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Alglcd
Tb. purp6. oI rhi $ort it ro r.du.. th. dr.r mtume rrd .o ..ii.ve . to* bil
rlrc in.he di al repr.r.trrarion.f Loq rliion nodlcrl dign.lihag.r (\-Ey
& MAD. wilhoul r ler&ivcd l0!. ofin.g. qurlity, ln ,IPEG .o prc$ion,itis
pailrle lo orldl lho compr.ssloD diio ,nd ih.g. qu.lio by c.nlrullirg
qn.n$ario! lsbL lal!6, Tn* nn rren{, i' nrd. ro n.nd.rdiz. .ttc JPEC
qur tl,arion t.hl. for nrrlical lnagA DJ isrnrisrl Berhod!. Th. r.sulted
co rt,Esed in,ugesslDwlo bnnrswilhapproxinmr.lylirtlcdsg.ldorio,io
ihcir riturl qurlitr PSNR (P.rl SigD.l tD \oke R.tio). Ti.! rh. Gultd
qumtiz,rio! !!hle ir ukd rr, srfidrrd qumaati.n hbl. lor enhrnccf,e
tecbnique in l)Cl (Disrrerc Cosine Tr!.sfohr) domri!. Thc l.vcl 0I
cn[.D..meir n rdjuer.d br , p*rmerer ,a nhich crh b. 3.h.d ro rny d.lied
Lvcl. T[. Gulred D.iic.l in.g.r cnll.d rr rh. o.tpu, ol nB.d.d .Fr.r

Xeyrords: DCT- taNfom.li'tr lhion.lnE8c E aN.me .
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i4ri
(bir ure)r-a Js drl Jjllr r 6r..+ri 85 Jrr' J. e4r rn !' lilr
r/r r: ll-r,) & vRr) .ri ner' aiE I 9+r rr..r,j,.r -i.ii.
ig., .r...i s.j (JPEG) Js..i 4lj,r! i"j_ j !..!.;J,..! i!.;;Jii3
+.! Jr\ J.i-r.ri +s, rir -P rjr !-JF Pr i#r i+- JJ& iAJ
J i,-rr .J-!, +rL! .:J& :+.ii!j, !-.! y]3l :..& JBI JEr
Jilrrrjl J.5i O& !&i (i.r' a.5! Jr5 irri].4 ilr,ir' Jr.., drj 'jsj!et4r *5r,r JJs dliri,.r .. e J.., .(PSNR) e! Ji! ea.r_r a. eu+rn J!
9$ x-n nrii .Lrrr; r!::i i+.iJ! rr-I d Lr.t r!.Lll;s-ql Jrls

.i+Er r,-,' :irirli. C- .4L! e.i3 .Jr+ i.d. & [- :Jl, q+ ijj,-x

Ttrc Ictrds ii nedicil imair{ ffi
incksly disnol fl1. Th. quanriri.s
aM qullity ol medictl lmaCine doh
,e fo(iry considcmlion of
coopEsion .nd 6 rcsun enhd.ins
rhe .ompre$cd imasec by losy
conrptu$ioi kchiiq $ $n iohLcve
nuch biShq .mpftssio. mtio
NUgh ir de\n\ p.nnn $e .xr.r

re!ov.'-1 of Ine oriEinal imdgc In
ihag! .mpl6ion siri ,PEG
baseline sysM irs p.sible to entd
tli! coDrpesion Dlio and thc quality
b! @nroiling v,lues in the
guanriariM r.bk Il,:j. n'i, bbl€
codains 8'3 co.fficie.h ard dh
..effic. r derdmi'E llP bii
dlo€Lion i'r th. lcquocy dmain
[:]l Gen.hlly, ,!.di.il iMs.t h,s
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siSnificsL vaiu* (rhese valu.s thar
.ontai$ iNs of image deroih)! in
much higl,er tiequcic, componeils
[3] cotrsequerny. lhe cohprc$!on
wiih a 10r bi! tuie and sirtDnr
peNciv.d los oldi+nonic qu.llty G
ac|ieved by modillrine rhe
qsanriz.lion rabl. q a\ a pre,
pmce$l'3 r! obrrii nrodificd
quintizarior rabk 2l bclorc
pslbhrin-q rie ,.! ihene oi
enhancin8 lo\y qmLity mdi.al inrger
vi. reishri.e quirnlz ion bbk q
rvid, rcdesigned oii., ro obrai| nc*
quintizaiioD rabLe qI u[i.h
includes the ,roditied v.lucs 6n
scheft is illusraleJ h thc ,ts (l)

