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& Image/V|deo Redundancy.

< Spatial redundancy within frames

Pixels that are duplicated within a frame.
It is unusual for intensity values to vary widely in a small area, e.g. a 8x8

pixel block
Use A to code B

253 255 —
A B

“* Temporal redundancy between frames: only
position has changed

" o

o
A B

Frame N-1 Frame N



- lemporal redundancy {interdrame)
Spatial redundancy (intra-Hrame)




*» Frame O (still image)

+» Difference frame 1 = Frame 1
— Frame O

+» Difference frame 2 = Frame 2
— Frame 1

2 If no movement in the scene,
all difference frames are 0.
Can be greatly compressed!

2 If movement, this can be seen
In the difference images




*» Differences between two frames can be caused
by:
Camera motion: the outlines of background or

stationary objects can be seen in the Diff Image

Object motion: the outlines of moving objects can
be seen in the Diff Image

lllumination changes (sun rising, headlights, etc.)
Scene Cuts: Lots of stuff in the Diff Image
Noise




“*If the only difference between two frames is
noise (nothing moved), then you won’t recognize
anything in the Difference Image

< But, if you can see something in the Diff Image
and recognize it, there’s still correlation in the
difference image

+» Goal: Estimation motion and reduce
correlation
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Difference Frames







Frame n

“* Translation: simple
movement of typically

rlgld ObjeCtS Frame n+1 Frame n+2
. (Rotation) (Zoom)
*» Camera pans vs. _ o
movement of objects Rotatlon. spinning about
an axis
2 Camera versus object
rotation

Zooms —in/out
2 Camera zoom vs. object
zoom (movement in/out)

Frame n Frame n+1

11



*»*» Translational

Move (object) from (X,y) to (x+dx,y+dy)
** Rotational

Rotate (object) by (r rads) (counter/clockwise)
*Zoom

Move (in/out) from (object) to increase Iits size by
(t times)

12



“* Determining parameters for the motion
descriptions

“* For some portion of the frame, estimate its
movement between 2 frames- the current frame
and the reference frame

“*What is some portion?
Individual pixels (all of them)?
Lines/edges (have to find them first)
Objects (must define them)
Uniform regions (just chop up the frame)



< For a region P in the current frame, find a
region Py In the search window In reference
frame so that Error(Pg,P) IS minimized

“»Issues: Error measures, search technigues,
choice of search window, choice of reference

frame, choice of region P

Portion
Search Reference  Of Interest— Current

" Frame Frame

window

Pc

Reference frames are frames of a compressed video that are used to

define future frames. »



“ P Is a block of pixels (in the current frame)
“» The search window Is a rectangular segment (in

the reference frame)

==

T=1 (reference) T=2 (current)



“* A motion vector (MV) Is the key element in the motion
estimation process

** A motion vector (MV) represents a block in a picture being
coded, based on the position of this block (or a similar -
best-match block) in another picture, called the reference

picture.
O | | ©

~—

A A y

I 1 [

T=1 (reference) T=2 (current)



 Motion compensation is an algorithmic technique used to predict
a frame in a video, given the previous and/or future frames by
accounting for motion of the camera and/or objects in the video

The blocks are NOT on a grid

The blocks are on a grid

1 3
2 4
6 7 8
3)
— 10
9 11 12
14

13 15 16

1 2 3 4

5 6 7 8

9 10 11 12
13 14 15 16

T=1 (reference frame defines the blocks)

T=2 (current)

17



1. Mean squared error

Select a block in the
reference frame to
minimize
Z(b(Bref)'b(Bcurr))Z/n
++ 2. Mean absolute error

Select block to
minimize
z|b(Bref)'b(Bcurr)| /n

< Gliven error measure,
how to efficiently
determine best-match
block in search
window?
Full search: best

results, most
computation

_ogarithmic search —
heuristic, faster

Hierarchical motion
estimation

18



2D Logarithmic search - O(logn)

Reduces number of search o |
points EEEEEEE : l2
n each step R ‘3 E:
- Best match is found | (] [ |

- Compare 9 blocks evenly spaced |
within distance p/2 and find best o1 1e °
matching block T

« Search is centered around the best
match of the prior step
Speedup increases for larger
search areas

19



|

I [ ! I
FAIR MATCH

|
BAD MATCH

R
GOQOD

I
MATCH @

Macroblock to be coded




I\/Iotlon Compensatl

“* Encoder forms motion “* With no motion compensation
compensated diff frame: encoder could do frame diff:
MCD(n) = F(n) — MC(n) FD(n) = F(n) — F(n-1)

<» Decoder can then do < Decoder can then do

F(n) = MCD(n) + MC(n) F(n) = FD(n) + F(n-1)

% This difference frame formed using MC should have less correlation
between pixels than the difference frame formed without using MC

“ If successive frames are very similar:
fewer bits to send Motion Vectors + MCD(n) instead of FD(n)
fewer bits to send FD(n) instead of F(n)

22



Full original frame, as shown on screen.  Differences between the original frame and
the next frame.

