Understanding HD & 3G-SDI Video

EYE DIGITAL SIGNAL TIMING

EYE DIAGRAM
The eye diagram is constructed by overlaying portions of the sampled data stream until enough data amplitude is important because of its relation to noise, and because the Y R'-Y' B'-Y" COMMONLY USED FOR ANALOG COMPONENT ANALOG VIDEO
transitions produce the familiar display. A unit interval (Ul) is defined as the time between two adjacent signal  receiver estimates the required high-frequency compensation (equalization) based on the Fo;mat . 1125’ 760721 750/60/11 525/50.94/2-1 625/50/2-1 1250/50/2-1
transitions, which is the reciprocal of clock frequency. Ul is 3.7 ns for digital component 525 / 625 (SMPTE  remaining half-clock-frequency energy as the signal arrives. Incorrect amplitude at the v 02126 R 2071526 7007228 | 0299 R + 0587 G £ 0114 B ;
259M), 673.4 ps for digitql high-gefinition (SMPT!E 292)'and 336.?ps for 3G-SQI serial digital (SMPTE 424M) sgnding.end pould result in an incorrept equaliza.tion applied at the receiving end, thus causing Digital video synchronization is provided by End of Active Video (EAV) and Start of Active Video (SAV) sequences which start with a Ry’ 07874 R - 0.7152 G' - 0.0722 B 0701 R - 0587 G - 0114 B
as shown in Table 1. A serial receiver determines if the signal is “high” or “low” in the center of each eye, and  signal dlstor_tlons_. Qvershoot of the rising and falling edge should not exceeq 10% of the w_aveform _ unique three word pattern: 3FF, (all bits in the word set to 1), 000, (all 0's), 000y, (all 0's), followed by a fourth “XYZ” word whose By’ 02126 R -07152G + 09278B' | -0.299 R - 05387 G' + 0.886 B' HQRIZO NTAL LINE TIMING . . - . - .
detects the serial data. As noise and jitter in the signal increase through the transmission channel, the best  for SDI (Serial Digital Interface) formats. Overshoot could be the result of incorrect rise time, but is format is described in Table 5. This diagram represents the HD horizontal line and shows the relative timing intervals for the horizontal blanking interval and active
decision point is in the center of the eye, although some receivers select a point at a fixed time after each  more likely caused by impedance discontinuities or poor return loss at the receiving or sending Y', P'B, P'R ANALOG COMPONENT line. The relative positions of EAV and SAV in comparison to the analog horizontal line are shown. Note the analog HD timing reference
transition point. Any effect which closes the eye may reduce the usefulness of the received signal. terminations. The rise and fall times determined between the 20% and 80% points shall be no greater Bit Number 9(MSB) 817 |6[5]4]3]2 1 0(LSB) Format | 1125/60/2:1 1920x1080 (SMPTE 274M) 525/59.94/2:1 (SMPTE 125), point Oy is measured at the 50% point of the positive rising edge of the tri-level sync. Table 10 shows the relative timing intervals for a
than 135 ps and shall not differ by more than 50 ps for 3G-SDI, shall be no greater than 270 ps, and not In HD, both the luma and chroma Function Fixed(1) F |V [H|P3[P2]P1|P0O| Fixed(0) | Fixed(0) (SMPTE 240M) 1280x720 (SMPTE 296M) 625/50/2:1 (ITU-R BT.601), variety of formats.
