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Selective Encryption Scheme Based on Region of
Interest for Medical Images
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ABSTRACT

For the patients’ privacy, secure access control of medical images is essentially necessary. In this
paper, two types of Region of Interest (ROI)-based selective encryption schemes are proposed, which
concentrate on the security of crucial parts in medical images. The first scheme randomly inverts the
most significant bits of ROI coefficients in several high frequency subbands in the transform domain,
which only incurs little loss on compression efficiency. The second scheme employs a symmetric key
encryption to encrypt selectively the ROI data in the final code-stream, which provides sufficient
confidentiality. Both of two schemes are backward compatible so as to ensure a standard bitstream
compliant decoder so the encrypted images can be reconstructed without any crash.

Key words: Medical Imaging(2] 89 4}), Selective Encryption(A €12 ¢+35 3}), Region of Interest(Z4)
9 9), Random Bit Flipping(# Y HIE W7A)

MOE

slzem, Oxgs 1 Hole g AFE %} WEAL

g Satel A% @ Av} bsa HAdh A

T 5 9dAAHAEA 228 (Picture Archiving

UAg gg g AgEst an fag mES}

and Communications Systems, PACS)¢] 72 9
294 7€ 98 A58 53 A9 oA HX
23} @ gio]gE o] &-35l= oz Wyt e

o} Hojele] o] W] Wl Ag g Ao
952 Zol7] A8 WHOR 9 4% &S A

vl G5 G FAF Aol o5 33 L YR

% A A ZHCorresponding Author) @ ©] A8, F4 : B2k33
GAl G Ul 35 B (608-737), A3} 051)626-
4887, FAX : 051)626-4887, E-mail : gwanghci@pknu.ac.kr
Haed 1 2007d 102 1Y, €549 20089 3¥€ 13¢
"#39, RAWestn JRE 5T

(E-mail : gwangchi@pknu.ac.kr)

" #39, RAYSL YRR 5T

(E-mail : ouyang@pknu.ac.kr)
e, RANSE AAPFEAREAFIR
¥ o] =E-L& 200600 FE(Fr|eH)] APz =
HatA e A Ye wrol F=3E A3 Y (No. RO1-2006-
00-10260-0)



Azgstar AEstr] 8 el ®F<Q1 DICOM
(Digital Imaging and Communications in Medicine)
AN F4de ¢S sl JPEG20000] AHE-E
ATHI,21.

I 4E A& B
2 AA9) 3%
A AgHAT BAe] A

o
Y =

S o5 Fe Id9 AFHES 3 F&4

G5 WS HA AMESte gE9 AMEoRE %

std AstE His)h gk AW FEY 4 3

L A AN Y A=) Edo] rhEsh =4

GSo vz gF S&o] drte FAlHl Ak 1
#31 CT(Computed Tomography), CR(Computed
Radiography), US(Ultarsonography), MRI(Magnetic
Resonance Imaging)9} 22 93 JFE2 A

o9 7o Aut A4 9¥ F

i

2

°
rr
o
o
o
N
X
23
£
o
v}
o

ol
o1

o o2
12 8 o
flo S
I

.
it
il
Ho
B
o
N
do
z
O+
g o
o

of
—
o
e9}
)
[\~
S
S

e
o
=
@)
1—1

Region of Interest
R S R CERS

o W
182 A
tlo
ry
_hj o> of
rh o2
o B jo
hine
A
™
)
>,
tlo
>
>

o
O
tlo
LY
2
) A o

Kl
A olfle= o8 e S Hix FA
ofof gttt o7 @S Aol A
Ao =2 F kA oF
& A5 Bake] 233
o asEg wel) AeAe] FaAgT g o
o] 7124 FAE fste] 453t 7leol asiy.
AAME o7 Fde A% JPEG2000 ¥4
s} AEA ks AW e A 3
DWT(Discrete Wavelet Transform)
el Ag & 54 RES A

518 v, FuFol e
]
M

o R Mo

>,

¥

O:

B e

o> gz ol [

2 o flo
12

b

O E of
N

ol
o)
£

1o o M o

- L A
)