JPEC BASLINE SYST EM
li ih.se encoding wirh JPEG
blselirc sy*en l6s] imge
co'hpre$ion is ichieved as bllorsl
I Lnage data i', rhe tpaii. domsi'r(x) is s.otrpcd in to ,rc non
oE +piis 3r3 bto.ks(xJ[4J ].
2- [h.2 D DCTh pcfomed oi ach
3t3 block ol fie sourc. ioage to
.brain oanslomed coelficietuj hrice
i', t]]. JPEG domaln rhere ar.64 b6is
Itrrcrion or imrE( lor 3t3. imsec
dda h sP.lial domrir, rh; is
iirusraGd iir Fi! (2). The .cn'.t
fomura ro.2"D Dcr ir as nrb{s

i-, i",.,."cr, ,r,t

Th. inver* DCl k obii'rd
saoe lilsh ltrnctioo osl2.5l.

ar Ldioi rdLc
qhec cf,/,(a')=l/J2 ro. r.v=o
md Cf4, afrl = / othcRis..
I After output tilm Ih. DCT cach of
6,1 DCT ccfficients is uiifomly
qua ized in conj nc(ion *ith 64
clcnenl quantizarioi eble, *lich h
rpecified ty lhc application (or ulc4
as rn iDpui Io rhc eicolrq [,1,5]. Ths
purposc olqm izarioi is ro cchieve
tuiher conprc$ion bl rcpEsetriiig
OarT Nlfi.ieDa \rirr' { !J..if
nre.isr.tr thri is i{esr.! 1o a.hiev.
dcrired ima8o qmliry. Qran(i7:1ion s
dcfincd as divisior of ca.h DCI
coelticienE b, ns coftspondi'rg
qu.nlized nep{ize lollowed by
sutrdirg lo rhc icrre :nreger rs

rr(,,,r = rNr(Rou\D(41 1r) rrr

Itr r[c ]PEG sEnd d, the srme kble
ir med to all bl@lc of JPEC imag.
see lable il). Thc dequantizer

Ftr",o- rF'or,,,t ot

NhrE0(a,v)n the an") oretsmdB
olqua rizrrion rahle Il ri.rc n no
1os of inlomalion in the DCI
pro.ess q ua i2d ion p.!ce$ rcs u hs
io* ol i',f|rhaii.d in lprc

i,
Qu.nlizarior in r&Dslodned do'naii
ne r rdu.iis rh! iragiirude ollhe
con,ponen( llrb.q@ftiza(i.f ctur is
Dot lar8., inverse quanriTition Da]
produc-" rhe:isitar v.lues as rhe one
6c1nrt qnintizdioD la,5,6l.rhe
quanlDatiotr rablc rllvs i vikl ro!. in
this nrcscrod ich.me for
!Dnp..$ on did enhMcir! medical

E.h.ncemenr In Jrcq DoB,in



l]qtft.hmjos.voz{,Nol0.:001

( ) Th€ St driarlonofJp.s
O[lriaro. T!U. ror M.dt6l

h is posibk io conrol ,PEG in'g.
qu.lity by cofimlling vilu$ in
qu.mi:drioi rablq h6ce a
prcpbcc$ine lor tho imilcs (nedical
iDa8c, is donc ro cnhincc rh.ir
q@1il! b.flrc inrroducing rh. i.pul
i'tr.8! b rhe p.opo*i .nirrnctmnr
srrcn pl*nEd i. Il l. This plec$
is lncnDled by uling sr,risrical
m.rhod []1. Thc srhdirdized
qunriaiion $bl. i d{tsmincd hy

l-10.465 of (3i3) blocls rrc cxrmded
r6m 23 nediol i'rrg6 (455
bldk!.'inre) sorc of |h.i ifrle.s,

