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Overview of H.264

®Encoder
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Profiles in H.264

Main Profile

‘ CABAC, Interlace

{

i ‘ P Slices, | Slices, ‘ G3”C€
B Sices, Deblocking Filter, Multiple  GO%®
Predictor Reference Pictures, ‘Redundar;t '
Prediction

 CALC etc slices

]

| SPISI Siices,
] Data Partitioning

Intra Prediction

&®4x4 luma prediction mode

» When samples E-H are not available,
the sample value of D is substituted for
samples E-H

» FOr the luma signal, there are nine intra
prediction modes labelled O, 1, 3, 4, 5,
6, 7, and 8. Mode 2 is ‘OC—prediction
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Intra Prediction
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Intra Predicti
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Original macroblock; 4x4 luma block to be predicted
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Intra Prediction

@ 16x16 luma prediction mode

1 horizontal
H

0 vertical

pove
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Intra Prediction

# 8X8 chroma prediction mode

s The chroma in intra macroblocks is predicted in
a manner very similar to the luma block in
Intra_16x16 macroblock type, using one of four
prediction modes.

s The same prediction mode is applied to both
chroma blocks, but it is independent of the
prediction mode used for the luma

Intra Prediction

#®Encoding intra prediction modes
s The choice of intra prediction mode must be
signalled and this require a large number of bits
= Intra modes for neighboring 4X4 blocks are
highly correlated

s Use ‘most_probable_mode’ and
‘use_most_probable_mode’

remaning mode selector  prediction mode for block £
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Inter Prediction

#® Important differences from earlier standards
include the support for a range of block sizes and
fine—pixel motion vectors (1/4 pixel in the luma
component)

@ H264 supports motion compensation block sizes
ranging from 16x16 to 4x4 luminance samples

1 macrobbck parftion of 2 macoblock partifons of | 2 macrotock parftiors of 4 sub-macrcblocks of
16*16 luma samples and 16*8 luma samples and 8*16 luma sanples and 8*8 luma samples and
associaed chroma sanples |associated chroma samples iated chroma 1 ated chroma
0 0 1
Macr ob lock ° ° 1
partitions
1 2 3
1 sub-magoblock parttion [2 sub-macroHock partifons 2 macroblock parttiens 4 sub-macroblock parttiors
of 8'8 luma samples ard of 84 luma samples and of 4*8 luma sanples and of 4*4 luma samges and
d chroma ! ided chroma Pl i#ed chroma sanples{associakd chroma sampks
Sub-macroblock [ Q 1
partitions 0 0 1
1 2 3
3

Inter Prediction

#® Tree structured compensation

» Each motion vector and the choice of partition must be
encoded in the compressed bitstream

= Generally, a large partition size is appropriate for
homogeneous areas of frame and a small partition size
may be beneficial for detailed areas

» The encoder selects the best partition size, i.e. the

partition size that minimizes the coded residual and
motion vectors
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Inter Prediction

#®Sub pixel motion vector
= The motion vector has % pixel resolution
(mandatory) -

» The luma and chroma sub—pixel
positions are created by using
interpolation from nearby image samples

s Compression performance vs complexity

Inter Prediction
_@®Interpolation of luma half pel position

= half pel sample(luma)
+ using 6 tab FIR filter which weight are
(1/32,-5/32,5/8,5/8,-5/32,1/32)
+ j is generated by filtering cc, dd, h, m, ee, ff
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Inter Prediction
#Interpolation of luma quarter pel
position
» quarter pel sample
* Quarter pel positions are produced by linear
interpolation

+ Remaining positions are linearly interpolated
between a pair of diagonally opposite half

pel samples
G haq b ped H | [v] [w s 6
BXZOZO o I RoND
Chdibd=] [+ O] [ i thJ
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Inter Prediction
#Interpolation of chroma eighth pel
position
» Quarter pel resolution motion vectors in the
luma component will require eighth pel
resolution vectors in the chroma
components (for 4:2:0 format)

» Linear interpolation is used &1 4 -
B RN
e [=]

a=raund(8-d, X8~d ) A+d,-8~d,)B+(8-d,)d,-C+d,.-d,-D)/&)
18
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Inter Prediction
@Motion vector prediction

= Motion vectors for neighbouring
partitions are highly correlated and so
can be predicted
+ MVp: predicted vector