SMPTE standard 424M (3G-SDI), 292 (High Definition HD) and 259M (Standard Definition SD) defines a range  differ by more than 100 ps for HD and shall be no less than 0.4ns, no greater than 1.50 ns, and shall not signals have an EAV and SAV sequence Table 5, Format of EAV/SAV “XYZ” word : ‘ ‘ ‘ . ‘ || TPl (A
of specifications for the physical layer for the eye diagram. The DC offset is defined by the mid-amplitude point  differ by more than 0.5 ns for SD as summarized in Table 2. Incorrect rise time could cause signal distortions that is multiplexed to form a twenty-bit l,b 5821\(2;1 ;2'6701 G +0.0878 ?0251 /(216 F; 5702;;]?|32th 0.07228 gggif{;sf £76+0.1148
of the signal and should be 0.0 V +0.5 V. The amplitude of the signal is specified as 800 mV +10%. Signal  such as ringing and overshoot; or, if too slow, could reduce the time available for sampling within the eye. word. The wide variety of HD formats : TOIET : - R : ny P
h dditional cod ds added to Word | 9(MSB) | 8 7 6 5 4 3 2 1 0(LSB) Pr (R-Y')/1.576 [0.5/(1-0.2126)](R"-Y') 0.713(R™-Y") ) -
ﬂ?"eEZV tonal co edeo S | eLN ; INO | NotB8 | L6 | L6 | L& | 1B |2 | LI 0 | RO | RO ARG, R
: : : l Maintaining a digital system within these ed it S’Te‘lllje”ge; d,° f \g]or S : INT | NotB8 | RO) | RO)| RO | L0 | L9 | L8 7 RO) | RO) Y', C'B, C'R, SCALED AND OFFSET FOR DIGITAL QUANTIZATION \ ;
ggn Interval _ — gge/Fau Time - m— /0\\""_“""“' T specifications  guarantees  reliable ?” t() d ef t)hml-:([:)afe etcu”ﬁ_rl‘ Table 6, Bit distribution of line number words in high-definition formats Format | 1920x1080 (SMPTE 274M) 525/59.94/2:1 (SMPTE 125), F \
(259M) (292) (424M) (259M) 292) (424M) N 72 7 N / =k B transmission of this signal. Digital (l)r;{% n;nn(] Eé:q? (Tai)le 7 Or;m?e,sg:’l]tl z 1280x720 (SMPTE 296M) 625/50/2:1 (ITU-R BT.601), 3
3.7ns 673.4ps 336.7ps Shall be no less | Shall be no greater| Shall be no greater \ | \.f, ‘ A systems  will work outside this . P Word | 9(MSB) | 8 / 6 5 4 3 2 1 0 (LSB) getiol i R e
| / Wi \ | I e ) cyclic redundancy code (CRC) of each YcrRo | NotB8 | cRcs | crc7| cree [ cres | crca | crea | crc2 | cre1 | crco Y' 0.2126 R' + 0.7152 G' + 0.0722B' | 0.299 R' + 0.587 G' + 0.114 B'
Table 1. than 0.4ns,no | than 270ps and | than 135ps and \/ \'/ - \| . . specification, but will fail at some point. It : ‘ — —
greaterthan | shall not differ by |shall not differ by N orvam e Jiter f m,f-".'.ﬂ’-s“' is difficult to determine the failure point, so HD line. These code words are added to YCR1 | NotB8 |CRC17 | CRG16] CRC15[CRC14 | CRC13| CRC12| CRC11| CRC10 | CRC9 bl 0.5389 (B-Y) + 350 mV 0.564 (B'-Y) + 350 mV
1.50ns, and shall | more than 100ps | more than 50ps |+ 10% M 0.2Ulp-p RERIE P L ’ both the luma and chroma components CCRO_| NotB8 | CRC8 | CRC7 | CRC6 | CRC5 | CRC4 | CRC3 | CRC2 | CRC1 | CRCO c'r 0.6350 (R'-Y') +350 mV 0.713 (R'-Y') + 350 mV
o = L I\ it is critical to maintain the health of the v
not differby more I\ ' I\ e ph sical laver to prevent the svstem from after EAV. CCR1 Not B8 |CRC17| CRC16] CRC15|CRC14 | CRC13| CRC12] CRC11] CRC10 | CRCY Table 8, Luma and chroma video components Bh"kl"g;
than 0.5ns _." '._I .-'! \ !I' '-.I fa||¥ng off t?]le digital cliff Y Table 7, Bit distribution of words making up luma and chroma CRCs in high-definition formats The tables show the equations for converting R'G'B' to luma and color difference components. Level
Table 2. R J 1\ .
