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ABSTRACT

Recently, the medical image has been digitized by the development of computer science and
digitization of the medical devices. There are needs for database service of the medical image
and long term storage because of the construction of PACS(picture archiving and communication
system) following DICOM(digital imaging communications in medicine) standards, telemedicine,
and et al. However, it also caused some kinds of problems, such as illegal reproduction of medical
image, proprietary.rights and data authentication. In this paper, we propose the new digital
watermarking technique for medical image based on public key encryption algorithm for integrity
verification. It prevents illegal forgery that can be caused after transmitting medical image data
remotely. The watermark is the value of bit-plane in wavelet transform of the original image
for certification method of integrity verification. We proposed the embedding regions are randomly
chosen considering ROI, and a digital signature is made using hash function of MD5 which input
is a secret key. The experimental results show that the watermark embedded by the proposed
algorithm can survive successfully in image processing operations and that the watermark’s
invisibility is good.

Key words: PACS, DICOM, Digital Watermarking(t1A18 $1E{v}3]), Public Key Encryption Algorithm
(A7 @53 FxudF)

% A A 2HCorresponding Author) : A7 §, Fd : F4F Mz 9, Bl Foldsn Wit AANFE T
P G T Ak 55-1(608-738), A3} : 051)640-3176, AAthA
FAX : 051)640-3428, E-mail : krkwon@pufs.ac.kr (E-mail : sty76@hanmail.net)
Fed 12005 99 219, $a9 20053 102 28Y Tz, 2T EE dAYPRFER B
"R, IERSNE e PR BF 2N, ST AFEHITNY g
(E-mail : hyungkyolee@hanmail.net) (E-mail : jklee@deu.ac.kr)
Y zad, 2aFolgsn nFdAR 2YRs ¥ B ATE NBEE B Zojtgtm e d TR

(E-mail : khj@pufs.ac.kr) 2 9004 % Brain Busan 21 AFgell 9@t A7 HAL



ROIE Ddist BN &

.M B

HZ A5 7lee] 2R o8 A4 574 AR
o]l tAEslgd oz o)z ARES Ho|EH ol A
ANA MEHIE 53 44 J77) 7153 UAd
BE AYE gtolstar glth

PACS(picture archiving and communication
system)€ Z+% 94 #98X (modality) 2 243
%44 &€ CR(computed radiography)E 3] ©)=|
galste] sl= t2zel e Ao ARs)a,
HEHZE B3 2t geriE Afsle] 124 ¥%
F9 fazgolAo] g XolH oM E A
oz gxte] gL 23T £ e AlaE o
oo wel oJFHYHA|2e el HIS(hospital in-
formation system)$} A3t WA 9|8 J4 &
d AR, ADT(IE Y, d3hHE Aidslstd 58
Hog B #HEl € + do1,2]

Bk o} 23% UEYAY MG o3 9
2 ZRES AU 2& MUY YEYIE 538
o AsgezA 973 18 2 94 d=ol 753
W, BEF AFolvt 35 A NFE AR
g Atk o]#gh Al&Ele] o] &) Qlo] o7 P49
ZZo} & L o date] J1F 5o 98
AR Bt A ZA dFHT UG EA) &xt
A BEES HAEIAM £ ol CD BAEE
AZLezZN BYEY /2R A2 Yar
B, WEr]gele] o8 59 HYH-E 7R
Rt

webr] o2 gt 8P ¥ A (integrity) 2
AAA B3 (copyright protection)S 93+ AL o
¢to g dEmto Edlzo Ui &AF4F 2 W&
QlF(authentication) S A F3t= UxE QEnty)

NNeg HEstd ARG HEA2HE FHI=
At &s] 73 Folvh3-8].

gAdE Zdlxo] AREE YL dulzgoz )
(key)E o1& ¢33t WY ¢ OXE AEvkgd

< /\]_%s].q o}-:g;_;a]. BH:QQ_ =] o] E1§‘ =343} 7] oﬂ
st & = e FEE d3sste AHse Ao
2 HoHE F-FAlshzd Qo EHAA AR
HH HoHE ¢AsA BEF & e Wye AT