E o (B

N 4
o 2

A}g-5hed .
AES(Advanced Encryption Standard) &3 <&
Z[61& AHEete] SES PGS BASIY ©

L= Ea

o
AeteteE F 71 25 JPEG2000 59 Z=

2,

rO

&

o

M 4
U= *
Kl od N
oX 18 o 2 |

Qo

)
Z.‘_z
ol HL oo oo & il

oX,
2
=
:?L_"
o,
N
N
e
o K
o
=)
B
=)
ol
o}
2,
X
i)
il
tlo
Y2
rr
£ o

2.1 JPEG2000 E&

AR Aol ¢+ EF o = DCT(Discrete Cosinte
Transform) 718ke] JPEGo] d2] AM&= a1 A7
Az 4= A5H E53 % 59 A=
S1s) DWT ~7]¥te] JPEG2000°] ©lAg G4 ¢t=
EFoZ AFA AR =AU JPEG20002 U ES =

% BRNAE FPE 45 452 A9

I, G FEjek 54, thdd 2de] Gudel tiA
2=
T

153

e
9‘15
K
%2
)

Oy
o ofy

dot

Al

o

2

ox

k1

=2

(e}

%

et}
Bl Ay e
o & Y0, N,

o

[t

rr N =2 2

o b

RS
o

% z 12
fu rr
s o
o E‘

k)

o —~
]
o
= i
i)
m
o
Y
2
AC)



590 ZElo|C|o{gts] =&2X] M11AH HM55(2008. 5)
. Rate P
d Control h
Source »~
Image h 4 v v
Forward
] Forward . .
. Multi- P Tier-1 Tier-2
b| Preprocessing [P Component > T}’gzgt%?:n P Quantization [ Encoder > Encoder
Transform
Coded Image
Eeconstructed
Image L
Inverse Tnvers
Paose- ulti- De- Tier-1 Tier-2
< processing 4 Component 4 T}gzggiifn 4 Quantization 4 Decoder 4 Decoder
Transform

2l 1. JPEG 20009] X{2|ohA

2.2 JPEG20002| Zhrlded FY

JPEG20009] #49] 519 #49Y v
3 9ol ASES W7 F % non-RODRT ¥

A3
=
&

o

HEgGHo| Xt E & 3}
= Alg2 2A D™ (scaling)oll 7]19HS sk dTh
A, ARgAFe] Qejo] MEe ofgh
7F A= E DWTS] 3 o] % (21 2)(a)gt 2]
=3 JAL 7 AT TUE A EAEHA €
o} RE do]E3 A4EL LSB(Least Significant
Bit)oll 4 %8 MSB(Most Significant Bit)7}A] & Y
Elll= M, o] A71E 7HAA Hed 2AYH
B2 AP FHEAE w0171 st 74 A
9 == o &3 AolER AFEY #*s
G M, ool HEE st wiEAdg deli
AFERT & BERPHE AX3EF 3}
o (2 2)b)e =AYY 4 A S Bol
=9 7HA
AAstE R Fde] AT
A= A GgRm
Fok, F3o AF HAZAAM

of

SR ER ]

pu

POV
o

fr

x&
M K
%0,
o

>
of d
12

Hy
ol
10

fru
a

[>

Hl‘r
—{o
2
Y

1@
b rlo
P =
o (m

fl

_@_oﬁrﬁ
o

Koo

10 ok

w2 ro
ﬂ-llO > m_r
fru
Je

N
~
Y
o

o > [ HE o
[ rlo
lut
o
A
et
i
A
oo
Jov

nj
to 1
k=l
e
o o
o
12
o rlo

2.3 JPEG2000 Z|Hte| A4 538l J|=

s el ge] 7194 sk gRAE 93
o] JPEG2000 719ke] ¢+5.3) 7)ol gk B2 AT

ele

N
-~

rN

12 =)

2

St} JPEG2000 2 =2~E

HE WP sk
8} 713t Aol &8l AleE Adste] o
=7 1%'301 Al b= ATHT7-10]. o] 9} 22 713
e g@ate] 3ol golstal ez
a7} Zﬁqﬁ‘r%

2 b 02
o o
ol

o1

rlr

=

i

o

SRR 7}74?] ki3 °‘§§} iﬂJﬂ}
A

e

=
=)
ol
ok

o fo

)
& 4 £
S

A

N

oL rul
g L

—[o

o)