Differences between the original frame and
the next frame, shifted right by 2 pixels.
Shifting the frame compensates for

the panning of the camera, thus there is
greater overlap between the two frames.

24



Partition of frame 2 into blocks

Frame 1 S[x,y,t-1] (previous) ~ Frame 2 S[x,y,{] (current) (schematic)

Size of Blocks

Accuracy of Motion Vectors

Referenced blocks in frame 1 Frame 2 with Difference between motion-
displacement vectors compensated prediction and
current frame u[x,y,f]



*MPEG (Motion Pictures Experts Group)
[Mapopoio ovoua pe 1o JPEG
BivTeo Kal NX0G¢ uwnAnG troloTNTag
Alavoun N yeTadoon HECWV

M
M
M

PEG-1: CD-ROM, T1 (~1,5 Mbps)
PEG-2: DVD, DTV

PEG-4: HDTV, KivnTd, aAAnAeTTidpacn

26
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TI eil o MPEG;

“*» Aclotroinon AAAWV TTPOTUTTWYV
JPEG: evdotrAaiolakn (intra-frame) KwodIKoTToinon
H.261: diamrAaioiakn (inter-frame) KwoIKoTToinon
@ 2uotnua MPEG
KWwOIKOTTOIiNON NXou
KwoIKoTToinon RBivrteo
"TOAUTTAEEN pOoWV DEDOUEVWIV

27
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HEVC
MPEG 1 MPEG 4 - (H 265)
ISO

1990 1993 1996 1999 2002 2005 2008 2011 2014

Standards [MPEG2 (MP)|MPEG4 (ASP) |H.264 (HP)
Picturecoding |,P, B ILP,.B I.,P.B
type
[Entropy Coding [VLC VLC VLC,
EAVLC,
ABAC
MV resolution Y2 pel V4 pel ¥4 pel
Transform [8x8 DCT [8x8 DCT rx4 & 8x8
nteger
Vector block size |16x16, 16x8 [16x16, 16x16,
[Bx8 16x8, 8x16,
Exa, x4,
X8, 4x4
Special Intra No No Yes
ediction |
}Irfoop filter Post |Post fin-oop




<&

X/
0.0

J
0’0

o0

The video compression standards define syntax and semantics for the bit
stream between encoder and decoder

bit stream
— | ENCODER I » DECODER [—*
not this Standard defines not this

this
Encoder is not specified by MPEG except that it produces a compliant bit
stream

The standards do not specify how the encoder will find the motion
vectors (MVs)

The encoder can use exhaustive/fast search, MSE /MAE/other error
metric, etc.

The standard DOES specify
The allowable syntax for specifying the MVs
What the decoder will do with them
Compliant decoder must interpret all legal/eligible MPEG bit streams

This allows future encoders of better performance to remain compatible with
existing decoders.

Also allows for commercially secret encoders to be compatible with
standard decoders 2



MPEG Frame Structure Termrnology

*» A block contains 8x8 pixels

“» A macroblock (MB) contains 4 blocks from the luminance,

plus the corresponding chrominance blocks
Macro-blocks are useful for motion estimation
*» A slice is a collection of macroblocks
* A picture is a frame; the primary coding unit
“» A Group of Pictures (GOP) contains = 1 frame.

| §

= Yideo Sequence

b+—— Giroup of Pictures

- I:II:II:II:II:II:II:II:I

Bliock

Picture

Slice racroblock a
+!_./ pixels
g

frixels

30



+» Macro-block:
Luminance: 16x16,

four 8x8 blocks
Chrominance: two
8x8 blocks

Motion Estimation
only performed for
luminance
component

*» Motion vector range

e.g. [-15, 15]

15

15

15

Search Area in Reference Frame

31



“+* Consider a sequence of n frames of video.
It consists of:

|-frames

P-frames
B-frames

“* A sequence of one I-frame followed by P- and B-
frames is known as a Group of Pictures — GOP,
e.qg. |IBBPBBPBBPBBP