=3 %‘?‘?} A% ARBF I ALAA
oJ¥A At tlAE e

2Sst AMNRIE gt oledA CIXNE e 1463
U2 HelEol et 24847 AHEAE 25
ol 18] AL 23T 4 e BOE ol
3 gAY ey e B39 $x0 Be} a6
A AL 938 #3 2E vl (robust water—
marking)# G4 BAAFTE AT A4 HEAA
(fragile watermarking)2. 2 .

i%;q AL %fﬁ °4E1U 2 YA fJE vt

A tﬂ% —-‘Jr 2 GurARl A E 53 Folx
HEwtAA} EASoF 3l Aoz AEvtz 9] el
“d(robustness)e] =T L3 YEinizld g4
& HEAAZ A H o JIAHA = ‘317]"\]"3
(invisibility)& wr&sfofsl, 4=l HEvtas
F2HAE | A Fddo] 7ted HEEA
(unambiguousness)ol R =3

Aol WA 458 913 AL HEvge]
7F A 8%, 98tFe 4% FA T2 AQHQ
EEE AEHE A4S Fo2s gAY =39
A FEE &2l 3t Aolth o] & 98] YA od
F-Eo] HAFJSAS AdFez B3] gug
1= wol %30}31 Ade] WA 01—‘?—% 2|
3

rd IN-

25 9 94 glo -‘?-]Eiﬂl-i% F2% 7 glojoksin
st o 2 fgulas A7y Al g A
A golof hul.

ol# 7t AA HEln o 4P T3 % H(spatial
domain) 9wz} F9t4 94 YEuiag BF
g F ooy, Fog dd dejutas g4 Ho
B]& FFT(fast fourier transform), DCT(discrete
cosine transform), DWT(discrete wavelet trans-
form) §3% 22L& Fo¢ o2 Wgsle] 9JE o)
AL AFET 2 9 FQ G4 WY, &4 ¢
Z, DHB S 2& I T HEutart &4 2
At
FHEY HERA e Q3he] Alzto] gAare
7)o 9138tA] gvke A& o] &35t JAtel g
atell A LSB(least significant bit)E 223l &3

N



1464 ZEIDICIOES =2X A8 HM11=(2005. 11)

e} 87

Heog ANg

2 Mshv)E BHoE A 94 A7
gl AEvtag Adsted 29
Holth. a8t A 334 Jsted oMo YEjn}
_:m U Gyl LSBE Aated Aalel szt

"J%i’% 2AHE AP Sz Ao ez
FEE 44 afATE A2 Y57 AdA
Ggol 29 E W Pgol Yk ol Fael &
FUATE Ve F 9E A 39 ABe THM T 3
of 4l W 2T GRS FEUT EH G4 W
AE F58 32 23 GPol hF AFE e
Moz ¥/ 7 %E dnelZE AHSHTHIL0)

Wongl11,121€ 913 2 2A4S $Ish7] s
of YEnlzg datel LSBolT Agleh walg A
ASHAT o] WHE G 2HAY U BE Bl
o =4 AAE AAY & A& ol glot, 9y

2} GUSE A2 el @ Aeivkae
#3o] AAY 5 Yv FAMe YUtk
 Veungl19€ @ 99 2 sl et ol 2
19} YEIkRE 4Gl shdo] FoWA wol 1
oA gE YEivkag Attt of Hale Axul
22 328 olAene $ad ARHo= Juo

Wz o7 g g4 g2 iz A e HEse
FL A4%E /A2 ok 2=y 2 8ig 7]9) o]
A2 E AME3te] o3 gl HEvas Ags
Btole AR oz ns ol E HA F
A&t TJEW}EE‘ A4 FARNAY A2 & F
= EAE 93, Collage FZ o %3t GA o]
ATH14,15].

