L
‘Amp / < evel
(40 IRE) 50% Ref.
50% gd Sync
o Amplitude
(-40 IRE / 286 mv)
Sync Burst
(4.7us%0.101s) (9 *1 cycles)
: H. ref. to Burst Start
(1.5us 2 0.1us)| cycles:
H. ref. to Blanking end
Horizontal 92ps +02us
Reference -01pus
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HD Analog Horizontal Timing

» HD Tri-Level Sync Signal
— Fast rise times provide accurate timing edges

— Tri-level period much shorter than analog BB

Horizontal Blanking Interval
7 3 Reference
White
D
A >
700mvV —
300mV
\
3 Level
-300mvV
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HD Analog Tri-level sync

1l
l Reference point of analog sync ]

(+700mV)

Analog (+350mV)
HDTV
WFM i
i i
B i it omv)
(Y) : H
Data address: 0 point 1
I T H .
@ (-300mV) * \ ! Tri-level sync
< »q >
88 192
Digital -4 272 4+ 1920
Parallel Data |~ e —— >| >
(y)cobycr) |< [y ci N < VIDEG DRTA <
74.25MHz [ < o
" TTUS(IH) Picturedata 2200 TTT---- -,
' EA¥ | LN CRC i SAV |
r T T 1 Data | —— Data
Serial data o<l PEEEEL M EEF
EREEEENE ERERHEERHEHE REEEE :‘:Egagn
(¥, Cb, ) lefelsfsglels| =lalela2 7 (215 %) EREEEE BEEREE
1.485Gbps

JI& BB sync
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HD Line Timing in Sampling Cycles
Sam pling
Frequency

Format (MHz) (1/T) A B [+] D E

1920x1080 60 1:1 148.5 44T 1487 2807 19207 22007
1920x1080 59.94 1:1 148.5/1.001 44T 1487 2807 19207 22007
1920x1080 60 2:1 74.25 44T 1487 2807 19207 22007
1920x1080 59.94 2-1 74.25/1.001 44T 1487 280T 19207 22007
1920x1080 30 1:1 74.25 44T 1487 280T 19207 22007
1920x1080 29.97 1:1 74.25/1.001 44T 1487 280T 19207 22007
1920x1080 50 1:1 148.5 4847 1487 7207 19207 26407
1920x1080 50 2:1 74.25 4847 1487 7207 19207 26407
1920x1080 25 1:1 74.25 4847 1487 7207 19207 26407
1920x1080 24 1:1 74.25 5947 1487 8307 19207 27507
1920x1080 23.98 1:1 74.25/1.001 5947 1487 8307 19207 27507
1280x720 60 1:1 74.25 70T 2127 37T 12807 1650T
1280x720 59.94 1:1 74.25/1.001 70T 2127 aror 12807 1650T
1280x720 50 1:1 74.25 4007 2127 700T 12807 1980T
1280x720 30 1:1 74.25 17207 2127 20207 12807 3300
1280x720 29.97 1:1 74.25/1.001 17207 2127 20207 12807 3300
1280x720 25 1:1 74.25 23807 2127 2680 12807 3960
1280x720 24 1:1 74.25 2545T 2127 2845 12807 4125
1280x720 23.98 74.25/1.001 2545T 2127 2845 12807 4125
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HD Timing (1125/60Hz 2:1)

o e o 177 o

k 2
f
b d
¢
Oy
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HD Timing (1125/60Hz 2:1 )
Symbol Parameter Nominal value Rcff;fxa?i(ﬂ Tolerance
a Negative line sync width 0.593 ps e +0.040 ps
b End of active video 1.185 ps 88 +0.080 ps/—0 ps
¢ Positive line sync width 0.593 ps 44 +0.040 ps
d Clamp peniod 1.778 ps 132 +0.040 ps
¢ Start of active video 2.580 us 192 +0.080 ps'—0 ps
K Rise/fall time 0.054 ps 4 +0.020 ps
=1 Symmetry of rising edge - - +0.002 ps
S Amplitude of negative pulse 300 mv - +6 mV
.\'” Amplitude of positive pulse 300 mV - +6 mV
Vv Amplitude of video signal TO0 mv - -
- Field-blanking interval 45 Hifield 99 000 -
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Tri-Level Sync

» ol=t2 1 HDTVE ZEZHE QIe{H 0| A Z Burst 812

» HDTV 7H & =7|of| Tri—Level SyncZ| Xl otE!

