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Some previous concepts that
YOU SHOULD ALREADY KNOW
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Pixel

Resolution

Aspect Ratio

Video
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Pixel
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Pixel (picture element)

Represents the intensity (usually a numeric 
value) of a given color. 
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For example:

Red Pixel: 0 of green + 0 of blue + maximum of 
red

Pink Pixel: 192 of green + 203 of blue + 255 of red
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Resolution
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Resolution: number of pixels in 1 dimension
Example: 360x240
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Aspect Ratio:

Describes the proportional relationship between 
width and height of an image or pixel
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Display Aspect Ratio (DAR):

Describes the proportional relationship between 
width and height (or shape) of an image or video
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Display Aspect Ratio
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Pixel Aspect Ratio (PAR):

Describes the proportional relationship between 
width and height (or shape) of individual pixels
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Pixel Aspect Ratio (PAR):
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VIDEO

We can define a video as a succession of n
frames in time which can be seen as another 
dimension, n is the frame rate or frames per 
second (FPS).
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VIDEO
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Bit rate

The number of bits per second needed to show a 
video is its bit rate.

bit rate = width * height * bit depth * frames per 
second
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For example: 
Video with 30 fps, 24 bits/pixel, 480x240 
resolution 

Will need 82,944,000 bits per second or 82.944 
Mbps (30x480x240x24) if we don't employ any 
kind of compression.
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·When the bit rate is nearly constant it's called 
constant bit rate (CBR)

·When the bit rate is variable it’s called variable 
bit rate (VBR)
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Back in the days

Interlaced video: first technique for doubling the 
perceived frame rate of a video display without 
consuming extra bandwidth. 

It sends half of the screen in 1 frame and the 
other half in the next frame
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Nowadays

Progresive scan video: way of displaying, storing, 
or transmitting moving images in which all the 
lines of each frame are drawn in sequence.
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Moving
Picture
Experts
Group
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Established by ISO in 1988

Standard MPEG created in 
1993

It’s a lossy compression 
method
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It is designed to compress VHS-
quality raw digital video and CD 
audio down to 1.5 Mbit/s (26:1 and 
6:1 compression ratios 
respectively)
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(This was a VHS)



T2 | MPEG & MPEG 2

(360x240 pixels only)
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It’s also a standard format for 
compressing and storing digital 
video & audio 

MPEG1: 352x240 @ 30 fps (slightly 
below VCR video)
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It allowed the Video CD exist
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Workflow:

Reductio
n of 

resolutio
n

Motion
estimatio

n

Motion
compens

ation
DCT Quantization

Run-
length

encoding

Entropy
encoding
(Huffman

)
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Reduction of resolution:

·Video downsize (if required)

·RGB -> YUV (as we saw in JPG)
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Y: Luminance

Cb: Chroma blue difference

Cr: Chroma red difference
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YCbCr formula from RGB
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Chroma subsampling

It’s the practice of encoding images by 
implementing less resolution for chroma
information than for luma information, taking 
advantage of the human visual system's lower 
acuity for color differences than for luminance.
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Simplistic explanation of how our eyes work The 
eye is a complex organ, it is composed of many 
parts but we are mostly interested in the cones 
and rods cells. The eye contains about 120 
million rod cells and 6 million cone cells
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To oversimplify, let's try to put colors and 
brightness in the eye's parts function. The rod 
cells are mostly responsible for brightness while 
the cone cells are responsible for color, there are 
three types of cones, each with different 
pigment, namely: S-cones (Blue), M-cones (Green) 
and L-cones (Red).
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Since we have many more rod cells (brightness) 
than cone cells (color), one can infer that we are 
more capable of distinguishing dark and light 
than colors.
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Chroma subsampling is the technique of 
encoding images using less resolution for chroma
than for luma.
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These schemas are known as subsampling 
systems and are expressed as a 3 part ratio -
a:x:y which defines the chroma resolution in 
relation to a a x 2 block of luma pixels.
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·a is the horizontal sampling reference (usually 4)
·x is the number of chroma samples in the first 
row of a pixels (horizontal resolution in relation 
to a)
·y is the number of changes of chroma samples 
between the first and seconds rows of a pixels.

Common schemes used in modern codecs are: 
4:4:4 (no subsampling), 4:2:2, 4:1:1, 4:2:0, 4:1:0 
and 3:1:1.
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Motion estimation

For explaining this, first we go with 
the 3 type of frames we find and 
how they work in MPEG
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Suppose we have a movie with 
30fps, here are its first 4 frames.
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We can see lots of repetitions 
within frames like the blue 
background, it doesn't change from 
frame 0 to frame 3. To tackle this 
problem, we can abstractly 
categorize them as three types of 
frames.
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I Frame (intra, keyframe)

An I-frame (reference, keyframe, intra) is a 
self-contained frame. It doesn't rely on 
anything to be rendered, an I-frame looks 
similar to a static photo. The first frame is 
usually an I-frame but we'll see I-frames 
inserted regularly among other types of 
frames.
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P Frame (predicted)

A P-frame takes advantage of the fact that 
almost always the current picture can be 
rendered using the previous frame. For 
instance, in the second frame, the only 
change was the ball that moved forward. We 
can rebuild frame 1, only using the difference 
and referencing to the previous frame.
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P Frame (predicted)
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B Frame (Bi-directional predicted frame)

Using the same technique, we can not only 
move to the previous frame but also move to 
the following one. We’ll be predicting the past 
and the future frame.
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B Frame (Bi-directional predicted frame)
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What happens when there’s info 
lost? We can’t recover the frames 
correctly (specially I Frames)
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Motion estimation:

Motion estimation examines the 
movement of objects in an image 
sequence to try to obtain vectors 
representing the estimated motion
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Motion estimation:

It’s to generate the motion 
vector(s).