«—1— Unit _] .|
The 3G-SDI eye diagram is A

displayed on the WFM8300 with
option PHY and shows a 3G-SDI
signal connected on a short cable
from the TG700 using the HD3G7

Jitter Waveform

The WFM8300 PHY option jitter display
can be used to show jitter variations

to generate a color bar signal. based on the line or field. In this case, Luma signal amplitude range 7 E-81) <
Amplitude cursors can be used timing jitter across two fields has been
to measure the amplitude of selected with a 10 Hz high pass filter being ciudod 7668 mY 1028 AR AT T i e s
the signal that should be within used. The jitter display shows a 763.9mV 1020  3FC 111111 1100-"emed vaes
+10% of 800 mV (720 mV measurement of 0.31U1 (0.10ns) that is still
to 880 mV). Timing cursors within the specification of 1.0 Ul. Further
. . . Peak 700.0mV 940 BAC 1110101100m m c c e e m = = = = -= 11101011 EB 235
can be used to measure the jitter degradation of the signal along the ea " Susterm N Lt samoles | Act . Seann § Samnl ) Total
Of the Signal FOI’ SImpIICIty a J'itter t . th |d - t t ystem Nomenciature ampies C ve rame canning uma ) amples uma 0 a
. . il ransmission patn cou CaU'Se. equmen 0 ' . o _ per Lines Rate (Hz) | Format Sampling per Samples | Lines
R bar measurement is made giving a fall of the edge of the digital “cliff.” By Voltage ~ Decimal Hex 10-bit Binary 8-bit Binary Hex Decimal Active per Frequency Active per Total | per
- direct readout of jitter. The PHY viewing the jitter display in two field mode it Line Frame (MHz) Line Line Frame
G S option also allows automatic is easier to see jitter variation across each Black  00mV 64 040 0001000000, - ekl 00010000 10 16 et et : (m G
measurement readouts of the video field. e hrcente e 1920x1080/60/1:1 1920 1080 60.00 Progressive 148.500 447 447 | a4 | 148T 280T | 1920T 2200T 1125
physical layer parameters either in the SDI Status display or when the Eye display is in full mode. When Galn: x10.00 Jitter] HPE 10 bz - Timing ' ' 1920x1080/59.94/1:1 1920 1080 59.94 Progressive 148.352 447 447 447 1487 280T 19207 2200T 1125
making these measurements, a short piece of high-quality cable should be used between the device-under- Excluded :g?': m g ggg 88 gggg 8888 reservedvalves _ _ _ _ _ _ _____ 00000000 00 00 The paraded waveform display shows a standard definition 625i 50 Hz Here, a paraded waveform display shows a HD 720p 59.94 Hz serial 1920x1080/50/1:1 1920 1080 50.00 Progressive 148.500 4841 441 441 148T 720T 1920T 26407 1125
test and the measurement instrument. A non stressing signal should be generated from the device such as Tekironix serial digital signal with a 100 percent color bars signal. Note the digital signal with a 100 percent color bars signal applied to the input. This 1920x1080/60/2:1 1920 1080 30.00 2:1 Interlace 74.250 447 447 447 148T 280T 1920T 2200T 1125
75% or 100% color bars. differences between this waveform and the HD waveform (shown to the format uses colorimetry based on the specifications of ITU-R BT.709 and 1920x1080/59.94/2:1 1920 1080 29.97 2:1Interlace | 74.176 adl 44T | 44T | 148T | 280T | 1920T 22007 1125
Using the FlexVu display of the WFM8300 the right). The different equations used for 525/625 compared to HD give is defined by equations in Table 8. The amplitude of the luma signal and 1920x1080/50/2:1 1920 1080 25.00 21 Interlace | 74.250 4841 44T | 44T | 148T | 720T | 1920T 26407 1125
instrument can be configured to show a variety of rise to the amplitude changes with each of the component signals as color difference signals are different than for typical SD signals. The 1920x1080/30/1:1 1920 1080 30.00 Progressive 74.250 adl 44T | 44T | 148T | 280T | 1920T 2200T | 1125
The WFM8300 can also be used physical layer parameters at a glance. In this case Chroma signal amplitude range described in Table 8. green-to-magenta transition of the luma signal is significantly different. 1920x1080/29.97/1:1 1920 1080 29.97 Progressive 74176 al 44T | 44T | 148T | 280T | 19201 2200T | 1125
to measure the HD and SD eye multiple eye and jitter displays are shown with 1920x1080/25/1:1 1920 1080 25.00 Progressive 74,250 484T 447 | 441 | 1487 720T | 19207 2640T 1125
display if the PHY options is Timing and Alignment filters selected. The top two 1920x1080/24/1:1 1920 1080 24.00 Progressive 74.250 594T 447 447 1487 830T 1920T 2750T 1125
i imi i imi f ' Excluded 399.2mV 1023 3FF 111111 1111—p===cmcacacaaaaan= 11111111 FF 255 1920x1080/23.98/1:1 1920 1080 23.98 Progressive 74176 5941 447 447 148T 830T 1920T 27507 1125
