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ABSTRACT

OHGLFDO LPDJHV FDQ EH GLYLGHG LQWR WZR UHJLRQV V
RI QRQ LQWHUH\GM ¢ QHL 52, LV WKH UHJLRQ WKDW FRQWDL
state. Many watermarking schemes have been proposed since 2000 by reversible methods:
lossless compression, histogram extension, spread-spectrum method. In this paper, we present
a novel method for watermarking medical images. We use the RONI region of medical image
as the region of embedding by geometric coding and insert the watermarking signal by the
reversible watermarking scheme. We evaluate our method on MRI and CT medical images.
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Introduction VHFEXULW\ 2SSRVLWH RI Q

7KH GH¢QLWLRQ RI Mefliqaly gnagsk Ccoptpined important
been appeared since the developme'ﬁformat'on for the dlagnost|.c and .thIS
of Internet and technology. A doctor ofiata cannot be altered by visual vision.
specialist in medical images can view he meaningful region of medical images
the test result of the patients even thef PQ EH FODVVL/HG DV UHJLR
are not in the consulting-room. Medicalll- We have to preserve this region. The
images acquired from machine can b& [FOXGH UHJLRQ FDQ EH QDI
sent to many specialists to diagnose an RQ LQWHUHVW 521,  7KH ¢
they can hold a consultant in a real-tim@f compression medical images has been
mode in a distance. For the reason df QWURGXFH®@t &\ DEBRE7RGD\
SULYDWH SROLF\ WKH Lesfigah pysieins Rreferrine REM regiepw
must be protected. And the process @nd use lossy compression in order to
telemedicine must be operating in securitfeduce the size of image directly from the
,Q WKLV FRQWH[W zDw Aeachirelih Many methods asgdorROY
among of many methods for protecting® @G 521, H[WUDFWLRQ KDYH
multimedia content such as cryptography @ UHFHQW \HIethl , (BB R& RV B C
and compression. Watermarking is the af?. VFKHPH XVLQJ OLIWLQJ ZC
of hiding information data in multimediaRO! region. Malay et al use payload
content without altering the original. Aembedding for encoding lossless medical
watermarking scheme must satisfy thre¢é PDJH > @ ,Q WKLV ZRUN 2
PDLQ FRQVWUDLQWYV FBQY fegign as fhg Hesi foy embegding
security. If we embed a large amount otignal watermarking. The geometric

LQIRUPDWLRQ LQ WKH K®Ung trapsierm hapkeen grensestl singe
image obtained will be low quality angl996 in [14]. The systems watermarking
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FDQ EH FODVVL¢HG DFF Rfuhe in@ade s byDIG&GSI€34 cobpyessnQ
point of view [12]: robust watermarkingthese bits providing the space for the

(RB) and fragile watermarking (FW). RB iswatermark to be embedded in the same
mainly used for protection images and FVdlock. Tian proposed an algorithre

Is mainly used for content authenticationll7] XVLQJ GLIIHUHQFH H[SDQV
Reversible watermarking is a subset o# DDU ZDYHOHW WUDQVIRUP
fragile watermarking. It has an additionale, UV W O\ Z H dGhid WO drfél IRQNI
advantage of recovering the image whicregion by the geometric coding. We

LV WKH VDPH DV WKH R Wked RONDad tReDréd¢iorStor endbedding
SL[IHO DIWHU WKH LP D dignhalL Wat&mrakikdd @ Wtha- eVeéidide

Many different reversible watermarkingwatermarking scheme based on difference
techniqueg3] had been proposed. ButalH[SDQVLRQ > @ 2XU PHWI
of these used to remove bits from blockesumed in the Figure 1.

Figure 1. Scheme watermarking proposed

This rest of this paper is organizedoundary of the transformed ROY X f
as follow. Section Il describes how> @ )LUVWO\ WKH UDGLROR
to decide the ROI region. Section Ilthe set” [y, ‘in the original image. We
presents a method for embedding signhhve:

watermarking in the RONI region. Section N7 \%}’ Coon Y7 1?
,9 JLYHV XV WKH H[SHULPH7 IH XOoOwW VH W
WKH LPSOHPHQWDWLRQ )k \5\)/% C% D\%*EWngeKQEHORZ
discusses the conclusion and the future ¢
work of this paper. U,  JLL) Xfy,, o)

Determine roi of medical images u, JL|-Ixfy, . <y,

The ROI of medical images must [ ILL) fifx,, *\
be determined by the specialist. The f JLI-¥) ifx, <y,

GLITHUHQWLDO LPDJH LV WiH.aai is tHe GldgtdtHinteger

the couple® X fs the point in the ROI. IXQFWLRQ :H KDYH WRH LQYF
We must calculate the set of points on th&x ~an check if thé poimt X f 0521

521, N[ VO[BY [ <x<X) " NSy <Vowd |

Wherex . andx__ are the mininum ¢ QGLQJ WKH ERXQGDU\ RI 52
DQG PD[LPXP LQWHJIHAGMiRGXHhe fBrliinterpolation [9]. A B-spline
&y DUH WKH PLQLPXP fDr@ten €ab pe ehaRacterized by a Spline
integer value of,. HISDQVLRQ DV LQ > @
Thesetofpoint[ \ * Xobtained 3)
which is the region that consist points

of ROI region. To support completely in
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Wherec k@ DUH WKH % VEROHIQHL HQ W NndyQare'any real
cients. To obtainl [ \IRU DQ\ [ \YDOXHV $IWHU GHWHUPLQLQ.
XY ZH KDYH the specialists have to approve the process.
‘H LPSOHPHQW WKLV (UVW V)
™ ™ / /
F Fil/MeM () DQG )LIXUH JLYHV DQ HJ[
Where F>L igMt@e interpolation process.

