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ABSTRACT In recent years there has been an increasing interest with respect to using the discrete cosine trans-
form( DCT) of which performance is found close to that of the Karhunen-Loeve transform, known to be optimal in
the area of digital image processing for the purpose of the image data compression. Among most of reported algo-
rithms aimed at lowering the computation complexity, Chen's algorithm is is found to be most popular, Recently,
Lee proposed a new algorithm of which the computational complexity is lower than that of Chen's, but its perfor-
mance is significantly degraded by FWL(Finite-Word-Length) effects as a result of employinga a fixed-point ari-
thmetic. In this paper performance evaluation of these two algorithms and error analysis of FWL effect are descri-
bed. Also a scaling technique which we call Up & Down-scaling is proposed to allevaiate a performance degradation
due to a fixed-point arithmetic. When the 16X 16 point 2-D DCT is applied on image data and a 16-bit fixed-point
arithmetic is employed, both the analysis and simulation show that is close to that of Chen's.

form) o] who] AF&= I rpl o] A2 WL o
I. M 2 o (transform) o] 4 2] ol =] 35 (energy com-
paction) #AH-E o] Bshix A2 A 1 bpp (bit
ol zjek of 4 sllolele] w@e G54 (redundan- per pel)o]3he] W& HF Hxo 4 2 Hed
ce) & A Folrl $lsh A+ H3E uk4 (transfor zko v ¢l od 4k (original image) 2| -&Al A w}
*, ak, waw, swmmEEEREL LR R P TRR ol o 2LSo] 2]gF A5 As}rt Arvke A o)
Korea Advanced Institute of Sc¢ience and ol o {2.3)
Technology Electrical Engineering i w}]—‘ro]b} ’
BN 8732 (2% 1986, 8. 25) Hq7bx) H3k wh4 Fell AL # A (optimum)

309



REBBERERLEE 87-8 Vol. 12 No.4

W3

r_ﬁ

7% w}4lel KLT (Karhunen-Loeve Tr-
ansform)(‘”Q]- 7h2F fapsE A5G Zh= oAl of
il W3}k (Discrete Cosine Transform=DCT)®
L 2Fol whas ofel dae|EEel oA A
Al 7} =} 2] (real-time processing) 7} 7h&dl et
6,7.8,9.10.10 £ 4] Chen W43} Lee w4l ©]

a4 ore]l & (fast algorithm) Bo] 73 4
o & gz v}
| Chen w43 Lee ub4le] ot

= A=
2| & 5% 851 7 o] ed Ak (finite-length arithme-

i=}
tie) W o R Fash Zgel wAs: 4 s

o} 1 flolEo] Ay ow marsigieh el
o] FubAlel] a4 A& 7F Fadol 4l A
o] Ab-S AF88t 7o ub%-# (rounding) ¥ up

& down-scaling®kioll =8 A gkalo] v

AE= et

2 A 5 oukAlo] B o] 4k ¢l DCT (real
DCT=floating-point DCT) ell 7}7b-8 -5 3
ol 7hgdo] EhelE gl ot sh=gllol b Abkkal
Fz2po] wh4o] x| zk xel& DCT o alell A
efshebaL sk 4= oleh,

A AEE gl A A oy of AR gk st
% (picture element) w 8 w]E2] 3} ‘i{; L
256 % 256 7 2] sk42 TA4x “GIRL"»F “PSE
UDOQ”o|w 1 %A= &40 313} vl 535
“PSEUDO” o 4+ —128¢ 4 127 w&foll 4 qfal
@ opmg 2 gaulolehelth, Lol 44w

1l

WARDE 2 16%169) 94 el Hhal
2444l DCTel gk 4417 Fald nefshd -
2 Lsk el 4 % £ yAALl A A

ol B el 4 ARgE A
Soulame] AR A (D)3 o] fdA ¥ oA
o 2k (reconstructed image) 2| 3}4 917 (intensi
sity) 9l f(i, j)oF G, j) 2l Al B 25

% 3} NMSE (Normalized Mean Square Error)