> 37He| =2 FM =0, Zt2te] 37|= 300mVE M A 600mVE
» 0 Time Point : 37l 2l ® 2| 50% A

»

Tri—Level Sync @ A = : 44Sample (HDTVe| =& =% =)
— 1080i 60Hz : A, B, C = 44T, D = 148T

Horizontal Blanking Interval

- == Raference
A 4——D—>
700mvVv “ >
0H
300mVv
B C
Level
-300mV
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Standard Definition H|C| < =Zoi

Analog
Composite Parallel Digital Composite
Video PAL=17.7MH
M (PALINTSC) NTSC=14.3VHz
2 R Y Serial Digtal C
t : erial Digital Composite
G . RY , | Composite 10 Bits Parallel Serializer [ 143Mbisec (NTSC)
B i Y 177Mbisec (PAL)
I—» ]
Color Difference
é 4Fsc Clock X10
» Analog Video (PAL=17.7MHz)
L = (VBY. Rv) (NTSC=14.3MHz) DVD
Component B Digital Versatile
Analog Video y:n%?é (Video) Disk
(RGB) Program Stream =|
B-Y RY Y
MPEG2
6.75MHz 13.5MHz Protocol "
AtoD AtoD AtoD Transmission
—— —— Audio — =
Reample Conv Conv Conv Sample wpeGe | _Transpor Stream | TIEETRSY
and R-Y ] v ] Data ——#={ Program . T
Encoder
O,
Multiplexed 27MB/sec 270MHz ITU-R BT.601-2 Picture MPEG2 Transmission | SO ATM,
B-Y/Y/R-Y/Y/B-YIY Serial Digital Quality Protocol Channel Analysis | Modulated
Component Analysis Analysis odulate
) 270Mbisec RF Signals.
Serializer
ITU-R BT .601-2 Serial Digital Transmission
Component 270Mblsec - % Channel
R
ITU-R BT.601-2 Analog Composite MPEG2 Rx
Parallel Digital Component Video (PALUNTSC) | Program MPEG2
27MBlsec Decoder rotocol
Data ~— Transport Stream
| 2006-07-10 Tektronix
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CIX| & 22 8o

» Sampling

» Quantization

» Quantizing Error
» Nyquist Principle
» Aliasing

» Anti Aliasing Filter
» Dither

» Over-Sampling

» Aperture Effect

| 2006-07-10 Tektronix®

CIXE Mzof 4

» Video 14
— SMPTE 125M(SD)
» Component Video Signal 4:2:2 — Bit-Parallel Digital Interface
— SMPTE 274M(HD)
» 1920X 1080 Scanning And Interface

» Interface #24

— SMPTE 259M(SD)

» 10-Bit 4:2:2 Component And 4fs Composite Digital Signal — Serial Digital
Interface

— SMPTE 292M(HD)
» Bit-Serial Digital Interface For High-Definition Television Systems

» Embedded Audio

— SMPTE 272M(SD)
» Formatting AES/EBU Audio and Auxiliary Data into Digital Video Ancillary
Data Space

— SMPTE 292M(HD)
» 24-Bit Digital Audio Format for HTV Bit-Serial Interface
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Component Digital Video
SDTV

| 2006-07-10 Tektronix®

SDI Speed

» 13.5MHz x 2 x 10 = 270Mbps

» Y channel
— Sampling frequencies : 13.5MHz
— Quantized bits ;10 bits

» Pb/Pr channel
— Sampling frequencies : 13.5MHz(6.75MHz x 2)
» Pb CH(6.75MHz) + Pr CH(6.75MHz2)
— Quantized bits ;10 bits

| 2006-07-10 Tektronix-
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Sampling Rate

» ITU-R BT.601 Recommendation
ofLZ oM CIX|EH 2 M&EH A| 0|22} SS9 T35 24 Ao}
— NTSC2t PAL Aol SE2C2 MEX+= C|XE AEXHE H|C| <2 Z8of

et EE
- MEEY FO 13.5MHz(F WAo| F[AF i 2.25MHz2| H aetl)

> WS EF
- 411 8EY =4S E 13.5MHz, F 7He| M XA S = 3.375MHz
- 422 MEY =AM S E 13.5MHz, F 7Hel MRS = 6.75MHz
- 444 MEY TG, F OO MRS BF 13.5MHzE M2

