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¢ Inter-Frame Predictive Coding



CSSS 5 £ ol 9y ias ly3 eolizul 5,50 MPEG4 MPEG2 MPEG1 H.264 H.263
Padboe ' wlp GhealS jshate 4y p Jeol dw p (K

8 2 SladeSey G cald by wl als jshaie 4 Gl Wl Jals )

Loyl Jolis 613595 5oyb 5l Jlsie slae b o Calids (1als jslaie 4z loj Wil rals Y
odlil b (398 (g5luo0 ptd > yo 5l Lol (glaoled oy il (20l8 jolate a4y g9 25T (g lS 0S¥
(VLCY) ke Jsbo b (5, l380S" slasuss |

ol o0 SO0 (6,lA5 08 5 Jlsliu] iz s 4 aslsl o

(H.261) (292099 (il 205 jgkiso &1 (510505 Y-

sty o LS Jlil 5 olifuS (o N80 cum o iy, 4l jslaie 4 H.261 o sl
O o0 P el el s92g 4 PXBAKDILS ! slag 5l o b g ISDN sls aslets oo,
ezl JAEGS cnl 10 e DCT s con 2 = ,I50ST 5 IS8 ol ailgo Yo 1)
B3 059> 4 (S (sl aalsl )3 090 oo ooliinl (LaSy 0592 50 (oo B -0 (S Ui
St Sl yo 53 09,5 o ooliisl (gl 5ilsS Sl (g SRR ke 4y s g 00l oS
ol 5o enlple Cwl LS I Gl az 50,5 eolattl 53 (MC) &S > ez 5l (g oo (i
o3> pals o (585 Boyb 5l (S Wl g (oo B - (e i Bk 5T Sloy W S
@lades )Lis g lagolil LS he, 5 50850, slaasly >l ;0 a5 coul S8 LB &S5 (pl 09 o0
WSS o o gdllas gl saliosls Wl )35l lores a5 byl Lol Lowl salosls #l)b 4
s sl (GaSund 5] 4 o,Lil a5 5eb e eoliul 35 RMB8 el 5l H.261 sl sl> 4 bals

Sl 0030 ,8 43 VAN Jlo 50 a5 o)l Mo jlasli] gz e (galig Cewd l (piid (saSewd)

! Redundancy
2 Variable Length Coding
3 Reference Manual (RM)



Py lsle o JB

\-Y-v

S 29,5 JB) CCIR-601 LJB 4y as 1y saa0ug JUSow 0a5jlo  ion alg o Sho Soly oyl

Jol) lools Ko b (6,la508 Galizee (slo ol il aiS oo bowd suuas JB 4 Conl ((ymy90

WSJJ 9 L)"‘SJ"’ GJlA (OM o‘)).....‘? ks}y;bﬁ JL\.iA.w le.boé‘o 9 cg_iu.]l.'_i»..w LSLQOQ‘Q ‘(5’5'0 le.ﬂboo‘o

Lol (Jlo)l gloosls o 253 S Jlal 8L adely el oo

coding control

v

v

L

prepro- source video |_|transmission
cessor coder multiplexer| |buffer
transmission
. >
audio —— coder
data —»
end-to-end signalling ———
[2] H.261 6)19“‘43_(5:5“’ )l&f},a) s_ig. ‘559; r:‘)fLio \-Y) J.i.u

So ks SN0 iy @ polas 4 asl p 3 Y lade 5l ® 75 Liels cel [I5 ol ogls

L9y paal aw SN sl p @ B VI0 g (05h 2ligpe pgai g0 SN Ve (ogd Sligye pgas

52l 61y QCIF) (g p9ms B 51 Jlo)l sloools o Gy st L0lS (clyy 09,5 o (555

I Quarter Common Intermediate Forma

g oo ool gy 18 S8 4z o


http://www.gsmarena.com/glossary.php3?term=qcif
http://www.gsmarena.com/glossary.php3?term=qcif

siz09,5 (MB) Sobig Sle b & plwog S 4 pgai sloSok QCIF 5 CIF (s g sladl o
Sl b ble TS5, Sol 99 5 ' ity ol Sl ez Jolis Sy Sl e a5 wigd oo
25k Oled Wl oo (G el GOBT L oS5l 095 oy (aloalY &y 095 i 4 laSsly S
B a4y 5y ,8 2 5 GOB sue VY ol CIF (s 5 3,8 10 sl siools oyl (F-Y) JSLs ,0 oS
2bb 20 GOB sae ¥ ol QCIF

