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Abstract In this paper, the hardware(HW) and software(SW) co-design methodology of H.264/AVC decoder
using ARM-Excalibur is proposed. The SoC consists of embedded processor, memory, peripheral device and
logic circuits. Recently, the co-design method which designs simultaneously HW and SW part is a new
paradigm in SoC design. Because the optimization for partitioning the SoC system is very difficult, the
verification must be performed earlier in design flow. We designed the H.264 and AVC Decoder using
co-design method. It is shown that, for the proposed co-design method, the performance improvements can be
obtained.

Key Words : SoC, HW and SW co-design,

olgle  EA(NP-Hard:
Non-deterministic Polynomial-time Hard)o]™, §FH ASIC

1. M2 s e e W

—

B2, wla) AR 7140 e AHws A
A o] ufeba] UAE 2 A A(embedded processor),
W X 2](memory), A} X|(Peripheral), 12|31 37} <l
2A(logio)gs shH9 Jeom HE ALEZF(SoC:
System-on-a-Chip)e] Z}3g1kar Qlth. S1R|RE, SoCE A
ASIC (Application-Specific Integrated Circuit) &2 &
S A, AAE AARE ALY HE, O ol HAE
Aol o227 7AX] W2 ARt Hgo] AWETE 53
SoCE= SFEHOI(HW)2F A EQof(SW) FEo] FA9
AA|E]ofof sh=tl, A THE 'Aske] 2 Aske £

o7 FHEI Y v £k 7] o] AA 27 ¢
A wEA FEe dagel Sk

olglgt  wAIFEE  diEstr]  fEiA. 8
PLD(Programmable Logic Device) HIT(Vender) &2 A}
Al2] FPGA(Field Programmable Gate Array)o] Z=ZA|A]
51012 UESiol, AR} SoCE ble) s ¥ 4 9
% 53 ik PLD MIHS-L ol A& AAke] Az ot
gt MR T2 olF o= F23 QAN SoC 7S HT
3je] 202 AUt dAT,

H =Floj| A= Altera[1]9] ARM-ExcaliburE 0]-8-5}0]

E A7t Zaehn AuEAYIEATes TEA AU0R S,

*

WAIAR} . AFEH (jmjung@kunsan.ac.kr)
Ay 0949 03 20

49 (12 09 059 25, 22} 099 069 03%)

AAEEL 099 079 22

1480



ARM-ExcaliburE ©]-&

3t H264/AVC T]ZE 2] HW/SW =3 A7

wEA| stEgol/AZE o] WY H A (co-design)dh= 1
HES AT, HAZ H264/AVC A|2Hof| tiafjA]
33| Hopch AFATE HW/SW SA] Ao mhe o
cozuol;q.ioj] %{OE!% E_lr_tg_g] o:]q.ﬁjq_:
F3 o2 Aol A &8 4 Sl IRk sk
ol & 4 Sl

A 2740l A= H.264/AVC TlZiT|o] thafA] drgst
] 3%}o|| A= H.264/AVC T]IEE HaadA
of thsliA Awstal, 442 A, 52 2E

aheit.

m§

Nt

it

2. H.264/AVC A|AEIo| 1 X

ITUS} MPEGo| 2502 7jdkat Heju|t]o] ¢ 7
201 H264/AVCE 7]5 MPEG-2¢] B]3}o] 2uf o]4}2]
oF: S 7HA T Q7] WlEo| £35]8 MPEG-2Z o]
W A Hg e ﬁtgq 34] 5E(CODEC)C.& 7H
531 Qlek =8 2]olHE AFERe], 53] HD W
oA @35y THF X}t & = Q= &9 /]"—‘_1L°ﬂ/‘_]1—
HD 942 9J3t H|g9 EZ0 2 H264/AVC 7|42 A}
AA}F A B3 Q= AlA ook H.264/AVCR] HE3)
7](encoder)®] 7] 2A Q] 2= T1¥ 13} Zon, 73t
=& AEEY wsEE Qe g VIesS EEoR
Aesto] F33Hencoding) X HZSHdecoding)o]l 21
¢ =8 EZT (complexity)S AUl Q)

—~. D, x
F . Y SN Q 4> Reorder Enropy | NAL
oy () encods

e

e Fitr «———a " 0 T e

+

[32 1] H264/AVC E33}7]9] A2 2

webA] H264/AVC s1Eje] A4 o] Fgish
AEE Gl B5h, ASIC SHEgo] o thitm
W3 DSP A Sl 258 W BB} B ol
Ao st gick AAR 2ZEo|ael Hiluct
£ 22 ASICo] o3t shEgle] H3, 49.10) DSPE
AR Mo FRE olR Glek