H1 ofdulelere] EAEA
Statlstlcs of image data

Correlation Coefficient

Mean | Variance

Horizontal | Vertical | Diagonal

Girl 181.4'| 1,816.6 0.973 0. 962 0. 948

Pseudo 0 5,446 44 0 0 0

olm, W R Ala g4hE wilsk= subjective

test 5. &Y atodch

ELfG ) —™G))]

NMSE= 10logm E[fz(i,j)ﬁfz]

(1)

. O]4h 0§84 w5t
Fofxl B alzbgl o)Ak AlBLf§), j=0, 1,
N-- 1o g+ =#H3tForword DCT) & 7 9
#3} (Inverse DCT) 2 2z vp-gal gho] A 2l xl

cHb

( ) D(k) )Z“ f(]) C\Zl+l>k ‘ (2>
fG)= Z‘,D(k) Fk)Cy'™ (3)
o] 7] 4
D)= | —= (k=0)
VT
1 else
CZ " *=cos[z (2j+ 1)K/2N]

ol®, F (k)= w3}l Al4(transform coefficient)
& vielich

Chen?| #3F ul4] 8o 4= 712 3 < (basic

1 - D DCT

Horizontal

Image data |— had

1 - D DCT Transformed

Vertical Coefficients

a2y 2481 DCT e ey
Block diagram of 2-D DCT.

310



B 3/ ZADCT ¥ 449 444 bl BY 4F

matrix) & 532+ (recursive form) &2 T3} H2 DCTF&d ab& A4
s o 22] (matrix decomposition) BF41 o] A 4] 5] Computational requirments for DCT.
Row, 243 FEFEE 17 29 2o}, kA N=8 N=16 N=32
Lee = FFTS} f-4FsF " b8 4}8£35)e Transform
2 33 P A5 BEEE A o). ADD |Mult |ADD |Mult | ADD |Muit
Chen 3t Leet4 Foll st 132, 293¢ Direct 56 | 64 | 240 | 256 | 996 |1.024
A3 2EEE v 25 hdle] Ta Aol pi-
peline WF41-& A &8 <=7} olo] 4 A4 7} 2 )7} Chen’s % | 16| 7| 44| 194 | 116
Folghey o 7k alvh. E 204 HE A<l Lee's 29 | 12| 8 | 32| 209 | 88
DCTAAE wbAlell wshe] Al ab 419 A4l 5=
7b AA AAEHAREE B 4 de, 53] Lee
A shEgle] Fad] Ad oz ool g F4 I ¥ il 45 DFE | 24
F7F v Azl AL & Fob deh e
Chen Hh4lo] u]sﬂ sh=glof7p zhukebil, AlaE AA DCT n& ¢aelss stedlolz 74
B Abol] A AL vhA (stage) 7F & H o 27 g o) HEgk 3t AlFE A YA e EL
) F-of| ZéTﬁé od Ab4fol] el Ak @3} (error) 7} v TH AdAbg o8 F7F Aot bR} x4
AR, F Aol Asks e wbde] Urkh FE AR AAbdl ok qtrhir ool rth o
£(0) 2L ~  F(0)
R
1 \ /\ /\ / >'<« 8
=Cn/e
A\ N\ .
-t [, 774
) / \ =
) Snsp
A hLA 2
5 WA N < O\ S
-7 Cw -1 Con/
S\ =&z
Serith -
7 \' // \ / \c’_"" 14
‘V’ Sw/d )
8 — a3z ) 1
9 //A\ \ / -ensp ><\ swpe /% g
ynsz

10 I///\\\ = Cx e N

Sy -
11 Cn/y

- Srp

V\\w e

/=

A
[ 317 %

v 3

X
/B VN N 74 W»\-mu
\ —S&7

w I

Swp \S‘Y' -1
-4

// ‘m\\&"‘/’” 7

15 / - \

L\

Crir

O3z

2l2 N=16%aH chen ¥}42] FDCTAl % 35&
FDCT signal flow graph for N=16 of

algorithm.

i
S

Chen's

Snfiz

15

in




REREEBRALE 878 Vol. 12 No. 4

£(0)

