Video Basics

---major ref. From Ch.5 of textbook 2

Mixing And Keying

Introduction ---- video industry

Temporal Conversions

Video Imaging ---- video scan, aspect ratio
Color and Composite & component systems
From Analog To Digital Video
Spatial Conversions ---- video formats
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Video Environments

. Satellite
/= DVB-S downstream(max 90 Mbps)
DSss

Cable Network
DVB-C downstream(max 40 Mbps)

Terrestrial /

DVB-T/ ATSC
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Cable Modem
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DirecPC/
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IEEE 1394 / USB
Ethernet 10 Mbps.....

(Plug&Play , high-data-rate)

DirecDuo

=T
Interaction Channel DTV set
(1-way | 2-way} ~Saallie - fast PSTN/ ISDN

2. Cable Modem > QPSK, TCP /IP ; for PSTN/ ISDN modem

3. SDSL /ADSL / VDSL
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Video Service Envi

ronments

Service Provision

DVB-S DVB-C

DVB-T  (high speed BB) (Cable Modem) (F’L\JII(L

HFC POTS Wireless Cable
Service (XDSL access) (MMDS)

DSTB

Residenffal LAN
(IR, RF, Wired)
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Applications of Digital Video

4R 4L
R H M2 6 8
B OE S ey 4R
R A5 R YR
*PPV(Pay-TV)

FInternetf& /A :
e-mail> % FWWW...

EXE: T
VOD/NVOD -~ multimedia-,
on-demand KOD ~ 7 %
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Benefits of Digital Video

i) Open Architecture video systems, meaning the existence of
video at multiple spatial, temporal, and SNR resolutiong
within a single scalable bitstream

ii) Interactivity

iif) Variable-rate transmission on demand

iv) Easy software conversion from one standard to another

V) Integration of various video applications

vi) Editing capabilities, such as cutting and pasting, zooming
removal of noise and blur

vii) Robustness to channel noise and ease of encryption

viii) ......
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Wireless Broadcast Video

##1 2 (Satellite) | 3@ J& 3% (errestrial) | £ 7% (MMDS MvDS LMDS)
BA R | MPEG-2 MP@ML& | MPEG-2 MP@ML & MPEG-2 MP@ML &,
AR g DigiCipher 13ll MPEG-2 MP@HLwory DigiCipher I
- #VSB(IL£) 5 QAM & QPSK » R i
fam % QPSK OFDM(Ex) 3 3R BT
. T 18 g Areturn path/k & FR 4] &) 4 by 124%
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Future Video Systems

Satellite SDRAM VCXO —
Dual PSK
_’| Tuner |7“| ADC gemod FEC k
IF RGB or Y/C
NTSC/PAL ) | and CVBS
ncoder
M MPEG-2 SECAM AV
ideo Encoder
/ . optional Switch
! AND/OR
Terrestrial w Traffic
\ DACs
Tuner [ Abc [HSOFON | Fec | Controlle -
SDRAM rc
Flash/ Digital Decoder Chip
EPROM ,_l | | | [ | | |
IR Buffer Modem | |Smart Card
| P1394 |&Amp | RS232 ||IrDA Port |V-Series Buffer | P1284 || SCSI |
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E7Ed Bl 2 (DST) $ A7 Cable(DCT) HoTEEERR(DTT)
BRI B DVB-S DVB-C DVB-T/COFDM
EXE DSS - DVB-S SCTE-031 ATSC/8-VSB
JIE=-V\N DVB-S ATSCI8-VSB
HA DVB-S DVB-C DVB/COFDM

(6MHz)
BB DVB-S ATSC/8-VSB
WA DVB-S DVBT
thiE DVB-S DVB-C ATSC/8-VSB
=9 DVB-S DVB-C ATSCI8-VSB
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£ HCable¥ HBed = RIZ&