A GOP can be decoded without any other reference
frames

Usually 12 or 15 frames
Random access to middle of stream — Start with | frame



Il P B B B P B B B PBB B

15 2 3 49 6 7 8 1310 11 12

Transmission order and display order may differ
Reference frames must be transmitted first
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“* Non-intra frames (P-frames and B-frames)

Motion compensated information will be used for
coding

P frame (predicted frame) use preceding | and P
frames for motion compensation

B frame (bidirectional frame) use both preceding and
followings | and P frames for motion compensation

P frames B frames

i . i i N i Ry
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A T A A L I
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A
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MPEG Frame Types

> Available from earlier frame (X)

. I
Available from later frame (Z




“ Selecting I, P, or B Frames

change of scenes should generate | frame
limit B and P frames between | frames

B frames are computationally intense
Predictively

Intra-coded coded
P-frames

I-frame\ /

Bi-directionally

| B B P B B P B B P B B | predictively
coded
< > B-frames

Group of frames (GOF)



“* Encoder chose frequency and location of |-

Pictures
“* Typical display order

- 1 second -
2B-pictures belween 1-picture every 13th frame
reference (PIpictures (112 second ab 30 HZ)

A |

Ficlure Type: | BB FEEFEBFEEFEEI EEFEEFEEFEEFEER
Display Ordder:y 2 2 4 8 6 7 & 940 112 12 4445 46 17 1810 20 21 22 23 04 25 55 27 28 20 30



*» Transmission order and display order may differ
Reference frames must be transmitted first

Forward prediction
| Y

A ddddddd

! 2 3 4 5 7 g
| B B >~ |8 2 [P | B B B 7 (i

R
i

-

R
i

Bidirectional prediction

Y
A

TransmissionOrder:152349678
IPBBBIBBB



** |-frames
Intraframe coded
* No motion compensation
“ P-frames
Interframe coded
* Motion compensation
— Based on past frames only
“ B-frames
Interframe coded

* Motion compensation
— Based on past and future frames



S

EG-coin ”

*» Macro-block processing

= S — ** For each of the four 8x8
Ch| For each For each .
block blocks in the macroblock,

perform DCT
*» Quantization

macroblock

% Zig-zag
> [ |— “* RLE and entropy coding
DCT Quant.
8 8
o I D7 V7 Vi vl g
Huffman RLE Zig-Zag 8 P48 S A, A

01101... == - |:| -



target image

(new image)

match window :
" -
i I:I —_— 2= (100110
/s :
Frr._______...--'?

motion vector

reference image
(previous image)

Encoder forms motion compensated diff frame:
MCD(n) = F(n) — MC(n)
Decoder can then do:
F(n) = MCD(n) + MC(n)

Motion compensated prediction

4

K/
0’0

K/
0’0

Divide current frame, i, into
disjoint 16x16 macroblocks

Look for match window within a
given search window in previous
frame, i-1
Match window — macro-block
Search window — arbitrary
window size depending how far
away are we willing to look
Displacement of two match
windows is expressed by motion
vector

Calculate the difference

Transmit motion vector +
entropy coded difference



Bi-directionally Predictive-coded frames

past reference target future reference

r'_‘b" =
(@-8)|- 0—
=
DCT + Quant + RLE
moftion vectors '

(two) —==| Huffman Coder = 0001110...




“»If data rate increases over threshold, then
guantization enlarges step size (increase
guantization factor Q)

2 If data rate decreases below threshold, then
guantization decreases Q



“*» PuBuocg doedopevwy £wg 1,2-1,5 Mbps
CD-ROM povn¢ taxutnrtag N ypauun T-1
“*»Mop@oTutra gIkovac
2uvioTwoeg YUV, avaloyia (4:1:1 74 4:2:0)
8 bits ava €IKOVOOTOIXEIO ava oUVIOTWOO
14 AOyol OIOOTACEWYV EIKOVOOTOIXEIWV
1:1 yIa TETPAYWVA EIKOVOOTOIXEID
Ala@opeTikoi Aoyol yia 4:3 kal 16:9
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| ZTéxm TOU I\/IPEG N (2 omo 2)

“» TutTOoTTOINUEVO HOPPOTUTTO avTaAAaync (SIF)

NTSC

+ 352 x 240 (pwTeEIVOTNTA)
+ 176 x 120 (XpWMIKOTNTA)