F(O)

Y ANIVARN
\N/AANV/AD-O=&

F(8
< % (8)

~Y

NO\W/ARN VAN AN =
N\///ADSSCE

i

F
- X! az

>
><]
£

F(2)

o \KX///
AV

>< >S< F(10)

AN R 7
£(5) y ~ e - pe — ” F(14)
— (L)

sy SAROAA
NN

£(14) \/
SNV o=

F(9)

TN ><

-~ NI

o LN XXXK 7 ”

XKLL o
AL

F(3)

L AN/ XXN ‘C'\/ ><

T WA

- vic,

LS A
/

£(11) /

\F(7)

£(10)

-t

i
\ ‘/.\Lu/ \\7:4./\ 'A<.>< A // / )

l/.m“ - g

-t

ozl3 N=16% Leedt4 el FDCT Al ¢854 %
FDCT signal flow graph for N =16 of Lee’s

algorithm.

ShA B Rl A ShEsle] Fag Abeks éh

71 9l8l 7FA w2 v E (Least Significient

43 (integer with fixed point ) A AFS A 4

olske] g AHAg wE ukd scaledt Foll ol
Ak (multiply) o] Zxk vh& thAl scaledt =BG v
o) ¢l om  scale -2 overflowsh A ojitA
ok - u4_(>r]0” /q }];H a E R i }_odr,} E_':_x—xéno,
olefl sekslv o] A ‘]R_ _o_%i ol A A+
A Abell mh& AP S k!

S
3
O

YA 7lek o] eAbE AT i%i el g

(stage) 7F & 7hghell whel Al 7
Lok £ 89le] mlch & xoLoﬂ Al A3

oA Aol 4 0] o]l gk EAl HEE FHSk] flvbt

312

2 8 (rounding) @ up & down- scaling “"“"‘é"%
ek o 2 qat 0}"7 ¥
213 Lee w4 © 2% Chen ¥4 O] ‘E‘Oﬂ A=

!
I A= e AT E Hazlad ol

A3 od4dkell A4 LA AR SAL Fol A7
1 ¢ zbi= A 4b ¢ %} (truncation error) £} db&
2 23} (rounding error) ®] A& #lashd o
&b e,

Q%sh el 4 g atah ol ela Al
Elak 2. 3kzkerst en ’% 4l (4), (5) o] w9 ] of] 4
7

olet shg RIE L zhcia vt

o
ol
-
259

—1<er= 0 (4)



& X/ nEDCT 83k A Y54 ddboll #F 4T

v-<enSl (5)

s 75 22k 3k (Mean Square error) &
7}

cd—E[el] =% (6)
sd=Elef] = (7

)
Q

hen I-Lee ahAlo A i)l Alvhet
A 7= 4k A 3} (roundoff error)ell it &
A NMSE & T3ted 5 %49 458 A

ob >
jod
o
=
Z

.
o
2
2
)
H
®

= 2
Sol 98-8 o 4ok ook webd olF
2 N-point of] 3t Al& 245

2 el 35 %™ nodeEoll el 452 A

Z o 71 ek Eubohet HIOIEFQ] ZHTN
o] T Wi Soluk whollz, ZbEl Yol ol
Aub heglo] od3kg e £ slvh =g
122 3414 Chensl Lee 8}4l2] 7|% Buther-
fly 225 oddbddel $4ab o} A3 2l
1Y 59} go] Ba¥ 4 vt

Chen ¥}41-& N-point DCT & #|&F H 3l 3 =

[~ LN
[Ax] & matrix decompositiond] T3k T3t

PeR(e) PeT(e)
1 1
<20 12 ® -1 0 e
(a) (b)
214 ey W oA abe o] el SRR
Probability density functions for
(a) rounding: (b) truncation.
e
Xm(p) © 0 —O Xm+1(p) Xm(p) Xm+1(p)
€R
€R
Xm(q) © I Xm+1(q) Xm(q) © e 0 Xm+1(q)
eRr €R