Item Schedule Tasks / Objects Vendors Participation
MCNS- '96.7 *broadband Cable Modem Follow—ADC,Bay Networks,3Com,Com21,Cisco,Gl,Motorola,NEC,
g % 31 A ili NetGame,Panasonic,Phasecom,S-A, Samsung,Sony, Terayon,
97.8—4% 4 interoperabili
DOCSIS WH A ) Thomson CE, Toshiba.......
'97.8—RFI *next-generation digital STB(include Microsoft; GI; S-A Group( IBM,Pioneer,PowerTV,Sun, Toshiba);
o B ey s | o O
i *Open architecture(RTOSs / APIs ntel , Oracle/ letscape; Thomson  Cisco; Sony;
OpenCabIe 98'5—)!\,‘]?/25; gl m?croprocessors)( Thomson Sun(OpenTV); Samsung; Pioneer Digital Technologies;
'98&:11}; z:?_ o *exiting open Internet specifications ACTV/Sarnoff, IBM; Criterion Software; Lucent Technologies;
- i ] SCM Microsystems; Zenith Electronics; Worldgate Communications;
R '98.3 specified -- IEEE1394(14 ) e Wik e " s
'97.10 — &3k * the specs will establish a data packet network | 3Com; 8x8; Ascend; Bay Networks; Cisco; eFusion; Ericsson;
9-12 4 M &5 4 i A il i | Fore Systems; IBM; Intel/Lucent Team; Inter-Tel; Linkon; Mediatrix
PacketCabIe"ﬁﬁ ” AR fo‘r In;eract\\(s serv;ces(cfa”y ”? Jliemettafic Peripherals; Motorola; NEC; Netspeak; Nortel; S-A; Siemens/Com21
i 7 4% & IP voice telephony,video,teleconferencing) Team; Sony; Sun; Vienna
& video over Cable

Year 2000 Targei

full 2-way ,IP capable networks
provide consumer broadband services by the year 2000

PERIAC + CableLabs » LB FEMATITIS /1998
u @NTUEE
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are moving Cable forward in the race to

Video Imaging

Imaging: normal photography, X-rays, electronic documen
electronic still pictures, motion pictures, TV

Video: a sequence of still pictures of a scene taken at
various subsequent intervals in time

Scanning: a form of sampling of a continuously varying
two-dimensional signal

@NTUEE
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Video Resolution

Viewing Ratio (VR):
VR =d /PH d= viewer's distance from the screen
PH= picture height

Visible pixels = 3440 /VR

Pixel (Pel) : the smallest detail that can be reproduced in a
picture is about the size of a picture element

Minimum Viewing Rates

System Line or pixels/PH VR
NTSC television 483 7.2
HDTV 1080 3.2
Computer display 768 <45

5 DSP/IC Lab

Refresh Rate and Flicker

Persistence of visionauses the visual system responds slowly
to rapid changes of illumination

Flicker: if the illumination varies cyclically at a low frequency,
the eye may perceive an annoying effect

Refresh Ratetne light output of display devices decays after a short time, and therefore
must be refreshed periodically to maintain the effect of steady illumingtion

Display Refresh Rates

System Refresh rate (Hz) Environment VR
NTSC television 60(59.94) Living room 7
PAL television 50 Living room 7
Computer display 72 Bright office 1-2
Motion picture theater48 Dark room  5-10

NTUEE
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Video Imagiﬂ;

Raster Scan R e e N

----(Progressive)
| \
|
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Video Imagiﬂ;

Interlace Raster Scan
---- it is the tradeoff of bandwidth, flicker, and resolution
————— may cause flicker problems for text and graphics

Interlaced Frame

R L T s ek 2

T ¥

= —=_ _
- ] =
SRR B L

e T e
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Image Aspect Ratio

IAR is defined as the ratio of picture width to height
IAR=w/h

PAR (pel aspect ratio) =

IAR * vertical_size / horizontal_size : full screen display

wherehorizontal_size is the width of the image in terms of pels
and vertical_size is the height of the image in lines
ex. Display IAR = 4:3
Image size = 720 pels * 486 lines
PAR = 4/3 x 486/720 = 0.9

or IAR * display_vertical_size / display_horizontal_size
. portion display

@NTUEE
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w=16h/9 -
w=4h/3

| (a) ‘

@NTUEE
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Gamma Correction

Many TV cameras and all CRT-based displays have a nonlinear relationship between signal vdg
and light intensity. B=cv'+b B: light intensity c: gain factor
b: cutoff (camera) or black level (CRT) light intensity
r1~30

To avoid gamma correction circuitry inside millions of TV receivers, gamma correction is done
prior to transmission. Ex. Assuming the gamma of camera to be 1 and that of the display to b
2.2, then the camera voltage is raised to a power of 1/2.2 = 0.45.