* MVD: the difference between the current
vector and the MVp, which is encoded and

transmitted (
B "
4X8 16XB

] ¢ °

Tra‘»n‘_‘_sform & Quantization

@ Baseline profile of H.264 uses three
transforms:
s 4x4 luma DC coefficients in intra macroblocks
s 2x2 chroma DC coefficients
s All other 4x4 blocks in the residual data

@ |f the optional ‘adaptive block size transform
(ABT)’ mode is used, further transforms are
chosen depending on the motion
cor?pensation block size (4x4, 8x4, 8x8, 16x8,
etc

20
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Transform & Quantization

0 1
2 3
Y
-1
CBPY 8"8 block order tuma 4x4 DCforintra 16x16
(raster scanorderin MB, macroblock type
] £ [ ;7
ol 1 /4///( Cb Cr| 17| 22 DC
(T 50 S o | ’
2 [3[e]7 /
)
8 | o |12 [13 18 1/9/ 2 2,3/
T 1 — | T - AC
10 |11 {14 |15 20 | 2 24 | 25
Luma 4x4 block order fordx4 Chroma 4x4 block orderfor
intra prediction and4x4 4x4 residual coding, shown
resid ual coding as 16-25, and intra4x4
(ra ster scan order within 8x8 prediction, shownas 18-21
region nested in raster scan and 22-25 (raster scan order
order of 8x8 re gions) n each 8x8 chroma region)
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Transform & Quantization

® 4x4 residual transform and guantization

» This transform operates on 4x4 blocks of residual
data after motion—compensated prediction or intra
prediction.

» The transform is based on the DCT but with some
fundamental differences :
+ Integer transform

+ Mismatch between encoders and decoders should not
occur.

+ Core part of the transform is multiply—free.
+ A scaling multiplication is integrated into the quantizer.

22
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Transform & Quantization

®Derivation from the 4x4 DCT
s 4x4 DCT of an input array X is given by

a a a a a b a ¢

y = ;|6 ¢ - -b X a ¢ -a —b
a -a -a a a —< -a b

c -b b -c a -b a -c
11 1 1 11 1 d a’ ab da* ab
-d -1 -1 -1 2 2
v = cxcheE = || ¢ x | o|® b b b
1 -1 -1 1 b —d -1 1 a ab & ab
d -1 1 -d 1 -1 1 ab b ab ¥

Transform & Quantization

= T03|mpl|fy the implementation of the transform

select d=l—, then a:l-, b:\/z
2 2 5

11 1 1 12 1 1 a® abl2 & abl2

2 1 -1 -2}{ X }{I 1 -1 2} ®ab/2 b'/4 ab/2 b'/4

1 -1 -1 1 1 -1 -1 2 a® abl2 & abl2

12 2 - 1 2 1 -l ab/2 b*/4 abl2 b4

s Core part, CXC" : only additions, subtractions and
shifts

» Inverse transform is given by

Y = C,XC]®E, = [

1 1 1 1.2 & ab & abl)[ 1 1} 1 1
. 1 172 -1 - ab B ab Bl 1 12 -1/2 -l
X =C"(Y®E)C = Y |®
'( ')' 1 -1/2 -1 | [ J @ ab 4 ab | R | 1
1 -1 1 -2 ab & ab B |12 -1 | 0y V2
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Transform & Quantization

& Quantization
w H.264 uses a scalar quantizer

s Reguirements of quantizer:

+ to avoid division and/or floating point
arithmetic

+ to incorporate the post— and pre—scaling
matrices in transform

= Basic forward quantizer operation:
Z; = round(Y;/ Qstep)

ij
where, Z, : quantized coefficient
Y,; : acoefficient of the transform
Qstep : aquantizer step size 25

Transform & Quantization

= QP range: 0~51 (52 steps)

» Qstep(i+6) = 2Qstep(i), 12.5% increase
at each step

QP o T 5 6 7 8 9 10 " 12
.(3199'0.625 08875 08125 0875 1 1425 ‘ 125 1475 1625 175 2 225 25
QP o 18 o e s e e - 48
Step -+ s - 10 . 20 - 40 . 80 . 160

< Quantization step sizes in H.264 CODEC >
26

51

224
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Transform & Quantization

s Forward guantization: post—scaling factor

» First, the input block, X is transformed into
a block of unscaled coefficients w = cxc' |
Then, each coefficients W is quantized and
scaled in a single operation:

Sete Y

PF 2

% =f°““d( ’ Qstep} somo B0
0000 Jab/2

27

Transform & Quantization

Z, = (Wy.-MF + f) >> gbits
where —]—\4;— - _PF and gbits = 15+ floor(QP/6)
P Qstep

f :2%%/3 for Intrablocks or 2%/6 for Inter blocks

QP Positions Positions Other
(0,0), (2,0),(2,2), (0,2) (1 1), (1,3), (3.1, 3,3 pos itions
0 13107 5243 8066
1 11916 4660 7490
2 10082 . 4194 6554
3 9362 3647 5825
4 8192 3355 5243
5 7282 2893 4559

28
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Transform & Quantization

#inverse Quantization
= Basic rescale operationis : Y; = Z,-Qstep

» Pre—scaling factor is incorporated, together
with a scaling factor of 64 to avoid
rounding errors : W, =z, -Qstep- PF-64

i
Y floor(QP/6)
W, =2Z,-V,2

y

s . Pesitions Pesitiors Other
where Vij=(Qstep-PF)D 6 |op (0,0, 2,0), 2.2, (02) | (L), (13), G.1). (33) | postiors |
16

0 10 13
I 11 18 14
2 13 20 16
3 14 23 18
4 16 25 20
S 18 29 23

29

Transform & Quantization

#® 4x4 luma DC coeff. (16x16 Intra—mode only)

x Each 4x4 residual block is first transformed using
the ‘core’ transform. Then DC coefficient of each
4x4 block is transformed again using a 4x4
Hadamard Transform:

I 1 1 1 1 1 1

v - 11 -1 -1 W I TS
b 1 -1 -1 1 P 1 -1 -1 1
1 -1 1 -1

I -1 1 -1

» Quantization:

ZI)(L_/) = (Y/)(i,_/)'MF + Zf) >> (qbits + l)

30
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Tran“sform & Quantization

s An inverse Hadamard transform :

1 1 1 I 1 1 1

1 -1 -l 11 -1 -l
ZI)

-1 -1 1 1 -1 -1 1

-1 -1 1 -1 1 -1

1

Wy =

— e

= Inverse—quantization :
If QP is greater than orequal to 12,
W,')(,.‘_,) = Woni.p» Voo - o @er2

If QP is less than or 12,
Woisy = [Wane.n Yeooy + 2779 | >> (2 - floor(QP/6)

31
Transform & Quantization
@®2x2 chroma DC coeff.
s Forward:
1 1 1 1
Y, = L _1][W,)] | _J Zioyy = (Yo MF+2f) >> (gbits +1)
= Inverse: )
11 11
Vo = |1 —1}[2”][1 -1]
If QP is greater than or equal to 6,
WI; (.0 = WQI)(L/) .v(()_o) '2“’0“0?/@4
If QP is less than 6,
Wi, = I:WQI)(I.,/) 'V(n.m] >> 1
32
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Transform & Quantization

#®Diagram

Input Forward = Post-scaling ™ Rescals and Inerse Cutput
block X - Transform G and pre-scaling > Transform Q - block X
oc - r-» quantiation --- re
f P i )
1 i 1 ]
] 1 ) '
) 1 ) f
' 1 1 ¥
) 1 1 i
Y ! ¥ I
2x2 or 44 X2 or 4x4
[2]¢] [ve]
transform transform
Chroma or Intra— Chroma or Infa-
16 Luma only 16 Luma only

< Transform, quantization, rescde and inverse transform flow diagram >

33

Reconstruction Filter

@ Description
x A filter is applied to every decoded macroblock in order to
reduce blocking distortion.
» The deblocking filter is applied

+ in the encoder : before reconstructing and storing the macroblock
for future predictions

+ in the decoder : before reconstructing and displaying the
macroblock

» The filter has two benefits :

+ Block edges are smoothed, improving the appearance of decoded
images

+ Filtered macroblock is used for motion—-compensated prediction
of further frames in the encoder, resulting in a smaller residual
after prediction. .

» Picture edges are not filtered.

