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ABSTRACT

At present, video technology becomes an important part of our lives not only for work but
also for entertainment and business. Consequently, there were several standards proposed in the
literature. The important objectives for the users are the size of compressed video files and the quality
of the decompressed video stream. H.264 video compression standard is proposed to efficiently
compress the video data. The size of compressed video file is small while the quality is remarkable.
Therefore, the H.264 standard is expected to be one of the most important standards for video
compression in the recent future.

This project presents a study of the H.264 video compression standard and also discusses the
benefit and weakness of this standard. The developed program implementing H.264 standard is
revised in order to effectively run on both Visual Studio on PC and VisualDSP on Blackfin DSP

board.
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2.53 Entropy Coding
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code 10 aritimetic coding N3EUUMIRMTEUFVAsZUMAMEHaFydnusideyaliily
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ATTHT 2.3 1UAS Context Mode¥BIUAAE bin
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Bin Context model

1 0, 1 or 2 depending on ¢,
2 3

3 4

4 5

5 and higher 6

6 6
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01Uz M3 Least Probable Symbol' (LPS A1 187l sufigaveaniséaduleuwy binary
0 taz 1Y)
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[ . o o 1
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2.5.3.2 Context-based Adaptive Variable Length Coding (CAVLC)
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2. SignTrail M55 sign 0 du van, 1 au)

3. Levels mmadsiadinlszininhily o Mrimas

4. TotlZeros  mshsiadIniu 0 anua

5. Runs MnsGoamsnszeivvea o Tmi
i’uﬂﬂu;‘il NumTrail

ShumsdhsiemdudseAnsnlily o Tasmsdhniniusefiimsfouiuas1a Huffman
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N=(N1+N2)”2 (2.4)
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Prediction: N1
N=(N1+N2)/2
N2
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Taniindnmidenfio
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1. giNSannnImIeminy 0 ua 11 2 14 Table 0 (runzfudurlszdniniianion)
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2. 1N fimunndmTemai 2 ualuga 4 14 Table lomnzdudulsz@ntalininag)
3. 41N annnnimsoriiy 4 us18a 8 14 Table 20mnzduauilszAnsniniun)
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NumCoef\T1 |0 1 2 3
0 1 - - -
1 000011 o1 - R
2 00000111 0001001 201 -
3 000001001 00000110 0001000 00011
4 000001000 000001011 0000001401 000010
5 Q000000111 000001010 0000001400 0001011
16 900000000000 0090000000 | 00000000000 | 0000000000
00000 00001001 00010001 000010000
AN 2.6 HTAIRIBT A1 Huffman
Tis 0 1 2 3
NumCoeff
0 0011 - - -
1 0000011 0010 - -
2 0000010 1011190 11401 -
3 000011 101001 010110 1100
4 000010 101000 0410001 1111
5 101101 101011 0410000 1110
15 0000000010 00000000011 | 00000000010 00000000001
16 0000000000001 | 000000000001 | 00000000000001 | 00000000000000

YHABUN 2,3 Coding of Level Information
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AN 2.7 uumm‘nqw'nﬁ'mnna ouaxri

B LevelVLCO Level VLC 1
{(Unary code) {Golomb-Rice(2) Code)
Level Code Level Code
1 1 1 10
~1 01 -1 11
2 001 2 010
-2 0001 -2 011
3 00001 3 0019
-3 000001 -3 0011
-7 00000000000001 14 000000000000010
18 to 15 00000000000000 1xxxx -14 000000000000011
1é -> 000000000000001:000x%x +15 to =221 000000000000001x
FOOLYTOL AXX
+13 -» 000000000000001x
KYSODOD00TK

A3 2.8 UTAIATTHIN 1IN EIRNG 2

Level VLC 2 (Golomb-Rice(4) Code)