e o Measremer tiles have the timing (10Hz) fiter selected and the T sseomy om0 src 111t o0 T 1920x1080/30/SF 1920 | 1080 | 30.00 Prog. SF 74.250 247 24T | 44T | 148T | 280T | 19201 | 22001 | 1125
characteristics are used for both lower two tiles have the alignment filter selected : 0. :
SD and HD. This HD-SDI signal (100kHz for HD and 3G-SDI). In this case the signal is 1920x1080/29.97/1:1SF | 1920 1080 29.97 Prog. SF 74176 447 44T | 44T | 1487 280T | 19207 22007 1125
is being sent over a short cable within the specification of SMPTE 424M with less Positive 350.0mV 960  3G0 1111000000« - - = = o = = o = = = = - - 11110000 FO 240 1920x1080/25/1:1SF 1920 1080 25.00 Prog. SF 74.250 4847 44T 44T 1487 720T 1920T 2640T 1125
run of approximately 19 meters. than 1.0UI of timing jitter and less than the preferred 1920x1080/24/1:1SF 1920 1080 24.00 Prog. SF 74.250 594T 447 | 441 | 1487 830T | 19207 2750T 1125
The longer the length of cable 0.2Ul (')f alignment jitter for the 3G-SDI signal. The Voltage ~ Decimal Hex 10-bit Binary 1920x1080/23.98/1:1SF | 1920 1080 23.98 Prog. SF 74176 594T 447 | 441 | 1487 830T | 19207 27507 1125
the amplitude of the signal will : 1280x720/60/1:1 1280 720 60.00 Progressive 74.250 70T 40T | 40T | 2207 370T | 1280T 1650T 750
s as i this oas pse-UdO golor display of the waveform traces helps Black 00mV 512 200 1000000000- - - - 10000000 80 128 1280x720/59.94/1:1 1280 720 59.94 Progressive 74176 70T 40T | 40T | 2207 370T | 1280T 1650T 750
decrease as In s case. Hote fo identily those parts of the trace that are 1280x720/50/1:1 1280 720 50.00 P i 74.250 400T 40T | 40T | 2207 700T | 1280T 1980T 750
also how the longer length of occurring more frequently. Infinite persistence 6-bit Binary Hex Decimal X : : rogressive :
cable affects the frequency T L g T 1280x720/30/1:1 1280 720 30.00 Progressive 74.250 1720T | 40T | 40T | 220T 2020T | 1280T 3300T 750
response of the signal and maximum variation of the eye pattern. Infinite Nogative -3500my 066 040 0001000000 - -« .- . 0001 0000 10 16 1280x720/29.97/1:1 1280 720 29.97 Progressive 74176 1720T | 40T | 40T | 220T 2020T | 1280T 3300T 750
e produces an increase to rise Tektronix persistence mode can be enabled from the 1280x720/25/1:1 1280 720 25.00 Progressive 74.250 2380T | 40T | 40T | 2207 2680T | 1280T 3960T 750
and fall time of the transitions. Display menu 1280x720/24/1:1 1280 720 24.00 Progressive 74.250 2545T | 40T | 40T | 2207 2845T | 1280T 4125T 750
Tektronjx : -307.7mV 003 003  0000000011— .0\ 1280x720/23.98/1:1 1280 720 23.98 Progressive 74176 2545T | 40T | 40T | 2207 2845T | 1280T 4125T 750
Feluded -400.0mY 1000000 00,000,000 000000000000 625/50/2:1 (BT.601) 720 576 25.00 21 Interlace | 13500 - = - - - 7207 864T 625
cone |2 525/59.94/2:1 (BT.601) | 720 486 29.97 2:1 Interlace | 13.500 - - - - - 720T 858T 525
An eye display in field mode shows the DC sl 625/50/1:1 720 576 50 Progressive 27.000 - - - - - 720T 864T 625
ffset inserted into the signal path by th ine dioi i i -bi . . . . 525/59.94/1:1 720 483 59.94 Progressive 27.000 - - - - - 720T 858T 525
SMPTE ded practice RP184 h t of definiti d t dures for th gD?eCh:(?k egieldo tegts gi ?1arlla WIEX/IBSBOO Ihe SDf . HDT%)rmatls deﬂpe o yalueg chFat o the||r analoglamplltudefs for both _B_F't aﬂd On the waveform monitor, select PASS EAV-SAV to view the values on the The HD SAV pulse is simpler than the HD EAV pulse, containing only the g
measuremgndo "t.er' ' an elines a set of Irequency limits based on this S checkfielt? Note Infinite peprsistence v1a0utte)$ 0003 h1(0 b it), Ih (10- Ilt)d y TTF]( d_ 't)’_ h ( _f '?]’ Ih (d'f_f it), h ( I_' it), h ringing on the display when passed through the digital to analog filters. contain EAV and SAV sequences.
][?con;gmHn eTprgc IC‘% | — o e turned.on o aid n viowing thocs ih - t|tt]) | h (10- I|t) are also excluded. The dynamic range of the color difference signal is greater The luma () channel is selected on the waveform monitor and is
f3 _1 kHZ -A:.m'”g I er owler anb edged for SD glitches within the displa an the fuma signal. positioned to show the HD EAV pulse. This pulse contains the sequence
= 1 kHz = Alignment jitter lower band edge for : 3FF,,, 000, 000, XYZ, LNO, LNT, YCRO, YCRT. 1 1
3 = 100 kHz = Alignment jitter lower band edge for HD & 3G-SDI 3 4————— PROGRESSIVE SYSTEM, FRAME b
f4 > 1/10 the clock rate = Upper band edge o | | ‘ |
The “XYZ” word is a ten-bit word with the two least significant bits set to zero, . L‘"L?SS‘:Q ———— e =:$S'e—= LIl AL _SS.=_° - .