_{

t

lo

ﬁu{

Lo

o 22

Lo
1

#AE =
4=
Sl

[ ox op o

i)
9
ot

nus mlo U



20%%HE AdEste] grastehs A=A ohE
< FIF AR
st F dEHoR T8

’% 1'151'0]"\: 7] H r—_- 10}3}9\1‘;} = E]'EJ‘

3 QB Rue o} slelra oFs sl o
Hou AA AFEL Y53HRA g
EA3H7] Wl oo Al ALg-ate] F Ao
= @dol ity agEg A7) Agtd
olg dato] AFRE 7o) R A gs}t),

= JPEG2000 719} ¢33 71§
RAQ A Fae] ¢EEE 913 7Y 5|
FZ Q1 &4 g atel vlE) ©l o)
Foll A 8 Ho]ElE X
Bl AFHoR
: 01 %d_oﬂfﬂ%

o
o
il
N
rE
il
5 1l
Jur)

i o
N
o T

)
Lo
o2
o

12
R o o
[ ol — o oX
(o

ob
= 2"

o,
fr

oh
i
T L 2 o2 g
dz e ore 12 R
t‘){l
W
i)
o

2
2

QL
% K
X
o 2
&ﬁﬂtﬂl
o o
E
2
lo
il
o2
o,
1o

>,
o of

fe d
24

o foi
=)
N
[o
fru
ii2
fols
Lot
et

o
&
of
¥
o &
A=)
o

fol 3L

L)

oo

o (o)

él

ii‘lﬁ
N

ﬂ % og
el
A
h}‘l
o
Y
[0
X
e
ox

1% ol

oy
o}

% o

o {\j il

[}

2

> T o

4r 4o

for i

Nt fo

1
ﬁ} b B o3

31 @l HIE 2IHg

WY WE AWy TME FAS B 51 939
Aol=2 AlsE Aol HELD} XOR AhE 53t
o a3t ot tEste] el He 942 DWT
ofF ¥4I TS At BAFA &b
FEEESE (29 3)F Zo] dEspt PG

BRG] &3l Z=BF9 ol By AFE
o] FZHIESE MSBHH qleje] 8 vEV} e sts

3 Ael=Ela deldE HEELS A=k oE32
PRNG(Pseudo Random Number Generator)S %3l

¢

L
Wavelet subbands

@ - <— Seed Value

T T

L
C Arithmetic Encoder

A4E HELH XOR Aoz s
o &5, ofd IEEF o] HlEG WA
H|E e ghe] ‘0011'¢] 3L PRNGE E%}oﬂ Agg Hl
EF9| Fe] 0101¢]8Hd XOR &
F53t Ak ol9} 22 F53t HAHo] T
3t € HEDS Yrx g5 A g HE
Ol FAAA b F58t fPo g ojofFih

dzstet Hasle] U8 A HEvIs =
5717k 43 PRNGE Abgstajorsts] Ags e
A= A Feliof gt whek, M= HE PRNG

E AR AEgke] 28 A 9t | 9
53t g 5 vk 293 dusts s A EH e
HIEL 2 Al=gkell o]E2 <] PRNGE T3l 445
B2 ANEGS HEE fRAEe ol ok

32 7| ASE ol&st 5=t

JPEG2000°1 M= 949 A<, #4F Y
4 T 54 7FA &) 8l tEE HEX
o AAZ ¥ FAHoRE FAAL AT
EXEHE (28 49 o] o7 7
(quality layer)® U0} thofgk nE A
SHA -8 & ATk AT ¢E &
i 01§§1r 7] l:H_Q_ o]a]zs]- §1r7<1 a-]]o]o]sq
28 5l °P£§}o}tﬂ £3], 3}4 #olo9
#oloe Fde F
A3 B el A °ﬂ*bl as
2 & golo] By HL o] HolHE & &
g 53E 71gg 4 Aok

A7 dEE

)
o,

Ho

ol |7 1o X o o 2 2

e

o
g E g e 2
(o3

iy
o
_?L (
rir H e
fo %0 dm T oy
B 2 o2
AN
o E M

o



592 ZE[D|C|0{&HE ==X M112& X55(2008. 5)

Quality
Layers

Q | i i | |
i i i i i
! i i ! i

% Empty Empty % Empty
& ‘ i i : |
i i | |
H | i

!
Empty

o = = -

Q Em‘pty % % Em‘pty %
v Codeblock
By B B, B, By Contributions

a2l 4. JPEG20002| 1A 20]0]
T 3843 FAE fste] FFAA AHEEHE Bt
AREY FEARE dEslelA] get) shA T
Fe dF o)lF FYEH = FEsle] Ag A ZE~
ER F dust a4 dolE BFES FEd okt
B2 4353tE FH57] 95 A4t o] golx g
gk Azte]l o Faslit) olelgt RatE Fol7] ¢
ste] 72} I=EE9] & 93 # 2 M (rate-distortion