Level Code
1 100
-1 . 101

2 110
-2 111

3 0100
-3 0101
4 0110
-4 0111

5 00100
137 -» 00000000000 000 1 x320100XARKEX




24

AFRNIAY
L] L] ar -y A‘U - q' [ T T T
e A MuwEVeaTrmil Uouan 3 mdulizintdida 1unluly 0 2 vendt 1 n38 Touan
-1
e nisnfavuiuanadalrunsovivaanimuenriinla
dd o ¥ - - )
asan@nada Winnnd 0 sewiasdiswamiiou Level-1
asmmanada ldooni 0 92N sHmmilau Level+1
wu ruudldAam 1andann Zigzag Scan M -243-300-10...0
L4 ' 4 3 o - & T Q Y A
W T =1 181 -3 szgnisionmiion -2 (3 + 1 =-2) Favzrvandmauiinas Ao
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TuPoUN4 Coding of Total Zeros
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Table Size = {16 - S1undlszfinin 151y 0) + 1

A1 2.9 HARIAIT 1 Total Zeros
/ Different Huffman tables |
y

NmCoett (1 J/ (2 |3 & |si |s 7
TotZeros

[ 1 111 9010 111101 | 01000 | 1011040 111000
1 oLl 101 1181 1110 01010 | 101101 111000
2 oL0 o1l [ [cl ] 01t0 aelo0ll 1010 11101
3 0011 o0 [ L ] 1010 1110 001 1001
4 0010 000 1011 000 011 010 il
5 0o01L 1000 1111 100 100 oo o0

& 06010 o101 011 110 1111 110 oL

7 000011 1001 108 1011 110 111 101

g 000010 1100 #0111 010 101 100 110
$ 00800011 oL0D00 1110 801 noL 011 100
10 0000010 JURLIS § 1010 9111 ooa 10111 -

21 00000001 11010 11008 1111 q1ooL | - -

12 00000000 ¢Lo010 110011 111100 | - - -

13 00000011 OLC01k1 ] 118010 - - - -

14 000000101 | GLGOLLC | - - - - -

EL] 000000100 - - - - - -
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A15190 2.10 UTRINITNITotal Zeros (AB)

RupCoaeff |8 9 10 11 12 13 14 15
TotZerca

[¢] 1019000 [ 111000 | 10000 | 11000 | 1000 100 00

1 101001 | 111001 10001 | 11001 | 1001 101 01 1
2 10101 11101 1001 1101 101 11 1 -
3 1011 1111 101 111 (1} a - -
4 110 ao a1 a 11 - - -
5 00 01 11 10 - - -
3 111 10 00 - - - - -
7 01 11¢ - - - - - -
2 149 - - - - - - -
r - - - - - - - -
K.} - - - - - - - -
m Z - z < N - N -
12 - - - - - - - -
1 - - - - - - - -
" - - - - - - - -
15 - - - - - - - -

YuABsuns Coding of Runs
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vanpanzielldezegasi lvuiadeunssiedinlssintdagatioihild 0 Tavez1dmisa
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AN 2.11 UTAIATTN Coding of Rens

Runs Laft 1 2 3 4 5 6 5

Run Before

¢ 1 1 01 01 01 Q1 000

1 01 |00 (4] oL} Qo 010

2 - 0% |11 11 11 101 101

3 - - 10 101 101 100 100

4 - - - 190 1601 111 111

S - - - - 1000 1101 110

& - - - - - 1100 0011

7 - - - - - - 0010

8 - - - - - 00011
L) - - - - - - 00010
10 - - - - - - 00001
11 - - - - - - 0000011
12 - - - - - - 0000010
12 - - - - - - 0000001
14 - - - - - - 00000001

2.5.4 Motion estimation and compensation
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i 2.15 saaamnzinamsinteuil
2.5.4.1 Motion Estimation (Motion Search) Algorithm
254.1.1  Full Search
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Initial search i
location i

Rastar search order

Centre (0,0)
position

31/ 2.16 uTAINIS Full Search 105U Raster Scan
& - e 1 3 1
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Search ‘window’
Initlad search
location
Spiral
search
order