(a) Leentl 2] wdl

(b) Chen w4 9] Rdl

25 Buttefly ol 4] 14 474 ab & @bl HEE Sl 2
Statistical model for fixed-point roundoff noise in a butterfly.
a) Lee’s algorithm (b) Chen's algorithm

313



RBEAZBEALIE 8T8 Vol. 12 No. 4

& (recursive form) ©& & #= of wrbEd oL

e R N )

[Ry2]=[D ) co

b k=0, 1, - =1 (9)

o 14t e A5 [Ba] 2 <53 8
[Pa]-2 7121 9] sf ddojrh, gl 410 N XN ol 5}agel
LAsIO] [Aw] & 99 Ry o) 2596 a2 42l
thzAl g o) el gkeh (L 29 N<16°-‘w9 e
N [A8]e ZH5e) [R8]2 e sy
R T glvl, Ne| - P ol

AR AR 1= [Ru2]-& E}‘*] (ZIng — 3) 7H

R

7b gh2bEl g

] sparse matrix ¢} 2 & vhepuwl A=s) o) 1= -],

ol [Ry,2] 2| sparse matrix 52 No| 2uj&
Gk ol 400sF 0] 2 70 4 (Meven, Modd)
irolvbAl gleh olwl] iofvbir b mode o) 4HS
el A o] No| 28 5 bgbo 2 wjel
S (S e

[Ry2]=[M1][N2][M3]----

[M(2log:N-~ 3)] (10

whebA 919)2] 5 node Kell 4] o ap 24,

cneno (k) 3=

Cheno’z/(2k)':cnen0:/2 (k) (11. a)
creno’ (2K 1)=2-3"2 52 (11.b)
k=0, 1, 2, N/2—1

m=log N (N= 1)
022 (k)': Zaén

314

el lo g2

LeewbAlo] 49 1813 2] 58504 1o

N-d, 8,16, ot -F7}sh rrH log: N7 2] <]
ik (input stage) 2k (log, N ) el gl
H log, N wis )
Al stage 2| node”} Q_x} 4% BRO (Bit
Reversed Order) 3 node Aol whel ol s}
A GAbRvh ol RS 31 Alas] & Nol o
= kel alebek gl kol 4 Al g b
(stage) /b shobd Fbs] o) ) o), o) @ cpo &
N s ¢l (s‘tage) 7% BRO = node
Tl ekk HAke] A node vb 4 -point % %=
s “H“FLF -5 4—pomt DCT 2] 2 wisj t}A
7kl BRO X nodeof] 4] 4badgbi= o b Hapof 4
el 4 o) il Skl o] wl o) L0 o) o) 4y
point DCT 2] 2wls) clAl 714 BRO= node =
Ak Ak ake] A=t node @) < 4]0l whif 7h 2k
L2 elan 3o ek Leedb4 2] (log, N—
- 11708 Fauke] BRO (Bit Reverse Order)
5 ale) e &4 node K, k=0, 1, N—1)

o . t - -
& sk 4l g eube

1ee0~(2k) LeeUN (k) (123)
teedt (2k+ 1) =08 k) +53k+1) (12 b)
2 2

i)k =even

&i(zk): é }\)”’anl .

er

(for N28 and k= 8n-—§)
Gi(2k) = og k) +2™. 52
2

“(for k=8n-6)

FRl2kt 1) = eeqi(k)+3.2™. aﬁR

2

+ Lee 0’; k+1)+3 )
2

2

'Zm-oék (for k=

&£(2l\’ l)zl.ee0;<k)'+ -'%'Zm‘UéR
2
(for k=N- 1)



@ 3/ ZEDCT 22 4o A4y ool 2 7

o8 (2k+ 1) =reeoy (k) + 3 -2™ 08,
+ieeopk+ 1)+3 - 2™ - 08,
2

(for k#—g¢N~ 1)

