i Digital Video

Phil Gray
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- Limetable

= Today — finish video; MM design & evaluation
= Mon 3 Mar — audio — start in Boyd Orr

= Thur 6 Mar — Multimodality, VR & AR

= Mon 10 Mar - Video Editing

= Thur 13 Mar — FLASH

= Mon 17 Mar — Haptics & VR Lab

= Thurs 20 Mar — MM Applications
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Video Camera booking

= Check bookings at

www.dcs.gla.ac.uk/~pdg/teaching/demms4/video-booking.htm

= Email a booking request to

Pdg@dcs.gla.ac.uk

= Booking requests treated on first come-first
served basis
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Video as a Medium:

& What's Special About Video?

= pushing hardware
= new design rules/methods
= combining cinema & computing
= making systems navigable & usable
= trade-offs
= space v quality v speed
= compression
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Video as a Medium:
s Characteristics

= time-varying
= like sound, but less ubiquitous in its uses
= multimodal
= images and sound
= issues of
= integration
= synchronisation
= interaction
= a medium with its own conventions
= “semiotics” of video
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Video as a Medium:

= info presentation
= entertainment
= CAL
= multimedia “books”
= collaboration/communication
= videophones
= videoconferencing
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Video as a Medium:
*\ What's It F_or'? (2)

= pseudo VR
= animated microscope

= video requirements capture
= video prototyping
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Video as a Medium:

Mhaf's It For? (3)

= Applications of Internet multimedia
= Lectures, seminars
= On-demand instruction
= Entertainment: specialty content
= Remote digital editing
= Voice mail
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Basic Video Technology:
how a CRT screen works

phosphor coated

/ display surface

electron gun(s) T
(one per
phospor control
colour) grids
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g driving a CRT

Basic Video Technology:

intensity
data inpui(s)
Frame buffer convertor
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your olojolofololo address
rogram enerator .
prog g line & frame
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Basic Video Technology:
= generating a colour

ame buffer
(2 D array of
24 bit values) colour guns phosphor dots

on display
red
] \m
' %°
<128, 128, 255> //

RGB value What

8 bits per colour you

blue / see
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Basic Video Technology:
< representing colour

= monochrome
= bilevel
= one bit/pixel: O = black, 1 = white
= grey-scale
= eg., 8 bits/pixel = 256 intensities
= colour
= value for each colour gun
= no of bits gives colour range
= e.g., 24 bits = 8 bits for red, 8 bits for green, 8 bits
for blue
= colour depth
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Representing Colour:
= Colour Space

= fo deal with colour we need to quantify it in
some way
= gives us the notion of colour space or domain
= Hierarchy of colour sets
= Perceivable by human beings
= Displayed on a monitor screen
= Calculated and stored in a frame memory
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Representing Colour:
s Representation of Colour Stimuli

= Points in three = Hardware-oriented

dimensional space models

= Physiologically inspired = RGB, CMY, YUV
models = User-oriented models
= CIE XYZ,RGB = HSV,HLS

= Psychological models
= HSV
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Representing Colour:
Colour Models: RGB

= RGB = Red Green Blue

= directly modelled in device (i.e., corresponds to
colour guns or filters in display)

= easy to implement

= not based on visual (perceived) colours
= not perceptually uniform
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Representing Colour:
i | Colour Models: RGB Colour Space

Blue
Cyan
Magenta White
Black Green
Red Yellow
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Representing Colour:
s Colour Models: RGB Colour Space

-z
Blue Cyan N
©0,0,1) (0:1:1)
=Y
X
(1,0,1) White
” (1,1,1)
Black
(°r°r!’) Green
(0,1,0)
Red Yellow
(1,0,0) (1,1,0)
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Representing Colour:
s Colour Models: RGB

= Colour is labeled as a relative weights of three
primary colours, in an additive system using the
primaries Red, Green, Blue

= It is perceptually non-linear space
= Equal distances in the space do not necessarily

correspond to perceptually equal sensation

= Non-linear relationship between RGB values & the
intensity produced in each phosphor dot, low
intensity values produce small changes in response
to screen

= It is not a good colour description system
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Representing Colour:
i\ Colour Models: HSV

= Non-linear transformation of RGB cube
= Hue : quality by which we distinguish one family from others
= Chroma: quality by which we distinguish a strong colour from
weak ones
= Value: It is that quality by which we distinguish a light colour
from a dark one
= H corresponds to selecting a colour; S corresponds to
selecting the amount of wgife; selecting V corresponds to
adding black
= Perceptually non-linear
= Perceptual in the sense that we are using attributes that we
normally think of (“Painter's Model")
= Atfributes are not independent

= variant: HLS (hue, lightness, saturation)