41 2.17 ueAINISMI Full Search 11UV Spiral Scan
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2.5.4.1.2 Fast Search
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1 N—I N—I
1. Mcan Squared Error: MSE = w2 ‘L;@' ‘L; (Ci; — Ry (2.5)
i=0 j
1 NI N~
2. Mean Absolute Ervor: MAE = NI ; Zﬂ ICi; — Rijt (2.6)
H 1=
N—l N=l
3. Sum of Absolute Errors:  SAE = Z E iCi; — Ryl (2.7)
i=0 j=0
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2.5.4.2 Motion Compensated Prediction of Macroblock
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UnAudrgdunuimutesqdmsunmsiinisyaronsinaouife  16*16pixel  region
& - e v 4='
frame Favziimsie il
nm.lssmmmsmﬁauﬁmoﬁon Estimation)
& - A ' o o
malsznumsmasuiiveunTasudenvzdniasuiimurzuazeylndrumswilogiu
-d' & 1] L l:l- - ’A Knarg o
winfigaduiiullfhezogremiimIondinniideiznsmsemsuilipiuiiuguina
W 1A d A o o o o]
unavsnoudenn Insudsafegseugsiniufimuiziuuinfiga (Best Match)
ﬂ]‘i!ﬂliﬂﬂ‘l‘imaouﬁ(MOﬁon Compensation)
4 a2 | S o
msuvignidemiussgnavesnninsuilegiu Fesznawiiudiudraveanmilogiu &4
J A - L] ot 3 =
9250071 Residual macroblock Favzgninsviauasgniialiniousy Motion Vector 1140311y
2 1 < 4 & 4 - o w o
AUMIYOIVOLIVANIMINE NATIBIFIMAININMIUAI09ATHA9Z1 IN1TRoconstructin TAs uden
: i u": ar d e{ o » a: e & a: -3 4
wuqlmignainiues  Fanesswdansilih nsvaemsindeud luuansdivzguaimd
ﬂiﬂ L A or aor { 1 A :l
suRant Fadudrsdaezifon1d nta Mode unsdaniive hilénssaonisaoun  Tud

, R
1aen1d Inter Mode sztifumsiBonfise 1¥n15¥amomsin fouihiumwa




wnanstduenansianuhdmiunislsanuiionsfinwiniiu lweygyslnilulydsslosuaiunisen

lunsdlla visdu Bnnsmnuilndaudalien wazmnetensdisaivaaenaisynasandnisilvly



dy ~ N o [ N A = . 5 ' N ) N o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslesuaunisan

lunnsdilas visdu Snvamuiilusaudadiien wagnotondedisivedenalsynasaninisiluly



wnansiidwenasianubdmsunislynuiienisnyiniu lweygislmilUlydsslosununisan

lunsdlla visdu Bnnanudlndnutalion uaznedendiisaivesenalsynaseniinisiiluly



36

Y = AXAT 238)
N—1N=1 " _. :
Yoy =CiCy Y Y Xijcos ¢ _: YT s & + ez (29)
=0 j=0 2N 2N

o » a o a o - o A
dmuald X dlu nasnd vea Samples Y Wy waSndveadudssans uoz A 1l N*N Transform

2 . o od
matrix Fu5192 1881 A 1DuRail

2;+ Di 4 [
A,'j = C“ COSE_{;;V_)IE Taun C, = -;7 (i =0). C: = \/% G >0) (2.10)

[ : o A - c" ¥ o ’ &
Fnfun13i Inverse DCT (Fa925n 1591 Inverse Transform U103} RaAnSuA1 X,Y Faez'ld

»
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X =ATYA (2.11)
N—1I N1 . .
Qj+byr Qi+ Daxn
X‘.}' = Z Z C_\' C\. }’.\’}‘ Qs 2 N cOs 2N (2.12)
x=0 y=0
2.7 Transform and Quantization
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#28819713%14*4 Transform

a a a a a b a c

Y = AXAT = b ¢ —c —b X a ¢ —a —-b (2.13)
a —a =—a a a —¢ —a b
c —b b —c a —-b a —c

. i 1 T 1 3r
Taut azi. bz‘/;cos(g-)‘ C=J;cos (——8—)

9 o o Yy o ]
MW ¢cxc” u Core AM5UN¥iNTransform tuv2iid  Edluiainuea Scaling Factor JAUSzI01M

d’ o jd ¥ A § A - i o T ‘l’
E @ Igudmunaqatu cxc’ Fahoiigardudiodinuaiues 14 v dudsde il

al b a® ab

T T I | t 1 1 d b b ab b
1 d —d -1 X t d -1 -1 a voa (2.19)
- T = ’
F=(CXChQE=||, |, _| | t —d =1 t]])®|a® ab a ab
d -1 1 —d 1 -1 1 —d ab & ab P
Quantization

