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Video Format and Quality
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Colour Space

RGB

The RGB color model mapped to a cube.The
horizontal x-axis as red values increasing to the
left, y-axis as blue increasing to the lower right
and the vertical z-axis as green increasing
towards the top.The origin, black, is the vertex
hidden from view.


http://en.wikipedia.org/wiki/File:RGB_color_solid_cube.png
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The arrangement of color RGB sub-pixels in

filters.o.n the pixel array an LCD TV
of a digital image sensor



Colour Space

-4 -3 -2 -1 $ +1 +2 +.3 +.4

YCbCr (YUV) Example of U-V color plane,Y’
value = 0.5, represented within
RGB color gamut
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Tahle 2.1 Video frame formats

Luminance resolution

Bits per frame (4:2:0),

Format (horiz. = vert.) 8 bits per sample)
Sub-QCIF 128 = 96 147456
Quarter CIF (QCIF) 176 = 144 304128
CIF 352 = 28R 1216512
4CIF 704 = 576 4866048

Figure 2.13 Video frame sampled at range of resolutions



Digital Coding Video For

Television

Table 2.2 [ITU-R BT.601-5 Parameters

30Hz frame rate

25Hz frame rate

Fields per second 60 50
Lines per complete frame 525 623
Luminance samples per line 838 864
Chrominance samples per line 429 432
Bits per sample 8 8
Total bit rate 216 Mbps 216 Mbps
Active lines per frame 480 576
Active samples per line (Y) 720 720
Actve samples per line (Cr,Ch) 360 360
NTSC PAL



Tahle 2.3

HD display formats

Format Progressive or Interlaced Horizontal pixels Vertical pixels Frames or fields per second
720p Progressive 1250 720 25 frames

10801 Interlaced 1920 1080 50 fields

1080p  Progressive 1920 1080 25 frames

Standard Dafinition
THx5TE

High Definition: 720p
1280xT720

High Dafinition: 1080i,p
1520x1080

Figure 2.14 5D and HD formats
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Video Quality Measurement

Subjective Quality Measurement

Source video
sequence

AorB
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Video
encoder

F

Video
decoder

>

— i
AorB

Figure 2.15 DSC(QS testing system
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Objective Quality Measurement

(2" = 1)°
PSNR; = 10log,,
# 10 T ISE
1 m—1 n—1
| _ = 5 . . . - . g
MSE —ﬂ’l n il:‘; JZ:E[I(EJ) K [:?’j)]

* MSE: Mean Squared Error between original
and impaired image
* n:number of bits per image sample



PSNR 36.81dB PSNR 31.45dB



Video coding concepts



Gbps Mbps/Kbps Gbps

Video
Source

Transmit Decode
or Store

Figure 3.1 Encoder/ Decoder
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Temporal Prediction: Inter Prediction

Figure 3.4 Frame | Figure 3.5 Frame 2 Figure 3.6 Difference
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Figure 3.7 Optical flow



Block Based Motion Estimation and
Compensation

16 16

16 — 16

16x16 region
(colour) Y Cb Cr

Figure 3.8 Macroblock (4:2:0)



Motion Estimation

Figure 3.9 Motion estimation
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Motion Compensation and Block Size

Figure 3.10 Frame | Figure 3.11 Frame 2 Figure 3.12 Residual : no motion compensation

Figure 3.13 Residual : 16 x 16 block size Figure 3.14 Residual : 8 x 8 block size Figure 3.15 Residual : 4 x 4 block size




Sub-Pixel Motion Compensation
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10/
g |
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Figure 3.16 Close-up of reference region Figure 3.17 Reference region interpolated to half-pixel positions



Key:

O Integer search positions
O Best integer match

O O O Half-pel search positions

7 Best half-pel match

OM ® ® .-"i'n. Quarter-pel search positions
£\ Best quarter-pel match

O O O

Figure 3.18 Integer, half-pixel and quarter-pixel motion estimation



Table 3.1 SAE of residual frame afier motion compensation, 16 x 16 block size

No motion
Sequence compensation Integer-pel Half-pel Quarter-pel
*Violin®, QCIF 171945 153475 128320 113744
‘Grasses’, QCIF 248316 245784 228952 215585
‘Carphone’, QCIF 102418 73952 56492 47780

Figure 3.15 Residual : 4 x 4 block size

Figure 3.19 Residual : 4 = 4 blocks, 1/2-pixel compensation

Figure 3.20 Residual : 4 x 4 blocks, 1/4-pixel compensation -------
| 4



Motion Vector
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Spatial Prediction: Intra Prediction

Previously coded (available for intra prediction)

Gurrent block

Mot yet coded
100

Figure 3.25 2D autocorrelation function of image Figure 3.23 Intra prediction: available samples