MSC IT Multimedia Module Video "

Representing Colour:
i Colour Models: HSV Colour Space

Green Yellow

Cyan Red

fagenta
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Representing Colour:
Colour Models: YUV

= colour model used for TV signal transmission

= Y represents luminance (intensity of monochrome
sighal)

= U,V carry separate colour information (colour
difference values)

= Y =0.2125R + 0.71546 + 0.0721B

= U=B-Y,V=RY

typically, Y contributes most to signal bandwidth
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Representing Colour:
& Colour Models: CMYK

= CMYK = cyan, magenta, yellow, black
= “printer's model”
= a subtractive model

= set of practically available CMYK colours
("process colours") are not equivalent to
RGB set
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Representing Colour:
s CLE Colour Specification System

= Commission Internationale d'éclair‘age
= colour labelling system

= "XYZ" space

= international standard (1931)

= based on colour matching functions determined by
experiments with human subjects

= gives uniform colour spaces
= needs transformation into one of the other models
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Video Basics:
< Persistence of vision

= If asequence of still images is presented to our
eyes at sufficiently high rate (frame rate~40 fps),
we experience a continuous visual sensation rather
than perceiving individual images
= Alag in the eye's response to visual stimuli which results

in after images

= If the consecutive images only differ by a small
amount, any changes from one to next will be
perceived as movement of elements within images

= Film projector displays an image twice (24 fps
becomes 48 fps)
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Video Basics:

= What frame rate perceived as smooth?

= No identification of single frames if refresh
frequency is high enough
= Perception of 16 frames/s as continuous sequence

= Depends on material
= More sensitive to low frequencies

= More sensitive to changes in luminance
and blue-orange axis

= Vision emphasizes edge detection
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Analog Video:
NTSC Video

525 scan lines repeated 29.97 times per second (i.e.33.37
msec/frame)

Interlaced scan lines divide frame into 2 fields each 262.5
lines (i.e.16.68 msec/field)

20 lines reserved for control information at the beginning of
each field

= so only 485 lines of visible data
Each line lasts 63.6 usec

(525-lines, 60-fields/sec)

Analog Video:

= 625 scan lines repeated 25 times per second (i.e. 40
msec/frame)

= Interlaced scan lines divide frame into 2 fields each 312.5

lines (i.e. 20 msec/field)
= Approximately 20% more lines than NTSC
« NTSC vs. PAL roughly same bandwidth

(625-lines, 60-fields/sec)
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Analog Video:
s Other standards
= SECAM

= component video
= S-video or Y/C video

= separate signals for luminance (Y ) &
colour (C)

= higher quality than composite video (single
signal holding all the video information)

= used for frame grabbing
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Analog Video:

*ﬁspec‘r Ratio/Refresh Rate

= Aspect ratio
= Conventional TV is 4:3 (1.33)
« HDTV is 16:9 (2.11)
= Cinema uses 1.85:1 or 2.35:1
= Refresh Rate
= NTSC is 60Hz (actually 59.94Hz)
= PAL/SECAM is 50Hz
= Cinema is 48Hz
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Video Technology:
Sampling Standard

= CCIR 601 - standard for sampling
= NTSC= 640 x 480; PAL = 768 x 576
= chrominance subsampling at 4:2:2

= i.e., colour diff components sampled at half the
rate as luminance

= data rate at 8 bits per component =
166 Mbits/sec (20 Mb/sec)
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Video Basics:
Digitising Video

= Camera

Circuitry Inside a Camera

Images produced by digitising time-varying signal
generated by the sensors in a camera

Purely digital signal (data stream) is fed into a computer
via a high speed interface

= TEEE 1394 (FireWire)
= Computer
= Broadcast video is fed into a video capture card attached
to the computer
= Video capture card- analogue signal is converted into a
digital form
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Video Basics:
Digitising Video

= Camera Pro

= Analogue signal transmitted on a cable get
corrupted by noise

= Noise will creep in if analogue data is stored on
a magnetic tape

= Camera is resistant to corruption by noise and
interference
= Camera con
= User has no control over digitization
= Must conform to an appropriate standard
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Compression:
Video Bit Rate Calculation

width * height * depth * fps
= bits/sec

compression factor

= width ~ pixels (160, 320, 640, 720, 1280, 1920, ...)
= height ~ pixels (120, 240, 480, 485, 720, 1080, ...)
= depth ~ bits (1,4,8,15,16, 24, ..)

= fps ~ frames per second (5, 15, 20, 24, 30, ...)