S ozn o353

N
. P
EISL
1)
mlru

optimization)
47 dlo]

i

Bl ghalo] dag Rats U F71

s =<
At

Jg Fe 1 5% 9P HYEs} 23 T
A HEST} o} HolE ) o] W) wie] X
=29 oAM= st FA A A S=r} w
23 kdAde] A AES ¢ duEES AMEs
Rew ol Av)e HIEXER ] HoHE ¢35
3}sl7] ¢138le] CFB(Cipher Feed Back) = =7} A&
HAdo
4. sz
4.1 dgatd

71 A" F 7HAY 712 JJ2000(Version
5DI7E AHEste] FdAAT 28 A=
(% 1)3 7o) 8bpp(bit per pixel) & e] US, CR,

1. 2t F&ke| PSNR Hlu

Image and Size Whole . ROI Encrypped
PSNR(dB)|PSNR(dB)| data raito
MRI (1024x1024)| 12.793 10.002 1.258%
US (1215x948) 12.396 9.812 0.960%
CT (1134x1133) | 12.814 7.780 0.727%
CR (1275x1067) | 11.353 6.347 1.393%

CT, MRI o] "] A7} A-&-= o™ 1ad 7 o
9 FgelA 5-#He] DWT, 64x64 A7]9] Z=-5
g, 2070 9] -2 Holojrt AHEE AT 2= 3t
o] 3 A=E T @3] 93 W22 PSNR(peak
signal to noise ratio)©] AF&-% At}

HE A% (bit depth) noll W& PSNR< o} 9}
Zo] Aejdrt

LA

(2" —1)?

PSNR= 1010g10TSE

E%, MSEE thg o] gelan

Ni(z—x)?

MSE= i

o}7]1M & ¢ olux|e] HA gk
ATdE A g vehla 4=
it PSNRS &3 & q
PSNRL vlm gAto] &

=23 = =< -

A A 232 AE vE WY, 4 s
due pagee Sydoz sl §v, 4o
HE 7 s die] nFe AEalse] a3}

&

= Aol A9 MSBMSB-09] 458 MSB-8
7nAE 7247 ¢as s dF Eof, 9d-12
HL1, LHI, 283 HHI M E@M =] &A= ASF
E& v gt

(19 5)9 dAxe}l o] MSB-13 &2 37
T HEs st dsstetds W 1 A=rt 7
E0e AS & & Uk 28y FIHIEQ] MSB-0
AN 458 Ed= X Fon g2 HEER=
AT HELFE dss ARt 52

=

o

ol
e
(-3
T
Ak
e
3
w
3
>4



ROI PSNR (dB)
o
=

——Level1

—o—Level-2
——Level-3
——Level4
——Level-5

MSB-0 MSB-1 MSB-2 MSB-3 MSB-4 MSB-&

The MSEB to be encrypted

MSB-6 MSB-7 MSB-8

o

=l 5. ZF shatE 2if2e] MSBAIA PSNR H|L

——Level1

—o—Level-2
——Level-3
—x—Level-4
——Level-5

Compression Overhead (%)

MSB-3 MSB-4 MSB-5
The MSB to be encrypted

MSB-2 MSB-6 MSB-7 MSB-8

A=

glo] MSBOIA md=7| i3t

2o = oA 4F &L 05%C]5t= 0
of 7t7hE A& FAT F QU

AFE Bato] AA GolN ¢33 a3t 7Hg
2 MSB-09} MSB-1, & &89 &4 &L 34
T 9 194 7R E AEste] dadlele Aol
Mg Za&Folgte AL & F Atk (2™ N2

DRYBURM WOSPITAL
ULTRASOUND 1

CLA/S OMI/60 =4dE 130 o=
(a) & 3%

J8l 7. US Gajo

ots
=]