PAL/SECAM

+ 352 x 288 (pwrteIvoTNnNTA)
+ 176 x 144 (XpwMIKOTNTA)

PuOuoi TAaigiou atro 23,97 Hz sw¢ 60 Hz

63



t-u: - .- - » e
- —’.. —— —
"%L:? R > "H M m“‘

N €1IKO
Kapé MakpouTTAGK
>

TpApa 1 MB1 | MB2 | ... | MB21 | MB22 B1|B2
B3 | B4

TuAua 2 MB1 | MB2 | ... | MB21 | MB22 v
B5 | Cb
TunRua 15 MB1 | MB2 | ... | MB21 | MB22 B6 | Cr

** MakpouTTAOK
16 X 16 pwTtelvoTNTA, 8 X 8 XpWHIKOTNTA

“* Opi1ovTia Tunuarta (slices)
352 x 240 (NTSC): 15 TpAuaTa X 22 JAKPOUTTAOK
352 x 288 (PAL/SECAM): 18 tunuarta x 22
UAKPOMTTAOK

64



..u:. ;Lo
= ST
A N

oé-1 (1

oe w{ FDCT = KBavrtotroinon

v

RLE p{ EvTpoTriag

Mivakag Mivakag

“» Kape-I (I-frames)
KwOIKOTToiNON XWpEIC ava@opEc o AANa KapE
KataAAnAa yia Tuxaia TTpooTTEAQON

JPEG pe attwAeoTIKO akoAouBiako puBuo
* MIKp€G aTTOKAICEIG YIa atTAOTNTA

65



“» Eicodoc¢: MtrAok (8x8)
Metaoxnuartiouog DCT
KBavTotroinon OUVTEAECTWYV
DPCM vyia ouvrteAeaTéc DC
Ailaragn (iyk-Cayk yia ouvteAeoTec AC
KwoikoTroinon unkoug ocipwyv (RLE)
KwOIKoTToinon evTpoTriag rapouola ye Huffman

66
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“» Kapé-P (P-frames)
ETravopBbwaon Kivnong e KapE avapopac
Ava@popad: auETWC TTponyouuevo Kape-I N -P
EVTOTTIONOC TTAEOV TTAPONOIOU UAKPOUTTAOK
ETiTpETTOVTAl KOI JAKPOUTTAOK XWPEIC TTPORAEWN

67



RGB
U - AldpopIKr
YUV
Taipiaopa ) '
TEPIOXQV - FDCT t»{ KBavtoTroinon (e RLE He| EvTpoTriag
f | |
Kapé Mivakag Mivakag
avagopag
\/ 4 ,
“* Alavuopua Kivnong

DPCM o€ yEITOVIKA JOKPOUTTAOK

“» AlapopEg PTTAOK: peTtaoxnuatiopog DCT
Tautoxpovn kwdikotroinon/kBavrotroinon AC Kai

DC




< Kapé-B (B-frames)

1pOBAewn pe OUO KAPE AvaPopag

1010 pEBOdOC KWdIKOTTOINONG ME TA KAPE-P
leplodIK Xpnon Kape-I kal kape-P
KWOIKOTTOINON EVOIAUECWY KapE-B

69



“*Kape-D (D-frames)
EvOooTtTAaiolakn KwOoIKOTToinon
XaunAoTepn TTo10TNTA ATTO TA KAPE-|
+ KwdlkoTrolouvTal Jovo ol ouvioTwoeg DC
KwOIKoTTolouvTal ETTITTAEOV TWV KOPE-
Agv XpnoigoTToiouvTal Yia TTPORAEWN
[ 'priyopn Kivnon EPNTTPOC Kal TTIoW
Agv XpNOINOTTOIOUVTAI OTIC ETTOUEVEG EKOOOEIC

70



Puepog 6&60|.|£vv 0

“» ETiteuen otaBepou puBuou 0EOOUEVWV
[TapayovTtac KAINAKwOoNG KBavToTtroinong
* [Mapouola Aoyikn pe H.261
+ Ak€paiog apiBuog avaueoa oto 1 kai To 31

[TOAAQTTAQCIOOTAC OUVTEAEOTWV
* 270 H.261 £xoupe Evav JOVO OUVTEAEOTN

[TapakoAouBei TN XwpPNTIKOTNTA TOU EVTAMIEUTH
MeTadideTal ae KABe aAAayn TIUAG
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“» Opaoda eikovwy (GOP)
—EKIVAEI PUE KAPE-I
TEAEIWVEI TTPIV TO ETTOPEVO KAPE-I
[MepIAapBavel OAa Ta evdidueoa Kape-P kal B