Transmitter Receiver
Antenna Antenna

Ea

#- TV Display

. Video
Camera . Video| Modulater Receiver

[CDM Gamma and and Speaker

Correcter| ransmitter Demodulator
icrophone l Audio
Microp! (@]
Audio
@NTUEE
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Human visual system

= The retina consists of receptors sensitive to light called
photoreceptors connected by nerve cells. Photoreceptors: Rods
and Cones, rods are responsible for low light vision, while cones
are responsible for details and color under normal conditions, as
in daylight.

FOVEA
LENS\ yisuAL AXIS

OPTIC AXIS
opPTIC—{

OPTIC
NERVE

SCLERA @NTUEE
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Primary Colors

Trichromatic theory of color:
17 century, the perception of any color can be represented

by just three variables

Additive color system (video system): RGB
“additive” means they reproduce colors by adding
colored light sources

Subtractive color system (painting and printing):

magenta, cyan, and yellow (incorrectly) by RBY
modify the light reflected from white paper by absorbing

(subtracting) certain colors
@NTUEE
23 DSP/IC Lab

Component Color Video System

Composite System
In order to transmit or broadcast the analog video over a signal channel, there is
need for composite color system that combine the three color components into &

~ single signal -~ - — —  — —
NTSC, |

e R R' Y JPAL or Y IR
amera Gamma G’ RGB to > Composit SECAM. Composit C YCiC2 G |
‘ > YCic2 . Encoder “ Decoder to RGB 7
‘ Correcter|ByiConvertedCa Converter® \

[ (a)

- Component System
[ In color video system, the devices must deliver three components to control {he

‘ sources of display. |

[g]

R, Y . ‘ R

\ Camera g Gamma RGB to [T7 = > YCiC2 [

| B | YC1C2 [T /i to RGB B
Correcter B lconverte / Converte |

a

ght

- (b) @NTUEE |
- 7 DSP/IC Lab
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Composite Color System

1. Luminance and Color-difference Components
Y=0.299R + 0.587G +0.114B

Cr=R-Y
Cb=B-Y

2. NTSC (59.94hz, 525 lines)

Y=0.299R + 0.587G + 0.114B
1= 0.596R - 0.274G - 0.322B
Q=0.211R - 0.523G + 0.311B

3. PAL (50hz, 625 lines)

Y=0.299R + 0.587G + 0.114B

U=0.492(B-Y)
V=0.877(R-Y)
4. SECAM (50hz, 625 lines)

Y=0.299R + 0.587G + 0.114B
Db =-0.450R - 0.833G + 1.333B
Dr=-1.333R + 1.116G - 0.217B

*all RGB are gamma corrected.

25

R=1.0Y + 0.956l + 0.621Q
G=1.0Y -0.2721 - 0.649Q
B=1.0Y -1.1061 + 1.703Q

@NTUEE
DSP/IC Lab

Summary of parameters used in worldwide color TV standards

Parameter NTSC PAL SECAM
Field rate (Hz) 59.94 50 50

Lines per frame 525 625 625
Gamma 2.2 2.8 2.8

Audio Carrier (MHz) 4.5 QAM FM

Color Subcarrier (MHz) 3.57 4.43 4.25(U)4.4
Color modulation method QAM QAM FM
Luminance bandwidth(MHz) 4.2 5.0,5.5 6.0
Chrominance bandwidth(Mhz) 1.3(1)0.6(Q) 1.3 1.0

26
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From Analog To Digital Video

Y | L >
C_’ ) | —— — ) . PCM Cr
~L_p! Filter | i Sampler —pQuantizer—s ¢ -0 Cb >
£b — — ™

Prefiltering (call prefilter prior to sampling)

0 Reduce unwanted excessive frequency and noise in the signal by
region filtering

Sampling
o Sampling theorem (sampling frequency for NTSC, PAL,
CCIR601?7?)