Jitter is defined as the variation of a digital signal’s significant instants (such as transition points) from their allowing translation to and from an eight-bit system. Bits of the “XYZ” word have ;g éé é 'Ef é é é é éé é 'Ef j;“ g é é é é ;é é é gg ;g gé é; é 'Ej ;:
ideal positions in time. Jitter can cause the recovered clock and the data to become momentarily misaligned the following functions: : 22 2B EfgfEBEE ZREEBEEgZEZEEE ZE (ZE (BE BEE
8

Last First Last
in time. Data may be misinterpreted (latched at the wrong time) if this misalignment becomes great enough. . ) . ) Line of 12 3 4 5 6 7 Line of
y LGN g time) g g g « Bit 9 — (Fixed bit) always fixed at 1 Prams re Frame
L . . o L . . . SMPTE 274M 1121 1122... 1125 41 42 43 1121 1122, 1125
Timing jitter is defined as the variation in time of the significant instances (such as zero crossings) of a digital Jitter] HPF 10 Hz - Timing « Bit 8 — (F-bit) always 0 in a progressive scan system; 0 for field one and
signal relative to a jitter-free clock above some low frequency typically 10 Hz). It is preferable to use the 1 for field two in an interlaced or segmented frame system. SMPTE296M 745 746.. 750 25 26 27.. 745 746.. 750
original reference clock, but it is not usually available, so a heavily averaged oscillator in the measurement T _
instrument can be used (Table 3). « Bit 7 — (V-bit) 1 in vertical blanking interval; 0 during active video lines ] SRRNRNTED FRANESETENTIRRTRRORRE 1T
: : <+—— INTERLACED SYSTEM, FIRST FIELD +
. ’ o o o SDI CHECK FIELD « Bit 6 — (H-bit) 1 indicates the End of Active Video (EAV) sequence; Lo
Alignment jitter, or relative jitter, is defined as the variation in time of the significant instants (such as zero P g Pl
crossings) of a digital signal relative to a hypothetical clock recovered from the signal itself. This recovered 0 indicates the Start of Active Video (SAV) sequence » TS T T e s s s i e e sa T
clock W?" track ingthe Si gnall uptoitsu eryglock recovery bandwidth, typically 1 I?Hz to 106 kHz. Measured The SDI Check Field (also known as a "pathological — transmission system handling the signal. The other Bits 5, 4, 3, 2 — (Protection bit ide a limited tion of the dat 3 E‘ é g é é é é é é é g é g é g é g é é é; ?:; g gg gg gg é g é g é é é
alignment jitter includeg thosF:e termspa[l)bove this fre ueync Ali nmén%p'itte! shows signal-to iatch clock SR T L ol SR (R e R " tsh ’F V : d_H( br'f Felon By o & fmieg error coreeion of e cata ' % % GRS R3 BRER RTIRRR|NR |2 526 [ R [28]R SR s
tin?in marJ in degradation (Table 4) quency. Allg J g performed out-of-service. It is specified to have a loop performance with an occasional signal inthe £, 1, an 1S ©151920 Wt 1t 2 3 4 § 6 7 8 R Psaig 563
g margin deg ‘ maximum amount of low-frequency energy, after consisting of 20 0’s followed by 20 1’s. This provides « Bits 1, 0 (Fixed bits) set to 0 to have identical word values in 10-bit or [ e | . Field Field Field
scrambling, in two separate parts of the field. a minimum number of zero crossings for clock 8-bit systems — . SIETEZAM 123102 “1128 W w0 SR 82
A A L . ) . . . . }
Timing Jitter (10 Hz) Statistically, this low-frequency energy occurs about  extraction. This parf[ of the .test signal may appear at Data mode has been selected on the WFM7120 waveform monitor. The waveform monitor is set up to show the simpler SAV data from the SMPTE240M 1120 1121.. 1125 40 41 42.. 557 558.. 562
SD HD 3G-SDI 0ds once per frame. One component, the equalizer test, the bottom of the picture display as a shade of gray, The luma sianal is displaved on the left side and the data structure of the - iy , o -
0.2Ul (740 ps) 1.0Ul 2.0Ul ; , ; g play same signal. The “XYZ” word is 200y,. This is broken down into F=0, V=0 o
operates by generating a sequence of 19 0's followed  with luma set to 110y, and both chroma channels SDI sianal is sh the right. In thi 1080i 59 94 Hz sianal h U T . s SEGMENTED FRAME SYSTEM, SECOND SEGMENT
6734ps@ | 6734ps@ bya1 (or 19 1's followed by one 0). This occurs about st to 200y, If the SDI-check field fails to be S1gnet 1S SHOWT Of1 H1E TIgTE, 1 EAIS CASE, & FH8 .1 59,94 112 SIgNet fas & H=0, indicating Field 1, Active Video, and SAY, as shown in Table 9. b — .