» ITU-R BT.709 Recommendation

- HDTVe| CIX|E HxHE d|C|2 =%ol| Zhet 2#F

| 2006-07-10 Tektronix®

Y&l S 2 8/10H| E M Z 4k

ANALOG DIGITAL LEVELS
LEVELS 8BIT 108
my  DEC HEX DEC HEX

7663 255 FF 1023 3FF}RESERVEDRANGE

7638 1020 3FC

76303 254 FE 1019 3FB HEACROOM HIGHEST QUANTIZED LEVEL
7000 235 BB 940 3AC ’ PEAK WHITE LEVEL

0 15 10 b4 oan----j FEADROOM =~ BLANKING LEVEL

511 0 oo

=
=
=2
=

-A19 120 4 004 LOWEST QUANTIZED LEVEL
-48.7 3003 U }
RESERVED RANGE
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Al &S |. 8/10 | E AH=Z}
Cb |_| @2 10H| & O = HA
ANALOG DIGITAI LEVELS
LEVELS L 10 BIT
m¥ DEC HEX DEC HEX
+399 2 255 FF 1023 m}RESERVEDRANGE
13969 1020 3FC ‘
#3961 254 FE 1019 3FB --e- e HIGHEST QUANTIZED LEVEL
$350.0 240 FO 90 3CO ---- d MAXIMUM POSITIVE LEVEL
00 128 80 512 200 -mm— -~ BLANKING LEVEL
-350.0 1610 54 040 HEAgROOM ------ MAXIMUM NEGATIVE LEVEL
3969 101 4 004 I S LOWEST QUANTIZED LEVEL
0 s Ona}EESERVEDRANGE
-400.0 000 0 000
| 2006-07-10 Tektronix:

Crils 2} 8/10H| E M EZt

ANALOG DHGITAL LEVELS
LEVELS gam 108
m¥ DEC HEX DEC HEX

+3992 255 FF 1023 3FF}

+396.9 1020 3FC, RESERVED RANGE

+3961 254 FE 1017 3FB “ORG HIGHEST QUANTIZED LEVEL

+3500 240 FD 960 3C0 * I = LAKIMUM POSITIVE LEVEL
00 128 B0 512 200 SN (I BLAMKING LEVEL

3500 16 10 &4 040 JMAXIMUM NEGATIVE LEVEL

3969 1T 00 4 004 ) LOWEST QUANTIZED LEVEL

397.7 3 003

400.0 0 00 0 cvoﬁ]-mmmw{ﬁE
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ES B
Y o %4‘- fs/fh =13. 5MHZ/15 734kHZ = 858 =
- Cb ¥ &= :6.75MHz/ 15.734kHz = 4294 =
Cr &= :6.75MHz/ 15.734kHz = 429 &

rdE
» Line & Total Sample = = 858+429+429 = 1,716 =

» Parallel Data &
. GRS E1IOIE{ 2 =& 27Mwords/s2 M&
- {3 dio|E{e| MESTA
» Cb,Y,Cr,Y,ChY,Cr,...

| 2006-07-10 Tektronix®

SD Video Bit Rate

* 525 Line / 60 Hz

» Luminance(Y) : 858 samples/line X 525 lines/frame X
30frames/sec X 10bits/sample = 135Mbit/sec

» R-Y(Cr) : 429 samples/line X 525 lines/frame X
30frames/sec X 10bits/sample = 68Mbit/sec

» B-Y(Br) : 429 samples/line X 525 lines/frame X
30frames/sec X 10bits/sample = 68Mbit/sec

» Total Bit Rate
— Y + Cr + Cb = 270 Mbit/sec

| 2006-07-10 Tektronix-
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LineEt Word ==

04 Location
50%
Digital blanking Digite! active lina
o~ Ll
276 Words 1440 Words (0-1439)
(1440-17135) Total lino
- B
1716 Words (0-1715)
| 2006-07-10 Tektronix®

SD Horizontal Line

Last active picture sample First active picture sample

] COMPONENT: Active line digitized, EAV/SAV added '

rggy 88%¥8s5
5338 % H5388%X0>0>
. ™0
XYZ Word Conveys Start/End of Line (H), IRRRo— o

Vertical Blanking (V), and Field (F)
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>E|E0| Al
=2——1 1 =2
- F=0—-ZE=1
- F=1-HE?
> A2
- V=0—- 79472t
- V=1-$x2877|2
» TE=dY
- H=0—SAV
- H=1—-EAV
» 7|E}

- BitO&1=0,Bit9=1,P0,P1,P2,P3 =028

» 8.5 SHZ 72l FIHH0lE{ 7t 1S
~ Bl M B0l HYEE S :040h &2

- Cb, CR ¥ =0l s F=l= 9= : 200h &2

| 2006-07-10 Tektronix®

Digital Horizontal Timing

Horizontal timin. sSow NTSC
hr?_lcelarer!ce II;! INTt? 3 line line
id point of leading start start
NTSC waveform edge of H sync \ /
Black level AA AL
(Set up) 7.5 IRE |/}
|

I~ Color burst location
{9 cycles)

