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Temporal redundancy

* Video 1s a sequence of images
—e.g., motion JPEG: M-JPEG

* Correlation between consecutive 1mages

— “difference” due to object or camera motion

Frame | Frame i+1 Direct Difference
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* refresh rate? motion objects vs pan-tilt-zoom (PTZ) cameras



Motion estimation

* Macro-block: 16x16 pixels

— find a similar macro-block in the reference frame
— record the motion “vector”: (dx,dy)=(x1-x0,y1-y0)

— encode the “difference” between two macro-blocks

reference (x1, y1)

frame
™~ (x0, yO)

H
current
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* blocking effects/articfacts{?
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q-GD. ...I.

351:'::”-..-.: s L e e e e ey i
S e R S T 9t D el et LAl T 1 i e 5 :
] | A ; 2 S el W e R e R R R R e ]
....... . =B P T I T T X . — x
= e fa R T R o I R ioa ma
= ol . o g i . A
) we = f i f [
i1, B g R R L e g e s S e
T L 3 L oF Al ! B S e T S e e B R R B T,
..... o e, P S i, g % :
S 1 o R e A A ; g - i
L 5 i :
..... . ; ai ] fowr e e r e e i
2513--;- - .b v P
-I\ “ = m s m % m om om mom o omom @ w m & m % m o= x r "o - - 5 hlf-ll
St e i e \ e
R b B L s e S T e S i e Sl b

200

el et N s o B AN R e e e e
s s SE T W B B il e A B T g e W e wl
L e e jae - e e e
i e S L R e R R S
..... 5 i e g 2 e
............ ROy S R b i e, Lo S A BT R S ) R
i e T PR = R T e
A x i o
N e 3 = il o S |
g [, e e S e s N R Sopreibs | Ao Rt B s G e
- . . - ow ."‘ - - — - v g om o w . Py oEr e o mEeEow oW
e R g RS e e T T e Bl ok £
o e R at e e e e I e e e S e -
ool = e N T e Al mo e s VM e e
el gy raeh NSl B I B ) S AR L P Sl
b Wl s T . S e T ;o ._.-,_._....._l.).'..?_.-"_
e T e S
0 1 i 1 1 1 1 1 I 1
0 50 100 150 200 250 300 350 400 450 500

2/4/15 , CSc 461/561
*motion: rotation, displacement (shift), etc



Macro-block similarity

* Similarity measures

— mean square error (MSE)
— mean absolute distance (MAD)

N—-1N-1

MAD(G) = 5 3 S 1CG@+ky+D) — R@+i+hy+i+1)

k=0 [=0
N — size of the macroblock,
k and [ — indices for pixels in the macroblock,
i and j — horizontal and vertical displacements,
C'(x+ k.y+ 1) — pixels in macroblock in Target frame,
R(z+1i+ k,y+ 7+ 1) — pixels in macroblock in Reference frame.
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* search and compare: time consuming!



Search window

* Rectangle: x: [x0-p, x0+p]; y: [yO-p,yO+p]
* (2p+1)? all possible reference macro-blocks

— need better search algorithms!

Reference frame Target frame
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2-D Log motion search
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* progressive search



Hierarchical motion search

Mlotion WVectors

T

Level O MNotion
Estimmation
F
Downsample
by a factor of 2
Level 1 MNotion
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by a factor of 2

# i - Level 2 MNotion
m Estimmation
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Group of pictures

* B: bidirectionally interpolated frame

* P: predicted frame

* [: intra-coded frame /\ /\

I PP P.. PPP
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Video encoder
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* compare with image compression/encoder

Entropy
Coding

Motion vectors

10




Video decoder

* Decoder 1s simpler than encoder

— usually only the decoder 1s standardized

— allow 1nnovations at encoders

Entropy
Decoding
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H.261

* H261: p*64Kbps (p: 1~30)
— ITU-T recommendation (1990)

— real-time video telephony over ISDN (2B+D)

* end-to-end delay less than 150ms
— QCIF (required): 176x144, 4:2:0, ~301fps,3 GOB
— CIF (optional): 352x288, 4:2:0, ~301ps, 12GOB
— GOB: group of 3x11 macro-blocks

» 1 macro-block: 4 Y block, 1 Cr block, 1 Cb block

* 1 block: 8x8 pixel (e.g., in luminance)
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H.261: more

* [-frame (JPEG-like)
— RGB=>YUYV, 8x8 blocks
— DCT
— Scalar quantization

— Z1gZag scanning, DC/AC encoding, entropy encoding
N T T TN T

* P-frame
— searchwindowp=15 B B B B
— pixel precision

I PP P.. PPP
2/4/15 CSc 461/561 13



H.263

* H.263: initially < 64Kbps; later higher bps
— ITU-T Rec (1995); v2(1998); v3 (2000)

* More video formats
— sub-QCIF, QCIF, CIF, 4CIF, 16CIF

* More motion estimation techniques

— half-pixel precision

— modes: unrestricted motion vector, arithmetic
coding, advanced prediction, PB-frames, etc
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This lecture

* Video compression

— motion vector

* how to find a similar macro-block
— generic video encoder/decoder
— examples: H.261/263

* Explore further
— H.263v2 (H.263+) and H.263v3 (H.263++)
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Next lecture

* Multimedia manipulation

— video compression standards
[Ref: Li&Drew Chap 11-12]
« MPEG-1/2/4 [11.2-3, 12.1-2]
« H.264 [12.5]
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