= compression factor (1,6,24,.)
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Compression:

Width Height Depth fps Comp Kb/sec Notes
2

Compression:
Video Dq‘ia Size

size of uncompressed video in gigabytes

1920x1080 1280x720 640x480 320x240 160x120
1sec 0.19 0.08 0.03. 0.01 0.00.
1 min 11.20 4.98 1.66 0.41 0.10
1 hour 671.85 298.60 99.53 24.88 6.22
1000 hours 671,846.40 298,598.40 99,532.80 24,883.20 6,220.80

image size of video

640x480 (1.33)

1280x720 (1.77)
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160 120 8 15 25 9 Basic Rate ISDN

160 120 16 20 20 307

320 240 8 15 25 369

320 240 16 24 24 1,229 MPEGT (Primary Rate ISDN)

640 480 16 30 24 6144 MPEG2

640 480 24 30 6 36864 MJPEG

640 480 24 30 1 221,184 Uncompressed
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Compression:

Effects of Compression

storage for 1 hour of compressed video in megabytes

1920x1080 1280x720 640x480 320x240 160x120
1:1 671,846 298,598 99,533 24,883 6,221
31 223,949 99,533 33,178 8,294 2,074
6:1 111,974 49,766 16,589 4,147 1,037
25:1 26,874 11,944 3,981 995 249
100:1 6,718 2,986 995 249 62

3 bytes/pixel, 30 frames/sec
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Compression:

= multimedia s/w architectures supporting
video
= will possess
= S/w components for creation, storage, and
playback
= standard formats
= codecs
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Compression:
== Multimedia Architectures

= QuickTime
= de facto standard

= Video for Windows (Windows Media)
= obsolete
= but AVI file format still used

= RealSystem G2 & Streaming QuickTime
= streaming architectures
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Compression:

& Codecs -

= Codec = compression/decompression
components
= MPEG
= more on this later
= Sorenson
= Cinepak
= RealVideo G2
= M-JPEG
= others...
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Compression:
- COMpression Strategies

= Entropy coding
= Repetitive sequence suppression (Run Length Encoding)
2688888888888 becomes 268*11
(here * is an indicator that the preceding value “8” will be repeating
the given number of times “11")
= Statistical encoding (patterns are recorded according to the frequency
at which they occur; frequent patterns use the shortest codes);
Huffman encoding
afababaa could become in binary 100110110111 where “1”="a",
01" ="b", "001" = “f", reducing 8*8=64 bits to 12
= Source coding (optimizes compression based on
semantics of original data)
= Transform encoding (Fourier transform, DCT): most significant
coefficients - those with most information energy - coded with higher
accuracy
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Compression:

& Static Image Compression

= Loss-free

= GIF uses Lempel-Ziv-Welch; PICT RLE

= guarantee to decompress a perfect version
= Lossy

= JPEG
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JPEG (Joint Photographic Expert Group) Compression

Block
Preparation ’* Transform | Quantization | | ’

x8) (DCT)

_’* Run length [ Huffman 4'—>




Compression:
JPEG Assumptions

= Trying to reproduce contour edges of sharp
areas with perfect fidelity is not necessary

= Human eye responds poorly to brightness
changes

= Suitable for continuous tone images
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Compression:
JPEG vs. GIF (Graphics Interchange Format)

= JPEG Advantages
= more colors (GIF limited to 256)
= lossless option
= best for scanned photographs
= progressive JPEG downloads rough image before whole
image arrives
= GIF Advantages
transparent color setting
animated GIFs
better for flat color fields: clip art, cartoons, etc.

interlaced delivery downloads low resolution image before
whole image arrives
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Compression:
Video codecs

Video capture boards
= Digitization and compression
= Decompression and digital to analogue transformation
= Device compressor/decompressor (codecs)
Hardware codecs
= Store them on a computer

Then play them back to an external video monitor (TV set)
attached to the VCC (video capture and playback card)

Most hardware codecs can not provide full motion video to
monitor

We can not know our audience will have any hardware codec
available

Software codec
= Program that performs the same operation
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Compression:

= motion JPEG
= just applies JPEG to each frame
= used for compression during video capture
= compression ratios of 7:1
= no temporal compression
= Allows users to set quality parameters
= useful for editing
= not a standard
= MJPEG-A
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Compression:
MPEG-1 compression approach

= Spatial compression for individual frames
= based on JPEG-like technique
= temporal compression of sequences of frames
= looks for areas of change
= creates difference frames
= based on 16X16 macroblocks
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Compression:
Inter-frame Compression

= Pixel difference with previous frame
= If previous pixel very similar, skip it
= Send sequence of blocks rather than frames
= If previous block similar, skip it or send difference
= Motion compensation
= Search around block in previous frame for a better
matching block and encode position and error difference
= Search in future frame
= Average block in previous and future frame
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Compression:
s M\PEG Frame Types: I Frames

= Intra-coded images
= similar to a JPEG still of the frame
= Expensive but required

= I-frames expensive as they have to compress
the entire scene

= heeded as start frame for differences
= needed for scene changes
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Compression:

= Predictive coded frames

= based on predicting the movement of blocks from
their position in the previous frame (I or P)

didddiddd
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Compression:
MPEG Frame Types: B Frames

= Bi-directional frames
= based on pair of I/P frames, before and after

 dadda
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- Vhy predict backwards?