Quantization

PCM (Pulse Code Modulation) Coding
“ @NTUEE
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Video Formats

Picture format Luminance pixels Luminance lines

CCIR601(525) 480 720
CCIR601(625) 576 720
SQCIF 128 96
QCIF 176 144
CIFL 352 288
4CIF 704 576
16CIF 1408 1152
HDTV?2 720 1280
HDTV3 1080 1920

1: Common Intermediate Format

2: at frame rates of 24, 30, 60 Hz progressive

3: at frame rates of 24, 30 Hz progressive and 30Hz int

28
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Other Commercial Image Structures

Software MPEG
0.019 M
px Workstation 900x1152
1 Mpx
SIF
0.075 Mpx

VGA Advanced Television
0.3 Mpx 480x640 g‘:};v) 720x1280
X
Video 483x720
0.35 Mpx High Definition
Television (HD
(HOTV) 1080x1920
2 Mpx
PC/Mac 600x800
0.5 Mpx

Mpx = Megapixels

Figure 4.5 Various image structures.

@NTUEE
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Digital Video System

CCIR 601:
Consultative Committee for International Radio (CCIR)
--> International Telecommunications Union (ITU)
Recommendation BT.601

4:4:4 Full-bandwidth sampling of R, G, B components
4:2:2 Full-bandwidth Y, 2:1 horizontally-subsampleedr (u), B-Y(V)
4:1:1 Full-bandwidth Y, 4:1 horizontally-subsampledr(u), B-Y(V)
4:2:0 Full-bandwidth Y, 2:1 horizontally-subsampled

and vertically-subsamplegly (U), B-Y(V)

@NTUEE
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Choice of video sampling frequency for ITU-R Rec.BT.601

525/59.94 625/50
n Frequency n Frequency  Dif.

842 13248250 848 13250000 1750
848 13342656 854 13343750 1094
852 13405593 858 13406250 657
856 13468530 862 13468750 220
858 13499999 864 13500000 1
860 13531467 866 13531250 217
864 13594404 870 13593750 654
868 13657341 874 13656250 1091

@NTUEE
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From Analog To Digital Video(cont.)

s The 4:2:0 format m The 4:4:4 format
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luminance and chrominance samples #i4:4 video frame

O =Y samples @ = Cr, Cb samples
] o ] ] L]
[} [} m | W
[ ]| )]
| | " | ] |
L]
) [} L]
| | | | | ] ]
[ A BN ] (]
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luminance and chrominance samples in a 4:2:2 video frame

O = Y samples

@ = Cr, Cb samples

34
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Interlaced and progressive representation of a 4:2:2 frame

Top Field Bottom Field

|
|
m
|
L |
]
m
|
Field 1 Field 2
time

(a) Interlaced

Look like 2x1 array 35

—

@ d B H

Frame

time
(b) Progressive
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Luminance and chrominance samples in a 4:2:0 video frame

O = Y samples ® = Cr, Cb samples
a O = O B & O O

L ] ® ® o
o O O = B a 1] O
B O O o0 0O = [ |

L ® ® o
o o O O O 0O O O
| O O O 0O & O

° ® ® [ ]
| Y O O E = = O
|m e|lo olo oo o

[ ] ® ® ®
@3 0O § 0O E B B = O

36
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Interlaced and progressive representation of a 4:2:0 frame

Top Field Bottom Field

(] ]
® ®
[m] (|

(| o
[ ®

O =]

(m} |

[ ] [ ]
(| [ ]

m| O
® ®

m] =]

Field 1 Field 2 Frame
I :

time time

(a) Interlaced

(b) Progressive
@NTUEE
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Spatial Conversions

CCIR-601 4:2:2 video frame

720 360

480 |—— | 480
N15] B €74 IR
' Y Cr,Cb

@NTUEE
38 DSP/IC Lab

19



SIF, SIF-1, HHR and CCIR-601 4:2:0 video formats

352 176
120
zf;o (144) | Cr, Cb
(288) Y
(@) SIF
352 176
------- 40 |2
450 (@s) |CrCo 480
(576) Y =19
(c) HHR