It's in the encoder only, since 
decoder only consumes the motion 
vector data.
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IMPORTANT!!! Difference between motion 
estimation & motion compensation:

Motion compensation is the use of the motion 
estimation information to achieve 
compression. If you can describe the motion, 
then you only have to describe the changes 
that occur after compensating for that 
motion.
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WATCH OUT because some authors/sources 
mix both concepts, or consider ‘motion 
estimation’ as a part of the motion 
compensation process
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Motion compensation:
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Motion compensation:

1 - motion analysis stage

Displacement vectors for every 
pixel or a set of pixels in image 
planes from sequential images are 
estimated (REMEMBER MOTION 
ESTIMATION)
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Motion compensation:

2 – Prediction and differentiation

Present frame is predicted by 
using estimated motion vectors 
and the previous frame. The 
prediction error is then calculated
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Motion compensation interpolation
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Block matching
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Motion compensation:

3 – Encoding
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We already know this part :-)

DCT Quantization
Run-

length
encoding

Entropy
encoding
(Huffman

)
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Example in real life of MPEG encoder
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Remember: the idea was to encode
harder and decode easier
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How does audio work inside MPEG?
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Own codec based on psychoacustics
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MPEG-1 Layer I (.mp1) is defined in 
ISO/IEC 11172-3, which first version was
published in 1993.

Sampling rates: 32, 44.1 and 48 kHz
Bitrates: 32, 64, 96, 128, 160, 192, 224, 
256, 288, 320, 352, 384, 416 and 448 
kbit/s[6]



MPEG-2
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Moving
Picture
Experts
Group
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It’s the same technology as MPEG-1 but 
with some enhancements
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·Field/frame prediction modes for 
supporting the interlaced video input
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·Field/frame prediction modes for 
supporting the interlaced video input
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·Field/frame prediction modes for 
supporting the interlaced video input
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·Field/frame DCT coding syntax
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·Downloadable quantization matrix and 
alternative scan order
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·Scalability extension
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·Scalability extension
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Previous enhancement items are all 
coding performance improvements that 
are related to the support of interlaced 
material
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Non-compression enhancements:

·Syntax to facilitate 3:2 pull-down in the decoder

·Pan and scan codes with 1=16 pixel resolution

·Display flags indicating chromaticity, subcarrier 
amplitude, and phase (for NTSC=PAL=SECAM 
source material)
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How does audio work?
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Same as MPEG1, but also new improved
versions of the codec:
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The MPEG-2 standard includes several
extensions to MPEG-1 Audio, and these
are known as MPEG-2 BC – backwards
compatible with MPEG-1 Audio. MPEG-2 
Audio is defined in ISO/IEC 13818-3
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MPEG Multichannel – Backward compatible 5.1-
channel surround sound

Sampling rates: 16000, 22050, and 24000 Hz

Bitrates: 8, 16, 24, 32, 40, 48, 56, 64, 80, 96, 112, 
128, 144 and 160 kbit/s
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Sampling rates are exactly half that of those
originally defined for MPEG-1 Audio. 

They were introduced to maintain higher quality
sound when encoding audio at lower-bitrates. 

The even-lower bitrates were introduced
because tests showed that MPEG-1 Audio could
provide higher quality than any existing (circa 
1994) very low bitrate (i.e. speech) audio codecs
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And finally… MPEG 2 Part 7 a.k.a. …



T2 | MPEG & MPEG 2

MPEG2 Real life applications
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Digital Versatile Disc (almost obsolete)
Allowed Dimensions (resolution):
·720 × 480, 704 × 480, 352 × 480, 352 × 240 pixel (NTSC)
·720 × 576, 704 × 576, 352 × 576, 352 × 288 pixel (PAL)
Allowed Aspect ratios (DAR):
·4:3 (for letterboxed widescreen and non-widescreen frames)
·16:9 (for anamorphic widescreen[dvdaspect 1])
Allowed frame rates
·29.97 interlaced frame/s (NTSC)
·23.978 progressive frame/s (for NTSC 2:3 pull-down to 
·29.97[dvdrates 1])
·25 interlaced frame/s (PAL)
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Digital Versatile Disc

For audio it has a lot of 
restrictions plus it’s able to
use more modern codecs



T2 | MPEG & MPEG 2

HDV
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HDV
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HDV is a format for recording of high-definition
video on DV cassette tape. The format was
originally developed by JVC and supported by
Sony, Canon, and Sharp. The four companies
formed the HDV consortium in September 2003.
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Conceived as an affordable high definition
format for digital camcorders, HDV quickly
caught on with many amateur and professional
videographers due to its low cost, portability, 
and image quality acceptable for many
professional productions.
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HDV (in use)
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MOD and TOD (obsolete)
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XDCAM (in use)
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Digital TV Standards (will see next class)
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Early Blue-ray Disc (in use)
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