E B

MSC IT Multimedia Module Video 52

Compression:

& MPEG Issues for Multimedia

= biased towards lightweight decoding
= good encoders heed fast hardware, decoder either soft
or cheap hardware
= buffer required
= B frames cause problem for videoconferencing
= need to wait for a P before can encode prior Bs
= large buffers also a problem
= versatile choice of quality
= change ratio of IBP frames
= change compression quality
= change frame rate
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Compression:

= Specification of MPEG decoder only
= MPEGL
= aimed a low bit-rates of 1.5 Mb/s
= typical of CD-ROM
= MPEG 2
= aimed af bit rates of 8-15 Mb/s
= DVD
= MPEG 4
= inftroduction of objects into the specification
= wide range of data rates
= important for multimedia
= MPEG7
= introduction of indexing and description hooks into the
specification
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Compression:

i\ Video Players for your PC

= To play a movie on your computer, you need a multimedia

player
= e.g. an MPEG player or QuickTime player.

= These players are also called decoders because they decode
the MPEG or QuickTime, RealNetworks, etc. compressed
codes.

= Some software allow you to both encode and decode
multimedia files,

= Some software only allow you to play back multimedia files
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= QuickTime

= AnISO standard for digital media
= Created by Apple Computer Inc., 1993

= Audio, animation, video, and interactive
capabilities for PC

= Allows integration of MPEG technology into
QuickTime.

= QuickTime is available for MS Windows/N as well
= QuickTime movies have file extension .qt and .mov.
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Streaming
‘L Streaming media vs. download
-

HTTP

Web server
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Streaming:
; Streamed Video

= Delivering video data stream from a remote
server, to be displayed as it arrives, as against
downloading an entire video clip and playing it from
there

= User's perspective: video that is viewable almost
as soon as it begins downloading as opposed to
waiting for a complete download before beginning
play back

= Transport Eerspecﬁve: content that is streamed
real time through a streaming protocol (UDP, RTP,

Streaming:
e WWW STreaming?

= Embedded video

= Server to the users machine where it is played
back (download)

= Progressive download (or HTTP streaming)

= File transfer to the user's disk, but it starts
playing as soon as enough of it has arrived
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RTSP)
= Other: any video that plays on the web
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Streaming:

iﬂrogr‘essive streaming

100
download
play
0
Start Time
playing
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Streaming:
s WWW streaming ?

= Appreciable delay before playback starts

= Data rate that exceeds bandwidth

= Movie files usually remain on the user’s hard
disk

= Enough disk space to store all movie must be
available, so pr'o?ressive download can not be
(\.cjsled for huge files, such as complete feature

ilms

= This method of delivery can not be used for live
video, nor does it allows you to skip over parts
of the file without downloading them
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Streaming:
W | 'ue streaming

= A small buffer is used to smooth out jitter, but
effectively each frame in the stream is played as
soon as it arrives over the network
= Open-ended
= can be used for live video
= the length of the recorded movie is limited by the server
capacity
= Use for video-on-demand systems
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Streaming:
Issues of True Streaming

= Drawbacks

= Network should be able to deliver the data
stream fast enough for play-back

= Data stream & thus quality is restricted to
what the network can deliver

= Advantages
= Every website is a TV station
= Streamed video can be interactive

= Select between different camera angles, call-up
instant-replays on demand
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Video Practicalities:

yreparing Video for the Web

FireWire Input]
Analog Input

Analog to
Digital
converter

Video
editing
software

DV Camcorder

Analog Camcorder

VCR

DVD Player

CD-ROM

Disk storage
The Web
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Video Practicalities:

*Video Parameters

= Size
= for web video, the largest size you can use (with most
audiences)
= 320 X 240 pixels — DSL or cable users
= 240 X 180 for modem users
= 400 X 300 for LAN connections
= Frame rate
= 12 or 15 frames per second (fast enough)
= Video codec
= QuickTime- sorensen video the best; next cinepack codec
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Video Practicalities:

4L Video on the Web
-

= Embedding video with HTML

= <embed src=""media/testvideo.mov” width="320"
height = 256" autoplay="true” controller="false”
loop="true”> </embed>

= Linking video with HTML

= <a href="media/testvideo.mov”> test video link
</a>
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