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Lossless Deformation of Brain Images for Concealing Identification

Hyo Jong Lee' - Du Ruo Yu™

ABSTRACT

Patients” privacy protection is a heated issue in medical business, as

medical information in digital format transmit everywhere through

networks without any limitation. A current protection method for brain images is to deface from the brain image for patient’s privacy.

However, the defacing process often removes important brain voxels so that the defaced brain image is damaged for medical analysis. An

ad-hoc method is proposed to conceal patient’s identification by adding

cylindrical mask, while the brain keep all important brain voxels.

The proposed lossless deformation of brain image is verified not to loose any important voxels. Futhermore, the masked brain image is

proved not to be recognized by others.

Keywords : MRI, Facial Mask, Anonymous Facial Model, Cylinder Mask

1.M B

AR ARRIE HAFH UEHIAZ AAZ Jd4Hn
gAEdRr S48 AEHE 828 08 8% FA=
o2 9tk RAH A|AHE o &E oft]o]A PACS
(Picture Archiving and Communication Systems)[1]7} €4
s} oL PET
(Positron Emission Tomography), #}71& ™% (magnetic
resonance image, MRD¥} 72 o|& gio] yAd FH=
Aol Ha UEHIE Sl A4 9l

2 9593 DICOM (Digital Imaging
and Communications in Medicine)[2]& %+ 94 FH=

X-ray, CT(Computerized Tomography),

~EHI O

T N

T 289 AR s AFETEN JAFRAYEATAE 2w
tF 3 ARt AFE T WA

ERAS2011d 79 1Y

4 A 12 20119 99 299

AAbgEE 12011 109 59

ol
ofl
=
4
L

ol Fxpe] s|Ql AR} FEY
n= F3lo e ARRY WA A
(Health Insurance Portability and Accountability Act,
HIPAA)S FFAFALE oldl LA AMARl 8 A H=
o3 Agedyr 48 £ Q=S ska, 2003de=
HIPPA AR E BAE[3lS Aldsted ke 4 4w, A
A0, A5y 2 g5H o #g y§2 Aol w
dAA AFstEs WAEIAT TUdAE A A
g g oA FEAHE s FApe] AA AR

fu

UEE

A] EL

=]
=



12)

(2011.