34
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Reconstruction Filter

@ Fllter ty pe: Vertical boundary = 4

] o Horizortal 00
‘p3 p2,p1 W]o® a1 a2 a3 boundary a0

< Pixels adjacent to vertical and horizontal boundaries > a3

4 Boundary strength

P or q is intra coded and boundary is a macroblock boundary Bs=4 (strongest filtering)

P or q is intra coded and boundary is not a macroblock boundary Bs=3

Neither p orqis intra coded; neither p or g contain coded coefficients; Bs=1
p and q have different reference frames or a different number of
reference frames or different motion vector values

Neither p or q is intra coded: neither p or g contain coded coefficients: Bs=0 (no filtering)
p and q have same reference frame and identical motion vectors

Fa

rexes

Reconstruction Filter
# Filter decision
= A group of samples from the set(p2, p1, pO,
a0, g1, qg2) is filtered only if :
ml.Bs>0
n2. |p0-q0l, lp1-p0| and |q1-q0} < a or B

s The thresholds a and B increase with the
average QP of the two blocks p and q.
s A significant change : “Switch off”
+ QP is small — low a and B
+ QP is large — high o and B, i.e. strong filtering

36
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Reconstruction

# Selection a and B

Filter

Indexy (for ) o1 Indexg (for By »
Qo L 2] 3) 4 S 6. 7o 8| 9| 10 10 120 1343 1o 1500 16 L7 18] 19 20] 20| 22 23 24} 25
e | O] 0| O 0uf 0| O O-f O 0| O 0o O] O] O] Q| Q| 4] 4 L= §-1 9. 104 124 13-
B} 0] 0] Oc] Q] 0] O] Oc| G} 0o O] O] O] Oc] O] 0] @0s] 20] 207 2] 3] 3] 3| 3+ 2] 4] 4
Index, (for «) or Indexp (for i
20| 274 28| 292 30+ | 31| 32,0 33| 34 35| 36. 37| 384 39 O 1o 42| 43} 4| A5 SO 47| 48| 494 5C-| 31
- ]IS 470 2044 220 23 2844 3240 364 0.4 430) S04 869 63-] T1.] 804 90 10111134 1274 1441621 1824 203 2264 2554 235,
Be | 61 6] ol el 8] 8] o0t 0o| 10d 10d| 10 104) 124 124 13 03] 1] 1] 134 154 16 ] 164 17 17 18] 18
37

Reconstruction
® Filter implementation
1.Bse{1,2,3}:

Filter

+ 4-tab filter with p1,p0,90 and g1 to get PO and QO
» If |p2-p0] < B, a 4—tap filter is applied to get P1
s If |g2-q0| < B, a 4-tap filter is applied to get Q1

*

2.Bs=4":

pl and gl are never filtered for chroma, only for luma

if ({p2-p0| < B and |p0-g0| < round(o/4))
PO and P : 5-ab filtering, 4-tab filtering
P2: 5-tab filtering (luma only)

else
PO : 3-tab filtering

if (|q2-q0| < B and [p0-q0]| < round(a/4)
Q0 and Q1 : 5-tab filtering, 4-tab filtering
Q2 : 5-tab filtering (luma only)

else
QO : 3-tab filtering

38
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Reconstruction Filter

®Filtering example
§ i By

Original frame (violin frame 2)

39

Reconstruction Filter

Reconstructed, QP=36 (no filter) Reconstructed, QP=36 (with filter)

40
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Entropy Codes

#Entropy codes in H.264
x VLC : exp—Golomb code and CAVLC!:

baseline profile
a CABAC? : main profile

Paramoters Deseription
Seguence-. picture- und
slice-layer syntax eloments

Macrobluck type mb_type Prodiction method for each coded macrablock

Coded Block pattern Indicates which blocks within a macrobbock evatain coded cosflicients
Quantizer parmeter Transmitted 3% a delta valie from the previous value of QP

Reterence frame index fdentify reference frameqs) for mter prediction

Motivn vector Transnitied as a ditference (mvdy from predicted motion vector
Residuad data Coefficient data for each 4x4 oo 2x2 block

' CAVLC is an abbreviation of context-based adaptive variable length code
2 CABAC s an abbreviation of context-based adaptive arithmetic code 41

SP Slices

#®Extended profile
#Meaning: switching P and | slices
#Case 1: switching streams using |-slices

P slives

g ﬂ ' g Stream A

\wm;h pint

9949~

P slicas | shie P shices

42
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SP Slices
@?Casééf switching sfreams using SP-slices

S sl

10994~

\ﬁ

e
/

6 g Kream B
e —r

43

SP Slices

#®Applications
s Bitstream switching: bandwidth
scalability
= Random access
= Fast-forward
= Error resiliency/Recovery
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The END

Thank You !!
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