N: eAdxIOTn jovada TuXaiag TTPoCTTEAAONC
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**» Ouada kape
—EKIVAEI ye Kape-1 N P
TeAeIwVEl TIPIV TO ETTOUEVO KapE-P N |
AIGKpPION ATTOKWOIKOTTIOINONG KAl EMpaviong

M: eAaxIOTN povada ATTOKWOIKOTTOINONG

73



“*ooo TTpeTTeEl va KpaTaw KABE TTAQiOIO;
Kapé-l: EXPI TO ETTOUEVO KapE-P
KapE-P: YEXPI TO ETTOPEVO KapE-P n kapé-|
Kapé-B: kaBoAou
* Agv XpNOIPOTTOIOUVTAI TTOTE WG KAPE avapopAag
« Xpeiadovrtal OJwG To €TTOMEVO P/l yia avagopa
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AKo)\ouelag Kap 3

“» 2uvnBiouEvec akoAouBieg KapeE
PAL

- Epoavion “IBBPBBPBBIBBPBBPBB...”
- ATrokwdiKoToinon “IPBBPBBIBBPBBPBB. ..”

NTSC
- Epoedvion “IBBPBBPBBPBBIBBPBBPBBPBB ..."
- Ammokwoikotroinon “IPBBPBBPBBIBBPBBPBBPBB ...”

MeTadoaon PJE TN O€IPA ATTOKWOIKOTTOINONG
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Opyavwan 6&6 OMEVWYV

KepaNida | Gopyu1 | cop#2 GOP #N
akohouBiag
KegaAida . . .
N
GOP Kapé€ #1 Kapé€ #2 Kape #
KepaAida . . .
T N
Kaipé Tunua #1 | TuRua #2 pApO #
Kegahida MB #1 MB #2 MB #N
TUNUATOS
KegpaAida MB B #1 B #2 B #N
DC MapdAenpn, MapaAenyn, TeAog
TIUA #1 TiuR #N ouadag
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ETrlTr£6a 660p£wv (1 arré 2)

“»Pevupa dedoucvwy Bivreo (6 eTTitTedQ)

“» EtTitredo akoAouBiac: evrapicuon
PuBuog 0edopEVWV Kal XWPOG EVTAUIEUONG
ExTipnon KaBuaoTtéEpNong Kal Xwpou

*» ETriTred0o opddwyv €IKOVWYV: TTPpOOTTEAQCN
ATTOTEAEITAI ATTO €VA TOUAAXIOTOV KOPE-

“» Aev utTapYOUV OTO H.261
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ETrlTr£6a 660p£wv (2 amré 2)

“» EmTitredo €IKOvac: Kape
ApIBuoi oeIpag yIa CUOXETION TTAQICTWY
“» Emimmedo TunuaTWY: THAUATA TTAQICIWV

*» ETTiTTed0 HakpouTTAOK: XOPOKTNPIOTIKA
UOKPOUTTAOK

“» ETTiTedo YTTAOK: XOPOAKTNPIOTIKA UTTAOK
*Napopola pe H.261
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I'Io)\UTr)\a§n (1 aTré 2)

“* NoAUTTAEEN PBivTED, AXOU Kal AAAWYV JECWV
2.UVOUAONOG PEUMATWY ETTINEPOUG NECWYV
Alaipeon peUPATOC KABE NECOU O€ TTAKETA

* TUutmKO pEyeBoC 2048 byte
* ‘loo ye évav Topéa CD-ROM
Xpovoappayideg yia ouyxpoviouo (90 kHz)

2. TOIXEIWOEC peuna TTAKETWY (PES)
* [1poKUTTTEI ATTO OTOIXEIWDEC peUua (ES) KwdIkoTTOINTA
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I'Io)\UTr)\a§n (2 0(1To 2)'

“* "MOAUTTAEEN PEUUATWY OEDOUEVWV
[TOAUTTAEEN TWV PES o€ TTakéTa (packs)

Xpovoo@ppayida TTaKETOU
* 2ZUYXPOVIONOG POAOYIOU ATTOKWOIKOTTOINTNA

ETTKE@AAIOQ OTO TTPWTO TTAKETO
* MeyioTog pubpuog dedopevwy, Tutrol PES

AuokoAia TTpooaong yia OIKTUAKG peuuaTa
« [p€trel va 1a £xoupe dlaaoel amo TNV apxn
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