=

4 A6

o~

X B AM18-BE

=
o

tol=

=1
=

HEHe|

386

DB i ol G T B e R O
T, T T W, ~ 8o xF
IH W~ o 7o oo oF X A o
T A TR R T LB 2 B hHxI
_ T T . Koo FE N g B A TG ey
CERTY o= 2R = 3 = o
s N T <A W Omeoi,A‘_,m..MouT ) S " O g =
— ol H.*mﬂMﬂﬂ_rmﬂHLtﬁo = =R 2 %0 W & wo <N
o R K mH® T RS T oShw &z
= [0 W %%ﬂmﬂ%ﬂﬂii T =z F
—_ = ) P H g5 o BT om R B Wy
ol T BT NE L oo oW T P TR
ol B T A T TR o TET 0
=0 0 <l gTE LW g oF o N ED s N %o Mo X R
N o KU G i o B X A T e
r 5 A ol i SN B OEbamBEow
Ul T 9o oo X W %0 g5 o B oo < I ®O® g2
- Rr o - L N R odo ay oy TE 4 =r CEE- b
& K mE WX I T of 8 =
ol Hl rrEramTgEg N . R s TS Np ~ o B ~
o H = o) < x < ﬂue#e o — er.o o XUIOﬂcT N
- - ufdlﬁ‘_ﬂuﬂrm%egﬂﬂﬂlﬁlmﬂﬂﬂo wﬁnoaﬂumw o
- — el _ "=
A =k ¥ giwma.  REEEeTE BLETER iq
0 o o |A.|_ = o X ]ogelr,mM%AM_.%mt ﬂ]]kxomﬂﬂﬂrﬂl
1y 30 = o _ M @M q_uww i ‘_LWAT - B o MV N o O o oF
= N T o 7 o TR o T o=
~ B o g B o B mmﬁﬂ«ﬂ W oo o B
Ngoom TRw ke s eI Dy o dpd e ® o
oA g W e BT T R lew ]
M= . = 5 o KOO R e W BN o B X KL T R o
@ oo P T EET T AR MAN T W s PR R
K HH®E RPN AT B F R S
Sl T OMOR O Uk oo T O o RO W R RS o =l Sl il v o) A omr oo W) o N ey -~
G F % ook % opx ST AR R A &mzLﬁE%wLmﬂ#WmoioﬁoWA
o EE oo T B T X g T NT XN X 3 I
2P NEDB I AR Boap g TEWM T opdew® T F G S (s S (o
T BNV S Y g I - T HNMM.MHETW A
— —_ = = [ i ! =" f ~ o o =
o BN o X kT T M RO o S R T T m%o.m%%%ow%mmmﬁo]ﬂ?
= ﬂ%%%%aﬂ%%%%%ﬂr mgﬁﬁdm%wﬁuﬂ?mu%m mm%amiiu%ﬁa.moﬁ_eiﬂmﬁﬂ@
] & —_ = Nm Ny R ﬂ‘mula LaL.vS B ‘_Ll
DRI N AT o g s hws Ll g2 TE Elafwipifyazradild
RERECRECEILCEDE ToLRTEIPIAn IUERALELATGATRE
X f A4 ! o 5 Hu "o . O ™ _= f= i
ﬂﬂﬂ%%%%%@W%ﬂ%ﬂi% a_uzrmmg%ﬂﬂeﬂbc%maurmmwﬁ%wﬂ%ﬂmMﬂ%mom%i%w
o o — . — = ey k a
RO o WD oy W oo B oo M Ml esw —s P 2wl W g g L8 o
%%%mw?&%%%wﬂwrﬁi%MM MLﬂﬂJﬁﬂwraTamﬂ%ﬂmaATBfm,mLmﬁuWncra%Wwwwmm%%@%ﬁ
M U moa oo ™ T T Lo T VT E TGN L I X g W
_— _ - ol ] < = To , il el R _ WO 2o
(N S e i R ST S mﬁcTWro_aéETmom[adnxo%Mﬂaomﬂu_x]ﬁo,drmmﬂ@ﬂ e T
o] 7! i3 o o= B = B (IR NN ° = ° IO T BT RS e - S S
L g - R D xR H M El S XTI T S T w T W
HEm T wmxady T BTG e g émw&ﬁyﬁ FoE AT e TAmN Ty Sk e
0| X Xl o
T AR A T i T~ TR T % T - ST IR S 7
2 o} Zo o O A2 < o KBy TR o =3 <A 5K T T W% T o b T
e R R Bl S T k. AR I S R o P Wl
%O 7 . . T ' — T = N D
W Mmdﬂﬂﬂ%ol,mo,ldl_l o7 ,DIA_I =) _,,AT%OIM_% zl Wﬂot « =T o7 1 ﬂNIHE _Poﬁa,_l/_lmxr,m‘mﬂﬁ % = K T A < M o m . < B w_ﬁ 1o
mﬂmmamoiﬂr%%_spl%weunu% o = 20 R W Y op S ogr ARy S o T srm Ew Y S
TP EwmET T LT BT RS, BOF_ _wm % g BEeo a3y Tasn SF®es T
R e S TR ﬂM%%lMﬂ%%Aﬂ.M%wiié%%k%(@1%%Hﬂ
al ) ) N ko) i) "o ~ .=
Paepdeiw s iaPat ey G B FRETrm e E e R aan o T g %
& of o oF o Jo W) T ool mp ®Y oo m T KR N o A e B F U 3% R nmmnﬁ%ﬂmamﬁ%(sﬂaem%%

HeH(123)).