ShAluk, H264/AVC s1Ee] Sheglolalel HRuE
azEgolel sk A (extensibility)o] Hoix]
shEglo] Ao We Akt ulge] Erhe whol

£ fo

1481

Qe whehd, gEme] S

HW/SW =3 8A17}F vh=A] dasietal &

SIEI0/AZEYI0f

o e

-

4 =
rr

x0 A

g)l\
=

A 7{|(Co—design)

2 =EollA AlAISkE JHEFAQl HW/SW W A
HES 07 29} Ptk WA ATEQOIR AA AL
B2 (modeling)dt The, A|AEl] LS o=
(estimation)d}1l, 7F3 4K computation)Qfo] Hho HE
S HAzZ oz sf=golz AAISEA Alxde] AA
Al Ae= SHol Wi Aot

System Spec.

y

Software
ModelingDesign

A 4

Area/Performance
Estimation

'

Incremental
Hardware Design

<

Yes

Implementation

(32 2] Altsh= HW/SW a4 e

= ~‘r—r°ﬂHL H264/AVC SEjof|A] g2 At AIZE
o swels BE F sl 4xd HES 97 2zt
Gﬂ—i—ﬂ(intra—frame predictor)S sl=goj2 AA S L,
AAHQ ALY e 1Y 33 g,
PLD Region
Accelerators
ARM-Excalibur (for Intra Predictor)
Bus Interface
(AHD Slave)
< System Bus(AMBA AHB) >
ARM Core(AHB Master)
Application
(H.264/AVC)

Device Driver
(for Intra Predictor)
Operating System

(Linux Kernel)

[22 3] ARM-Excalibur<

O3t AlAE Fx



£33 =5x] A|10Y A7E, 2009

H.264/AVC Yo 4] 4x4 E-E(block) Z| 7t of

71e I 49} Zol 2A 971 Wkl tisliA dlgs &
gtk 97h4 9] WaEE Tkt ek 941 DC Aol 9l
©m, Horizontal,
Vertical, Vertical Right, Vertical Left, Diagonal Left,
Diagonal Right 50| glch 2t W3] thafja] d&715 4=
Waich. wheba] AmEglolx o A el thalAl Akt
& s, U e Aol 2R E W, v ¥l
S AbgEI FiolnR Y AuE Acky & 4
o},

Ay

Horizontal Down, Horizontal Up,

i3
32 E

®
2
t
€
2
]

[ 4] 4x4 block intra prediction directions

A FRAIAE 971 ] el A ahes)
ojFQl Qditem FARlEE FHsHA ¥, 0, 1, 2
(Vertical, Horizontal, DC) R == A|LJ3} Tt At o]
i o 3714 EL ol SHEo] Ak glo] ATE
goixoze e 47 7Kssh] wolck

el WA kel sl & 13 o] HES
=0kl wie] o= X(address)E FFSHAATE Hate
x4 E5& YALEHR AFsta, g Hie °1C3ﬂi

273 QA T2 HES BHTHA, T 23S THA
= 722 A

RS

e

[ 1] Direction modeo] WZ oj=gA &t

D;r;(f(tlieon Register Name Address [7:0]
3,7 block_available_up 00000000
8 block_available_left 00000001
4,5, 6 block_available_up_left 00000010

19 5= ModelSim[5]& ©]87F AlEdold 2aE
Kol ik

[322! 5] ModelSim A|E#o]d A}

% 59| AlBFo]de WEF mE(direction mode)o]
ki 4x4 EFof tigh ZH A V]9 HAAE 1
cycle Fof YAAER AFSIAL Qe Hgolth BHE9)
H3Kmode change)?t 235 UEtaL Qict

4, &

ot

At

AEE 913 ARM-Excalibur AH]= halxzH6]9)
Hanback Entry IIE ARE-35}3 01, H264/AVCE] AZE
9oli= IMOA[7]E o] @3ttt 183 H264/AVCS A
32 gl Pt B ML novals]E AMESIY
=

g2 A (Linux kernel), tjupo]A Eeto]H|e} 3f
o} HHo| 2245 JM94 AA FEL ARM Fo|E 93h
GNU GCC Zz2A ARYHE o|-§sto] Had st¢ich
ez @lit o5 7] Verilog HDLS o834 A
AR o, AMBA AHB BUS <IE|H| o] (interface)S
A Yekes sigon] SynplityS o]-g5te] gHstsct.

QuartuslI[1]& AFE-3]4], ARM- Excalibur®] PLDAM]|
H264/AVCS ¢J3t =7t 278 AAstg.on, 3
F AAE e thEEE(download)stal, w4 A
T AR tte| A Egto|HE RESA A AL
FAAAT.