Horizontal timing ¥
reference in
Serial Digital

SDI waveform

Black level
(040 hex)
\ ~— Negative pulse
. . caused by failing to
H Ancillary periad. ; H
Embedded audio Black Clip the luminance
ata location.
(none shown)
SDI data EAV SAV
30|00 ajo|o|x
Flo|o Flo|o]Y
Flo|o Flo|o|Z
| 2006-07-10 Tektronix-
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Component Digital Video
HDTV

| 2006-07-10 Tektronix®

HDTV Standard

S Aa
H 1 |ANSI/SMPTE274M SMPTE240M E
: AN ?zlgxs“gg PlEi?sM : 1920x1080 Analog & Parallel [« HDTV Std./1125 [~ Anla-ll;lgj HETVB;IQ-IIJZi?g(d
i _________ ‘i"_"_"_: (BTA S001B) (BTA S001B) )
R o . | |
' ANSI/SMPTE294M| | ANSI/SMPTE296M SMPTE260M ITU-R BT.1120
! 720x483p Serial Interface ! 1280x720p Analog & Serial 1125/60 Parallel Interface Component Digital Studio
:___________________: (BTS SOOZB) Interface
\ SMPTE: Society of Motion Pictures and Television Engineers
ANSI/SMPTE292M . i
RP1 84 Serial-Digital Formats inl\/l,:lTE kP ,ﬁif;:";:’: r!:l:?i‘i:;lagt’::dards Institute
SDI System/Jitter (BTA S004B) BTA: ing T iation >> ARIB
i
RP192 SMPTE291M ANSI/SMPTE299M
Jitter Measurement Method ANC Data Format =] Switching Point Std.
(BTA S005B) (BTA S005B)
RP198 ANSI/SMPTE299M ANSI S.4.40
SDI Field Test Signal Std. Digital Audio i Digital Audio

(BTA S006B) Interface Std.
I
RP165 RP155 SMPTE276M

EDH Signal Std Digital Audio Level Std. AES/EBU Coax
Interface Std.

| 2006-07-10 Tektronix-




HD Video Diagram

74.25 MHz

Sample l
74.25 Mwords/Sec
] Y o0l WYY
R > i > Serial
G , R-Y —> Digital
B , I 1.485 Gb/Sec
By Multiplexed
i 74.25 Mwords/Sec
- ..R-Y/B-Y ...
AES/EBU
37.125 MHz Digital Audio
Sample

—>
B-Y
Compressed
_>R v > L HDTV
3 200 - 300 Mb/s

“SDTI”
—>Y q

| 2006-07-10 Tektronix®

HDTV(1080i) & & &+
> SDTVE| ME $(4:2:2)
- YI:IET: 511\:% b/ 7}'/\|:|HE_I_.‘]'29|:|£

— Line & Total Sample 4= = 858+429+429 = 1,716 M &
» HDTVS| ME ==
Fs = 74.25MHz, fh = 33.750kHz
- Y MEZ 5= 74.25MHz/33.750kHz = 2,200 ¥ =
— Ch&CrZtME£+:1,100 M=
— Line & Total Sample &= = 2,200+1,100+1,100 = 4,400 M Z

> FEIA
- SDTV
> YAlS 1720 ME X 480 line = 345,600 3t
> Y+Cb+Cr = 691,200 8t
— HDTV
> Y&l 1,920 ¥Z X 1,080 line = 2,073,600 k2
> Y+Cb+Cr = 4,147,200 3t

| 2006-07-10 Tektronix-
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HD-SDI Speed

» 74.25MHz x 2 x 10 = 1.485Gbps
— 74.25/1.001MHz X 2 X 10 = 1.485/1.001GHz

» Y channel
— Sampling frequencies : 74.25MHz
— Quantized bits ;10 bits

» Pb/Pr channel
- Sampling frequencies : 74.25MHz(37.125 x 2)
~ Pb CH(37.125MHz) + Pr CH(37.125MHz)
— Quantized bits ;10 bits

| 2006-07-10 Tektronix®

HD Video Bit Rate

* 1080i at 60Hz(1125 Total Lines)

» Luminance(Y) : 2,200samples/line X 1,125lines/frame X
30frames/sec X 10bits/sample = 742.5Mbit/sec

» R-Y(Cr) : 1,100samples/line X 1,125lines/frame X
30frames/sec X 10bits/sample = 371.25Mbit/sec

» B-Y(Br) : 1,100samples/line X 1,125lines/frame X
30frames/sec X 10bits/sample = 371.25Mbit/sec

» Total Bit Rate
— Y + Cr + Cb = 1.485Gbit/sec

| 2006-07-10 Tektronix-
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Y, B-Y, R-Y Color Bars