1.485 Gb/s) 2.97 Gb/s ot b v : v i - <h- . been applied to the instrument and positioned so the hexadecimal values o INTERLACED SYSTEM, SECOND FIELD >
(674 ps @ (674 ps @ once. per f|elq. as the scrampler attalps ’Fhe reqwred tr.ansm|tt9d successfully thep tearing of the of the EAV signal are displayed. P | | |
1.4835 Gb/s) 2.967 Gb/s) starting condition, and when it occurs it will persist for  picture will be observed on a display. e — :SS— ______ A
Table 3 & the full line and terminate with the EAV packet. This §§ é s é ‘é é é é g é s é ‘é é é é s é :é éé é g é s gg gg ;g é :Ef é 2 rJ::
0 7 : 2 2 b > b B
sequence produces a h|gh DC Compgnent that 1125(1080), 750(720), 525 & 625 FORMAT, “XYZ” WORDS L-: = = T = =s<%|s< =2 52|52 |s< =2 =2/ = <F< == -I:c =2 2 =
A stresses the analog capabilities of the equipment and SAV | EAV PIPIPIP oo 564 565 566 567 568 569 S70.. 582 i Mg
Alignment Jitter - Field | 525Line | 625 Line | 1080p Line | 1080iLine | 1035iLine | 720pLine | (hex) | (hex) | |9 |F [V |H[3 |2 [1]0[1]0 T . LY 5 B RGeS itk
SD HD 3G-SDI SDI CHECK FIELD Active Video 1 20-263 23-310 42-1121 21-560 41-557 26-745 200y 1{0]0|0]0[0|0[0]|O[O
0.2U1 (740 ps) @[ 0.2U1 (135 ps) @ [ 0.3UI (101 ps) - 274y [[1]ofo 11 ]1]0]1 o]0 SMPTE 240M 557 558, 562 563 602 603 604.. 1120 1121..1125
Alignmant Jitte
1 kHz 100 kHz @100 kHz e ] GO e | - Field Blanking 1 4-19 1-22 1-41 1-20 1-40 1-25 2AC, 1fo[1{o]1]o1[1]o]o
l\/|a>f<|mum : Gid=x+1 - L - 264-265 311-312 1122-1125 561-563 558-563 746-750 208, | [1]O0[1]1|O0]1[1]0f0]O
|(36r§ gr;i()j g@.ZUI : o | Active Video 2 283-525 336-623 - 584-1123 603-1120 - 31Cy 1{1]0]0]0[1]1[1]0[0 VERTICAL TIMING
100 kHz - - > o Yy o ¥ | ——— ; — —— e T — Lit ] ] ‘13 8 ] ? (1) g 8 g The digital vertical timing interval for the HD formats SMPTE 240M (1920x1035i), SMPTE 274M (1920x1080) and SMPTE
[ 'I 'I - - - - - - . . . . . .
— Jiter Froquency o ! 266-282 | 313-335 564-583 564-602 h s T ToToToTT ToTo 296M (1280x720) is shown above. Both progressive and interlaced vertical intervals are shown for comparison. The values
ADle 5 Format o “XY2" word Tor various HD and SD standards ! of the F, V & H bits are indicated appropriately for each SAV and EAV value throughout the vertical interval. The complete
’ calculation of these values as “XYZ” words is given in binary and hexadecimal in Table 9.