Fridrich(16] Yeung®] ®#4]& 7l¥ke.2 LUT
(look-up table) A B2 13 & Al &3l QA A
of ZA7F gle Hag AAStHLt o whals
o] Mg =Yt zZt Yo oledle o
A 9 4N E45H0Z YEvtas
ok ey o] WAL e M of U Wz
& BE 29 Z AE & 4 oy H4 gy
HE 93 HEo] Brbssia &4 gAdd dEntag
AAAl Axbol ol EAHo| St

Deepthid S[17]& 25949 HErtA-& 93
I B9 o) HY Yo Fawrl W vE
Q1 LSBo &1~E EAMst ECGY 22 HoHE &
7 43 33e CT A3 28 98 94 Alo)o

F

E?‘_, ﬂlé Flo
Hu ;\9 e ol e
2o o

tu e

719 9 Aoy PEe AT Akiyoshi
USIE 438 49 GE clgsiel 92 43

ROI(region of interest) ¥ dYd| ¥Ere}=E 4t
Yot WS Adsigth ol 9 948 ROI 99

oz sn YARL o) AL G2E 0L
Fase] get ME 2EYS AR olF ROI
FE g Yx¥oez AdS A7) HS(hier-

archical segmentation)€ i 2|& (19102 ¢Zsle

ok,

£ E=RAAE ROIE 228 AZS Wy B
7l FES THES AW IR DAY A5y
Tle AL Ad P Ak 445
7 fsted @ Gge slol2R ABH AT
Pge vE FAdon BT the 2R of

3 (mapping)3ted ©] A& A X S (permutation) s
o E=3 AEvAE AQIShy] SlEte] ¥ dag B
£33t A A 7 B0 YErviay A9 AE A4
shAl At ded BE2oA dEvtar AgE
7o) ME Bae 008 2718 A7 The 4]
FrE AHRste YEirta FH 9 XORE. 49
AElrtz G2 B} 23 FAA AES Y8y
FA 7 ¢es dagdESs AASTo AE g
AF A7 719 Yy EY viztA o] Hojue 7

A% 2EY WL B

2. Hiotst |IEOrd gng|lE
2.1 Eot3el 4

=FAAE 49 HWE A5 AT HErka
?a“*]*g“o}v: 7o e 5gY FRE HEu}
3 AR gEo] Aoz Aty o8 YEnla
£ AAE ¢ UEE A BEAY ARz gF
o] 75l REY AFS T F AEE AT
tlelelol e AF7 F2HS AAsdtes 7189
]

o
ok rIJIo

=4

W F 37 45 G S g A
Wong9] $¥o] #gsitt ole 45aaQ 84 ¥

e A}%—&}Ui %E1U}7l ;:419,] o].;q;\-lo] =13
5817 4] A4 QAo o)EaA Aot 29
dzed o4 Boel 54 F9) st v Gas
% 4 B4 A Ao obF JdYthe Aojmz
Wonge] AIHe $Pe FAs HE Belth e
U A 337 9309} LSBE 2MAl5ka A4l buig

nO



ROIE 18 3431 2SS LTS T8t o= ONE Kel02l 1465

718 AHEdiA Mg BHE 5 LSB R R 49
T e 9ol Ue o] WS ndste YEintast
ALHE IXNE 222 AgsA AgaA 4
He 9XE ¥R Rl @k WY 718 4 &
59 4= MD5Y AHS-C.2 fAYE MBS THE
F HEivtazt AdEE Hdo X9 A"g Ha
el 54 HEE Mgste Evtas 49 2 &
st S AGE

B =& A Atste AEAS A AA
Az a9 13 2 9 A gevlae] Jue A4
3171 98 9 9438 2-Level2 DWTS S8 st}
71X 237 714 F9Qd LL2E o|% BEZ BE
7] 98l 8-bit HIE ZF W (bit-Plane)& FA gt} H]
E ZUW ATAE 934 mHlE HYEES 7A7} 2
9 e deed (DE Jekd 5 JoH20l.