» Y - Luminance
» B-Y (U)
» R-Y (V)

| 2006-07-10

+714mV _| WHT
(700 mV) YEL
CYN
GRN
MGT
RED )
BLU

CHANNEL 1
Y+

omv
286 mV
(-300 mV)

+636 mV
(+620 mV) CHANNEL 2
B-Y*

omv | o

-636mV _|
(620 mV)

+500mV _|
(+490 mV)

omv
CHANNEL 3
-500 mV R-Y*
(-490 mv) | V)

* Derived from 714 mV RGB signals
(Derived from 700 mV RGB signals-
PAL ref burst values not shown)

Tektronix®

Analog to Digital Conversion

Linear

| Matrix

Parallel

Ch Y C'r Y+
!! 10 Bits '

RGB Camera

< Sampling = 0}=~ >

Clock

Standard Definition Clock 27MHz

-13.5 MHz : Component High Definition Clock

-4 X Fsc : Composite
-74.25MHz : HDTV

| 2006-07-10

148.5 MHz even rates
(148.5/1.001) = 1.4835 MHz odd rates

Tektronix-
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HD Horizontal Line(Y4l 2)

Last active picture sample

First active picture sample

‘ COMPONENT: Active line digitized,

(==}
o O
o o

3FF

o
z=Z
1

—» XYZ
YCRO
YCR1

XYZ Word Conveys Start/End of Line (H),
Vertical Blanking (V), and Field (F)

EAV/SAV added '
>G>

| 2006-07-10 Tektronix*
High Definition
Digital Horizontal Line
‘ N
> Digital Line Blanki ; 4 >
3 Y asclllary Data S Digital Active Llne// Active Picture %
E8EEEE8E EEEEssss THEEE
. )
| 2006-07-10 Tektronix
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Y Data Cb/Cr Data
S JILY 888 y 2 2 I8% 883 ! jad
& 989 222_ < Video Data Address — 3 § 885 222 < Video Data Address —
2 222 JJ&o 2 2 222 &J&o 2
F=0(1) — 1 1
f ) 6 6
1 7 Line of Switching Point 7 Line of Switching Point
' 8 Next Line of Switching Point 8 Next Line of Switching Point
i 9 ] 9 ]
: 20 20
boV=0TT 21 - 2
- [}
Field 1 -g
(563 Lines) Active Picture Area E Active Picture Area
T
d
| o ) >z >
1 >1=
: CEEIE S (5 |5
| V=1\__ 560 9 0 — 560
Y 561 561
A F=1564) ~ 568 568 i
| 569 Line of Switching Point 569 Line of Switching Point
1 570 Next Line of Switching Point 570 Next Line of Switching Point
! 571 1 571 —
| 583 583
! V=0""" 584 584
h
Field 2
(562 Lines) Active Picture Area Active Picture Area
|
i 1123 1123
| V=TT 1124 1124
v 1125 1125
LN: Line Number CRCC: Cyclic Redundancy Check Code

| 2006-07-10 Tektronix®

Ancillary Data(+ 7Ol &)

g ™
F=1
F=0 '* L
3 "
Vertical Blanking B"';;‘;ﬁr’é
Total
Humber
Lines Active
Picture
4
> A= >4
3 Active Line 4 @ Active Line
H=1 H=1 H=0
+—
H Blanking H Blanking
\_ S
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SMPTE 292 HD Formats

P O S R S P
| coma [alelelofelefofulilofulilu
e {1128 128 | 130 vis| 120 128 125 v | iz i 125 0| 730
ers por acin e 1520 120 | 102 10| 1620 620 620 120 | 1020 100, 1620 280 1230

1035 1035 | 1080 | 1080 | 1080 | 1080 | 1080 | 1080 | 1080 | 1080 | 1080

Words Per total line 2376 2750 | 2750

INNPSVS [V ) [ O ) P
g ool

| 2006-07-10 Tektronix®

HD-SDI Horizontal Blanking(Y Only)

HORIZONTAL BLANKING INTERVAL

< P
ANCILLARY OR
EAV LN | CRC | BLANKING DATA SAV

— PP - P P
i{

nll =3 = E glz(2|= el B3 A B

m|lo|o dlal0O0 0O GREEERES
/L
I
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SD 4:2:2 Sampling Serialized
SD:13.5MHz
HD:74.25MHz
10 Parallel
Bits 4:2:2
Y
> S | 81> 5> 81> |5 81> 5> 8> |5]>
Cb
10 Bit Parallel Samples at 27MHz or 148.5MHz
A/D
Cr Parallel to ITUR BT.601-2
eria —— Serial Digital Component
Converter 270Mb/s
[
SD: 6.75MHz SD: 270 MHz
HD:37.125MHz HD: 1.485 GHz
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Digital Baseband Signal