2-E.ch (313) bldr ir hnsrmed

Dnorctc ccine mn;fom) tmsfom.
l.'lhe renrlied (3tN) blocls ee
iv.r.3rd. Th.reforc .ich lBquenc!
conporcnr of e Eohine 13'3)
blocks is aY.hse of 10,465 Elue

t:ott i i)= )jr(i,n)/T,,hGJ

\irr!7;,, is thc toill ndmber ol

n.&ch quanliarion \.lu.oldr 6ble
i. dcrsdined 6 {E rccirr@l Elrc
of cdh volE oa fi. rreq@ct

Tahlc (2) siv* rh. cxpcrimenhl
n$lr ol lud dncd quan alior
rabl. for ifrrge crll.d chc$ ol siD
t9}192 (3) bi/pixcl givc Th. no*
cli.n of sbrdailiarion pse* is

(B) ced.r.l rnm. !rork ro.

Aarcr the previour sondlrdiarion
ro rhe qudtizrion l!bl!!|rc modilled

Ouu'L'ioi ldL
JPEG eccivs k illust ared in a,s (4)
hclo*. fte mpE$d im.ar is
d..od.d r{d d.q!.nrD.d utinB
qu. iari hbl. O rhol is
rmsmirlcd wirh rh. comPEsd
inase, rhe inveEe 2.D DcT (2 D
IDCT) is appli.n !o tltr ihlge resultd
fruf, dcqu ti-r ro obr.in rhe

rccon*dcrcd blocks. 'lh. imsc
.nh.ftcnr..i alsdirfi op.EB in
r d.compKio. s.B. by \lci8hting

rl's modified qu0ni/arim bblc 9'
Nirh ! pre desisncd imy ro obtaia
ndN *ciahrcd ard slaidfidized

quMriT?Liod rablc 0J dur includ.s

orc cnh'ncemcst fulslior. Nob dlat
rh. Dolriplicarioo9.dliotr pBcnlcd
in fis (a) i! . poi.r by p.int

(C) \]l eistting orQurh{ation

lmlge enhancc'n.n! inDlies conti$
tr$difica on md thus r.quiEs ,
m..soE ol.dhr. coninn mos,re
cb 6. usd to &r.mim c
p mae6 in an in.3t .nh.ncmenr
sLto.nnm [].6l.oic method ol
cotrsri hcasu rnon r is nxilconra*
mcrsu'c hy usiigequdior

v[*c t-= gra, l.vol rarge, g-3r&!
l$cl vrhc in Eny Egioi of inr.'e{ in
im.ge. p (s) -p0uabiliry nl
mcurcnce or lhd gEY ler el in redon
of i' .8! g -Mcan thlu. of sEy
l$ek h EgioD of jltl.Bt. linallt
d. - *trd.rd dcviation of gBy l.vels

m rc8Lon of inl<(! llu onrAl

rotrrial i;qucicy, r1[rororslh. sprrial
i(qucncy 6nre ol i ifrag.should



E,=+ zln.,l

ro lhove ij repRses $c roq r
columi iuhber resprdlv.Ly in
(7).Md r" G x rpat r iro(u.nc! bi,d
i Lu$ar.d id equdion (7)d s. l i'hll!:

lGE. rd sinplkiry. rhc aollowi',8

t cdlidcrcd in rh. d.linitio of
co .an .lnllla definition is pi.peJ
ol le.l tr.d]iFild co *t in
im4rs rh.l r$isB a ekd sluc to
cv.ry,,oint in thc ihag. s a lunction
of th. splrill tequoncy bsnd ,!or
each n.q$ncylheconrmst h defitr.d
3r rhc 6io orthe ba pd$.filreed
in.g. dr rlr! fr.qu.ncy io rhe low.
ps i'nrg4 filtered b an oobvc
b.,o* lh. $no tuque"c)l] I L.i I'
b. !n 8.8 bldt ,lich is cmdBd oi
DCT NflicidB rn@ r.. r. DC I
.Emci6rs(rs illuiEred i, equ.riois
1.2 ).

i. 1", 1". r- t- 1,. r" r,,l
r, I L t, t, t,. t,, L)
1,, t r,, r. J,, 1- ). J,,l

-1r." t t, r,. r,, t,, r. nl
'-,t" t,, L t. t- t.. t^ t,l

lJ. t,, t r, t. r, J. tl
lu L t" t, t- t., t- t,l
lnLr,.tt,t t, tl

,V=i ) ilL)
llr -,+l ...,:81

E{luarioD (12) is cnrployed 6
d.tinltion of co.ttur nMsurc.
becouse, os shown &low, ir Gsults in
s very sinrple fomofn$ fiinclion for

Cor.61Erh...6.rr lr D..