(4

m—1

2" g, 2T 4 a2 2] (1)

FHA ME ZW ALES 9 A 2L A7)
of Wi F& Alzlth. oluj, LSBYl s 7k HE ZA
A gx 2uE A4dstd HEvla 284

AU £4E W EE Sk Unz] 49 7]
Eo #gste 2z HIE EFR JRE F o HA
RhESte] Y5 o2 AEntae] T2 4R
o 5 Qe Hue A% ?% 27‘“]71*7 age
Zzre] ¥lEo] mE HE W HH o] HS 3ty

Medical image 2-Level DW'T

image
block Set
Ar Randomly

to 2ero

Bit-Plane

2ol X} o] BPAZ-E 3t o714 MH
Yo 5129 w60z F 990z 22 g2 YA

g sl 2ojzl BY o)z Hrjg
3uz ASHES B,

AFvia

W, = permutation( W) =

{wp(i,j)=w(i',j')|OSi, i’<Mand0§j,j'<%4}
(2)
AEPIZY 4 AAE @ 49 89 SHE o
Wel At dele 94 BEow 43¢ o
ROI 992 LSB7 2 & =S HAE 3 ole
o8 FAe EAY HAEvia FHo HAYdoew oA

=) %118}71 Agolth ROI 492 Yuts

A= =27 %}0 rJr N& MD5 &3 3l 84 AH()
| B3 AIA U PS (33 Zo] HIE AEZO R
veld & o 13 HErta AR B3 ex-

clusive-ORE 4@ Zo] ()eolth. a4 An= 1}
2 W ¥ 7] &5 Axdl olslal (5)s} 2ol
FESBT 47N B L B4 7] FE A2H

Permutation

W, atermark
block BR

3 Y Rimage width M . P
Selected block % H(M,N,Xg) -*
oe height N)
ima we

Warermarking image
>y 3

[T P ——
(I":‘::tf) e Public key
R =l .. e
Rsclecteablock = | encryption
of X Eu(-)

1

private key K'

O 1. MetE flejaim Mol 8RT



1466 ZEIDILICES ==X M8A M115(2005. 11)
oo} &' A 7lelth. o] YA wEAA HolE G,
& X/ 499n 1 3% AeriaE 4L 7o
A €t

H(M N, X )= (pf, pf, -, pf), s =128 (3)

W, =P, ®B, 4)

C,=E.(W,) (5)

I 19 9E dErkaY A4 A oS3 2

[4ds+Al

@ fEntze) Aug A48 A8 @ 98 E
2-level2 DWT-S 43

@ LL2E o|¥ nlEZ wE7] 938 8-bit HIE &
#BE F4

@ HE ZH ARSS 9 I £ A7) o
g, (&, LSBo #jgsle vE W &
g 238 4Ystd HEuka F54
zZte} 24 9y

==

A
“

b =
2

=

(o)
s

@ ZtzZhe] HIE w2 BE E; FH Hkd
9sted M N2 51291 25602 F 949 o=
7zt M2 AYA{S $3

©® fErkas 4] H9AE 4 92 a9 3wE
olule] ALsiA Held dF BEF2 2 4
< 35 ROI 944& LSB7F & = URE A4

® dgd 34 559 273}

@ 949 12 AR Z7] FA M# N# X' &
MD5 ¢& 4 ol 44

Hatermarking imatu

Set
Selected block|

Compare

g 2.

Zy

I
ﬁ
imagewi(lthl\l) HOMLN,Z) QR; 05)

AEvta B @4 AHE Prol ex-
clusive-OR 43}

@ exclusive-OR 3 A#Z J-& W, Z&
7) 3 AR o3ty g (E K= A
2 7D

O G2 X/ Agstd devild 94 &

At

2.2 QlEjol=e] F&

© HEEz AYE FEelM HAEnta

*eré% =470 2 ehd Zolth WA
ol 4 QEmEs}L AlE B2 2,20
= A Zy 9 Eut=a ol o] A=

229 F e ddez FES . 49 ogﬂ

37]" M, N3}2) 3 & T3l 64v) E«] o

AEvla AR B0 e B2 G2 (6)011/‘1
9Jr QC’] T8 7|2 B33 3 F ol (NI 2] ex-
clusive-ORE F335lH 4443 #E o]z e 9
HAeivtz R &5 Ao