5l ol S jle BGOB g oS slig Sl con 3 laen b gkt lislos 51 Bun

iy, Sl 5 K, S sl sl on i 09,0 e gl s aliie slas NISAS 5l sslizul ®
S pio 5 4>l 4y bgy o

lid, Gul 5 S, Sol g0 0 Gl &S oy SOl eolal @

DCT Fad AX AGLS sl Jge g l350S e

Syl sl ol sle o ool Jlu)l (6,5 w1y S5

& lyo cpgai B ol Sledbl pl L 5YL slaasY L MB (GOB 4 by o il Oledlbl fo>

Bg o0 0l g 5 1lleS il MB g4 ¢ Sloj

! Luminance
2 Chrominance
¥ Group of Blocks



GOBs within CIF GOBs within QCIF

352 176
1 2 1 |
3 4 3 144
5 6 5 |
7 8
9 10
11 12
| T~
16 —~ —
16] 1 2| 3|14| 5|6 7|8]1]9]|10(|11 Block
macroblocks
12|113|14|15|16|17|18|19|20 |21 (|22 within a GOB
23 |24 2526|127 |28|29130|31|32|33
| T - -
8 —
8 Yo ¥, Cp C,
Y2 Y3
a macroblock structure

[2] QCIF 9 CIF MJLS L} )g'BL,a.S e GOB 9 J}lgs)iil.a uj}lg p..z..QLé.A (Y—Y) J&w

o V-)-Y-Y

Ol 15 b 55 &8 2 Gl Jold Wl oo g 00l plonil (gon 2 - )90 4 (S i oo
ol oy SO MB Sy sl ) LS 50 axly .ol (6,5 HL.261 o sl o (MC) S >
S e 28l o

oS Ngys0s FIA w8 p JeSy #1210 Sl 5 00p o slasl ol oy (nl sleadlse
ly ool drule ol Jlon aen I Ll 090 o0 plonil (olidy) Do adlie (59, Lais =5 >
Sy Sok 93 S Ol sl g o olitul plidg) Dad Sob e saen &S >
WSS 60,5 100 Caows ) L g i | a5 0 oloule o Tl

Jsb L 6,13505 51 5 aslons |, jS00Sy 5l o] Jolis conds apulne bl gloyloy JUil (sl

DS n ooliztal juiie



S > ol plnil 9590 50 prouad Y-)-V-Y

4 (S 2 b aBloe S Gl plnil 4 5ls 99290 MBSy sl o5 ) 990 )0 e
onl sl 6l S L 0gd ge (s oy o az g BB 1alS cely o8 > ol LTS 0l
S O sl gosuns (las (Bl Hemme 09l oe oolainl (F-Y) S8 jloges 5l (605 oeass
Load ojlloy (s G sl sosiws las (go5ee 970 5 <S> (e (g 00 0le
Wt sS4 S5 ol e g b (G iy sl polie STasl e ES > Gl el
S ool &S > ez Sl o220 18 eal 00 jsdle (gaml o oS

4  |myd|
256

4 MC OFF

3 ---------
) I st M
1|
0.5 _
-------------------------------------------------------------------- >

1 2 3 4 5 6

)

*= 256

[2] CAS)> Q‘J‘."? )| oolazw! r:.\.c/oéL.é.;...a‘ Syg0 HO (_gjﬁ.f ‘1,.3.4..43 (Y‘—Y) Jiw
(H.263 ) ol s &5 Wl 030,15 50 g9 ug wledbl g la5as ¥-Y

Er )l Sy jelaie 4 a5 WS e oolaiwl oud (6,l05 50, iuled e 5l H.26305 lailisl
>'sb ISDN slaaSiis § PSTN' glaaSos ¢ hlge sloaSds L5 oladp)l5 ) ool sl Jla]