‘Previously coded samples |

Current block

Figure 3.24 Intra prediction: spatial extrapolation
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Transform Coding

Discrete Cosine Transform (DCT)

DCT: Y = AXA'
IDCT: X=A'YA

(2j + Din T

A;; = C;cos N

(1= 0)

[2
v

where C; = 1,5 N 1=0), G 1.5 N

X i1s a matrix of samples
Y is a matrix of coefficients

A i1s an N x N transform matrix



Example: N = 4
The transform matrix A fora d x 4 DCT 1s:

-

5 cos () cos ()

I
2

—

.u"T (;'T ) 1 3w
| =CO08 | — | —COs | —
V2 8/ V2 8
lllllT i 2” IfI'T _ ]
1;'.' 3 CO5 2 1“,- ) COs

_I."T 37 |.="T (9
Vaes(5) vaesls




Figure 3.28 4 x 4 DCT basis patterns

Figure 3.29 8 x 8 DCT basis patterns



-106.1, 35.0 -12.7

-42.7 465 103

-20.2 129 39

Original block DCT coefficients

Figure 3.31 Close-up of 4 x 4 block; DCT coetficients



1 coefficient 2 coefficients

Original block

3 coefficients B coefficients

Figure 3.32 Block reconstructed from (a) 1, (b) 2, (c) 3, (d) 5 coefficients



Wavelet

L

dowine-
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Figure 3.33 Two-dimensional wavelet decomposition process



Figure 3.34 Image after one level of decompositiol  Figure 3.35 Two-stage wavelet decomposition of image



Quantization

X
FQ = round | —
QP

Y = FQ.QP

Output Output
44 — 44
31 gL
2 ad
1-+ 1+
4 3 2 0 -4. Sj -EI 1I 1] | | |
I t I } =1 |2 IS |4 Input 1 l ] | PR N
dead
L zone
T -2 2
T -3 T -3
— T -4 T -4
linsar nan-linear

Figure 3.37 Scalar quantizers: linear; non-linear with dead zone



QP.round(X/QP)

Example Y
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Reordering

1 2 3 4 2 B 7 B

Figure 3.39 B8 x 8 DCT coefficient distribution (frame)
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Run-Level

-106.1) 35.0 -12.7

-42.7 | 465 103

-20.2 129 39

DCT coefficients DCT coefficients

Example

1. Input array: 16,0,00,—3,5,6,0,0,0,0,=7.. ..

2. Output values: (0,16),(2,—3).(0,5).(0,0).(4,=7). ..

3. Each of these output values (a run-level pair) is encoded as a separate symbol by
the entropy encoder.



Entropy Coder

Variable Length Coding (VLC)

Huffman Coding

Table 3.2 Probability of occurrence of motion vectors in sequence |

Vector Probability p log,(1/p)
-2 0.1 332
—1 0.2 232

0 0.4 1.32

1 0.2 232

2 0.1 332

1. Generating the Huffman code tree

To generate a Huffman code table for this set of data, the following iterative procedure is

carried out:

I. Order the list of data in increasing order of probability.

2. Combine the two lowest-probability data items into a ‘node’ and assign the joint probability

of the data 1tems to this node.

3. Re-order the remaining data items and node(s) in increasing order of probability and repeat

step 2.



P=

P

P

P

0.1

0.1

0.2

0.2

Original list:

The data items are shown as square boxes. Vectors (—2) and
{+2) have the lowest probability and these are the first
candidates for merging to form node ‘A’.

Stage I: The newly-created node ‘A°, shown as a circle, has a
probability of 0.2, from the combined probabilities of (—2)
and (2). There are now three items with probability 0.2.
Choose vectors (—1) and (1) and merge to form node ‘B’.
Stage 2: A now has the lowest probability (0.2) followed by B and the
vector (); choose A and B as the next candidates for merging to
form ‘C".
Stage 3: Node C and vector (0) are merged to form ‘D",
Final tree: The data items have all been incorporated into a binary ‘tree’
containing five data values and four nodes. Each data item is a
‘leaf” of the tree.
Table 3.3 Huffman codes for sequence | motion vectors
Vector Code Bits (actual) Bits (ideal)
0 1 1 1.32
1 011 3 2.32
—1 010 3 2.32
2 001 3 3.32
—2 000 3 3.32

(1,0, =2) — 0111000

Decoding:

1. 011 1s decoded as (1)
2. 1 is decoded as (0)
3. 000 1s decoded as (—=2).
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Pre-Calculated Huffman Coding