U, = Di(Z) (6)
O, =Q,®U, (7)
olm) Tef AEjrR P Aol =&AL AR ¥
Ag B¥Eol TA7F Heth 23y A9 o229
Holug ASHA 34 3lA gow HAa FEo)
AE ¢k By 4= Qo). 43 RAA AEE 8
A A(inverse) WYX L F3sle] 7TH|ES] B EZL
W HHE DE F o]lE YA HEed dA4e 74

Permmtation

to Zero
image herght N)
T Uy
extract Gy ﬁucl:’l:,c :::‘n Mapping
Selected block ﬁ ecryp! %
Dy )

A

o %

casetwo

sleiolael £% By



ROIE T2t 23| 253t ATRIS Tt AZHs TN 602 1467

A0} 743 39 MES] HFaHe LSB AA 9 AR
£ o 232 25809 452 Yo, T
S ERE! ogw Al Gaael g3os
% ek wek

@ deimtart A9d S 2,2 022 27]3
A7 Aoz TR

@ zy % 34 AND M, NH9 24 gg T3
64v1E 2] Q, &7

@ HAEvrAZt 4ddE =5 G
A5

o
of
o
X
f
I

@ A4 gz AR @ E53HE U9 XOR
® 9 WA S-S FYste] A G THIES v
EXyQld du 239 HHoz A4t F
T FAY 4gS AT o) ARVRE

o4 vin
3. Ald 2n 3 nE

95 PN YErA 48-& A8 BrangA
7} SpineS ARE3IHTE o] JHEL http//www.
infinitt.com/AFell A4 A &8} PiViewds T2 1H 3}
374 HAHE VisualGate TR F3hA
DICOMeI M A9t galoz A4d gds dut
373 "ol = thEo] AL&sTh

3% 3 YErta g v AS el Ao R
(@)= 9 Brain ¥4o/m (b= HH9H=" %"S*ii
PSNR2 4349(dBlole}. (c)= ¥ Spine B4

(a)

)

(c)

O3 3. |Eol3 e si7tMA: (a) H ¥

(d)

. (b) #Eoia ¥4t (c) ¥ Y4, (d) HEni2 4.



1468 YEIDICIN&S ==X K8z M115(2005. 11)
= YEuzE I 2 PSNRE 4368[dBle|th &
1A Rz sutet o] AQte HEntE] 71
Wong 2 "“ﬁiﬁ}“ o A9t -3 ¥ZAIA &
VeI S & 4 Stk vz e Hxg (9)9F 2ol
PSNR(pegk signal noise ratio)g Ab&stg 2w (8)
9] S root mean square®|th. | 7)1A, z(;, )&
qH, 26, )2 F2d 94L vderdh

35 B et =26
g=HTUT ®

E 1. Mg 4HI Wonge| divtAlY H7t

"] 7F Al A Brain g4F Spine GA
Aotk wby 43.49[dB] 43.68[dB]
Wong¢] '8 58.16[dB] 59.20[dB]

(a)

2
PSNR= 2010g10(2—25—) = 1010&0% (9)

o}z & (9)1‘1: N C(normalized correlation) 2.2 9
Hulz9 A FAste Aolttk, Q71X Mij)
' A4 %Eﬁw}ié g i, Wij)e 58 9
EHol2E Jedch

(N/2)—1{N/2)—1

_ WG, ) WG, 5)
NC= — i 10)
§=j E (W, 5))*
a9 4 SEivtas] #A4C gy d¥og 9

Hulgd g G2 (@9 (0% 2ol 34E stHe 9
248 JHutEE b9} (D} 2o olwe] NCgk
Z4zt 0873 0810jH 28 AEviAANE &
Axo] 2FE FYo] ZpAFHLR Bold) Ho

e

(d

0% 4. giejniao) 2234 A3 (a) Brain 34 ¥4, (b) £5E 98013, (¢) Spine 3A ¥4, (d) FEE 9{E0IA.