N
k=0, 1, -, 2~1

n=1, 2, -, 2™
m=logzN~1
Leeo'g(O):LeeU: (N) = 0N (N)= 0

reeaill)=0d,, 5H0)=2 08, 5i(1)=305,

olm, A2 =3t (recursive form) &2 T4

slo] oleh,

—°r]°] e II‘EF 4l (1261l 4 Chenit Lee b4 &
No| Z7bghell whel N-poinit 9 & #sko] N/2-
point /] okl A= gge s 3R I
A A g ArE AA & b vk =

gl 4 Chens}t LeedbAl 2] Az 43 3552
L-elel] o3k FH Ak FARS “F node o] EFH

oA AR wol s 4 () 4 (2 e
Chenz} Leedb4 o] 355 ol A 2] ub-g-of
o] &t 9.z B4l zkub

N=1 ot

T cnenot, ) =2° - 08, [1+3 5 6]
(12. a)

= m-1 R

5 eeot, () =37 0l [ 1+ 3 277+ 2)]

K=0 e

(13. b)

]

2 Fojalel. of 7|4 N=32point o] hell 4 &
v zpa| 8} ko] g Efe) i
A9 N> 1ol Habo] 2t

N-1 2

KZS.;]Chenﬂ'fJ(k):;‘i"’_;'G’ezzn'N'3‘0“2]\J (143)
R 2 -9 2 '3 5
KgoLeeUN(k)-——-"l‘l—Z"UeR'N (14b)

2 ZAFsbEel, 7 node KollAl 34 A2 4
ovel &hed A4 (1490l

23

(average noise variance) %

A
ChenaNzi c3lomN. 58 (15. a)
15 R
Leeo'tﬁ'— 9 N2 * U: (15 b)
112 R
e
% %# F (=transformed coefficient) 2] &
A2 QlE f ol A2 FFelzla MY EGenE

h[lF(k)\‘}w E[IF &) (1*]20} 16
of 7] 4

F ) =D ) 5 16) Cu™
olch. 4 (159} (192

Hel 29 Foll ot 2249

Average Noise Power

NMSE = an

Average Signal Power

F eddbol =

2, 2
. chenONt O
NMSEcen=——7—*—

o}
:(g_ SloﬂzN_+1> _g_é& (18 a)
15 ok '
NMSELee:M
or

2

9 Tey
— b
(112 N+ 1) = (18. b)

o Blwf, Al (182 ti4] N> 1l ested
2 o

NMSEchen=-= - 3'F*%. % (19. a)

15 ot

315



WIBA{E B G Lk 878 Vol 12 No. 4

9 ol
MSE ge= —— - N? - —2 .
NMSE 5 p (19. b)

@ 2t ek web ol 440l (real) DCT 9]

45 ste Gl A obE 9 s

t@ar, sbx Fnodeol 4 4afsl Al 2)eh,

sb gk i o] wbgy]l oAb mbD- zbisvban vk el

woofall b F ¥l node 2] 3t NMSE (real) 4~
2

Teg

NMSEreal =

ok 20

7 =oAL (198} b e ‘{%% ‘é"‘ o] 7t ﬁl%
& o 7k vk B

o) 4% iz

NMSEQ@n*NMSELee
=--(4,15l0geN—2.2) [dB] 1)

olw, o714 Nol| Z7Ha% s 2holi= o5
AL oF Fob vk L6 N=16% =

WL Al o] g 2 4E0 AbAbY T Aok
4 4] Lee b4 o] @abrb o9 5% oF  4=7h
ek,

ubeF o] 24-% 2 2kl DCT(FDCT & IDCT) &
graksl 749 Chenyt LeewrAl45 8] -5 abolar
Vel 4 vl o A" Holol webA vhfol

+2]%) up & mdown-scaling W& o] exbE

t L
. Chen's aipotithn
0 - N i T
| ! 3
° \ | ki Lee's aigoriche
. i oo
)
Py ;o o

EREE L 1853

86 NIl sl Aol b gl A
The variances of noise source in each ‘trasform
coefficients for N -- 16 points.

316

Hai Fol sl glarolrh,

Lt. Up & Down-scaling
8ul& gl dolebel fsh DCT X HEE Al
Hela (DCEL) = N=16%= 12v|E 7} 5 ni