Table 3.6 MPEG-4 Visual Transform Coefficient TﬂhlE 3_'}' ‘ﬂPEGq_ :"nr"IDt iDI’I
(TCOEF) VLCs : partial, all codes = 9 bits .
Vector Difference (MVD) VLCs

Last Eun Level Code

0 0 1 10s MVD Code

0 1 1 110s

0 2 1 1110s

0 0 2 I111s 0 l
I 0 1 0ll1s 4.5 010
0 3 1 01101s -

0 4 | 01100s —0.5 011
0 5 1 0101 1s +1 0010
0 0 3 0101015

0 | 2 010100s —1 0011
0 6 1 01001 1s +1.5 OO0 10
0 7 1 010010s -

0 g 1 010001 s [.5 00011
0 9 1 010000s 42 GQOO01 10
I 1 1 001111s A

I 2 1 001110s < 0000111
1 3 1 001101s +2.5 QOOO1010
I 4 1 001 100s A=

0 0 4 0010111+ 2.5 QOO01011
0 10 | 0010110s +3 CHOO0 GO0
0 1l 1 0010101s

0 12 | 0010100s —3 00001001
I 5 1 001001 1s +3.5 QOOCO1 10
I 6 1 0010010s _

| ; : 0010001 —3.5 QOOC0111
I 8 1 0010000s

ESCAPE 000001 15




Arithmetic Coding

Table 3.8 Motion vectors, sequence |: probabilities
and sub-ranges

Vector Probability  log:(1/P)  Sub-range

-2 0.1 3.32 0-0.1

—1 0.2 2.32 0.1-0.3

0 0.4 1.32 0.3-0.7

1 0.2 2.32 0.7-0.9

2 0.1 3.32 0.9-1.0

Total range
AN

/
o 01 0.3 0.7 0.9 1
| | I | I
I | I | !
(-2) (-1) (0) (+1)  (+2)

Figure 3.4Y Sub-range example



Encoding procedure for vector sequence (0, —1,0, 2).

Sub-range
Encoding procedure Range (L—+H)  Symbol (L—H)  Notes
. Set the initial range 0— 1.0
2. For the first data symbol, (0 0.3—=07
find the corresponding
sub-range (Low to High).
3. Set the new range (1) to 0.3—=07
this sub-range
4. For the next data symbol, (-1 (.1 = 0.3 This is the sub-range
find the sub-range L to H within the interval 0 - 1
5. Setthe newrange (2)to  0.34 — 042 (.34 is 10% of the range; 0, 0.348
this sub-range within the (0.42 is 30% of the range |
previous range | |
6. Find the next sub-range (0) 0.3-07
7. Set the new range (3) 0.364 — 0.396 (.364 is 30% of the range; (0)
within the previous range (.396 is 70% of the range
8. Find the next sub-range (2) 09— 1.0
9. Set the new range (4) 0.3928 — 0.396 (.3928 is 90% of the 0.364.70.3672 0.3736 03864 0.2928. 0.3%8
within the previous range range; 0.396 is 100% of | |

| |
the range | | | | T |
0.394

0.394 (9b) ®
log,(1/Pg) + log,(1/P_;) + log,(1/Pg) + log,(1 /P2) bits = 8.28 bits



Decoding procedure

Decoding procedure

Range Sub-range

Decoded symbol

l.
2.

Set the initial range

Find the sub-range in which the
received number falls. This
indicates the first data symbol.

. Set the new range (1) to this

sub-range

. Find the sub-range of the new

range in which the received
number falls. This indicates the
second data symbaol.

. Set the new range (2) to this

sub-range within the previous range

. Find the sub-range in which the

received number falls and decode
the third data symbaol.

. Set the new range (3) to this

sub-range within the previous range

. Find the sub-range in which the

received number falls and decode
the fourth data symbol.

0—1
0.3 =107

0.3 — 0.7

0.34 — 0.42

0.34 — 0.42

0.364 — 0.396

0.364 — 0.396

0.3928 — 0.396

(0}

(—1)

(D)




Hybrid DPCM/DCT Video
CODEC Model

Differential Pulse Code Modulation (DPCM)

F, + D,
{current) ? g O_b DCT

—»  Motion
—p| Estimate

L 4

Quant

A J

F',,1 Py N Motion p
(reference) Compensate g
Vectors and
headers “
'H'+ DI
' Entro
M e (" "1 IDCT j«—Rescalele—e—>| Reorder > encoc?g |, Coded
reconstructed) + X bistream

Figure 3.51 DPCM/DCT video encoder



5. D 1s transformed using the DCT. Typically, D is split into 8 x 8 or 4 x 4 sub-blocks and
each sub-block is transformed separately.
6. Each sub-block 1s quantized (X).

=

The DCT coefficients of each sub-block are reordered and run-level coded.