Measurement
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Analog & Digital
Analog

Digital

E ¢ ¢ (010111000110001010101 o @
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Construction of Eye Diagram
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Construction of Eye Diagram
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Construction of Eye Diagram
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Construction of Eye Diagram
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Construction of Eye Diagram
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The Eye Pattern

| 2006-07-10 Tektronix®

Eye Pattern 54 ulz2}o|E

|

0.8 Volts | —»lle—— Jitter
Yo Jitter |

Overshoot
Rising/Falling Edge

. 20% to 80%
i Falltime

20% to 80%

. Risetime
Amplitude
« Unit 41—,
Interval

One Clock Interval
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Unit Interval(UI)

1

» Unit Interval = ClockFrequency

» Composite Digital
— 1UI = 1/143MHz = 6.99ns

» Component Digital(SD)
— 1UI = 1/270MHz = 3.70ns

» Component Digital(HD-SDI)
— 1UI = 1/1.485GHz = 0.67ns

» AES/EBU Digital Audio
— 1UI = 1/6.144MHz = 163ns

| 2006-07-10 Tektronix®

SDI =X 6|-§

o O

53 &5 pje] HID
. Al diolg] 2E- ] thye] HEES e a7 o R BAshe SMPTE259M
Eye Pattern ANalysTs | oz xojet clele] 155l 1714 548 @850 9908+ 25 | SMPTELGOM
AT =4 A5 278 p_pR ZAHY ghoz SMPTE259M
= 800mV+10% o] W= T+Aska Atk [mVolt] SMPTE292M
Rise A4 259 2 o] 20%0l 4 80%e] EdEts Ao ol SDFS SMPTE259M
Ise = 0.4nsec~1.5nsec®, HDH-2 100psec ~ 270psec® 43kl Tt SMPTE292M
Fall 4 Az o] WEo] 0%l A 20%0l] =R AlZto.z A elatn SDF SMPTE259M
all= 0.4nsec~1.5nsec®, HDH-& 100psec ~ 270psec® T+4&}aL gt} SMPTE292M
Rise/Fall Time Rise/Fall Time®] A3k 2}o] = SMPTE259M
Difference 54 0.5nsec ol & FA3ka A}, (p or n sec) SMPTE292M
118 9] Risi ) A8 A3

Rise Overshoot 54 “QQS'?%?S?;??ZSQ?Q ;7?}’ [%]] " SS’\I\A/IFE’;E;;Q&A
DC Offset Az A7)9 FAR o7 Gt 0V+0.5VE skl vk [V] SS[\’>|/|FIJD';EE§95§[\I\/|A
HAY 257 4159 o] 41 $1A| el A] o] Fk WstgFo® ol gt SMPTE259M

jitter Analysi SDI Jitters F3ll 215.9] P_P timing¥} ali t timing &
Jer Analysis 5950w SOl 9479 1718 B & 4 S5k, 0,201 SMPTE292M
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Eye Pattern

Measurement Spec H|

o

=
=

SD

HD

Amplitude 800mV +10% 800mV +10%
Rise/Fall Time 0.4ns ~ 1.5ns < 270ps
Rise/Fall Time Difference < 0.5ns < 100ps

Rise/Fall Overshoot

< Amplitude*10%

< Amplitude*10%

DC Offset 0oV +0.5vV oV +0.5vV
Timing Jitter < 0.2U1 < 1UI
Alignment Jitter < 0.2UI < 0.2UI

Return Loss

> 15dB(5MHz~Clock Freq)

> 15dB(5MHz~Clock Freq)
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Jitter
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SDTV — Eye Diagram, Jitter and Wander

» Eye Pattern
— Effects of improper termination - Reflection

| 2006-07-10 Tektronix®
SDTV — Eye Diagram, Jitter and Wander
» Return Loss on Eye Diagram
Return Loss ; [_/
o1 1Ul
| 2006-07-10 Tektronix-
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Jitter Spec
» SDTV
Timing Jitter Lower Band Edge 10Hz fi
Alignment Jitter Lower Band Edge 1kHz f3
u Band Ed S f4
pper Ban ge Clock Rate
» HDTV
Timing Jitter Lower Band Edge 10Hz fl
Alignment Jitter Lower Band Edge 1kHz f3
U Band Ed P f4
pper Ban ge Clock Rate
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SDTV — Eye Diagram, Jitter and Wander

» Jitter and Wander
— lJitter > 10Hz (difficult for receiver to adjust to so can be a problem)
— Wander <= 10Hz (receiver can adjust to so normally not a problem)

