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Chapter 3 Digital Video Fundamentals 
This portion of lecture notes are courtesy of Prof. A. Murat Tekalp of Koc University, Istanbul, Turkey, which 
should give us a brief review of digital video concepts, systems, and the standards. Some of these topics will 
be studied in detail during the semester. 

ANALOG VIDEO 
One or more analog signals that contain time-varying 2-D intensity (monochrome or color) and timing 
information to align the pictures. 
 

• Component Analog Video (CAV) 
   RGB 

YCrCb (YUV or YIQ) 
• Composite Video 

NTSC (National Television Standards Committee) 
PAL (Phase Alternating Line) 
SECAM (SEquential Color And Memory) 

• S-Video (Y/C video) 
NTSC / PAL / SECAM 

 

Color Spaces for Analog Video 
• Color is specified in terms of three primaries, commonly R, G, B. 
• Not all R, G, B spaces are the same. They may have different primaries. 
• R, G, B primaries themselves are specified in terms of X, Y, Z values. 

 
• R, G, B values are converted to Y, U, V before transmission/storage using the following transformation. 

 
 

CRT Display: Gamma Correction 
• CIE luminance, chrominance vs. NTSC luma, chroma 
• Physics of CRT: The intensity on the screen is proportional to the voltage input (video signal) raised to 

the power 2.5 
• To maintain the correct tone scale, this nonlinearity of CRT must be compensated at acquisition by a 

0.45 power law.  R’=R0.45 G’=G0.45 B’=B0.45 
• Perceptual uniformity 

CRT voltage-intensity function is nearly the inverse of luminance-perceived luminance 
function. 

• Noise sensitivity, SNR 
Noise makes a larger contribution to small signal values 
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Temporal Rate and Flicker 
• Frame/field rate and flicker: Minimum refresh rate for flicker-free viewing is 50 Hz (temporal sampling). 
• Field vs. frame rate: 

Motion picture Progressive, 24x2=48 Hz 
TV (NTSC) Interlaced, 60 Hz 
TV (PAL/SECAM) Interlaced, 50 Hz 
Computer monitor Progressive, > 72 Hz 

• Viewing conditions 
Dim vs. bright environment 
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Viewing distance = (3400/Lines) x Picture Height one pixel subtends to one minute arc (1/60 of a 
degree) 
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DIGITAL VIDEO 
• Digital data communications (e.g., ftp, e-mail)  
and 
• Digital audio (e.g., CD players, digital telephony) 

 
• What is next? 

Digital video - as a form of computer data 
Products such as: digital TV/HDTV, video/cell phone, multimedia PCs, are alpready in the 
marketplace. 

• ``Digital video," IEEE Spectrum Magazine, pp. 24-30, Mar. 1992 to see what was predicted in 1992. 
 

Why Digital Video? 
• Digital representation is robust: Error correction minimizes the effect of transmission/storage media 

distortion, noise and other degradations. 
• Digital video requires lower bandwidth than analog video of equivalent subjective quality by using 

compression. 
• Digital video enables integration of interactive networked multimedia, broadcast TV, and real-time 

communications in a unified system architecture. 
• Digital video provides flexibility for signal processing for enhancement, standards conversion, 

composition, special effects, nonlinear editing, etc. 
 

What is the Bottleneck? 
Let's look at the raw data rates for digital audio and video: 

• CD quality digital audio (mono) 
• 44 kHz sampling rate x 16 bits/sample 700 kbps 
• High definition video (from the GA-HDTV proposal) 
• 1280 pels x 720 lines luma; 640 pels x 360 lines chroma x 60 frames/s x 8 bits/pel/channel 663.5 Mbps 
• A picture is worth 1000 words!! 
• A good source: Inglis and Luther, Video Engineering, McGraw Hill, pp. 160-178, 1996. 
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Analog-to-Digital Conversion: 
• The minimum sampling frequency is 4.2 x 2 = 8.4 MHz (Nyquist rate) 
• Sampling rate should be an integral multiple of the line rate, so that samples in successive lines are 

aligned. 
• To sample component signals, there should be a single rate for 525/30 and 625/50 systems; i.e., the 

sampling rate should be an integral multiple of both 29.97 x 525 = 15,734 and 25 x 625 =15,625. 
• To sample the composite signal, the sampling frequency must be an integral multiple of the subcarrier 

frequency. 
 