8. Finally, the coefficients, motion vector and associated header information for each mac-

roblock are entropy encoded to produce the compressed bitstream.

The reconstruction data flow is as follows:

I. Each guantized macroblock X is rescaled and inverse transformed to produce a decoded
residual D’. Note that the non-reversible quantization process means that D’ is not identical
to D, 1.e. distortion has been introduced.

2. The motion compensated prediction P is added to the residual D’ to produce a reconstructed
macroblock. The reconstructed macroblocks are combined to produce reconstructed frame

F'n.

F

n
(current)

Fln-1
(reference)

Fn

n
reconstructed

D
-I:_O_n, DCT > Quant
-
Motion
Estimate
.| Motion
“|Compensate P
1f+ 1
= Rescale

A~ P
\_>4+_ IDCT

Vectors and
headers

l«—8—>»| Reorder

Entropy
encode

Figure 3.51 DPCM/DCT video encoder

Coded
bistream



Decoder data flow
A compressed bitstream is entropy decoded to extract coefficients, motion vector and header

l.

e

for each macroblock.

Run-level coding and reordering are reversed to produce a guantized, transformed mac-

roblock X.

X 15 rescaled and inverse transformed to produce a decoded residual D’.
The decoded motion vector is used to locate a 16 = 16 region in the decoder’s copy of the
previous (reference) frame F',_,. This region becomes the motion compensated prediction

P.

P 15 added to D’ to produce a reconstructed macroblock. The reconstructed macroblocks
are saved to produce decoded frame F° .

reference frame for the next decoded frame F' ..
It is clear from the figures and from the above explanation that the encoder includes a
decoding path : rescale, IDCT, reconstruct. This is necessary to ensure that the encoder and
decoder use identical reference frames F',—| for motion compensated prediction.

F ot

[refaranss)

Motlon

F.

{reconsiructad)

7| Compenzate

D'
O-— IDCT
+

-

Rescals

\factors and
headers

After a complete frame is decoded, F', is ready to be displayed and may also be stored as a

Reordar

Entropy
dacods

Figure 3.52 DPCM/DCT video decoder

Coded
bistream



Table 3.11

Quantized coefficients

F + D, / -1 2 2 0 0-1 0 0
(currgnt) ’\ DCT > Quant I -1 -1 0o 0o 1o 0 0
Y 3 —1 I -1 0 0 0 0 0
—1 —1 0 0 0 0 0 0
| Motion 2 -1 0 0 0 0 0 o0
—»| Estimate ) o 0 o o o 0 o
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
' Motion
(referneﬁce) Compensate P P
Vectors and
headers
|f+ DI E t
) ntro
reconstructed * O 1 IocT Rescale Reorder encogg | blcstsri‘::n
ru + x

Table 3.10 DCT coefficients

Figure 3.51 DPCM/DCT video encoder

Table 3.12 Variable length coding example

—13.50
10.93
—8.75
—=7.10
19.00
—13.06
1.73
—1.99

20,47 20.20 2.14
—11.58 —10.29 517
922 —17.19 2.26
—17.54 1.24 —0.91
—7.20 4.08 531
312 —2.04 —0.17
—0.69 1.77 0.78
—0.05 1.24 —0.48

—0.50
—2.96
3.83
0.47
0.50
—1.19
—1.86
—1.86
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Quantization example
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Figure 4.13 Example: Block, transform coefficients, quantized coefficients
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Figure 8.1 Baseline, Constrained Baseline, Extended and Main Profiles



B slice
Interlace

P slica

8 bils per sampla
4:2:0 format

434 transfarm
CAVLE

| &lica

HIGH10

4:0:0 farmat
BxB transfomm

HIGH422 HIGH444pred

ExB intra pradict
Cuantizer scale
matricas

QF far CriCh

& ar 10 bits par
gample

Figure 8.2 Main and High Profiles

| 4:2:2 farmat |

4:4:4 format
11-14 bits per
gample

Colour plana
eading

Losslass
predictive cading




B zlica
Intariace

P zlica

CABAC

HIGH422intra

HIGH444intra

B bits per sampla
4:2:0 format

4x4 transform
CAVLC

| glice

HIGH10intra
e
CAVLC444intra
4:0:0 format .
BxB transform 9 or 10 bits par 4003 format 4:4:4 format
BxE intra predict sample 11-14 bits per
Cuantizar scale sample
matrices Colour plans
QP for Cr/Cb coding
Lozsless

predictive coding

Figure 8.3 Main and Intra Profiles




SOURCE VIDEO H.284 SYNTAX

Daram
sﬂsﬂur

Syntax

=R |
Oma IR —f



Example

An H.264 decoder receives the following series of bits, describing an inter-coded macroblock
or P MB coded using context-adaptive VLCs:

TTOTTTIT 1000110001 110010 (alternate syntax elements highlighted).