Sumsumlidggafiduiesi x Sudyyiaguantze andveasaei Y davz
wrisennithu 2 szaminde Scalar Quantize (dT Vector Quantize auf Scalar Quantize 2xiilu
msmdyaudunnsudoaiiusueninnduifsy  vush Vector Quantize wxiffumsuum
fagnusuwnuuunguidumeniymuuungy  TarIEmsiia Quantize Taudosuiuszonunse

Ao ldnngas
Z;; = round(Y;; /Qstep) (2.15)
¥ . .‘I 4: - -
Taoh v, Hufinliziniveans Transform QstepiiuvINATI step 1971 quantize uaz Z, i
“ o - - 3 - P 4 ' & a
FulizANEnTs Quantize wwna  TaonAudan Qstep tusziivinadiuvuiluzmi noaQpiiy
£ e a L. . il ‘ Y 4
¥u6 lauf QP Aip Quantization Parameter HMNINRAI IAINATITNINANY

15197 2.12 HTRIAT QP O Qstep

opP 0 ] 2 3 4 5 6 7 8 9 1w 1 i2

O%p 0625 06875 08125 0875t LIZZ 125 LIPS ge2% 175z 125 2§ L.
or 13 4 L L 36 2 ... 8 . 5
QStep 5 L 20 4 80 160 224

asuuilumsfia Combining Real number Scaling to Quantization

PF
ij = round (W,,. Qstep) (2.16}
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o a T o 1 > ' y t : o
Iauh W, fip CXC" vuea  dau PF uumuiemldnnmisdiawil  Taoah PF aztudy
AWMU 7, j HUIDA

A1T1IN 2.13 LTRIMTIM PF

Position PF

(0.0). (2.0), (0.2)or (2,2) «a?
(L1 (1.3), 3.Dor (3.3) b*/4
other ab/2

ey

wzAinsM Inverse Quantization WUSZFOAINIUNT Rescale UMBd  TAuvelidtms
Rescalelilpadufio

Y, = Z;;Qstep uaz W/, = Z;;Qstep - PF - 64 (2.17)
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Feature/Standard MFEG-2 MPEG-4 part 2 MPEG-4 part 10 /H.264
. 16216 (frame mods)
M
acroblock size 1628 (field mode) 16x16 16x16
Block size 818 16116, 1618, 2:8 | 16%16 8116, 1618, 85,
o 4x3, 8x4, 424
Intra prediction HNo Transform Domain Spatial Domain
Transk 328 DCT 8x8 DCT/Wavelet 818, 414 integer DCT
trensform 4x4, 222 Hadamard
o Scalar quantization with Scalar quantization with
Quantizetion step sixe of constant Vector quantization step size of increase at
' ncre ment the rate of 12, 5%
Entropy coding YLC VLC VLC, CAVLC, CABAC
Pel accuracy -pel Yo-pel ¥ -pel
Reference picture One picture One picture Multiple pictures
Bidirectional forward / backward
prediction mode forerard / backward forwrard / beckward bforwaxd:zorwmd
Weighted prediction No No Yes
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Profiles 5 profiles 38 profiles 7 profiles
Playback &
Random access Yes Yes ves
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packet transmission Reversible VL(O';;. ordering, Redundant
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71 2.29 Movguamidinswhanasgiueng

Festure/Standard MPEG-4 part 10 /H.264 WMV-9 AVS
Prediction block 16x16, 8x16, 16x8, 8x8,
sixe 48, 8x4, 424 16x16, 828 16216, 813
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2 motion vectors ve
Weighted prediction Yes Yes Yes
Deblocking filter Yes Yes Yes
& - o ad A
FadusriminSvuior WIRT§IU MPEGH4 , JVT/H.264/AVC, MPEG-2 laz H.263 Unfda¥its
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nnlumsuurnidndu Wi 1suns tiusasin T sunsufiusaamunasgu H.264 udniu
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Total of OxzlaSed vord(s) vere not napped. )
Far wore details, see 'linker log.ml' in the cutput directory.

[Error E11040] *. n..N, .5 \Documents and Settings\Adninistrator\Desktoph264_BF_Final\Debugadsp-BED33.1df":493 Out of aeacry in output sectio
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cc3099; fatal error: Link failed
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