Figure 2. ROI coding of Brain’s MRI image: (a) Original image; (b) ROI region
determined by geometric coding transform; (c) ROI; (d) RONI

(d)

Riversible  watermarking by than or equal to”. We can infer from (5):
GLITHUHQFH H[SDQVLRQ

‘'H KDYH WKH 521, UHJLRQ H[WUDFWHG

by geometric coding in section Il. Now we

) : : We also have
use it as the host for embedding the signal hil h
watermarking. The amount of informatiord </ ﬂ—Jg 255,0<1- {2J <255 (6)
that we wanted to be added in the host is o _
the payload may be larger in some cases. Which is equivalent to
7KLV PHWKRG XVH WKH GLIIHY#HOEE:SH)SD)VLRE

WHFKQLTXH GLVFRYHUV H[WAD VOMRBABN HVEY SV LERB ow

the redundancy data in the RONI which,e ditference numben will be selected
Is unuseful for the diagnostics [15]. For @mbeddina area

pair valuex,y LQ D JUD\VFDOH LPDJH [\

0="[\” DQ DYHUDahd YD®OXH|2+LSBH ®)

the differenceh DUH GH;QHG DV

) with /6% K RU WR SUHYHQ)
h=xy ZKHUH WKHWWKERGRRMARZ DQG XQGHUARZ S

function meaning “the greatest integer le§§sert in changeable difference numbers.
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The medical image is partitioned into pair $IWHU DOO ELWV LQ % DU
Rl SL[HO YDOXHV $ SD lapplyFtReQinvieis&Vintedel trAnzf&m (6)
QHLJKERULQJ SL[HO Y D QoXdbtdin Rig em@eddBd idag@eR The bit
SL[HOV ZLWK D VPDOO G stidainuBHn@d=eHbidengti gt |C|+|P})

'H GH¢QH KHUH W K HASSHRE & totalnumbgy of 1 and -2 in

disjoint sets of difference numbers [15]EN2and CNEIiN DV HDFK H[SDQGHF
(= 1= (1 &1( DOG 1& JLYH RQH H[WUD ELW WKH \

_ = ( % LV IX
h o ,(\_ H\[SDQGDEOH JHURV ifl?v%_éuhzlia\lgjfﬁisagﬁé?tig—n(;ﬂéw

1= QRW H[SDQGDEOH JHURNHIGRY pdo orlg— AOL _
HISDQGDEOH ° All the rest of this technique have

(1 H[SDQGDEOH QRQ]HRE® Piasengd Mdloh r o
H[SDQ@®DEOH ° ([ SHULPHQWDO UHVXOWYV

&1( FKDQJHDEOH EXW QRYWVR HSDOXDBEMH WKH ZDWHL
for all changeablé ¢ {0,-1} ZH XVH WKH 3615 LQGH[ ZKLI

NC: not changeable,for all non- Viathe mean squared error. Given a noise-
changeabler ¢ {0,-1} free MXN monochrome imagk and its

‘H FROOHFW RULJLQDORFdoV\YBERHIRBOWLFREH  QHG
difference numbers in EN2 which is the subsgler— L 5*N° 177 1)-17(i )2 11
of EN (we always have: EN = EN2 EN1 MxN Zozo (- (11)

with the location of map ZKLFK LV WKH
ELW VWUHDPV FRPSUHV \bkiG - MiiiH BULILQDO (696
values C and a payloa8 ZH LQVHUW WKHP MSE

together into one binary bit stream B. A good quality image has a value
B=LuUuCUuP 9) 3615 LQ UDQJH > @ G%
7TDEOH ([SHULPHQWDO UHVXOW + 3D\ORDG DQG 3615 RI I
ELWV SHU SL[HO ELWV SHU SL[HO ZL' Q
Image | Payload size (bits) | Bit rate (bpp) | PSNR (dB)
X1 128962 0.3190 47.83
X2 128369 0.3175 49.54
X3 190307 0.4707 54.03
X4 189942 0.4699 54.06
X5 190376 0.4788 54.05
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Fig 3. lllustration of algorithms on image X4 watermarked image with Payload 0.4699
bpp and PSNR = 54.06 dB. (a) RONI region embedded with high paypload; (b) ROI
region; (c) watermarked image

We implemented the algorithmsROIl region to acquire the watermarked
in MatLab code and tested with 5 Climage. This section showed a few results
and MRI of heads image. The RONIDUH JLYHQ WHVWHG IRU JU
UHJLRQ ZKLFK H[WUDFWHI& LQ 6HEWNVNRQHU A[LPBOO 7K
EH HPEHGGHG E\ GLIIHUHEGVMOWSDRNURQZWWK D PD]
REWDLQ SUH HPEHGGH G420 & proposedWiilB]. W KD W
we combined pre-embedded image and

Figure 4. Real payload variation in function of the parameter n for few medical images

Conclusion for responding the results. That is the

We introduced the joint of "@ason why the future work should be the
H[WUDFWLRQ 52, UHJLRQHRP®XRBWVERE RFIpOAVRULWKP
and embedding signal watermarking€ performance of lossless compression in
E\' GLIIHUHQFH H[SDQVLWKH ¥y UWR-RRkHQ DGGLWLI
SHUIRUPDQFH RI WKH H fReHrrpleny efvpeyteadyfprvenepdiing
ZH VHH WKDW RXU V\VWH3dg amepi gignigirayqep ip RONI

*K] *E 5%0 WRRN De@RQJ WLPH
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