Figure 4.20 shows the syntax elements in this sequence of bits. The header elements, the
first eight bits and six syntax elements, indicate the macroblock type (P. one motion vector),

mb_skip_run: no uncoded macroblocks before this one
mb_type: this macroblock has a single partition, i.e. one motion vector

mvd_l0(0): x-component of motion vector, differentially coded, is 0

mvd_l0(1): y-component of motion vector, differentially coded, i1s -1

cbp: only the first (top-left) luma block has non-zero coefficient data

000

delta QP: this macroblock has the same guantizer parameter
as the previous macroblock



Performance

Figure 4.23 A video frame compressed at the same bitrate using MPEG-2 (left), MPEG-4 Visual
(centre) and H.264 compression (right)
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Frame, Field & Picture
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Figure 5.2 Picture handling in H.264, overview
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Decoding
Order

O\ AN A

P B P B P
Transmission order: 1 4 3 6 5
Display order: 2 3 4 5 6

Figure 5.4 Display order: Type 0 example

e Type (: The least significant bits of POC are sent in every slice header. This allows maximum
flexibility but typically requires more bits than the other methods.

* Type I: A ‘cycle’ of POC increments is set up in the sequence parameter set and POC
changes according to this cycle unless otherwise signalled in the slice header using a Delta
offset. The cycle defines the interval between frames used for reference, plus a POC offset
to frames not used for reference.

® Type 2: POC is derived directly from frame_num and display order is the same as decoding
order.



Display Order Example, Type 0:

Frame pictures, one frame per slice, display order IBPBPBPBPB. . . (Figure 5.4).

In this example, the B slices, bipredicted slices in which each macroblock or partition can be
predicted from up to two reference pictures, are not used for reference prediction of any other
pictures. POC increments by two for every complete frame, i.e. every two fields. Note that
frame_num increments after each reference picture is transmitted. In this example, only the 1
and P pictures are reference pictures. Increments in frame_num are indicated in bold type.

Slice Type Used for reference frame_num POC LSBs Display order

15 I Yes 0 0 0
ged P Yes 1 4 2
3 B No 2 2 l
4th P Yes 2 8 4
5t B No 3 6 3
G P Yes 3 12 6
7t B No 4 10 3
g P Yes 4 16 8




Display Order Example, Type 1:
Frame pictures, one frame per slice, display order: IBBPBBPBBPB. ..

In this example, the B slices are not used for reference. The POC cycle consists of one reference
frame, with an offset from the previous reference frame to the next reference frame of +6 and
an offset from the previous reference frame to the next non-reference frame of —4.

Slice Type Used forreference frame_num Delta POC Offset POC Display order

1t 1 Yes 0 0 0 0 0
¢ P Yes 1 0 +6 6 3
3 B No 2 0 —4 21
4B No 2 2 —442 4 2
s p Yes 2 0 +6 12 6
6" B No 3 0 —4 8 4
7™ B No 3 2 —442 10 5
g P Yes 3 0 +6 18 9

The 4™ and 7' slices have a delta POC, signalled in the slice header, of +2. The POC for
these slices is calculated as: POC = expected POC + 2.
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Parameter Sets

SPS

(Sequence~)

Table 5.7 Sequence Parameter Set example

Binary
Parameter code Symbol Discussion
profile_idc 1000010 66 Baseline Profile
constrained _set(_flag 0 0 Bistream might not obey all the
constraints of the Baseline Profile
constrained setl _flag 0 0 As above, Main Profile
constrained _set2_flag 0 0 As above, Extended Profile
constrained _set3_flag 0 0 Used to specify the special case of
Level Ib
reserved_zero_4bits 0o 0 Not used
level_ide 1o 30 Level 3
seq_parameter_set_id l 0 Sequence Parameter Set ()
log2_max_frame_num_minus4 l 0 frame_num will not exceed 6.
pic_order_cnt_type l 0 Default POC
log2_max_pic_order_cnt_Isb_minus4 l 0 LSB of POC will not exceed 6.
num_ref_frames 1011 10 Up to 10 reference frames.
gaps_in_frame_num_value_allowed_flag 0 0 No gaps in frame_num.
pic_width_in_.mbs_minus| e 10 |l macroblocks wide = QCIF
pic_height_in_map_units_minus| 1001 8 9 MBs high = QCIF
frame_mbs_only_flag l l No field slices or field MBs
direct_8 = 8_inference_flag l l Specifies how certain B macroblock
motion vectors are derived
frame_cropping_flag 0 0 Frames are not cropped
vul_parameters_present_flag 0 0 VUI parameters not present