ROIZ Mais SM3| Y5 LS D8 o2al CIXNY /B0 1469

flol @ J4de dostd AN A S
ket

Oy 5% 1y 48 o) ¥AA AFelch ¥4
wre Ejvizl gl (a)dM &3 HERtA (b)
7} 29 49X 9= d2A 23" HAE AdE ¢
F 9L o 999 Yepg 9 AdHE (inverse per-
mutation) 3l Fa A ol F /<] vla A<
@)% (DE T3 J4¢ @99 vlx Z=& 53
Z22g (@949 A g A& & 7 Ae F
BA AFol shesitt o9 e A% TAHAV
woll & oF gA ofte) &L FdsiHad= T

ek

P
=

L

Jxg 83 gob @ & FHol Urh
4.4 E

£ R0t ROIE
Z

4% 1% oz AR AEe A8 AL

(a) Brain 34 4,

Aok Ak WA ROI 992 LSB ¥
nla g ArYska, A g9 4
A Y AE w71l o
A% dAEirta ARE A%
F e TAFE 2 F Aol DICOM 93}
AAE dgE Ll e Foo AFsAY, FL
CD-ROM¥ 22 wfj#o] A% P& 3¢ i
Foluh A& Fo Bl Wyt 3kl 4ol
€ o YEirAE 98 939 JA5H FENS T3
¢ & A=F AT

At e Fu o EE e 3 9
A F5e 37 45 EnYdEFS A3 Wong 9
WS RS Zioi*i Aol 8 HELA 3}
o 128WE9] gt 29 HIEE YA stE MD5 )

¢

O

H B4E A8 B Yole] B4 2R
dAsn Q9T B4 Wl goje] vES Aeeia

g 49 2 FEshAn.

(b)

(d)

(b) =&E fEot=, (¢) case-one.(d) case-two.



1470 ZEIDICIoES =X e M115(2005. 11)

A48 23 fElviz e 4 X7 LSBeA
MSBsZ 3AHutx v7pAI G 43S 9l
i, 23" FFoA Y AEvtaE 359
o2 AN AS5S & 4 Yo 98 949 By
Al 7oz A3 WY By A9 22
TAE NZY 4 Uk Fo =2 JPEG ¢EH 2L
e gAx e FHNME YErta F50) 7tF
T F& ATE E Aol

i

g8

[ 1] C. Coatrieux, H. Maitre, B. Sankur, Y. Rolland,
and R. Collorec, “Relevance of Watermarking
in Medical Imaging,” IEEE EMBS200 Conf.
On Information Technology Applications in
Biomedicine, pp. 250-255, Nov. 2000.

[2] A. Giakoumaki, S. Pavlopoulos, and D.
Koutsouris, “A medical image watermarking
scheme based on wavelet transform,” In Proc.
of the 25th Annual Int. Conf of the IEEE-
EMBS, pp. 856-859, Cancun, Mexico, Sept.
2003.

[3] I Cox, J. Kilian, T. Leighton, and T. Shamoon,
“Secure Spread Specturm watermarking for
Multimedia,” IEEE Trans. on Image Proc-
essing, Vol. 6, No. 12, pp. 1673-1687, Dec.
1997.

[4] C. Podilchuk and W. Zeng, “Image Adaptive
Watermarking Using Visual Models,” IEEE
Journal on Selected Areas in Communication,
Vol. 16, No. 4. pp. 525-539, 1998.

[5] Stefan Katzenbeisser (Editor), Fabien, A.P.
Petitcolas, Information Hiding Techniques for
Steganography and Digital Watermarking,
Artech House, pp. 103-105, Jan. 2000.

[6] M.LMiller and J.A Bloom, “Computing the
Probability of False Watermark Detection,”
Proceeding of the Third International Work-
shop on Information Hiding, pp. 146-158, 1999.

[7] Joseph J. K. Ruanaidh and Trierry Pun,
“Rotation, Scale and Translation Invariant
Digital Image Watermarking,” IEEE ICIP1997,

pp. ©36-539, Santa Barbara, 1997.

[8]1F. Y. Shih and Y. Wu, Robust watermarking
and compression for medical images based on
genetic algorithms, Information Sciences, In
Press, Vol. 2005.

[9] Schneier and Bruce, Applied Crytography,
Wiley, 1996.