ANSI/SMPTE 125M - Television — Component Video Signal 4:2:2 — Bit-Parallel Digital Interface SMPTE 344M - Television (Archived) — 540 Mb/s Serial Digital Interface ITU-R BT.470  Conventional television systems ITU-R BT. 1365 24-Bit digital audio format as ancillary data signals in HDTV serial interfaces SMPTE RP160 — Three-Channel Parallel Analog Component High-Definition Video Interface SMPTE RP198 — Bit-Serial Digital Checkfield for Use in High-Definition Interfaces
ANSI/SMPTE 170M - Television — Composite Analog Video Signal — NTSC for Studio Applications SMPTE 346M - Television (Archived) — Time Division Multiplexing Video Signals and Generic Data over High Definition Television Interfaces ITU-R BT.601  Studio encoding parameters of digital television for standard 4:3 and wide-screen 16:9 aspect ratios ITU-R BT. 1366 Transmission of time code and control code in the ancillary data space of a digital television stream according to ITU-R BT.656, SMPTE RP165 — Error Detection Checkwords and Status Flags for Use in Bit-Serial Digital Interfaces for Television SMPTE RP199 — Mapping of Pictures in Wide-Screen (16:9) Scanning Structure to Retain Original Aspect Ratio of the Work
ANSI/SMPTE 240M — Television (Archived) — Signal Parameters — 1125-Line High-Definition Production Systems SMPTE 348M - Television (Archived) — High Data Rate Serial Data Transport Interface (HD-SDTI) ITU-R BT.656 Interfaces for digital component video signals in 525-line and 625-line television systems operating at the 4:2:2 level of ITU-R BT.799 and ITU-R BT.1120 SMPTE RP168 — Definition of Vertical Interval Switching Point for Synchronous Video Switching SMPTE RP211 — (Archived) Implementation of 24P, 25P, and 30P Segmented Frames for 1920x1080 Production Format
ANSI/SMPTE 244M - Television — System M/NTSC Composite Video Signals — Bit-Parallel Digital Interface SMPTE 372 - Dual Link 1.5 Gb/s Digital Interface for 1920x1080 and 2048x1080 Picture Formats Recommendation ITU-R BT.601 (Part A) ITU-R BT. 1379 Safe areas of wide-screen 16:9 and standard 4:3 aspect ratio productions to achieve a common format during a transition period SMPTE RP174 - Bit-Parallel Digital Interface for 4:4:4:4 Component Video Signal (Single Link) SMPTE RP218 — Specification for Safe Area and Safe Title Areas for Television Systems
ANSI/SMPTE 259M - Television — 10-Bit 4:2:2 Component and 4fsc NTSC Composite Digital Signals — Serial Digital Interface SMPTE 424M - Television — 3G-SDI Signal/Data Serial Interface ITU-R BT.709  Parameter values for the HDTV standards for production and international programme exchange to wide-screen 16:9 broadcasting SMPTE RP175 — (Archived) Digital Interface for 4:4:4:4 Component Video Signals (Dual Link) SMPTE RP219 — High Definition, Standard Definition Compatible Color Bar Signal
ANSI/SMPTE 260M — Television (Archived) — 1125/60 High Definition Production System — Digital Representation and Bit-Parallel Interface SMPTE 425M - 3G-SDI Signal/Data Serial Interface — Source Image Format Mapping ITU-R BT. 799 Interfaces for digital component video signals in 525-line and 625-line television systems operating at the 4:4:4 level of ITU-R BT. 1543 1280x720, 16:9 progressively-captured image format for production and international programme exchange in the 60 Hz SMPTE RP177 — Derivation of Basic Television Color Equations SMPTE RP221 - Specification for Extraction of 4x3 Areas from Digital 16x9 Images for Television Systems
ANSI/SMPTE 266M — Television — 4:2:2 Digital Component Systems — Digital Vertical Interval Time Code SMPTE 428-1 — D-Cinema Distribution Master (DOCDM) — Image Characteristics Recommendation ITU-R BT.601 (Part A) environment SMPTE RP222 — Standard Definition Evaluation Masters for Digital Television
ANSI/SMPTE 267M — Television — Bit-Parallel Digital Interface — Component Video Signal 4:2:2 16:9 Aspect Ratio SMPTE 435-1 — 10 Gb/s Serial Signal/Data Interface — Part 1: Basic Stream Distributions ITU-R BT. 801  Test signals for digtally encoded colout television signals conforming with Recommendations ITU-R BT.601 and ITU-R BT. 656 ITU-R BT. 1576 Transport of alternate source formats through Recommendation ITU-R BT. 1120 SMPTE RP178 — Serial Digital Interface Checkfield for 10-Bit 4:2:2 Component and 4fsc Composite Digital Signals SMPTE RP223 — Packing UMID and Program Identification Label Data into SMPTE 219M Ancillary Data Packets
ANSI/SMPTE 272M - Television — Formatting AES/EBU Audio and Auxiliary Data into Digital Video Ancillary Data Space SMPTE 435-2 — 10 Gb/s Serial Signal/Data Interface — Part 2: Basic Stream Data Mapping ITU-R BT. 119 Wide-screen signaling for broadcast (signaling for wide screen and other enhanced television parameters) ITU-R BT. 1577 Serial digital interface-based transport interface for compressed television signal in networked television production based on SMPTE RP184 - Specification of Jitter in Bit-Serial Digital Interfaces SMPTE RP2007 - Closed Caption CDP and “Grand Alliance” Serial Interfaces for DTV
