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ABSTRACT

The postprocessing of compressed images based on the projections onto convex sets and the constrained min-
imization imposes several constraints on the processed data. The quantization constraint has been commonly used

in various algorithms. Quantization is a many-lo-one mapping, by which all the data in a quantization region are
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mapped lo the corresponding representative level. The basic idea behind the projection onto the QCS{quantization

constraint sct) is to prevent the processed data from diverging from the original quantization region in order to re-

duce the artifacts caused by filtering in postprocessing. However, there have been few efforts to analyre the

POQCS(projection onto the QCS). This paper analyzed mathematically the POQCS of filtered data from the view-

point of minimizing the mean square error. Our analysis shows that a proper filtering technique followed by the

POQCS can reduce the quantization distortion. In the conventional POQCS, the outside data of cach quantization

region arc mapped into the corresponding boundary. Our analysis also shows that mapping the outside data to the

boundary of a subregion of the quantization region yields lower distortion than does the mapping to the boundary

of the original region. In addition, several examples and discussions on the theory are introduced.
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woll T8t gk} A7k, oF2b3) o & 2 bound X o)
Az, F S, i=2, -, N-13t iz Azhstr] g sl

x €S A —(x—x)<Ajol REFHEZ fy(y)o]
g 2o m el

Y =2 £ tx. dxdy
JSi

<| [ AL fy, (%, v)drdy 28)
- S;

7t Ad g gEA A (2003 22)25FH Adp, v)9
=10l A2} njR g2 g HE vEA T

D1, ) >0 (29)

wraka) oW p < 1o A Ay, v) <A1, v)7t AP e
kol 4 > 181 Pkl M=
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(x—x;) fr v (x, YYdxdy
Is.

:E,—uA,’ I
<y f [ AL o y(x. D)dxdy (30)
— S’

ol WA O ZRE DAy, v) = 00] AL}
(u, vI= u> | Frell A S7 vt 9o ahebs o
(1. v) < Ay, V7 A ¥ich ey 59 #) 327} (0,
1) 220 o 5dp, vy HavF At

4 (29)ell M 9} 2 w07 ik g A7) g
5, v)&= ve (0, Dol Al Aavhgict upeba] i=2
N—=12 o 5, )& TG A7 o ve (o, D2 r“‘
o A} 2 &vteith

e Wy o & bounds o] A & FA i= 1t
i=N2] bound®o] 2+ decision levelol] thafA 5 72
S ASE 48 vk agjrE B oA 5l
Atk 1

At 13 A 1olA] A A ghe], ofu] gl o}
Z1Roll olsf A3 slol el & QCSoll ¥ m= vt
ZAl MSEE HAFA Ve 9 Al E tefof dh
EAMEE U 7 Aok 1S X0 Yo & VR

Aol AR, Age] ofd g, &
o)Al 3§ B ¥ $l4=(discrete probability distribution
function)7t Hof A& Aol Al nj=dl o] &

2 A7} 7hE s,
V. o] &0l clitt ofl2t EE

Al Mol A& POCS o] & Yl Ao} H a8t 7o)
A QCSol 9] FF 71 & AHE-3hE ol f& MSES
apprRivke Agem dgstddnt. dobbs 7]
9} QCS, % RQCS<| tiste] 428 NQCSH #lehat
&’i\:} A2l 12 o3t 71 el 2ASA, RQCSA 8] ¥
G2 MSEE HastAzivhz sdel 4ol oyl
< 5'_@1 F3 AT # HH QCSE A AsiM e i
d Azt 12T 1 Zrobaopyt ghot. o]y 7)ol 4
& Bl AFg-Hol & RQCSE & ol Alts)
ENQCSE A stafof ke A& o v

thEoll = QCSell FFA A of £ Alg ul xQlw
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U A

A . A
L (- <x<i +~A;)

folxy=1 B 2 2 (31)
0

crePH oA HaF 9]0 di= A/ 120] 0}

ofl 1:13x] ojujeh st s)oll ofsl 7f 7=1. - Nl

UG ah 7ho 29 b pdfvh elejHlubi sFal W

| A A A,
P A (T e He—. ly-xl<=)
Syop XY= - - -

0 (32)