[10] William Stallings, Network and Internetwork
Security. Prentice Hall, 1995.

[11] PW. Wong, “A Watermark for Image
Integrity and Ownership Verification,” IS&T
PIC Conference, May 1998,

{121 P.W. Wong, “A Public Key Watermark for
Image Verification and Authentication,” in
Proc of ICIP, Oct. 1998.

[13] M.M. Yeung and F. Mintzer, “An Invisible
Watermarking Technique for image Verifica-
tion,” IEEE International Conference on
Image Processing, ICIP’97, Vol. 2, pp. 680-
683, Oct. 1997. ‘

{14] M. Holliman and N. Memon, “Counterfeiting
Attacks on Oblivious Block-Wise Independent
Invisible Watermarking Schemes,” IEEE
Trans. on Image Processing, Vol. 9, No. 3, pp.
432-441, Mar. 2000.

{151 J. Fridrich, M. Goljan, and N. Memon,
“Further Attacks on Yeung-Mintzer Water-
marking Scheme,” Proc. SPIE, Electronic
Imaging 2000, Security and Watermarking of
Multimedia Contents, pp. 428-437, Jan. 2000.

[16] J. Fridrich, M. Goljan, and A.C. Baldoza, “New
Fragile Authentication Watermark for Images,”
IEEE International Conference on Image
Processing, ICIP'00, Vol. pp. 446-449, Sept.
2000.

[17] Deepthi An and U.C.Niranjan, “Watermarking
medical images with patient information,” in
proc. IEEE/EMBS Conference, Hong Kong,
China, pp. 703-706, Oct. 1998.

[18] Akiyoshi Wakatani, “Digital Watermarking
for ROI Medical Images by Using Compresses
Signature Image,” HICSS, Vol. 157, 2002.



ROIE D8t 331 ¥=3t 21diE 7i8t 2ds OINE e~ 1471

[19] Masaki Yamauchi and Akiyoshi Wakatani, “A
New Lossless Compression Scheme for Medical
Images by Hierarchical Segmentation,” Proc.

Data Compression Conference, 2001.

[20] Rafael C. Gonzalez and Richard E. Woods,
Digital Image Processing, Prentice Hall,
2002.

ol ¥

vetm WA 3o
1996 U etn A3

2006 Feluistw PHFEHFE
7 2AE Y

198013 ~1984d F=AAFAA

T4 474

19854 ~ 1988\ (F)dlo]F FUaT Y

198811 ~1989'd 3% DatacraftAl d+¢

1990 ~1992¢ (F) R FH »3

19951 ~200011 Rireieg 9] Ak

A AdEHeE e Yna we

Aok HE] Ao, Gl

TR

19961 2¢ BAbezojofstn
AFH T A (T EAD

19994 2¢ R =ojdstw
w5 AdwgA
F (W58}

20049 8Y R Foiu
durdiele AxAFH

F & (Fhaah
2003 9¢~2005d 2¥ Aol w¥HA S

R
BBk ABoHY, A, AFH2YRE, 3D of

Welo] M

4 9 g

20043 249 Fe)ojtstw
AFE A TR (Fe
AR

2006 2¥ R =ojdistw
gty AAPFE e
I S (AL

A7 B

=]

1986d 28 AEdigta Hag
&3 EH4(FFAD

1990 24 AEdsn Hgtd
g 24(F
HAH

19941 84 AR n sty
Arsta 24(FEHRD

2000 7€ ~2001d 8¥ Univ. of Minnesota, Post-

Doc. #A
19964 39U ~&x Rikojoligty OREA R FER
B
2005\ 3¥ -~ FHE M) =E-x BAY
4%
FAEor: HEHTAE R E HEn|tjo] BA 9 o)
Hg W3

of & =
1978'3 29 A& stw M43
#A(F3Ah
1988 2¢ w|= North Carolina
St. Universtiy(3&H2A})
1993 69 w]= Texas A&M
University(-8tahA})
19883 6 Assistant Teaching
19944 ~dA) Fouign AFHS LT 25
TR FAFE VEYZ, HEHA =