Amplitude
in Ul Wander Jitter

| | | | | | | | |
.Im 1m 10m 0.1 1 10 100 1K 10K

Frequency (Hz)

Ideal Clock
ittered Clock | I
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SDTV — Eye Diagram, Jitter and Wander

» Timing Jitter
— The variation in time of the significant instants of a digital signal
relative to a clock with no jitter above 10Hz
— Measurement based on very stable clock in test device
— Used to determine general health of system
— f1=10Hz, f3=1KHz for SDTV
— f4=PLL Upper limit

A Timing Jitter N
Measurement Region

7Wander% Low Frequency ¢ Alignment Jitter
doal Clock Region Jitter Measurement Region
0dB
P e

Jitte *

Tima —

Function o i

- - Rolloffs at 20 dB/dec

N
7

f1 3 4 Jitter Frequency
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SDTV — Eye Diagram, Jitter and Wander

» Alignment Jitter : (0.2UI)
— Jitter the receiver PLL cannot track
— Measured based on clock recovered from the signal itself
— Indicates jitter that can cause system problems

[ Timing Jitter N
Measurement Region

Wander Low Frequency Alignment Jitter
N — itter K —

wosers. [T Region - Heesyrement Region
0dB
"/:.13 L B s S B wim S B
Jitte 7 N
1 =
i — Rolloffs at 20 dB/dec

AN

7
f1 3 4 Jitter Frequency
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Eye Pattern 2| S &=

SEEET R
Efo| Y 54

2| 2/H|C| 2 X|4(Lip sync) 54
ahe e 54

— Lightning CIAZ 2| 0]

— Diamond £l A &2 0]

— Arrowhead C| A Z2|| 0]

— Bowtie C|AE2| 0]

EDH S 4
UHICI= 20| 2 2™, Fut=, THD S4
FItH Ol =5 =4

Wander 5A
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vV v v VvV

vV v v V

Digital Audio
AES/EBU
SMPTE 272M
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AES/EBU Audio Data Format

32 bits

/Preamble X, Y or Z, 4 bits

Sample Data

20 bits
Subframe Structure

Auxiliary Data 4 bits

Audio sample validity
User bit data
Audio channel status
Subframe parity
Frame Structure

Y |Channel B| Z |Channel A| Y|Channel B|X |Channel AY |Channel B

Subframe 1 Subframe 2

——Frame 191 Frame 0 Frame 1

<

Start of 192 frame block

| 2006-07-10 Tektronix®

Block and Frame Format

Left Right € Start of Block
l Frame 191 l Frame 0 Frame 1
‘X‘ Channel 1| Y‘ Channel 2| Z ‘ Channel 1” Y‘ Channel 2| X| Channel l| Y‘ Channel 2

- Frame repeat
48kHz : 20.83us, 44.1kHz : 22.67 ps
- Block repeat
48kHz : 3999.36us=4ms, 44.1kHz : 4352.641s=4.352ms
- A Block = 192 Frames
- A Frame = 2 Subframes
- Preamble X identifies Channel 1 after Frame 0 at Start of Block
- Preamble Y identifies Channel 2
- Preamble Z identifies Channel 1 and the Start of Block

| 2006-07-10 Tektronix-
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AES Channel-Pair 2
> One 32 blt aUdlo sub_frame put ,chhm»mn 7][,-, uy} chnmmAIY[(m-mam
. . . Saranet | Somaz
in three 10 bit ANC video words.
AES Channel-Pair 1

00 - AES1 CHA [vlcmm Zlcnmuu Ylmmmls X]wmﬂ»{chmmua

01— AES1 CHB

10 — AES2 CHA el

11 - AES2 CHB © 7 Fmme 101 /"

x /
/
Bt | X X+1 X+2 ———————————— AES Subframe 32 bits
Subframe pari
b9 \ not b8 not b8 not b8 Preamble X, YorZ, 4bits  Audio channel s‘lg(:gty
# Auxil User bit data
b8 \\ aud 5 aud 14 Pary / Jux Jely\Deta 4 bits Audio sam;;l:rvalidgy\ \
b7 \ aud 4 aud 13 C 2A°E %"? E:,,I,B,e( Dﬁfm .
n| S rame

b6 aud 3 aud 12 u Embudded Channar s 2)

b5 \ a2 aud 11 v

b4 \ aut aud 10 aug 19 (msb) pBsdbmdimn

b3 \ a0 a9 aud 18 4 Audio Data Packel
b2 oh bit-1 aud 8 aud 17 l glig §§ A=S 1, Ciy AJAES 1. Gt B{ AES 2, Ol A ______ BB
bt o bit2 ad7 aud 16 8 Pa[P0) xeiea | xwerxz | kx| _ 57
b0 Z-hit aud 6 aud 15 Baia Foedks