TLT e, vz VRSP gRo] S Lo winh

s o
a1t . \'.):7 (3—2u:) + 4 (3-2v,),

=1, N (33)
W of
Bili, vi)=0, =1 N (34)

ol 1 Siluy, vl B b = =09 wfel Aj/12
o vk olelet At FA /b wew o)

O

MAaka) K@tz AL olna o

ofl 2:0fl & fFof HQIE pdfv} 7} 11,
& Arehar 8.

o  NOLup U}

. A . .
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WX/ EAs Ak A3l o3 d dolHE FYshe 7Y o84 1%

ol A AL Foln Wi AR ¥k c)el
88 &57 okch DI, v) = —A}/8< 00l g
0°] obd o @ poll A Ay, 0) <0, = 8i(u, 0) <di7t 4
He o

A oA, v/op=0 AL u=1/23F 12] F )
9] & 7ML Aoy Ay, v)/ov=0% vFErEA] o]
o} whebA] S p=v=1/29 W H A 86(1/2, 1/2)=
A /12~ (5/4)(A}24)0] S p=v=1Y W= 641, 1)=
A12-(AY24)8 Ko7} |} B

ofl 3:el B Ho] ZRIE pdivk ZHi=1, -, NolA
S zro] Fojzihar b &) ol = o 29] pdf Rt}
g EAro] #e Aotk

3

3 A; . A;
oA T S¥mE=T

ly—%l s—l;— (r—#)y—2) 2 0)

Sr.vlx, )= 1

Ai N A;
AT (—7<x—x,~s—~—,

2

ly—#il < -Ai— =)y — ) < 0)

0 (36)

A 2HE alpi, vi)=pi ATG—2p)/24 +viAT(3—2v)
(2401 3L Bipui, vi) = pi AN2—p1)/32 +vi A2 = v))/320)
ot wheb A A, v T

ﬂz’A? 2

iy v =225 (=6 415~ 842

nlyi, vi) % ( 15 —8up)
+——‘Vi9[2: (=6 +15v;—8v}) 37

a2 7E 2 DyAL0, v) = —A7/16<00] 32 240, 0) =00}
B odo] opd o poll tisf 5, 0) <dt YW

wkR o IAu, v)/ou=0 P2 e u=1/43} 12] F 7|
9] 2£& 7HAY, aalp, v)/ov=0% vpxrtRie|t}, 2
AR 720, X0, DAME st 28 iR
slon, ojm HAgE 6(1/4, 1/9)=A/12-(11/16)
(A/48)Q1 wra o] 841, 1)=A;/12 +(A}/48)o) B2, of
29] A9 visl Hagg de §9 AF7 0ol 7}
NYALE ¢ F Ark 22t p=v=1d & 23

2 %o FHY W, F A28 BoREE ¢ S
LA |

o)A} o) 29} of 30§ A] At & ule} o] g, voll WA
8, V7t Wshat AR eIt F5Y o sy, v<di7h
e vt BAGS S 5 AT S Ha 104
AF3 NQCSo] gk 24, RQCS$ NQCSe| A
savw e B 4 ok

o 4:91% S| £RIE pdi7h 7 i=1, -, NU 5 T}
&3 2o g A,

4 A; - A;
Gar (T xRS
L3N N
Tv% 3= ly=&1 <=7, r=2)y-2) 20
0 (38)
MSE -
84 Example4
di ...... \ L
d- A6 {°\
d-A724 4 ,
d-Av18 §.... B\
Example 5
0 05 10 13 m

T 1ol 45k o Sol AR B3 5 =gk
Fig. 1 The i-th projected distortion curves in examples 4 and 5.

o] ZAE pdfell A fy (e A 1604 dF8 274
AGH = AR, p=vE & ol AR RE Y 9
0w, v) Q) poll S W TE 2F 1o 2AE
3 ‘Example 4812 E A3ttt 2@M BEo]
7F 0 A FE Fotedel whet & ghol dixich whe 3t
o2 WeZhaA =124 AL di—A/185} o
I op=1oMe di—Aif3628 u=1/29 WHrc} o)
ol TS ¢ 4 ik 1
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LYol WA S F1he Yol ihAl Wi, ol 4o
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