S8l drwgs o lasliwl (pl 30,5 eolel 1220 Jlo o olasbinl ol ciale;] ddeas .ol sals

! Public Switched Telephone Network
2 Integrated Services Digital Network

AR



Sl Sz g8 i y5e prgba olal jglate il (gl el MPEG-1.2 5 H.261 (slas sl
L &:las) 16CIFACIF.CIFQCIFSUb-QCIF (B 7oy 5l eslinul H.263 5 laibiul s s $

Sl 00508 Aoy (V=Y oo

H.263 slotis 0,90 s pgad Bz V-V Jgoo

Number of ) ) )
_ _ Number of line | Number of pixel | Number of line
Picture pixel for ) ) )
) for luminance | for chrominance | for chrominance
fomat luminance per ) ) ]
] per pixle per line per pixle
line
Sub-QCIF 128 96 64 48
QCIF 176 144 88 72
CIF 352 288 176 144
ACIF 704 576 352 288
16CIF 1408 1152 704 576

55 5 5 Koy e (sl IS 4 sy g g (2oL H.263 4l 5| my 4]
drogs e Yo oo Loy a5l b 2l aslol la i35 ol ago 5 H.263+ slgiin 4 yoeie 45
ITU- 5 lsbesl plesle jo a5 (6,50 cudled [3] wo 5 &l 50 H263++ oL b 50 (gow gaxdl
2 50 )il ags s MPEG-4 o Jsilias] 4 bogs o 03,8 b (6,Ka ol 8.5 & 90 Slslon s T
o e a5 59 5,00 &l e 4y Lol Bua oo jlasliwl ) (sasn o [4] .05 H.263L oL

Ll iS50, 5 105 ) slaaaly (Saezmy 5 230 Oloj e Cudgaome 5o Zule,

(H264) aid iy o909 9 510505 F-Y

oS oo (MPEG-4 (2,15 05,5) ISO/IEC o ITU-T (laylojls 8 18 Joama H.264 o il

ol 4 1SO flosle o o lailbinl cpl au0 )8 olel o ol ITU-T olosle awes YooV Jlo o

\Y



AVC oL L ogs 15 £9,8 50 059, ol atdl .ol oo a5l MPEG4-part 10 L 4 14496-10
Slwod 28 oS 058 oo 0t oL (ot s (comsy o€ Hsb LIS red 41 500,515 4 g9,
oo (Yo Vo Jlo ;o) 0550 JJs o 40 .l MPEG-2 o jlaileal |l g0 JBlas o lasbwl oyl
S e ookl egie sloo 5y o bl pl 5l s el
il 325 018 4 SO pl ez o S S
MPEG-4 visual 4 H.263+ slas,lasbisl &4 coed 0o )0 00 b e G5 yialS @
S5l Glaidy 9 Snbe Gloo )5 (F b 6,5l sl o8 JIC ROV ES Sty @
g ood wgmme ] 6ly ot Alae Sloy 3B a5 Slas IS YL sls oo
989 5ikw 03 aiile
JUE s 4y s (090 polae @
ools Jaul slaasis [Lslo L Bl g 5,55L0 @
il 3,18 4 6,5 LAl laibil cpl ples blas S
(CAVLCY) lgzd a5 atunly g juuiie Jgbo b 13505 : o900 JA50S g0 5l eoliiwl o
ET oy iy S5 4 (S5 > Ol a0
VEXNE B XY i slal b ol Ssh b S > fuess plx] @
i ool 5 sty iy 35 pnte S ez K 3L S o e gl o
oS limlons Sz

e 5 s B poe 3l 6T sl poliie 4 o Sae pdy esSne sl eslizl o

Ol

EX F g AXA oo sas o 5o yeeitie slal b loSsly 5l oslizul o

! Advance Video Coding
2 Context-Adaptive Variable Length Coding

\Y



5 sl 2 1sS 5 S8 > g5l e o 4 oo sl (Seb 1 Bas ald Sl eslanul e
Lb ‘Lj . . N :.‘” (S)LMJ ‘QsLbaO
ﬁb"" ® C“iﬁjﬁ‘ C"a“’ o (2 Srashd gonaius 9 (DP) ool gun jisw @