s

St=AE

°

7

ol &

2 o5

i

=L

]_

S

of &



o N AT
d%%?ﬁ%ﬂﬂ
. oF”
pouE A o) ﬂwbtﬂ]dﬂﬂﬂr,ﬂ
iao%ﬂwdr@owormwﬁ MﬂaﬁWm Eoﬂ%7ﬂmﬂo%%
o = AR xJHQ#oEoﬂmﬁLAo,mAudua_umaAw o_aﬁkﬂémﬂﬂmo ca
T o L~ W ¥ @rﬂﬂr ©E LR Er,_&
s . f .
£ e T Mourlmﬁaggmmﬂ@;ﬁ moa;rﬁaﬁw_fg
SLIT TEErIiYuEc: . Tr RIS T
= - [ - Ju‘l‘._l e 7o)
S g T EE g ﬂ_h@.a.mﬂoe5$% S TR
=) L %d.ﬂyo% :Tﬁwdr%dr ﬂ%ﬂ&% ;%H%%:ﬂwﬂrmﬂ
= [nY o e = o 5 : ~
- = %w%ﬂ O#Ldﬂmmwmnﬂﬁwﬂ# %ﬂ%wﬂ%é%%
&) 1 — %o e B = = =
gl o ﬁffi o CIg o T W ﬁmlﬂﬂe%%
L RT F T T ﬂ%@&wm_gw._nfwﬂm 1N Muomuﬂﬂnf%um
=< = ) bl o 3 tuk1mﬂ ©
oF . o o "o oy Ty o ° R e
== — %0 —_— X T = &% ~— — s ~ o
B °! %0 M%mﬂm ﬂ%m«%&&ﬂﬂ%7ﬂ_d oo e m Iy
ol == = e [t B- 2o =) KA LISEE
2, o 5 T % o Qyﬁi}%1%t U ER R zy}ﬂﬂs
* H___m_.__l =) W_.o s “ Adﬂiw‘%o oF %ﬁ ﬁodl.ﬂ lrLdl wbt %Lﬂuﬂuﬁ_lﬂhﬂﬂ
A L, T 9 W W B T D]
0 20 0 - B SOOI e X g < B ob o ol
ST ar wumﬁ ﬂ%ﬁﬂ% ,mo&:fﬂao_a_d%%ﬁﬂwvﬁ ;“%%mﬂo_aWHw
=] - T Y - B3 I 25 =o [k T ° W %% o
ol Koo — = %o = J B L SR = o
&) ) Mﬂ_EQJWM‘_OEMMMM%%MEM@owﬂ«mm ____._ %Mﬂﬂ%%ﬂw
. . I g B oo W 7o ok o
o] =1 %o N e =y o o A oy o g it ok oW Al
< < %W%%#i@é%ﬂ%io?ﬂ v B ELMHTH%O_EWHW
_.:._ ~ s it HT_ ~X At ,mW ~ EEE . o) QL —_— Qw._ o
20 WO 0o 5 = H 3 uy ar o o) T A ﬁo N = = < < BT R
z _mﬁ__ %ET%Eoﬁa%ﬁ%moéﬂM%ﬁuH%%
N
= ~ u%ﬂo_“% oo N F o % S
nl CEEEN T WA.H.AE ‘.W‘._ =<0 %
M o ] .60 o k- E o Ao
- RO Ti s o o & Mo T o T Y
= ZITTRSTEE EWTE A )
EpIEd 3 T5EsRrasy N 5 aHEw
ﬂ/uio;hm__.._mﬂiﬂm a_lulﬂ,qa N OB do T AL - AzT]Ho
: 585 e "fyipEztt  zEpil EELy
B ) NR o N oy o oy — g2 =R
: %@QQAXE , AP RLETE = ST £ = o H A
) ” u| U W oo R 7@ mﬂmw__o_ur. mnﬁzf = %Wrﬁ%
& —~ & = P qzt Nl]xm A o il T T R
™ SN T N 5 n = g R
cl T oL  TETLLSY ; ﬂg%%%wewﬂ%% ,wiaumx%maﬂ%qw
COE - B 0 ST Z A%%@Az.ﬂ%w# aﬂuEmAzﬂmLaﬁ%
L P oo EMHTﬂﬂ = e %ﬂr%_ﬁséwe TNy TR TR
X 3 o B! I _— O A_I — 0 — Mo x_u _éu ~
£ - 2% 3 A oty s 58 2 _smﬂgﬂwﬂﬁm@ ﬂ&mo__ﬁTﬂ F kg
S5 0 ~& v 5 s LS o g TEW M s g s ek
5049 T B3 EaAMﬂadﬂ Mﬂdnumjl =o A o o 2B Eaiemm
b)ei)+1%2\/m ]ﬂ./HH_T_a‘._hU BN + %o 5 Y X dbo " oo ~ K g - ) g 2P
2 mwmﬁwywwm " %ﬂﬁ.i%(mﬂ 8 whvm%ﬂwmme%@%mv MEMWWM%%OMW%%EWW
s SEne A LE N R S T S E ° A T o gy TRepw Y Ly
P8y siouzgiet s ﬂwaW%mw 5 %mqﬁm@aaga %%Wﬂg_aggﬁww
<o o3 onfedejn A e o ) E L = xﬂuﬂrﬂo = %_(;R% WX o
= e d b.mo‘mihx,)g O of L = gr S oWSooﬂrﬂ O K| EaﬁaerOT\/ﬂ =
S w__/\O, il = ~ T R _ 0 > agn B o
%nmmm$@§1m el %jww@%ﬂq 5 RS g X J@mﬂmmMWMM%wz
ATE Dy X xB o T o= 3w o R g ® s O i < o
105 3 a0V o —~ - o0 = O ~ X o ; NP = o) rg) < oy
s nm.di;lv( ) _,:uA_..L.H_T Z 3 = IL_louuTAL.mﬂ J|1r,._ .~ 222&41,\4
> q 5 = T falS = S = o w2 i o = D P — ™
87 A8ELTLg B 22z%=%c7 3 S5 b TEmm o ST RTRET T iZoad
2o o ow o I ! ~ ES iy —~ W E N
S aaairo . - ._MW_.OJI o S To 23] JIUT_I,_L/HE]ﬂno e
mmwndmmumf - olomEV%muleE% GO .ﬂwﬂm%%oa
mpu,w,b.miio ) ) o W y e
m.moeFFFf < 1 © = B Mpunﬂm.ﬂzi
) < goagdan2 g% HoBe W R
12345%m0011
Qoeeg