SIF:source input format
HHR:half horizontal resolution

352 176
______ 120 = = -
(22‘;‘)’ _______ (144) |Cr CP
Y
288 for 25 frames/sec
(b) SIE-I
720 360
reessuseveued 1573 EOEPEEE
““““ (288) Cr, Cb
%5 5 s =ue
576 for 25 frames/sec
(d) CCIR-601 4:2:0

SIF-I: SIF interlace

@NTUEE
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720 720
480) Y 48 Y
(576 (576)|
Fame Frame
I
jecimate 360
360 fields 540 __120 fields
split  Fagg) Thaa merge__360
.M. 480( crep Field 1 2400 crcp
s CCIR-601 4:2:2 oo © s
(288)| (144)
0 -- CCIR-601 4:2:0 o
L Field 2
(a) From CCIR-601 4:2:2 to 4:2:0
720 720
480 Y 480, Y
(576) (576))
Frame Frame
360
felds 360 .m.pn.m ity
spiit
360 um (zaa)
Field 1
249 ¢ b
(288)| (571
Frame
o O (zasy
Frame
(b) CCIR-601 4:2:0 to 4:2:2
field 1 field 2 field 1 field 2
ve P-A®
[
oo @R/2-CO
®0 - Gaisya
Re R-E®
o - (@ias)/4
o ®eT)/2=6®
- (3svy/4
T®
oy

(c) Chrominance samli in 4:2:0

-8
PapracT @NTUEE
(d) Chrominance samples in 4:2:2 DSP/IC Lab
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Spatial Conversion (cont.)

s CCIR-601 4:2:2 -- SIF

o 7-tap decimation filter [-29, 0, 88, 138, 88, 0, -29]/256 and
0 4-tap interpolation filter [-12, 140, 140, -12]256 applied horizontally

) - 21hor 360 ~>(352) 720
720 ZISI‘;ZS dec""a‘: 360 Zilhor 520 2:1 vert
2o (245 20|y |— 24 — 484 y
480 Y Field 1 Noninterlaced (288) (288 (576
(576) Frame Noninterlaced
field
drop Frame
Frame
360
360 f:f,‘:s 4 - e 120 Setimate 180 - 2l vert qgq 2:1 hor 360 21 vert
24 24 ——120|cr,Ch| 20 — 240 480
258 ‘mﬂ ““L’Dace P (1]44) 288) 8 we| o
(;788 b Field 1 Frame Noanr;;ir‘i:ced
filrevladp Frame
Frame (b) From SIF to CCR-601 4:2:2
(a) From CCIR-601 4:2:2 to SIF
@NTUEE
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t 720 2:1 _hor 360
fields decimate
720 split
. 240 240 v —
288 (288
480 Y Field 1 Noninterlaced
(576) Frame
field
drop
Frame
fields 360 2:1 hor 180 21 vert
360 split decimate ecimate 180
24 240 —120
288 (288) (144)
480 - Noninterlaced
(576 Cr,Cb Field 1 Frame
field
drop
Frame
(a) From CCIR-601 4:2:2 to SIF
wnNivee
DSP/IC Lab
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Spatial Conversion (cont.)

s CCIR-601 4:2:2 -- HHR

fields 2:1 hor felds 1:2 hor
spit demmate 560 s spiit. 360 interpolate 720 oy
— 24 £0 . 24 — 240 720
zsa (288; (288 (288)|
48 Field 1 48 48 Y Field 1
76 G| Y| 676 76
240 24 o 74
e (298 (zsa)l:l (288 (288,
Field 2 o e Field 2 v
felds 360 field fields 12
360 it declmam dec:mate 150 mege st 180 mlemo\ale 180 mlemnlale ,’,‘;‘fgse
24
1
288) i (144) 180 , 80, e F o zsa)D (zss)
4547? crch Field 1 (2345 Cr,Ch)
) (zss " crco
576
12 S — 129| 12 e 24 :
o) 2 e Frame Frame 15 z
Fam D { s @ “"’
Field 2

(a) From CCIR-601 4:2:2 to HHR

43

Frame

(b) From HHR to CCIR-601 4:2:2

@NTUEE
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Spatial Conversion (cont.)