Jsl ey bl

ool [y o5 4y S (53l pslio 500 s9late &) (>l (i ly b JEl e

ool (g jlw oolﬁ. Ao W N9 3™ o.bl.:.gi & bew bluw 0-Y

Wigd i (S Awd w4 Atilgine (IS ok 4 (55le (5l slahg,

lagy] lejon ool § Sllos (55l S3lg0 p (e by,

9y 2 Ol plil g iu (naiz 4 (6899 0310 el g 02ld (g5le (5lge (e 95T
@l sla jisu

S8l oo Vb By 99 oS 5 aS 00l g Slibes (e Shg T

3990 (5 lwed pid (slas lailiwl 4 gy o sowe jab as oo solaul oyl 5l e b aS Sl b,
sz 5l eoliiwl 4 5Ls o lge 3T 0 eoliiwl L FGPA (g4, » ol (o5lw ooly (sl a5 il oo
5 oye wibe cob Sldee gy S pll sl 5 (o Sl by, )3 Grigres wAloe FPGA
FPGA ;5 59390 ' pitmms (3953 S5m0 iy y25 ColilB 5l oolainl b g 05,5 solatul lox jloe G po>
03,5 (g5kw ool FPGA (g9, » |, il oo g inn s pdy Sllasil 4 5li a1 Sllas

ous oolaiwl v ;o (g3l oolu g (Glawle (Sauzmn Sals S0 oalds colaiwl g, yuicres
S50 98l o1y plowil 39250 FPGA iy ;0 (5 o0 a5 (Glowlone oo 41 4255 b (Sony 28l

I5] 0,5 sl 1 595 3 o9 1yl BB sl 1, Jas

! In system reconfigrability
\¥



[5] FPGA yiuws 30 g2 9 (g5lwod pid (g5Lw 00l (so9,  V-0-F
Sge Jided Grigred 00l oolitul Sarge aily 2 08 (S b silwes 228 o )5Sl I [B] o
oLl sl ool ol 51 S o solicil Cuindh 5 ez 5 grazmo el pd 3l o solic
Dgdise 5 (b (S ol Gl tel Jy ses e ptals

L sw A Ojgo 4 g YOPXYDF )8 plo b asl p a3 Ve 75 llo ouls g5le ooly )b

Sz e 4 w0dd gjlw ooly FPGA Xilink Xc4008 g5, 5 45 sl &g V ol 3 e
oss > ASIC (VSP) sy Jims 055151 <o 3l Y 5o 5590 s oime 5 (o5 lonslone
gy o Jlacs a0 0 o0litiesl gaz g sy atile Slilns (gla, 5 alosl (gl FPGA LS o
S e Ly oSl dsn o Lo &5 a5 Slaslre sla)l5 9 FPGA (g9, 1 (55lwos 528 vy 1651 o
50,5 L ) 095 ais CerllB 5 Bllansl )b azets o ilodd (g3l 00l VSP (g5, » diiaus
O Slaslre mnds 0900 (F-V) USG50 05 ooliiwl S0 o oSl 51 lg5 o0 5l Djs0 50

oabosls lii VSP 4 FPGA

!'Video Signal Processor
VO



FPGA

X Coordinates tions
Algorithm on VSP with data
State Machine
Simple operations such
Pixel Processing as overflow correction

Addresses for VSP,
Addressing g:mg bﬂ.uﬁ'cx. and
e buffer

VSP clocks, mux

Clock Division selects, RAM OE and
WE

Low-Level Timing

Filter masks, DCT

Coefficient ROM coefficients, VQ offset
table
VSP
Pixel and Coefficient ‘f_}‘eg}g;f DRAM
Memory
Parallel Multiply Eight 12 x 14 bat
and Accumulate m‘ﬁh"phm
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Frame Rates for FPGA-VSP Processor:

(All operations on 256 X256 X 8 bit pictures)

7X7 Mask 2D Filter 13.3 frames/sec
8X8 Block DCT 55 frames/sec
4X 4 Block VQ at 1/2 bpp 7.4 frames/sec
One level wavelet transform 35.7 frames/sec
Max FPGA Clock Rate 20 MHz

(except VQ with minimize on FPGA at 5SMHz)