388 JEMElStDl==X B M18-BH HM6=(2011. 12)

i

ez Asiske wAe Aesgon, dneFel tusl
o &4 THY 9
7] qhEy AAhy

2}
e, o

O
32
o
27
o
o
flo
B
ol
rir
e
2,
R
[r
o

Hr o

o
of
ol
2
)
Al
of
o,

4
o
fo N
o
1 ﬂilO

=
30
2
£ 1
>
[}
-0,
o
it
p
b3
of 1o d
>,
ro,
tlo
o
N
ofr
ol
N
do
ol
ol
&

2
o
i T
e
inj
o
=)
o M, O
ol
ol
o i
ol
3
)

[
=
fru
L)

BN
>,
O
N,
o
> o
252
e
ek >
ofo 2
N b
off rio
ox, Mo
mlo rlo

O,
o
olN
ofr
ol

%)
=

2o gy 1o
olN
e
iy
3

o
o,
X
N, ™o

o rr 2o omx 41 w1
[
L
iy =
ok o
i
re
o2 o
odth
=
)
>
2
N
02,
e
il
1o
e
ot m_u _{)(4
g
=
[

oz
=2
rl
2
of
S
1
it
=
X
>
i)
2

o
=

[1] R. Choplin, J. M. Boehme II and C. D. Maynard, “Picture
archiving and communication system: an overview’,
RadioGraphics, Vol.12, No.1, pp.127-129, Jan., 1992.

[2] National Electrical Manufacturers Association, “Digital
Imaging and Communications in Medicine (DICOM)”, PS
3-1, http://medical.nema.  org/dicom/2004/04_01PU.PDF,
2004.

[3] Hipaa Program Office, “HIPAA Spotlights”, http://
hipaa.bsd.uchicago.edu/, 2011.

[4] F. Ségonne, A.M. Dale, E. Busa, M. Glessner, D. Salat, HK.
Kahn, B. Fischl, “A hybrid approach to the skull stripping
problem in MRI,” Neuroimage, Vol.22, pp.1060 - 1075, 2004.

[5] S. Sandor, R. Leahy, “Surface-based labeling of cortical
anatomy using a deformable database,” IEEE Trans Med
Imaging, Vol.16, pp.41-54, 1997.

[6] o] &F, “HAA7|Rke] TG} F9ET L E", A3
=EA-TCH, #4637 #1123, pp.1205-1210, 2009.

[71 A. Bischoff-Grethe, B. Fischl, B. Ozyurt, S. Morris, G.G.
Brown, C. Fennema-Notestine, C.P. Clark, M.W. Bondi, T.L.
Jernigan, “A technique for the deidentification of structural
brain MR images”, Human Brain Mapping, Budapest, 2004.

[8] C. Fennema-Notestine, B. Ozyurt, G.G. Brown, C.P. ClarkP,
S. Morris, A. Bischoff-Grethe, M.W. Bondi, T.L. Jernigan,
B. Fischl, “Quantitative evaluation of automated-skull-
stripping methods applied to contemporary and legacy
images: Effects of diagnosis, bias correction, and slice
location,” Hum Brain Mapping, Vol.27, pp.99 - 113, 2006.

[91 Mouse BIRN, http://www.loni.ucla.edu/BIRN/Projects/
Mouse/index.shtml, 2011.

7=

o 2 &

e-mail : hlee@chonbuk.ac.kr

19861 University of Utah 738 %8t}
(3HAh)

19883 University of Utah 73
(FEAIAL)

1991'd University of Utah 738 %8t}
(F8Haka}

oHd

a3}

1919 ~d A ARgn HAFEHITE

ZlEdTAE AHG

ol

I

A Fof:Image processing, computer vision, medical

imaging, parallel processing &

Du Ruo Yu

e-mail : ruoyudu@gmail.com

20081 South-Central University for
Nationalities Biomedical
Engineering(3tA})

2010 A& oistal G7detak(E A

2010 ~d A AL st HFE e
WAL

A Eo} : Medical Image Processing, LiDAR Research, Pattern

Recognition and Multimedia Data Compression