PPS (Picture ~)

Table 5.8 Picture Parameter Set example

Parameter Binary code Symbol Discussion

pic_parameter_set_id | Picture Parameter Set ()
seq_parameter_set_id | Use SPS 0
entropy_coding_mode_flag 0 CAVLC entropy coding
pic_order_present_flag 0 POC not present

num _slice_groups_minus | | One slice group
num-ref_idx_I0_active_minus| 1010 10 reference pictures in list0
num_ref_idx_1]_active_minus | 1010 1) reference pictures in listl
welghted _pred_flag 0 Weighted prediction not used

weighted_bipred_idc
pic_init_qp_minus26
picinit_gs_minus26
chroma_qp._index _offset
deblocking_filter_control_present_flag
constrained_intra_pred_flag
redundant_pic_cnt_present_flag

Weighted biprediction not used

Initial QP (luma) = 26

Initial SI/SP QP=26

No chroma QP offset

Use default filter parameters

Intra prediction is not constrained

Redundant picture count parameter 1s
not used

o o OO0 oo oowuyd Oogooaogo

00O = = = O




Using parameter sets: Example

SPSO0 is sent at the start of a sequence, followed by PPSO and PPS1, both of which ‘inherit’
SPSO (Figure 5.12). PPSO0 is activated by IDR slice 0, which means that SPSO becomes active at
the same time. Slices | and 2 use the parameters of PPS0 and SPS0. PPS1 is activated by slice 3,

making PPS0 inactive, hence slice 3 uses the parameters of PPS1 and SPS0; PPSO0 is activated
again by slice 4, making PPS1 inactive.

T "
- - PPS2 IDR Slice
- SPS1 -_—— - -_—— - -
—~SPS1 —+PPS2 —PPS2

Figure 5.12 Example: Sequence and Picture Parameter Sets



Slice Layer

Slice Header + Slice Data

Table 5.9 Slice types in H.264

Slice type

Contains macroblock types

Notes

[ (including IDR)
P

SP
SI

[ only
[ and/or P

[, Pand/or B

P and/or |
S1

Intra prediction only.

Intra prediction (I) and/or prediction from
one reference per macroblock partition
(P).

Intra prediction (I), prediction from one
reference (P) or biprediction, i.e.
prediction from two references (B)

Switching P slice, see Chapter 8

Switching I slice, see Chapter &




Table 5.10 Slice Header, IDR/Intra, Frame 0

Parameter Binary code = Symbol Discussion

first_mb_in_slice l 0 First MB is at position 0, the top-left
position in the slice.

slice_type 1000 7 [ slice, contains only I MBs

pic_parameter_set_id I 0 Use PPS 0

frame_num 0 0 Slice is in frame 0

idr_pic_id l 0 IDR #0 : only present in IDR picture

pic_order_cnt_Isb 0 0 Picture order count =0

no_output_of_prior_pics_flag 0 0 Not used

long_term_reference_flag 0 0 Not used

slice_qp_delta 1000 4 QP = initial QP + 4 = 30

Table 5.11 Slice Header, Inter, Frame 1

Parameter Binary code  Symbol Discussion

first_mb_in_slice 1 0 First MB at position ()

slice_type 110 5 P slice, can contain [ or P MBs

pic_parameter_set_id | 0 Use PPS 0

frame_num 1 1 Frame 1

pic_order_cnt_lsb 10 2 Picture 2

num_ref_idx_active_override_flag 1 1 Default number of reference pictures
overridden by following parameter

num_ref_idx_l0_active_minusl 1 0 One reference picture in List ()

ref_pic_list_reordering _flag_l0 0 0 No re-ordering of reference pictures

adaptive_ref_pic_buffering_flag 0 0 Reference pictures handled as ‘first
in / first out’ (default)

slice_qp_delta 1000 4 QP =26+4=30
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Macro-Block Prediction




Intra Predicti

Table 6.1 Intra prediction types

on

[ntra prediction block size

Notes

16 x 16 (luma)
& x 8 (luma)
4 » 4 (luma)

Chroma

A single 16 x 16 prediction block P is generated. Four possible
prediction modes.

An 8 x 8 prediction block P i1s generated for each 8 x 8 luma block.
Nine possible prediction modes. "High® Profiles only.

A 4 x 4 prediction block P is generated for each 4 x 4 luma block.
Nine possible prediction modes.

One prediction block P is generated for each chroma component.

Four possible prediction modes. The same prediction mode is used
for both chroma components.
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Figure 6.5 Example of intra block size choices, CIF, Baseline Profile. Reproduced by permis-
sion of Elecard.