s CCIR-601 4:2:0 -- SIF-I

o same horizontal fileter plus vertical subsampling with
0 [-4, 23, 109, 109, 23, -4]/256 filter and interpolation filter

o [-2, 20, 110, 110, 20, -2]256

Field 2
(a) From CCIR-601 to SIF-

a4

A 1:2 hor,
21 hor, 1:2 vert
Nl 720 2:1 vert fids interpolate 720 fields
720 i decimate 360 fielgs o 350 250 merge 720
R — 120 erge 120‘:—
240 149 % 360 (149) @88)
(288) Field 1
480 Y Fieid 7 24 480
(576) (288 (576
240 e 720 Frame vzoI:}._ 240
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(b) From SIF-| to CCIR-601 4:2:2

@NTUEE
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Temporal Conversion

m Problems: 60f/svideo —->72 progressive f/s monitor
24 t/s film --> 60 fields/s TV monitor
50 fields/s PAL -->60 f/s NTSC ....all via MPEG-2

= Interlaced to noninterlaced
0 1. Line interpolation - [1/2, 1/2] interpolation filter applied between each pairs of
consecutive lines in each field
0 2. Field merging - combines lines of two consecutive fields, not good for motion
0 3. Frame based line interpolation - as follows

Interlaced Frame 1 Noninterlaced Frame 1 Interlaced Frame 1 Noninterlaced Frame 2
I 1
& The case is from field
KK rate to same frame rate,
Lot so called Deinterlacing
M line-doubling
IN' N

K' =K K'=al +bJ +cK +blL +aM

L'=a)+bK +cL + bM + aN L=l @NTUEE

where, a = -1/8, b=1/2, c=1/4 where, a =-1/8, b=1/2, c=1/ DSP/IC Lab
(a) Interlaced to Noninterlaced

Temporal Conversion (cont.)

» Noninterlaced to interlaced: ex. 60 frames/s to 60 fields/s
o 1. Line subsampling
0 2. Line weighting with filter [174, 1/2, 1/4]

Noninterlaced Frame 1 Interlaced Frame 1: Field 1 Noninterlaced Frame 2 Interlaced Frame 1: Field

" 1

NN
W\

K'=aJ+bK+ al L'=aK + bL+ aM
where, a = 1/4, b=1/2 where, a = 1/4, b=1/2

(b) Noninterlaced to Interlaced

@NTUEE
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Temporal Conversion (cont.)

ex. Between NTSC and PAL

1. Convert 60 fields/s to 50 fields/s 5425

i) Discard
if) Temporal interpolation 2

f]

Field Rate Conversion %
Nz

iii) Motion vector interpolation

2. Convert 50 fields/s to 60 fields/s

N N

/6 ’5/6
\ld \Vg A\l j <r
A g B C

(b) 60 Hz to 50 Hz conversion

@NTUEE
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Temporal Conversion (cont.)

s Film And Interlaced Video Conversion
O 24 frames/s => 60 fields/s -- 3:2 pull down

Noninterlaced
Frames

(A+A')/2 = A’
B-B
(C+C™)/2 = C*
D =D"
(E+E')/2 =E™
F=F"

1

@NTUEE
o DSP/IC Lab
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Mixing And Keying

Mixing can be defined as the addition of two or more input vidg

signals, Video =a,Video, + a,Video, + ... or
Video =a,Video, + (14, )Video,

Luma Keying(short for Luminance keying),

a level of luminance signal is specified for the scene containing the
foreground such that all pels above that values are replaced by the correspd
pels of the scene containing the background.

k =1 r<ry use background
k = 0 g,<r, use foreground
k= (rtg - 1)/(r, - 1) else y<=r, <=1, use blended

@NTUEE
49 DSP/IC Lab

nding

Chroma Keying

Chroma keying consists of

substituting a background signal in
place of the foreground signal based |
on some key color identified in
the foreground video signal, @) Soane 1 ) Soome

known as'blue screen”.

(c) Keying signal

(d) Scene 2 multiplied by keying signal

(d) Scene 2 with Scene 1 keyed

@NTUEE
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