Ld lhe .616r of rh. dittiMl blel
bec = (.r.c2. crr ). $h.E
_ 

lhe conrasl k rpccific lequeicy
band E, and lci Non(dn ul rhc
erhanccd Slock

he( =(ej,c.....,crr). rr ro,

cxmrple onc rLhes to c.hatrcc dte
cdnl6n u.ilmly lor .ll tEquencies,+L(r <,< t4)

r-.. = EL =r'i.. =1- :.1)'' E n-t
( l4)

e" = ,1 *8"

[tr .a, ''
wlric[\h Eatrrc.dvn]dr



E"-)i,,t.^
(t 5,

x,,*;.Eo=x,.E.

Thur rh. enhooed ocT cocilicints

Ounidid rihl.
(.r5.9dB) RE .ihrnccd by usine
dhc\d dsrib.d in srioi 1., llE
cnhanc.me eltcb *rc .valur€d
visudlly. Th. luvcl ol enhinFment
*,r s,bolled by lacror ,1 , !ig(5) and
uEl6) illuslc how ltu cnhrNmdt
con b. ldjBrcd b, conEolling r sinslc

pii,mde ,,lor N. imrts.! s'th ^
.clcctd to be (1.1,1.7,1.9), as s.er
ir.a (h.s. rs. GButss d4 rho
:hlDNs ol ima& is imE6ci { t€
dcbr on elj$r lhe input ; ,ro
$ecific levcl of shaipn.$ for any
!)cdical ims.. Fie (8) a
fig{g).illustarc rhe hino3Emr of dh
ih03. rhd dphrsiE ih. visual
rcsulrs fiom vhich n is clcer that

ftresiiE rI. wlue or 4 Esulc 
'moE spradins (nddion h p@ks)

of $. hisolnn shap.s. Th. s.re
synm w6 .ppli.d on oih.r No
inages (broi 2,and bone)is
ilLunrakd in ns.P)end i! fis(10)
$nh P4.6 dD, md 13, I dB)
rcsr*rirrly *nh thcn hisrolFms
illuiored in ,]e.(ll) ond in n!.(ri),
ih. Esu[ pruviously prcsetrred are
dmphasi-d i rlrcse nes grolps ol

Thc prcposcd rPEC quantiarion ror
losy trEdiel co0pr.sion
IEfon3 w.ll in rh. n.--,
dhlmnr st5M lhit wo*s
on rh. .onpre$ion domrii
directlJ urlike other comprosion
lechniquc Nhi.h *o r otr rhr
&comped iNs. En rins in
hc@i.g bl6ts lid dh.r
lnifacs 1a6le (3), pft!.nt rh.
grin ir! (birsrmph) for two
in.g.s wirh ,vemg! gain ol
,b r ,l% fo. inrge oll.d chee
.nd ,eg. c'lLd Bain, rith
negligible d.sadatio! in PSNR.

ii = ):-j.1,

Tho abov. Droq.siB car 6e (rlized
by *eigltritra rlE srdd.ldi2ed

rhqc a,,.,raE rh. dcmsr orqr,
md q',{,.,)aft rhe .lmts ol ft.
s.ighcd aid s&daldird
qu rl,nriotr ral)lc 0l rhe obove

Ifr1\sing equies onl! 64
mullipri€raons ll). and cd h?
inllanerred $i.h a si'rele $rum.d

Goon dtgnosie G rchid.d by
\ubjc.ivea*estu ord. quihy or
picrur.s. Tablc (l) sho"s tne
exp.rinrcital rcsulc lU th. prcs.n.e'l
n.dicrl imagcs clEn and bmin
(PSNR lnd dE bn 6re).Tn IENR is
.pproxirorely rlE s . for rlx
imo8cs quentiad byihe da(dcrd md
{.Ddardiad quanrialioD bblc
I lorv.kr 4.,% ii rh. chesr im.8. ud
abour {.5% in brci. imrg. iDpErcs
rhc bh r.ic. -Ih. .h.n ima8a sirh
135 ?dB) and bBin if,,oge *ih
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