CLA/E.OMI/E0 =4dE

71

g
(6]
o]
W

g4 1575 3714

Holx lth

2 AA 32 oo

Ho]EE AES 9% duglFo =z 4353} 3 Aoth
=

o] HolElE ¢+53s IS

h=4 pul [e]
F oA Age nygYe

Rom (& DA #4999 PSNR, A
PSNR Z28]a ¢339 ol 2] Hl &S Holu
o} $E3lE = dole e %2 WA dgolE ol vls|
Z A9t 473e] PSNRe] 10dB A== g€493 453}
2971 Aok (2" Q)& A7 E o] &3 dz3) 7]
HE ol g3te JA4S 45F3 Aol

fol
o
0z

r
r

N
w
i)
2l
0%
ic)

uf
=)
v
2
12
}O‘I
N
PR

= ot g ro
2

N

=

o fo

rr o
> o
sk
e
)

2
o

X
5
VN
2L
e

ofr
Lo

Ml
of H
£

o fifu

bl
o
IV

i
ro
1o 5
>
i)
o
e
=1
X

_);(_“
29
e
.
N
FN

o

r
o

fo m top
f
L
fr
N
ol
o Ho w2 ok Ko 40 £

2
2,

n
Loy
o o lo
d g0

=N
o foi U

wo v rr

2
ol 2

£
2

q B X o ox O o g
o
12

]

;34
N 3

e & jo 7
ftopt =2 o B fu

i © o fol

Ay
(/AN

4 A
o

W o,
do o

0%

N OB gl o oo

ro ¢
N
Mo
2 o2
oX
tlo

o

ol
=
2L

o2l
e
N
o

(L
n

i)
N U\g‘
>
oo
o
fu

==
r o
2
X
o>
N
L

of

e

tlo
oy oo

o
=

10 fol
o
ox

rlo

o, mE
)
o,
k1

bz
o) o
fa
2
)

N

el
ru
oz
o @

(N _1%('
I‘o—llz F}E Uo{t
N
=
g3
X
rT;.
it
)
o
=
m

rlO [‘10
ST
ox

r

g

130 =m

(b) fzstd F

SHEIE HIE 2lHg)



594 ZE[D|C|0{&HE ==X M112& X55(2008. 5)

(a) & 3%

J2 8 MRl o ASSHHET| ASE 0|2 53

DRVBURN HOSPITAL

(18 D)) FFE oY oY F2

= 2
A7t Gt & F8d (2™ D@9}t =
[e] =
— T

A
L %
E

—?l" gg
o2 :2 ol
> o Lo

\

s

[o

o

2 ‘% =
T
>
@)
=
re
2

o2

& |
#o] 470 7ol hsatul 94 HelH
& HANA FEHE AT FFE

oo foox ot 4y mt e om
o
foi

o
N
u& Oﬁ', _04
for X
ne 12 X
ko
o m

(e}

gHxk(diffusion) @ &= (confusion)S &3 A= a7}
(Avalanche Effect)Z <13)| o8] &4 & =
A4S B9 g 4 gtk JPEG20009] oy 4 29
[18]& AM&3led FZF o] 715stA T a7 % %

)
)
Y

R
oll
tio

stk (2’ 9(b)e (2™ 3)(b)E <8 4
o]-&3te] HUZ FFS Hola Ut

QurHel A Gt gel g Gae Bl
AAYRE TGS o] M7 A4 Yol
A 998

2 dol &8 wigt & B4 Wl EAlste Al
£9] ¥35 HEQ MSBAAFE o] B HES
PRNGE E3 44% 999 HIEEH XOR ks
53te] daslsith A¥S 53l e s
(1~3)37 MSB-0, MSB-1& ¢33} sl A%
53 AUt M woe A S U591 g

b 2



2 93 &5 AHee 05%FERE ¢ g 1
23 FEslol B3 Aol R ¥a FHo
gsiths EAS MMARR V)& R JINEA
ol 944 HeE F A& A= IR 2
A7) GFE 083 $F3e 2y FHold A
< AT Yot b5 TP Ge] F7F dolE
o AES®} 22 s 4l AHgste 7IHezE,
ML AMEHE dE G Fe kAo YRk
319, JPEG 2000 2=2~EY 1Lx9 3 WA 3§32
g ojojvhs ALEEtEE AL ofo HolH dTsE
2 888 HY
2o 29

[1] PS 3.1-2003, DICOM (Digital Imaging and
Medicine) Part I:

Overview,

Communications in

Introduction  and National
Electrical Manufactures Association, 2003.