A macroblock in frame n is shown in Figure 6.17. The macroblock is divided into two partitions,
each consisting of 8 x 16 luma samples and corresponding chroma samples. The left partition (A)

Inter
Prediction

w
_———

Frame n-1

=l
-—-J

Frame n {current)

Figure 6.17 P macroblock prediction example

is predicted from a region in the previous frame, frame n—/, and the right partition (B} is
predicted from a region in frame n—2. Partition A has a motion vector (—6.5, —5.75), Le. the
reference region is offset by —6.5 samples in the x direction (left) and —5.75 samples in the y
direction (up). Partition B has motion vector {—1.25, —4), L.e. —1.25 samples in the x direction
(left) and —4 samples in the v direction (up).



. Interpolate the picture(s) in the Decoded Picture Buffer to generate '/s-sample positions
in the luma component and |/8-sample positions in the chroma components. (section
6.4.2).
. Choose an inter prediction mode from the following options:
(a) Choice of reference picture(s), previously-coded pictures available as sources for pre-
diction. (section 6.4.1).
(b) Choice of macroblock partitions and sub-macroblock partitions, 1.e. prediction block
sizes. (section 6.4.3).
(c) Choice of prediction types:
(1) prediction from one reference picture in list () for P or B macroblocks or list | for
B macroblocks only (section 6.4.5.1).
(11) bi-prediction from two reference pictures, one in list () and one in list 1, B mae-
roblocks only, optionally using weighted prediction (section 6.4.5.2).
. Choose motion vector(s) for each macroblock partition or sub-macroblock partition, one
or two vectors depending on whether one or two reference pictures are used.
. Predict the motion vector(s) from previously-transmitted vector(s) and generate motion
vector difference(s). Optionally, use Direct Mode prediction, B macroblocks only. (section
6.4.4).
. Code the macroblock type, choice of prediction reference(s), motion vector difference(s)
and residual. (Chapters 5 and 7).
. Apply a deblocking filter prior to storing the reconstructed picture as a prediction reference
for further coded pictures. (section 6.3).
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Table 6.3 Reference picture sources

Slice type MB type Reference picture sources

P P ListO (P slice)

B P ListO (B slice)

B B ListO (B slice) and Listl (B slice)

O O O O O O O O O O O O O O O O O
O O O O

® 6 6 0 O O O O O O O O O O O O O
O O O O

® 6 0 & O O O O O O O O O O O O O
O O O O

® 6 06 ¢ O O O O O O O O O O O O

@/,FZJ o O O

® 6 0 ¢ O O O O O O O O O O O

O O O O O O O O O O O O O O O O O

(a) 4x4 block in current frame (b) Reference block: vector (1, -1) (c) Reference block: vector (0.75, -0.5)

Figure 6.18 Example of integer and sub-pixel prediction
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Sub-MB Partition

Macroblock (16x16)

0 0 1
Macroblock
Partitions: a 0 1
2 3
B il B i
1Bx15 Bx16 1628 Bx3
L)
Sub-Macraoblock . ol 0 of1
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N E—
BxB 4x8 Bxd dxd

Figure 6.29 Macroblock partitions and sub-macroblock partitions
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Figure 6.37 P slice showing partition choices. Reproduced by permission of Elecard



Prediction Structures
NVVV VYV VN AYAYA

o 1 2 3 4 5 6/ 7/ 8 9 10 11 12

Figure 6.42 ‘Classic’ Group of Pictures prediction structure
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Figure 6.43 [PPP ... with multiple reference pictures

"""""""""" Figure 6.44 Hierarchical GOP structure



Loop Filter

Figure 6.49 Reconstructed, QP = 36, no filter Figure 6.30 Reconstructed, QP = 36, with filter



The choice of filtering outcome depends on the boundary strength and on the gradient of
image samples across the boundary. The boundary strength parameter Bs is chosen according
to the following rules:

por g is intra coded and boundary is a macroblock boundary Bs = 4, strongest filtering
por g is intra coded and boundary is not a macroblock boundary Bs=3
neither p or g is intra coded; p or q contain coded coefficients Bs=2
neither p or q is intra coded; neither p or g contain coded coefficients; Bs=1

p and g have different reference frames or a different number of
reference frames or different motion vector values

neither p or g is intra coded; neither p or q contain coded coefficients; Bs =1}, no filtering
p and g have same reference frame and identical motion vectors p3
p2
T = r e P1
] 1 I
I 1 I
T L I T E T T T YT f' . FID
: : : Horizontal
boundary
l'"‘.'"""':"" g T k Vertical boundary q0
] | ] "
| | I
F==T==q=-=-=r==1 h ""':‘"' | q1
I 1 I M
] 1 I i
. N N p3 | p2 | p1 pd § al | g1 gg | g3 g2
a b ¢ d i j
qd
16x16 luma 8x8 chroma