Max VSP Clock 50MHz (400M Multiply/sec.)
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NIOS 11 2-D DCT 2-D IDCT
(FAST) (%) coprocessor (%) coprocessor (%)
ALUTSs 11 3 3
ESBs 44 1 1
DSPs 3 8 8
10Bs 41 15 15
Fmax(MHz) 227 133 139
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Veco Board
Signal For For | Vggefor | Termination
Standard | Outputs | Inputs | Inputs{! | Voltage (V)
(GIL Note2 | Note2 | 0.8 1.2
GTLP Note 2 Note 2 1 1.5
HSTL_I 1.5 - 0.75 0.75
HSTL_Il 1.5 - 0.9 1.5
HSTL_I_18 1.8 - 0.9 0.9
HSTL_IlI_18 1.8 - 0.9 0.9
HSTL_IlI_18 1.8 - 1.1 1.8
LVCMOS1i2 1.2 1.2
LVCMOS15 1.5 156
LVCMOS18 1.8 1.8
LVCMOS25 2.5 25
LVCMOS33 3.3 3.3
LVTTL 3.3 33
PCI33_3 3.0 3.0 - -
S5TL18 1 1.8 - 0.9 0.9
SSTLZ | 2.5 - 1.25 1.25
SSTLZ_I 2.5 - 1.25 1.25
S (5> (99,5 slad il V-0 Jgux
Veco (Volts) | yprcfor | Voo™ (mV)
Signal For For Inputs

Standard Outputs | Inputs | (Volts) Min. | Max.
LDT_25 25 - - 430 | 670
LVDS_25 25 - - 250 400
BLVDS_25 25 - - 250 | 450
LVDSEXT_25 25 - - 330 700
ULVDS_25 25 - - 430 | 670
RSDS_25 25 - - 100 | 400

#4




‘oo S F-Y-Y-0

Wgd oo (g0, Bl aladls (o 0g5  aite slaosls (6,105 )L Lawgy Vol Ll slaadl s
wolai " o] 5l (S0 aS 0k o0 Dyge all 5 sl 5l slacgeme ) 5l eoliiwl b ileglass
oolazwl Sy90 M‘?LSA g9 dind "43[.?50 LSéM" L: LLSMLA ng)d 9 ML"SA Q)SLQ.C A_i’ L’ Load "
b £55 @ day WS HE ane Sy ol rizmes O/ pogas 3,55 (lsie 4 alsgo
olait slocm M2eMLEMO (slagys 09800 (Sliin ane S S paiz s
Sl oalosls HLas -0 Jgux b b Clandas ais goi0,S0

6"\-*-"’)1‘-’ soe Oledass -0 Js_x?

Configuration Mode(!) MO M1 M2 | Synchronizing Clock Data Width Serial DOUT(2
Master Serial 0 0 0 CCLK Output 1 Yes
Slave Serial 1 1 1 CCLK Input 1 Yes
Master Parallel 1 1 0 CCLK Output 8 No
Slave Parallel 0 1 1 CCLK Input 8 No
JTAG 1 0 1 TCK Input 1 No
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Abstract

Today, the growing need to transmit and store information makes data compression an
important issue. Variety of video data are increasingly produced, stored and transmitted in
different application that make an important role in everyday life, exploration applications,
space industry and military industry. In many of these applications real-time video streaming
and storage is required. In real-time application, processing speed is critical issue, because high
volume of input data needs to be compressed in real-time. Furthermore, the flexibility and the
ability to update the system with low cost are also highly regarded. One of the best ways to
increasing the speed is parallel processing. An appropriate strategy to achieve parallel
processing is using FPGAs for their Parallelization capabilities and high flexibility.
Parallelization ability is an appropriate strategy for increasing processing speed; high
performance and speed are achievable with an appropriate design. In this thesis, we propose a
method for real-time compressing in FPGA-based hardware.

In this regard, a low-complexity high parallelism block-based wavelet video compression
algorithm with appropriate hardware compatibility, which has extracted from block
compression algorithms such as EBCOT and SBHP, is purposed and designed. Then we design
a hardware based on software needs. At the end, execution time and speed are compared with
similar works. Result shows optimization in terms of use of available hardware resources
compare with two other methods.

Key words: real time video compression — parallelization — wavelet transform — lifting scheme
- FPGA



Shahrood University of Technology

Faculty of Electrical Engineering

Design, Simulation and Hardware Implementation of a Real-Time Video

Compression Algorithm Based on FPGA

(M.S.C)
Milad Bozorgmehr

Supervisor(s):
Dr. Hadi Grailu

Date: Jan 2014



