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Abstract: Inversediscretecosinetransform  (1DCT) isanimportantmoduleinMPEG  (MovingPictureExpert
Group decoding. TheFPGA  (FieldProgrammableGateArray ) implementationoftwodimensionalinversedis -
cretecosinetransform (2D-IDCT) isdescribed. ThedesignusesMultiplierAccumulator ~ (MAQ  basedonthe
distributedarithmetic (DA) techniqueandrow -cortegedecomposition. Thedesignwasi mplementedusingtop -
downdesignmethodol ogyanddescribedwithVHDL  (VHSICHardwareDescriptionLanguage ) .The2D -IDCT
wasi mplementedusingtheFPGA ACEX 1K EP1K 30fromAL TERA..V erificationshowsthatthel atencyisas
lowas27ns,clockfrequencyashighasl3.35M Hz,datathroughputashighast.515M/s.| tcanimplement
theM PEGdecoding.

K eywor ds. M PEG;videodecode;distributedarithmetic;| DCT; FPGA

,DCT
0 KLT(KLTransform ,
DCT (DiscreteCosineTrans - m DCT
form) M PEG(M ovingPictureExpertGroup )
DCT IDCT(Inr

3 . 3

:2006-02-22
([2005] 20-3 )
(1980 ,



68-

2006

verseDiscreteCosineTransform)  MPEG
IDCT MPEG
.MPEG :
DSP , DSP
MPEG
H [2] H
Linux MPEG
1 2D-IDCT
DCT
. DCT
DCT ;
’ ’ (DA)
(3l _ ,
IDCT
1.1 2D-IDCT
N x N (2D -IDCT )
_2 N-1 N-1
x(i,j) = C(u) C(v) X(u,v)
N 2 2
COSlZi_i;D_ﬂlCOSizu_i_llﬂl
2N 2N
Cx(iLj) ,i,j =0,1,2, ,N - 1;
X(u, V) (u,v=0,1,2, ,N-1);
1
C0 =22,C(u = C(v) =1(u,v #0).
1.2 2D -IDCT
IDCT , 8x8
DCT/IDCT, 8192
3584 . ,
1D -IDCT 2D -
IDCT . X =
[X"clc = c'xc, C cos c' c
. [ X'c)T 1D-IDCT. NXN

( ) N 1D -IDCT

: ( )

N 1D-IDCT , 2D -IDCT
2. SIPO(SerialnandParallelOut )

- ,PISO(ParallelInandSerial Out

LU LT
LLEEEE LT

|

l

EL
1 2D -IDCT
1.3 1D -IDCT
IDCT . .
1D -
IDCT DA (MAQ
8 x8
, 16 ,
64 :
Chen 5] |
8 1D -IDCT
x (0) A B A c][ x(0)
x (1) 4| A C - A - B|| X(2
x(2|  2lA -Cc -A B||X®
x(3 A -B A - X(6
D E F G |[ X(]
1l E -G -D Fl | X(3)
2l F -D G E || X(5
G -F E - X (7)
X(7) A B A cl[ x(0
X@| 1|/A Cc - A -B|xQ2
XG5 2/A -Cc -A B||x®
X(4 A -B A L x(6
D E F G|[x®]
1| E G -D Fl | x(3)
2lF -D G E || x(5)
G F E x (7)




4 :MPEG FPGA 78
_ o, _ 1 S | S <
,A—cos4,B-0038,C—sm8,D— , 3 abkn
™ K1 3T . TO Ny
= = = : = ROM , IDCT
COSlG’E C0516’F sm16,G sm16,x(|)( i
0,1,2, ,7) X(w(u=0,1,2, .7 '
, .DA
' ROM. 0 1 4
, 2 1D -IDCT
24 ,
ROM. N bits, N
ROM 16 x 12, ALTERA
4 bil ACEX1K FPGA( FieldProgrammableGateArray )
MAC, " Xo
Xn—i (EAB) , EAB
X: — MAC, 4KB.ACEX 1K (LUT) EAB
Xa —] MAC: P—*=x2 LUT
Xe
&
i P . EAB
MAC. # SEEEN RAM,ROM
X —
Xi:— MACs ——x3 1 bit
Xs — Z < ROM Adder
P MAC, "X Z, —— Sum of
Z; — ] product
MAC- F——x z
2 1D -IDCT
Register
1.4 DA 51
(MAQ
, 3 4 DA
N bit multiplier Adder 1.5
2.2\, 21, Zs Sum of RAM
I product
co:ln?;em Register
1 , 64
IDCT
3
DA L 4. DA , 64
) N )
N-1
Xk = - ka + bkn2' n
. 2 2
K K N-1 o , DA 2D-IDCT
y= Q= 3 ad- bot B ba2 ) FPGA | . VHDL
ay . VHDL ,
N-1 K N-1
. . EDA ALTERA uartusl |
y:Z[Zakbkn]'zn“LrZak'(- bxo) ] Q
k 50 ModelSim6.0, ALTERA ACEX1K



88- ( ) 2006
EP1K30 ) )
FPGA ,  Quartusl| MPEG
, 5.
1 2D-IDCT
;
:; 8 x8
> 16 -hits, :8-hits
13.35MH 7
5 3121
d q 1840
5 dn out 90 6.515M/s
IDCT. 13 , din EPGA 41 %
IDCT , 26 46 ,240ns
, 8 x8
done , dout st
Jrst=1 , dout . 2D
-IDCT 27ns, [1] AhmadN,NatarajanT,Roak R.DiscreteCosineTransform
6.515M/s. [2] Guodiun-In,JuRei -Chin,Chendia -Wei.Anefficient2 -D
EPGA ROM DCT/IDCT coredesignusingcyclicconvol utionandadder -
basedrealization[J].|EEETransCA SforVideoTechnology,
2004,14 (4) :416 —428.
IDCT ' ROM [3] YuSungwook,EarlESwartzlanderJr.DCTimplementation
) withdistributedArithmetic[J].| EEETransonComputers,
: ROM " 2001,50 (9) :985 —991.
1,2D-IDCT [4] ShirichiUramato,Y oshitsugul noue,AkihikoTakabatake,et
ACEX1KEP1K30 41%, al.A100 -MHz2-Ddiscretecosinetransformcoreprocessor
19%. 1 , [J].|EEEJournalofSolid ~ -stateCircuit,1992,27 (4) :58 —
, MPEG 61.
[5] CHENWH,SMITHCH,FRALICKSC.Afastcomputa -
’ tionalalgorithmforthedi scetecosinetransform[J].| EEE
3 TransCommun,1977,25:1004 —1009.
(6] [D].
,1998.
FPGA : DA [7] ChaudharyK,VermaH,NagS.AnlnverseDiscreteCosine
ALTERA ACEX1K FPGA TransfornfIDCT  ImplementationinVirtexforM PEGVideo
, , 27ns, Applications,Xilinx, X APP204[DB/OL].http:/mww .xil -
13.35MHz, 6.515M/s, inx.com/bvdocs/appnotes/xapp208.pdf,2002-05-02.