Figure 6.45 Edge filtering order in a macroblock Figure 6.46 Pixels adjacent to vertical and horizontal boundaries
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Figure 7.2 Forward transform and quantization
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Figure 7.1 Re-scaling and inverse transform
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Figure 7.5 Luma forward transform : Intra 16 x 16 mode
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Integer DCT transformation
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Figure 7.13 Development of the forward transform and quantization process
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A =Cp e Rypy
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Integer IDCT transformation
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Figure 7.14 Development of the rescaling and inverse transform process




Quantization

Tablel  Quantization step sizes in H.264/AVCH

QP 0 1 2 3 4 |5
QStep | 0625 | 06875 | 08125 |0875 |1 | L1125
QP 6 7 8 9 10 |1
QStep | 125 |1375 |16 |L75 |2 |225
QP

QStep

QP 48 49 50 51

QStep | 160 | 181333 | 202666 | 224

52 values of Qstep
indexed by QP are
defined in H.264

Qstep doubles for
every increment of
6 in QP

Qstep increases by
12.5% for each
increment of 1 in
QP



4 X4 Quantization and Scaling
1n H.264/AVC

» H.264 assumes a scalar quantization

Z,; =round(Y; / Ostep)

y

Yij : Coefficient after integer DCT
Qstep : Quantization step
Zij : Quantized coefficient

YU=I/VU)<PF

Wii: unscaled coeffients
PF: Post-scaling Factor, which 1s depending on the position (1,))



* The forward quantizaion formula:
=(|W;

Z,

*LevelScale,;; +1 ) >> gbits

Sign(Z;) = Sign(W;)  gbits =15 + floor(QP/6)
LevelScale, ; ; = ME, ; *16/ Weight _Scale,

_ % qbits
Z; = round(W; * MF, m.s, / 277, 13107 5243 8066

_O 20 2_ 11916 4660 7490

10082 4194 6554
MF =

.. 9362 3647 5825
,m = 0P%6,i, j =0...3
8192 3355 5243

7282 2893 4559

2 1 2 1
10 2 0 2
2 1 2 1




Multiplication factor MF

00| 0l | 0,2 | 03
1,0 1,1 1,2 1,3
2,0 | 21 22 | 23
30 | 3,1 32 | 33

Positions Positions
QP | (0.0).(2,0),(2,2),(0.2) | (1,1).(1,3).(3.1),(3.3) | Other positions
0 13107 5243 8066
1 11916 4660 7490
2 10082 4194 6554
3 0362 3647 5825
4 8192 3355 5243
5 7282 2803 4559

For Example: QP =4, (i,j) = (0,0)
(PF =0.25, Qstep = 1, PF/Qstep = 0.25)




Scan Order

start start

end

end



Coding

Fixed length code: A symbol is converted into a binary code with a specified
length (n bits).

Exponential-Golomb variable length code: The symbol is represented as an
Exp-Golomb codeword with a varying number of bits (v bits). In general, shorter
Exp-Golomb codewords are assigned to symbols that occur more frequently.

CAVLC: Context-Adaptive Variable Length Coding, a specially-designed method
of coding transtorm coefficients in which different sets of variable-length codes
are chosen depending on the statistics of recently-coded coefficients, using context
adaptation.

CABAC: Context-Adaptive Binary Arithmetic Coding, a method of arithmetic

coding in which the probability models are updated based on previous coding
statistics.

Symbols occurring in the syntax above the slice data level (Chapter 5) are coded using Fixed
Length Codes or Exp-Golomb codes. Symbols at the slice data level and below are coded in
one of two ways. If CABAC mode is selected, all of these symbols are coded using CABAC,;
otherwise, coefficient values are coded using CAVLC and other symbols are coded using fixed
length or Exp-Golomb codes.



Exp-Golomb Coding

An Exp-Golomb codeword has the following structure:

[Zero prefix] [1] [INFO]

Table 7.9 Exp-Golomb Codewords

code_num Codeword
0 1
I 010
2 011
3 00100
4 00101
5 00110
6 00111
7 0001000
8 0001001
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Figure 7.19 CAVLC encoder overview
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CABAC

(Context Adaptive Binary Arithmetic Coding)

(a) selecting probability models for each syntax element according to the element’s context,
(b) adapting probability estimates based on local statistics and
(c) using arithmetic coding rather than variable-length coding.

local statistics

update

X i ~ \

! \
regular context arithmetic
bin model coder
syntax —
element binarize output
bypass bitstream
bin

Figure 7.20

bypass
coder

CABAC coding process overview
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