This simplifies decoding (composite to RGB) of the sampled signal. 
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Aspect Ratio: 
• Image aspect ratio (IAR) = image width / image height 
• Pixel aspect ratio (PAR) = (IAR × No. of lines)/(No. of pels/line) 
• Computer monitors (square pixels, PAR=1) 

IAR = (No. of pixels/line) / No. of lines 
• SDTV (rectangular pixels) 

NTSC: IAR = 4:3; PAR= (4/3 × 483) / 720 = 0.89 
PAL: IAR = 4:3; PAR= (4/3 × 576) / 720 = 1.07 

• HDTV, IAR = 16:9 = 1.777 
• Motion pictures, IAR = 1:85:1 or 2.35:1 
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APPLICATIONS OF DIGITAL VIDEO: 
• Consumer Electronics: VideoCD, DVD 

@ 1.5 Mbits/s CD-ROM or harddisk storage 
• Digital TV (Broadcast, Cable, or Satellite) 

HDTV @ 20 Mbits/s over 6 MHz channels 
SDTV @ 4-6 Mbits/s 

• Video telephony 
ISDN @ 384 kbits/s using p x 64 kbits/s 
PSTN @ up to 56 kbits/s using the copper network 
Wireless @ 10 kbits/s using GSM 

• Video over IP: Internet and wireless 
bitrate depends on the connection speed 

• Other 
Surveillance Imaging (military/ law enforcement) , Intelligent V. Highway Systems 
Telemedicine, Telepresence, Distance Learning 

 

Digital Strorage / Consumer Electronics: 
• VideoCD (MPEG-1) vs. DVD (MPEG-2) 
• CD-ROM holds 650 Mbytes 
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• DVD 
Single-sided, single-layer ~4.7 Gbytes 
Single-sided, dual-layer ~8.5 Gbytes (133 minutes of MPEG-2 compressed movie at 8 Mbps) 
Double-sided, single-layer ~9.4 Gbytes 
Double-sided, dual-layer ~17 Gbytes 

 

Digital TV: ATSC Standard: 
• 18 video formats - includes SDTV and HDTV 
• Colorimetry: 4:2:0 chrominance sampling; 16:9 aspect ratio 
• MPEG-2 video compression and transport (188 byte packets) 
• 8-VSB for terrestrial and 16-VSB for high data rate cable transmission 
• Digital HDTV requires about 884:20 = 44:1 compression 

 

 
 

DVB: 
• Europe developed a variation of the ATSC standard known as Digital Video Broadcast (DVB) based on 

MPEG-2 video compression. DVB does not support HDTV mode. 
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Convergence of Video/Voice/Data Applications: 
• Network infrastructures 

Telephone networks (PSTN, ISDN, ADSL) 
CableTV networks (Cable Modem) 
Internet (network of networks) (TCP/IP) 
Digital wireless (Mobile) 

• Services: 
Real-time two-way communications, video phone and conferencing 
Digital TV, interactive TV 
Interactive multimedia over the internet, Web-based services 

 

Video over IP: Internet and Wireless: 
• Standards-Based vs. Proprietary 
• Compression Issues 

Error resilience 
Scalability 
Buffer Control 

• Protocol Issues 
TCP/IP 
RTP 

• Packetization Issues 
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Challenges in Digital Video Processing: 
Exploit temporal redundancy by motion analysis 

• Motion Analysis 
2-D motion/optical-flow estimation and segmentation 
3-D motion, structure estimation and segmentation 
Object tracking, occlusion, deformations 

• Filtering and Standards Conversion 
Deblurring, noise filtering, edge sharpening 
Frame rate conversion and deinterlacing, resolution enhancement 

• Compression 
JPEG, H.261/H.263, MPEG 1-2-4 
Subband/wavelet and content-based coding 

 

Convergence of Digital Video, Computer Vision and Graphics: 
• DSP 

Transforms - DFT, DCT, JPEG/MPEG compression 
Linear and nonlinear filtering, restoration 

• Computer Vision 
Video object segmentation and tracking 
3D motion modeling - Structure from motion 

• Computer Graphics 
Animation, texture mapping. 
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