168 B shmsllof st AF83 79 ake] 4 n|E =
&4k uloy 9l Al Hlcl, Up-scaling2 o] nle] 9
T ARR] vl ESs AFRSls bl o overflow 7F

olofupxl ori= Wl 4 ol o]l ol 2 &)
719 A Al absk s wkel el o) up-scaling &3
o Al Ay Sokivl e ozkE 4t
7 ".}L:il vk % up-scalingS- SFLE 4 A4l
oA dbS o] gk 2 abe) W9 He] 4
o NS b 2= Aelvh, S1e]AL up-scaling
M Luel sb®l, up-scaling® 819 o 4= up-
scaling ¥ £ (= Lu) =nksF down-scalmgva— s oks)
=, o] A& A3l Al A4k W E (=log,N—1)
b wEe] 2 abel (= | Lu—(logaN— 1) 1) %
down-scalingshwl 5|22 ] o|4}e] ¢ a2 ub
A A=) e5a=rk o] down-scaling W2 5]o)]
A kAl b E] =) Eh el

Lu{<~=4) #24 Up-scaling & = €k-&
woll 2]t 9—“}‘9] Halis

g0 R 4 AE T gas

t AR F]

-2 T Lo 2 MY 22)

2] uniform 3t A5 zom o] 7L

% ok &k 4 (5)8] ok ek tobh e o

up-scaling

Ab olel, Al e Y] @ xbe] B WAk (aver-
age variance), E[éi] =aif &
g—(Lu+ly -2Lu

Tep= gvrwﬂ 2. gk dep= B (23)
o, olel k%l nodes| A€ HE AE Al
2 A (155 H-E

-2 2 y 102 N 72
ChenUER—'IF) -3 " Oep (24 a)



B X/ 24DCT 8% 449 349 Aol #¢ }F

;—E'Nz'd,e; (24b)

-2
Lee TEg

o] ®|™ o] A& up-scaling #|Eodl| wtz} 2z}t
Al (= 6dB) 2| =4% (exponantial ) 2 7t
e ued T vk webd 4 (1902 Hr 4
# Foll wg o419 34 NMSE+=

gk r¥ 0o

2 1
NMSEcnen = 1=+ 3'°* - s, +t, ) -
(25. a)
I N TR 2 I
NMSELee“( 119 N 09R+09R) g;
(25. b)
olel. =mkek N(: fixed) ol tHsled F=¥-3F up-
sca]mg( &= 0)% gcbd, A @05 b
NMS Eopon= -5 (26. a)
o%
ol
NMSE ee=—X (26. b)
Or

% Chen3} Lee ul4l9

ol DCT Aol Z4bstd & 2 7 Qlch, A
N=160]3 Lu=4 9% = 4 (1§ 45z H¢

Chens}t Lee 2| 4% zbo]&= z-zb

(1§ NMSEchen—~NMSE ee=—2.8dB
(27. a)

425 NMSEcnen—NMSEce=—0.16dB
(27. b)

ek, o197 2zk$) DCT processor & &
4%, 55 =H2(FDCT) =k W3 (IDC
7t 7} independent dtvlil sFAsld 238l 7
| up-scaling®| 7-% 142] down-scaling 3}
= &y o xkslA "ok, N=160] 3}k Chen
7t Lee?] 45 ztole 4 @27 dll4

N
3o
o

{o

)

418 :-osNMSE—; )NMSE ee= —11.2dB
(28. a)

425 » oNMSE —, [NMSEee=—0.64dB
(28.b)

2 =lvh olw up-scaling @ ® who A A4
(:11.2—0.64=10.56dB) &

T3k A (28.b) 2] A Aole w
ol 412] 0.64dB zhe] =2 Ala) A4 od 2ol glof
Az 7o 93kE nla)x Zgeh F%3) 2-Dim.
up-scaling (72, = 0 )¢l 2|3t A5 34 Hx =

Ab (199} 26 ¢l 4

), -
3
B
rlo
w
Z,
e

ANMSE chen= — (15,85 * logi,e!N—8.75) - 2
(29. a)