[2] PS 3.1-2003, DICOM (Digital Imaging and
Communications in Medicine) Part 5 Data
Structures and Encoding, National Electrical
Manufactures Association, 2003.

[ 3] ISO/IEC 15444-1: Information Technology—
JPEG2000 Image Coding System-Part 1: Core
Coding System, 2000.

[4] AP. Bradley and F.W.M. Stentiford, “JPEG2000
and Region of Interest Coding,” Digital Image
Computing Techniques and Applications, pp.
303-308, 2002.

[5] FIPS PUB 197
Standard(AES),  http://www.csrc.nist.gov/
publications/fips/fips197/fips-197.pdf,  Nov,
2001.

[6] D. Taubman and M. Marcellin, JPEG2000:

Image Compression Fundamentals, Standards

Advanced Encryption

and Practice, Kluwer Academic Publishers,
2002.

[7] K. Ando, O. Watanabe, and H. Kiya, “Partial
Scambling of Images Encoded by JPEG2000,”
The Institute of Electronics Information and
Communication Engineers Transactions,

Vol.11, No.2, pp. 282-290. 2002.

fal

1o
i
02

2l
o
1
o
il

Hl o] 7|8t Meks ot

71 595

for

[8] R. Grosbois, P. Gerbolot, and T. Ebrahimi,
“Authentication and Access Control in the
JPEG2000 Compressed Domain,” Processing
SPIE 46th annual Meeting, Applications of
Digital Image Processing XXIV, pp. 95-104,
2001.

[9] R. Norcen, and A. Uhl, “Encryption of
Wavelet-Coded Imagery Using Random
Permutations,” /International Conference on
Image Processing, pp. 3431-3434, 2003.

[10] T. Uehara, R. Safavi-Naini, and P. Ogrunbona,
“Securing Wavelet Compression with Random
Permutations,” IEEE Pacific Rim Conference
on Multimedia, pp. 332-335, 2000.

[11] R. Norcen and A. Uhl, “Selective Encryption
of the JPEG2000 Bitstream,” International
Federation for Information Processing,
LNCS 2828, pp. 194-204, 2003.

[12] S. Lian, J. Sun, D. Zhang, and Z. Wang, “A
Selective Image Encryption Scheme Based on
JPEG2000 Codec,” Advances in Multimedia
Information Processing, LNCS 3332, pp.
65-72, 2004.

[13] A. Pommer and A. Uhl, “Selective Encryption
of Wavelet-packet Encoded Image Data -
Efficiency and Security,” ACM Multimedia
Systems (Special issue on Multimedia
Security), pp. 279-287, 2003.

[14] D. Engel and A. Uhl, “Lightweight JPEG2000
Encryption with Anisotropic Wavelet Packets,”
International Conféerence on Multimedia &
Expo, pp. 2177-2180, 2006.

[15] J. Wen, M. Severa, and W. Zeng, “A Format-
Compliant Configurable Encryption Framwork

Control of Video,” IEEE
Transaction on Circuits and Systems for
Video Technology. Vol.12, No.6, pp. 545-557,
2002.

[16] W. Zeng, H. Yu, and C.Y. Lin, Multimedia
Security Technologies for Digital Rights
Management, Elsevier, Oxford, UK., 2006.

[17] JJ2000-Java Implementation of JPEG2000,

for Access



596 HE[D|C|o{&ts] ==X M1 H55(2008. 5)

http://jpeg2000.epfl.ch/

[18] L. Moccagatta, S. Soudagar, J. Liang, and H.
Chen, “Error-Resilient Coding in JPEG2000
and MPEG-4,” IEEE Journal on Selected
Areas in Communications. Vol.18, No.6, pp.
899-914, 2000.

o ¥ g

20079 29 PR AHFH
EELEEEL
20079 39~dA FAAw

EEETLE IR
Aok A 2 59
53, U949 A9,

2004

20061

2006

yu EI—E_O}: :

1982

19851

1992

19939 ~

AR ARHTE FIH7)

Yang Ou

7¥ %= Liaoning 3%+
71 HieE gty
AL

8¢ 7t FHA
2§18ty A AL

9g ~dA FAdgw
AH K 55t Al

BADE A=, AT R T ¢=3)

o 4 o
Audsta Sotass
ahab

F2AE9 §85
ah3 494}

REEE e ]
ubA}

Ax) 2t WA
A