Composite, ;FC
Component,000 3FF 3FF

| 2006-07-10 Tektronix®

Embedded Audio Format

/Data ID 2FF (1FD, 1FB, 2F9) Audio Data Packet
Y| c[.=lacst,cha |AEs 1, cnB |AES2. cna] =
£2 |83 Channel 1 | Channel2 | Channel3d [ — — — [8E
Oz |00 | % x+1, %42 | x, 241, x+2 | x, x+1, x42 50
m
f P4 x _ ¥ - -
- -~ -
Data Header I - -
Composite, 3FC - o
Component, r ”
000 5FF 3FF i Vd Extended Data Packet
P - Auxiliary 4 bits
sSleEl x| x|x[x]x]|x Be
= =32 |3 |3[2]2|3(——=——— |2z
cxleglg | |2 ||| o

L2 - - -
\ Data ID 1FE (2FC, 2FA, 1F8)
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Embedded Audio Bit Distribution

3 data words (X, X+1, X+2) for each audio sample

Bit X X+1 X+2
b9 not b8 not b8 not b8
b8 aud 5 aud 14 Parity
b7 aud 4 aud 13 C
b6 aud 3 aud 12 U
b5 aud 2 aud 11 v
b4 aud 1 aud 10 aud 19 (msb)
b3 aud 0 aud 9 aud 18
b2 ch bit-1 aud 8 aud 17
b1 ch bit-2 aud 7 aud 16
b0 Z-bit aud 6 aud 15

| 2006-07-10 Tektronix®

AES/EBU C|X|E 2rC|2 =g 74

P = Parity bit

C=Channel status bt | ge0ciated data
U = User bit

V = Validity bit

1 sampiing period = 1 frame
Sub-frame A Sub-frame B
32Dbit
4 20 4

LS8 -]LSE__%
Sync | Aux. | Audio data mfdw Sync | Aux. | Audio data word

> 122 ;270 ME =R (A/B)2 2 T4
» Zt ME =2 (32H|E) = 20| 2 H[0|Ef 20H| E + Aux H| 0| E

44| E + Sync H|O|E{ 4H|E + V,U,C,P Z} 1H|E

> 1Z2Q(64H|E) = ME =B AB2H|E) + ME =22
B(32H| E)

» 1 Audio Block = 19274 Zgj|elo=z 74
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Sync Word X, Y, Z

| X Subframe 1
| | | Y Subframe 2

| | | | | Z Subframe 1 and block start

| Tirne =it O | Tirne =lait 1 | Tirne slat 2 | Tirme: =l 5 |

| | X Subframe 1
| | Y Subframe 2

| | | | | Z Subframe 1 and block start

| Time =lan | Tirne: slat 1 | Tirne =lat 2 | Tirmes =l 3 |

"X [ 1100010 DooL110l Subframe |
L LI100100 00011011 Subframe 2
A LLLOT000 noalo)l] Subframe | and block start

| 2006-07-10 Tektronix®

Block & Frame Format

Left Right *— Start of Block
l Frame 191 l Frame 0 Frame 1
| x| Channel 1Y | Channel 4 Z | Channel 1| Y | Channel 2 X | channel 1| Y | Channel 2

» Frame Repeat
— 1 Frame : 1/48kHz = 20.83us (44.1kHz=22.67us)

» Block Repeat
— 1Block : 20.83us X 192frame = 4ms (44.1kHz=4.352ms)

» AES/EBU Interface Bit Rate
— 48kHz X 2CH X 32Bit = 3.072Mbps

» After BPM Encoding
~ 3.072Mbps X 2 = 6.144Mbps
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AES/EBU Frames & Subframes
& Data rate
- 32 Bits/Subframe Preamble(4)
- 4 Preamble Bits
- 24 Data Bits Pre Dan@h) _ |vjy[c|p
- 1 Validity Audio sample
- 1 User Validity —————
- 1 Channel status User Data
- 1 Parity(Even parity) Channel Status Data
- Data rate Subframe Parity
48kHz : 32bits/10.415us or 64bits/20.83 us
=3.072Mb/s
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Subframe Format

0 34 27 28 Ell
Preamble | LSB 24-bit audio sample word MSE| W U C P
(a)

vV Validity bit

V] User data bit

C Channel status bit

P Parity hit

AL Auxiliary sample bits
0 34 78 27 28 Ell
Preamble AUX  |LSE 20-bit audio sample word MSE| W U C P

(b}

Jg(a) : 24-Bit Extended Format(HD)
g (b) : 20-Bit Standard Format(SD)
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