QCIF resolution2 7}A]= H|2 AJ-A  (video
sequence)E ©]-8-5lo] BIAES £3Y51qlal, elHEAXL o]
n|Re} FUT AHE & = Uk E 2= AAF &
ZEQo] FAUS W, AA7} stefol2 S o,
aeja, ARk 25 7H W9 45 Blusiiich

ARM 31o] 9 HARE 7H 52 S0MHzE F2HAZ
o, Nova t=go] mdle 1.5MHz S2A] AT 3F=9)
o] Z27|1& vluwstr] gk AO|E Sx(gate counts)E o}

1482



ARM-ExcaliburE ©|-83F H.264/AVC T]Ft|9] HW/SW W3 A7

7] 84, Hynix 0.18um standard cell libraryS AR235}
17, Synopsys Design Compiler2 ©]-&38}o] 3HA5}ITH
3 20| UEpdinkel o], Alo|E4e} tad AR

Nz il SR A2

& BT SWR FH Z90MoM), Sh=flol 2 THT

2-2(Nova) 8 AIRket Al2dlole), 41 Ao]=

83 st=glole] 2715 Hla Aotk

=1

& o]

IM94% 0 Alo]E, Nova 2.5K byte SRAMS Z3}3}
o 169K2] Ao|E7} ARGE Rhdo] Ak e 1K

Fmol AolERt AMgHFCER =0l A=
Novao] H|sto] Ags] aFgley B3k H3g ARk
Silent/30QP &} Container/SOQPoﬂ = kSIS Il ek e
Silent/30QP2] 7%, IM949] AL t]EZH AJZto] 2m
155cc2] Hhlol] AGHE HAS 1m 24s24] T WE o
F AIZHS YRy I glch. E3F Container/30QP2] 79
o FiHoR v wWE fiy AR HojFal gl
=

[# 2] 2+ 9] wE e vl

All SW All HW Alotat
(TM94) (Nova) H)e
169K with
olE X
72(]) 1]8_113 0 2.5K byte 1K
o SRAM
gzg Azt 30 fps
ilent, 30 QP) | 2™ 15 | Realtime | ™ 2%
=g Azt 30 fps
(Container, 30 QP) Im 325 Real-time 34s

Az 2 YL AS7uhS Stz A=
AAZHreal-time) 0.2 FA5h= TS A4S 5 QA
ok, Ste] whe oAb A|7HS APA|FRs HES FHE o]

=1

2 Azt wabA AARC) A ) 2A FE
= AL AT 5= At
5. 48

H =HoA= ARM-ExcaliburE o]|-83}o] w27
HW/SW WA (co-design)S  3Y5tal, AA=Z
H.264/AVC AAHEHE  1E3] Hth AdF3ut=
HW/SW 3 dA o] TE o5& &3] & Hojal ¢l
on, B =59 A Ak 5 oE A3 A &
|3 = g AeRE gt

1483

g2

MO

[1] Altera, Inc.,
[2] Thomas Wiegand, Gary J Sullivan, Gisle Bjontegaard,
and Ajay Luthra, "Overview of the H.264/AVC
Video Coding Standard," IEEE Trans. on Circuits and

http://www .altera.com

Systems for Video Technology, Vol.13, No.7,
pp.560-576, July 2003.
[3] Kelvin Xu, "Power-efficient Design Methodology for

Video Decoding," PhD thesis, 2007.

[4] Kelvin Xu and et al, "A S5-stage Pipeline, 204
Cycles/MB, Single-port SRAM Based Deblcoking
Filter for H.264/AVC," IEEE Trans. on Circuits and
Systems for Video Technology, Vol. 38, issue 3, pp
363-374, 2008.

[5] Modelsim, http://www.model.com

[6] 3HMA =}, http://www.hanback.co.kr

[7]1 IM94, http://iphome.hhi.de/suehring/tml/

[8] Kelvin Xu, Nova project, Opencores,

http://www.opencores.org

[9] Mustafa Parlark and Ilker Hamzaoglu, " Low Power

H.264 Deblocking Filter Hardware Implementations,"

IEEE Trans. on Consumer Electronics, Vol. 54, No.
2, May 2008.

[10] Yun Cheng and et al.,

for Inter-Frame coding

"Research On intra Modes
in H.264," The 9th Int.
Conference on Computer Supported Cooperative Work
in Design Processings, Vol. 2, 24-26, May 2005.

Z D (Jun-Mo Jung)

e 19874 29 : stofrfielw AR}
EEAER
e 1989 2% : Blofrfdtu AA}F
a3} AA}F
® 2004 24 : BtofrfEtu AA}F
) EA
® 20058 3¢ ~ A : FAE
o ARFs Ry
<pHlRop
VLSI 7], ASIC Design, F-4 F41




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