(20logwN—10.95) - 2
(29.b)

ANMSE fee= —

o] =o] N=16% = 20dBol4k- 4 2] 4% 7|
0o o} 4

Up-scaling& 1§ @)1= up-scaling ¥ E u}-&
HFE 4] down-scaling-% #of sl+=w] 28 73}
Aol 27kx] ukdjo] ol #1E 2] ubwlql 29 7,
(a)=, A9l 489EL 25 k8 (=full up-scaling
zte down-scaling Wl ES #Adsl= 18 7 (h)9
ulelol] w] 3H ko up- scalingﬂ E of] 4 Z0o 04
T A& F7F @ik, & up-scaling W EE 4y
E(=2") 7k FH3] 8198 7% down-scaling

Jeb= vhe ol 2] & 2H= 44 £ (sequenc
of AlEE Fws(IDCT) A7 5§23 4+
7F 7] w-Eelel ol 2A4) up & down-
scalingsll @& 2 291 DCT processor 2| | of
AeE TR gk ek, 2744 BE
THEH(EDCT) s+ 9 2(IDCT) 7} 22t inde-
pendent dlebil 7h4 st e m g 24 DCT
of 47l= 4% ® nodedll 42 HF A& Al
22k8l o 3-% % A7l 3 M) down-scaling
of o & 05 ¥

&Hefod

e |
ol
-
o

[od

st 1’{)‘
i 4@

mim

317



R {5 R @R LEE 87~ 8 Vol 12 No. 4

Ly Bits 2 - D FICT Channel 2 -D IDC'I'/‘l [ Bits
— " « s e —
Up-scaling H&V H& V | Down-scaling
Full LU Bits 2 - D FDCT Lp Bits To
—_ R — . . .
Up-scaling HE&V Down-scaling Channel
From Lp Bits 2 - Db IDCT LUBiLs
. . . — —
Channel Up-scaling H&V Down-scaling
027 F7ER up & down-scaling Whjel] whit G-l

Block diagram of two up & down-scaling method

Chena::={% 3N 52 g 30k (30.a)
TR Pogd : (30. b)
LeedN =5 N eg * 4T 306y .

Chenér?l; 302;( (313.)

LeeO N 3 Ty 31.b)
oz wash Aeho 2 AU Awa A4S
o o] s Bake o E AlZ (7} uniform3dt *
& 723 DCT7 34 A 3+ (suboptlmurr

orthogonal function) o] 2.5

E[IF () 1*]=0} (32)
o2 oy wied Fabzl et webd FHe A
# NMSE =

. 3 T e
NMSEChen; NMSELee;IO 10'81042“‘*’“

grs

318

7} =},

up

NMSE IZ*Dim = 1010gm

B abs) =l

2

“’I Teq i“

~-—4

wok 7ol

down-scaling W 52] #A5Fe] Al &dlo] 4] 2

Lo Apgaia,

3.39dB

(128°/3)

(3/12)

dB

o] 2z} up

ol A (33l A N=160] gk 4 =] E
& down scalingol] w& =4 NHSE+= 4(7)

35)

A& 4 350 4] Chen3}t Lee
o] NMSE zteli= 2dB7F =k okl 4

T4 47k ook,

od gt

&

& 4% bk 17 g~ 1ol A vhehd
olt}, Up-scalingsll 2]él Chenst Lee #-4 9]
x~l»-_i0: o]xbdo DCT.':— A]__Q_aﬂ Lq]g] xé*‘s*oﬂ
R R I B L B B R

9l+= Chen ¥k41-&

up-~scaling #holl ozl 2 A4



WA X/ DEDCT Ha 9] A5y kel A7t o7

NMSE{dB}
.10 @ Chen's algorithm
© Lee's algorithe

\ —w~  Rounding

-15 AN

-20

-25

-3

=35
o
o 1 2 3

4
Ly [dics)
Ly : the number of up-scaling bits

Oglg 1¥7.(a)el AT AdsHEA
Comparision of performance based on the method
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Computer simulation of DCT processor.
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