ANSI/SMPTE 274M - Television — 1920x1080 Image Sample Structure, Digital Representation and Digital Timing Reference Sequences for Multiple  SMPTE 435-3 — 10 Gb/s Serial Signal/Data Interface — Part 3: 10.6992 Gb/s Optical Fiber Interface ITU-R BT. 1120 Digital interfaces for HDTV studio signals Recommendation ITU-R BT. 1120 SMPTE RP186 — Video Index Information Coding for 525- and 625-Line Television Systems
Picture Rates SMPTE 2010 - Vertical Ancillary Data Mapping of ANSI/SCTE 104 Messages ITU-R BT. 1304 Checksum for error detection and status information in interfaces conforming to Recommendations ITU-R BT.656 and ITU-R BT.799 ITU-R BT. 1619 Vertical ancillary data mapping for serial digital interface SMPTE RP187 — Center, Aspect Ratio and Blanking of Video Images SMPTE RDD6 Television — Description and Guide to the Use of the Dolby E Audio Metadata Serial Bitstream
ANSI/SMPTE 276M - Television — Transmission of AES-EBU Digital Audio Signals Over Coaxial Cable SMPTE 2016-1 - Television — Format for Active Format Description and Bar Data ITU-R BT. 1305 Digital audio and auxiliary data as ancillary data signals in interfaces conforming to Recommendations ITU-R BT.656 and ITU-R BT. 1674 Metadata requirements for production and post-production in broadcasting SMPTE RP188 — Transmission of Time Code and Control Code in the Ancillary Data Space of a Digital Television Data Stream SMPTE RDD8 — Storage and Distribution of Teletext Subtitles and VBI Data for High Definition Television
ANSI/SMPTE 291M - Television — Ancillary Data Packet and Space Formatting SMPTE 2016-2 — Television — Format for Pan-Scan Information ITU-R BT.799 ITU-R BT. 1847 1280x720, 16:9 progressively captured image for production and international programme exchange in the 50Hz environment SMPTE RP192 — Jitter Measurement Procedures in Bit-Serial Digital Interfaces
ANSI/SMPTE 292 - Television — 1.5 Gb/s Signal / Data Serial Interface SMPTE 2016-3 - Television — Vertical Ancillary Data Mapping of Active Format Descriptor and Bar Data ITU-R BT. 1358 Studio parameters of 625-line and 525-line progressive scan television systems SMPTE RP196 — Transmission of LTC and VITC Data as HANC Packets in Serial Digital Television Interfaces
ANSI/SMPTE 293M — Television — 720x483 Active Line at 59.94 Hz Progressive Scan Production — Digital Representation SMPTE 2016-4 - Television — Vertical Ancillary Data Mapping of Pan-Scan Information ITU-R BT. 1361 Worldwide unified colorimetry and related characteristics of future television and imaging systems SMPTE Engineering Guideline EG 32: Emphasis of AES/EBU Audio in Television Systems and Preferred Audio Sampling Rate
ANSI/SMPTE 294M - Television — 720x483 Active Line at 59.94 Hz Progressive Scan Production — Bit-Serial Interface SMPTE 2020-1 - Format of Audio Metadata and Description of the Asynchronous Serial Bitstream Transport ITU-R BT. 1362 Interfaces for digital component video signals in 525-line and 625-line progressive scan television systems SMPTE Engineering Guideline EG 33: Jitter Characteristics and Measurements
ANSI/SMPTE 295M — Television (Archived) — 1920x1080 50 Hz — Scanning and Interface SMPTE 2020-2 - Vertical Ancillary Data Mapping of Audio Metadata — Method A ITU-R BT. 1363 Jitter specifications and methods for jitter measurements of bit-serial signals conforming to Recommendations ITU-R BT.656, SMPTE Engineering Guideline EG 34: Pathological Conditions in Serial Digital Video Systems
ANSI/SMPTE 296M — Television — 1280x720 Progressive Image Sample Structure — Analog and Digital Representation and Analog Interface SMPTE 2020-3 — Vertical Ancillary Data Mapping of Audio Metadata — Method B ITU-R BT.799 and ITU-R BT.1120 SMPTE Engineering Guideline EG 36: Transformation Between Television Component Color Signals
ANSI/SMPTE 299M - Television — 24-Bit Digital Audio Format for SMPTE 292 Bit-Serial Interface SMPTE 2031 - Carriage of DVB/SCTE VBI Data in VANC ITU-R BT. 1364 Format of ancillary data signals carried in digital component studio interfaces SMPTE Engineering Guideline EG 43: System Implementation of CEA 708-B and CEA 608-B Closed Cpationing

ANSI/SMPTE 305M — Television — Serial Data Transport Interface (SDTI)
SMPTE 318M — Television and Audio — Synchronization of 59.94 or 50 Hz Related Video and Audio Systems in Analog and Digital Areas —
Reference Signals

SMPTE 2036-1 — Ultra High Definition Television — Image Values for Program
SMPTE 2036-2 — Ultra High Definition Television — Audio Characteristics and Audio Channel Mapping for Program Production
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